
  

 

 

 

 

Reducing the environmental impacts and improving 

the profitability of prawn trawling through a 

structured framework of anterior gear modifications 

 

 

 

 

Matt Broadhurst and David Sterling 

January 2016 

 
 

FRDC Project No 2011/010 
 
 

 

http://frdc.com.au/research/info_for_curr_researchers/Pages/frdc_logos.aspx


 

Structured framework of anterior gear modifications Page ii 
 

© 2016 Fisheries Research and Development Corporation.  
All rights reserved.    

ISBN 981-1-74256-880-5 

Reducing the environmental impacts and improving the profitability of prawn trawling through a structured 

framework of anterior gear modifications 
 

2011/010 

2015 

Ownership of Intellectual property rights 
Unless otherwise noted, copyright (and any other intellectual property rights, if any) in this publication is owned by the 
Fisheries Research and Development Corporation and the NSW Department of Primary Industries 

This publication (and any information sourced from it) should be attributed to Broadhurst, M., Sterling, D.  2015. 
Reducing the environmental impacts and improving the profitability of prawn trawling through a structured framework 
of anterior gear modifications.  FRDC Report 2001/010, Coffs Harbour, NSW 2450. 

 

Creative Commons licence 
All material in this publication is licensed under a Creative Commons Attribution 3.0 Australia Licence, save for 
content supplied by third parties, logos and the Commonwealth Coat of Arms.  

Creative Commons Attribution 3.0 Australia Licence is a standard form licence 
agreement that allows you to copy, distribute, transmit and adapt this publication 
provided you attribute the work. A summary of the licence terms is available from 
creativecommons.org/licenses/by/3.0/au/deed.en. The full licence terms are available 
from creativecommons.org/licenses/by/3.0/au/legalcode. 

Inquiries regarding the licence and any use of this document should be sent to: frdc@frdc.com.au 

 

Disclaimer 
The authors do not warrant that the information in this document is free from errors or omissions. The authors do not 
accept any form of liability, be it contractual, tortious, or otherwise, for the contents of this document or for any 
consequences arising from its use or any reliance placed upon it. The information, opinions and advice contained in 
this document may not relate, or be relevant, to a readers particular circumstances. Opinions expressed by the 
authors are the individual opinions expressed by those persons and are not necessarily those of the publisher, 
research provider or the FRDC.   

The Fisheries Research and Development Corporation plans, invests in and manages fisheries research and 
development throughout Australia. It is a statutory authority within the portfolio of the federal Minister for Agriculture, 
Fisheries and Forestry, jointly funded by the Australian Government and the fishing industry. 

 

Researcher Contact Details FRDC Contact Details 

Name: 

Address:  

 

Phone:  

Fax: 

Email: 

Matt Broadhurst 

PO Box 4321 

Coffs Harbour, NSW 2450 

02 6648 3905 

02 6651 6580 

matt.broadhurst@dpi.nsw.gov.au 

Address: 

 

Phone:  

Fax: 

Email: 
Web: 

25 Geils Court   

Deakin ACT 2600 

02 6285 0400 

02 6285 0499 

frdc@frdc.com.au 

www.frdc.com.au 

In submitting this report, the researcher has agreed to FRDC publishing this material in its edited form. 

mailto:frdc@frdc.com.au
mailto:frdc@frdc.com.au


 

Structured framework of anterior gear modifications Page iii 
 

Table of contents 

Table of contents  ......................................................................................................................................... iii 

Acknowledgments ...................................................................................................................................... vii 

Executive summary ................................................................................................................................... viii 

Concept .......................................................................................................................................... viii 

Background .................................................................................................................................... viii 

Aims and objectives ......................................................................................................................... ix 

Methods ........................................................................................................................................... ix 

Results ................................................................................................................................................x 

Implications ..................................................................................................................................... xi 

Recommendations ............................................................................................................................ xi 

Keywords ........................................................................................................................................ xii 

Introduction  .......................................................................................................................................... 1 

Background ........................................................................................................................................1 

Need ...................................................................................................................................................2 

Objectives  .......................................................................................................................................... 6 

Methods  .......................................................................................................................................... 7 

Questions asked (hypotheses tested) about modifications ................................................................7 

On-board equipment ..........................................................................................................................7 

Data collected and analyses .............................................................................................................11 

Results  ........................................................................................................................................ 12 

Spreading mechanisms.....................................................................................................................12 

Ground gear .....................................................................................................................................18 

Trawl body .......................................................................................................................................19 

Discussion  ........................................................................................................................................ 21 

Select the most appropriate multi-trawl configuration ....................................................................21 

Reduce otter-board AOA to ~20
o
 ....................................................................................................23 

Minimise twine area ........................................................................................................................24 

Optimise spread ratio .......................................................................................................................24 

Conclusions  ........................................................................................................................................ 26 

Implications  ........................................................................................................................................ 27 

Recommendations ...................................................................................................................................... 28 

Further development ........................................................................................................................28 



 

Structured framework of anterior gear modifications Page iv 
 

Extension and adoption .............................................................................................................................. 29 

Extension and adoption plan objectives: .........................................................................................29 

Project coverage ...............................................................................................................................30 

References  ........................................................................................................................................ 31 

Project materials developed ....................................................................................................................... 34 

 

Tables 

Table 1. Summary of the anterior zone assessed (see Fig. 1 for details), specific questions 

asked (i.e. proposed hypotheses), treatments tested, fishing location and numbers of 

days and deployments for each treatment during the various experiments, and the 

appendix (App.) containing the relevant report.  SMO, stretched mesh opening. ........... 8 

Table 2. Details of the anterior zone (see Fig. 1 for details) and specific treatments tested, 

and their relative (compared to conventional configurations) effects on catches, 

bottom contact and drag (as a proxy for fuel usage).  App, appendix containing the 

relevant report. 
D
double- or 

T
triple-rig used in testing, *significant difference (p < 

0.05), SMO, stretched mesh opening. ............................................................................ 13 

Table 3. Two flume-tank experiments to evaluate sail hydrodynamics of the batwing otter 

board. App. Appendix containing the relevant report. ................................................... 17 

 

Figures 

Figure 1.  A generic prawn trawl, with the various components identified. .................................... 1 

Figure 2.  Representation of (a) single-, (b) double-, (c) dual-, (d) triple- and (e) quad-rigs 

used in Australia. .............................................................................................................. 3 

Figure 3.  Single-rigged (a) otter and (b) beam trawls. .................................................................... 3 

Figure 4.   A batwing otter board....................................................................................................... 4 

Figure 5.   Schematic representation of the key anterior trawl components, their contributions 

towards total system drag and the potential for reductions in bycatch, bottom 

contact and drag through individual modifications.  Codend data (from previous 

literature) are included for comparative purposes. ........................................................ 16 

Figure 6.   A simple anterior fish excluder (SAFE) tested as part of the experiment described 

in Appendix 11. .............................................................................................................. 18 

Figure 7.   A framework of anterior gear modifications for reducing the environmental impacts 

and improving the profitability of prawn trawling, with the need for future work 

encapsulated by the sub-themes preceded by ‘Explore’. ............................................... 22 

Figure 8.   Potential orientations of simple anterior fish excluders (SAFE− dotted lines) in (a) 

double-, (b) triple-, and (c) quad- or dual-rigs. .............................................................. 23 



 

Structured framework of anterior gear modifications Page v 
 

 

Appendices 

Appendix 1. Intellectual property ....................................................................................................... 35 

Appendix 2. Staff ................................................................................................................................ 35 

Appendix 3.   Broadhurst, M.K., Sterling, D.J. and Cullis, B.R. 2012.  Effects of otter boards on 

catches of an Australian penaeid trawl.  Fish. Res.  131–133: 67–75. .......................... 36 

Appendix 4.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2013.  Relative engineering and 

catching performances of paired penaeid-trawling systems. Fish. Res. 143: 143–

152. ................................................................................................................................. 47 

Appendix 5.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2013.  Progressing more 

environmentally benign penaeid-trawling systems by comparing Australian single- 

and multi-configurations. Fish. Res. 146: 7–17. ............................................................ 58 

Appendix 6.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  Engineering and catch 

implications of variable wing-end spread on a penaeid trawl. Fish. Res. 153: 

24−30.............................................................................................................................. 70 

Appendix 7.  McHugh, M.K., Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  

Comparing and modifying penaeid beam- and otter-trawls to improve ecological 

efficiencies.  Fish. Man. Ecol. 21: 299–311. ................................................................. 78 

Appendix 8.  McHugh, M.K., Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  

Engineering and catching efficiencies of three conventional penaeid-trawl otter 

boards and the new batwing design. Fish Res. 167: 180−189. ...................................... 91 

Appendix 9.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  Modifying otter boards to 

reduce bottom contact: effects on catches and efficiencies of triple-rigged penaeid 

trawls. Fish. Man. Ecol. 22: 407–418 .......................................................................... 102 

Appendix 10.  McHugh, M., Broadhurst, M. K., Sterling, D.J., Skilleter, G.A., Millar, R.B. and 

Kennelly, S.J. 2015. Relative benthic disturbances of conventional and novel otter 

boards.  ICES J Mar Sci. 72: 2450–2456. .................................................................... 115 

Appendix 11.  McHugh, M.K., Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  A ‘simple 

anterior fish excluder’ (SAFE) for mitigating penaeid-trawl bycatch.  PLOS One. 

10(4): e0123124. doi:10.1371/journal.pone.0123124. ................................................. 123 

Appendix 12.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  Traditional vs novel 

ground gears: Maximising the environmental performance of penaeid trawls.  Fish. 

Res. 167: 199−206. ...................................................................................................... 138 

Appendix 13.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2012.  Short vs long penaeid 

trawls: Effects of side taper on engineering and catching performances.  Fish. Res. 

134–136: 73–81. ........................................................................................................... 147 

Appendix 14.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  Configuring the mesh size, 

side taper and wing depth of penaeid trawls to reduce environmental impacts.  

PLOS One 9(6): e99434. doi:10.1371/journal.pone.0099434. .................................... 157 



 

Structured framework of anterior gear modifications Page vi 
 

Appendix 15.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015. Increasing lateral mesh 

openings in penaeid-trawl bodies to improve selection and reduce drag. Fish. Res. 

170: 68–75. ................................................................................................................... 169 

Appendix 16.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  Influence of diel period 

and cloud cover on the species selection of short and long penaeid trawls. Fish Res. 

170: 144–151. ............................................................................................................... 178 

Appendix 17.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2016. Comparing conventional 

and new triple-rigged penaeid trawls. .......................................................................... 187 

Appendix 18.  Balash, C., Sterling, D., Broadhurst, M., Dubois, A. and Behrel, M.  2015.  

Hydrodynamic evaluation of a simple sail used in an innovative prawn-trawl otter 

board. Proceedings of the 34
th
 international conference on ocean, offshore and 

Arctic engineering (May 31 to June 5, 2015), St John’s, Newfoundland, Canada. ..... 207 

Appendix 19.  Balash, C., Sterling, D., Lustica, M. and Broadhurst, M.K. 2015.  Twist-and-

camber effects on the performance of simple hydro-sails for efficiently spreading 

penaeid trawls.  Ocean Engineering 109: 161–168. ..................................................... 214 

Appendix 20.  Broadhurst, M., Sterling, D. and Millar, R. 2013.  Progressing more 

environmentally benign prawn-trawling systems by comparing Australian single- 

and multi-configurations.  Professional Fishing Association Magazine, December 

2013: 12–13. ................................................................................................................. 223 

Appendix 21.  McHugh, M., Broadhurst, M., Sterling, D. and Millar, R. 2014.  Comparing otter 

boards to improve fuel efficiency.  Queensland Seafood, 4: 20−21. ........................... 226 

Appendix 22.  Broadhurst, M., Sterling, D. and Millar, R. 2015.  Configuring the mesh size, body 

taper and wing area of prawn trawls to reduce environmental impacts.  Professional 

Fishing Association Magazine, February 2015: 6−7. .................................................. 229 

Appendix 23.  McHugh, M.J., Broadhurst, M.K., Skilleter, G. and Sterling, D.J. 2015.  An angle 

to address benthic-trawl impacts.  Oral presentation at the AMSA annual 

conference, July 2015 in Geelong, Australia. .............................................................. 231 

Appendix 24.  Lay summaries of scientific outputs from FRDC Project 2011/010: Reducing the 

environmental impacts and improving the profitability of prawn trawling through a 

structured framework of anterior gear modifications .................................................. 233 



 

Structured framework of anterior gear modifications Page vii 
 

Acknowledgments 

This study was funded by the NSW Department of Primary Industries and the Fisheries Research and 

Development Corporation.  The work would not have been possible without the considerable support and 

expertise of commercial fishers throughout NSW, including Donald, Brian and Geoff Johnson, Steve 

Everson, Graeme Williams, Donald Anderson, Malcolm Kerr and Robert Toyer.   

Thanks are extended to our various co-authors, including Brian Cullis, Steve Kennelly, Greg Skilleter, 

Cheslav Balash, Matthew McHugh and Russell Millar for their extensive contributions to the various 

papers that summarise the main outcomes of the project.  In particular, Russell and Matthew are 

applauded for their dedication to prompt analyses and writing, respectively. 

We would also like to extend gratitude to other colleagues including Chris Barnes, Jen Marshall, Mitch 

Burns, Nick Sarapuk, Liz Hanna, Matthew Harrison, and Shiori Naka for their advice and assistance 

throughout the project.  Finally, a large component of the field work and therefore the project would not 

have been possible without the commitment of Craig Brand. 



 

Structured framework of anterior gear modifications Page viii 
 

Executive summary 

Concept 

This project is among the first of its kind for any Australian fishery, and indeed for any prawn (or shrimp) 

fishery worldwide.  The work represents a four-year (from September 2011) collaborative effort between 

the New South Wales (NSW) fishing industry and the NSW Department of Primary Industries, Sterling 

Trawl Gear Services and the Australian Maritime College.  This collaboration ultimately sought to 

provide a first step towards developing applied technological solutions to holistically mitigate key 

sustainability issues facing prawn-trawl fisheries.  The holistic environment was achieved by adopting an 

eco-efficiency approach to the assessment of issues.  The work mostly was concentrated in NSW, but the 

results have national and international application.  

Background 

Globally, prawn-trawl fisheries are considered problematic in terms of environmental impacts and are 

characterised by a range of sustainability issues beyond the management of their target species; most of 

which can be separated into three broad categories.  First, is the inherent imprecise size and species 

selection (owing to the necessary use of small mesh sizes to retain the targeted prawns) of conventional 

gears, with nearly all catching large unwanted organisms, collectively termed ‘bycatch’, that are 

subsequently discarded at sea (often dead).  Second, is a growing socio-economic impetus for improved 

energy efficiency; attributable to the rising cost of fossil fuels and awareness of the need to reduce carbon 

emissions.  Third are concerns over the potential impacts of long-term mechanical interactions of prawn 

trawls on the seabed and damage to some benthic habitats.  The ongoing viability of prawn trawling in the 

21st century requires coherent, technological solutions to key problems within these three areas. 

Owing to the visual impact of large quantities of discarded bycatch, the greater majority of the research 

done to date has been limited to addressing the first category above, and more specifically, reducing 

unwanted mortalities by modifying the posterior sections (i.e. the codend) of trawls to include bycatch 

reduction devices (BRDs).  While many BRDs have improved selectivity, none are 100% effective, with 

some achieving >70% reductions in total bycatches, although most by ~50%.  Further, because BRDs 

offer few immediate benefits to fishers, there have been issues associated with their adoption. 

Much less research has been done to address the remaining two broad (but inter-related) sustainability 

concerns associated with the high energy intensity and benthic impacts of prawn trawls.  Technological 

solutions to both of these problems are best applied to the anterior sections of trawls, including their otter 

boards, ground gear, rigging configurations, designs and materials.  Also, because these components 

ultimately determine the quantity and type of organisms that are caught by trawls, in many cases, their 

modification should further improve species and size selection.  Equally important, such modifications 

should also directly benefit fishers (in terms of fuel efficiency) and so their adoption might be more easily 

achieved than conventional, posterior BRDs.  

Some previous work has demonstrated the utility of simple (and often novel) changes to the anterior 

sections of trawls for reducing some impacts, but this work has involved fairly isolated experiments and 

usually only one of the three stated sustainability issues.  Like for developing effective BRDs, there needs 

to be clear assessment of what might be achievable (in terms of addressing the three stated issues above) 

as a first step towards prioritising ongoing research and development by gear technologists and industry. 
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Aims and objectives 

Considering the above, the aims of this four-year project were to:  

(1) identify anterior gear modifications that reduce the bycatch, fuel consumption and habitat impacts of 

prawn trawls, while maintaining target catches, and isolate their mechanisms of action;  

(2) using this information, provide a framework and direction for the future refinement of Australian 

prawn trawls; and  

(3) investigate the practicality of simple, but appropriate changes identified above under commercial 

conditions in NSW, and assist this state's fishers and managers in their implementation, adoption and 

where appropriate, eventual legislation. 

Ultimately, the collective objective of the work was to provide clear direction for ongoing strategic 

fishing-gear research to improve the social and economic benefits of Australian prawn-trawl fisheries, 

while reducing their environmental footprint.  

Methods 

The project was done using a phased approach.  Following industry promotion and consultation, the first 

phase of experimental work involved manipulative experiments to investigate questions about the utility 

of various anterior configurations and modifications to address the three key sustainability categories 

outlined above, and was done over 30 months using NSW estuarine trawlers.  These vessels catch 

numerous organisms across various bottom types and habitats, are rarely constrained by weather, and can 

be rigged to tow any established or proposed system/configuration during day or night. 

The work followed a broad protocol of estimating what was achievable within the limits of established 

modifications.  Such an approach required testing beyond what might be intuitively appropriate, so that 

the range of impacts could be established.  In addition to identifying what might be achievable using 

established technologies, we also examined alternate and often quite novel ideas.  The utility of various 

categories of modifications within this general approach were evaluated according to hierarchal criteria, 

involving (1) complexity/practicality, (2) maintaining target catches, and reducing (3) bycatch (including 

habitat impacts) and (4) drag/fuel usage. 

During our first experiments, we assessed the relative performance of the various trawl systems, including 

single-, double-, dual-, triple-, and quad-rigged otter trawls and single- and double-beam trawls.  Other 

manipulative experiments were then done to assess conventional and novel otter boards, netting panels, 

ground gears and rigging arrangements to reduce drag and improve selectivity, and also retroactively 

fitted modifications to reduce unwanted fish from entering trawls (including a new modification we 

termed the ‘simple anterior fish excluder’—SAFE).  

After assessment using small-scale gears, modifications were prioritised for their utility in addressing the 

key project objectives in consultation with a project committee.  Selected, refined configurations were 

tested and compared against conventional configurations on board oceanic trawlers during the second 

experimental phase.  Within this second phase, we also assessed a new trawl developed as part of the 

ancillary FRDC project (2011/209: Optimising a novel prawn trawl design for minimum drag and 

maximum eco-efficiency).   

Throughout both phases, we sought to follow transparent (i.e. ratified by industry) experimental designs 

and with prompt publication and extension of results.  This approach provided clear direction for 

sequential work within each phase, and now supports a coherent framework for ongoing collaborative 

research by gear technologists and industry, and ultimately extension and adoption. 
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Results 

The project identified that the anterior section of prawn trawls can be modified to maintain target catches, 

while dramatically reducing either unwanted bycatches by up to 95% for key species or the seabed 

contact of ground gear and otter boards by up to ~60 and 85% (compared to existing conventional gears), 

and also reduce drag (and therefore improving fuel efficiency) by up to 20%.  In fact, some of the 

identified modifications reduced the bycatches of key species at absolute percentages equal to, or 

exceeding, those observed for established BRDs.  But, unlike BRDs, most of the modifications assessed 

in this project should provide incentives for use in fisheries owing to their significant drag reductions 

(and improvements to efficiencies). 

The results can be summarised according to modifications among three broad anterior zones, including 

the (1) spreading mechanism (warps, bridles, otter boards, sleds and other attachments like SAFEs), (2) 

ground gear (to minimise bottom contact) and (3) trawl body (mesh size, net length, hanging ratio, and 

mesh orientation).  The figure below encapsulates these zones and the potential cumulative reductions in 

the three variables of interest.  Previously collected information for BRDs in codends is provided as a 

reference (percentage bycatch reductions are assumed absolutes estimates).  

 

Among spreading mechanisms, we showed that for a single trawl, using a beam is by far the most 

effective strategy in terms of simultaneously mitigating bycatch, drag and bottom contact.  For otter 

trawls, it was clear that environmental performance broadly improved with an increasing number of nets 

in the system and/or fewer otter boards.  Specifically, compared to a single rig, triple- and quad-rigs 

caught less bycatch (by up to 44%) and with lower drag (by 11%) and much less heavy otter-board 

contact (by 54%).  

Within any otter-trawl system, reducing the otter-board angle of attack (AOA) to ~20
o
 further minimised 

environmental impacts, with one efficient modification being the batwing otter board, which reduced drag 

and bottom contact by 18 and 84%, while maintaining the same spreading force as conventional designs.  

In terms of conventional otter boards, we showed that a retroactively fitted modification comprising a 

wire or line attached between the otter boards (SAFE) could potentially optimise AOA, while at the same 

time reduce the bycatch of unwanted fish by up to 40%.  More research is required to maximise the 

combined outcomes of the SAFE concept. 

Modifications to ground gear were also shown to effectively reduce bottom contact, while maintaining 

target catches at existing levels.  Specifically we tested four ground gears, including a suspended 

configuration (termed the ‘soft brush’).  While drag differences were minimal, the soft brush had 63% 

less bottom contact than conventional ground gears, but the associated trawls still caught the same 
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quantity of Eastern School Prawns.  Within existing chain ground gears, reducing the size of chain had a 

positive effect on the exclusion of one bycatch species (Forktail Catfish; by 49%). 

For the trawl body, we identified that the greatest potential for reducing environmental impacts (restricted 

to bycatch and drag) involved minimising twine area while maintaining optimal lateral mesh openings for 

the target species.  One of the simplest approaches within conventional systems is to identify the most 

appropriate mesh size, and then steepen the side taper and reduce wing height—effectively shortening the 

trawl.  Such modifications reduced drag by up to 18% and the total bycatches of fish and key species by 

up to 57 and 95%, respectively without affecting catches of commercial-sized prawns.  Further, within a 

shorter trawl body, orientating wing meshes on the bar significantly reduced the unwanted catches of sub-

commercial prawns by up to 72%.  Other areas of the trawl warrant examination for similar utility. 

Implications 

This project facilitates prioritising modifications to the configurations, otter boards, ground gear and 

materials of prawn trawls that maintain target catches while reducing bycatch, inefficiencies and habitat 

impacts.  These results provide a robust base from which scientists and industry can now focus future 

efforts on what can be collectively termed ‘Low Impact and Fuel Efficient’ (LIFE) trawling systems.   

Further, because some immediate solutions have been identified (especially for NSW prawn-trawl 

fisheries; and including beam trawls and/or multi-rigged otter trawls with smaller mesh sizes, shorter 

bodies and SAFEs in estuaries and alternative otter boards and ground gears in all fisheries), fisheries 

managers and management advisory committees should be able to use the information to design and apply 

appropriate industry-development programs in some fisheries.  Recognising and refining such gear-based 

solutions will have significant long-term benefits to the trawling industry and all users of resources 

impacted by prawn-trawling operations. 

Although not an original objective of the project, an ancillary implication of the research is the need to 

carefully assess benthic otter trawls used for survey work.  We identified that even subtle variations (e.g. 

due to depth fished, warp length deployed, and towing speed) in the horizontal opening of the trawl 

relative to its stretched width (spread ratio or SR) can confound selectivity and therefore standardised 

catches.  Unless SR is standardised in trawl surveys, there is a real potential for incorrect indices of 

relative abundances. 

Recommendations 

Some of the modifications tested during this study could be immediately applied or adopted in local 

fisheries, including triple- or quad-rigs instead of single- and double-rigs, hydrodynamic otter boards (like 

the batwing), variations of the soft-brush ground gear and the shortest possible trawl bodies.  However, an 

important outcome of the project is identification of the two key components of trawls shown to have the 

most potential for addressing their environmental impacts: the spreading mechanism and trawl body.  

Based on these results we recommend a clear need to (1) develop and refine additional innovative, high-

priority technological modifications to these components that mitigate sustainability issues and (2) 

promote their adoption among industries through dedicated extension activities.   

Within 1 above, there is a need to refine and test variations of the SAFE (e.g. possibly employing light as 

a stimulant) across multi-trawl systems (including different attachment points and rigging), retroactively 

fitted modifications to conventional otter boards to reduce AOA, alternate spreading mechanisms (e.g. 

winged beams), trawl designs that redistribute load to require less spreading force and with optimal twine 

areas, strategic panels of optimal lateral-mesh openings to improve selectivity, and new ground gear 

systems that have a softer interaction with the seabed (possibly employing electricity as a contact-free 

stimulant).  Ratified designs then need to be tested across fleets to encourage adoption and refinement.  

Ultimately, this work will contribute towards improving the social licence and economic return of local 

prawn-trawl fisheries, while helping to ensure their ongoing sustainability. 
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Introduction 

Background 

Prawn-trawl fisheries around the world are faced with a plethora of sustainability issues beyond the 

management of their targeted species; most of which can be separated into three broad categories.  

First, of long-standing concern is the inherent poor selectivity of conventional trawls, with nearly all 

retaining disproportionately large ratios of incidental (collectively termed ‘bycatch’) to targeted 

catches (Andrew and Pepperell, 1992; Kelleher, 2005).  Specifically, despite accounting for <1.5% of 

the annual global wild marine harvest, prawn-trawl fisheries contribute 25% of global bycatch 

(Kelleher, 2005). 

Second, and ancillary to the obvious implications that the mortality of large quantities of bycatch has 

on stocks and the subsequent cascading responses throughout the food web, are concerns over the 

unseen mechanical impacts of trawls (Burridge et al., 2006).  Key trawl components (e.g. the 

‘spreading mechanisms’ and ground gear; Fig. 1) need to be sufficiently heavy to maintain bottom 

contact and stimulate the upward movement of benthic-orientated prawns to enable their capture.  

There is a concern that such contact may negatively affect non-target organisms and substrate 

structure across some sensitive habitats.   

Third, there is a more recent but growing economic impetus for improved energy efficiencies; 

attributable to the rising cost of fossil fuels and awareness of the need to reduce carbon emissions 

(Tyedmers et al., 2005).  Prawn trawls require small meshes (typically 30−50 mm stretched mesh 

opening−SMO; Vendeville, 1990) made from sufficiently durable twine, which translates to 

considerable twine-surface area, drag and therefore high energy intensity.  The ongoing viability of 

prawn trawling into the 21st century requires a coherent, multi-faceted technological approach 

towards solving the key issues within the above three areas. 

 

 

Figure 1.  A generic prawn trawl, with the various components identified. 

Owing to the visual impacts of large quantities of discarded bycatch, the majority of research done to 

date has concentrated on addressing the first category above, and more specifically, mitigating 

unaccounted fishing mortalities through improved species and size selection and, to a lesser extent, 

changes to fishing operations (Broadhurst et al., 2006).  A large percentage of the global effort in this 
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area originates from Australia (reviewed by Broadhurst, 2000), and has mostly involved modifying the 

posterior sections of trawls (i.e. the codend, extension and aft belly; Fig. 1) to include physical 

bycatch reduction devices (BRDs) designed to separate target and incidental organisms based on 

either their size or behaviour (Andrew et al., 1993; Robins-Troeger, 1995; Brewer et al., 1998; 

Courtney et al., 2006; Broadhurst et al., 2011).   

While many BRDs have improved the selectivity of prawn trawls, none are 100% effective, with total 

bycatch reductions nearly always <70% and mostly around 30−50% (Broadhurst, 2000).  More 

recently, for some Australian fisheries, mortalities to the remaining discards have been further 

mitigated via changes to on board handling practices.  However, a suite of environmental, technical 

and biological factors restrict the utility of such changes (in terms of actually reducing discard 

mortality) to inshore and estuarine, small-scale operations and preclude their application in many 

offshore fisheries (Broadhurst et al., 2006). 

Much less research has been done to address the remaining two broad (but inter-related) sustainability 

concerns associated with the benthic impacts of prawn trawls and/or their operational energy intensity 

(but see Sumpton et al., 1989).  It is clear, however, that holistic technological solutions to 

concomitantly address both categories of problems will require ongoing changes to the anterior 

sections of trawls, including the spreading mechanisms (e.g. warps, bridles, otter boards, sleds and 

sweeps), ground gears, rigging configurations, body designs and netting materials (Sterling and Eayrs, 

2010; Fig. 1).  Further, because the components within this area of trawling systems ultimately 

determine the quantity and type of organisms that enter the codend, in many cases, it should be 

feasible to structure individual modifications to address all three sustainability issues above, including 

incrementally improving species and size selection. 

There is sufficient evidence to demonstrate the utility of simple changes to the anterior sections of 

trawls for reducing some impacts (e.g. Sumpton et al., 1989; Conolly, 1992; Broadhurst et al., 2000), 

but there has not been any attempt at a coherent framework for identifying and then progressing 

modifications beyond isolated experiments.  As was demonstrated during the development of effective 

BRDs in codends in NSW, there needs to be clear delineation of what might be achievable for any 

particular suite of changes, followed by adequate comprehension of the key underlying mechanisms of 

influence (discussed by Broadhurst et al., 2007).  Such an approach is an imperative step towards 

prioritising ongoing strategic research and development by government agencies and industries. 

Considering the above, this project did not seek to examine any one particular modification to the 

anterior sections of prawn trawls.  Rather, through applied work in NSW prawn-trawl fisheries, we 

sought to provide the required framework for progressing future national (and international) research, 

and a holistic approach to developing effective technological changes to prawn-trawl systems that 

reduce their overall environmental impacts and improve their economic and social outcomes.  To 

achieve this goal, we aimed to follow a simple, but coherent protocol involving: 

(1) quantifying and publishing the range, relative utility and mechanisms of impacts for established 

and novel technological modifications that address the stated problems; and then 

(2) based on the available data, provide a clear direction for future scientific research and concomitant 

industry development of appropriate solutions. 

Need 

In Australia, more than 1100 vessels are endorsed to target 12 key prawn species off all coastal states 

and territories except Tasmania, for an estimated total catch of ~21 000 t worth ~274 million A$ 

(ABARES, 2015).  Australian prawn trawlers range between ~8−25 m, and tow various trawl systems 

comprising different mesh sizes and rigging; the application and/or legislation of which (in many 

cases) are based on either the preferential use of particular arrangements that were in place when that 
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fishery’s legislation was established or, more recently, unsubstantiated perceptions about how the 

legislated gear suited the prevailing management priorities.   

 

Figure 2.  Representation of (a) single-, (b) double-, (c) dual-, (d) triple- and (e) quad-rigs used in Australia. 

Notwithstanding considerable diversity, virtually all trawl designs are deployed within one of five 

general anterior configurations (Fig. 2).  The traditional, albeit antiquated, prawn-trawling system 

involves a single trawl spread by either two otter boards or a beam (Figs 1, 2a and 3).  While some 

small vessels working in rivers and estuaries in Queensland and NSW still tow single trawls, this 

method was superseded among most larger oceanic vessels throughout Australia by multi-trawl 

configurations (double rig in the 70s and higher-order systems in the early 80s), which offer 

sequential (albeit unsubstantiated in most cases) reductions in drag for the same horizontal opening, 

facilitated by lower twine and otter-board areas (Sterling and Eayrs, 2010).   

 

Figure 3.  Single-rigged (a) otter and (b) beam trawls. 

Among multi-trawl systems, and like most of the world’s prawn-trawling fleets, ‘twin’ or ‘double’ rig 

is a common Australian configuration involving two trawls; each with independent otter boards and 
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bridles and towed from outriggers on each side of the vessel (Figs 2b and 3).  Another version of 

paired trawls, which is no longer widely used, is ‘dual rig’ whereby the two trawls are connected at a 

centre sled, spread by only one pair of otter boards, and towed from the centre-line of the vessel (Fig. 

2c). 

‘Triple rig’ is used in the deeper fishing grounds off QLD and NSW and, like single- and dual-rig, 

comprises only two otter boards to spread the entire configuration, but the three trawls are connected 

wing-to-wing at two sleds and associated bridles (Fig. 2d).  In many cases, the centre trawl is slightly 

larger than the two outside trawls.   

‘Quad rig’ is the last configuration and essentially comprises a set of dual rig towed from outriggers 

on each side of the vessel (like double rig) (Fig. 2e).  Quad rig currently is restricted to vessels 

working in the northern half of Australia, but is a common choice where permitted by operators that 

choose to fish predominantly shallow water (<50 m).  

Irrespective of the trawl configuration, considerable effort has been directed towards reducing 

unwanted bycatches via posterior modifications (BRDs in codends) in most Australia prawn-trawl 

fisheries (Andrew et al., 1993; Robins-Troeger, 1995; Brewer et al., 1998; Courtney et al., 2006; 

Broadhurst et al., 1996; 2002; 2004; 2011; Fig. 1).  By comparison, very little science has been done 

anywhere to assess changes to anterior prawn-trawl configurations, despite the acknowledgement of 

clear differences in drag (and therefore efficiencies) and preliminary evidence of variations in size and 

species selectivity and habitat impacts (Sumpton et al., 1989; Broadhurst et al., 2000).  It is highly 

likely that, within the current range of anterior-trawl configurations used in Australia, there exist 

optimal combinations, with particular spreading mechanisms, ground gears, and netting materials that 

could significantly address the key sustainability issues common among all benthic-trawl fisheries.   

 

Figure 4.   A batwing otter board. 

Beyond conventional trawl systems are new, potentially more efficient and lower impacting 

components, including hydrodynamically refined otter boards such as the ‘batwing’ (Fig. 4), or novel 

alterations to existing designs that reduce their impacts (e.g. Kennelly and Broadhurst, 2002).  Such 

research is still in its infancy, but nevertheless important because otter boards are likely to have 

varying impacts on both the seabed and the target and bycatches; especially considering that many 

designs (all of which are unregulated) can represent more than 20% of the total swept area of some 

trawl configurations (e.g. for double- or quad-rigs).   
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Other simple anterior gear modifications might include purpose-built deterrents attached to the 

anterior sections of trawls (between the otter boards or sleds−to scare fish away), sections of more 

consistent, appropriate lateral-mesh openings at key strategic locations, and less intrusive ground 

gears.  Applied individually, or in combination, such modifications might reduce bycatches, with 

many concomitantly lowering drag and therefore improving efficiencies.   

It is clear that the utility of anterior gear modifications needs to be assessed and prioritised to provide 

a coherent basis for future research into improving the economic and environmental sustainability of 

Australian prawn-trawl fisheries.  Such a strategy fits in with previous proven mechanisms for 

developing modifications to the posterior sections of trawls, and changes to operational and on-board 

handling designed to mitigate problematic issues (Broadhurst et al., 2006; 2007), and is the approach 

we followed in this project during more than 22 experiments.   

The specific hypotheses tested during each individual experiment are included in the various reports 

attached here as appendices 3–24.  All of this work focused on satisfying the three general objectives 

listed below. 
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Objectives 

(1) To identify anterior gear modifications that reduce the bycatch, drag and habitat impacts of prawn 

trawls, while maintaining target catches and isolate their mechanisms of action.  

(2) Using (1) above, provide a framework and direction for the future refinement of Australian prawn 

trawls. 

(3) Investigate the practicality of simple, but appropriate changes identified above under commercial 

conditions in NSW, and assist local commercial fishers and managers in their implementation, 

adoption and where appropriate, legislation. 
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Methods  

Questions asked (hypotheses tested) about modifications 

Each field experiment was designed around specific questions (or, more formally, hypothesis to be 

tested; see Table 1).  While various sub-themes were assessed in each experiment (e.g. concerning 

factors affecting fish and prawn behaviour), we broadly sought to examine the utility of anterior-trawl 

modifications that maintained conventional catches of prawns, while either reducing: (1) bycatch 

(including sizes of the targeted prawns considered too small for sale); (2) habitat impacts (typically 

with the bottom contact of the otter boards and ground gear as a proxy); or (3) drag/fuel.  Further, 

although reducing drag was not dependant on the other two variables, the converse was required, with 

any modifications designed to reduce bycatch or habitat impacts also having to demonstrate some 

potential for concomitantly mitigating drag (and therefore fuel use).  The logic behind this approach 

was that such modifications might be more readily adopted by fishers.   

The types of modifications tested varied considerably, but all can be separated by three broad zones of 

the anterior trawl: (1) spreading mechanisms (including bridles, otter boards, sleds and sweeps); (2) 

ground gear (or foot rope); and (3) body (wings and belly) (Fig. 1).  To further facilitate industry input 

into the research, virtually all experiments were done using chartered trawlers working in NSW 

estuaries and offshore.  Two ancillary experiments were done using the Australian Maritime College’s 

flume tank.  The latter experiments were limited to in-kind project funding, but nevertheless have 

been included for completeness, and because their results justify subsequent field-based trials.  

Depending on the trawling systems and modifications being tested, one of four vessels was used in the 

field for between 10−20 days during each experiment, with up to eight replicate deployments per day
 

(of between 10−45 min in estuaries and 95−120 min offshore).  All trawls used on all vessels had 

legislated BRDs (e.g. Nordmøre-grids in estuaries and composite square-mesh panels in the ocean).  

For all vessels and experiments, the general on-board equipment and data collected and their analyses, 

remained consistent.   

On-board equipment 

All chartered vessels had a hydraulic winch located amidships with two independent wire-drums; each 

fitted with a main wire attached to bridles.  The bridles could be passed through blocks either located 

centrally or on lateral towing arms.  Each vessel was equipped with: a fuel monitor (Floscan series); 

global positioning system (GPS); one or two hull-mounted sum logs (EchoPilot, Bronze Log+); load 

cells that could be attached to either the bridles (typically in estuaries) or the main wires (in the 

ocean), and associated data logger (Amalgamated Instrument Company; model nos PA6139 and TP4); 

and a portable acoustic, trawl-monitoring system (Notus Trawlmaster System; Model no. TM800ET).   

The trawl-monitoring system comprised a computer processing unit located in the wheelhouse and an 

omnidirectional hydrophone; mostly hull-mounted adjacent to the winches, but sometimes deployed 

over the stern, and two cylindrical transducers and associated slaves (each 330-mm long × 77-mm Ø; 

1.1 kg in water).  The transducers were encased in mesh bags that could be mounted onto either the 

trawl wing-ends or otter boards, depending on the experiment.  
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Table 1. Summary of the anterior zone assessed (see Fig. 1 for details), specific questions asked (i.e. proposed hypotheses), treatments tested, fishing location and numbers of 

days and deployments for each treatment during the various experiments, and the appendix (App.) containing the relevant report.  SMO, stretched mesh opening. 

Anterior zone Were there any differences in the biological 

and/or engineering performances among…? 

Treatments Fishing location No. of days/deployments  

per treatment 

App. 

Spreading 

mechanism 

identical trawls spread by a beam or otter boards. Two 7.26-m trawls (40 mm SMO) were attached to 2.89-m 

sweeps and either a 107 kg beam-and-sled assembly or a pair 

of 54-kg (each) cambered otter boards. 

Lake Wooloweyah 9/51 3 

      

Spreading 

mechanism 

identical trawls rigged in a (1) dual configuration or 

a double configuration with bridles that were (2) 

the same as those used for the dual, or (3) half the 

length. 

Two 7.35-m trawls (42 mm SMO) were attached to 2.89-m 

sweeps and either two 54-kg otter boards and an 84-kg sled 

with 36-m bridles in dual rig, or the same otter boards and 

either 36- or 18-m bridles in double rig. 

Clarence River 10/24, 21 and 23, 

respectively 

4 

      

Spreading 

mechanism 

single-, double-, triple- and quad-rigged trawls; all 

with the same cumulative headline length. 

The four trawl (42 mm SMO) configurations had cumulative 

headline and sweep lengths of 14.63 and 9.76 m, with total 

system weights of 248, 239, 263 and 279 kg, respectively and 

were optimised for a 10 m (89 Kw) trawler.  

Clarence River 24/36 5 

      

Spreading 

mechanism 

different spread ratios (defined as the wing-end 

spread ÷ headline length) of a generic prawn trawl. 

Two 7.35-m trawls (41 mm SMO) were spread using a beam 

trawl with laterally adjustable sleds, at ratios of 0.5, 0.6, 0.7 

and 0.8. 

Lake Wooloweyah 10/30 6 

      

Spreading 

mechanism 

identical trawls rigged to otter boards with and 

without sweeps, and larger, identical trawls rigged 

to a beam, with and without a ‘simple anterior fish 

excluder’ (SAFE). 

Otter boards were attached (1) with and (2) without 3.15-m 

sweep wires to a 7.35-m headline trawl and a beam rigged 

without sweeps to a larger 9.19-m trawl (to offset a reduction 

in total contact due to the absence of otter boards) and (3) 

with and (4) without a SAFE, comprising horizontal wire and 

plastic streamers across the mouth. 

Lake Wooloweyah 12/36 7 

      

Spreading 

mechanism 

the batwing and three conventional otter-board 

pairs in a double rig. 

Batwing (60.7 kg, 1.12 × 1.23 m), flat-rectangular (52.5 kg, 

1.39 × 0.61 m), kilfoil (63.0 kg, 1.25 × 0.63 m) and 

cambered (53.0 kg, 1.08 × 0.73 m) otter board pairs were 

attached via 2.89-m sweeps to identical 7.35-m trawls. 

Clarence River 3−12/8−24 8 
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Spreading 

mechanism 

the batwing and two configurations of conventional 

otter-board pairs in a triple rig. 

A pair of batwings (120 kg, 1.40 × 1.30 m) and flat-

rectangular (180 kg, 2.00 × 0.84 m) otter boards, with and 

without a restraining rope designed to regulate angle of 

attack. were tested with triple-rigged trawls (each 39-m). 

Ocean off Yamba 3/15 9 

      

Spreading 

mechanism 

 

the batwing and flat-rectangular otter boards towed 

behind a vessel within a system designed to collect 

disturbed epifauna. 

A pair of batwings (60.7 kg, 1.12 × 1.23 m) and flat-

rectangular (52.5 kg, 1.39 × 0.61 m) otter boards were 

affixed in from of a beam and collection trawl (without 

ground gear) and alternately towed. 

 

Lake Wooloweyah 6/36 10 

Spreading 

mechanism 

identical trawls rigged to beam and otter with and 

without various SAFES. 

Three SAFEs, comprising a single wire without, and with 

small and large plastic panels were tested on paired beam 

trawls, while one SAFE made from a single wire with a 

continuous canvas panel was tested on paired otter trawls. 

Lake Wooloweyah 7 and 5/21 and 26 11 

 

 

Ground gear identical trawls with four different ground gears. Three ground gears comprised either 6- (4.5 and 3.80 kg in 

air and water), 8- (8.42 and 6.88 kg) or 10-mm (13.07 and 

11.20 kg) stainless-steel linked chain, while the fourth was a 

novel design termed the ‘soft-brush’ (15.90 and 6.94 kg) and 

had a buoyed line with vertically suspended 4-mm link chain 

(giving 63% less linear bottom contact that the other 

treatments). 

Lake Wooloweyah 8/24 12 

      

Trawl body trawls with identical frame-line tapers, but different 

side tapers (long−1N2B vs short−1N5B) and seam 

numbers (two vs four). 

Four 7.35-m trawls (42 mm SMO), with identical frame-line 

tapers, but either 1N2B or 1N5B side tapers, with two or four 

seams. 

Clarence River 6/20 13 

      

Trawl body trawls with identical frame-line tapers, but different 

mesh sizes (32 vs 41 mm) and, within 32-mm 

mesh, different side tapers (long−1N3B vs 

short−1N5B) and wing depths (deep vs shallow). 

Five 7.35-m trawls; one made from 41 mm SMO 

(conventional) and the others using 32 mm SMO.  Except for 

mesh sizes, one of the small-mesh trawls was identical to the 

41-mm trawl.  The four small-meshed trawls had either 1N3B 

or 1N5B side tapers, with 60 or 97 T wings.  Where possible, 

otter boards were optimised with respect to twine areas. 

Lake Wooloweyah 

and Clarence River 

7/14 and 12/24 14 
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Trawl body trawls with identical frame-line tapers, but different 

mesh sizes (35 and 41 mm) and, within 35-mm 

mesh different hanging ratios (0.550 and 0.707) 

and wing mesh orientation (diamond vs square). 

Five 7.35-m trawls; one made from 41-mm SMO 

(conventional) and the others using 35 mm SMO.  Within the 

small-meshed designs, the treatments included (1) increasing 

the frame-line hanging ratio, and (2) replacing the diamond-

orientated wing panel with square-orientated mesh. 

Clarence River 12/24 15 

      

Trawl body trawls with identical frame-line tapers, but different 

body tapers (1N3B vs 1N5B) fished during the 

night or day, and for the latter with and without 

>50% cloud cover. 

Two 7.35-m trawls (35-mm SMO), with identical frame-line 

tapers, but either 1N3B or 1N5B side tapers.  The trawls were 

fished during six days (with varying cloud cover) and four 

nights on the new moon. 

Lake Wooloweyah 10/44 16 

      

Trawl body triple-rigged Florida flyer, Seibenhauser and ‘W’ 

trawls. 

Three triple-rig configurations involving (1) three Florida 

flyer (15.20 m), (2) three Seibenhauser (15.31 m), and (3) 

two W (18.38 m) and a centre Florida flyer (9.14 m) trawls 

(all 48 mm SMO). 

Ocean off Yamba 4/18 17 
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Data collected and analyses 

In each experiment, various data consistently were collected prior to, during, and at the end of the 

deployments.  Before starting, all treatment trawls, extension sections and codends were measured for 

replicate mesh sizes to ensure uniformity (where appropriate).  Other general data included the 

location, date, and start time of all trawling days and deployments.   

During each deployment, the technical data included the: (1) total fuel (to the nearest 0.1 L) consumed 

per deployment (period between the trawls on and off the bottom); (2) the total distance trawled (m); 

(3) tension (kgf) on each of the warps attached to each system (using the load cells); (4) speed (m s
–1

) 

over the ground (SOG), and (5) through the water (STW); (6) depth fished (m); (7) distance of the 

system from the vessel (m); and (8) either the wing-end or otter-board spreads (m).  Variables 3−8 

were simultaneously recorded at ~60-second intervals.   

At the end of each deployment, the catches from treatment trawls/configurations were separated into 

total prawns, bycatch, and in the case of offshore experiments, the ‘byproduct’ (i.e. non-prawn catches 

retained for sale) and weighed.  Bycatches and byproduct were then separated by species and 

individually weighed and counted, with subsamples of abundant species measured for total length (TL 

to the nearest 0.5 cm).  Random samples of ~50−200 prawns from the deployment of each treatment 

were measured (carapace length–CL in mm), weighed and counted.  These latter data were used to 

estimate the total number and mean CL caught from each trawl configuration, during each 

deployment.  Where relevant, the numbers of prawns per 500 g were also quantified. 

The hypothesis of no differences in mesh sizes between treatment trawl bodies, extensions and the 

codends was tested using linear models (LM).  Most of the remaining technical and biological data 

were analysed in linear mixed models (LMM), with some standardised prior to analyses.  In many 

cases, the numbers and weights of total and separated catches were log-transformed (so that effects 

would act multiplicatively) and analysed as absolute catches per deployment.  The raw data were also 

standardised (mostly to per ha trawled using the swept area between the wing-ends and the distance 

trawled) and then log-transformed.  The remaining biological and technical data (including mean CL 

and number of Eastern School Prawns per 500 g, drag, wing-end spread, SOG, distance trawled, and 

fuel used) were analysed in their raw form.   

Linear mixed models were fitted to explain variability among key response variables describing the 

performance of modified configurations (fixed factor) and included various random factors such as 

‘days’ and ‘deployments’ (and their interaction).  In many cases, additional fixed effects/covariates, 

including SOG, ‘flow’ (calculated as the speed of the current in the direction of travel and defined as 

SOG–STW), distance aft of the trawl configuration from the vessel and fishing depth were included in 

models and assessed for their importance.  

All models were fitted using ASReml or the lmer function from the lme4 package of the R statistical 

language and the significance of trawl configuration determined using either likelihood ratio tests 

(LRT) or a Wald F.  Where competing models were assessed, the most parsimonious was chosen 

based on the lowest value for a penalised log-likelihood in the form of Akaike’s Information Criterion.  

Significant differences detected for the fixed effects of interest were subsequently explored using 

pairwise comparisons in conjunction with the Benjamini–Hochberg–Yekutieli procedure to control 

the false discovery rate (FDR; Benjamini and Yekutieli, 2001).   
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Results 

In total, during 19 field-based experiments, we completed 495 deployments of >30 alternative or new 

configurations; all of which are summarised in 17 scientific papers, three magazine articles (Table 2 

and appendices 3−23) and 16 one-page industry summaries (appendix 24).  Two ancillary experiments 

(and associated scientific papers) were done in the flume tank (Table 3; appendices 19 and 20).  In all 

relevant field-based experiments, the commercial conditions, including catches, were representative of 

those normally experienced in the fisheries. 

For simplicity, the results are summarised according to each of the three anterior zones that were 

assessed, with efforts (i.e. the number of experiments and/or days and deployments) reflecting the 

observed utility of a particular zone for addressing the desired outcomes of reducing (1) bycatch, (2) 

habitat impacts, and (3) drag (Tables 2 and 3).  The specific details of each experiment can be found 

in the stated appendices.  

Spreading mechanisms 

In recognition of the importance that the spreading mechanism has with respect to species selectivity 

(bycatch), bottom contact and drag, 12 of the 19 field and both flume-tank experiments focused on 

this anterior zone (Table 2, Fig. 5).  The key configurations tested included different (1) multiple 

trawls (i.e. comparisons among single beam trawls and single-, double-, dual-, triple- and quad-rigged 

otter trawls), (2) spread ratios (SR; defined as the wing-end spread ÷ headline length), (3) bridle 

lengths within double rig, (4) sweeps within single- and double-rigs, (5) otter boards within single-, 

double- and triple-rigs, and (6) ‘simple anterior fish excluders’ (SAFEs) between the otter boards in 

double-rig and between the otter boards and sleds in triple rig. 

The first experiments in the project focused on comparing the relative utility of various existing 

configurations for affecting the three key response variables, based on the logic that any solutions 

would be easier to implement (within existing legislation) and understood (by industries).  This work 

showed that substituting single- or double-rigged otter trawls with beams could lower the total system 

drag by up to 31%, while at the same time reducing the unwanted bycatch of key fish species by up to 

79% (as a consequence of the beam visually or physically directing individuals away from the trawl).  

The inherent spreading mechanism of beam trawls (i.e. two sleds towed parallel) meant that base-plate 

contact on the seabed was reduced by 85%, for a total system contact reduction of up to 18% (Table 2, 

Figs 3 and 5).   

While less bottom contact might be considered a positive result, we observed that because the otter 

boards were effective at displacing Eastern School Prawns into the trawls (via their angle of attack, 

AOA), and their contact represents ~20% of the total system tested (e.g. ground-gear and otter-board 

linear contact), their removal concomitantly affected catches.  Such effects were demonstrated to be 

partially offset by increasing the size of the beam trawl (by 1.25×), based on the logic that the 

associated additional ground-gear contact was less intrusive to habitats than otter boards (i.e. a much 

lower weight).  While such a configuration was still not as absolutely effective as the smaller otter 

trawl in catching Eastern School Prawns, the standardised catches per L of fuel were the same, and 

with less bycatch (Table 2, Fig. 5). 

Within otter-trawl configurations it was clear that while relative system efficiencies reflected a 

complex array of interacting factors, environmental performance improved with an increasing number 

of trawls in the system and/or fewer otter boards.  Of all the configurations tested (Fig. 2), the single 

rig had the least fishing capacity due to having the lowest SR, but the greatest drag (and therefore 

required the most fuel; Table 2).  Further, the single rig caught significantly more fish (e.g. Yellowfin 

Bream) than any of the multi-net rigs (Table 2).   
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Table 2. Details of the anterior zone (see Fig. 1 for details) and specific treatments tested, and their relative (compared to conventional configurations) effects on catches, 

bottom contact and drag (as a proxy for fuel usage).  App, appendix containing the relevant report. 
D
double- or 

T
triple-rig used in testing, *significant difference 

(p < 0.05), SMO, stretched mesh opening. 

Anterior zone Treatments tested Catches Bottom contact Drag App. 

Spreading 

mechanism 

Beam vs otter trawl
D

 Beam trawl caught 33 and 79% fewer* Eastern 

School Prawns and Southern Herring per ha than 

the otter trawl. 

Beam trawl had 18% less total 

bottom contact. 

Beam had 10% less* drag. 3 

      

Spreading 

mechanism 

Dual- vs double-rig (with long and 

short bridles)
D

 

Dual rig caught 35 and 61% fewer* Eastern School 

Prawns and mulloway per ha than double rig.  

Bridle length affected SR, but not catches. 

Dual rig had 19−26% less total 

bottom contact than double rig. 

Dual rig had 24% less* drag 4 

      

Spreading 

mechanism 

Single- vs double- vs triple- vs quad-

rigged trawlsD,T 

Compared to all other configurations, single rig 

caught the most* Yellowfin Bream per ha trawled.  

There were no differences in Eastern School Prawn 

catches per ha trawled among configurations. 

Triple- and single-rigs had 2−16% 

less total bottom contact than quad- 

and double-rigs. 

Triple- and quad-rigs had 

incrementally less* drag than 

single- and double-rigs (by up to 

~11 and 4%). 

5 

      

Spreading 

mechanism 

Spread ratios (SR) of 0.5 vs 0.6 vs 0.7 

vs 0.8
D

 

Incrementally fewer* Eastern School Prawns were 

retained (by up to 51%) per ha with increasing SR, 

while the three highest SRs caught fewer fish* (by 

up to 30%) per ha than the 0.5 SR. 

Increasing SR increased bottom 

contact by the stated proportions. 

Increasing SR incrementally 

increased* drag by up to 16%. 

6 

      

Spreading 

mechanism 

Otter trawls with and without sweeps 

vs beam trawls (1.25 × larger) with 

and without a ‘simple anterior fish 

excluder’ (SAFE)
D

 

While the otter trawl with sweeps caught more* 

Eastern School Prawns, removing sweeps, using a 

beam or adding a SAFE reduced* the bycatch of 

Southern Herring by up to 48%. 

Total system contacts among 

treatments were similar, but the beam 

trawls had 85% less base-plate 

contact. 

Both beam trawls had up to 31% 

less* drag than the otter trawls. 

7 

      

      

Spreading 

mechanism 

Batwing vs flat-rectangular vs kilfoil 

vs cambered otter boards
D

 

Trawls spread by the cambered otter boards 

retained up to 13% more* Eastern School Prawns 

per ha than the other treatments, but otter boards 

had no effects on fish catches. 

Compared to the four other designs, 

the batwing had 86% less bottom 

contact.  

Compared to the four other designs, 

the batwing had 18% less* drag. 

8 
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Spreading 

mechanism 

Batwing vs flat-rectangular otter 

boards with and without a restraining 

wire (SAFE)
D

 

Otter boards had no effect on Eastern King Prawn 

catches per ha trawled, but the restrained trawls 

caught up to 19% less* bycatch than those spread 

conventionally, or by the batwings.   

Compared to the conventional otter 

boards the batwing and restrained 

configuration had 88 and 40% less 

bottom contact. 

Compared to the other 

configurations, the batwing had 5% 

less drag*, but some of this was 

explained by a confounding effect 

of different SRs.  

9 

      

Spreading 

mechanism 

Batwing vs flat-rectangular otter 

boards (habitat impacts)
D

 

Compared to a conventional flat-rectangular otter 

board, the batwing displaced fewer* Eastern School 

Prawns and Bridle Gobies (by 78 and 25%). 

Compared to a conventional flat-

rectangular otter board, the batwing 

displaced 89% fewer* shells and 

damaged proportionally* less. 

Not assessed. 10 

      

Spreading 

mechanism 

Beam and otter trawls with and 

without various SAFEs
D

 

All SAFES maintained target catches of Eastern 

School Prawns (per ha), but reduced* total bycatch 

by up to 51% and Tailor, Sea Mullet and Southern 

Herring by up to 58%. 

No effects. No effects. 11 

 

 

Ground gear Soft-brush vs 6-mm, vs 8-mm, vs 10-

mm chain ground gears
D

 

Ground gear had no effect on catches of Eastern 

School Prawns, but 45% fewer* Forktail Catfish 

were caught by trawls with the 6-mm chain than the 

10-mm or soft brush. 

The soft brush had 63% less linear 

bottom contact than the conventional 

ground gears. 

Ground gears accounted for 

between 15 and 22% of the total 

tested system drag, and their 

modification in conventional 

systems could reduce drag by ~5%. 

12 

      

Trawl body 1N2B two-seam vs 1N2B four-seam 

vs 1N5B two-seam vs 1N5B four-

seam
D

 

Catches of Southern Herring were 66% lower* in 

the 1N5B trawls, but owing to too large a mesh size 

(42 mm SMO), catches of Eastern School Prawns 

were also reduced* (by 50%). 

No effects. Compared to the longer 1N3B 

trawls, the shorter 1N5B designs 

reduced* drag by 4.3%. 

13 

      

Trawl body Small-meshed (32 mm SMO) 1N3B 

deep wing vs 1N3B shallow wing vs 

1N5B deep wing vs 1N5B shallow 

wing vs a conventional 41-mm trawl
D

 

Side taper and wing depth had interactive* and 

varied effects on catches, but compared to the 

conventional 41-mm trawl, the 1N5B shallow-wing 

design (least twine area) reduced* fish bycatch by 

57% with no effects on Eastern School Prawns. 

No effects. There were incremental drag 

reductions* of up to 18% associated 

with reducing twine area via either 

shorter bodies or shallower wings. 

14 

      

Trawl body Tightly-hung frame line with 

diamond- or square-mesh wings vs 

Compared to the conventional 41-mm trawl, the 

shorter smaller-meshed trawls caught fewer fish, 

No effects. Compared to the conventional 

trawl, all four shorter small-meshed 

15 
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loosely-hung frame line with 

diamond- or square-mesh wings vs a 

conventional 41-mm trawl
D

 

while the trawls with the square-mesh wings 

reduced* the catches of undersize Eastern School 

Prawns by 54−72%. 

designs reduced* drag by 9−12%. 

      

Trawl body 1N3B vs 1N5B trawls (35 mm SMO) 

during variable ambient light
D

 

Compared to a long (1N3B) trawl, a short (1N5B) 

trawl consistently caught fewer* undersize Eastern 

School Prawns, but only reduced* catches of 

Southern Herring (by up to 40%) when there was 

sufficient ambient light.   

 

No effects. Not assessed. 16 

Trawl body Florida flyer vs Seibenhauser vs ‘W’ 

trawls
T

 

The Florida flyer retained the most* standardised 

catches of Eastern King Prawns and bycatch, 

followed by the Seibehauser and W-trawl 

configurations.  

No effects. Compared to the conventional triple 

rigs, the W-trawl configuration 

required* less fuel per hectare (by 

up to~4%). 

17 
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Figure 5.   Schematic representation of the key anterior trawl components, their contributions towards total 

system drag and the potential for reductions in bycatch, bottom contact and drag through individual 

modifications.  Codend data (from previous literature) are included for comparative purposes. 

Compared to single rig, double rig had an improved SR and less drag (Table 2).  Although not tested 

concurrently with all systems, dual rig offered more drag benefits that double rig and also caught 

significantly fewer small (<9.5 cm TL) Mulloway (by 61%).  But, the effects of removing two otter 

boards manifested as some reduction in Eastern School Prawn catches (although this was offset by 

24% lower drag; Table 2).  Of all the tested systems, triple- and quad-rigs achieved the greatest SRs 

and at lower drags (by up to 11%) than single- and double-rigs.  Triple rig had the additional 

advantage of reducing total bottom contact (i.e. via two fewer otter boards), although based on our 

experiments with dual rig, quad rig might be expected to catch relatively fewer individuals of some 

species.  This assumption requires testing as part of future research. 

Irrespective of the spreading mechanism, the engineering and catch implications of regulating the SR 

were highlighted as being very important.  For example, incrementally increasing SR from a baseline 

of 0.5 to 0.6, 0.7 and then 0.8 using a purpose-built beam trawl significantly increased drag (by up to 

16%) without affecting absolute catches.  But when catches were standardised to per ha trawled, 

significantly fewer Eastern School Prawns and total bycatch were retained in the wider-spread trawls; 

potentially because the steeper wing angles increased the probability of mesh encounters for Eastern 

School Prawns and were less efficient at herding fish (Table 2).  

One spreading mechanism variable shown to affect SR within systems was the bridle length, although 

the magnitude of differences precluded concomitant effects on engineering and catching 

performances.  Specifically, at a constant speed (~1.31 m s
−1

), halving the bridle length in double rig 

(from 36 to 18 m), significantly reduced the SR from 0.61 to 0.58, but without affecting drag or the 

catches of Eastern School Prawns or bycatch (Table 2).   

Conversely, eliminating sweeps (2.89 m) in double rig had a similar magnitude of effects on SR 

(albeit in the opposite direction with an increase from 0.67 to 0.71) without affecting drag, but 

strongly affected catches (Table 2).  The latter manifested as fewer Eastern School Prawns and 
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unwanted fish (mostly Southern Herring) per ha of up to 29 and 50% in the absence of sweeps.  The 

lower Eastern School Prawns catches were attributed to the proximity of the otter boards to the trawl 

(and some individuals flicking over the headline), while removing sweeps was thought to reduce the 

herding of fish into the trawl (Table 2).  

Owing to the identified importance of SR, wherever possible, we attempted to maintain comparable 

values among treatments in all experiments, and especially with respect to testing otter boards (mostly 

done within double rig).  This outcome was considered essential to fully identify the potential (or 

otherwise) of different designs of otter boards for mitigating drag, while maintaining catches.   

The latter work involved two flume-tank and three field experiments.  The flume-tank work was done 

to identify appropriate rigging arrangements of simple sails used on the batwing as a precursor to field 

trials (Table 3, Fig. 3).  These experiments identified a functional AOA of 20
o
 and optimal sail shape 

with appropriate twist and camber (Table 3). 

Table 3. Two flume-tank experiments to evaluate sail hydrodynamics of the batwing otter board. App. 

Appendix containing the relevant report. 

Treatments tested Key results App. 

One battened sail under various 

angles of attack (AOA) and with 

five combinations of twist and 

camber. 

A 20o AOA and with medium twist and camber provided a lift-

to-drag ratio >3, which is three× more than that of 

contemporary otter boards and should provide up to 20% drag 

savings. 

19 

   

Battened vs high-rake sails under 

various AOA and with five 

combinations of twist and camber. 

A 20o AOA was ideal for all combinations, within which 

optimal performance and stability were achieved with high 

twist and low camber for the high-rake sail and medium twist 

and camber for the battened sail. 

20 

 

In the first series of otter-board field experiments, we showed that compared to three conventional 

designs (flat-rectangular, cambered and kilfoil), an appropriate-sized batwing had up to 18 and 86% 

less drag and bottom contact respectively, without significantly affecting catches of Eastern School 

Prawns nor bycatch.  Among the conventional otter boards, the cambered design caught more Eastern 

School Prawns per ha (up to 13%), attributed to its greater solid profile—reiterating the importance of 

otter boards in affecting catches of this species.  

Subsequent work to assess relative habitat disturbances between the batwing and the flat-rectangular 

revealed that the former displaced significantly fewer empty shells at a rate closely correlated to the 

reduction in base-plate contact (by 87%; Table 2).  Further, the batwing damaged proportionally fewer 

shells, attributed to their displacement away from the otter board’s surface area (instead of rolling 

along the angled base plate).  Other debris (lighter pieces of wood) were not as greatly mobilised; 

possibly owing to their position slightly off the bottom, and a more common influence of 

hydrodynamic displacement by otter-board surface areas (rather than the base plate on the 

substratum).  

In another preliminary experiment, we attempted to replicate some of the characteristics of the 

batwing (i.e. its low AOA) by retrospectively adjusting the configuration of a conventional flat-

rectangular otter board with a restraining line at the anterior edge to regulate the AOA to < 30
o
 (Table 

2).  This work was done using a triple rig and also involved assessing the batwing.  Neither the 

restrained flat-rectangular nor batwing significantly reduced drag (attributed to a low contribution of 

otter boards to the total drag of triple rig), but both considerably reduced otter-board contact on the 

sea bed, without affecting catches of Eastern King Prawns per ha trawled.  More specifically, the 
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restrained flat-rectangular and batwings had 40 and 88% less lateral bottom contact, which manifested 

as ~4 and 8 ha less bottom contact by the heavy otter boards during one night’s fishing by the trawler.  

The latter results have encouraging implications for minimising habitat disturbance.  Specifically, if a 

typical Australian prawn trawler towing two trawls had its four conventional otter boards (i.e. each 

with a length of 2.13 m at 35
o
 AOA) replaced with batwings, then the bottom contact of heavy steel 

(>250 kg being dragged obliquely) would be reduced by ∼0.19 km
2
 (>10 times the ANZ Stadium 

oval) over one fishing night (8-hours trawling).  If only 110 vessels (∼10% of the national prawn 

trawling fleet) used the batwings for 120 nights, the total reduction in bottom contact would amount to 

an area greater than the Australian Capital Territory (2,358 km
2
). 

The trawls spread by the restrained flat-rectangular otter boards also caught significantly less bycatch 

(by up to 37%); a result attributed to the line providing a visual or tactile stimulus that herded some 

individuals away from the path of the trawl.  We labelled this configuration the SAFE, and initially 

demonstrated its performance during two experiments on double-rigged trawlers towing beam- and 

otter-trawls (Table 3, Fig. 6).  

 

Figure 6.   A simple anterior fish excluder (SAFE) tested as part of the experiment described in Appendix 11. 

Compared to controls, the SAFE prototypes tested on double rig maintained the catches of Eastern 

School Prawns per ha trawled, but significantly reduced total bycatch by up to 51% and the numbers 

of individual species, including Tailor, Sea Mullet and Southern Herring by up to 43, 58 and 49%, 

respectively (Table 2, Figs 5 and 6).  The SAFEs were by far the most effective on beam trawls, but 

still significantly reduced the catches of key fish among otter trawls.  The SAFE concept warrants 

substantial future testing (see Discussion). 

Ground gear 

Within conventional otter trawls, the ground gear was identified to contribute towards <15% of the 

overall system drag (Table 2, Fig. 5).  Therefore, within the scope of the project we considered this 

area to have less overall impact than the other two anterior zones in terms of mitigating drag.  

Nevertheless we demonstrated the potential for improvements to design, without negatively affecting 

trawl performance for the targeted species. 

The relevant study involved testing four ground gears; three of which comprised either 6- (4.5 and 

3.80 kg in air and water), 8- (8.42 and 6.88 kg) or 10-mm (13.07 and 11.20 kg) stainless-steel linked 

chain.  The fourth was termed the ‘soft-brush’ (15.90 and 6.94 kg) and had a buoyed line with 

vertically suspended 4-mm link chain, which compared to all other designs reduced bottom contact by 
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63%.  The three chain and soft-brush ground gears were used during 24 deployments, producing 

predicted mean drags (±SE) of 25.49 (1.50), 31.28 (1.50), 39.32 (1.50) and 31.93 (1.50) kgf 

respectively, or 15, 18, 22 and 18% of the tested beam trawl.  In terms of an otter trawl, such figures 

would translate to a ~5% reduction in drag if the 6-mm chain was used instead of the 10-mm (Table 2, 

Fig. 5). 

There were no significant differences in numbers or weights of the targeted Eastern School Prawns, 

although the predicted means were up to 16% lower in the trawls with the 6-mm ground gear.  The 

only species significantly affected by ground gear was small (5.0−8.5 cm TL) Forktail Catfish with 

the 6-mm catching up to 45% fewer than the 10-mm and soft-brush ground gears; a result attributed to 

the latter ground gears having greater surface areas (and therefore providing more visual and/or tactile 

stimuli).  While the drag benefits were minimal, more work needs to be done to determine the extent 

to which the bycatch of benthic organisms can be reduced by modifying ground gears. 

Trawl body 

Six of the 19 field experiments were devoted to testing hypotheses concerning the utility of 

modifications to the trawl body to address the key response variables; which, because the trawl body 

does not impact on the seabed, were restricted to reducing bycatch and drag.  At the broadest level, all 

trawl-body modifications involved the underlying concepts of (1) minimising twine area, while (2) 

maintaining appropriate lateral mesh openings for the targeted prawns. 

The first experiment investigated the utility of reducing twine area by steepening the side taper of 

existing conventional two- and four-seam Clarence River trawls (42 mm SMO) from 1N2B (or 25
o
) to 

1N5B (35
o
), which effectively shortened the bodies by 3.6 m (or 35%).  The consequences of this 

simple change were profound and consistent within seam number (two vs four), manifesting as 

significant reductions in drag (by 4.3%) and standardised (per ha) catches of Southern Herring (by 

66%) among the shorter trawls (Table 2).  However, the short trawls also retained significantly fewer 

(by 50%) Eastern School Prawns (biased towards smaller individuals).  These catch reductions were 

attributed to the shorter 1N5B bodies increasing the probabilities of mesh encounters (both species) 

and allowing Southern Herring to swim forward and escape, while Eastern School Prawns passed 

through.  

The first trawl-body experiment (above) provided the evidence required to demonstrate that the 

legislated minimum mesh size of 40 mm SMO used in Clarence River trawls is too large.  

Consequently, we reduced the mesh size to 32 mm and tested the same hypothesis above concerning 

side taper (but 1N3B−28
o
 vs 1N5B), and also another modification for reducing twine area: lowering 

the wing height (i.e. we tested ‘deep’−97 T vs ‘shallow’−60 T).  As part of this work, we also reduced 

otter-board surface areas to more closely match the lower twine areas of the relevant trawls.  

During two experiments, we observed incremental drag reductions (by up to 18%) associated with 

reducing twine area via either modification (and subsequently minimising otter-board area) (Table 2).  

Side taper and wing depth had interactive and varied effects on bycatch reduction, but compared to a 

conventional 41-mm trawl, a 32-mm short shallow-wing trawl (i.e. with the least twine area and 20% 

smaller mesh size) reduced the total bycatch by 57% (attributed to more fish swimming forward and 

escaping).  This is an important result that clearly demonstrated mesh size in the trawl body is not the 

most important variable affecting selectivity.  All small-meshed trawls also caught more smaller 

Eastern School Prawns than the conventional trawl, but we proposed that it should be possible to 

increase mesh size slightly, while still maintaining the above engineering benefits and species 

selectivity (Table 2). 

The latter hypothesis was subsequently tested as part of a fourth experiment with mesh size and side 

taper.  Specifically, we fished the same conventional 41-mm trawl as above (i.e. with a 1N3B side 

taper) against four trawls; all made from 35-mm mesh and with 1N5B side tapers.  Within the smaller-
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meshed trawls we assessed the independent and combined utility of (1) increasing the frame-line 

hanging ratio (E; defined as the stretched length of a hanging line or operating opening of a mesh 

panel divided by the stretched length of the mesh panel) from a conventional 0.550 to 0.707, and (2) 

replacing the diamond-orientated wing panel (20 T) with square-orientated mesh (i.e. 20 B; Table 2).   

Compared to the conventional 41-mm trawl, all four smaller-meshed designs (comprising either loose 

or tight hanging ratios, and with diamond- or square-mesh wings) had lower drags (9−12%; Table 2).  

Like the earlier two experiments described above, some of the shorter, small-meshed trawls also 

caught fewer unwanted fish (by up to 38%).  Further, there were incremental improvements in size 

selectivity for Eastern School Prawns associated with both changing hanging ratio and wing-mesh 

orientation.  But the square-mesh wing panels were by far the most effective, reducing the catches of 

sub-commercial Eastern School Prawns by up to 72%, without reducing catches of the targeted sizes 

(Table 2).   

The observed variability in the extent of bycatch reduction (i.e. between 38 and 51%) by the short 

(1N5B) trawls described above precipitated a fourth experiment to more closely investigate causal 

effects and more specifically, the importance of available ambient light (on fish and Eastern School 

Prawn behaviour).  During this experiment we compared two identical trawls (both made from 35 mm 

SMO) that differed only in their side tapers (1N3B vs 1N5B).  The trawls were fished during the night 

and in the day with variable cloud cover (categorised as <50 and >50%).  Catches were dominated by 

Eastern School Prawns and seven species of fish.  Only two fish species (Southern Herring and 

Australian Anchovy) along with the Eastern School Prawns were significantly affected by side taper, 

with all retained in lower numbers by the shorter (1N5B) trawl.  For Eastern School Prawns and 

Australian Anchovy, their catch reductions mostly remained consistent irrespective of diel phase and 

diurnal cloud cover, but Southern Herring (mostly smaller individuals) only escaped from the short 

trawl during diurnal deployments and with <50% cloud cover; possibly through anterior meshes in 

response to more available ambient light.  

While it was clear that available light was important for Southern Herring in escaping from trawls, our 

last experiment with trawl bodies demonstrated that that other species behave differently and can still 

respond to trawls at low light levels.  Specifically, compared to conventional, triple-rigged Florida 

flyer trawls (body taper of 1N4B) we observed a significant reduction in the standardised catches of 

Red Mullet and Longspine Flathead from triple-rigged Seibehauser and so-called ‘W’ trawls.  Both 

had considerably steeper side tapers.  However, at least some of these fish were small enough to 

escape through the meshes; an effect that also contributed towards a reduction in caches of Eastern 

King Prawns.  The W-trawl configuration also required less fuel per hectare (up to 4%), although 

additional refinements are required to maximise performance. 
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Discussion 

The results of this project clearly demonstrate that the three environmental concerns of excessive 

bycatch and drag and perceived habitat impacts associated with prawn trawling can be dramatically 

mitigated by employing one or more of three groups of modifications to the anterior trawl: (1) 

selecting an appropriate multi-trawl configuration, (2) reducing otter-board AOA to ~20
o
, and/or (3) 

minimising the twine area.  Irrespective of these modifications, a fourth all-encompassing operational 

variable is maintaining an appropriate SR.  The relative utility of these strategies can be discussed 

according to the underlying biological and engineering consequences.  Ultimately, this information 

can be used to identify practical solutions within a framework for the future refinement of anterior 

gear modifications to improve the profitability and environmental performance of Australian prawn 

trawling.  

Select the most appropriate multi-trawl configuration 

The first step in the framework is to select the most appropriate conventional configuration; a decision 

that will largely depend on fishery-specific operational characteristics and existing legislation.  It is 

clear that where a single trawl is desired, then beams and possibly their derivatives (e.g. winged 

trawls, like the ‘sumwing’; http://www.sumwing.nl/SumWing_EN.pdf) could be a good option.  We 

clearly showed that beam trawls inherently are easy to tow, and have good species selectivity owing to 

the solid structure scaring fish away from the front of the trawl (via either visual or tactile stimuli).  If 

necessary, the size of the beam trawl might be increased slightly to compensate for any loss of target 

catches due to the loss of bottom contact by otter boards.  Beams might also be used in higher order 

multi-trawl configurations, but better methods of storing and deploying the gear (e.g. perhaps some 

sort of joint in the middle of the beam to facilitate handling on board) are required (Gillett, 2008).  

Within prawn otter-trawl systems, there seems minimal utility in promoting single gear, unless fish are 

a desired by-product.  Perhaps a more suitable strategy is to use quad rig for shallow water (instead of 

double rig), and triple- or penta-rigs for deep water (if a single/double beams is not an option).  By 

definition, increasing the number of nets reduces twine area.  Also, because sleds are used in quad- 

and triple-rigs, they require smaller otter boards; which means less total system contact (and 

presumably habitat-impact reductions).  As one example, we showed that for the same vessel (10 m 

and 89 kw), triple- and quad-rigs had up to 55% less base-plate linear contact than double- and single-

rigs.  Even with their greater SRs, triple- and quad- rigs still have less overall bottom contact (by up to 

9% over double rig). 

Although we only did one experiment with ground gear, irrespective of the spreading mechanism or 

trawl configuration, further reductions in bottom contact could be realised by using alternate systems 

like the soft brush.  Compare to conventional, chain ground gears, the soft brush reduced the bottom 

contact by 63%, with no effect on target catches.  Other ground gears warrant assessment, and 

possibly those including angled cups to displace water downwards to stimulate prawns via 

hydrodynamic pressure instead of physical contact.  Such configurations have been proposed for use 

with scallop dredges (Shepard et al., 2009) and would greatly minimise the bottom contact of benthic 

otter trawls. 

Any reduction in otter-board height associated with more trawls within a system (especially for quad 

rig) would concomitantly reduce headline height (e.g. by >16% of a double rig); a modification which 

although not directly studied here, has been demonstrated to reduce fish catches in other trawls (e.g. 

Rose and Nunnallee, 1989).  Further, reducing the number of otter boards may translate to fewer fish 

being herded into the trawl—considering we showed that compared to single rig, triple rig caught 

44% fewer fish, while identical trawls towed in a dual rig caught up to 60% fewer Mulloway than 

those in a double rig.   

http://www.sumwing.nl/SumWing_EN.pdf
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Quad rig encompasses the same three-wire bridle configuration as dual rig, and might return similar 

benefits in terms of bycatch reduction.  These configurations (and others with sleds) warrant further 

testing during periods of high fish abundances (e.g. Mulloway in the Clarence River). 

 

Figure 7.   A framework of anterior gear modifications for reducing the environmental impacts and improving 

the profitability of prawn trawling, with the need for future work encapsulated by the sub-themes 

preceded by ‘Explore’.  

One limitation of quad rig is the need for four codends, which can increase on-board handling and 

BRD maintenance.  A possible solution to this issue while maintaining the three-wire bridle-

configuration benefits is to use tongue trawls like the W trawl tested here (see also Watson et al., 

1994).  Although clearly, such designs need to maintain target catches at the existing levels of 

conventional rigs, while significantly reducing drag (Table 2). 

Irrespective of the configuration, it is also clear that additional stimulus in front of the spreading 

mechanism can promote fish avoidance.  We assessed a SAFE between the otter boards, but similar 

configurations could be rigged further forward of the trawl, including via the three-wire bridle in quad 

rig or a W trawl, or some similar arrangement with triple- or double-rigs (Fig. 8).  Ideally, to prevent 

fish entering the trawls, such SAFEs would have convex, rather than concave shapes.  These types of 

designs have been theorised (e.g. Ryer, 2008) and definitely warrant extensive ongoing assessment, 

which might be expanded to include the utility of other stimuli, including light.  Any such SAFEs 

would need to be designed so that they can pass through the blocks (and possibly the winch) on the 

vessel. 

Based on our diel experiment with a short body, the SAFEs probably mostly operate via visual 

stimulus; but nocturnal use in clear water may not preclude their effectiveness.  In particular, we 

observed a significant reduction in bycatch by the SAFE rigged to the outside trawls of a nocturnally 



 

Structured framework of anterior gear modifications Page 23 
 

fished triple rig, and so presumably under the right conditions at least some fish can still see the 

device at night.  Similar visual responses have been hypothesised to account for the escape of fish 

through behavioural-type BRDs in nocturnally deployed trawls (Broadhurst et al., 1996). 

 

 

Figure 8.   Potential orientations of simple anterior fish excluders (SAFE− dotted lines) in (a) double-, (b) 

triple-, and (c) quad- or dual-rigs. 

Reduce otter-board AOA to ~20o 

The second framework step is to strike a balance between the maximum effectiveness and efficiencies 

of otter boards, which can be approached when the AOA is ~20
o
 (an outcome that also reduces bottom 

contact).  
 
For conventional designs, one option for optimising AOA might be to locate a SAFE 

between the leading edges.  We were able to functionally reduce the otter-board AOA in triple rig 

using a SAFE (between the otter board and sled), although the greatest benefits should be between 

two otter boards in double- or quad-rigs.  Restraining otter-board pairs to ~20
o
 AOA should have 

significant benefits for the drag of these systems and warrants further testing.  One additional 

advantage of a SAFE in small-scale fisheries, might be as a precursor to foul-ups on debris (e.g. in 

rivers/estuaries), whereby the SAFE would contact the obstruction first and collapse the otter 

boards—potentially preventing the netting from being ensnared and damaged. 

Other simple, retroactively fitted options still need to be explored to reduce conventional otter-board 

AOA during fishing, but in the interim the batwing concept offers a real solution for not only 

minimising drag (by up to ~20%), but also bottom contact.  The design has a comparable cost to 

conventional otter boards, and is a viable option in those fisheries where there are concerns over 

habitat impacts.  For example, a batwing or similar sled-type spreading mechanism (e.g. beam) can 

reduce the heaviest contact of a prawn-trawl system by nearly 90%.  In terms of a practical example, if 

a NSW oceanic triple-rigged trawler was to use the batwing otter boards, they would effectively 

reduce the bottom contact of heavy steel being dragged obliquely by ~8 ha over one night of fishing 

(8-hours trawling).  Multiply this estimate by 100 trawlers fishing 150 nights a year (e.g. an entire 

fleet) along the NSW coast, and the area saved from such contact would be 120 000 ha (1200 km
2
).  

While there are no data on the consequences of such a massive reduction in otter-board contact, 

intuitively the benefits might include at least some reduction in collateral mortalities of prawns and 

sedentary organisms.  In any case, we showed that the batwing otter boards didn’t negatively affect 

the target catches.  Rather, based on our data, the batwings actually increased the catches of some by-

product species in triple-rigged trawls.  
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Other, novel otter boards warrant testing, including modifications to conventional designs to minimise 

their bottom contact.  Kennelly and Broadhurst (2002) suggested placing angled sleds or rollers on 

otter boards as mechanisms for reducing footprint.  Further work is required to more closely assess the 

habitat benefits of any such modifications.  

Minimise twine area 

Once the correct trawl configuration and otter boards have been selected, the third step in the 

framework is to minimise twine area.  Within this theme, an ancillary outcome of our work was 

reiteration that first and foremost, the most important preliminary criterion is to optimise mesh size for 

the targeted species.  It was clear from the outset that the legislated minimum 40 mm SMO used in 

Clarence River trawls is too large for the targeted Eastern School Prawns (<~25 mm CL).  Once a 

more appropriate mesh size was used (e.g. ~35 mm SMO), we showed that within a conventional 

trawl design, shortening the body (up to 35%) by steepening the side taper and/or reducing wing 

height was the simplest mechanism for reducing the twine area and therefore drag (by up to 18%). 

Equally importantly, shortening the trawl body allowed some fish to avoid capture.  The reduction in 

fish catch can be explained by individuals visually detecting the steeper netting panels and swimming 

forwards and escaping (especially during haul-back; Broadhurst et al., 1996); either from the mouth of 

the trawl, or through the opening of the BRD (a Nordmøre-grid).  This hypothesis is supported by our 

study of diel effects on short trawl bodies.  We showed that more Southern Herring escaped from 

shorter trawls during periods of brighter light, when presumably they could more easily see the 

steeper netting panels (Kim and Wardle, 2003). 

Owing to their limited behavioural responses to trawls, Eastern School Prawns were not as greatly 

affected by shorter nets.  After entering the net (presumably in response to tactile stimuli from the 

ground chain), prawns would have fairly quickly tumbled down the netting panels and towards the bag 

(Watson, 1989).  Some smaller individuals were then selected through the meshes, but if an 

appropriate mesh size is used (e.g. ≥35- vs 40-mm SMO for the Clarence River fishery) there should 

be no loss of commercial-sized individuals. 

In addition to reducing the wing height to concomitantly reduce trawl body length, altering the mesh 

orientation down the sides of the trawl provided clear benefits in terms of size selectivity.  Clearly, 

large quantities of Eastern School Prawns contact this area of trawls, with only a small 20-bar (e.g. 

~360-mm high) square-mesh side panel reducing >70% of sub-commercial (<15 mm CL) individuals.  

Increasing the frame-line hanging ratios to improve lateral mesh openings (immediately posterior) did 

not have the same level of effect, but the utility of larger panels of square- or T90 meshes in the sides 

and/or the top belly of the trawl warrant investigation for their utility in further improving selectivity. 

Optimise spread ratio 

Irrespective of the anterior configuration, it is imperative to achieve optimal SR; making this an 

important last step in the framework.  It is well established that the SR in benthic fish trawls can vary 

according to a plethora of technical and environmental factors including the towing speed, current, sea 

conditions, bottom type, warp length and fishing depth (e.g. Engås and Godø, 1989; Fujimori et al., 

2005; Weinberg and Kotwicki 2008).  Even subtle variations in the SR of fish trawls can change the 

geometry (including headline height) sufficiently enough to ultimately affect catches (e.g. Rose and 

Nunnallee, 1998; Weinberg and Kotwicki, 2008) and drag (Sala et al., 2008).   

We observed that the above impacts extend to prawn trawls, with an increasing SR positively 

associated with drag (increasing by up to 16% from an SR of 0.5 to 0.8) and, when catches were 

standardised to per ha trawled, a clear negative relationship with catch efficiency for Eastern School 

Prawns, and a comparable trend for the weight of bycatch.  
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We mostly attributed these results to the similar effects of shorter trawl bodies, with more Eastern 

School Prawns escaping from the wider-spread trawls owing to their steeper netting panels and some 

fish more easily detecting the trawls and not entering.  Unlike shortening the trawl body which 

reduces twine area, steeper netting in an over-spread trawl simply increases resistance and therefore 

drag. 

Beyond the importance of optimising SR to maximise the engineering and environmental performance 

of particular prawn-trawling configuration are the implications for fishery-independent trawl surveys, 

which typically assume minimal variation in SR.  But it is clear that unless SR is regulated, there 

could be confounding effects on indices of relative abundance.  One way to simply regulate SR in 

survey trawls would be to locate a restraining line between the otter boards or across the bridle, or to 

use beam trawls. 

Finally, SR needs to be considered in any fishery where headline length is used as a tool to manage 

effort.  Even slight variations (e.g. from 0.5 to 0.6) ultimately affect the swept area.  For example, a 

10-m trawl with an SR of 0.5 sweeps 5 m, while the exact same trawl at 0.8 SR covers 8 m.  Clearer 

understanding of the key factors affecting the engineering and catching performances of prawn trawls 

will facilitate coherent fisheries management.  
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Conclusions 

Prawn-trawl fisheries face serious sustainability issues that encompass both energy usage and 

ecosystem impacts.  This project sought to provide clear direction for ongoing strategic fishing-gear 

research involving modifications to holistically address these broad concerns.  

The first project aim was to identify/isolate physical modifications to the anterior trawl that provide a 

range of positive inputs towards holistically minimising impacts, and clearly this has been satisfied.  

Unlike BRD research in the past, which resulted in few perceived short-term benefits to industry, the 

energy savings associated with key anterior modifications should help encourage their adoption.  

Ultimately, the potential for reductions in unaccounted fishing mortality (which rival those observed 

for BRDs) should enormously improve the sustainability of prawn trawling. 

The key categories of modifications detailed in this project encompass spreading mechanisms, ground 

gear, and the trawl body; with various individual and cumulative benefits.  Potentially, combinations 

of appropriate modifications (e.g. batwing otter boards, short trawls and soft-brush ground gear) could 

reduce drag (and therefore fuel) by up to ~30%, total and key species bycatches by up to ~55 and 95% 

respectively, and total system bottom contact by >70%; all without significantly impacting on target 

catches.  While there are fishery-specific considerations in terms of the transfer and extension of such 

modifications nationally, the concepts remain valid and should see similar benefits realised across 

different fisheries.   

The second aim of this project was to identify an appropriate framework for developing future 

modifications.  That goal has also been achieved.  Ongoing work is now essential to refine 

modifications within the two identified areas of most benefit, and also to promote industry extension 

and adoption.  Such strategic research will provide Australian prawn-trawling fisheries with a tool box 

of solutions to mitigate environmental concerns as they eventuate, and clearly should be a priority.   

The third project aim was to assist local commercial fishers and managers to implement and, where 

appropriate, legislate key modifications.  This work is ongoing, but permits have been sought by NSW 

fishers (from fisheries managers) to use some of the key modifications developed during the project, 

including multi-rigged otter and beam trawls and shorter trawls with smaller mesh in estuaries and 

alternative ground gears (including versions of the soft brush) in oceanic waters.  Other voluntary 

trials/experiments are being undertaken with oceanic commercial fishers to further refine and test 

novel otter boards.  It is anticipated that modified prawn trawls and their ongoing refinement will be a 

key component of new fisheries reforms.  
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Implications 

The ultimate implications of this work are a clear understanding of the utility and subsequent 

prioritisation of modifications to the configurations, otter boards, ground gear and netting structures 

of prawn trawls that maintain target catches while reducing bycatch, habitat impacts and 

inefficiencies.  Implicit aspects of these outcomes are improved environmental and economic 

viability, not only for prawn-trawl fisheries in NSW, but throughout Australia.  This means that the 

beneficiaries of the research outputs will not only include Australian prawn-trawl fisheries, but all 

other interacting fisheries (including commercial and recreational) that target the various bycatch 

species.  These fisheries and their stakeholders will all benefit from lower risk of deleterious impacts 

and therefore enhanced resource sustainability.   

Any ancillary reductions in fuel usage by Australian prawn trawlers have obvious benefits to the 

broader population (through lower carbon emissions), although the greatest impacts will be to 

individual operators and their local fisheries in terms of improved profitability.  Specifically, the 

benefits of the proposed outcomes can be measured as increased eco-efficiency, which directly 

manifests as improved financial returns per kg of prawns harvested.  

Beyond increasing the viability of prawn trawling in Australia, the results have provided a robust base 

from which gear technologists and industries can now direct future efforts to improve profitability and 

mitigate associated environmental impacts.  Also, because immediate solutions (e.g. optimising mesh 

size) have been identified for NSW estuarine prawn-trawl fisheries, fisheries managers and 

management advisory committees will be able to use the information to design and apply appropriate 

industry-development programs.  The recognition and refinement of such gear-based solutions will 

have significant long-term benefits to the trawling industry and all users of resources impacted by 

prawn-trawling operations. 
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Recommendations 

While there has been extensive experimental testing of modifications in NSW, including the issuing 

of permits for commercial use across broad temporal and spatial scales, additional funding should 

now be provided to refine modifications within the identified key zones and promote national 

adoption and extension.  There are key sustainability issues and environmental targets existing in 

prawn fisheries across Australia, such as reducing the bycatch of giant cuttlefish in Spencer Gulf, or a 

necessary 30% reduction in total bycatch in the Northern Prawn Fishery, that could be addressed via 

the development framework and the underlying concepts and successful modifications identified in 

this project.  

Further development  

The research project has isolated the key areas of prawn-trawling systems that could be modified to 

improve efficiencies and a framework for ongoing research.  Specifically, it is clear that the spreading 

mechanisms and the trawl bodies (including the mesh size, orientation and type) offer the greatest 

utility for future development.  There is now a clear need to (1) develop innovative, high-priority 

technological modifications to these components that mitigate sustainability issues (something that 

has not been done) and (2) promote their adoption among industries through dedicated extension 

activities.   

It is not unrealistic to expect that some simple modifications to existing configurations could translate 

to individual fuel savings of >30% for an operator and at the same time significantly reduce unwanted 

bycatches of key species by more than 90%.  The combined realisation of such outcomes would have 

extremely positive benefits for, not only NSW prawn-trawling industries, but those nationally as well. 

Given the above, we recommend that future studies develop, refine and extend (among Australian 

fisheries) modifications to the spreading mechanisms and bodies of prawn trawls that concomitantly 

reduce their fuel intensities, bycatch and habitat impacts (thereby holistically addressing 

environmental deficiencies) while maintaining target catches.  As per Figure 7, such modifications 

encompass: exploring the potential for (1) higher-order multi-trawl systems, (2) installing SAFEs 

between spreading mechanisms, (3) retroactively fitted modifications to existing otter boards and new 

designs for reducing the AOA, (4) increasing lateral mesh openings at strategic positions in the trawl 

body via square-mesh panels or T90, and (5) minimising twine areas via alternative trawls designs.  

Ultimately, this work will contribute towards improving the social and economic return of local 

prawn-trawl fisheries, while helping to ensure their ongoing sustainability.  
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Extension and adoption 

The main outputs from this project were (1) the identification and prioritisation of the most effective 

suites of modifications to the anterior sections of prawn trawls that reduce their bycatch, drag and 

habitat impacts, while improving their profitability, (2) detailed information on the mechanisms of 

action of such priority modifications, so that (3) a clear direction could be proposed for the future 

development of more eco-efficient gears throughout Australian prawn-trawl fisheries.  These outputs 

were extended using existing networks developed during previous, related projects.  The 

dissemination, extension and adoption plan was as follows: 

Extension and adoption plan objectives: 

(1) Encourage the participation of NSW and other Australian prawn-trawl fisheries in the 

development, application and testing of appropriate anterior gear modifications that reduce the 

bycatch, fuel consumption and habitat impacts of prawn trawls, while improving their profitability. 

(2) Ensure that all prawn-trawl fishers, support networks (e.g. fishers’ cooperatives, net makers, etc.) 

and other key stakeholder groups, including state and federal agencies and international NGOs are 

aware of the research outcomes;  

(3) Promote a framework for future research among scientists and industries of the most appropriate 

suite of anterior modifications to prawn trawls.  

(4) Promote the adoption of any recommended modifications. 

These objectives were achieved according to the following plan: 

(1) Target audience: Commercial fishers and support networks. 

Key messages: The needs and benefits of the research outcomes for industry, in terms of ecological, 

economic, social, and legal aspects, the research process and ongoing outcomes (recommended 

modifications) of completed experiments and the framework for the future development of anterior 

gear modifications to prawn trawls. 

Communication/extension methods: The above key messages were extended during regular port 

meetings, workshops, MAC and advisory council meetings, and as part of letters, articles in industry 

publications and research summaries during the project (appendices 20−24).  We used photos 

collected during field work to produce slide shows summarising the results of the project.  Once 

experiments were completed, summaries were distributed to individual fishers and other relevant 

stakeholders.   

Commercial prawn fishers have requested permits from managers to trial some of the modifications 

developed during the project.  Other fishers have volunteered their vessels to allow us to demonstrate 

the utility of several modifications, including novel otter boards and trawl-body modifications (e.g. 

square-mesh side panels).  This work is ongoing.  

(2) Target audience: Key stakeholder groups and the general public. 

Key message: An initial project brief, and then six-monthly non-technical summaries of research 

results. 

Communication/extension: Web summaries, magazine articles and media releases were used to 

disseminate summaries to other stakeholder groups and the general public.  We created various forms 
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of media summarising the results of the work that were distributed to other stakeholders and the 

general public (Appendix 24).  

(3) Target audience: Fisheries managers. 

Key message: Ongoing outcomes of the research and the recommended progression of modifications.  

Communication/extension: Fisheries managers were briefed throughout the project via email, non-

technical summaries and meetings.  Both local and national industries and fisheries managers were 

already well aware of the need to implement changes to prawn trawls to reduce their environmental 

foot print and increase their profitability, and so it is likely that like previous, related research 

projects, the results from this project will be incorporated into plans for the ongoing testing and 

eventual legislation of modifications. 

The key messages were disseminated in accord with the milestones for the project.  All results have 

been published and/or disseminated.  The success of the extension plan can be measured by the level 

of industry participation in the research and the ongoing, voluntary adoption of recommended 

modifications.  The latter currently is being facilitated through industry requests for permits to trial 

key modifications.  

(4) Target audience: International scientific community.  

Key message: The aims, methodologies and results of experiments.  

Extension methods: Like all previous FRDC projects completed by the PI, numerous scientific papers 

were published in international journals.  This has provided the necessary peer-reviewed scientific 

scrutiny of the research outcomes, thereby facilitating their eventual implementation through 

management processes. 

 

Project coverage 

The project coverage is detailed in appendices 3−24. 
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Project materials developed 

In total, 19 scientific papers, three magazine articles, a conference proceeding and 16 one-page 

industry summaries were produced describing the results of various innovative and novel 

modifications to the anterior sections of prawn trawls designed to address the stated objectives.  From 

this work we have developed simple modifications for existing trawls (including the SAFE and 

square-mesh wing panels), and progressed a completely new design of tongue trawl (the W trawl), 

otter board and ground-gear modifications.  
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Appendix 1. Intellectual property 

The intellectual property owned by FRDC as specified in the agreed contract is 80%, although no 

specific commercial value was derived in terms of patents or copyrights. 
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Appendix 3.   Broadhurst, M.K., Sterling, D.J. and Cullis, B.R. 2012.  Effects of otter boards on 

catches of an Australian penaeid trawl.  Fish. Res.  131–133: 67–75. 
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Appendix 4.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2013.  Relative engineering and 

catching performances of paired penaeid-trawling systems. Fish. Res. 143: 143–152. 
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Appendix 5.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2013.  Progressing more 

environmentally benign penaeid-trawling systems by comparing Australian single- 

and multi-configurations. Fish. Res. 146: 7–17. 
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Appendix 6.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  Engineering and catch 

implications of variable wing-end spread on a penaeid trawl. Fish. Res. 153: 24−30. 
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Appendix 7.  McHugh, M.K., Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  Comparing 

and modifying penaeid beam- and otter-trawls to improve ecological efficiencies.  

Fish. Man. Ecol. 21: 299–311. 
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Appendix 8.  McHugh, M.K., Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  

Engineering and catching efficiencies of three conventional penaeid-trawl otter 

boards and the new batwing design. Fish Res. 167: 180−189. 
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Appendix 9.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  Modifying otter boards to 

reduce bottom contact: effects on catches and efficiencies of triple-rigged penaeid 

trawls. Fish. Man. Ecol. 22: 407–418 
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Appendix 10.  McHugh, M., Broadhurst, M. K., Sterling, D.J., Skilleter, G.A., Millar, R.B. and 

Kennelly, S.J. 2015. Relative benthic disturbances of conventional and novel otter 

boards.  ICES J Mar Sci. 72: 2450–2456.
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Appendix 11.  McHugh, M.K., Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  A ‘simple 

anterior fish excluder’ (SAFE) for mitigating penaeid-trawl bycatch.  PLOS One. 

10(4): e0123124. doi:10.1371/journal.pone.0123124. 
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Appendix 12.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  Traditional vs novel ground 

gears: Maximising the environmental performance of penaeid trawls.  Fish. Res. 

167: 199−206. 

 



 

Structured framework of anterior gear modifications Page 139 
 



 

Structured framework of anterior gear modifications Page 140 
 

 



 

Structured framework of anterior gear modifications Page 141 
 

 



 

Structured framework of anterior gear modifications Page 142 
 

 



 

Structured framework of anterior gear modifications Page 143 
 

 



 

Structured framework of anterior gear modifications Page 144 
 

 



 

Structured framework of anterior gear modifications Page 145 
 

 



 

Structured framework of anterior gear modifications Page 146 
 

 



 

Structured framework of anterior gear modifications Page 147 
 

Appendix 13.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2012.  Short vs long penaeid 

trawls: Effects of side taper on engineering and catching performances.  Fish. Res. 

134–136: 73–81. 
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Appendix 14.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2014.  Configuring the mesh size, 

side taper and wing depth of penaeid trawls to reduce environmental impacts.  PLOS 

One 9(6): e99434. doi:10.1371/journal.pone.0099434. 
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Appendix 15.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015. Increasing lateral mesh 

openings in penaeid-trawl bodies to improve selection and reduce drag. Fish. Res. 

170: 68–75. 
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Appendix 16.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2015.  Influence of diel period and 

cloud cover on the species selection of short and long penaeid trawls. Fish Res. 170: 

144–151. 
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Appendix 17.  Broadhurst, M.K., Sterling, D.J. and Millar, R.B. 2016. Comparing conventional 

and new triple-rigged penaeid trawls.   
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Abstract 

One new and two conventional triple-rigged penaeid-trawl configurations were assessed for their 

relative engineering and catching efficiencies off northern New South Wales.  The conventional triple 

rigs comprised three Florida flyers (15.20-m headline lengths) and three Seibehausers (15.31 m), 

while the new arrangement involved a centre Florida flyer (9.14 m), and two outside ‘W trawls’ 

(18.38-m) designed to concentrate the load centrally along bracing ropes and onto added centre sleds 

to produce greater spread and less overall drag.  Compared to the conventional triple rigs, the tested 

W-trawl configuration required slightly less fuel per ha trawled, but retained substantially lower 

standardized catches of the targeted eastern king prawns.  The relatively poorer catching performance 

of the new configuration was attributed to a combination of natural variability in the presence of 

eastern king prawns (and a requirement to test each configuration in blocks across several nights) as 

well as inadvertent rigging issues, which the system data indicated negatively affected the 

engineering performance of one of the W trawls and the catching efficiency of the other.  The trials 

provided a solid base from which to refine the W-trawl concept for future testing. 

 

Keywords: Bycatch reduction; Penaeids; Trawl efficiency 
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1. Introduction 

Like most mobile fishing gears, penaeid trawls are energy intensive and, owing to their small meshes, 

not entirely selective for the targeted species and their sizes (Andrew and Pepperell, 1992; Keheller, 

2005; Gillett, 2008, Priour, 2009).  Historically, these characteristics have justified numerous 

attempts at trawl refinements; typically through technical modifications and mostly with respect to 

improving species selectivity via retroactively fitted bycatch reduction devices (BRDs) located in the 

codend (Broadhurst, 2000). 

While BRDs are effective in reducing unwanted catches, they do not address the high energy 

intensity of penaeid trawls.  At the broadest level, major improvements can only be achieved by 

reducing the drag of the key components, and more specifically, the total twine area and/or otter 

board area and/or angle of attack (AOA; Sterling and Eayrs, 2010).  Ideally, any modifications to 

either of these key components would also positively affect species or size selectivity, or at least 

maintain the catch status quo (Broadhurst et al., 2013a; b).  

There are several options for reducing the twine area of trawls, including using configurations with 

the same cumulative headline length, but more smaller trawls (triple- and quad-rigs) than larger fewer 

trawls (single- and double-rigs) (Broadhurst et al., 2013b); shorter trawl bodies (through steeper side 

tapers; Conolly, 1992); greater hanging ratios at the frame lines (Broadhurst et al. 2014a); narrower 

twine diameters (Sumpton et al., 1989); lower wing heights (Broadhurst et al. 2014b); and square-

mesh panels (Broadhurst et al., 2014a).  Many of the above changes can be made within existing 

trawl designs, but there also exists substantial variability in key parameters among conventionally 

used designs (Watson et al., 1984).  A sensible first step in attempting to refine any particular 

penaeid-trawling system might be to assess the inherent variability among the range of existing 

designs. 

Two commonly used trawl designs used over the history of penaeid-trawling in Australia that 

represent the wider ranges of some of the variability above are the ‘Florida Flyer’ and ‘Seibenhauser’ 

(Fig. 1).  The Florida Flyer has transverse (T) meshes across the bosom and clusters of mesh 

(transversal direction−T) and bar (B) tapers (Fig. 1a).  By contrast, the Seibenhauser has frame-line 

tapers comprising all bars across the bosom, which produce large areas of square-shaped mesh 

throughout the top and bottom panels, and has less twine area for the same headline length due to a 

very steep side taper—which theoretically should translate to relatively lower towing force (Fig. 1b).   

Another broad penaeid-trawl design less commonly used in Australia is the so-called ‘tongue’ trawl, 

which might be configured to minimise drag (while still maintaining headline length) via an 

alternative rigging arrangement rather than less twine area (Watson et al., 1984).  Specifically, such 

designs have an additional bridle wire from the headline centre, effectively reducing the required 

spreading force, and therefore the otter-board size (Figs 2a and 3).  A tongue-trawl design might be 

more suited to single-or double-rigged penaeid systems, but can be fished in a triple rig with a more 

conventional design as the centre trawl (Figs 2 and 3a).  One prototype tongue trawl recently 

developed at the Australian Maritime College in Tasmania, is a so-called ‘W’ trawl, comprising both 

upper and lower tongues (Balash et al., 2015; Figs 2a and 3a). 

While all three trawl designs above encompass varying aspects that are thought to affect drag, there 

are no formal comparative trials assessing overall performances (against some standardised catch-per-

energy indicator).  Such information is not only required to assess the potential benefits of optimising 

environmental performances simply within existing designs, but it is also a necessary precursor to 

establishing a performance base-line for ongoing development/refinement.  Considering the above, 

our aims in this experiment were to test the hypothesis of no differences in the engineering and 

catching performances of triple-rigged Florida Flyer and Seibenhauser trawls, and a combination of 
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two outside W trawls and a centre Florida Flyer; all with the same cumulative headline length (~46 

m).  

2. Methods 

2.1 Vessel and equipment  

The experiment was completed over twelve nights during February 2014 off Yamba, NSW (29
o
 26’S; 

153
o
 22’E), using a local, triple-rigged trawler (16.40 m and 224 kw) fishing in 33–100 m across 

sandy substrata.  The trawler had 10-mm diameter (Ø) galvanized-steel warps and bridles on two 

hydraulic winches.  On-board electronic equipment included: a fuel monitor (Floscan series 9000); 

global positioning system (GPS; Lowrance); two hull-mounted sum logs (EchoPilot, Bronze Log+); 

attachable warp load cells and associated data logger (Amalgamated Instrument Company; model nos 

PA6139 and TP4); and a trawl-spread monitoring system (Notus Trawlmaster System; Model no. 

TM800ET).  The latter comprised a computer processing unit, vessel-mounted omnidirectional 

hydrophone (located adjacent to the vessel winches), and two cylindrical transducers and associated 

slaves (each 330-mm long × 77-mm Ø; 1.1 kg in water); all designed to be mounted onto the wing-

ends of the centre and each of the outside trawls (Fig. 3).  

2.2. Trawl configurations and testing 

Three sets of triple-rigged trawls were fished, including: 3 × identical Florida Flyers (15.20-m 

headline length and 18.62 m
2
); 3 × identical Seibenhausers (15.31-m headline length and 12.77 m

2
); 

and 2 × Ws (18.38-m headline lengths and 20.52 m
2
) with a Florida Flyer (9.14-m headline length 

and 4.09 m
2
) for use as a centre net (Figs 1−3).  All trawls were made from identical 48-mm stretched 

mesh opening (SMO; 1.68-mm Ø polyethylene−PE twine) mesh and had the same ground-gear 

configurations (10-mm Ø combination foot rope attached to 135-mm, 6-mm chain drops and an 8-mm 

stainless-steel ground chain) (Fig. 3).  All trawls were attached to identical codends (150 T × 24 N of 

42-mm SMO and 1.20 mm Ø braided PE twine) and extension sections (100 T × 75 N of 46 mm 

SMO and 1.20 mm twisted Ø PE twine) with composite square-mesh panel BRDs installed 

(Broadhurst and Kennelly, 1997).  The same three codends were rotated among configurations using 

zippers (Buraschi S146R, 2.00 m long). 

Two pairs of flat-rectangular otter boards (2.34 × 0.86 m; 120 kg each and 1.83 × 0.70 m; 130 kg 

each) and three pairs of sleds (1.98 × 0.86 m, 300 kg; 1.55 × 0.96 m, 150 kg; and 1.35 X 0.99 m, 160 

kg) were used in the experiments.  The larger otter boards were used with the Florida-flyer and 

Seibenhauser trawls, while the smaller pair was used with the W-trawl configuration along with both 

pairs of lighter sleds.  The smaller otter boards had headline attachment points welded at the upper 

training edge to ensure a consistent vertical trawl opening and the lighter sleds had headline 

connections below the top (all at 0.86 m).  The heavier of the two light sled pairs was used at the 

centre of the W trawls, while the other pair was located between the W trawls and the centre Florida-

flyer. 

At the start of each night the vessel was rigged with one of the three triple-rig treatments and 

appropriate otter boards.  A Notus transducer and slave pair was secured to the inner and outer wing 

ends of one side trawl and the outer wing ends of the centre and other side trawl (Fig. 3).  The triple 

rig was deployed for five 120-min (or thereabouts) deployments on each night.  Over nine nights, we 

completed three alternate nights of each configuration, providing 15 replicate deployments. 

2.3. Data collected and analyses 

The technical data collected during each deployment included the: (i) drag of each configuration 

(kgf); (ii) total fuel consumed per deployment (L; period between otter boards on and off the bottom); 

(iii) the total distance trawled (m; otter boards on and off the bottom – obtained from the plotter and 

net monitoring system); (iv) speed across the ground (SOG) and through the water (STW; both in m 
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s
−1

) (v) depth of fishing (m); (vi) distance of the trawls behind the vessel (m); and (vii) the wing-end 

spreads (m).  Drag, speed and wing-end spread were recorded at 1-min intervals.  

The combined wing-end spreads for the side and centre trawls (where relevant) were calculated after 

adjusting for the span of the sleds and sweeps.  Predicted wing-end spreads were used to calculate 

otter-board AOA (from the model proposed by Sterling, 2005). 

At the end of each deployment, the catches from each of the three trawls (in each configuration) were 

separated into total king prawns, by-product and bycatch and each weighed.  Catches within these 

three categories from each trawl were then combined, and the total numbers of each bycatch (via sub 

sampling) and by-product species, and total lengths (TL in mm) of the most abundant teleosts 

recorded (i.e. from the total catch).  Random samples of ∼50 eastern king prawns from the total catch 

in each deployment were measured (carapace length – CL in mm) and weighed.  These latter data 

were used to estimate the total number and mean CL caught from each triple-rig configuration during 

each deployment. 

The technical and biological data were analysed in linear mixed models (LMM), with some 

standardized prior to analyses.  The total weights of eastern king prawns, Penaeus plebejus by-

product and bycatch from each of the three trawls within each triple-rig configuration were 

standardised to per ha trawled using the swept area between the wing-ends multiplied by the distance 

trawled and then log-transformed.  Data for individual species (pooled across trawls) were treated as 

above, but standardised to per ha trawled using the cumulative (total) wing-end spread of the three 

trawls.  The remaining data (including mean CL, drag, wing-end spread, SOG, distance and ha 

trawled, and fuel consumed) were analysed in their raw form.   

Linear mixed models were fitted to explain variability among responses describing the performance 

of triple-rig configurations (i) within (i.e. for total king prawns, by-product and bycatch) and (ii) 

across trawls (i.e. for all other data).  Relevant LMMs included ‘trawl configuration’ and, where 

appropriate, ‘trawls’ and their interaction as fixed, while nights were included as random terms.  In 

an attempt to more closely explain variability among cumulative wing-end spread, drag, and fuel 

consumption, additional covariates, including SOG, ‘flow’ (calculated as the speed of the current in 

the direction of travel and defined as SOG–STW), distance aft of the trawls from the vessel and 

fishing depth were also included.   

All models were fitted using the lmer function from the lme4 package of the R statistical language 

and the significance of trawl configuration determined using a Wald F.  Where competing models 

were assessed, the most parsimonious was chosen based on the lowest value for a penalised log-

likelihood in the form of Akaike’s Information Criterion.  Significant differences detected for the 

main effects were subsequently explored using pairwise comparisons in conjunction with the 

Benjamini–Hochberg–Yekutieli procedure to control the false discovery rate (FDR). 

3. Results 

During 12 nights of fishing, we successfully completed 16 replicate deployments for each of the 

Florida-flyer and Seibenhauser configurations and 15 replicates of the W-trawl configuration, with an 

average of 135 ± 0.89 mins.  Total catches from the 47 deployments included 1228, 5945and 2034 kg 

of eastern king prawns, by-product and bycatch, respectively and were representative of conventional 

fishing.  The by-product and bycatch comprised 22 and >25 species, with 16 caught in sufficient 

quantities to enable meaningful analyses (Table 1).  Based on sizes, some species had individuals 

comprising both bycatch and by-product (Table 1). 

3.1 Engineering performances 

The trawls were towed across average (±SE) SOGs, depths and distances of 1.24 ± 0.02 m s
−1

, 53.16 

± 1.46 m and 10.11 ± 1.44 km, respectively.  The parsimonious LMMs describing SR for the port 
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(which ranged from 0.60 to 0.69), centre (0.68−0.80) and starboard trawls (0.60−0.79), and the total 

system (0.62−0.75) comprised the significant main effects of trawl configuration and depth (P < 0.05; 

Table 1).  For the main effect of trawl configuration (and irrespective of depths), there were 

consistent, incrementally lower SRs for the side and centre trawls and total system from the W-trawl; 

Seibenhauser and Florida-flyer configurations (FDR, P < 0.05; Tables 1 and 3, Figure 4).  Within 

configurations, the centre trawls all had greater SRs than their outside trawls, which were generally 

similar except for the W-trawl configuration (the starboard trawl was spread considerably wider than 

the port; Fig. 4).  The differences in total SR manifested as significant variations in hectare trawled 

among configurations (LMM, P < 0.001; Tables 1 and 2). 

There were no significant differences in SOG, nor the fuel per hour (rate) among configurations 

(LMM, P < 0.01), with both parsimonious LMMs reduced to the fixed effect of current (LMM, P < 

0.01; Tables 1 and 2).  Similarly, drag remained the same among configurations, and was best 

described by the null model (LMM, p > 0.05; Tables 1 and 2).   

By comparison, the LMM for fuel ha trawled (intensity) included SOG (negative relationship) and 

trawl configuration; both of which were significant (P > 0.05; Tables 1 and 2).  False discovery rate 

pairwise comparisons among the three trawl configurations revealed that the W-trawl had a 

significantly lower intensity (5.33 ± 0.45 L ha
–1

) than the Seibenhauser (5.57 ± 0.46 L ha
–1

) (P < 

0.05) but not the Florida-flyer configuration (5.53 ± 0.45 L ha
–1

) (P > 0.05; Table 2).  The latter two 

configurations did not have significantly different intensities (P > 0.05; Table 2).
 

3.1 Catching performances 

There were significant differences in the catches of total eastern king prawns, bycatch and by-product 

ha
−1

 retained in the port and starboard trawls among configurations (LMM, P < 0.05), but not the 

centre trawls (P > 0.05; Tables 1 and 2, Fig. 5).  The differences among side trawls were sufficient to 

cause significant variation among the total system weights and numbers of eastern king prawns and 

weights of bycatch ha
−1

 (FDR, P < 0.05; Table 1, Fig. 5a and c) but not by-product (P > 0.05; Table 

1, Fig. 5b).   

False-discovery-rate pairwise tests revealed that compared to the port and starboard trawls in the 

Florida-flyer configuration, both W trawls caught significantly less eastern king prawns (by up to 

55%), by-product (by up to 66%), and bycatch (by up to 64%), while the port and starboard 

Seibenhausers caught significantly less bycatch (than the Florida flyer—by 29%; P < 0.05; Fig. 5).  

The starboard W trawl also caught significantly fewer of the above variables than the starboard 

Seibenhauser (FDR, P < 0.05), however these differences were not maintained in the port trawls 

(FDR, P > 0.05, Fig. 5).  In terms of total system catches, the W-trawl configuration caught 

significantly less eastern king prawns (by 45%) and bycatch (40%) than the Florida-flyer, and while 

not significant, less than the Seibenhauser (by 30 and 17%, respectively; FDR, P > 0.05; Table 1).  

Further, the Seibehauser configuration retained significantly less bycatch (by 27%; FDR, P < 0.05) 

than the Florida-flyer configuration, and although there was no significant difference in the catches of 

eastern king prawns, the Seibenhausers caught 19% less (FDR, P > 0.05, Table 1).  There was no 

significant differences in the mean sizes of eastern king prawns among configurations, although the 

Florida-flyer configuration retained a slightly smaller mean size (39.05 ± 2.53 mm CL) than the 

Seibehauser (41.25 ± 2.53 mm CL) and the W-trawl configurations (43.23 ± 2.53 mm CL) (LMM, P 

> 0.05; Table 1). 

The only other catches significantly affected by trawl  configuration were the total system numbers 

and weights of retained red mullet Upeneichthys lineatus and discarded long-spine flathead, 

Platycephalus longispinis ha
−1

 trawled (LMM, P < 0.05; Table 1, Fig. 6).  False discovery rate 

pairwise comparisons revealed that the W-trawl and Seibehauser configurations similarly caught 

significantly fewer of these species than the Florida-flyer configuration (P< 0.05; by up to 94%; Fig. 

6). 
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4. Discussion 

This study represents one of the few attempts at comparing the relative engineering and catching 

performances of conventional and modified penaeid-trawl configurations (Watson et al., 1984; 

Broadhurst et al., 2012, 2013a,b) and especially within a triple rig.  The observed differences among 

the three configurations assessed here can be discussed by first considering the temporal sampling 

protocol (e.g. mostly with respect to catching efficiencies) and then vagaries among some of the 

operational configurations (i.e. for the W-trawl configuration) and lastly the intended, inherent design 

differences.  Ultimately, the results can be used to promote future refinements among triple-rig 

systems.  

Prior to discussing the relative engineering and catching performances of the three configurations, the 

experimental design warrants consideration for some confounding effects.  In particular, logistics 

dictated it was impossible (i.e. too dangerous) to change treatments within nights at sea; effectively 

precluding full assessment of the likely important random effects of within- and between-night 

variability.  Rather, each treatment was tested in two-day blocks and, owing to additional logistic 

constraints (including satisfying the skipper’s requirements) this meant that for the W-trawl 

configuration all four nights were consecutive (i.e. no other treatment used in between).   

By chance, the Florida-flyer and Seibenhauser configurations were tested during mostly good sea 

conditions and with minimal or no moon light (i.e. during the new and first and last quarter moons); 

conditions considered the most amenable for maximizing catches of the targeted eastern king prawns.  

Conversely, the W-trawl was tested across nights with comparatively longer periods of moon light 

(mostly full moon) and for some nights, poorer weather (i.e. relatively greater wind and sea states).  

Both conditions at least partially contributed towards the relatively poor catching performance of the 

W-trawl configuration (supported by similar poor performance from adjacent vessels fishing on the 

same nights), while the adverse weather (e.g. waves and wind) would have masked finer-scale 

assessments of some engineering differences. 

Beyond the potential for confounding effects of the experimental design, there were also some issues 

associated with the rigging of the W-trawl configuration which affected its SR and optimal fishing 

configuration.  Specifically, LMMs indicated a significant difference in SR among configurations 

that was largely driven by large values for the starboard and centre trawls of the W-trawl 

configuration, which contributed towards an average across the gear of 0.73 (vs 0.66 and 0.63 for the 

Florida flyer and Seibenhauser).  Such values were expected, since the W trawl is designed to have a 

high SR to capitalise on the fact that it is relatively easier to spread (owing to the load distributed 

along the centre line; Balash et al., 2015).  But, it was clear that the port W trawl was below the 

design SR, and probably because of some stretching of the bracing ropes.  The port trawl was built 

first and tested on a different vessel during earlier trials, and whilst we knew the bracing ropes had 

stretched, we were unaware that this had occurred to an extent where they required replacement.  The 

stretched bracing ropes would have negatively affected the engineering characteristics of the entire 

configuration.  

Notwithstanding the above, the W-trawl configuration required the least amount of fuel per ha 

trawled than the other configurations, and significantly less than the Seibnenhauser.  Although not 

significant, the latter trawl system also had the lowest drag.  The reduction in drag by the Seibehauser 

was a lot less than the difference in netting area, but this result can be explained by concomitant 

engineering implications of the designs.  Specifically, the Seibenhauser had the lowest SR, indicating 

it was harder to spread even if it had low netting drag.  This result might be explained by a relatively 

greater wing-end angle associated with such a short trawl and steeper side sections.  These greater 

angles tend to evoke a larger AOA on otter boards (in contradiction with the estimates of AOA 

provided, which assume all trawls have the same wing-end angle vs SR relationship) and therefore 

greater otter-board drag.  Also, if the Seibenhauser had less netting drag, this would produce less up-
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pull on ground chains and centre sleds—causing all of these components to have greater seabed 

interactions and drag. 

The inherent design features of the Seibiehauser and W-trawl might also explain some of their 

relatively lower catches of eastern king prawns and also bycatches (i.e. mostly comprising small 

fish).  Both configurations had steeper side tapers (especially the Seibehauser) than the Florida flyers, 

which would have increased the probability of organisms making contact with netting panels and 

possibly escaping.  In support of this hypothesis, and although not significant, both the Seibehauser 

and W-trawl configuration retained eastern king prawns at a slightly larger mean size than the Florida 

flyer.   

However, any inherent geometric differences are unlikely to completely account for the dramatic 

reduction in catches of eastern king prawns per ha trawled by the W-trawl configuration.  We suggest 

that most of these reductions were due to the confounding effects of temporal effort (and the 

associated moon phases and weather discussed above).  In support of this hypothesis, there were no 

differences in catches per ha of other crustaceans (e.g. smooth bugs, Ibacus chacei or blue swimmer 

crabs, Portunus pelagicus), nor cephalopods or larger fish (by-product).  The only other species 

affected by the W-trawl configuration (and also by the Seibenhauser) were red mullet and long-spine 

flathead.  Both species are relatively fusiform and could have passed through the steeper, more open 

meshes in the bodies of these trawls.  

The potential for confounding effects in this study detract from the performance of the W-trawl 

system.  During preliminary work, Balash et al. (2015) proposed that by redirecting the drag to the 

centre-line, the W trawls should provide drag savings of up to 20% over conventional trawls with the 

same headline within a double rig.  While the same extent of drag savings may not be realised for 

triple rig (owing to the inherent efficiency of this configuration), one might expect further 

improvements to the relative fuel intensity reductions observed here.  Obviously any such W trawls 

would also need to maintain catches of targeted species, but these results serve to illustrate some of 

the possible benefits and justify ongoing testing of the new system.   

Within existing conventional trawls, coherent modifications might simply involve minimising twine 

area via thinner, durable twine and/or knotless netting; both of which might offer practical benefits 

without compromising the catching performance of proven designs, although ideally, any 

modifications would serve to not only reduce drag, but also unwanted catches.  Additional research is 

warranted to explore the potential for such modifications, because fuel costs and unaccounted fishing 

mortality (through poor selection) are likely to remain contentious issues for penaeid trawling into the 

future (Gillett, 2008; Priour, 2009).  
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Table 1.  Summaries of fixed effects in linear mixed models (LMM), and likelihood ratio tests (LRT) assessing the significance of trawl configuration for technical and biological variables.  Linear mixed 

models for biological variables considered trawl configuration, days and deployments as potential explanatory variables, while those for technical variables also considered speed over the ground (SOG) 

and current (where relevant).  Numbers and weights were standardized to per ha trawled, calculated using the wing-end spread (per deployment) of either the side trawls, centre trawl or total system (all 

trawls combined) and then log-transformed before analyses. − ret., retained; disc., discarded; EBSF = eastern blue-spotted flathead. 

 

 Significant fixed effects in LMM LRT for trawl configuration 

Technical variables  

 Port trawl spread ratio Trawl configuration and depth 35.01*** 

 Centre trawl spread ratio  Trawl configuration and depth 51.82*** 

 Starboard trawl spread ratio Trawl configuration and depth 362.00*** 

 Total system spread ratio Trawl configuration and depth 108.40*** 

 Speed over the ground (m s−1) Current ns 

 Hectare trawled Trawl configuration and depth 22*** 

 Drag  ns 

 Fuel rate (L h−1) Current ns 

 Fuel intensity (L ha−1) Trawl configuration and SOG 6.65* 

 

Biological variables 

 Wt of eastern king prawns, Penaeus plebejus ha–1 port trawl Trawl configuration 8.02* 

 Wt of eastern king prawns, ha–1 centre trawl  3.72 

 Wt of eastern king prawns, ha–1 starboard trawl Trawl configuration 11.05** 

 Wt of eastern king prawns ha–1 total system Trawl configuration 7.97* 

 No. of eastern king prawns ha–1 total system Trawl configuration 10.44** 

 Mean CL of eastern king prawns total system   

 Wt of by-product ha–1 port trawl Trawl configuration 6.96* 

 Wt of by-product ha–1 centre trawl  2.41 

 Wt of by-p product ha–1 starboard trawl Trawl configuration 10.86** 

 Wt of by-product ha–1 total system  3.30 

 No. of by-product ha–1 total system  3.26 

 Wt of bycatch ha–1 port trawl Trawl configuration 10.11** 

 Wt of bycatch ha–1 centre trawl Trawl configuration 5.70 

 Wt of bycatch ha–1 starboard trawl Trawl configuration 23.51*** 

 Wt of bycatch ha–1 total system Trawl configuration 13.10** 

 No. of ret. cuttlefish, Sepia spp. ha–1 total system  1.95 

 Wt of ret. cuttlefish ha–1 total system  1.88 

 No. of ret. smooth bugs, Ibacus chacei ha–1 total system  0.69 

 Wt of ret. smooth bugs ha–1 total system  0.47 

 No. of ret. octopus, Octopus sp ha–1 total system  2.96 

 Wt of ret. octopus ha–1 total system  4.17 

 No. of ret. squid, Lolligo sp ha–1 total system  1.53 

 Wt of ret. squid ha–1 total system  1.66 

 No. of ret. red mullet, Upeneichthys lineatus ha–1 total system Trawl configuration 6.84* 
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 Wt of ret. red mullet ha–1 total system Trawl configuration 9.46** 

 No. of ret. EBSF, Platycephalus caeruleopunctatus ha–1 total system  0.79 

 Wt of ret. EBSF ha–1 total system  1.21 

 No. of ret. blue swimmer crabs, Portunus pelagicus ha–1 total system  0.91 

 Wt of ret. blue swimmer crabs ha–1 total system  0.86 

 No. of ret. stout whiting, Sillago robusta ha–1 total system  0.06 

 Wt of ret. stout whiting ha–1 total system  0.13 

 No. of ret. red spot whiting, Sillago flindersi ha–1 total system  0.33 

 Wt of ret. red spot whiting ha–1 total system  0.52 

 No. of disc. cuttlefish ha–1 total system  0.22 

 Wt. of disc. cuttlefish ha–1 total system  0.43 

 No. of disc. smooth bugs, Ibacus chacei ha–1 total system  2.76 

 Wt of disc. smooth bugs ha–1 total system  2.45 

 No. of disc. EBSF ha–1 total system  1.08 

 Wt of disc. EBSF ha–1 total system  1.33 

 No. of disc. gurnard, Lepidotrigla argus ha–1 total system  1.07 

 Wt of disc. gurnard ha–1 total system  0.38 

 No. of disc. long-spine flathead, Platycephalus longispinis ha–1 total system Trawl configuration 6.31* 

 Wt. of disc. long-spine flathead ha–1 total system Trawl configuration  11.70** 

 No. of disc. founder, Pseudorhombus spp.ha–1 total system  1.31 

 Wt of disc. flounder ha–1 total system  0.16 

 No. of disc. spikey flathead, Ratabulus diversidens ha–1 total system  0.95 

 Wt of disc. spikey flathead ha–1 total system  2.62 

 

*p < 0.05; **p < 0.01; ***p < 0.001 
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Table 2.  Summaries of selected performance indicators for configurations comprising either three Florida flyers 

(15.20-m headlines) or Seibenhausers (15.31-m) or two W trawls (18.38 m) either side of a Florida flyer (9.14 m).  

Where appropriate, the predicted means (± SE) from linear mixed models are provided and were calculated with 

centred significant continuous covariates.  Spread ratio was calculated as total wing-end spread ÷ total headline length.  

Average drag was calculated at a mean speed of 1.24 m s
–1

.  Dissimilar superscript letters indicate significant 

differences detected in false-discovery-rate pairwise comparisons (P < 0.05).  

 Configuration 

Variable Florida-flyer Seibenhauser W-trawl 

Total spread ratio 0.66 ± 0.005
B
 0.63 ± 0.005

C
 0.73 ± 0.005

A
 

Area trawled (ha) 30.75 ± 0.86
A,B

 29.82 ± 0.84
B
 33.21 ± 0.88

A
 

Otter board angle of attack (
o
) 33.15 ± 0.14 32.17 ± 0.07 38.16 ± 0.12 

Drag (kgf) 1943.88 ± 59.39
A
 1849.82± 59.51

A
 1953.16 ± 61.54

A
 

Fuel 

 L h
–1

 32.82 ± 0.82
A
 32.40 ± 0.82

A
 32.88 ± 0.90

A
 

 L ha
–1 

5.53 ± 0.45
A,B

 5.57 ± 0.46
B
 5.33 ± 0.45

A 
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Captions to Figs 

Fig. 1.  Plan of the (a) 15.20-m Florida-flyer, and (b) 15.20-m Seibenhauser trawls. 

Fig. 2. Plan of the (a) 18.38-m W, and (b) 9.14-m Florida flyer trawls. 

Fig. 3. Top view of the vessel and triple-rigged (a) the two outside W-, and centre Florida-flyer trawls 

and (b) Florida-flyer and Seibenhauser trawls.  Sweep lengths given in m. 

Fig. 4. Differences in predicted mean ± SE spread ratios of the side- and centre-trawls and total 

system for each trawl configuration. 

Fig. 5.  Differences in predicted mean weights ha
−1

 trawled of (a) eastern king prawns, Penaeus 

plebejus (b) by-product and (c) bycatch between the side and centre trawls for each 

configuration.  

Fig. 6.  Differences in predicted mean weights ha
−1

 trawled of (a) retained red mullet, Upeneichthys 

lineatus, and (b) discarded long-spine flathead, Platycephalus longispinis pooled across the 

three trawls (i.e. total system) within each configuration.  

 



 

Structured framework of anterior gear modifications Page 201 
 

 

 

 



 

Structured framework of anterior gear modifications Page 202 
 

 

 



 

Structured framework of anterior gear modifications Page 203 
 

 

 



 

Structured framework of anterior gear modifications Page 204 
 

 

 



 

Structured framework of anterior gear modifications Page 205 
 

 

 



 

Structured framework of anterior gear modifications Page 206 
 

 

 

 



 

Structured framework of anterior gear modifications Page 207 
 

Appendix 18.  Balash, C., Sterling, D., Broadhurst, M., Dubois, A. and Behrel, M.  2015.  

Hydrodynamic evaluation of a simple sail used in an innovative prawn-trawl otter 

board. Proceedings of the 34
th
 international conference on ocean, offshore and 

Arctic engineering (May 31 to June 5, 2015), St John’s, Newfoundland, Canada. 
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Appendix 19.  Balash, C., Sterling, D., Lustica, M. and Broadhurst, M.K. 2015.  Twist-and-camber 

effects on the performance of simple hydro-sails for efficiently spreading penaeid 

trawls.  Ocean Engineering 109: 161–168. 
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Appendix 20.  Broadhurst, M., Sterling, D. and Millar, R. 2013.  Progressing more environmentally 

benign prawn-trawling systems by comparing Australian single- and multi-

configurations.  Professional Fishing Association Magazine, December 2013: 12–13. 
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Appendix 21.  McHugh, M., Broadhurst, M., Sterling, D. and Millar, R. 2014.  Comparing otter 

boards to improve fuel efficiency.  Queensland Seafood, 4: 20−21. 
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Appendix 22.  Broadhurst, M., Sterling, D. and Millar, R. 2015.  Configuring the mesh size, body 

taper and wing area of prawn trawls to reduce environmental impacts.  Professional 

Fishing Association Magazine, February 2015: 6−7. 
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Appendix 23.  McHugh, M.J., Broadhurst, M.K., Skilleter, G. and Sterling, D.J. 2015.  An angle to 

address benthic-trawl impacts.  Oral presentation at the AMSA annual conference, July 

2015 in Geelong, Australia. 
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Benthic trawls are spread by rectangular hydro-vanes (called ‘otter boards’) which are heavy (up to 75% of 

the total system weight) and leave discernible marks on the substrate.  Lowering the otter-board base-plate 

angle of attack (AOA; conventionally between 30 and 40
o
) is one mechanism for potentially reducing habitat 

impacts among demersal trawls, and with concomitant drag (and fuel) benefits, but there are few 

quantitative assessments.  To address this information deficit, we assessed a novel prawn-trawling otter 

board, termed the ‘batwing’ (rigged with a base plate at 0
o
 AOA) against a conventional flat-rectangular 

design (base plate at 35
o
 AOA) for relative drag, catchability and habitat impacts.  The batwing maintained 

spreading force with no significant effects on catches, but had up to 18% less drag and mobilised 

significantly less benthic material (empty shells, Anadara trapezia and Spisula trigonella and timber 

fragments) at rates closely correlated to the reduction in base-plate bottom contact (by 87%).  Further, of the 

shells that were displaced, the batwing damaged proportionally fewer.  The latter results have encouraging 

implications for habitat preservation.  Specifically, if a typical Australian prawn trawler towing two trawls 

had its four conventional otter boards (i.e. each with a length of 2.13 m at 35
o
 AOA) replaced with batwings, 

then the bottom contact of heavy steel (>250 kg being dragged obliquely) would be reduced by ∼0.190 km
2
 

(>10 times the ANZ Stadium oval) over one fishing night (8-hours trawling).  If only 110 vessels (∼10% of 

the national prawn trawling fleet) used the batwings for 120 nights, the total reduction in bottom contact 

would amount to an area greater than the Australian Capital Territory (2,358 km
2
).  The associated fuel 

savings (up to 18%) would also be considerable, considering that a prawn trawler can use in excess of 60 l 

per hour while fishing.  While further refinements are required, reducing otter-board AOA via designs like 

the batwing demonstrates the utility of simple modifications to prawn-trawling systems for holistically 

addressing environmental inefficiencies. 
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Appendix 24.  Lay summaries of scientific outputs from FRDC Project 2011/010: Reducing the 

environmental impacts and improving the profitability of prawn trawling through a 

structured framework of anterior gear modifications 
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Effects of otter boards on catches of an Australian penaeid trawl 

Lay summary 

Bottom trawling is an old, but very common, commercial fishing method used throughout the world to target 

various species of benthic fish and crustaceans, and especially penaeid prawns.  Prawn-trawl configurations 

typically involve multiple nets (i.e. double-, triple- or quad-rigs) that are attached to hydro vanes, or ‘otter 

boards’ and towed behind a vessel.  The otter boards comprise a substantial weight (up to 40%) of the entire 

trawl configuration and are orientated at an angle to the tow, so that their drag horizontally spreads the nets. 

While so-called ‘otter trawls’ are quite effective at catching prawns (and other benthic organisms), in some 

countries there are concerns over their perceived habitat impacts, and they are not particularly fuel efficient.  

In recent years, rising fuel costs have prompted efforts at improving the efficiency of otter trawling, and 

because otter boards contribute towards much of the total drag, their modification is a logical starting point.  

There are several options for reducing otter-board drag, ranging from simply lower angles of attack and 

greater aspect ratios of traditional configurations, to completely new, more hydrodynamic designs.  

Alternatively, in some small-scale fisheries, simply replacing otter boards with a horizontal beam and sleds 

(which are towed parallel to the vessel) should also reduce drag. 

However, one important consideration associated with modifying or removing otter boards is that they 

represent a considerable percentage of the trawl bottom contact and are angled to direct water towards the 

trawl. These are two factors that could affect the catches of prawns.  Understanding the contribution of otter 

boards to prawn catches is important, since to encourage the adoption of more hydrodynamic, fuel efficient, 

and environmentally benign trawling systems, there may be some requirement for compensatory adjustments 

to other trawl parameters to maintain catches. 

This study aimed to contribute towards the limited available scientific data in this field, by determining the 

importance of otter boards on catches of school prawns in Lake Wooloweyah, NSW.  Two identical trawls 

were separately and alternately attached behind either conventional otter boards or a beam assembly (6-m in 

length) and simultaneously towed (in a double rig) by a local trawler for fifty-one 40-min hauls.  

Information was collected on the horizontal trawl openings (and associated area trawled), the drag of each 

configuration and the catches of school prawns and unwanted fish. 

The two spreading systems caused similar trawl openings (~ 4.4 m between the wing ends).  But, compared 

to the otter trawl, the beam trawl had significantly less drag (by ~10%) and also caught ~33% fewer school 

prawns per hectare trawled.  The difference in prawn catches was attributed to the efficiency of the otter 

boards for disturbing school prawns out of the substrate and directing them towards the trawl mouth.  The 

beam trawl also caught ~80% fewer individuals of the most abundant fish (southern herring), which was at 

least partially attributed to the beam directing some individuals away from the trawl mouth.   

While the large reduction in prawn catches by the beam trawl tested here would preclude its use in Lake 

Wooloweyah, simple modifications, like increasing the foot-rope length to compensate for the loss of the 

otter boards and making the beam more hydrodynamic, might increase the catches of prawns, and lower drag 

(while still catching few fish).  Alternatively, if otter boards remain but modifications to improve their 

hydrodynamics concomitantly reduce bottom contact, then adjustments to other trawl parameters might also 

be required to offset any loss of the targeted school prawns.  

 

Relative engineering and catching performances of paired penaeid-trawling systems 

Lay summary 

Penaeid prawns are very important to the commercial fisheries of many countries.  More than 100 species 

are targeted using various stationary and mobile fishing gears, although most of the global catch is harvested 

by otter trawling, which involves one or more funnel-shaped nets that are towed and held open by hydro 

vanes (called ‘otter boards’). 



 

Structured framework of anterior gear modifications Page 235 
 

All prawn-trawl fisheries have specific management issues and challenges, but at a broad level, the key 

environmental concerns of most can be simplified as: poor (1) species and size selectivity (i.e. discarded 

bycatch) and (2) fossil-fuel efficiencies, and (3) unwanted benthic habitat impacts.  Over the past 30 years, 

various attempts have been made to independently address these three issues, although by far the greatest 

efforts have focused on modifying trawls to include physical bycatch reduction devices (BRDs), designed to 

exclude unwanted fish (i.e. 1 above).   

While BRDs have mitigated what is perhaps the most important environmental concern associated with 

prawn trawling, none are 100% effective and few, if any, also address either the poor fuel efficiencies or the 

potential habitat impacts of trawls (2 and 3 above).  Also, in many prawn-trawl fisheries, including those in 

Australia, there has been reluctance by industries to adopt BRDs that have had few perceived practical 

benefits.  

An alternative resolution approach might involve attempts at broadly addressing aspects of all three 

environmental issues (especially that of most concern to fishers – poor efficiencies) by firstly comparing 

existing categories of trawling configurations to gauge the limits of what is possible within the current 

technology, before complicating additions or adjustments are made.  Such a framework makes sense, not 

only in terms of practicality, but also legislation, because simply choosing a conventional configuration that 

is inherently more environmentally benign fits more easily within existing policy than completely new gear. 

The aim of this study was to investigate the utility of such an approach by comparing the relative 

engineering and catching performances of two mechanisms for spreading paired trawls in the Clarence 

River.  Identical, twin trawls (7.35-m headline) were alternately towed in a “double rig” (comprising four 

otter boards; two for each trawl) with either 18- or 36-m bridles (“short-” and “long-” double rigs) and in a 

“dual rig” (36-m bridles with the trawls separated by an otter board, sled and then another otter board).   

Across similar towing speeds, the average horizontal trawl openings were greatest in the long-double (4.51 

m each), followed by the short-double (4.28 m) and dual (3.85 m) rigs.  But, compared to both double rigs, 

the dual rig required 24 and 20% less towing force and fuel and caught significantly fewer (by ~60%) small 

mulloway per hectare of trawl-mouth contact.   

The dual rig also caught proportionally larger school prawns, but fewer by number than the double rigs.  

These two effects on prawn catches were attributed to the otter boards and their efficiency for disturbing 

small school prawns out of the substratum and directing them towards the trawl mouth.   

The results suggest that while removing two otter boards reduces benthic contact, towing force, fuel 

consumption and bycatch, there is some cost to the catches of school prawns.  However, simple adjustments 

to the dual rig, including possibly longer otter boards, and/or slightly wider trawls might improve prawn 

catches, while still maintaining the other associated environmental benefits.  The data also support a 

framework of progressing simple, applied solutions to holistically address all of the key perceived 

environmental concerns associated with prawn trawling.   

 

Progressing more environmentally benign penaeid-trawling systems by comparing Australian single- 

and multi-configurations 

Lay summary 

Prawns are important to commercial fisheries throughout Australia, with 13 key species targeted by some 

1300 vessels (~8–25 m) in 13 separately managed fisheries; towing either a single trawl, or two, three or 

four trawls in parallel.  All trawls are fished on the seabed, and opened horizontally using complex systems 

of hydrovanes (termed ‘otter boards’) and sleds. 

Australian prawn-trawl fisheries are quite diverse in terms of the targeted species and legislated gear 

configurations (including minimum and maximum mesh sizes and headline lengths), but like in many 

overseas fisheries, they all have two common environmental issues, including poor (1) species and size 



 

Structured framework of anterior gear modifications Page 236 
 

selectivity and (2) high energy intensities.  Further, in some fisheries there is an additional concern 

regarding (3) perceived habitat impacts. 

Over the past 30 years, attempts have been made to independently address these three issues, although by far 

the greatest effort has focused on modifying trawls to include physical bycatch reduction devices (BRDs), 

designed to exclude unwanted fish (i.e. 1 above).  While BRDs have mitigated what is perhaps the most 

important environmental concern associated with prawn trawling, none are 100% effective, nor do they 

address the high energy intensities or the potential habitat impacts of trawls (2 and 3 above).  Also, in many 

prawn-trawl fisheries, there has been reluctance by industries to adopt BRDs that have had few practical 

benefits.  

An alternative resolution approach might involve attempts at broadly addressing aspects of all three 

environmental issues (especially that of most concern to fishers – high fuel costs) by firstly comparing 

existing categories of trawling configurations to gauge the limits of what is possible within the current 

technology, before complicating additions or adjustments are made.  Such a framework makes sense, not 

only in terms of practicality, but also legislation, because simply choosing a conventional configuration that 

has fewer environmental impacts fits more easily within existing policy than completely new gear. 

As part of an ongoing four-year project, this study aimed to further investigate the potential for the above 

benefits by comparing single-, double-, triple- and quad-rigged prawn trawls (all with the same cumulative 

headline length of 14.63 m) at one location (the Clarence River) in NSW.  The chosen trawl configurations 

were representative of those used throughout Australia, and all were optimised to fit the same vessel.  Over 

six weeks, each configuration was tested a total of 36 times (in 35-min tows), with various relevant technical 

(e.g. drag, fuel used, horizontal-net spread and towing speed) and biological (numbers, weights and sizes of 

catches) data recorded. 

The relative performances of the four trawling configurations reflected a complex array of interacting 

factors, but broadly the incremental magnitudes of differences decreased with an increasing number of nets.  

The single trawl had the least total bottom contact, but the greatest drag, lowest horizontal spread ratio (SR 

– i.e. horizontal opening to headline length of 63.50%) and required the most fuel to tow (an average of 2.82 

L per ha trawled).  Further, this system caught significantly more yellowfin bream, and fewer (but larger) 

school prawns than the multi-trawl configurations.  Compared to single rig, the double rig had a greater SR 

(68.76%) and was easier to tow (2.53 L per ha trawled).  However, triple- and quad-rigs similarly achieved 

the greatest SRs (75.46 and 74.37%) and at lower drag and fuel consumptions (2.08 and 2.22 L per ha 

trawled, respectively). 

Providing effort is regulated, the latter two configurations, but especially triple rig (which, owing to smaller 

and fewer otter boards had relatively less total bottom contact), could represent the most suitable 

configuration from which to progress modifications to reduce the environmental impacts of prawn trawling.  

Such modifications could include more hydrodynamic otter boards and netting materials, different ground 

gear configurations and net designs.  These, and other, changes will be assessed as part of ongoing work. 

 

Short vs long penaeid trawls: effects of side taper on engineering and catching performances 

Lay summary 

Prawns form the basis of important fisheries throughout estuaries and coastal areas in many tropical and 

temperate countries.  More than 100 species are targeted using various fishing gears, although much of the 

total catch comes from ‘otter trawls’, which comprise a funnel-shaped net made from small mesh that is 

towed along the sea bed and horizontally spread using hydro vanes (called ‘otter boards’).  Historically, this 

type of fishing gear has raised environmental concerns throughout most areas of its operation. 

The main concern is that, because of their small meshes and use in areas characterised by large abundances 

of small organisms, prawn trawls often catch non-target individuals (especially fish).  Over the past two 

decades, this issue has been partially addressed via the installation of bycatch reduction devices (BRDs) into 

the posterior section (termed the ‘codend’) of trawls.  Such modifications have dramatically improved 
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selectivity, but none are 100% effective, and in some fisheries large numbers of unwanted organisms are 

still caught and discarded.   

A second, more recent growing concern associated with prawn trawls is their relatively poor efficiency.  

Trawling produces a lot of drag, which requires substantial energy.  Rising fuel costs, combined with 

concerns over carbon emissions, have led to an increasing impetus to reduce the inherent engineering 

deficits of this fishing method.   

Conceivably both of the above environmental concerns associated with prawn trawling could be addressed 

via modifications to the anterior sections of trawls; primarily because this area ultimately (1) is responsible 

for much of the drag, and (2) regulates what is directed into the codend.  However, very little relevant 

research has been done.  The aim of this study was to help address this shortfall, by assessing the importance 

of simply varying the taper (and therefore the total length and the amount of netting) in a common design of 

trawl body made with either two or four panels.  The work was done in the Clarence River, but the results 

have implications for other local and international prawn-trawl fisheries.  

Four trawls (called the ‘1N2B two-seam’, ‘1N2B four-seam’, ‘1N5B two-seam’ and ‘1N5B four-seam 

trawls’) were constructed.  All trawls were identical except two were made with shallow tapers (25
o
 to the 

direction of towing and total lengths of 10.4 m), while the other two were steeper and shorter (35
o
 and 6.8 

m).  For each taper design, one of the trawls was made using four panels, and the other using two (to 

encompass variability in conventional construction).  The trawls were tested against each other during 

several days fishing and data collected on their associated horizontal spread, drag and catches. 

Irrespective of the number of panels, compared to the long, shallow-tapered 1N2B trawls, the shorter, 

steeper-tapered 1N5B designs achieved significantly greater predicted horizontal spreads (4.7–5.6%), while 

reducing drag (up to 4.3%) and also the numbers (per hectare trawled) of one abundant fish species 

(southern herring) by up to 66%.  However, catches of the targeted school prawns (per hectare trawled) were 

also significantly lower in both of the 1N5B trawls (by up to 50%; and biased towards smaller individuals).   

The catch reductions were attributed to the shorter, steeper-tapered trawl bodies increasing the probability of 

both fish and prawns encountering open meshes and/or allowing southern herring to swim forward and 

escape through the mouth of the trawl.  Although the loss of school prawns was economically unacceptable 

for the Clarence River fishery, catches could be improved simply by reducing the mesh (42 mm) to a more 

appropriate size while potentially still maintaining the inherent engineering and selectivity benefits of using 

short trawls.  The utility of this and other simple modifications to anterior trawl design will be tested as part 

of ongoing research. 

 

Engineering and catch implications of spread ratio on a penaeid trawl 

Lay summary 

Prawn trawling forms the basis of important artisanal and industrial fisheries in many tropical and temperate 

countries. While these fisheries use many different designs and configurations of trawls, nearly all are 

characterised by the same environmental problems of (1) poor size and species selectivity, and (2) high fuel 

intensities. 

The main concern is that, because of their small meshes and use in areas characterised by large abundances 

of small organisms, prawn trawls often catch non-target individuals (especially fish).  Over the past two 

decades, this issue has been partially addressed via the installation of bycatch reduction devices (BRDs) into 

the posterior section (termed the ‘codend’) of trawls.  Such modifications have dramatically improved 

selectivity, but none are 100% effective, and in some fisheries large numbers of unwanted organisms are 

still caught and discarded.   

A second, more recent growing concern associated with prawn trawls is their relatively poor efficiency.  

Trawling produces a lot of drag, which requires substantial energy.  Rising fuel costs, combined with 
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concerns over carbon emissions, have led to an increasing impetus to reduce the inherent engineering 

deficits of this fishing method.   

Conceivably both of the above environmental concerns associated with prawn trawling could be addressed 

via modifications to the anterior sections of trawls; primarily because this area ultimately (1) is responsible 

for much of the drag, and (2) regulates what is directed into the codend.  However, one issue associated with 

testing often quite different anterior trawl sections is the potential for a confounding effect of relative 

horizontal trawl opening (termed “spread ratio” and defined as the headline length ÷ wing-end spread) on 

efficiency.  No scientific work has been done to determine the importance of spread ratio on prawn-trawl 

performance.   

We sought to address this shortfall here.  Two identical beam-and-sled assemblies were configured to allow 

two identical trawls (7.35 m headlines) to be adjusted to spread ratios of 0.5, 0.6, 0.7 and 0.8, which were 

deployed behind a twin-rigged trawler in Lake Woolooweyah and towed across the same depth, current, 

towing speed and duration.  Each spread ratio was tested during 30 tows. 

The results showed that increasing spread ratio significantly increased drag (by up to 16%), without 

affecting absolute catches.  However, when standardized to per ha trawled, significantly fewer targeted 

school prawns (biased towards larger individuals) and total bycatch by weight were retained in the wider-

spread trawls.  The catch reductions with increasing spread ratio were thought to reflect either: (1) slightly 

reduced ground gear contact and headline heights offsetting the greater swept areas; or perhaps more likely 

(2) steeper wing angles which increased the probability of mesh encounters for school prawns and were less 

efficient for herding fish.  Based on this study, we conclude that future research comparing modified trawls 

should focus on maintaining similar spread ratios to minimise confounding effects.   

 

Configuring the mesh size, body taper and wing area of penaeid trawls to reduce environmental 

impacts 

Lay summary 

Prawn trawling occurs throughout inshore waters of many tropical and temperate countries, and is an 

important source of income for many coastal communities.  More than 100 species are targeted using a 

variety of trawl designs and methods of operation.  While there are fishery-specific management concerns, 

virtually all prawn fisheries are characterized by the same two broad environmental issues.   

The main concern is that, because of their small meshes and use in areas characterised by large abundances 

of small organisms, prawn trawls often catch non-target individuals (especially fish), termed ‘bycatch’.  

Over the past two decades, this issue has been partially addressed via the installation of bycatch reduction 

devices (BRDs) into the posterior section (termed the ‘codend’) of trawls.  Such modifications have 

dramatically improved selectivity, but none are 100% effective, and in some fisheries, large numbers of 

unwanted organisms are still caught and discarded.   

The second, more recent growing concern associated with prawn trawls is their relatively poor efficiency.  

Trawling produces a lot of drag, which requires substantial energy.  Rising fuel costs have led to an 

increasing impetus to reduce the inherent engineering deficits of this fishing method.   

Conceivably, the above environmental concerns associated with prawn trawling could be concurrently 

addressed via modifications to the anterior sections of trawls; primarily because this area ultimately (1) is 

responsible for much of the drag, and (2) regulates what is directed into the codend.  However, very little 

relevant research has been done.  The aim of this study was to help address this shortfall, by assessing the 

importance of mesh size, trawl side taper (and therefore the total length) and wing depth (and therefore the 

amount of netting) in a common design of trawl body.  The work was done in Lake Wooloweyah and the 

Clarence River, but the results have implications for other local and international prawn-trawl fisheries.  

Five trawls were tested.  The first trawl was made from 41-mm mesh (18 ply twine) and represented 

conventional designs (termed the ‘41 1N3B deep-wing’), while the remaining four trawls were all made 
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from 32-mm mesh (12 ply) and differed only in their side tapers (1N3B−~28
o
 to the tow direction vs 

1N5B−~35
o
), and wing depths (‘deep’–97 T vs ‘shallow’–60 T).  All trawls had ‘Nordmøre-grid’ BRDs 

installed, and each was deployed 38 times. 

There were incremental drag reductions (and therefore fuel savings – by up to 18 and 12% per hour and 

hectare trawled) associated with reducing twine area (via either of the assessed modifications), and 

subsequently reducing otter-board area.  Side taper and wing depth had interactive and varied effects on 

bycatch reduction, but compared to the conventional 41 1N3B deep-wing trawl, the 32 1N5B shallow-wing 

trawl (i.e. the design with the lowest twine area) caught significantly less unwanted fish (by up to 57%); 

which was explained by the shorter trawl allowing more individuals to swim forward and escape, either 

from the mouth of the trawl or via the Nordmøre-grid.  In most cases, all small-meshed trawls also caught 

more school prawns (including both small and commercial-sized individuals) than the conventional 41-mm 

trawl.   

The results observed here have implications for on-going research.  Clearly, determining the most 

appropriate mesh size and ideally ensuring consistent openings throughout the trawl is an important 

precursor to other modifications.  We showed that it is possible to reduce mesh size, but improve species 

selection through other changes, presumably because mesh openings mostly determined the selectivity of the 

targeted school prawns, whereas fish were more affected by changes in trawl geometry.  Based on the mean 

sizes of school prawns retained, the 32-mm mesh we examined is too small.  However, it should be possible 

to increase mesh size slightly to somewhere less than 41-mm, while still using a steep body taper to reduce 

fish bycatch, and with the least amount of twine area to minimise otter-board area and drag.  These results 

support a philosophy of first optimising mesh size as a precursor to other anterior changes in other prawn-

trawl fisheries. 

 

Comparing and modifying penaeid beam- and otter-trawls to improve ecological efficiencies 

Lay summary 

Prawns are an important seafood throughout Australia, with 13 key species targeted using a variety of 

fishing methods.  The gears used vary according to the location and species, with some estuarine fisheries 

involving stationary stow (termed ‘pocket’) and trap (termed ‘running’) nets and actively towed seines, 

hauls and beam and otter trawls.  By comparison, coastal and offshore fisheries are limited to otter trawling 

and account for most of the total landed catches.  

Irrespective of the method, most gears used to target prawns also catch at least some unwanted species 

(termed ‘bycatch’).  This is especially the case for beam and otter trawls, which have an additional 

disadvantage of being quite fuel intensive (i.e. high drag).  Ongoing recognition of these issues has resulted 

in several recent studies aimed at assessing simple, yet holistic modifications to trawling systems to improve 

their environmental efficiencies.  Even basic changes to the way trawls are spread and their design have 

been shown to significantly reduce unwanted catches and also drag. 

This study aimed to contribute towards the above momentum, by comparing beam and otter trawls and also 

assessing simple modifications with these configurations.  The configurations tested included traditional 

otter boards attached (1) with and (2) without so-called ‘sweep wires’ (3.15-m wires between the otter 

boards and trawl) to a 7.35-m headline trawl, and a beam rigged without sweeps to a larger 9.19-m trawl and 

(3) with and (4) without a horizontal wire and plastic streamers across the mouth (to stimulate an escape 

response in fish and direct them away from the trawl).  These four trawling configurations were each towed 

36 times behind a double-rigged vessel in Lake Wooloweyah.  

The results showed that despite their greater total surface areas (7.5 vs 6.0 m
2
), both beam-trawl 

configurations had significantly lower drags than the otter trawls (by up to 30%).  Within-system drag was 

not affected by the modifications, although removing the sweeps wires from the otter trawl significantly 

reduced the horizontal opening (termed ‘wing-end spread’).  When catches were standardized to per ha 

trawled, the otter trawl with sweep wires retained significantly (1.3 to 2.4 times) more school prawns, 

Metapenaeus macleayi, than the other three configurations.   
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The relative fuel consumption rate (i.e. the L required to catch 1 kg of school prawns) revealed that the otter 

trawl with the sweep wires and the beam trawl with a horizontal wire were the most (0.990 L per kg) and 

least (1.320 L per kg) efficient, respectively.  Within systems, removing the sweep wires from the otter 

trawls or adding a horizontal wire to the beam trawls significantly reduced the unwanted catches of one key 

fish species (southern herring, Herklotsichthys castelnaui) by 41 and 48%, contributing toward reductions in 

total bycatch of 41 and 20%.   

Although still preliminary, the results illustrate the utility of simple refinements to existing prawn-trawling 

systems for independently and concurrently addressing key environmental issues.  Future research is 

required to progress some of the concepts identified here, including the option for using beams instead of 

otter boards in some fisheries to not only reduce the amount of bycatch, but also the fuel used, or simply 

adding a horizontal wire to the mouth of otter trawls to reduce unwanted catches.  Ultimately such work 

should contribute towards the ongoing viability of prawn trawling, not only in NSW but also nationally. 

 

Engineering and catching efficiencies of three conventional penaeid-trawl otter boards and the new 

‘batwing’ design 

Lay summary 

Prawns are targeted throughout the world’s tropical and temperate regions; mostly using small fishing 

vessels (<25 m) towing multi-net trawl systems that are laterally spread by paired hydro vanes, called ‘otter 

boards’.  While there is considerable variability among otter-board designs, all encompass a substantial 

proportion of the entire trawl-system weight (to ensure sufficient seabed contact) and are orientated at an 

angle to the tow direction (termed the angle of attack – AOA).  The AOA means that otter boards create 

substantial drag; hypothesised to account for >30−40% of the total system. 

The strong contribution of otter boards to drag means that subtle variations and refinements to designs have 

the potential to improve overall trawl efficiencies, and ultimately the quantity of fuel required by prawn 

trawlers.  Despite this, and while substantial theoretical work has been done, few studies have compared the 

relative engineering and catching performances of existing prawn-trawl otter boards, or subtle refinements, 

during conventional fishing.  

This study contributes towards the limited information by describing three experiments to compare a novel, 

hydrodynamic otter board termed the ‘batwing’ (comprising a sled-and-sail assembly, configured to operate 

at 20
o
 AOA, and with minimal bottom contact) against up to three conventional designs (termed the ‘flat-

rectangular’; ‘kilfoil’ and ‘cambered’ otter boards) with AOAs between ~30 and 40
o
. 

Using paired trawls (7.35-m headlines), the batwing otter boards were first tested against all other designs 

(30-min deployments) and then just the flat-rectangular design (50-min deployments).  In the third 

experiment, the batwing and flat-rectangular otter boards were configured without trawls and towed to 

facilitate estimates of their ‘partitioned’ drag.  Compared to the conventional otter boards, the batwing had 

up to ~86% less bottom contact and 18% less drag. 

In terms of catches, the batwing otter board caught significantly fewer standardized weights of the targeted 

school prawns in experiment 1, but this was attributed to some confounding effects of rigging which were 

subsequently addressed in experiment 2.  Among the conventional otter boards, the cambered design caught 

up to 13% more school prawns, attributed to its greater solid profile.  None of the otter boards affected the 

catches of unwanted fish.   

The results reaffirm that because otter boards contribute towards a large proportion of total system drag, 

their appropriate configuration is essential to maximise the efficiency of prawn trawls.  This requirement 

will become ever more important as fuel costs rise, and concerns over habitat impacts of trawling increase.  
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Traditional vs novel ground gears: maximising the environmental performance of penaeid trawls 

Lay summary 

Prawns represent an important fisheries resource around Australia, with more than 13 species targeted in 13 

separately managed fisheries, and by vessels towing either a single trawl, or two, three or four trawls in 

parallel.  Irrespective of their configuration, all trawls are fished on the seabed and rely on sufficient 

substratum contact to stimulate prawns into the path of the trawl.  Such contact is achieved using weighted 

‘ground gear’ suspended from the bottom leading panel of the trawls, and comprising ropes with leads, or 

more commonly, various grades of chain link. 

Despite accounting for most of the bottom contact and a considerable proportion of the overall weight of 

prawn trawls, the ground gear is one of the least studied components in terms of their effects on catches, 

engineering efficiency and habitat impacts.  Many existing ground-gear configurations simply are the result 

of trial and error by fishers.  Ideally there would be more quantitative information available to dictate the 

choice of particular designs. 

Given the above, the aim of this study was to quantify the performances of three conventional ground gears 

for small estuarine prawn trawls, comprising either 6-mm (4.5 and 3.80 kg in air and water), 8-mm (8.42 and 

6.88 kg) or 10-mm (13.07 and 11.20 kg) stainless-steel linked chain.  A fourth ground gear was a novel 

design termed the ‘soft-brush’ (15.90 and 6.94 kg) and had a buoyed line with vertically suspended 4-mm 

link chain (giving 65% less linear bottom contact that the other configurations).   

The four ground gears were tested beneath trawls attached to a purpose-built beam trawl during 24 

deployments, with data recorded on their drag, and the catches in the trawls.  The 6-, 8-, and 10-mm chains 

and soft-brush configuration produced predicted mean drags of 24, 30, 38 and 31 kg respectively, which 

represented 15, 18, 22 and 18% of the total system drag.   

There were no significant differences in catches of the targeted school prawns in the trawls rigged among 

the different configurations, but the predicted means were up to 16% lower in the trawls with the 6-mm 

ground gear.  The only species significantly affected by ground gear was small (5.0−8.5 cm total length) 

forktail catfish with the 6-mm catching up to 45% fewer than the 10-mm and soft brush ground gears; a 

result attributed to greater surface areas, and especially for the latter.   

The performance of the soft-brush ground gear might be improved by reducing the surface area (and 

therefore drag), while still maintaining target catches and with minimal bottom contact.  The importance of 

such advancements will become more relevant as fuel prices rise and concerns over habitat damage (and/or 

the fate of organisms escaping under the trawl) increase. 

 

Increasing lateral mesh openings in penaeid-trawl bodies to improve selection 

Lay summary 

Prawn trawls are used along the coasts and throughout the estuaries of >25 countries worldwide.  While 

each prawn-trawl fishery has its own specific management concerns, owing to the very small mesh sizes 

used, all fisheries are characterised by two broad, common environmental issues: (i) poor energy efficiencies 

(i.e. large amounts of fuel are required); and (ii) the capture and subsequent discarding of unwanted 

organisms, including individuals of the targeted prawns that are too small for sale. 

Over the past decades, substantial efforts have been directed towards improving the environmental 

efficiencies of prawn trawls, and especially their species and size selection.  Various retrospectively fitted 

modifications (including so-called ‘bycatch reduction devices’) have been developed and legislated.  These 

modifications typically have been located in the codends of trawls (where the catch accumulates); mainly 

because this is where most selection is deemed to occur.  While some of these modifications have 

dramatically improved selection, very few (if any) have addressed the first issue above of poor energy 

efficiencies. 
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More recent research has shown that simply changing the front sections of prawn trawls can improve both 

their efficiency and selection.  In particular, first attempting to closely match the mesh size to the sizes of 

the targeted species, and then reducing the twine area and ensuring that the meshes are sufficiently open to 

allow unwanted organisms to escape can have considerable benefits. 

In this study, we sought to follow the above logic for prawn trawls used in the Clarence River.  Earlier work 

suggested that the existing legislated mesh size of 40-mm in the trawl body in this fishery might be slightly 

large for the targeted sizes of school prawns (typically 15−25 mm carapace length−CL).  Consequently we 

constructed four smaller mesh trawls (made from 35-mm mesh) with considerably less twine area, which 

was achieved by steepening the side taper (from 1N3B to 1N5B or ~28 to 35
o
), reducing the wing height, 

and ultimately the overall trawl length (by >30%).   

The four small-meshed trawls differed in the amount of netting hung across their frame lines (termed the 

hanging ratio and defined as the stretched length of a hanging line or operating opening of a mesh panel 

divided by the stretched length of the mesh panel) and in the orientation of netting in the wing panels.  

Specifically, two trawls had frame-line hanging ratios of 0.550 (termed ‘loose’) and either diamond- or 

square-mesh (35-mm mesh hung on the bar) wings.  The other two trawls had frame-line hanging ratios of 

0.707 (‘tight’) and also either diamond- or square-mesh wings. 

Compared to a 41-mm mesh conventional trawl, all of four smaller-meshed designs (comprising either loose 

or tight hanging ratios and with diamond- or square-mesh wings) caught the same amounts of commercial-

sized school prawns, but had significantly lower drag (by 9−12%) and required less fuel (up 4−12%).  Some 

of the small-meshed trawls also caught fewer unwanted fish—attributed to the steeper side panels allowing 

individuals to swim forward and escape.   

In terms of the catches of unwanted, small school prawns (~<15 mm CL), the small diamond-mesh wing 

trawls caught more than the conventional trawl, although there was a reduction associated with increasing 

the hanging ratio.  However, changing the mesh orientation was extremely effective, with both square-wing 

trawls retaining considerably fewer small school prawns than the two small-meshed, diamond-wing trawls 

(by up to 72%) and the conventional trawl (>50%).   

The results support the concept of inserting square-mesh wings into prawn trawls as a means for improving 

their size selectivity, but ideally, this would be done for trawls with the most appropriate body mesh size.  

For the Clarence River, it is clear that the existing 40-mm mesh is not optimal for maximising size selection 

and fuel efficiency, but it is also clear that any reduction in mesh size would require other trawl parameters 

to be regulated and, in addition to wing-mesh orientation, perhaps the side taper (and body length) and 

frame-line hanging ratio. 

 

Influence of diel period and diurnal cloud cover on the species selection of short and long penaeid 

trawls 

Lay summary 

Prawn-trawl fisheries are economically important for several developed and numerous developing countries, 

with more than 100 species targeted.  While many fisheries are quite sustainable in terms of the targeted 

prawns, they often also catch and discard large quantities of unwanted organisms; the mortalities of which 

historically have raised substantial ecological concerns. 

The simplest way of improving prawn-trawl selectivity is to install physical ‘bycatch reduction devices’ 

(BRDs) in the codends (the bag where the catch accumulates).  Such modifications can reduce bycatches by 

more than 50%, and with no impacts on catches of the targeted prawns.   

Bycatch reduction devices have been introduced in many prawn-trawl fisheries around the world and with 

varying degrees of success.  However, one re-occurring limiting factor associated with BRDs is that they 

provide few immediate perceived benefits to the fisher, and can often represent addition work (in terms of 
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their construction, maintenance and deployment).  This means that in some fisheries, there has been 

resistance to adopt recommended BRDs. 

Bycatch reduction devices are not the only modification to prawn trawls that can improve selectivity.  Other 

changes can be made to the actual trawl body, including simply shortening it by increasing the side taper.  

Doing so increases the angle of netting and can open more meshes, providing improved opportunities for 

small fish to escape.  An added benefit of such a modification is a reduction in twine area and therefore 

drag; which means shorter trawls required less fuel to tow.  This latter benefit might help to facilitate the 

adoption of such modifications among fisheries.  

While the engineering benefits of short trawls are clear, the actual mechanisms by which they help to reduce 

fish catches are less so.  All of the work done to date has involved trawling during the day, and the potential 

exists for a visual response by some fish that contributes toward their escape.   The aim of this study was to 

investigate this relationship by simultaneously testing a ‘long’ trawl with a conventional body taper against a 

‘short’ trawl that had a steeper taper (by 7
o
 and 29% less length) during the night, and in daylight with 

variable cloud cover (categorized as <50 and >50%).  

The work was done in Lake Wooloweyah, NSW over four nights and six days (total of 44 paired 

deployments).  Catches were dominated by the targeted school prawns and seven species of fish.  Only two 

fish (southern herring and Australian anchovy) along with the school prawns were significantly affected by 

trawl taper, with all retained in lower numbers by the short trawl.   

For school prawns and Australian anchovy, their catch reductions remained consistent irrespective of night 

or day and daylight cloud cover, and were attributed to simple mechanical sieving through the steeper, more 

open meshes.  But southern herring (mostly smaller individuals) only escaped from the short trawl during 

the daylight deployments and with <50% cloud cover; possibly through anterior meshes in response to more 

available ambient light.   

The results highlight the importance of environmental parameters for affecting the selectivity of prawn 

trawls, and have implications for their ongoing refinement.  Specifically, it might be possible to use 

contrasting netting panels or even artificially illuminate key areas of trawls to promote the escape of some 

fish during the night, or on cloudy days.  Such ongoing research into ways that improve the selection of 

short trawls is warranted; especially considering the clear associated engineering benefits.  The latter 

ultimately could help to promote the voluntary adoption of more selective trawling systems. 

 

A ‘simple anterior fish excluder’ (SAFE) for mitigating penaeid-trawl bycatch 

Lay summary 

Prawn trawls are funnel-shaped nets towed along the seabed and typically spread by either hydro vanes 

(otter boards) or a rigid beam.  All prawn trawls have relatively small mesh sizes and most are used in areas 

with diverse assemblages of small organisms.  These characteristics mean that in addition to the targeted 

prawns, trawls often catch unwanted organisms (termed ‘bycatch’) which are discarded, sometimes dead.   

One of the simplest ways of reducing unwanted bycatch from prawn trawls is to install physical 

modifications in the codend (where the catch is directed and accumulates), designed to separate species 

based on either their differences in behaviour, or size.  Such so-called ‘bycatch reduction devices’ (BRDs) 

can reduce unwanted catches by >50%— often with minimal impacts on the targeted prawns.  Providing 

most of the escaping organisms survive, BRDs can have positive benefits for stocks of interacting species. 

Because codends are quite uniform among trawl fisheries, generic BRDs have been designed, implemented 

and legislated across fleets around the world.  The widespread use of such devices is positive, although 

ideally unwanted species should not enter, nor interact with trawls in the first place.  One method by which 

this could be progressed is to design BRDs that function at the front of the trawl.  However, the utility of 

such modifications has not been comprehensively assessed; mainly because of the difficulty in developing 

generic solutions for a plethora of trawl designs and their configurations. 
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In this study we sought to contribute towards addressing the lack of information concerning BRDs located in 

the anterior trawl by designing and testing various modifications termed ‘simple anterior fish excluders’ 

(SAFEs), using a trawler fishing in Lake Wooloweyah, NSW.  The SAFEs comprised flexible panels located 

between the spreading mechanisms (beam or otter boards) and across the mouth of trawls (all of which had 

the same BRD in the codend), and were designed to evoke an escape response in fish.   

Initially, three SAFEs (a single wire without, and with small and large plastic panels) were secured to paired 

beam trawls and deployed against trawls with no SAFE.  All SAFEs maintained the targeted catches of 

school prawns, while the large plastic SAFE significantly reduced the number of total bycatch by 47% and 

the numbers of tailor, mullet and southern herring (by 43−58%). 

A redesigned SAFE (termed the ‘continuous plastic’) was subsequently tested on trawls spread by otter 

boards and significantly reduced total bycatch by 28% and the numbers of tailor and southern herring; both 

by up to 42%.  The continuous-plastic SAFE also significantly reduced school prawns catches by ~7%, but 

this was explained by the greater drag causing ~5% less spread at the trawl opening, and could be simply 

negated through otter-board refinement.   

Further work is required to refine the tested SAFEs, and to understand more clearly the factors contributing 

towards the escape of the key species.  Nevertheless, the results support the concept of locating additional 

BRDs at the trawl mouth to incrementally improve selectivity.  Owing to their simplicity, the SAFEs have 

the potential to be adapted to a range of trawl designs and configurations. 

 

Modifying otter boards to reduce bottom contact: effects on catches and efficiencies of triple-rigged 

penaeid trawls 

Lay summary 

Prawn fisheries occur throughout the tropical and temperate oceans of the world, and mostly involve small 

vessels (8−25 m) towing multiple trawls (double-, triple and quad-rigs) that are spread on the seabed by 

hydro vanes (termed ‘otter boards’) orientated at between 35 and 40
o
 (called the angle of attack—AOA) to 

the direction of towing.  While there are a plethora of trawl designs and configurations, because of their 

large AOA, otter boards are known to consistently comprise a sustainable component of overall system 

drags, and are by far the heaviest individual component.  These characteristics mean that in some fisheries 

there are concerns over possible habitat impacts, and in nearly all fisheries, issues regarding poor 

inefficiencies (i.e. excessive fuel use). 

In recent years, there has been an increasing focus towards attempting to modify prawn-trawling systems, 

and especially otter boards, to reduce their environmental inefficiencies.  One recent modification is the so-

called ‘batwing’ otter board which comprises a unique sled-and-sail assembly, and is configured to operate 

at a 20
o
 AOA, while minimising bottom contact by up to 90%.  Recent tests with the batwing otter board and 

double-rigged trawls in the Clarence River (an important prawn fishery in NSW, Australia) also showed that 

this design reduced drag by 18% compared to trawls spread by conventional otter boards. 

In addition to the batwing, there are subtle modifications to existing conventional otter boards that could 

reduce their habitat impacts and/or improve environmental efficiencies.  One novel modification involves 

simply restricting AOA during fishing by using a pre-determined length of restraining line between otter 

boards.  Conceptually, such a configuration should work, because while some otter boards require a large 

AOA to ensure stability during deployment, once on the bottom, the AOA can be substantially reduced. 

Despite the above, apart from the study in NSW estuaries (and other theoretical flume tank studies), there 

has been very little work to investigate the batwing and other subtle modifications to existing prawn-trawl 

otter boards. The lack of data justified the present study to investigate the utility of the batwing and 

restraining conventional otter boards on a NSW oceanic prawn-trawler, towing triple-rigged trawls.  

Over a total of 45 deployments, compared to conventionally rigged flat-rectangular otter boards (~40
o
 

AOA), both modifications reduced bottom contact by ~40 and 88% respectively.  For the batwing, these 
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reductions corresponded to 8 ha less bottom contact by the heavy otter boards over a night’s fishing−which 

is quite a substantial area.  Neither modification affected the standardised catches (per ha) of the targeted 

eastern king prawns nor the required fuel rate (L h
−1

) or intensity (L ha
−1

).   

However, the trawls with the restraining line caught significantly fewer total unwanted bycatch (mostly 

small fish by up to 30%; possibly as a result of visual stimuli herding individuals away), while trawls spread 

by both modifications caught significantly more individuals of three benthic species (two of which were 

retained as ‘by-product’).  Although speculative, the latter result was hypothesised to occur via an improved 

transition between otter-board and wing-end AOA, and subsequent herding.   

We conclude that while further work is required to refine the modified otter boards to reduce their drag 

when used with triple-rigged trawls, both represent simple alternatives for fisheries where there are concerns 

over the benthic impacts of trawling.  Further, the restrained configuration warrants further testing for its 

utility in further reducing bycatch.  Such work is likely to remain a priority for prawn-trawl fisheries 

worldwide. 

 

Hydrodynamic evaluation of a simple sail used in an innovative prawn-trawl otter board. 

Lay summary 

Prawns are an important fisheries resource throughout the world’s tropical and temperate regions.  More 

than 100 species are targeted; mostly by small fishing vessels (<25 m) towing multi-trawl systems that are 

laterally spread by paired hydro vanes, called ‘otter boards’.  Otter-board designs vary considerably, but all 

encompass a substantial proportion of the entire trawl-system weight (to ensure sufficient seabed contact) 

and are orientated at an angle to the tow direction (termed the angle of attack–AOA).  These characteristics 

mean that otter boards create substantial drag (e.g. at least 30% of the total system). 

The contribution of otter boards to drag means that subtle variations and refinements to designs can 

dramatically improve overall trawl efficiencies, and ultimately the quantity of fuel required by prawn 

trawlers.  A recent Australian innovation is the ‘batwing’ otter board; a novel design that spread trawls with 

substantially less towing resistance and with up to 90% less bottom contact.  The latter is important because 

it could translate to fewer habitat impacts. 

A key design feature of the batwing is the use of a sail instead of a flat plate, as the hydrodynamic foil.  The 

superior drag and benthic performance of the batwing is achieved by (1) a constant AOA of ~20° and (2) 

having the heavy sea floor-contact shoe in line with the direction of towing.  Preliminary trails with the 

batwing suggest 5−18% fuel savings, with no significant effects on catches of the targeted prawns.  While 

such results are positive, design refinements need to continue; a prerequisite of which is to comprehensively 

understand how subtle adjustments to engineering parameters affect performance.  

Considering the above, this study sought to provide a better understanding of the batwing’s engineering 

performance by investigating the effects of varying the twist and camber of the sail to identify optimal 

settings for maximum spreading efficiency and stability. Loads in six degrees of freedom were measured at 

various AOAs between 0 and 40° in a flume tank at a constant flow velocity, and with five combinations of 

twist and camber.  

The results showed that for the studied sail, the design AOA (20°) provides a suitable compromise between 

greater efficiency (occurring at lower AOAs) and greater effectiveness (occurring at higher AOAs).  At 

optimum settings (20°, medium camber and twist), a lift-to-drag ratio >3 was achieved, which is about three 

times better than that of contemporary prawn-trawling otter boards, and should consistently provide drag 

reductions of up to 20%.   

We conclude that further improvements to the batwing might be realised by evaluating other sail designs and 

sizes, including multi-foil configurations. Ultimately, such pro-active research will be important to ensure 

prawn trawling remains viable into the 21
st
 century. 
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The effects of twist and camber effects on the performance of simple hydro-sails used with an 

innovative penaeid-trawling otter board 

Lay summary 

Over the past few years, rising fuel prices have substantially increased the input costs of wild-seafood 

production, especially among mobile small-meshed fishing gears like prawn trawls used in developed 

countries such as Australia (where labour costs are high).  In direct response, there has been growing 

emphasis on researching and developing more fuel-efficient trawling systems. 

Among most trawling systems, one of the single greatest contributors to total drag (and therefore fuel use) is 

the pair(s) of hydro vanes (termed ‘otter boards’) used to open the nets. Otter boards typically are orientated 

at 30−40
o
 (termed ‘angle of attack’—AOA) so that their drag creates a useful force to both keep the trawls 

open and hold them on the bottom.  Optimising the hydrodynamic performance of otter boards is one 

approach that can result in substantial fuel savings for trawlers.  

A recent novel otter board designed to substantially reduce unwanted hydrodynamic drag is the batwing. 

This design concept provides a relatively low AOA (20
o
) solution that incorporates a flexible sail with a 

higher aspect ratio than traditional otter boards, and a unique towing arrangement to spread trawls with 

substantially less seabed contact.  Understanding the key design factors affecting the hydrodynamic 

performance of the batwing otter board is pivotal to its effective refinement and promotion among 

industries. 

Considering the above, this study investigated the effects of two important sail-design parameters (twist and 

camber) on the performance of two simple sail designs (with different rake angles) for the batwing in a 

flume tank (laboratory).  Force and torque measurements were recorded for various twist and camber 

combinations across AOAs between 0 and 40°. 

The major findings were that (1) changing the mast rake angle from 30 to 45° reduced lift-to-drag (L/D) at 

the design AOA by 14%; (2) the stall angle increased for the higher-rake angle, despite the associated sail 

being the higher aspect ratio of the two; and irrespective of rake angle, (3) optimal twist and camber are 

required for high sail performance and stable operation.  Under optimal configurations and at 20° AOA, 

both batwing sails provided a L/D ratio of ~3, which is ~3 times greater than that for contemporary otter 

boards.  During conventional trawling conditions, such results would manifest as drag (and fuel) reductions 

of up to 20%. 

While the results are very positive, we conclude that further improvements to the batwing might be realised 

by progressing evaluations in the field and flume-tank testing other sail designs and sizes, including multi-

foil configurations.  Ultimately, such pro-active research will be important to ensure Australian prawn 

trawling remains viable into the 21
st
 century. 

 

Relative benthic disturbances of conventional and novel otter boards 

Lay summary 

Benthic trawling is the world’s most common mobile fishing method and is used to target a plethora of fish, 

crustaceans and cephalopods.  While there is huge variability in the design of benthic trawls, most are towed 

either individually or in pairs across the seabed, and held open by water pressure on hydro-vanes (so-called 

‘otter boards’).   

Otter boards function by providing a useful horizontal force through their angle of attack (AOA; ~20−40
o
), 

but also need to be sufficiently heavy to help keep the trawl(s) on the seabed.  In some trawl fisheries, the 

latter characteristic has raised concerns over perceived habitat impacts.  While there are very few data, the 

possibility of impacts has generated attempts at mitigating or alleviating bottom contact, and typically via 

lifting the otter board off the seabed or minimising the AOA (and therefore the otter-board base-plate 
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contact).  An added advantage of minimising AOA is a reduction in drag and therefore improved 

efficiencies. 

One novel otter board that is designed to minimise bottom contact, while still providing sufficient spreading 

force, is the batwing.  This design comprises a sled aligned with the direction of tow, and an offset sail that 

lightly touches the seabed.  Preliminary data suggest that the batwing can reduce drag and fuel usage by up 

to 18%.  No data are available describing any concomitant reduction in habitat impacts. 

This study aimed to address the above shortfall by comparing relative differences in material and catches 

displaced by the batwing and a conventional otter board.  Pairs of each otter board were suspended beneath 

a purpose-built rig comprising a beam and posterior, semi-pelagic collection net and repeatedly deployed for 

ten minutes across established trawl grounds in Lake Wooloweyah, NSW.  

Compared to the conventional otter-board pair, the batwings displaced significantly fewer empty shells (by 

89%) and school prawns (by up to 78%) at rates that were closely correlated to the reduction in base-plate 

bottom contact between designs (87%).  Further, there were proportionally fewer damaged shells by the 

batwing; attributed to their displacement away from the otter-board’s surface area.  Other debris (lighter 

pieces of wood) and benthic fish (bridled gobies) were not as greatly mobilised (e.g. reduced by 50 and 

25%); possibly owing to their orientation on, or slightly off, the bottom, and a more common influence of 

hydrodynamic pressure by the otter-board surface areas.   

Although the consequences of reducing otter-board bottom contact largely remain unknown, designs with 

low AOAs like the batwing may represent a beneficial option for those fisheries where trawling is perceived 

as being hazardous to sensitive habitats.  Future research warrants as assessment of such reductions and also 

the potential for fuel savings.  Holistically addressing both of these issues via simple modifications seems a 

coherent approach to reduce the broad environmental impacts of benthic trawling.   

 


