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Executive Summary  
 

The South Australian Spencer Gulf Prawn FƛǎƘŜǊȅ ƛǎ ǊŜƎŀǊŘŜŘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ōŜǎǘ 

managed.  Operators target western king prawns Penaeus (Melicertus) latisulcatus, with 

nearly all other species discarded.  However, two of these bycatch species have evoked 

significant, although quite different, concerns.  Giant cuttlefish Sepia apama have 

undergone a drastic decline in numbers in Spencer Gulf in recent years, with the species 

ƭƛǎǘŜŘ ŀǎ ΨƴŜŀǊ ǘƘǊŜŀǘŜƴŜŘΩ ōȅ ǘƘŜ International Union for the Conservation of Nature.  Whilst 

there was no correlation between prawn trawling and the decline and it is therefore 

considered an unlikely contributor, giant cuttlefish are susceptible to trawls during their 

annual spawning migration through the Gulf and there exists a significant priority to reduce 

this interaction as much as possible.  The other bycatch problem involves large quantities of 

blue swimmer crabs Portunus armatus which currently are separated inside the trawl 

codend using a large-meshed liner.  Due to the additional handling required and the physical 

ŘŀƳŀƎŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ ŎǊŀōǎΩ ŜȄƻǎƪŜƭŜǘƻƴs on the relatively soft-bodied prawns and 

cuttlefish, these crabs would ideally be excluded during towing.   

This study examined the utility of mechanical-separating bycatch reduction devices (BRDs) 

for reducing unwanted bycatches of cuttlefish and crabs. A conventional codend was 

compared to the smallest and largest practical sizes of Nordmøre-grids (the latter to 

maximise sorting area), with correspondingly large and low grid angles. 

There were reductions by both grids in terms of the numbers and weights of cuttlefish (by 

50.4 and 59.7% respectively, for the small grid; and 33.5 and 36.6% respectively, for the 

large grid), crabs (by 40.2 and 47.5% respectively, for the small grid; and 33.9 and 50.1% 

respectively, for the large grid) and total bycatch (by 40.9% for the small grid; and 38.1% for 

the large grid).  There was a reduction in the weight of prawns caught by the small grid (of 

7.8%) compared to the large grid and control which had identical catches of prawns.   

Whilst additional work is required, particularly in regard to the guiding panel, grid bar 

spacings and escape mortality of the cuttlefish, this study has shown that a modified 

Nordmøre-grid (in combination with the current very sophisticated management 

arrangements), could help to substantially reduce bycatch problems associated with 
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cuttlefish and crabs in this fishery, with minimal commercial impacts on the targeted 

prawns. 

 

Introduction  
 

Demersal trawls are the main commercial fishing gear used to target prawns, but this 

ƳŜǘƘƻŘ ƛǎ ƎŜƴŜǊŀƭƭȅ ǊŜƎŀǊŘŜŘ ŀǎ ōŜƛƴƎ ŀƳƻƴƎ ǘƘŜ ǿƻǊƭŘΩǎ Ƴƻǎǘ ǇƻƻǊƭȅ ǎŜƭŜŎǘƛǾŜ ό!ƭǾŜǊǎƻƴ et 

al. 1994).  Issues concerning trawl bycatch have attracted significant attention, controversy 

and priority for decades.  Of particular global concern has been the bycatch of endangered 

species, while the mortality of fishery-specific, charismatic and/or threatened species and 

other, non-threatened species like juvenile finfish, remains a challenge for local resource 

management (Hall 1996).  

!ƳƻƴƎ ǘƘŜ ǿƻǊƭŘΩǎ prawn-trawl fisheries, the South Australian Spencer Gulf Prawn Fishery is 

regarded as one of the best managed.  It has Marine Stewardship Certification, is a leading 

example of co-management mixed with sophisticated self-management and is considered a 

very sustainable and productive fishery.  Operators are only permitted to land western king 

prawns Penaeus (Melicertus) latisulcatus, slipper lobsters (bugs) Ibacus spp. and southern 

calamari Sepioteuthis australis.  The remaining discarded bycatch comprises a diverse 

assemblage of species; two of which have evoked particular concerns for quite different 

reasons: (i) giant cuttlefish Sepia apama and (ii) blue swimmer crabs Portunus armatus. 

The giant cuttlefish issue in this fishery recently arose due to a marked decline in the local 

population; from a peak of ~183,000 spawning animals in 1999 to an estimated 18,530 in 

2012 (Steer et al. 2013).  This decline led to significant public consternation, media attention 

and the species being listed by the International Union for Conservation of Nature ŀǎ ΨƴŜŀǊ 

ǘƘǊŜŀǘŜƴŜŘΩ ό.ŀǊǊŀǘǘ ŀƴŘ !ƭƭŎƻŎƪ нлмнύΦ  While definitive causes for the recent decline 

remain unknown, mortality from prawn trawling is considered an unlikely contributor 

because the fishery has been operating for decades during which the giant cuttlefish 

population remained stable.  Nevertheless, giant cuttlefish undertake an annual spawning 

migration through Spencer Gulf from March to May, during which they are particularly 
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susceptible to trawls.  Complicating this issue is that two other unthreatened cuttlefish 

species Sepia novaehollandae and, to a lesser extent, Sepia braggi, are also trawled, but are 

morphologically identical or similar to S. apama and can only be distinguished by lethal 

internal examination (Dixon, et al. 2014). 

The other, longer-standing bycatch problem in this fishery involves large quantities of blue 

swimmer crabs which are targeted by commercial and recreational trap fishers.  Currently, 

trawled crabs are separated inside trawls using a large-ƳŜǎƘŜŘ ƭƛƴŜǊ όǘŜǊƳŜŘ ŀ ΨŎǊŀō ōŀƎΩύ 

terminating anterior to the end of the codend.  Most prawns, calamari and bugs pass 

through the crab bag into the codend, whilst larger crabs are retained in it.  All crabs caught 

in the crab bag are then landed on the vessel, quickly sorted and discarded and, because any 

associated mortality is expected to be low, the crab bag is considered an appropriate 

strategy for resolving this particular bycatch issue.  However, due to (i) the additional 

ƘŀƴŘƭƛƴƎ ǊŜǉǳƛǊŜŘ ŀƴŘ όƛƛύ ǘƘŜ ǇƘȅǎƛŎŀƭ ŘŀƳŀƎŜ ŎŀǳǎŜŘ ōȅ ǘƘŜ ŎǊŀōǎΩ ŜȄƻǎƪŜƭŜǘƻƴǎ ƻƴ ǘƘŜ 

relatively soft-bodied prawns and calamari, ideally crabs should escape from the trawls 

during towing. 

During the past 30 years, numerous bycatch reduction devices (BRDs) have been developed 

for prawn-trawl fisheries throughout the world to resolve various bycatch issues (for reviews 

see Broadhurst 2000, Kennelly 2007).  Of particular success have been mechanical-

separating BRDs that mostly partition the catch according to size differences (e.g. the 

ΨbƻǊŘƳǄǊŜ-ƎǊƛŘΩ ŘŜǎŎǊƛōŜŘ ōȅ LǎŀƪǎŜƴ Ŝǘ ŀƭΦ мффнύΦ  ¢ƘŜǎŜ .w5ǎ ŎƻƳǇǊƛǎŜ ŀ rigid grid with 

appropriate bar spacings, typically installed at ~45o in the codend and terminating in an 

escape exit.  The utility of such designs is largely determined by the relative size/morphology 

(and in some cases behaviour) of the prawns and bycatch species which, in many cases, 

often overlap - including for those species in the Spencer Gulf Prawn Fishery.   

Over the last 20 years, several mechanical-separating BRDs have been tested in Spencer Gulf 

(mainly to exclude crabs), but none have been implemented.  Early work involved trials of 

various grids and American designs (used to exclude sea turtles in other fisheries) including a 

ΨǎǳǇŜǊ-ǎƘƻƻǘŜǊΩΣ ŀ Ψ{ŜȅƳƻǳǊ ƎǊƛŘΩ ŀƴŘ ŀ ǾŜǊǎƛƻƴ ƻŦ ǘƘŜ bƻǊŘƳǄǊŜ-grid (McShane 1997).  

More recent work examined modifications of such designs (Dixon et al. 2014).  Whilst some 



8 
 

 

of these modifications significantly reduced bycatches, unacceptable losses of prawns 

precluded their implementation.  

The purpose of this current study was to identify the boundaries within which the 

dimensions of a mechanical-separating BRD may exist to reduce the bycatch of cuttlefish 

and crabs in the Spencer Gulf Prawn Fishery, whilst still maintaining conventional catches of 

prawns.  Note that because the two species of cuttlefish are morphologically identical, any 

such BRD will need to exclude both.  The approach involved comparing what was considered 

to be the smallest and largest practical grid sizes (the latter to maximise sorting area), and 

with correspondingly large and low grid angles (to maintain identical codend geometry).  

The logic underpinning this approach was that, if a large, low-angled grid could not facilitate 

the escape of cuttlefish whilst maintaining catches of prawns, then mechanical-separating 

BRDs would not be applicable in this fishery.  
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Objectives 
 

The objective of this project was to test grid-based bycatch reduction devices (BRDs) to 

determine the best way forward in developing a BRD for this fishery that excludes cuttlefish 

and crabs, yet does not reduce prawn catch. 
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Methods  
 

This study was done during April, 2014 (during the spawning migration of cuttlefish in 

Spencer Gulf, South Australia (31.42oS 136.75°E) using a double-rigged trawler (the 

Grozdana B, 22 m and 330 kW ς see Fig. 1) fishing in 10 to 30 m across sandy substrata in 

ŀǊŜŀǎ ǿƘŜǊŜΣ ōŀǎŜŘ ƻƴ ǘƘŜ ǎƪƛǇǇŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜΣ ŎǊŀōǎ ŀƴŘ ŎǳǘǘƭŜŦƛǎƘ ǿŜǊŜ ƭƛƪŜƭȅ ǘƻ ōŜ 

encounteredΦ  ¢ƘŜ ǘǊŀǿƭŜǊ ƘŀŘ ǘǿƻ ƛŘŜƴǘƛŎŀƭ ΨDǳƴŘǊȅΩ ǘǊŀǿƭǎ ǿƛǘƘ мпΦсо Ƴ ƘŜŀŘƭƛƴŜ ƭŜƴƎǘƘǎΤ 

each spread by flat-rectangular otter boards (0.9 × 2.7 m) and towed at ~ 1.8 ms-1.  Both 

posterior trawl bodies had zippers attached (Buraschi S145R, 2.0 m long) to facilitate 

changing extension/codend sections.   

 

Fig. 1 ς The Grozdana B that was chartered for the study. 

 

 

Two extensions and three codends were constructed (Fig. 2A).  The extensions were made 

from identical 41-mm mesh (3.0-ƳƳ ŘƛŀƳŜǘŜǊҍq ōǊŀƛŘŜŘ ōƭŀŎƪ ǘǿƛƴŜύΣ ƳŜŀǎǳǊŜŘ мрл 

meshes in the transversal direction (T) and 95 and 110 meshes in the normal direction (N), 

respectively, and had guiding panels following the specifications provided by Broadhurst et 

al. (1997) (Fig. 2A).  Two Nordmøre-grids were inserted into the posterior extension sections 

(at the base of the guiding panels), and triangular escape exits were cut (Fig. 2A).  Both 
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Nordmøre-grids were made from solid aluminium rod (20- and 16-mm frame and bars, 

respectively) with 45-mm bar spaces and measured 1.0 m wide (Figs. 2B and C).  The first 

Nordmøre-ƎǊƛŘ όǘŜǊƳŜŘ ΨǎƳŀƭƭΩύ ǿŀǎ ōǊƻŀŘƭȅ ōŀǎŜŘ ƻƴ ǘƘƻǎŜ ǘŜǎǘŜŘ ƛƴ ƻǘƘŜǊ ŦƛǎƘŜǊƛŜǎΣ ǿƛǘƘ 

an aspect ratio of ~1:1.4 (1.40 m long) and was located in the extension at an angle of ~45o 

(Broadhurst et al. 1996, 1997, Silva et al. 2011; Fig. 2B) for installation instructions).  The 

second grid (termed ΨlargeΩ) measured 1.98 m long and was positioned at ~30o from 

horizontal (Fig. 1C).  Both grids were installed so that they had identical fishing heights (i.e. 

had the same extension/codend diameter) and were rigged with sufficient 200-mm Ø 

polyurethane floats (behind the upper frame) to achieve neutral buoyancy. 

  



12 
 

 

Fig. 2.  Schematic representation of (a) a codend and extension with a Nordmøre-grid 

installed, and the (b) small and (c) large Nordmøre-grids. 
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Fig. 3 ς The large (left) and small (right) Nordmøre grids in their extensions. 

 

 

The codends were conventional designs; made from identical 41-mm mesh (2.2-mm Ø 

braided green twine) and measured 150 T × 100 N.  Each codend had a crab bag made from 

180-mm braided mesh, measuring 35 T × 35 N inserted into the anterior section.  Two of the 

codends were attached directly posterior to the Nordmøre-grids, while the third was used as 

a control.    

Between 19:00 and 05:30 on three fishing nights, the small and large Nordmøre-grids were 

tested against the control during simultaneous, paired 30-min deployments (eight and 

seven, respectively), alternating on each side of the vessel.   
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Fig. 4 ς Getting ready to deploy the large grid. 

 

Fig. 5 ς Shooting away the large grid. 
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At the end of each deployment, data were collected on: the total weights of prawns and 

various industry size grade sub-categories that included under 8 όΨ¦уΩύ, under 10 όΨ¦млΩύ, 

ммҍмрΣ мсҍнл ŀƴŘ нмҍол ƛƴŘƛǾƛŘǳŀƭǎ ǇŜǊ ǇƻǳƴŘΣ ŀƴŘ ŀƴȅ ŘŀƳŀƎŜŘ ƻǊ Ǉƻǎǘ-moult individuals 

όǘŜǊƳŜŘ ΨǎƻŦǘ and brokenΩύΤ ǘƘŜ ǿŜƛƎƘǘ ƻŦ calamari; the weights and numbers of cuttlefish 

and blue swimmer crabs (representative sub-sampling was required to estimate the 

ƴǳƳōŜǊǎ ƻŦ ǘƘŜ ƭŀǘǘŜǊύΤ ŀƴŘ ǘƘŜ ǿŜƛƎƘǘ ƻŦ ǊŜƳŀƛƴƛƴƎ όǘŜǊƳŜŘ ΨƳƛȄŜŘΩύΣ ŀƴŘ ǘƻǘŀƭ ōȅŎŀǘŎƘΦ 

Representative samples of cuttlefish were also collected each night and frozen for later 

identification of species by SARDI staff. 

Data were log-transformed so that the predicted effects would be multiplicative and 

ŀƴŀƭȅǎŜŘ ƛƴ ƭƛƴŜŀǊ ƳƛȄŜŘ ƳƻŘŜƭǎ ό[aaǎύ ǘƘŀǘ ƛƴŎƭǳŘŜŘ ΨŎƻŘŜƴŘΩ ŀǎ ŀ ŦƛȄŜŘ ŜŦŦŜŎǘΣ ǿƘƛƭŜ 

ΨǎƛŘŜǎΩΣ ΨƴƛƎƘǘǎΩ ŀƴŘ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ƴƛƎƘǘǎ ŀƴŘ ŘŜǇƭƻȅƳŜƴǘǎ ǿŜǊŜ ƛƴŎƭǳŘŜŘ ŀǎ 

random terms.  The models were fitted using the ASReml package in the R statistical 

language, with the significance of codend determined using a Wald F statistic.  Any 

significant effects were subsequently explored using the Benjamini-Hochberg-Yekutieli 

procedure to control the false discovery rate (FDR) for multiple pair-wise comparisons. 
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Results  
 

In total, 1801 kg of prawns, 59 kg of retained calamari and 2026 kg of total bycatch were 

caught during the 15 paired deployments. Cuttlefish όϤолҍнрл ƳƳ a[ύ ŀƴŘ blue swimmer 

crabs όϤолҍмрл ƳƳ /²ύ ŎƻƳǇǊƛǎŜŘ рΦп ŀƴŘ спΦт҈ ƻŦ ǘƘŜ ǘƻǘŀƭ ōȅŎŀǘŎƘΣ ǊŜǎǇŜŎǘƛǾŜƭȅ ŀƴŘΣ 

although not quantified, the remaining mixed subset of bycatch (32.8%) had several small 

ǘŜƭŜƻǎǘǎ όƳƻǎǘ ғнл ŎƳ ǘƻǘŀƭ ƭŜƴƎǘƘҍ¢[ύΣ ƛƴŎƭǳŘƛƴƎ sand trevally Pseudocaranx wrighti, red 

mullet Upeneichthys porosus, school whiting Sillago bassensis, southern sand flathead 

Platycephalus bassensisΣ 5ŜƎŜƴΩǎ ƭŜŀǘƘŜǊ ƧŀŎƪŜǘ Thamnaconus degeni and small-toothed 

flounder, Pseudorhombus jenynsii. 

 

The LMMs detected significant differences among codends for the weights of total prawns 

ŀƴŘ ǘƘŜ млҍмр ŀƴŘ нмҍол ǇŜǊ ǇƻǳƴŘ ǎǳō-categories, the numbers and weights of cuttlefish 

and crabs and the weight of total bycatch (p < 0.05; Table 1).  For prawns, the significant 

codend effect mostly was explained by a slight reduction in predicted mean weights by the 

small grid (7.8%) compared to the large grid and control (which had identical catches; FDR, p 

< 0.05; Table 1).  The remaining differences in catches reflected significant and comparable 

reductions by both Nordmøre-grids compared to the control, including the numbers and 

weights of cuttlefish (by 50.4 and 59.7% respectively, for the small grid; and 33.5 and 36.6% 

respectively, for the large grid), crabs (by 40.2 and 47.5% respectively, for the small grid; and 

33.9 and 50.1% respectively, for the large grid) and total bycatch (by 40.9% for the small 

grid; and 38.1% for the large grid) (FDR, p < 0.001; Table 1).  The only variables not affected 

by codend configuration were calamari and mixed bycatch (i.e. teleosts < ~20 cm TL) (LMM, 

p > 0.05; Table 1). 
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Table 1. Summaries of Wald F-values from linear mixed models assessing the significance of codend (small grid, S; 

large grid, L; control, C) on key variables, predicted back-transformed (from the log scale) means, and false-

discovery-rate (FDR) adjusted paired comparisons of significant differences.  Prawn categories are industry counts 

per pound. ī, not relevant; *p < 0.05; **p < 0.01; ***p < 0.001 

 

 Predicted means 

Variable Wald F Small grid Large grid Control FDR 

Wt of prawns 

 U8 0.05 3.10 2.9 3.01 ī 

 U10 0.49 3.60 3.46 3.47 ī 

 10ī15 4.49* 20.29 21.97 26.73 None detected 

 мсҍнл 2.43 48.58 53.1 51.86 ҍ 

 21ī30 5.00* 10.23 12.13 11.81 S< L=C 

 Soft 1.59 6.25 5.55 6.76 ī 

 Total  4.49* 88.64 96.25 96.47 S<C; S=L; and L=C;  

Wt of calamari 0.717 2.33 1.65 2.09 ī 

No. of cuttlefish 18.43*** 12.9 17.29 26.01 S=L<C 

Wt of cuttlefish 19.08*** 2.077 3.27 5.16 S=L<C 

No. of crabs 10.81*** 467.67 516.43 781.83 S=L<C 

Wt of crabs 21.91*** 32.82 31.14 62.46 S=L<C 

Wt of mixed bycatch 0.08 21.01 21.16 21.93 ī 

Wt of total bycatch 17.75** 52.28 54.71 88.45 S=L<C 

 

In addition to the above quantitative data, during the experiment information was also 

gathered concerning the operation of the BRDs. During haulback, some clogging of the 

guiding panel occurred close to the small grid, but less so for the large grid.  This clogging of 

all species was mainly caused by crabs clinging or being entangled and led to the sub-

optimal performance of the BRD because this portion of the catch was unable to be selected 

along the grid.  

The following photographs illustrate some of the features of the catches obtained during the 

study. 
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Fig. 6 ς A species of Sepia caught during the trials.  Note that there are three 

morphologically identical or similar species of cuttlefish caught in this fishery: Sepia apama, 

S. novaehollandae and S. braggi. This individual could be any of them. 

 

Fig. 7 ς .ȅŎŀǘŎƘ ŦǊƻƳ ǘƘŜ ŎƻƴǘǊƻƭ ŎƻŘŜƴŘΩǎ ŎǊŀō ōŀƎ ς note the cuttlefish in the foreground. 
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Fig. 8 ς Bycatch from a crab bag from the codend with the small grid installed. 

 

 

Fig. 9 ς Comparisons of catches from the control (left) and large grid (right) 

 

 




























