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Executive Summary

The South Australian Spencer Giawn R a KSNE A& NBIAF NRSR Fa 2yS
managed. Operators target westeking prawnd?enaeusNlelicertug latisulcatus with

nearly all other species discardetéiowevertwo of these bycatch specidgmve evoked
significant, although quite different, concerns. Giant cuttlefsg@pia apam&ave

undergone a drastic decline in numbers in Spencer Gulf in recent years, with the species
fAZGSR | a Wy SI INgrmatonaBUnianSoy tieRa@ns@rvitiorti ok MaturgVhilst
there was no correlation betweeprawntrawlingand the decline adh it is therefore

considered an unlikely contributogjantcuttlefishare susceptible to trawls during their
annual spawning migratiothrough the Gulfand there exists a significant priority to reduce
this interaction as much as possibl&he other bydah problem involves large quantities of
blue swimmer crab®ortunus armatusvhich currently are separated inside thrawl
codendusing a largemeshed liner. Due to the additional handling required and the physical
RFEYF3S Ol dzaSR 08& sidSeralahvkelysditDodiSdpawing &hd S 2 v

cuttlefish, these crabsvould ideallybe excludeduring towing.

This study examined the utility of mechanisalparating bycatch reduction devices (BRDs)
for reducing unwanted bycatches odittlefish and crabsA conventional codend was
compared to he smallest and largest practical sizes of Nordrrgrids (the latter to

maximise sorting areayyith correspondingly large and low grid angles

There werereductions by both grids terms ofthe numbers and weights auttlefish (by
50.4 and 59.7% respectively, for the small gaigd 33.5 and 36.6% respectiveigr the
large grid)crabs(by 40.2 and 47.5% respectively, for the small;gardd 33.9 and 50.1%
respectivelyfor the large grigland total bycatch (by 40.9% for the small gadd 38.1% for
the large grid) There was a reduction in theeightof prawns caughby the small griddf
7.8%) compared to the large grid and control which had identical catuh@®wns.

Whilst additional work is requiregbarticularly in regard to the guiding panel, grid bar
spacings and escape mortality of the cuttlefish, this study has showratmetdified
Nordmgregrid (in combinationwith the currentvery sophisticategnanagement

arrangements)could help tosubstantially reducéycatch problems associated with



cuttlefish and crabsiithis fishery, with minimal commercial impaats the targeted

prawns

Introduction

Demersatrawls are the main commercial fishing gear used to tapyatvns, butthis

YSGK2R A& 3ISySNIrftfte NBIFINRSR a4 0SAyIetlYy3d
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 fishegpecific, charismatic andfdhreatened specieand

other, nonthreatened species like juvenile finfiglgmains a challenge for local resource

management (Hall 1996).

I Y2y 3 (KpawaaNffisReids, the South Australian Spencer ®Guiwn Fsheryis
regarded as one of theest managed. It has Marine Stewardship Certification, is a leading
example of cananagement mixed with sophisticated selnagement and isonsidered a
very sustainablend productive fishery. Operators are only permitted to land western king
prawnsPenaeus felicertug latisulcatus slipper lobstergbugs)lbacusspp. and southern
calamariSepioteuthis australisThe remaining discarded bycatch comprises a diverse
assemblage of species; two of which have evoked particular confmrgsite different

reasons (i) giant cuttlefistSepia apamand (ii) blue swimmer crali®ortunus armatus

Thegiant cuttlefishissue 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 anastini8,530 in

2012 (Steer et al. 2013). This decline led to significant public consternation, media attention
and the species beirlgsted by the International Union for Conservation of Naturea WYy S| NJ
GKNBFGSYSRQ 0. I NNiile defirttiyé Bauded fér h@récent degiinen 0 &
remain unknown, mortality fronprawntrawling is considered an unlikely contributor

because the fishery has been operating for decades during whicidimé cuttlefish

population remained stable. Nevertheleggant cutlefish undertake an annual spawning

migration through Spencer Gulf from March to May, during which they are particularly



susceptible to trawls. Complicating this issue is thet other unthreatened cuttlefish
speciesSepia novaehollandaand, to a lessr extent,Sepia braggiare also trawled, buare
morphologically identicabr similarto S. apamand can only be distinguished by lethal

internal examination (Dixon, et al. 2014).

The other, longestanding bycatch problenm this fisheryinvolves large quantities dflue

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

trawled crabsare separated inside trawls using alatgs 8 KSR € A Y SNJ 6 4 SNXY SR
terminating anterior to the end of theadend. Mostiprawns, calamari and bugsss

through the crab bag into the codend, whilst largeabsare retainedin it. Allcrabscaught

in the crab bag are then landed on the vessel, quickly sorted and discarded and, because any
associated mortality isxpected to be low, the crab bag is considered an appropriate

strategy for resolving this particular bycatch issue. However, due to (i) the additional
KFyRfAy3 NBIdZANBR YR 6AAO0 GKS LIKeaAOlFt RIFYL
relativelysoft-bodiedprawnsand calamarj ideallycrabsshould 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 variomgcatchissuedqfor reviews

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

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

Wh 2 NRYNMINEBQ RSEONAOGSR o6& Lal | asyrigidgridwith ® mddH 0
appropriate bar spacings, typically installed at ~4&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 {i@wns and bycath species which, in many cases,

often overlap- including for those species in the Spencer Guéfwn kshery.

Over the last 20 years, several mechangsarating BRDs have been tested in Spencer Gulf
(mainly to excluderabg, 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
W3 dAKBN2 G SNDZ | W{ SeY2dzNJ 3 NAgRE(MdShare 1997)FS NR A 2 V

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



of these modifications significantly reduced bycatches, unacceptable lospesvais

precluded their implementation.

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

dimensions of a mechanicagparating BRD may exist to reduce the bycatatutifefish

and crabsn the Spencer GuRrawn kshery, whilst still maintaining conventional catches of
prawns Note that becausthe two species oftlefish are morphologically identical, any
such BRD will need to exclude bothheapproach involved comparing what was considered
to be the smallest and largest practical grid sizes (the latter to maximise sorting area), and
with correspondingly largand low grid angles (to maintain identical codend geometry).
The logic underpinning this approach was that, if a largesdogled grid could not facilitate
the escape otuttlefishwhilst maintaining catches gfrawns then mechanicaseparating

BRDs woldl not be applicable in this fishery.



Objectives

The objective of this project was test gridtbasedbycatch reduction devices (BRDs)
determine the best way forward in developing a BRD forfibigery that excludes cuttlefish

and crabs, yet doesot reduce prawn catch
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Methods

This study was done during April, 20@4iring the spawning migration of cuttlefist

Spencer Gulf, South AustralBi(42’S 136.75°H)sing a doublegigged trawler the

Grozdana B22 m and 330 kW see Fig. lLfishingin 10 to 30 m across sandy substratia

I NBl & 6KSNBZ o6FaSR 2y GKS a1 ALIISNNRE SELISNRSY
encounteredb ¢CKS GNI gt SNIKIR G462 ARSYUGAOIFT WDdzyRN
each spread by flatectangular otterboards (0.9 x 2.7 m) and towed at ~ 1.8'm®8oth

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

changing extension/codend sections.

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

Two extensions and three codends were constructed gAY. The extensions were made

from identical 4tmm mesh B.¥Y RALF YSGUSNbq ON} ARSR o6fl O1 (6
meshes in the transversal direction (T) and 95 and 110 meshes in the normal direction (N),
respectively, and had guiding panels following the fjtions provided by Broadhurst et

al. (1997) (Fig2A). Two Nordmgrgrids were inserted into the posterior extension sections

(at the base of the guiding panels), and triangular escape exits were cl2AFigBoth
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Nordmgregrids were made from salialuminium rod (20and 16mm frame and bars,

respectively) with 45nm bar spaces and measured 1.0 m wide (RBsand C). The first
NordmgreINA R O GSNIX¥YSR wWavylrfftQo ¢la oNRIRf& o0F&asSR
an aspect ratio of ~1:1.4 (104m long) and was located in the extension at an angle of ~45
(Broadhurst et al. 1996, 1997, Silva et al. 2011 2Bpfor installation instructions). The

second grid (termedarge measured 1.98 m long and was positioned at>$&fm

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 sufficier 2002

polyurethane floats (behind the upper frame) to achieve neutral buoyancy.
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Fig.2. Schemat representation of (a) a codend and extension with a Nordnrupic
installed, and the (b) small and (c) large Nordmgrriels.

(A) Codend and grid configuration

100 N

950r 110N

41-mm PE mesh codend with 150 T

Nordmare-grid
Guiding panel

41-mm PE mesh extension section with 150 T

(B) Small grid (C) Large grid

<— 20-mm diameter —>|

Y 16-mm diameter

1400 mm ¥—— 45-mm bar spacing

1978 mm

\

—— 1000 mm ——

——-1000 mMm ——
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Fig. 3¢ The large (left) and small (right) Nordme gridsin their extensions.

The codends were conventional designs;dadrom identical 4dmm mesh (2.2nm &

braided green twine) and measured 150 T x 100 N. Each coderalchalol bag made from
180-mm braided mesh, measuring 35 T x 35 N inserted into the anterior section. Two of the
codends were attached directly posterito the Nordmgregrids, while the third was used as

a control.

Between 19:00 and 05:30 on three fishing nights, the small and large Noregnidsewere
tested against the control during simultaneous, paired3@d deployments (eight and

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

Fig. 5¢ Shooting away the large grid
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At the end of each deployment, data were collected on: the total weighfgainsand

various industnsize gradesub-categories that included under®@ W |, yn@e61060 W! mn QU
MMbLMPX McbHA YR HMbon AYRA@DA Rdabult ddividifals) L2 dzy R
6 (0 S NI SaRd bwke®D T ( K Scalanti tHekvgigh® &nd numbers abittlefish

andblue swimmer crab§epresentative sulsampling was required to estimate the

YydzYo SNAR 2F GKS fF0GSNDOT FyR GKS 46SA3IKEG 2F NEB
Representative samples of cuttlefish were also collected each night and frozen for later

identificationof species by SARDI staff.

Data were logransformed so that the predicted effects would be multiplicative and
FyFfe&daSR Ay fAYSENI YAESR YR RS & o6fAaEaSR  SiTkH Si0
WAARSAQ>Y WyA3dKGaAaQ YR GKS AYyUiSNIOGA2Y 06S06SS
random terms. The models were fitted using the ASReml package Rsthéstical

language, with the significance of codetetermined using a WalBstatistic Any

significant effects were subsequently explored using the BenjarwchbergYekutieli

procedure to control the false discovery rate (FDR) for multiple\wee comparisons.
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Results

In total, 1801kg of prawns, 59kg of retained calamarand 2026 kgof total bycatchwere

caught during the 15 paired deploymen@uttlefishd 9o nb H p 1 YoMe saimer | Yy R
crabso donbmpn YY /20 O2YLINRAASR podn YR cndm: 2°
although not quantified, the remaining mixed subset of bycatch (32.8%) had several small
G§StS2adGa ovyz2aid rwun OzanditrdvallPseudomars ivightied, 0 = Ay Of
mullet Upeneichthys porosuschool whitingSillago bassensisouthern sand flathead

Platycephalus bassensis 5 S3Sy Qa Th&nndcénSshikgeandsinaitbothed

flounder,Pseudorhombus jenynsii

The LMMs detectedignificant differences amancodends for the weights of totptawns
FYR GKS wmMnbwmp Iy Rcategoiestme nwdBedsd ahdvdayhiR ofdtlaish
andcrabsand the weight of total bycatctp(< 0.05; Table 1). Fprawns the significant
codendeffect 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 catcheg; FDR,
< 0.05; Table 1). The remaining differences in catches reflected signéitdebmparable
reductions by both Nordmgrgrids compared to the control, including the numbers and
weights ofcuttlefish (by 50.4 and 59.7% respectively, for the small;gmal 33.5 and 36.6%
respectivelyfor the large grid)crabs(by 40.2 and 47.5% seectively, for the small gricind
33.9 and 50.1% respectivefpr the large grigland total bycatch (by 40.9% for the small

grid; and 38.1% for the large grid) (FpR; 0.001; Table 1). The only variables not affected
by codend configuration werealanariand mixedoycatch (i.e. teleosts < ~20 cm TL) (LMM,
p >0.05; Table 1).
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Table 1. Summaries of Waktvalues from linear mixed models assessing the significance of c¢stead grid, S;

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

discoveryrate (FDR) adjusted paired comparisons of significant differerfResnncategories are industry counts
per ponmotretevantip < 0.05; **p < 0.01; **p < 0.001

Variable

Wt of prawns
us
ulo0
10115
mcbHnAN
21130

Soft

Total
Wt of calamari
No. of cuttlefish
Wt of cuttlefish
No. ofcrabs
Wt of crabs
Wt of mixed bycatch
Wt of total bycatch

Wald F

0.05
0.49
4.49*
2.43
5.00*

1.59

4.49*
0.717
18.43*+*
19.08*+*
10.81*+*
21.91%**
0.08
17.75*

Predicted means

Small grid

3.10
3.60
20.29
48.58
10.23

6.25

88.64
2.33
12.9
2.077
467.67
32.82
21.01
52.28

Large grid

2.9
3.46
21.97
53.1
12.13

5.55

96.25
1.65
17.29
3.27
516.43
31.14
21.16
54.71

Control

3.01
3.47
26.73
51.86
11.81

6.76

96.47
2.09
26.01
5.16
781.83
62.46
21.93
88.45

None detected
b
S<L=C

S<C; S=L; and L=C;
T

S=L<C

S=L<C

S=L<C

S=L<C

[
S=L<C

In addition to the above quantitative data, during the experimeribrmation wasalso

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

guiding panebccurredclose to the small grid, but less so for the large gfidisclogging of

all species was mainly causeddrgbsclinging or being entangled armeld to the sub

optimal performanceof the BRObecause this portion of the catch was unable to be selected

along the grid

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

study.
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Fig. 6¢ A species oBepiacaught during the trials. Note that there atteree

morphologicallyidenticalor similarspecies of cuttlefish caught in this fisheBepia apama

S.novaehollanda@ndS. braggiThis individual could bany of them

0 |
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Fig. 8¢ Bycatch from a crab bag from the codend with the small grid installed

Fig. 9¢ Comparisons ofatches from the control (left) and large grid (right)










































