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Effects of Trawl design on Bycatoh and Benthos In Prawn and Finfish Fisheries

1. NON-TECHNICAL SUMMARY
Trawl fisheries are among Australia's most valuable fisheries (Kailola et al. 1993). However, concern is

increasing about the impacts of trawling on other marine life, such as turtles and the multitude of small fish

caught as a bycatch in the Northern Prawn Fishery. On Australia's North West Shelf it was found that fish

trawling also decreases the number of animals and plants on the sea bed. This, in turn, changes the make-up of

the fish community. Concerns about impacts such as these has made the 'effects of fishing' a high priority area

for research.

The main aims of this project were to:

(i) develop and test fish-trawl gear that minimises the impact on the sea bed while maintaining catches of red

snapper in Australia's Northern Fish-trawl Fishery;

(ii) develop and test Bycatch Reduction Devices suitable for Australia's Northern Prawn Fishery;

(iii) describe the damage to, and survival of, animals that escape through Bycatch Reduction Devices;

(iv) describe the behaviour of fish and prawns in trawl nets to help develop gear that minimises catches of

unwanted bycatch species;

(v) develop and maintain a literature data base, accessible to other Australian research organisations on

research into environmentally friendly trawl gear;

(vi) promote the results of the project to the fishing industry.

The first objective of the project was to develop a 'sea-bed-friendly' fish trawl. It followed and complemented

earlier studies by the Northern Territory Department of Primary Industry and Fisheries (NTDPIF) on the "Julie

Anne" environmentally friendly trawl. A standard demersal wing trawl (McKenna wing trawl) was dgged to test

three different ways of fishing: (i) with the footrope on the sea bed (demersal fish trawling), (ii) with the

footrope 40-50 cm above the sea bed (semi-pelagic fish trawling), and (iii) with the footrope 80-90 cm above

the sea bed (semi-pelagic fish trawling). These heights were achieved by attaching a combination of headline

floats and steel weights to the footrope, which makes this style of rig simple and easy to use.

Weights of red snapper caught in the three trawl rigs were not statistically different, but the trawl rigged to

operate 40-50 cm above the sea bed caught slightly more than the other two. The two semi-pelagic trawls

caught substantially fewer stingrays, unwanted small fish and animals that live on the sea bed, as well as fewer

squid and Moreton Bay bugs. Furthermore, they did less damage to the sea bed. The semi-pelagic trawl rigs are

easy to sue, cost the same as the demersal rig, fish the target species equally well, but do less damage to the

marine life.

The second objective was to assess the suitability ofBycatch Reduction Devices (BRDs) for use in Australia's

Northern Prawn Fishery (NPF). The research complemented a similar study in northern NSW by the NSW

Fisheries Research Institute and another by the Queensland Department of Primary Industry and Fisheries

(QDPEP) and the NTDPIF, who developed a Bycatch Reduction Device known as the "AusTED".

A total of 17 different BRDs or combinations ofBRDs were tested during three cruises m the Gulf of

Caqientaria. We made the choices by testing devices already being used around the world that seemed to have

the most potential for use in the NPF, interviewing fishers in the NPF to find out what their most important

bycatch issues were, and gathering information from flume-tank observations and research cruises.

The first cruise assessed two sizes of square-mesh codend (38 mm and 45 mm) in standard 14 fathom prawn

trawls by comparing catches with a standard diamond-mesh codend. Codend covers were used to catch the

animals that escaped from the codends. The second cruise assessed eight different BRDs in 30 min trawls. The

most suitable devices from this cruise were then assessed during a third cruise. Fishers in the NPF usually trawl

for between 2 and 5 h, so on the third cruise, the eight best BRDs were tested on two-hour trawls .

Compared with the standard diamond-mesh codend, one of the square-mesh codends (45 mm) reduced the

amount of unwanted bycatch by 28.4 percent and lost only 3.1 percent of commercial sized-prawns. It also had

the advantage of allowing between 58 and 98 percent of small tiger prawns ('over 30s') to escape and enhance

future stocks. The 38 mm square-mesh codend was less successful : it excluded 4 percent of unwanted fish

bycatch and lost 0.4 percent of prawns.
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Cruises two and three tested two types of BRDs: inclined grids used mainly to exclude large animals in the NPF,

and other devices used mainly to exclude fish. Improvements were made to most of the devices between cruises

two and three. The results can be summarised as follows. All three inclined grids (Super Shooter, Nordm0re grid

and AusTED) were extremely effective at excluding large animals such as sea turtles, large sharks and large

rays. They were also effective at excluding some of the unwanted small fish catch, especially when used in

combination with other BRDs such as a fisheye or square-mesh window. This fish exclusion ranged between 0

and 39 percent, depending on the device.

The ability of the inclined grids to catch prawns varied. The Super Shooter had the best prawn retention rate,

losing only between 2 percent and 12 percent of prawns. The higher rates of prawn loss (>2 percent) occurred

either in the early trials or when the Super Shooter was combined with a fisheye in very poor weather. The

Super Shooter also performs well in areas where the other inclined grids tend to clog with sponges or other large

objects. The Nordm0re grid lost substantial numbers of prawns, but modifications could greatly improve its

performance. The AusTED lost 22 percent of prawns but gave much better results in other trials during a QDPIF

and NTDPDF project.

The performances of the specialist fish excluders (fisheye, square-mesh windows, radial escape section) were

strongly affected by the weather and haulback delay: much higher levels of fish and prawn loss were measured

when the weather exceeded Force 7 or 8. A delay in haulback on the second cruise also seemed to cause extra

loss of fish and prawns for most fish excluder devices. The fisheye lost only up to 11 percent of fish, but its

prawn catches ranged between a 30 percent loss (in bad weather) and a 22 percent gain. The positioning of this

device seems to be critical; these results are likely to be improved with further trials. The radial escape section

excluded only up to 8 percent of fish, and prawn catches ranged between a 43 percent loss (bad weather) and a

5 percent gain. Video evidence suggested that the version used in this trial was effective at excluding strong-

swimming fish, but not small fish with poor swimming ability. Square-mesh windows were used alone, with

fish-stimulator devices to encourage escape, or in conjunction with the Nordm0re grid. The four versions of the

square-mesh windows used on the second cruise excluded between 3 percent and 7 percent of fish and lost

between 8 percent and 14 percent of prawns in good weather, but up to 49 percent in very poor weather. Square-

mesh windows also show promise as sea-snake excluders.

These results are from a set of trials that gave only two or three opportunities to improve the performance of the

BRDs over the course of the project. Future trials on commercial boats will allow improvements to be made

much faster and under commercial operating conditions. Although we have already described some very

promising results for exclusion of large marine animals (Super Shooter) and fish (square-mesh codend) without

substantial prawn loss, the results of these and other devices can be improved.

The third objective of the research project was to describe the damage to fish escaping from BRDs and to assess

whether they survive after they escape. These two studies were made with square-mesh codends. Damage to fish

was assessed by collecting fish that escaped from a 38 mm or 45 mm square-mesh codend into a fine-mesh

codend cover. A large, water-filled scoop was used to bring the fish onto the boat with minimal additional

damage. The fish were anaesthetised with MS222 and then examined for damage to their head, fins and body.

Most fish escaping from 45 mm diamond or square-mesh codends suffered little damage, but those escaping

from 38 mm square-mesh codends were more severely damaged.

The survival experiments compared the rate of survival of escapees from 45 mm diamond mesh with 45 mm

square-mesh codends. Codend escapees were retained in fine-mesh codend covers and quickly transferred into

either sea cages or swimming pools. Here their survival was monitored for eight to ten days. For most of the

species tested, survival rates were higher in the pool than the sea cages and more than 80 percent of fish

survived.

The fourth objective of the research project was to describe the way the fish and prawns enter trawls. We used a

multi-level beam trawl to find out whether fishes and prawns enter a prawn trawl from the top, from the middle,

or from the lower area of the trawl mouth. This information could suggest modifications to the trawl mouth to

substantially reduce bycatch without loss of prawns. Although follow-up experiments are needed, the research

has shown that the highest percentage of fish (40 percent) and prawns (81 percent) entered the trawl no higher

than 600 mm above the sea bed. The top compartment of the trawl (1200 mm to 1800 mm above the sea bed)
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caught the second highest percentage of fish (39 percent) and prawns (14 percent). A lead-ahead panel of netting

stopped animals escaping over the top of the trawl mouth; these animals were forced into the top section of our

trawl. The middle compartment of the trawl (600 mm to 1200 mm above the sea bed) caught the lowest

percentage of fish (20 percent) and prawns (5 percent).

The fifth objective of the project was to develop an ongoing literature data base on environmentally friendly

trawl-gear research that can be accessed by other Australian research organisations. This database already has

over 300 records, including titles, authors, keywords and abstracts. Entry of new records is continuing at the

CSIRO, Australian Maritime College (AMC) and NTDPIP.

The final objective of the project was to promote the results to the fishing industry. In some ways, this is the

most important part of the project if we want to encourage voluntary adoption of the most suitable BRDs. To

this end, we reported the results of the project in fishing industry magazines, at fishing industry meetings and in

newsletters to industry participants. Our results were also published in scientific journals and, oral and poster

presentations at scientific conferences, and were reported in newspaper and television articles, community

magazines and through radio interviews.

Two new PRDC-funded projects have arisen from this work. One of these investigates the composition and

sustainability of bycatch populations of the NPF and Queensland East Coast Fishery. The other will promote

and develop BRDs in these fisheries through workshops and voluntary sea trialing. Additional projects that

could encourage BRD adoption and improve BRD performance include (i) a study of the economic values of

using BRDs; (ii) demonstration and training in fitting and using BRDs, (iii) investigation of methods for

manufacturing BRDs in Australia, and (iv) further detailed behavioural studies of prawn and fish bycatch in

trawl nets.

BACKGROUND
Trawl fisheries are among Australia's most valuable fisheries (Kailola et al. 1993). However, recent studies

have highlighted the impacts that trawling can have on non-target species such as the benthic and bycatch

populations. Although in most cases the consequences of these impacts are unknown, under the precautionary

principle, it is widely recognised that they should be minimised to ensure the long-term maintenance of

biodiversity in our marine ecosystems.

Some impacts of trawling in northern Australia's multi-species demersal fish-trawl fishery were studied by

Sainsbury (1988). Like others in tropical waters, this fishery has a large bycatch component (mainly fish), which

is usually discarded at sea. Demersal fish trawling on the Australian North West Shelf in the 1960s and 1970s

also significantly reduced the abundances of sponges and associated benthos such as alcyonarians and

gorgonians. This was thought to have led to a reduction in catches of the main target species, Lethrinus and

Lutjanus (Sainsbury, 1988). New regulations for the Northern Fish-trawl Fishery, introduced in 1991, allow use

of only semi-pelagic fish trawls. These are trawls rigged to operate with sweeps, bridles and net clear of the sea

bed, though with the otterboards on the sea bed. This project further developed trawl design to provide user-

friendly trawls for this and similar fisheries.

Australia's northern prawn trawl fisheries identified impacts on bycatch as a priority area for research because

they catch very large amounts ofbycatch: typically, less than 20 percent of the catch consists of prawns. Nearly

all of the rest — mainly fish and crustaceans — is discarded. Fender and Willing (1989) estimated the bycatoh

in the NPF at around 70,0001. Most of these animals are dead when discarded CWassenberg and Hill 1989).

Concerns about the impacts of trawling on non-target communities and the environment are growing and it is

appropriate that trawl-fishing industries support research into trawl designs that minimise these impacts.

Inaction in this area would probably lead to continued and mounting criticism, followed by increasing pressure

from non-govemmental and community groups to protect the ecosystems in question.
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NEED
The effect of trawling on non-target species and the marine environment is a subject of growing world-wide

concern. It can threaten the viability or profitability of many fisheries (Pauly 1979, Boonyubol and

Pramokchutima 1984, Sainsbury 1987). It is particularly relevant to trawl fisheries in Australia, where issues of

long-term ecological sustainability, the maintenance of biodiversity and community structure, and the protection

of critical fisheries habitats must be incoqiorated in future management planning. If many of Australia's tropical

fisheries are to remain viable it is vital that they address the issue of bycatch. In the northern hemisphere, there

have been recent advances in the technology to reduce bycatch and damage to both non-target species and the

environment. However, differences between single-species, cold-water fisheries and specialised tropical penaeid

trawl fisheries or multispecies fin-fish trawling have made direct technology transfer impossible.

There have been some similar advances in gear technology in Australian fisheries. Research on development

and testing of an inclined grid to reduce bycatch in prawn trawls, known as the AusTED (to exclude turtles and

other large bycatch), was being undertaken by QDPI / NT. Fisheries. This and other Bycatch Reduction Devices

were considered. We also considered other issues, such as the survival ofbycatch, which are equally important

to maintaining long-term biodiversity, and hence, the fishery. There is evidence, for example, that belly funnels

in combination with square-mesh are more effective than grids in promoting escape of the smaller size classes of

prawns (Valdemarsen 1988). The current proposed study complemented the QDPI / NT. Fisheries "AusTED"

study by comparing the performance ofBycatch Reduction Devices and quantifying the survival rate of animals

that escape through these devices. By providing managers with information on bycatoh reduction and survival

from Bycatch Reduction Devices the QDPI / NT study ar I ours will enable technology transfer that best suits

industry needs.

Another development in gear technology is new NT Fisheries' environmentally friendly fish trawl (the "Julie

Anne trawl"). Such trawls will enable the Northern Fish-trawl Fishery to be developed without a parallel

increase in damage to benthic habitats. The present study will advance the known technology of

environmentally friendly fish trawls for northern Australian waters by testing this and other trawls.

Descriptions of the behaviour of each target and the main non-target species in relation to various trawl rigs

were essential to our understanding of how standard and modified trawl rigs operate and can be modified to

reduce bycatch. The video footage generated from these studies will also be useful for assisting technology

transfer within the industry.

The sophisticated vessels and underwater monitoring techniques and equipment, advanced biological knowledge

and gear technology skills of the CSIRO Division of Fisheries, Australian Maritime College and NT Fisheries

ensured that the necessary eKpertise was available to the project.

OBJECTIVES
Objective 1. To develop and test trawl gear that minimises impact on the sea bed while maintaining catches

of target species in Australia's Northern Fish-trawl Fishery.

Objective 2. To develop and test Bycatch Reduction Devices suitable for Australia's Northern Prawn Trawl

fishery.

Objective 3. To investigate the damage to and survival of animals that escape using Bycatch Reduction
Devices.

Objective 4. To describe the reaction of fish and prawns to trawls in order to enhance our ability to develop

trawls that minimise catches of unwanted species.

Objective 5. To develop an ongoing literature data base on environmentally friendly trawl gear research

that can be accessed by other Australian research organisations.

Objective 6. To promote the results of the project to the fishing industry.
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OBJECTIVE 1
• To develop and test trawl gear that minimises Impact on the sea bed while maintaining

catches of target species in Australia's Northern Flsh-trawl Fishery

INTRODUCTION

Northern Australian waters on the continental shelf between 114° and 140° E support a multi-species demersal

fish-trawl fishery (for descriptions, see Edwards 1983; Sainsbury 1987; Blaber et al. 1994) that, like others in

Australian tropical waters, has a large bycatch component (mainly fish), which is usually discarded at sea.

Demersal fish trawling on the Australian North West Shelf in the 1960s and 1970s significantly reduced the

abundances of sponges and associated benthos such as akyonarians and gorgonians. This was thought to have

led to a reduction in catches of the main target species, Lethrinus and Lutjanus (Sainsbury, 1988). New

regulations for the Northern Pish-trawl Fishery, introduced in 1991, allow use of only semi-pelagic fish trawls -

trawls rigged to operate with sweeps, bridles and net clear of the sea bed, though with the otterboards on the sea

bed.

An earlier version of this style of trawl caught adequate catches of commercially important fish, had less impact

on the substrate and retained fewer unwanted species (Ramm et al., 1993). The resultant cleaner catches of the

commercially important fish resulted in a higher quality product. The trawl, known as the 'Julie Anne trawl', is

a fork-rigged, semi-pelagic, four-seam box trawl that uses fly-wires (upper bridles) and floats to lift the

headline. This, combined with the absence of a groundrope, raises the whole trawl off the sea bed (Ramm et al.

1993)

Although the initial trials of the "Julie Anne" trawl gave promising results, in subsequent tests it was found that

the trawl's geometry was sensitive to changes in towing conditions, including towing speed, water depth and

length of warp. The trawl required constant monitoring and adjustment and took longer to deploy and retrieve.

An alternative semi-pelagic trawl was designed. We fished this demersal wing trawl (the "McKenna wing

trawl") on the sea bed and semi-pelagically, with the groundrope removed and footrope set at one of two heights

above the sea bed. The results are fiirther evidence that semi-pelagic trawls can be environmentally fnendly and

that they may be viable alternatives to standard demersal fish trawls.

METHODS

Trawl design

Two identical wing trawls were used in the trials: each had a headline length of 25.6 m, a fishing circle of 48.8

m, and 50 mm streteh-mesh polyethylene netting throughout the codend (Figure 1). Commercial trawlers use

110 mm mesh codends, but the 50 mm mesh size enabled us to study a greater range of species. Trawl 1 was

rigged for standard demersal operation and was used as a control to test the effect offootrope height on

commercial fish catches. Its groundrope weighed 170 kg in air and total headline flotation was 157 kg. Trawl 2

had the groundrope removed and was rigged to operate at 0.4 - 0.5 m CTrawl 2a) and 0.8 - 0.9 m CTrawl 2b)

above the sea bed. The desired heights were achieved through a combination of headline flotation and steel

weights (10,20 and 40 kg) attached to the footrope (Table 1). Figure 1 shows the position of floats and footrope

weights to operate the trawl at 0.4 - 0.5 m above the sea bed. Bridle and sweep lengths for all trawls were 50 and

40 m respectively. Single slot Polyvalent otterboards were used throughout the trials. Each otterboard weighed
1000 kg and had a surface area of 3.8 m2.
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Figure 1. The wing trawl used in this study, here rigged to fish semi-pelagically with
its footrope at 0.4 - 0.5 m above the sea bed.
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Effects of Trawl design on Bycatch and Benthos in Prawn and Finfish Fisheries '"

Table 1.

Total groundrope weight, footrope weight, headline flotation and footrope height for the three trawl types.

Trawl No. Groundrope weight Footrope weight Headline flotation Footrope height

(kg (kg) (kg (m)

1 170 0 157 0.0

2a 0 130 245 0.4-0.5

2b 0 110 262 0.8-0.9

Trawl performance monitoring

The distance between the otterboards on all trawls was measured by 'Scanmar' acoustic sensors housed in

brackets attached to the otterboards. Wing-end spread measurements of Trawl 1 were obtained by placing the

sensors on the upper wing-ends, 0.3 m ahead of the netting. These were not measured for trawls 2a and 2b.

Headline height was monitored with a 'Scanmar' height sensor attached to the second row of meshes behind the

centre of the headline.

At the Australian Maritime College flume tank before the cruise, a small beam trawl (net removed) was towed

with 2.5 m lengths of 10 mm 'dropper' chains attached at known vertical heights. The number of polished links

was recorded at the end of tows at a range of speeds, A plot of vertical height against number of unpolished

links was generated. The footrope on the field nets was also fitted with the dropper chains. The number of

unpolished links was then compared with the plot to determine footrope height.

Waq) tension during sea trials was measured by recording hydraulic oil pressure of each winch with an A/S

Hydraulik Brattvaag 'Synchro 2000' automatic trawl-control system. Video footage was recorded on a 'Sony Hi

8 Handycam' in an underwater housing attached to the trawl. All tows were made at 1.8 m s-', using a warp-to-

depth ratio of 3:1. Tow duration was 30 minutes and trawl performance data were recorded midway through

each tow. Trawl speed was recorded with a 'JRC' doppler log.

Study area and sampling strategy

The area chosen for trawl comparisons (Figure 2) was within the waters of the Northern Fish-trawl Fishery

Management Zone (described in Newton et al. 1994). It was chosen because previous studies had shown it had

the two key components required for our comparison: commercial quantities of red snappers (Lutjanidae) and

structural benthos (= macro-benthos protruding above the sea bed) (CSIRO unpublished data).

The trawl area was divided into two 18x18 km sites (A and B, Figure 2), each of which was divided into 25, 2 x

2 nautical mile grids. Sites were sampled alternately and for three days at a time (each day a different trawl gear

type). Site A was sampled four times (4 visits x 5 grids x 3 trawl types = 60 tows), while Site B was sampled

three times (3 visits K 5 grids x 3 trawl types = 45 tows), with one extra grid sampled by each trawl type at Site

B; this gave a total of 108 trawls (Figure 2). The net type was randomly re-ordered for each site visit. Each day's

trawling consisted of five trawls, in five separate grids, one in each of five time slots (0800-1000, 1000-1200,

1200-1400,1400-1600 and 1600-1800). These gave comparisons of each net type in the same grid (physical

area) at the same time of day. The same five (randomly chosen) grids were used for each set of three trawl types

before a new set of five grids was chosen. Depth in the sampling areas ranged between 41 and 58 m (mean =

50.6 m, n=108).

DATA COLLECTION AND ANALYSES

We identified all fish to species, weighed each species group, counted individuals and measured the lengths of

the smallest and largest in each catch. Fishes (including elasmobranchs) that were longer than about 500 mm,

and all commercially important fishes, were measured and weighed individually (commercially important fishes

were regarded as those currently marketed by commercial fishers or either targeted or kept by recreational or

traditional fishers).
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Effects of Trawl design on Bycatch and Benthos In Prawn and Finfish Fisheries

Where catches of smaller fishes were large (> about 50 kg), a subsample (usually around 30 percent) was taken

and processed, and the remainder was weighed. For these trawls, the data for the total catch were calculated by

multiplying up the sub-sample values to a total weight of smaller fish.

Invertebrates were treated in the same way as fish, with all large specimens measured and large numbers of

smaller organisms subsampled. Invertebrates were often only identified to class.

The analyses described below were applied to all species individually and to the following categories of

combined species:

• 'sharks' - free swimming and usually pelagic (mostly Carcharhinidae)

• 'other elasmobranchs' (mainly rays and shovelnose rays)

• 'fish bycatch' (mainly small fishes)

• 'sponges'

• 'other invertebrates' (excluding sponges, squid and Thenus orientalis [Moreton Bay bugs], which were

analysed separately).

Only species caught in 5 or more trawls were included in the analyses.

This study aims to test the null hypothesis that catches from the two semi-pelagic fish trawls (0.4m and 0.8m

above the sea bed) are the same as those from the demersal version of the trawl (footrope on the sea bed).

Dunnett's t-tests in PROC GLM (SAS Institute Inc., 1988) were used for each animal group to test for catch

differences between each semi-pelagic trawl and the demersal trawl.

While the objective was to describe the difference in catches between these trawl gears, the catches can also be

affected by site differences, time of day and grid series. These factors were included in a linear model to enable

us to compare catches, after accounting for any variation caused by these factors. Thus,

Catch = gear + site + time + gear x site + gear x time + site x time + gear x time x site + grid (site x

time) + e,

where gear was the trawl gear type used (footrope of the net at 0.0, 0.4 - 0.5 or 0.8 - 0.9 m above the sea bed);

site was the trawl area A or B (Figure 2); time was the diumal time window in which the trawl was made (0800-

1000, 1000-1200, 1200-1400, 1400-1600 or 1600-1800); grid represented the 36 individual grids (3 for each

combination of site and time) trawled by each gear; and e was the error term or gear x grid (site x time). All
factors used in the model, except 'grid', are assumed to have fixed effects. Site was used as a fixed factor in the

model because of the limited choice of the specific habitat required (see above).

Plots of residual versus fitted values of weights and numbers data from the model showed very little difference

whether log or square-root transformed. Square-root transformed data were chosen to stabilise the variance of

catch weights, which were then used separately in the model.

The significance tests for each effect in the model are based on the appropriate error terms as determined by the

expected mean squares (type III). This was determined using a 'Random' statement with the 'test' option in

PROC GLM (SAS Institute Inc., 1988).

RESULTS

Trawl performance

Essential details of the trawls' performance are given in Table 2. Trawl 2a produced the largest average distance

between otterboards: 71.1m. The wing-end spread of Trawl 1 was measured for only three tows, resulting in a

mean spread of 14.7 m or 57 percent of headline length. Prom the mean otterboard spread of this trawl, the

sweep and bridle angle to the direction of tow was calculated as 18". No difference was detected in warp tension

(total trawl drag) between trawls with or without the groundrope (Table 2). Trawl 1 was rigged for demersal

operation and its headline height (2.3 +/- 0.09 m) was equivalent to its vertical opening (i.e. the difference

between headline and footrope heights). Based on observed footrope heights and mean headline heights, the

vertical opening of trawls 2a and 2b was 3.0 and 3.15 m respectively.
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Table 2. Means and standard errors (in brackets) of otterboard spread, headline height and warp tension for the

three trawl types.

Trawl No. Mean otterboard spread (m) Mean headline height (m) Mean warp tension (t)

1 66.8(0.75) 2.3(0.09) 2.0(0.03)

2a 71.1(0.39) 3.5(0.09) 1.97(0.03)

2b 68.7(0.74) 4.1(0.08) 1.98(0.03)

Videos of trawls during the trials showed wide footrope spread. The footropes of trawls 2a and 2b were

observed to be uniformly clear of the sea bed for their entire length, with little change from the desired height.

Trawl catches

A total of 277 440 fish (196 species) weighing 12 413 kg was caught during the study. A total weight of 1680 kg

of epibenthic invertebrates (34 species or species groups) was also taken. Trawl 1 caught 219 285 fish (190

species) weighing 8 515 kg, and 1 638 kg ofepibenthic invertebrates (32 species or species groups); trawl 2a

caught 33 704 fish (109 species) weighing 3 153 kg, and 35.2 kg of epibenthic invertebrates (11 species or

species groups); trawl 2b caught 24 451 fish (82 species) weighing 745 kg, and 7.7 kg ofepibenthic

invertebrates (10 species or species groups).

Catch comparisons

The catches of 20 selected animal groups (main commercially important species and other groups of interest) are

described in Table 3 and nine of these are presented in Figure 3 (a-i). There were significant differences between

the catches of the three trawl types for seven of these nine species groups. Trawl 1 caught more fish bycatch,

more epibenthic invertebrate groups (sponge, other benthic invertebrates and T. orientalis) and more squid than

either of the semi-pelagic trawls. Squid also showed a significant interaction between gear, time of day and

trawl site, indicating that catch differences between gears were also affected by specific times of day and trawl
sites.

Although the difference in catches between trawl gear type was particularly striking for the invertebrates,
carcharhinid sharks and 'other elasmobranchs' were also caught in significantly higher abundance in trawl 1 .

The results for all of these animal groups were the same whether analysed by weights or numbers.

The two target species — Lutjanus malabaricus and L. erythropterus — showed no significant differences in

catches between the trawl types. However, both species appear to be caught ion greater abundance in trawl 2a.

The lack of significance between these catches from trawl 2a and the other two trawl types shows the high

degree of variability between catches of these two species during this study. This is demonstrated by the fact

that L. erythropterus and L malabaricus were represented in only 17.6 percent and 33.3 percent of trawls

respectively.

Ten other species of commercially important fish species and penaeid prawns also showed no difference in

catches between the three trawl types (Table 3). Most of these were less abundant and less frequently caught
than the two main target fishes.

Only four of the 20 selected animal groups (Table 3) showed differences in catches due to factors other than

gear. Catches of sponges and the Mackerel, Scomberomorus queenslandicus, both showed differences between

trawl sites, while catches of carcharhinid sharks and squid differed between sites but depending on the time of

day (showed significant time by site interactions).

In total, 107 fish species and 15 invertebrate taxa were caught in more than four tows, and so were analysed for

differences in catches between trawl types.

There were significant differences (p<0.05) between trawl types in the catches of 68 (63.5 percent ) species of

fishes. For a further 6 species of fish, the probability values were between 0.05 and 0.1. All except 7 of these 68

species were caught in greater abundance in trawl 1; these seven had highest catches in trawl 2a. All of these

(Dussumieria elopsoides, Arius thalassinus, Echeneis naucrates, Scomberoides tol, Selar crumenophthalmus,

Parastromateus niger and Rastrelliger kanagurta) are described by Smith and Heemstra (1986) as pelagic in
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Figure 3. Mean catches (and standard errors) of nine species from groups of
particular interest. The three trawl types represented are as follows: 0 =
demersal trawl (trawl 1); 0.4 = trawl fished semi-petagically at 0.4-0.5 m above
the sea bed (trawl 2a); and 0.8 = trawl fished semi-pelagically at 0.8-0.9 m
above the sea bed (trawl 2b).

(a) Lutjanus malabaricus (b) Lutjanus erythropterus (c) Sharks
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t3 Table 3. Mean and standard errors of catches (kg h~1) of animals in demersal wing trawls from the Gulf of Carpentaria site in November

1993. The trawls were rigged with their footropes 0.0 (trawl 1), 0.4 (trawl 2a) or 0.8 m (trawl 2b) above the sea bed. Only species caught in
>4 trawls are included. The total number of individuals caught and their percentage occurrence in trawls are also presented. F ratios and
probability statistics are presented from the test for differences between these catches. * = p<0.05, ** = p<0.01, *** = p<0.001, + = p>0.05
but<0.1. Commercially or recreationally important species are denoted thus: (C).

y

Taxon Species Total

Catch

% of

trawk

Trawl type

2a 2b

Carcharhinid sharks

Other elasmobranchs

Fish bycatch

Benthic

invertebrates (except

sponges)

Carcharhinidae

Rhynchobatidae

Dasyatididae

Gymnuridae

Clupeidae

Chirocentridae

Carcharhinus dussumieri

Hemigaleus microstoma

Rhizoprionodon acutus

Rhynchobatus djiddensis

Dasyatis leylandi

Himantura toshi

Gymnura australis

Dussumieria elopsoides

Herklotsichthys lippa

Pellona ditchela

Chirocentris dorab

(n) Mean s.e. Mean s.e. Mean s.e.

116

159

275097

4049

25

26.8

100

43.5

4.9

58.0

189.7

15.7

1.1

16.3

25.5

8.3

2.9 2.4 1.4 0.86

61.6 18.2 12.4 4.7

0.03 0.02 0.10 0.08

6.8 0.003 **

26.4 <0.001 ***

66.5 <0.001 ***

12.4 <0.001 ***

36

13

59

17

49

28

20

8

686

106

7

14.8

4.6

4.6

12.0

4.6

13.0

8.3

5.6

13.9

9.3

4.6

2.68

0.84

0.35

18.05

0.40

4.56

0.55

0.05

0.09

0.03

0.7

0.44

0.21

8.68

0.29

1.62

0.20

0.03

0.05

0.03

0.07

1.93

0.02

0.11

0.01

0.05

0.07

1.93

0.01

0.06

0.01

0.04

0.003

0.94

0.05

0.01

0.003

0.86

0.04

0.01

18.6

4.8

0.62

7.4

2.5

11.2

8.2

3.3

1.04

1.75

0.62

<0.001

0.014

0.54

0.002

0.09

<0.001

0.001

0.047

0.36

0.19

0.54

***

*

**

+

***

**

*
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Synodontidae

Ariidae

Holocentridae

Fistulariidae

Centriscidae

Scorpaenidae

Triglidae

Platycephalidae

Dactylopteridae

Serranidae

Teraponidae

Priacanthidae

Apogonidae

Saurida micropectoralis

Saurida sp. 2

Saurida undosquamis

Synodus hoshinonis

Arius thalassinus

Sargocentron rubrum

Fistularia petimba

Centriscus scutatus

Apistus carinatus

Lepidotrigla sp. 2

Elates ransonetti

Rogadius asper

Suggrundus isacanthus

Suggrundus macracanthus

Suggrundus rodericensis

Dactyloptena papilio

Epinephelus areolatus

Epinephelus sexfasciatus

Terapon jarbua

Terapon theraps

Priacanthus tayenus

Apogon quadrifasciatus

Apogon septemstriatus

1377

8195

5152

32

231

110

979

100

49

89

378

153

53

678

45

209

49

51

29

1076

15530

303

88

31.5

55.6

37.9

7.4

17.6

6.5

28.7

4.6

5.6

6.5

25.0

9.3

5.6

27.8

4.6

21.3

5.6

9.3

4.6

4.6

52.8

14.8

9.3

7.53

13.28

6.29

0.01

2.81

0.64

0.40

0.02

0.04

0.001

0.17

0.08

0.10

0.87

0.022

0.11

0.61

0.11

0.03

2.21

8.14

0.10

0.01

1.20

2.36

2.09

0.01

0.78

0.36

0.06

0.009

0.02

0.001

0.04

0.04

0.05

0.16

0.018

0.03

0.37

0.05

0.02

1.29

1.14

0.03

0.009

0.43

0.29

0.001

4.73

0.01

0.01

0.12

0.10

0.12

0.001

4.73

0.01

0.01

0.07

0.04

0.33

0.16

0.001

0.22

0.001

0.04

0.08

0.05

0.001

0.20

0.001

219.2

81.2

21.1

3.8

4.3

2.5

98.1

5.2

6.5

6.8

55.6

8.6

6.6

98.1

1.7

20.2

3.4

6.6

2.1

5.1

105.1

21.7

3.3

<0.001

<0.001

<0.001

0.03

0.02

0.098

<0.001

0.01

0.004

0.003

<0.001

<0.001

0.003

<0.001

0.19

<0.001

0.044

0.003

0.13

0.01

<0.001

<0.001

0.049

***

***

***

*

*

+

***

*

**

**

***

***

**

***

***

*

**

*

***

***

*
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Rhabdamia gracilis

Rachycentridae Rachycentron canadus (C)

Echeneidae Echeneis naucrates

Carangidae Alepes sp.

Atule mate

Carangoides caeruleopinnatus

Carangoides chrysophrys

Carangoides fulvogultatus

Carangoides humerosus

Carangoides malabaricus

Carangoides talamparoides

Caranx bucculentus

Decapterus macrosoma

Decapterus russellii

Gnathanodon speciosus (C)

Megalaspis cordyla

Scomberoides tol

Selar crumenophthalmus

Selaroides leptolepis

Seriolina nigrofasciata

Formionidae Parastromateus niger

Leiognathidae Gav.a minuta

Leiognathus bindus

161

15

65

195

307

838

165

10

152

2542

424

820

5038

3437

253

616

477

2992

4184

134

567

7S

36941

6.5

6.5

21.3

19.4

32.4

37.0

19.4

4.6

8.3

38.9

23.2

16.7

25.9

45.4

10.2

6.5

28.7

62.0

47.2

13.9

28.7

5.6

50.9

<0.001

0.07

0.06

0.37

0.28

1.64

0.56

0.07

0.45

2.73

0.20

2.71

0.78

3.06

0.67

1.61

0.26

1.68

5.16

1.60

0.5

0.10

8.27

<0.001

0.07

0.03

0.23

0.12

0.57

0.27

0.07

0.26

0.70

0.05

1.13

0.65

2.5,

0.61

1.57

0.12

0.66

2.15

0.59

0.28

0.07

1.60

0.002

0.54

0.40

0.07

0.34

0.32

1.79

0.08

0.02

0.23

0.11

0.52

2.34

1.7

19.08

3.57

0.78

4.14

2.72

2.43

0.43

0.002

0.38

0.12

0.03

0.117

0.12

1.59

0.05

0.01

0.14

0.06

0.47

1.88

0.77

14.56

3.57

0.27

1.22

1.03

0.96

0.28

0.04

0.14

0.02

0.33

0.31

0.05

0.08

0.003

1.20

0.13

0.17

0.09

0.34

0.41

0.07

0.17

1.35

0.08

0.002

0.41

0.004

0.42

0.04

0.08

0.02

0.21

0.27

0.04

0.08

0.003

1.13

0.13

0.15

0.07

0.22

0.34

0.07

0.08

0.71

0.05

0.002

0.19

0.004

0.28

0.95

1.1

4.7

1.8

0.39

10.4

1.2

0.15

3.2

13.3

2.7

6.5

1.4

1.5

2.2

0.37

5.0

3.6

11.0

20.5

5.3

2.5

61.2

0.39

0.34

0.015

0.19

0.68

<0.001

0.31

0.86

0.05

<0.001

0.083

0.004

0.25

0.24

0.13

0.7

0.011

0.036
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Sparidae Argyrops spinifer (C)

Mullidae Upeneus sp. 2

Upeneus sulphureus

Ephippididae Platax batavianus

Chaetodontidae Parachaetodon ocellatus

Pomacentridae Pristotis jerdoni

Sphyraenidae Sphyraena forsteri

Sphyraena putnamiae

Labddae Choerodon monostigniu

Uranoscopidae Uranoscopus cognatus

Callionymidae Callionymus japonicus

Siganidae Siganus canaliculatus

Siganus fuscescens

Trichiuridae Trichiurus lepturus

Scombridae Rastrelliger kanagurta

Scomberomorus queens landicus (C)

Psettodidae Psettodes erumei

Bothidae Grammatobothus polyophthalmus

Pseudorhombus diplospilus

Pseudorhombus elevatus

Pseudorhombus spinosis

Triacanthidae Trixiphichthys weberi

Balistidae Abalistes stellaris

17

927

8358

74

117

503

201

23

128

34

63

78

20

35

2604

17

121

207

261

384

107

364

193

4.6

18.5

45.4

4.6

9.3

14.8

16.7

6.5

13.9

8.3

6.5

6.5

7.4

8.3

39.8

8.3

12.0

17.6

24.1

25.0

11.1

19.4

27.8

0.13

1.12

5.11

0.75

0.18

0.24

0.44

0.24

0.30

0.02

0.03

0.31

0.09

0.51

0.31

1.22

0.19

0.92

0.33

0.19

0.70

2.6

0.07

0.22

1.04

0.56

0.07

0.14

0.17

0.14

0.09

0.01

0.01

0.23

0.06

0.14

0.15

0.40

0.06

0.21

0.08

0.07

0.22

0.77

0.10

0.01

0.78

1.49

0.04

0.05

0.29

0.01

0.06

0.008

2.78

0.15

0.02

0.32

0.08

0.008

0.41

1.16

0.02

0.04

0.19

0.01

0.06

0.006

1.12

0.10

0.01

0.10

0.91

0.006

0.009

0.01

0.02

0.19

0.08

0.01

0.88

0.006

0.009

0.01

0.02

0.10

0.06

0.01

1.5

85.2

17.8

1.4

10.7

5.7

10.5

1.7

18.6

5.9

6.3

2.5

1.03

1.04

5.98

0.74

13.6

18.7

39.2

46.7

11.4

18.5

14.8

0.24

<0.001

<0.001

0.26

<0.001

0.007

<0.001

0.19

<0.001

0.006

0.004

0.09

0.37

0.36

0.005

0.48

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

***

***

***

**

***

***

**

**

+

**

***

***

***

***

***

***

***

mI
ST
2.

ŝ
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Monacanthidae

Ostraciidae

Tetraodontidae

Diodontidae

Porifera

Anthozoa

Zoantharia

Crustacea

Scyllaridae

Mollusca

Bryozoa

Echinodermata

Ascidiacea

Paramonacanthus filicauda

Rhynchostracion nasus

Lagocephalus sceleratus

Cyclichthys jaculiferus

Gorgonacea

Alcyonaria

Scleractinia

Brachyura

Peneiodea (C)

Thenus orientalis (C)

Scallops

Cuttlefish

Squid (C)

Octopus

Asteriodea

Echinoidea
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Effects of Trawl design on Bycatch and Benthos in Prawn and Flndsh Fisheries

habit, which would make them more likely to be caught higher in the water column. No species had highest

catches in trawl 2b.

The 68 species that were caught in greatest abundance in trawl 1 came from 40 different families. Several

families had many species caught mainly in this trawl type: three of the four carcharhinid sharks, two of three

rays, all four synodontids, four of the five platycephalids, seven of the 17 carangids, four of the six leiognathids,

all six nemipterids, both species of gerreids and mullids, all four species of bothids but none of the six species of

lutjanid. The only representatives analysed, of 19 families, were caught in greatest abundance in trawl 1.

There were significant differences (p<0.05) between net types in catches of 12 of 15 groups ofepibenthic

invertebrates: they were all caught in greatest abundance in trawl 1.

DISCUSSION

Trawl performance

The trials demonstrated the effectiveness of a demersal wing trawl rigged for semi-pelagic operation in

maintaining catch rates of L. malabaricus and L. erythropterus while passing over most benthic species. The

handling problems of the fork-rigged Julie Anne trawl had been overcome by using the sweep and bridle

configuration used in most demersal operations. When rigged semi-pelagically, the wing trawl is relatively

simple to operate and consequently more likely to gain industry acceptance. Its onboard handling was little

different to a standard demersal trawl: the footrope weights had to be removed before storing the net drum to

prevent fouling of meshes. The use of a groundrope of similar total weight to the five footrope weights might

eliminate this.

The small amount of otterboard spread and headline height variation in all trawls suggests the trawl was stabile

during the fishing operation. This was confirmed by video observations and the consistent number of polished

'dropper* chain links. Its stability was attributable to the large spreading forces generated by the otterboards,

which were bigger than normally required to spread this size of demersal trawl.

Trawl 1 attained a wingend spread of 57 percent of headline length. While wingend spread was not recorded for

trawls 2a and 2b, their otterboard spread measurements implied their wingend spreads were greater than that of

trawl 1. Trawls operated with large distances between wingends are often considered to be overspread, which,

according to Engas & God0 (1986), increases footrope tension and reduces trawl contact with the sea bed. As

one of the criteria examined by these trials was minimal trawl impact on the benthic community, reduced sea

bed contact is a desirable characteristic of this trawl. The use of appropriately sized otterboards to generate large

wingend spreads, combined with the selective use of floats and footrope weights may be necessary to achieve

desired footrope clearances.

The larger wingend spreads in the semi-pelagic trawls may explain the higher catches of some species in trawl

2a. Alternatively, these fish may simply occur higher off the sea bed than the species that had higher catches in

the demersal trawl. The fishes with the highest catches in trawl 2a (0.4 - 0.5 m above the sea bed) were always

caught in lower abundance in the trawl raised to 0.8 - 0.9 m (trawl 2b). The obvious explanation is that when the

footrope is raised to this height it gives enough clearance between it and the sea bed to enable the fish to escape.

However, the behavioural reaction of fish to such trawls is largely unknown.

Fish catches

Catches of all fishes combined were considerably larger in the demersal fish trawl (trawl 1) than the A large

proportion of bycatch reduction information (in particular, the most recent advances) is not reported in the

literature. It was considered that first hand discussions with people at the major semi-pelagic versions (trawls 2a

and 2b) of the same trawl. Trawl 1 caught 6.5 times more fish (by number) than trawl 2a (0.4 - 0.5 m above the

sea bed) and 9.0 times more than trawl 2b (0.8 - 0.9 m). The fish biomass was 2.7 and 1 1.4 times higher than in

trawls 2a and 2b, respectively. The catches are higher than are likely in the commercial fishery because the legal

codend mesh size is 110 mm, whereas we used 50 mm mesh, but the difference would nonetheless be

substantial.
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When the whole trawl rig is lifted off the sea bed, much less small fish bycatch is caught. As the only difference

between the demersal and semi-pelagic rigs is the raising of the trawl, it is likely that many of these fish escape

under the footrope, sweeps or bridles.

The greatest concern to the fishing industry when introducing new gear is its ability to maintain catches of the

target species. Our results support those ofRamm etal. (1993) that catches of both red snappers (L. malabaricus

and L. erythropterus) and two other commercially important snappers —L. argentimaculatus and L. russelli —

are not decreased by using a semi-pelagic trawl. Further, we found that the catches of all other lutjanids

(including L. sebae) were essentially the same in the demersal and semi-pelagic trawls. In fact, the mean catches

of L. malabaricus, L. erythropterus and L. argentimaculatus were higher in the trawl at 0.4 - 0.5 m above the sea

bed, although these were due to one or two unusually large catches. Most of these commercial species of

Lutjanus appear to be aggregated and so this type of non-targeted sampling regime is likely to result in high

variability between catches. Consequently, although the highest catches of the main target species were clearly

highest in the trawl at 0.4-0.5 m above the sea bed, it is difficult to be confident of this result from this study.

We can be confident, however, that the semi-pelagic trawls do not decrease catches of the target species. It

appears these species do not escape en masse under the footrope when it is raised to 0.4 - 0.5 m, but that raising

the whole trawl results in catches of more individuals that swim higher in the water column. The trawl fished at

this height caught more of the target fishes than the 0.8-0.9 m trawl rig.

The species of fishes that are not caught by the semi-pelagic trawls are from a range of families. They include

benthic groups (e.g. rays, synodontids, platycephalids, mullids and bothids), and many common epi-benthic

groups (e.g. carcharhinid sharks, leiognathids, nemipterids and gerreids). Our results clearly show that by using

semi-pelagic instead of demersal trawls, catches of many of these common non-target trawl species are reduced.

Invertebrate catches

Catches of epibenthic invertebrates are dramatically lower in the semi-pelagic version of the fish trawl. Trawl 1

caught 46 and 213 times more benthos (by weight) than trawls 2a and 2b, respectively. The footrope of the

semi-pelagic trawls simply passes over most of the benthos, with only the highest forms being captured.

Personal observation also suggests that some benthos is picked up by the sweeps and bridles (in contact with the

sea bed) and a proportion of this ends up in the net. The amount of damage to the benthos from this cause was

not measured. Neither semi-pelagic trawl caught many benthic invertebrates.

Other commercially valuable species, which are often kept as a byproduct, were seldom caught in the semi-

pelagic trawls (e.g. squid, Thenus orientalis).

BENEFITS

Relatively simple modifications to a demersal wing trawl enabled it to fish semi-pelagically and conform to the

regulations for the Northern Fish-trawl Fishery, while maintaining its ability to catch the target species. The
main advantages over a demersal trawl are:

• catches of the target species (red snappers) are the same or greater

• catches of unwanted bycatch of small fishes and benthic invertebrates are very much smaller

• catches contain fewer non-target species and therefore are of a higher quality

• the trawl is less likely to be damaged on rough sections of the sea bed.

The semi-pelagic wing trawl we tested is an improvement on the earlier 'Julie Anne trawl' . The problems

experienced with the 'Julie Anne trawl' have been largely overcome and handling of the trawl is much simpler.

The rigging arrangement used in the trials could be easily and cheaply adapted to most demersal fish trawls.

Semi-pelagic versions of fish trawls, such as that described here, have also been used to benefit other demersal

trawl fisheries. A semi-pelagic version of a demersal trawl was developed to improve catches of squid and

butterfish when they move off the bottom at certain times in the fishing season (Goudey 1987). A semi-pelagic

trawl tested by Alshuth (1989) caught more 8 cm sprats (Sprattus sprattus L) at night than a bottom trawl; the

Final Report: Project 93/179 J?



Effects of Trawl design on Bycatch and Benthos In Prawn and Flnfish Fisheries

converse applied to 9 cm sprats during the day. In some circumstances there may, therefore, be advantages of

being able to convert from a demersal to a semi-pelagic style trawl depending on the fishing requirements.

Dkect links between preserving the benthos (and other non-target communities) and sustaining a fishery have

not been proven. However, by minimising the impact of trawling on non-target animals it is more likely that the

marine community will be retained in its original form and therefore better able to sustain the fishery resource in

the long-term. The more conservative 'preserve just in case' approach has been increasingly adopted by fishers

in the last decade and is seen more and more as 'smart fishing'. This will become more important in the next

few years as more boats are granted access to the Northern Fish-trawl Fishery (Newton et al. 1994).

Many other trawl fisheries that currently use demersal trawls could use semi-pelagic fish trawls. This includes

the South East (about 125 boats) (Kailola et ai, 1993); North West Slope (about 12 boats) and Western

Deepwater (about 15 boats) Trawl Fisheries on Australia's continental shelf. The advantages of using more

environmentally friendly trawls could well apply to these and other trawl fisheries in Australia and elsewhere.

OBJECTIVE 2
• Develop and test Bycatch Reduction Devices suitable for Australia's Northern Prawn

Trawl fishery

A. Review and evaluation of existing strrtegies

(a) Visits to main centres of bycatch-reduction research

Much of the work on bycatch reduction (in particular, the most recent advances) has not been reported in the

literature. CSIRO and AMC therefore funded a visit to the main centres of research into bycatch reduction for

two key project staff in February 1994. The trip is reported in Appendix A; the centres and people visited are

listed in Appendix B.

The information gathered from this three-week trip put the project in a position to speed up the development and

testing ofBRDs for the NPF. Some of the benefits are listed below:

first-hand experience of the many BRDs being used around the world

several of these devices were viewed in flume tanks in Hirtshals (Denmark) and Hull (England)

• practical discussions with scientists and fisheries technologists about the performance and handling of

BRDs, and ultimately their suitability for the NPF

• discussions with scientists about techniques and pitfalls of survival studies on bycatch escapees from trawls

• discussions with scientists and fisheries technologists about techniques and pitfalls of underwater video
studies of animals in trawls nets

• received feedback on many aspects of the project

• broadened the profile of Australian BRD research by presenting preliminary results in seminars at each site

The information gathered during this trip greatly streamlined many aspects of the development and testing of

BRDs and the other associated research, such as obtaining video data, conducting survival experiments, and

industry liaison. Many of these benefits are difficult to measure, but some results are mentioned below.

The devices selected for testing were two inclined grids (Super Shooter, Nordm0re) and four other BRDs

(Radial Escape Section, Fisheyes, Square-mesh panels and Square-mesh codends). Fish-stimulator devices, used

in conjunction with BRDs; were also chosen: 'hummer-wire stimulator',' black cylinder stimulator' or 'fish-

mouth stimulus' and 'glow netting'. These are designed to orient captured fish to the escape device and so

enhance escapement. They are described in more detail in the BRD research report below.

(b) Review of literature

Background information on bycatch reduction technology and research was obtained from the international

literature, much of which is cited in this report.
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(c) Survey of fishers' views

During the 1994 closed season, a questionnaire was sent to 32 skippers, five skipper/owners and one owner in

Cairns, Darwin and Brisbane to find out their views and their concerns about bycatch.

A second questionnaire was used to collect information about bycatch caught during trawling for tiger prawns.

The questions focussed on: how often different bycatch groups were caught; problems caused by the capture of

each species; and the bycatch groups the fishermen would most like to exclude from their catch. This

information was then used in selecting which BRDs to test.

For the purpose of this study bycatch was grouped in the following categories: fish; large animals such as rays,
shovelnose sharks, other sharks and turtles; area-specific benthic organisms including heart urchins ('sea eggs'),

sponges and corals; and seasonally occurring animals such as jellyfish. Squid, bugs and scallops were classified

as byproduct rather than bycatch, because they have a commercial value to the fishermen.

The fishers' stressed that many of the bycatch categories were generally found in specific areas. For example,

catches from the Weipa area are dominated by fish, while more sponges are taken around Bountiful Island.

Hence, it is difficult to generalise about the occurrence of different bycatch groups in catches throughout the

NPF. Fishers also commented that areas that have been regularly fished over the years have been cleared of

much of the large benthic material.

RESULTS OF THE SURVEY

Small fish are apparently the most common components of bycatch; 97 percent of fishers reported them in every

haul of the net. Their capture often caused delays in sorting the catch, and large hauls resulted in loss of prawns,

because their weight closes the gear. A 'try-net', a small trawl that can be hauled in after a short time can be

used to monitor the composition of the catch. If there are large numbers of fish, skippers generally shorten the

length of the tow.

Small fish bycateh caused no problems to 26 percent of fishers. These skippers have sorting hoppers on their

vessels, which reduces delays, and thereby improves product quality (due to less time on deck).

Large animals were caught in every shot according to 10 percent of fishers, or in every second to tenth shot (55

percent of fishers). However, some skippers observed that the number of large animals caught in nets had

declined in recent years.

The biggest problem with the large animals (the "monsters") is the damage they inflict on the prawns during

capture. Their sheer size and weight squash the prawns as they tumble around in the codend and crush others as

they hit the sorting table. Live "monsters" can also sweep prawns over the side of the boat when they thrash

about on the table.

Large animals can also damage nets during capture. Shovelnose sharks, considered by fishers to be the strongest

and most violent of the group, are a particular problem. Several skippers reported that sharks could also force

their snouts through the codend exit and loosen the securing knot, creating an opening through which the prawns

are lost. Sharks in the water bite holes in nets while attempting to steal catch, and sawfish can split open the side

of a net with their blade-like snouts.

"Monsters" may even injure crew while on deck. The serrated stinging spines on the tails of rays can inflict

severe wounds, and the thrashing of large sharks can turn prawns and small fish into dangerous projectiles. The

extra care required to deal with these animals results in delays with sorting the catch.

The number of benthic organisms captured, including heart urchins (sea eggs), corals and sponges, depended on

the area fished, according to the skippers. Where abundant, they might be caught in every shot; in other areas,

none are caught. Large sponges and corals crush prawns, their weight closes the gear and can cause further loss

through the build-up in bycatch weight, which reduces the efficiency of the gear and sometimes the damage the

nets.

Sea eggs are seen as a growing problem; their abundance appears to have increased over recent years. In some

areas they occur in such large numbers that they can quickly fill a trawl and cause the net to 'blow out', resulting

in the loss of both prawns and fishing time. Nets suffered more 'chaffing' when they were towed through beds

ofhardurchins.
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Large quantities of sea eggs also cause delays in processing the catch, and leave behind a trail of sore fingers

among crew members who have to sort them. The spines responsible for this also damage the prawns.

Catches of sea eggs can be reduced by regular monitoring of the try net. Most skippers reported that they avoid

areas where sea eggs occur in large numbers. However, when no alternative fishing areas are available fishers in

the NPF make the gear fish 'lighter' to avoid the sea eggs, although there was some loss of prawns.

Large numbers ofjellyfish can occur sporadically in the Gulf; the year of 1985 was most vividly remembered by

fishers. If a careful eye is not kept on the build-up ofjellyfish, or 'blubber' as they are called by operators in the

fishery, their weight can split the net open. 'Blubber' shoots have been incorporated in gear to try to alleviate

this problem, but generally skippers look for alternative fishing grounds.

Less than five percent of bycatch is retained as byproduct. This includes scallops, bugs, squid and some larger

fish; they make a useful contribution to the vessel's earnings (Fender et al; 1992). Other products such as shark

fins and trunks, and ray wings are sold by some fishers. The value of such byproducts influence fishers' views

as to which animals they label "unwanted" and wish to be excluded from their catch.

Skippers and owners were asked which of the bycatch groups they would most like to exclude from their catch

if the technology were available. Fishers assigned priorities to each group and we then calculated an overall

index of priority of exclusion for each group.

The group skippers would most like to exclude from their catch stingrays (Figure 4) followed by sea eggs . Sea

eggs were next although 47 percent of fishers did not see them as a problem. Small fish rated third, followed by

sharks, shovelnose sharks, sponges, jellyfish, turtles and corals. Overall, large animals and fish were identified

as the bycateh components fishers most wanted to be excluded. This finding influenced the selection of BRDs to

be tested during the research cruise in February and March 1995.

Fishers generally agreed that there would be advantages in reducing bycatoh as long as there was no associated

loss of prawns. The main benefits would be improved quality of product, due to reduced damage to the prawns

and shorter sorting times; increased gear efficiency with smaller amounts of bycatch to tow around; and reduced

net damage. As one skipper stated, 'a reduction in bycatch would produce a better quality product and a happier

crew'.

Figure 4. Priorities for exclusion of bycatoh group assigned by Northern Prawn Fishery operators.

Shading indicates the groupings we used.

Bycatch
Group

2 4

Index of importance of exclusion
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B. Developing and testing Bycatch Reduction Devices for Australia's
Northern Prawn Trawl Fishery

Trawl fisheries throughout the world are now being required to use Bycatch Reduction Devices as a result of

pressure from several sources. Conservation organisations have successfully lobbied governments to introduce

measures to protect endangered or vulnerable marine species such as dolphins and sea turtles (e.g. Watson and

Seidel 1980, Watson and Taylor 1988, Watson et al. 1993). Scientific research has also influenced fisheries

managers to legislate for trawl gear that minimises impact on non-target marine organisms. In Australia s

Northern Fish-trawl Fishery .(Newton et al. 1994). After Sainsbury et al. (1987) showed that trawling removed

structured benthos, which affected the species composition of the fish community on Australia's North West

Shelf and introduced management required fish trawling to be semi-pelagic BRDs to decrease catches of

unwanted bycatch that are target species for other fisheries (e.g Watson and Taylor 1988, Watson et al.1993,

Broadhurst and Kennelly 1995) or juveniles of the same fishery (Isaksen et al. 1992). In the latter case, the use

of a separator panel has helped fishing to continue on prawn grounds that otherwise would have been closed to

trawling. Although the impetus for the introduction ofBRDs has differed between fisheries, the result is a

growing trend towards increasing the selectivity of trawls by decreasing the amount of unwanted bycatch.

So far, all management procedures in Australia's Northern Prawn Fishery (NPF hereafter. Figure 5) e.g.

seasonal, spatial and daytime closures, limited entry and gear (size and number) restrictions — have been

developed to control the effort of individual operators to maximise long-term prawn yields. Despite the

government's requirement for ecologically sustainable management, no specific regulations have been

promulgated to help protect non-target species in this ecosystem.

There are many advantages to decreasing the amount of unwanted bycatch in prawn trawls. Firstly, it would

minimise changes to the marine community, including disturbing the sea bed and deaths to species that are

vulnerable or endangered. Secondly, fishers would benefit from higher catch values (because the product would

suffer less damage), shorter sorting times, lower fuel costs (reduced net drag) and longer tow times (the codend

would fill more slowly) — and fishers would hear less criticism from community groups. Thirdly, recreational

and other commercial fisheries would benefit from a reduced impact on species they target. Despite these

advantages the fishing industry is concerned that changes to trawl gear that reduce the unwanted bycatch might

also reduce prawn catch rates. Hence, the acceptance ofBRDs in Australia's NPP will depend on their ability to

maintain prawn catches as well as reduce unwanted bycatch.

Pressures from conservation groups and the government's policy to develop ecologically sustainable fishing

practices have prompted the funding of several other projects to develop and test BRDs. The 'AusTED'

developed by Mounsey et al. (1995) was independently tested by Robins-Troeger et al. (1995). They reported it

significantly reduced bycatch, including turtles, without significant losses in prawn catch at 5 different sites in

coastal trawl grounds of south-east Queensland. In New South Wales' estuarine and offshore prawn-trawl

fisheries, several BRDs, including the Morrison soft TED, square-mesh panels (offshore) and the Nordm0re grid

(estuary) were tested (Andrew et a\. 1993, Broadhurst and Kennelly 1995,1996a, 1996c). The last two BRDs

have been widely adopted in these fisheries (pers comm, M. Broadhurst).

The NPP is Australia's largest prawn fishery and one of the most valuable fisheries in Australia, with an annual

production between 8 000 and 10 000 tonnes (Somers, 1994). It is estimated that greater than 30 000 tonnes of

bycatch are taken from the NPF each year (Fender et al., 1992; Ramm et al., 1990). Despite this, there has been

very little previous research into bycatch reduction technology in the NPF.

In this section we report the first trials ofBycatch Reduction Devices in Australia's tropical NPF. The report is

in two sub-sections: one reporting a set of tests of the performance of two sizes of square-mesh codend and a

second reporting comparisons of a variety of other BRD devices. The same general method was used to study

BRD performance throughout the project (see Figure 6) and described in detail in Objective 2 section B2.

Final Report: Project 93/179 ^3



^ Figure 5. Sketch map of Australia's Northern Prawn Fishery (Source: The AFMA Northern Prawn Fishery 1996 Information Booklet)
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Figure 6. A diagram of the general method used to study bycatch
reduction devices and facilitate their adoption into the NPF
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B1. Comparison between diamond and square-mesh codend catches in the
Northern Prawn Fishery of Australia

INTRODUCTION

Australian fisheries management authorities are bound by law to manage fisheries under the principles of

ecologically sustainable development. Under these principles, the reduction ofbycatch non-target species caught

incidentally to the species at which effort is directed - has become a priority.

The NPF is one of the most valuable fisheries in Australia. Its production of prawns ranges between 8000 and

10000 tonnes (Pownall, 1994). However, it is estimated that over 30000 tonnes ofbycatch is discarded from the

NPF each year (Fender et al., 1992; Ramm et al., 1990). The bycatch consists mainly of small fish of many

species. In order to meet the criteria for environmentally sustainable development of the NPF, managers have

had to address the issue of bycatch reduction.

Management bodies in conjunction with researchers and fishers in the NPF have tested modified fishing gear to

reduce bycatch while maintaining the prawn catches. Fishing gears are inherently selective and can be modified

to change both the species and sizes they retain while maintaining the flexibility of fishing operations,

(Suuronen, 1995). For example, it has long been known by fishers, and has been confirmed experimentally, that

fewer smaller fish are retained in trawls if the mesh size in the codends is increased (Armstrong et al., 1990). It

has also been shown that 'square-mesh' can enhance the selectivity of a trawl codend (Robertson and Stewart,

1988).

In square-mesh construction, the twines run along and across the net, rather than diagonally as in the more

traditional diamond-mesh. The two sets of twines in square-mesh netting are always at right angles to one

another, maintaining the open square shape of the meshes (MacLennan, 1992).

Square-mesh codends are more selective for most roundish species than are diamond-meshes (Robertson, 1983;

Isaksen and Valdemarsen, 1986; Robertson and Stewart, 1988; Cooper and Hickey, 1989; Suuronen and Millar,

1992); however, they are less effective at releasing smaller (Cooper and Hickey, 1989; Millar and Walsh, 1992;

Walsh, et al., 1992) or show little difference (Ponteyne and M'Rabet, 1992). In a shrimp fishery in Iceland,

square-mesh codends reduced the bycatch of small fish dramatically and the catch of under-sized shrimp to a

great extent CThorsteinsson, 1992).

The objectives of this part of the study were : (i) to compare the proportions of the commercial prawn species

and the bycatch species retained in two different-sized (38 mm and 45 mm) square-mesh codends, with the

proportions retained in the traditional diamond-mesh (45 mm) codend, and (ii) to assess the overall potential of

square-mesh codends to reduce bycatch in the NPP while maintaining the catches of prawns.

MATERIALS AND METHODS

Two identical fourteen-fathom (25.6 m) headline length Florida Flyer prawn trawls were towed in a dual rig

arrangement (Figure 7) by a 65 m research vessel (FRY Southern Surveyor). Each trawl was constructed from

57 mm polyethylene netting. Trawl opening was achieved by No. 9 Bison otter boards (1990 mm x 1435 mm)

each weighing 490 kg. A sled weighing 500 kg provided an attachment point for the inner wingends of both

trawls. The main warp wire were attached to the otter boards and sled with 100 m of 16 mm diameter wire

bridles.

The diamond-mesh codend, measuring 150 x 150 meshes, was constructed from 44.5 mm knotted polyethylene

mesh. This construction duplicated the standard codend used in the fishery. The square-mesh codends were

constructed from 38 mm or 45 mm mesh knotless braided polyamide (Figure 8). Codend covers of 16 mm

polyamide diamond-mesh netting were used to fully enclose each codend so we could quantify the small

animals that escaped through the codends. To support the shape of the codend-cover and hold it off the square-

mesh codend, the cover was fitted with two hoops of 12 mm diameter steel. They provided ample clearance for

fish to escape through the codend into the codend cover. The larger hoop (1.5 m in diameter) was 3.36 m in

front of the other (1.2 m in diameter). Thirty-six floats of 45 mm diameter and 90 mm length (flotation = 0.1 kg)

and one 10 mm diameter float (flotation = 0.75 kg) were used to counter the negative buoyancy of the

polyamide netting and steel hoops.
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-a

.3 Figure 7 . Plan view of the dual-rigged 14 fathom Florida Flyer prawn trawl used in trials to test

bycateh reduction devices.
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Effects of Trawl design on Bycateh and Benthos In Prawn and Flnfish Fisheries

The trawl was rigged with the diamond mesh in one codend, and one of the two square meshes in the other. All

tows were made at 1.5 m s-1, using a warp-to-depth ratio of 5:1. Tow duration was 30 minutes and all tows were

made at night. The diamond and square-mesh codends were exchanged at the beginning of each night's trawls.

Study area

Fish were collected in the north-east Gulf of Carpentaria about five nautical miles west of Duyfken Point in

Albatross Bay (Figure 9). This is a commercial fishing area. Trawls were made at depths between 18 and 25 m.

Figure 9 . North-east Gulf of Carpentaria showing the study area

used during trials of bycatch reduction devices.
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DATA COLLECTION AND ANALYSES

Thirty-three paired tows of the 38 mm square-mesh codend and forty-one paired tows of the 45 mm square-

mesh codend were made against the diamond-mesh. The catches from the diamond and square-mesh codends

and their covers were processed separately. The weight of the entire catch from each sample was recorded and

all fish greater than about 1 kg were sorted, identified to species and weighed on board. All commercial prawns

(Penaeus semisulcatus, P. esculentus, Metapenaeus ensis and M. endeavouri,) in each sample were identified to

species, counted and weighed. Their carapace lengths were measured with callipers to the nearest millimetre.

The remainder of the catch in each sample was sorted and the total number and weight of each species recorded.

Or, if the remainder (mainly small fish and invertebrates) was large, it was sub-sampled (usually between 10

percent and 50 percent of the catch), and the total numbers and weights of each taxon from each tow was

calculated. Catch samples from tows in which the net was damaged or not operating correctly were discarded.

DATA ANALYSIS

By adding together the catches in the codend and the codend cover we knew how many animals entered each

trawl, and what percentage of the total catch went through each of the codends.

We examined the retention characteristics of each codend in terms of numbers and weight of both prawns and of

bycatch (using only taxa that appeared in ten or more tows). A linear model in SAS with two factors — codend

mesh and haul — was fitted. Each haul was considered as a 'block' (Snedecor and Cochran, 1980) to minimise

the residual variation and improve our ability to detect a difference between the two types of mesh. Before

analysis, the data were arc-sine transformed to stabilise the variance. Fi.r convenience, the data were

transformed to a 100-point scale (rather than degrees or radians), so that they could be treated as pseudo-

percentages.

RESULTS

A total of 11595 commercial prawns weighing 332.15 kg, and about 64 8955 (274 taxa) bycatch items weighing

13189 kg, were caught in the paired tows. The numbers and weight of both prawns and bycatch from the
diamond-mesh codend and its cover, and from the square-mesh codends and their covers are detailed in Table 4.

Catch rates of commercial prawns during the 38 mm mesh trials were 75.6±8.6 individuals per tow (by

numbers), and 2.07±0.21 kg per tow (by weight) in the net with the diamond-mesh codend; and 73.2±7.3

individuals per tow (by numbers), 2.03±0.16 per tow (by weight) in the net with the square-mesh codend. Catch

rates ofbycatch were 4530.4±454.4 individuals per tow (by numbers), 86.77±6.15 kg per tow by weight) in the

diamond-mesh codend; and 3962.7±455.4 individuals per tow (by number), 86.55±7.91 kg per tow (by weight)
in the square-mesh codend.

Catch rates of commercial prawns during the 45 mm mesh trials were 85.7±7.9 individuals per tow (by number),

2.44±0.20 kg per tow (by weight) in the diamond-mesh codend; and 77.3±7.7 individuals per tow (by number),

2.3±0.2 kg per tow (by weight) in the square-mesh codend. Bycatch catch rates were 5230.6±553.2 individuals

per tow (by number), 102.28±9.72 kg per tow (by weight) in the diamond-mesh codend; and 4419.3±509.8

individuals per tow (by number), 93.27±10.78 kg per tow (by weight) in the square-mesh codend.

In the 38 mm square-mesh codend trials, the overall retention of commercial prawns was 95.7 percent by

numbers and 98.5 percent by weight in the diamond-mesh codend and 92.1 percent by numbers and 97.0 percent

by weight in the square-mesh codend; a difference of 3.6 percent by number and 1 .5 percent by weight. The

overall loss ofbycatch was 33.8 percent by numbers and 10.4 percent by weight from the diamond-mesh

codend, and 34.5 percent by numbers and 14.4 percent by weight from the 38 mm square-mesh codend; a

difference of 0.7 percent by numbers and 4.0 percent by weight ofbycatch.

In the 45 mm square-mesh codend trials, the overall retention of commercial prawns was 90.0 percent by

numbers and 98.4 percent by weight in the diamond-mesh codend, and 78.1 percent by numbers and 92.1

percent by weight in the square-mesh codend; a difference of 11.9 percent by number and 6.3 percent by weight.

However, the loss consisted mainly of non-market-sized prawns (see below). The overall loss ofbycatch was

26.2 percent by numbers and 7.9 percent by weight from the diamond-mesh codend, and 56.3 percent by
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Table 4. Total number and weight of commercially important prawns and bycatch items caught in

(a) 38 mm square-mesh codend vs 45 mm diamond-mesh codend

Codend

Codend

Totals

mesh

Cover

Diamond

Square

Diamond

Square

Prawn catches (n =

Number

2387

2225

108

190

4910

Weight (kg)

67.18

64.97

1.01

2.03

135.19

33)

Mean wt (g)

27.37 ±1.38

29.40 ± 0.97

10.63 ±1.30

11.32 ±0.78

Bycatch catches (n

Number

96055

83130

49071

43768

272 024

Weight (kg)

2491.38

2373.73

287.84

397.94

5 550.89

=32)

Mean wt (g)

86.87 ±29.16

140.96 ± 54.78

11.68 ±1.42

13.19 ±0.33

<a

(b) 45 mm square-mesh codend vs 45 mm diamond-mesh codend

^

Codend

Codend Cover

Totals

Diamond

Square

Diamond

Square

Prawn catches (n = 41)

Number

3126

2475

388

696

6685

Weight (kg)

99.26

88.47

1.64

7.59

196.96

Mean wt (g)

26.93 ± 0.92

33.48 ± 0.78

8.22 ±1.08

14.41 ± 1.09

Bycatch catches

Number

150 754

75507

53563

97107

376931

Weight (kg)

3678.58

2320.54

317.48

1321.70

7638.30

(n=39)

Mean wt (g)

122.50 ±37.05

177.51 ±49.73

13.55 ±2.04

35.39 ±14.61
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numbers and 36.3 percent by weight from the 45 mm square-mesh codend; a difference of 30.1 percent by

numbers and 28.4 percent by weight.

The commercial prawn catch from the 38 mm square-mesh trials consisted of the grooved tiger prawn P.

semisulcatus (61.1 percent by numbers), the red endeavour prawn M. ensis (28.9 percent), the brown tiger prawn

P. esculentus (8.0 percent) and the blue endeavour prawn M. endeavouri (2.0 percent).

The commercial prawn catch from the 45 mm square-mesh trials consisted of P. semisulcatus (50.4 percent), M.

ensis (29.5 percent), M. endeavouri (12.1 percent) and P. esculentus (8.0 percent).

Retention of P. semisulcatus, P. esculentus and M. ensis in the diamond-mesh codend was greater than 95

percent; for M. endeavouri it was as low as 22.7 percent. Retention of prawn species in the square-mesh codends

was lower for all species in both sizes of square-mesh codend except for a slight increase in the percentage of M.

endeavouri retained in the 38 mm square-mesh (25.8 percent compared to 22.7 percent in the diamond-mesh).

Differences between the 45 mm square-mesh and the diamond-mesh codends were as high as 21.9 percent for P.

esculentus and 21.6 percent for M. endeavouri. For all species the 38 mm square-mesh codend retained a greater

percentage of prawns than the 45 mm square-mesh codend.

The overall percentage of commercial prawns lost through the codends includes individuals that are less than the

preferred market size. Market-sized prawns in the NPF are known as "under 30s" (fewer than 30 individual

prawns per pound by weight). The carapace lengths that equate to this preferred market-size are 26 mm for P.

semisulcatus, 25 mm for P. esculentus, 26 mm for M. endeavouri and 29 mm for M. ensis.

The retention of market-sized prawns in the diamond-mesh codend was almost 100 percent. Only 0.3 percent

(19) of market-sized prawns out of a total of 6 009 prawns passed through the diamond-mesh codend. The

number of market-sized prawns retained in the 38 mm square-mesh codend was 99.2 percent and in the 45 mm

square-mesh codend was 96.6 percent. The diamond-mesh retained 0.4 percent more market-sized prawns than

the 38 mm square-mesh codend and 3.1 percent more than the 45 mm square-mesh codend (Table 5).

For all prawn species and both sizes of square-mesh the retention of market-sized prawns in the codend was

greater than 95 percent, except for M. endeavouri in the 38 mm square-mesh codend where it was 88.9 percent

(due to a small catch from which one market-sized prawn escaped through the codend).

The percentage differences between the numbers and weights of each bycatch taxon caught in the square-mesh

codend compared to the diamond-mesh codend are given in Table 6.

The 55 bycatch taxa caught in ten or more paired trawls during the 38 mm square-mesh codend comparisons

were used to compare catch rates between the diamond-mesh codend and the 38 mm square-mesh codend.

Twelve fish species were significantly less numerous in the square-mesh codend and thirteen fish species

weighed significantly less. Reduction of the fish bycatch in the 38 mm codend ranged from 56,4 percent (by

numbers), 57.2 percent (by weight) for Upeneus sundaicus to 8.2 percent (by numbers), 7.1 percent (by weight)

for Pomadasys maculatum. Two species — Carangoides malabaricus and C. talamparoides — showed a

significant increase in numbers retained (26.6 percent and 11.7 percent respectively) but only C. malabaricus

showed a significant weight increase (25.9 percent).

Pifty-nine bycatch taxa were caught in ten or more paired trawls during the 45 mm square-mesh comparisons.

Of these 29 fish species and two invertebrate taxa were significantly less numerous in the square-mesh, and 28

fish species and three invertebrate taxa weighed significantly less. Significant reduction ranged from 69.1

percent (by numbers), 68.6 percent (by weight) for Sillago sihama to 9.5 percent (by numbers), 9.7 percent (by

weight) for Pomadasys kaakan. One species of fish — Caranx bucculentus — showed a significant increase in

numbers (13.1 percent), but not in weight, in the square-mesh.

All the commercial prawn species, M. endeavouri (24.4 percent by numbers, 26.6 percent by weight), M. ensis

(11.6 percent by numbers, 9.2 percent by weight), P. esculentus (23.7 percent by numbers, 19.7 percent by

weight) and P. semisulcatus (16.5 percent by numbers, 11.9 percent by weight) showed a significant reduction

in overall numbers and weight retained in the 45 square-mesh.
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^ Table 5. Number of prawns retained in the codend and codend cover during trials of square-mesh codends; C. sized in Cover =

S percentage of commercial-sized prawns in cover; Retain cover = percentage of prawns caught in the cover; C. Retain codend =

S percentage number of commercial-sized prawns retained in the codend.

Species

M. endeavouri

M. endeavouri

M. ensis

M. ensis

P. esculentus

P. esculentus

P. semisulcatus

P. semisulcatus

All prawns

All prawns

Mesh size

(mm)

38

45

38

45

38

45

38

45

38

45

Codend

(")

15

126

684

998

175

266

1513

1736

2387

3126

Diamond-mesh

Codend

Cover

(n)

51

334

18

26

9

12

30

16

108

388

C. Sized

in Cover

0

0

2

1

0

0

7

9

9

10

codend

Retain

cover

(%)

22.7

27.4

97.4

97.5

95.1

95.7

98.1

99.1

95.5

87.6

C. Retain

codend

(%)

100.0

100.0

99.7

99.9

100.0

100.0

99.5

99.5

99.6

99.7

Codend

8

20

675

857

180

189

1362

1409

2225

2^75

Square-mesh codend

Codend

Cover

23

328

41

90

31

67

95

211

190

696

C. Sized

in

Cover

1

1

5

29

2

7

10

50

18

87

Retain

cover

(%)

25.8

5.7

94.3

90.5

85.3

73.8

93.5

87.0

91.5

71.2

C. Retain

codend

(%)

88.9

95.2

99.3

96.7

98.9

96.4

99.3

96.6

99.2

96.6

Difference

Retain

cover

(%)

-3.1

21.6

3.2

7.0

9.8

21.9

4.6

12.1

4.0

16.4

C. Retain

codend

(%)

11.1

4.8

0.4

3.2

1.1

3.6

0.3

2.9

0.4

3.1

g.
03

-0

I
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Table 6. Percentage catch difference and standard error (Diff±SE) in numbers and weights between two sizes of square-mesh codends (38 mm and 45 mm)

and the standard diamond-mesh codend (45 mm). The data here are of bycatch taxa occurring in more than 10 tows. - = more in diamond,
+ = more in square. *** = P<0.001, ** = P<0.01, * = P<0.05 and ns = no significant difference.

Species

Absalom radiatus

Amussiidae

Anodontostoma chacunda

Apistus carinatus

Apogon ellioti

Apogon poecilopterus

Arius thalassinus

Bregmaceros sp

Carangoides caeruleopinnatus

Carangoides humerosus

Carangoides malabaricus

Carangoides talamparoides

Caranx bucculentus

Centriscus scutatus

Chelonodon patoca

Drepane punctata

Elates ransonetti

Fistularia petimba

Tow

13

22

31

30

31

11

26

16

28

17

15

30

11

16

31

19

38mm

Numbers

Diff±SE

-7.1 ±7.1

-3.8 ±4.6

1.4 ±1.9

-14.1 ±3.8

-20.4 ±4.0

5.3 ±8.6

-3.6 ±3.5

10.7 ±13.3

4.9 ±3.7

26.6 ±11.9

11.7 ±5.4

8.8 ±5.2

0.9±11.1

-4.3 ±7 .6

-4.0 ± 5.3

-4.9 ±5.4

square-mesh

p

ns

ns

ns

***

***

ns

ns

ns

ns

*

*

ns

ns

ns

ns

ns

Weights

Diff±SE

-7.1 ±7.1

-3.7 ±4.5

1.4 ±1.9

-23.3 ±4.4

-24.3 ±4.1

-1.1 ±8.7

-4.5 ±4.1

10.4 ±13.3

4.0 ±3.3

25.9 ± 12.0

8.4 ±4.8

10.1 ±5.1

1.0±11.2

-2.3 ± 7.6

-4.8 ± 5.6

-4.9 ± 6.4

p

ns

ns

ns

***

***

ns

ns

ns

ns

*

ns

ns

ns

ns

ns

ns

Tow

31

38

22

38

38

31

27

31

16

13

32

11

17

37

22

45 mm square-mesh

Numbers

Diff±SE

3.4 ± 6.5

-9.9 ± 4.0

-50.9 ± 8.8

-28.4 ±5.4

-35.0 ±4.5

-7.4 ± 6.0

2.3 ±4.1

-19.3 ±4.8

-3.8 ±14.7

-29.9 ±12.1

13.1 ±6.1

-1.0±11.2

-3.9 ±5.9

2.5 ±5.0

8.2 ±10.0

p

ns

*

***

***

***

ns

ns

***

ns

*

*

ns

ns

ns

ns

Weights

Diff±SE

4.0 ±6.4

-10.2 ±4.1

-53.1 ±9.1

-34.7 ±5.9

-41.4 ±4.7

-6.6 ± 6.4

1.4 ±4.8

-14.8 ±4.5

3.2 ±14.8

-31.3 ±13.2

13.1 ±6.9

0.6 ± 10.4

-3.9 ±5.9

3.0 ±5.1

8.3 ± 10.5

p

ns

*

***

***

***

ns

ns

**

ns

*

ns

ns

ns

ns

ns
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Gazza minuta

Gerres filamentosus

Johnius volgleri

Johnius amblycephalus

Lagocephalus lunaris

Lagocephalus sceleratus

Leiognathus bindus

Leiognathus equulus

Leiognalhus leuciscus

Leiognathus moretoniensis

Leiognathus splendens

Lutjanus malibaricus

Mene maculata

Mixed Crabs

Nemipterus hexodon

Paramonacanthus japonicus

Pellona ditchela

Pentaprion longimanus

Polynemus multiradiatus

Pomadasys kaakan

Pomadasys maculatum

Pomadasys trifasciata

Priacanthus tayenus

Psettodes erumei

18

20

18

5.3

-2.5

-5.8

±5.3

±5.4

±3.6

ns 5.3 ±5.3 ns

ns -2.3 ± 5.4 ns

ns -5.5 ±3.5 ns

19

25

27

11

31

31

11

18

26

19

31

13

22

31

31

31

23

-51.3 ±9.9

4.3 ± 6.4

-0.2 ±1.3

7.3 ±9.7

-3.1 ±4.6

-0.9 ±1.2

8.3 ±13.9

-7.8 ± 8.5

9.7 ± 10.3

-15.8 ±9.2

6.4 ±5.2

3.4 ± 2.3

0.5 ± 1.7

-8.2 ±1.8

-16.9 ±3.2

-34.0 ±3.6

-10.9 ±8.8

***

ns

ns

ns

ns

ns

ns

ns

ns

ns

***

***

***

ns

-52.7 ± 10.2

-1.3 ±5.4

-0.1 ±1.1

7.7 ±9.0

-3.4 ± 5.8

-0.8 ±1.2

-13.9 ±9.0

9.4 ± 5.9

2.3 ±1.7

0.5 ±1.7

-7.1 ±1.7

-15.4 ±3.2

-33.0 ±3.6

-13.8 ±8.8

***

ns

ns

ns

ns

ns

ns 9.6 ±15.0 ns

ns -9.0 ± 9.0 ns

ns 5.3 ±11.9 ns

ns

ns

ns

ns

***

***

***

ns

22

34

32

31

11

28

32

30

15

38

37

13

16

35

11

30

36

13

31

38

38

37

19

-16.7 ±6.3

-11.9 ±4.3

-27.5 ± 5.8

-14.2 ±5.2

1.9 ±12.6

-50.3 ± 6.8

1.7 ±5.4

-3.4 ±1.7

-10.1 ±7.3

-27.7 ±4.9

-38.0 ±3.8

-6.2 ±10.0

5.6 ±10.4

-1.8 ±7.2

5.1 ±11.8

-67.0 ±5.8

-14.9 ±5.0

-15.5 ±10.1

-9.5 ±3.8

-49.8 ±3.1

-52.8 ±4.1

-54.3 ±4.0

21.2 ±12.0

**

***

*

ns

***

ns

ns

ns

***

***

ns

ns

ns

ns

***

**

ns

*

***

***

***

ns

-15.0 ±6.1

-10.8 ±4.3

-25.7 ±5.6

-13.9 ±5.2

0.5 ±13.1

-51.8 ±6.8

-2.5 ±7.1

-2.6±1.4

-10.0 ±7.0

-34.6 ± 4.9

-36.9 ±3.6

-3.3 ±11.8

5.6 ±10.9

-6.0 ± 7.6

7.3 ±11.7

-66.5 ±5.9

-18.2 ±6.0

-16.0 ±9.8

-9.7 ± 3.9

-47.0 ±3.2

-50.0 ±4.1

-55.2 ±3.9

16.6 ±12.6

***

*

ns

***

ns

ns

ns

***

***

ns

ns

ns

ns

***

**

ns

*

***

***

***

ns
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Pseudorhombus arsius

Rastrelliger kanagurta

Sardinella albella

Saurida micropectoralis

Saurida sp.2

Secutor insidiator

Selaroides leptolepis

Sepioidae

Sillago sihama

Stolephorus sp.

Suggrundus isacanthus

Suggrundus macracanthus

Terapon puta

Terapon theraps

Teuthoidea

Torquigener whitleyi

Trash

Trichiurus lepturus

Trixiphichthys weberi

Upeneussp.

Upeneus sulphureus

Upeneus sundaicus

Zoantharia sp.

11

10

28

30

29

19

26

11

22

28

13

14

19

28

27

26

31

17

17

18.1 ±11.1

-39.3 ± 7.9

-24.1 ±6.4

-13.3 ±5.4

-13.1 ±6.4

-7.5 ± 8.6

3.8 ±7.7

6.5 ±9.3

-55.5 ±7.6

1.7 ±5.0

-22.3 ±11.4

-15.0 ±10.0

-43.9 ± 9.9

-8.6 ±5.1

-13.1 ±8.0

-8.2 ±4.1

1.1 ±4.8

-56.4 ±9.8

-5.7 ± 3.9

ns

***

***

*

ns

ns

ns

ns

***

ns

ns

ns

***

ns

ns

ns

ns

***

ns

18.0±11.1

-41.4 ±8.3

-24.5 ±6.8

-19.2 ±6.3

-18.8 ±7.3

-9.7 ± 9.3

3.0 ±8.9

7.0 ±8.7

-53.6 ±7.8

3.0 ± 6.2

-21.8 ±11.4

-20.5 ±11.3

-44.3 ±9.8

-6.5 ±5.1

-15.8 ±8.3

-7.5 ±4.0

-2.0 ± 5.0

-57.2 ±9.8

-7.9 ± 5.4

ns

***

**

**

*

ns

ns

ns

***

ns

ns

ns

***

ns

ns

ns

ns

***

ns

20

35

38

33

17

21

14

33

23

23

23

16

16

33

22

10

10

17

37

22

24

-0.1 ±7.1

-47.4 ±5.3

-45.9 ±5.9

-32.3 ±6.1

8.4 ±11.5

12.8 ± 12.4

-3.9 ±11.6

-69.1 ±5.5

5.7 ±5.2

-31.3 ±6.9

-13.0 ±8.7

-26.0 ± 9.7

-35.5±11.7

-37.9 ± 6.2

3.4 ±16.5

9.4 ± 17.7

-35.1 ± 10.1

-26.8 ± 5.1

-45.6 ± 8.5

-15.9 ±5.8

ns

***

***

***

ns

ns

ns

***

ns

***

ns

*

**

***

ns

ns

**

***

***

*

0.0 ± 6.9

-46.3 ±5.5

-55.3 ±5.6

-43.1±6.4

8.5 ±11.4

10.8 ±13.0

-3.2 ±10.3

-68.6 ±5.7

3.0 ±5.2

-33.7 ±7.2

-15.1 ±9.1

-22.3 ±9.5

-37.4 ±11.4

-36.2 ± 6.2

-20.017.7

6.8 ± 16.2

13.0 ±17.7

-41.5±11.5

-33.1 ±5.5

-46.3 ± 8.4

-20.3 ± 6.6

ns

***

***

***

ns

ns

ns

***

ns

***

ns

*

**

***

*

ns

ns

**

***

***

**
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DISCUSSION

The effectiveness of fishing gear for reducing bycatch in the NPF, was assessed by several criteria. Firstly, the

modified gear should catch about the same number of commercial prawns (of market size) as the present

standard gear. Secondly, it should catch significantly less bycatch. Thirdly, the bycatch that escapes should

survive its encounter with the fishing gear. Lastly, the modified gear should have little effect on routine fishing

activities.

In trials, both sizes of square-mesh codends met the first criterion. Although the 38 mm and 45 mm square-mesh

codends retained fewer commercial prawns (4.0 percent and 16.4 percent less, respectively) than the standard

diamond-mesh. Most of these were below market size. The loss of market-sized prawns was only 0.4 percent for

the 38 mm and 3.1 percent for the 45 mm square-mesh codends. The 45 mm square-mesh codend was not only

able to retain the equivalent number of prawns as the diamond-mesh codend, but it allowed 98 percent of

smaller-than-market-sized prawns to escape and enhance the future fishable stock.

We are optimistic that Australian prawn fishers will accept the reduction in catches of the smaller prawn as

Icelandic shrimp fishers have done: the loss of some 10-20 percent of their catch through was accepted because

most of the shrimps were too small to use (Thorsteinsson, 1992).

Our trials have also shown that the square-mesh codends satisfy the second criteria: a significant reduction in the

catch of a number ofbycatch taxa. Although 45 mm square-inesh codend excluded more bycatch (30.1 percent

by numbers and 28.4 percent by weight) than the 38 mm square-mesh (0.7 percent by numbers and 4.0 percent

by weight), some taxa in the smaller mesh were reduced by more than 50 percent. However, some taxa were

caught in larger numbers in the square-mesh than in the diamond-mesh codend.

The third criterion of effectiveness in a Bycatch Reduction Device is a high survival rate of individuals escaping

from the trawl. This was generally true of escapees from the 45 mm square-mesh codends in the NPF, but varied

between species (see Objective 3A). Although relevant to this criterion, work has not been done to assess the

survival of prawns that escape through square-mesh codends.

The fourth criterion for assessing a Bycatch Reduction Device was that it should be easy to use without

changing routine fishing activities (as Armstrong et al. (1990) pointed out there is little point in specifying gear

designs that are unattractive to fishermen). Replacing the standard diamond-mesh codend with square-mesh

codend would make very little difference to the actual operation of the trawl gear.

Possibly 'gilling' of fish would be greater in a square-mesh than in a diamond-mesh codend. As is takes extra

time to remove these fish from the codend between each shot, it slows down the fishing. 'Gilling' depends on

which sizes and species of fish are captured. If these individuals can be excluded from the codend by other

Bycatoh Reduction Devices, then 'gilling' could be reduced. However, the amount of gilling by the various

codends has not been assessed for fishing operations in the NPF.

Fish 'gilling' in the codend during a tow can also block or 'blind' the meshes, which changes the net's

selectivity and affects the amount ofbycatch excluded. Casey etal. (1992) found that high catch rates of

Atlantic mackerel caused 'blinding' of the meshes, but they could not detect any difference between the

selectivity of the 60 mm square-mesh and 40 mm diamond-mesh codends. They concluded that square-mesh

codends may conserve juveniles of certain species of groundfish, but were not likely to be effective for mackerel

at normal commercial fishing densities .

All our tows during this study were of 30 minutes' duration, whereas commercial tows are more commonly for

three hours. To fully assess the performance of square-mesh codends under commercial conditions it would be

necessary to record the catches made during tows of between two and three hours.

BENEFITS

These results suggest that introducing square-mesh codends into the NPF would benefit most species, although a

few of the bycatch species might have higher mortality rates. In relation to the Canadian groundfish fishery,

Walsh et al. (1992) cautioned that in a mixed fishery of gadoids and flatfish, square-mesh codends may reduce

the catches of small gadoids but the discards of small flatfish would be higher.
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The use of a single mesh size for a fishery is a compromise, for some species will have very little chance of

escape through the codend, while others will have little chance of being retained (Liu et al., 1990). However,

this should not be a reason to stay with the diamond-mesh codends in the NPP. The best solution may be a

combination of different devices, with one device, the square-mesh codends, allowing the escape of species that

cannot be excluded from the catch by other devices, and the other devices excluding species that would

otherwise be caught.

Elimination of bycatch from prawn trawls in the NPF will not be achieved by any one device. A change to the

square-mesh codend could be an effective and simple way of excluding of small fish from catches; it should be

considered as a component of any bycatch reduction strategy. However, the optimum gear design will only be

achieved through rigorous testing of each gear modification, with scientists working in conjunction with the

fishers who operate in the fishery.

B2. Comparison of Bycatch Reduction Devices fitted into a standard prawn
trawl codend

From the information we gathered, modified trawl-gear designs were chosen for study on the basis of their (i)

applicability to Australian demersal trawl fisheries; (ii) record of success in bycatch reduction and efficiency in

terms of commercial species' CPUE and (iii) potential for acceptance by the industry. These gears, their

development and test procedures, and results obtained during the trials are described below.

METHODS

Gear trials

At the Australian Maritime College's flume tank, Bycatch Reduction Devices (BRDs) were fitted to full-scale

prawn trawl codends and tested to ensure they functioned correctly before being tested in the NPF. Apart from

giving us confidence that the BRDs would perform correctly in field trials, the tank tests enabled us to keep

'shake-down* trawls at the start of each cruise to a minimum (usually 5 paired trawls).

Gear trials were made during two month-long cruises of the MRV Southern Surveyor near Albatross Bay, Gulf

ofCarpentana (Figure 9), in 1995. During the first cruise in February, preliminary 30 min trials were made,

while during the second cruise in October, commercial length (2 h) trials were made. The second cruise used a

selection of the BRDs tested in February, but with position adjustments to improve their performance and with a

different combination of devices (Figure 10 a-n and Table 7).

The following BRDs were tested in February 1995: a Super Shooter, a Nordm0re grid, a fisheye, a radial escape

section/large mesh funnel excluder, and four versions of square-mesh windows (Figure 10 a-n and described in

detail below) — one basic square-mesh window, one with a black cylinder behind it, one made of glow netting

and one with a hammer stimulator device behind it. The BRDs tested in October 1995 (described in detail

below) were: an AusTED (described in Mounsey et al. 1995), two versions of a Super Shooter - fisheye

combination, two versions of a Nordm0re grid - fisheye combination, two versions of a Nordm0re grid - square-

mesh window combination (Figure 10 d, 1, m & n). The differences between these devices are described below.

Gear descriptions

Trawl description: Catches from trawls with different BRDs could be compared directly with those from the

standard trawl as the trawls were paired in the same tow (see sample design below). Two prawns trawls were

used in a dual rig arrangement — two identical 14 fathom Florida Flyers spread by No. 9 bison boards and a

sled for inner wing-end attachment. The mesh size of the trawls was 57, mm with 45 mm mesh used in the 150 x

150 mesh codend. Allcodends were divided into three sections 50 meshes deep, and all BRDs except the Super

Shooter and Nordm0re grids were placed in the middle section, which left the lifting straps in their customary

position. The Super Shooter and Nordm0re grid were placed in the first 50 mesh section.

38 • Final Report: Project 93/179



Effects of Trawl design on Bycatch and Benthos In Prawn and Finfish Fisheries

Figure 10 (a). Side and end-on views of the Super Shooter inclined grid
(reproduced from Watson etal. (1993))

Figure 10 (b). Diagram of the Super Shooter rig used during the October 1995 cruise

Super Shooter grid Hummer device

Escape opening

Escape opening and cover
(for large animals and objects)
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Effects of Trawl design on Bycateh and Benthos In Prawn and Flnfish Fisheries

Figure 10 (f). Plain square-mesh window

square-mesh

window

57mm
diamond mesh codend extension

45 mm diamond
mesh codend

Figure 10 (g). Square-mesh window with a black cylinder fish-stimulator device

square-mesh

window black canvas cylinder

45 mm diamond
mesh codend57mm

diamond mesh codend extension

Figure 10 (h). Square-mesh window with a hummer fish-stimulator device

square-mesh

window hummer device

57mm
diamond mesh codend extension

mm diamond

mesh codenct
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Figure 10 (i). Hummer tish-stimulatorused in
the Super Shooter and one version of the
square-mesh window
(reproduced from Watson et al. (1993))

Figure 10(j). Fisheye
(reproduced from Watson et al. (1993))

Top Position - Pointing AFT

Figure 10 (k). Radial Escape Section or Large Mesh Funnel
(reproduced from Watson et al. (1993))

catch passes through inside funnel

codend

arrivals can swim forward
and escape through the

circumference of large meshes
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Figure 10 (I). The AusTED in a prawn-trawl codend
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Table 7. Bycatch exclusion and prawn-catching performance of by catch reduction devices during two cruises. The Feb '95 trials of the first cruise are
separated into 2 legs: 1 = first leg in good weather; 2 = 2nd leg in rough weather. Catches that are statistically significant from the catches of the standard
prawn trawl are shown thus: *=<0.05; ** =<0.01; ***=<0.001. nr = not recorded; %= percentage of catch of standard net

3.

-0

J3

co
"

Bycatch reduction device Cruise INo. No. large No. turtles Small fish No. sea snakes No. prawns
leg trawls elasmobranchs caught excluded caught caught

(>5 kg) _(% weight) __ (%)
February 1995 cruise

Super Shooter
Super Shooter

Nordm0re grid
Nordm0re grid

Fisheye
Fisheye

Radial escape section
Radial escape section

Square-mesh window
Square-mesh window

Square-mesh window + black cylinder
Square-mesh window + black cylinder

Square-mesh window + glow netting

Square-mesh window + hununer

Standard trawl
Standard trawl

1
2

1
2

1
2

1
2

1
2

1
2

1

1
1
2

19
4
17
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Super Shooter

The Super Shooter was originally designed in the United States to exclude turtles from the Gulf of Mexico

shrimp fishery. A funnel of netting guides the catch towards an inclined grid - at about 45° from the vertical

with 100 mm bar spacing - down which large animals are guided to an escape opening in the floor of the codend

(Figure 10 a & b). A flap of buoyant polyethylene netting covers this escape opening to minimise prawn loss.

Behind the grid is a hummer stimulator device and side openings to allow fish escapement. The hummer is an

aluminium hoop crossed with several tightly strung, parallel, thin steel wires and tied vertically into the codend.

It is designed to vibrate and stimulate fish to swim forward and out through the escape openings on either side.

The device was used during the February 1995 cruise but removed for the October 1995 cruise. In the February

1995 cruise the Super Shooter was used without any other secondary BRD, whereas in the October 1995 cruise

the gear combinations discussed below were used with the Super Shooter.

The two Super Shooter - fisheye combinations used in the October 1995 cruise differed in the orientation of the

fisheye. On both legs of the cruise it was placed 38 meshes behind the Super Shooter. On both legs of the cruise,

the fisheye's elliptical opening facing forward, but on the first leg it was sewn in above the forward codend

meshes, while on the second leg it was sewn in below the forward codend meshes.

Nordmore grid

This design originated in Norway (Valdemarsen et al. 1993). Our version had a 1100 mm x 900 mm inclined

aluminium grid angled at about 40° from the horizontal with a bar spacing of 100 mm (Figure 10 c & d). We

chose this low grid angle to improve sponge and debris exdi don. A panel of netting guided the catch towards

the bottom of the grid. Large animals (most commonly turtles, sharks and rays) and some small animals contact

the grid and escape through a triangular opening in the codend at the top of the grid. Smaller species such as

prawns can pass through the grid into the codend. In the February 1995, cruise the Nordm0re grid was used

without any other secondary BRD, whereas in the October 1995 cruise the gear combinations described below

were used with the Nordm0re grid.

The two Nordm0re grid - fisheye combinations used in the October 1995 cruise differed in the orientation of the

fisheye. In both designs the fisheye was placed 38 meshes behind the grid, but the elliptical opening of the

fisheye was either below the level of the codend extension (1st leg of the cruise) or above the level of the

codend extension as in Figure 2a (2nd leg of the cruise).

The two Nordm0re grid - square-mesh window combinations used in the October 1995 cruise differed in the

positioning of the square-mesh window. It was either inserted directly behind the inclined grid (1st leg of the

cmise) or inserted 10 meshes of standard diamond-mesh codend material behind the inclined grid.

Square-mesh window

Square-mesh windows have been investigated as a means reducing the bycatch of small fish since the early

1980s (e.g. Robertson 1983,1984), and were first studied in penaeid fisheries in 1992 (Broadhurst and Kennelly

1994). The device we used was a 150 mm (6") polyethylene square-mesh netting panel (8 bar lengths wide by

13 bar lengths long), in the middle 50 mesh section of the codend (Figure 10 e). Small animals that can swim

strongly can escape upwards out of this window, while most of the poorer swimmers (e.g. prawns) pass into the

codend.

Three other variations of the square-mesh window were also tested. One had a window of square-mesh netting

that glows green in the dark (developed by Japanese net manufacturers Nichimo), highlighting the window at

night. Another had a 1.5 m long canvas black cylinder just behind the window (Figure 10 g) (see Glass and

Wardle 1995 and Glass et al. 1995). And another had a hummer stimulator device placed 5 meshes behind the

window (Figure 10 h, i) (as used for the Super Shooter). The black cylinder and hummer stimulator devices

were designed to stimulate fish to turn and swim forward, and so improve their chances of escape through the

nearby square-mesh window.

Square-mesh windows on their own were used only during the February 1995 cruise, although they were used as

secondary BRDs (in combination with another BRD) during the October 1995 cruise.
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Fisheye

The fisheye (named from its shape) was developed for the Gulf of Mexico shrimp fishery CWatson et al. 1993).

It is a steel frame, which is sewn into the top of the codend to provide a small elliptical opening for fish to

escape (Figure 10 j). Animals pass into the codend and must turn to swim forward and upwards to escape

through this device.

Fisheyes were used on their own during both cruises and were used in combination with the Super Shooter and

the Nordm0re grid during the October 1995 cruise (Figure 10 d & m).

Radial escape section (RES)

The RES (also known as the 'Large mesh/funnel excluder') was developed by Watson and Taylor (1988). The

version we used consisted of a small mesh webbing funnel surrounded by a radial section of large mesh (9''

square-meshes 3 bars wide) (Figure 10 k). The funnel was designed to guide the catch past the square-mesh

section of codend. Stronger-swimming animals can then turn around, swim forward between the funnel and

codend, and out through the large square-meshes. The RES has a wire hoop encased in plastic to support the

codend at the aft end of the funnel. This ensures that the meshes stay open during the tow, but it is flexible

enough to withstand the rigours of trawling.

The RES was used only during the Febmary 1995 cruise.

Data collection

The catch-sampling procedure involved weighing the entire catch, removing all large animals (greater than

about 1 kg) and, removing all commercially important prawns, if the catch was greater than about 50 kg, a

subsample of the remaining catch was taken and processed. Each large animal was identified to species,

weighed and measured (standard length [SL] for fish, total length [TL] for sharks and sea snakes, disc width for

rays and carapace length for sea turtles). The remaining catch (or the subsample) was sorted and identified into

species groups, each species group was counted and weighed, and individual animals measured (as described

above). Commercially important prawns were sorted and identified into species groups, and each species group

was counted and weighed.

The species composition of the catch was determined by adjusting the weights and numbers of the subsample's

species composition by the appropriate factor to match the total weight of the catch.

Differences in the catching performance of the codend designs were measured by comparing catches of animals

retained by each codend with those from the standard prawn trawl. Separate comparisons were made for

commercially important prawns, small fish bycatch, large animals (>5 kg), sea turtles, and sea snakes (reliable

data from the October cruise only). Animals greater than 5 kg (usually rays and sharks) warranted a separate

category because these animals - known as monsters - are large enough to cause considerable damage to

prawns, decreasing their value.

SAMPLE DESIGN AND DATA ANALYSES

We needed to compare the performances of the Bycatch Reduction Devices within the time constraints of the

month-long cruises. The performance criterion to assess each device was that it retained as many prawns as

possible, while substantially reducing the quantities of bycatch caught in the trawl.

Using a twin-gear arrangement, we were able to test two devices during each trawl. This is useful, as the

difference in catch between two simultaneous shots with the same gear is likely to be much smaller than the

difference in catch between shots at different times and in different places.

A traditional approach would have been to compare each device against the control, possibly switching sides at

random to reduce bias due to any systematic differences in the efficiency of the two nets. This limits the number

of shots for each device to the total number of trawls that can be achieved in the time available divided by the

number of devices to be tested. It also means that the experimental devices are never compared directly, so the

standard error of the difference between any two experimental devices is much larger that it need be.
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Balanced semi-systematic incomplete blocks for comparing Bycatch Reduction Devices:

We decided to treat each trawl as a 'block' with 2 'units' (Cochran and Cox, 1957; Snedecor and Cochran,

1980) and allocate pairs of devices in such a way that all possible combinations were tested. For example,

device A was paired up with B, C, D,... etc and the control, an equal number of times. With 4 devices, there are

6 possible combinations: AB, AC, AD, BC, BD, CD. To test 10 devices in the preliminary trials, 45 trawls were

required to complete all the combinations.

To allow for any systematic difference in catch between the port and starboard nets, we attempted to balance the

number of times that any particular device was attached to a given (port or starboard) net. Furthermore, we

needed to minimise the time required to change devices on the trawls, and therefore the time between trawls. We

therefore designed a sequence of trawls that required only one change of device between trawls, alternating

between nets for consecutive trawls. This meant that a given device would be present on one particular net for

two consecutive trawls. An example of the sequence is given below:

Port A A C C E E

Stbd B F F D D G

To test all combinations it was not always possible to limit the cliange to one net, and some trawls required the

devices on both nets to be changed, but this was kept to a minimum.

For repeat sequences, randomisation was necessary. This was achieved by re-allocating the devices to different

treatment codes. For example, the Square-Mesh Window was assigned the code A in the first round of trials, but

in subsequent rounds it may have been assigned as code F and the code C. All devices were re-allocated codes

in the same way and this set up a completely different order of combinations for each round of trials.

Statistical models

Analysis of variance was used to analyse the catch data. The following model was used to describe the catch: -

CATCH = NIGHT NET NET(NIGHT) TRAWL(NIGHT) GEAR

where NIGHT is the mean catch for each the device tested, NET is the mean catch from each side of the paired

trawl (either port or starboard), NET(NIGHT) is the mean catch from each side of the paired trawl for each

night, TRAWL(NIGHT) corresponds to the mean catch of each trawl (an estimate of what the catches would

have been if all gears could have been tested in every trawl) and GEAR is the mean catch associated with each

Bycatch Reduction Device.

The catch from one side of the paired trawls was sometimes lost or the net did not perform properly; for

example, sharks bite holes in the codend. In such cases, the combination was repeated, ensuring the integrity of

the design. This formed the basis of the first analysis.

The data were analysed by fitting a linear model PROC MIXED (SAS, 1989), including all the factors to

describe the catch (as detailed above).

Percentage differences in performance between the devices and the standard codend were obtained by using the

least-square means catches for each device in the following formula:

Mean Catch by Control - Mean Catch by Device
Percent Reduction by Device = ———-———^—-_ — '- — X 100 %

Mean Catch by Control

The weather during the first cruise was dramatically different between the first two weeks (calm seas, Beaufort

Wind Force 0 to 3) and the second two weeks (very rough seas, Beaufort Wind Force 7 or 8). Preliminary

analysis of the data showed much higher variability in catch data in the 2nd leg - weeks 3 and 4 of the cruise -

so BRD performances were analysed separately for each of the two legs. The October cruise data were analysed

for the whole month.
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RESULTS
General results

From the February 1995 cruise, the data from 120 paired, 30 min trawls (240 samples) were analysed: 83 paired

trawls during leg 1 of the cruise and 37 paired trawls during leg 2. From the October 1995 cruise, data from 87

paired commercial-length (2 h) trawls (176 samples) were analysed. A total of 1150 kg of commercially

important prawns and 18900 kg of fish bycatch were caught from all trawls during the February cruise, and 900

kg of commercially important prawns and 14100 kg of fish bycatch were caught in the October cruise. The ratio

of fish bycatch weight to commercially important prawn weight, measured from the standard prawn net only,

was 19.4:1 in February and 15.7:1 in October.

The terms NIGHT and TRAWL(NIGHT) provide information on the variability of the catch in time and space

(environmental factors). These were highly significant for the numbers of prawns (P<0.001), the weight of

prawns (P<0.001) and the weight ofbycatch (P<0.001). These results correspond to large differences in catch

between nights and also within nights (see Figure 11).

The terms NET and NETCNIGHT) provide information on the performance of the net (either port or starboard)

to which the BRD was attached: the first term is the overall difference between port and starboard nets over the

whole series of trawls, and the second term is the extent to which the difference between the nets fluctuated

from night to night. The term NET was highly significant for the numbers of prawns (P<0.001), the weight of

prawns (P<0.001) and the weight ofbycatch (P<0.001), whereas the term NET(NIGHT) was completely non-

significant. This combination of results corresponds to a substantial difference in catch between the nets, which

remained more or less constant over time. Differences between the por' and starboard net during the October

cruise were 55.7 ± 12.8 for numbers of prawns, 2.3 ± 0.4 kg for weight of prawns and 33.6 ± 6.8 kg for weight

of bycatch. Catches in the port net were greater.

Given the size of the variation for the environmental factors and the difference between nets, these trials would

have had a low power to discriminate between test codends in terms of their catch performance had not this

statistical design been used.

The term GEAR provides information about the performance of each of the different Bycatch Reduction

Devices. This was highly significant for the numbers of prawns (P<0.001), the weight of prawns (P<0.001) and

the weight ofbycatch (P<0.001), indicating that there as a considerable range in the performance of all the
devices (though some were more or le-s identical).

1200 -i

Figure 11. Mean number of prawns caught in each paired trawl during October 1995 cruise,
excluding the effects of each device.

r7-^W

I
6

I
11

I
16

I
21

I
26

I
31

I
36

I
41

Trawl

I I
46 51

Number

I
56

I
61

I
66

I
71

I
76

I
81

I

86

Final Report: Project 93/179 51



Effects of Trawl design on Bycatch and Benthos in Prawn and Finlish Fisheries

Prawn catches

During the February 1995 trials, prawn catches were dominated by the banana prawn - Penaeus merguiensis -

(46 percent by weight) and the grooved tiger prawn - Penaeus semisulcatus - (44 percent by weight). The other

commercially important prawns caught were Metapenaeus endeavouri (2.9 percent), P. monodon (2.2 percent),

M. ensis (1.1 percent), P. esculentus (0.8 percent), P. latisulcatus (<0.1 percent) and P. longistylus (<0.1

percent). Commercially unimportant species, mainly Trachypenaeus spp. and Metapenaeopsis spp., made up

less than 3 percent of prawn catches by weight.

In the commercial-length trials of October 1995, prawn catches were dominated by the grooved tiger prawn -

Penaeus semisulcatus - (58 percent by weight) and the red endeavour prawn - Metapenaeus ensis - (34 percent

by weight). The other commercially important prawns caught were P. esculentus (2.2 percent), M. endeavouri

(1.2 percent), P. merguiensis (0.2 percent), P. latisulcatus (0.1 percent) and P. monodon (0.1 percent).

Commercially unimportant species made up less than 4 percent of prawn catches by weight.

During the 30 min trials (February 1995) prawn retention varied with weather conditions. On leg 1, during good

weather, the prawn catches of the BRDs and the standard net were not significantly different (Table 7). The

fisheye and radial escape section both caught more prawns, while the other BRDs retained between 86.7 percent

and 95.6 percent of the standard net's prawn catches. Four devices - Nordm0re grid, radial escape section,

square-mesh window and square-mesh window with hummer - had statistically the same prawn catches and a

significant, although small, reduction in small-fish bycatch. However, during rough weather in leg 2, the

retained catch from 4 of 6 devices - Nordm0re grid, radial escape section, square-mesh window and square-

mesh window with black cylinder - dropped to below 75 percent of the catch caught by the standard net (a

significant difference). Although comparative data were collected from only 4 trawls of the Super Shooter, it

was the only BRD to have statistically the same catch as the standard net in rough weather; the fisheye did not

catch significantly fewer prawns, but did catch significantly less. However, these data were also based on

relatively few trawls for each device on both legs.

During the commercial-length trials (October 1995), there was no significant prawn loss from codends with the

Super Shooter + fisheye 1 or the fisheye on its own (Table 7). The Super Shooter + fisheye 1 lost less than 5

percent of the standard trawl's prawn catches. The Super Shooter + fisheye 2 produced significant losses of

prawn weights, but not prawn numbers. The AusTED, Nordm0re grid + fisheye and Nordm0re grid + square-

mesh windows had significantly lower catches of prawns . However, fewer prawns were lost from the Nordm0re

+ fisheye and the Nordm0re + square-mesh window after modification.

Fish catches

The fish bycatch from each cruise was made up of over 250 species, most weighing less than 300 g. The species

composition, which is not described here, consisted of a wide variety of species similar to that described by

Blaber et al. (1990), Ramm et al. (1990) and Martin et a\. (1995). Details of the bycatoh species composition
can be obtained from the authors.

In the 30 min trials (February 1995), small, though statistically significant reductions in small-fish catches were

made when the net was fitted with the Nordm0re grid, radial escape section, square-mesh window, square-mesh

window with hummer device and, in poor weather, the square-mesh window with a black cylinder fTable 7).

However, during these trials, no BRD reduced the catch of small fish by more than 9 percent.

During commercial-length trials (October 1995), small-fish exclusion by most devices was greatly improved.

The highest exclusion was achieved by the Nordm0re grid + square-mesh window, but the Nordm0re grid +

fisheye and the AusTED also excluded more than 26 percent of small fish bycatch. The Super Shooter + fisheye

excluded about half of this amount (13.5 percent - 16.3 percent) of small fish bycatch. There was no significant

reduction in the amount of small fish in catches using the fisheye alone.

Large-animal catches

In the 30 min trials (February 1995), the catch of large animals heavier than 5 kg, or 'monsters', consisted of 16

sea turtles (all flatback turtles, Natattor depressa ), and 23 elasmobranchs — 17 stingrays (including 12

Himantura toshi), 3 sharks, and 3 sharkfin guitarfishes.
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In the commercial length trials (October 1995), the catch of 'monsters', consisted of 11 sea turtles (8 flatbacks,

N. depressa; 2 loggerheads, Caretta caretta; and 1 Olive Ridley, Lepidochelys oliva), 2 sciaenid fishes and 43

elasmobranchs. The elasmobranchs consisted of 27 stingrays (including 18 H. toshi, and 4 Pastinachus sephen),

14 sharkfin guitarfishes (12 R. djiddensis and 2 R. ancylostoma), 1 shovelnose ray (Rhinobatus typus), and 1

sawfish (Anoxypristis cuspidata).

In the 30 min trials (February 1995), the 52 trawls with inclined excluder grids (Super Shooter orNordm0re

grid) caught 1 sea turtle (caught forward of the excluder grid) and only 1 large elasmobranch (a ray caught in a

trawl using a Super Shooter). The 172 trawls from the 7 codends without inclined excluder grids caught 15

turtles (1 every 11 trawls), and 22 large elasmobranchs (1 every 8 trawls).

During the commercial-length trials (October 1995), no sea turtles were caught when inclined excluder grids

were used (125 trawls), whereas without these grids (51 trawls) 11 sea turtles were caught (1 every 4.6 trawls).

Nets with inclined excluder grids caught 10 large elasmobranchs (1 every 12.5 trawls), while nets without

inclined excluder grids (fisheye and standard trawl) caught 35 (1 every 1.5 trawls).

Seasnake exclusion

A total of 67 sea snakes were caught in codends during the 2 h trials; they were caught in all 9 of the BRDs

being compared. The lowest catch rates were in codends containing the AusTED (1 every 5 trawls) and the 2

Nordm0re grids with a square-mesh windows (1 every 4 or 5 trawls). The other 5 devices performed the same or

slightly worse than the standard trawl, catching about 1 sea snake every 2 trawls.

Video evidence

During both cruises, video data was collected to increase our knowledge of the reactions of prawn and bycatch

species to trawl nets and to BRDs. Most of the footage was collected during the day, but still provided valuable

information on how they react to BRDs and how changing a BRD can improve its performance. These data have

not been quantitatively assessed, but our observations are reported here to aid the discussion of BRD

performances.

Animal survival

A detailed report of the survival of small-fish escapees from square-mesh devices is presented in Section 3A.

This is the only study of survival of trawl escapees made in tropical waters.

The only other observations on survival of animals from prawn trawls were made of sea turtles and sea snakes

during the 2 h trawls on the October 1995 cruise. These animals were removed from the catch, and if they were

alive were held on deck to recover before being returned to the water. During this cruise, six out of eight sea

turtles (75 percent) and 31 of 52 sea snakes (60 percent) were released alive. The two turtle deaths were both

loggerhead sea turtles (Caretta caretta) and the six sur/ivors were all flatback turtles (Natattor depressa). The

sea snakes released alive were 15 of 31 Hydrophis elegans, 9 of 10 H. ornatus, 6 of 10 Lapemis hardwickii and

1 unidentified species.

DISCUSSION

Preliminary trials

In the 30 min trials, most BRDs showed marked differences in prawn retention between legs 1 and 2. The prawn

losses in leg 2 occurred in weather that is unworkable for most of the NPF trawler fleet, but not for the 77 m

CSIRO research vessel, Southern Surveyor. We would not expect such prawn losses to occur when the trawls

are working along the sea bed. Rather, catch loss is more likely, and often observed, when the trawls are on the

surface after retrieval. In our study, prawns and some bycatch may have gone out the BRD openings during

heavy surging of the sea before the net was hauled on deck. Furthermore, one net was surface-towed in heavy

seas while the other was being hauled and emptied, thus increasing the catch loss at this stage of the operation.

Loss of prawns during haulback delay has been recorded in NSW prawn trawling (Broadhurst and Kennedy

1996a). It appears, therefore, that the prawn losses on leg 2 of the February cruise were probably a result of
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weather and of operational conditions that are not normal in this fishery; these data should not be used to assess

BRD performance. This problem was addressed in the 2 h trials in October by retrieving the two codends onto

the deck at the same time and by not trawling if the weather was worse than 'Force 7'.

Leg 1 of the short trials produced promising prawn retention results for most BRDs but only low rates of

exclusion for small-fish bycatch. The two devices with inclined grids in leg 1 had no significant loss of prawns

and excluded all turtles and nearly all other 'monsters' from their catches. These results, along with video

evidence of how animals reacted to BRDs, enabled us to change the configuration of selected devices to give

better performance in the 2 h trials in October.

Commerclal-length trials

The results of the commercial-length trials are more strongly emphasised than the preliminary trials for the

following reasons:

commercial-length trials are more representative of BRD performance under commercial conditions

the problems arising from haulback delay during the short trials had been resolved for the commercial-

length trials

• BRDs were adjusted before the commercial-length trials, which eliminated some of the inefficiencies

encountered in the first trials in the NPF

The commercial-length trials enabled us to select the most promising devices that warranted further study,

thereby reducing the number to be tested.

In short, the commercial-length trials are more representative than the short trials of how the BRDs might

perform in the NPF on commercial boats, and so the remaining discussion will focus on these results.

The bycatch during these two cruises was typical of the NPF in being mainly of small fish. This bycatch is made

up of more than 200 species (typically more than 50 species in each trawl) and, as in other areas of theIndo-

west Pacific, most of these fish are of the same size ranges as the commercially important prawns. This makes

excluding fish bycatch based on size selectivity more challenging than if the fish and prawns were different

sizes. Several of the BRDs are designed to work by allowing escapement based on the differences in behaviour

of bycatch species and prawns, such as the superior swimming ability of most fish.

The bycatch to prawn ratio varies throughout the NPF between 8:1 and 21:1 depending on the fishing ground

(Fender et al. 1992). During our study, this ratio was toward the higher end of this range (19.4:1 and 15.7:1),

due to high fish abundances that are characteristic of the Albatross Bay region (Blaber et al. 1994). This area is

also known to have relatively high numbers of monsters, so the catch rates for sea turtles (1 every 4.6 trawls)

and large elasmobranchs (1 every 1.5 trawls) are also likely to be higher than in most areas of the NPF.

Exclusion of small fish

A number of BRDs were able to reduce the weight of unwanted small-fish bycatch by between 15 and 40

percent, and one of these devices — the Super Shooter — also showed no significant loss of prawns. In a

previous study, we showed that 45 mm square-mesh codends can reduce the catch of unwanted fish bycatch by

22 percent without significant loss of commercial-sized prawns (see Objective 2, Section Bl). Further

development of BRDs to reduce the small-fish bycatch is likely to increase these exclusion rates for the NPF.

Scientists at the NSW Fisheries Research Institute who have been studying the reduction of fish bycatch from

prawn trawl fisheries since 1991, have achieved exclusion rates of between 23.5 percent and 41 percent in the

NSW oceanic prawn trawl fishery (Broadhurst and Kennelly 1996). This level of exclusion should be achievable

in the NPF, but even a 20 percent reduction through adoption of BRDs would translate to an annual reduction of

14,0001 of fish bycatch from prawn trawl catches.

The most promising devices for improving small-fish bycatch reduction in the NPF appear to be square-mesh

panels or windows, fisheyes and square-mesh codends. However, some of the inclined grids, such as the

Nordm0re grid or AusTED, also have shown their ability to reduce unwanted fish catches and have the potential
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to be highly effective BRDs if their prawn loss could be reduced without diminishing their fish-exclusion

ability.

Exclusion of monsters

This study has shown that several varieties of inclined grids are capable of virtually eliminating catches of sea

turtles and greatly reducing catches of large elasmobranchs. This study has also shown that the Super Shooter

can maintain catches of the target species of prawns. There is unpublished evidence that modified versions of

the Nordm0re grid and AusTED are also capable of maintaining prawn catches while excluding monsters from

trawl catches.

The catching and killing of sea turtles in prawn trawls has become a sensitive issue. The evidence from this

study shows that full adoption ofBRDs could reduce the annual capture of sea turtles from about 5000/y

(estimated by Poiner and Harris 1996) to virtually zero. Poiner and Harris (1996) also estimated that a

proportion of the turtles drown in trawls (less than 1000/y); these deaths would also be eliminated with the full

adoption ofBRDs. Although it is possible that turtles may still be damaged from the encounter with the trawl or

BRD, the introduction ofBRDs would greatly improve the current situation.

Catches of other monsters would also be greatly reduced with the full adoption of BRDs by the NPP fishery.

That in turn should reduce the number of prawns cmshed by these animals, but this is still yet to be quantified.

Other advantages include fewer problems sorting the catch, less damage to trawl gear and less impact on the

demersal community.

A potential problem with using inclined grid BRDs is that the grid can be temporarily blocked by animals or

plants allowing prawns to escape through the BRD. This problem can usually be avoided by setting up the BRD

correctly or by using a BRD better suited to the fishing conditions.

Sea snake exclusion

Sea snakes are common in NPP trawl catches. Wassenberg et al. (1994) estimated that about 120,000 sea snakes

(of 14 species) were captured in the 1991 prawning season in the Gulf of Carpentaria alone. We have shown that

certain BRDs (e.g. Nordm0re gnd - square-mesh panel combination or AusTED) can reduce catch rates of sea

snakes by more than half. Qualitative video evidence also shows that sea snakes are capable of using square-

mesh panels to escape from prawn trawls once captured. This study and Wassenberg et al's. (1994)both

recorded a 60 percent survival rate of sea snakes captured in prawn trawls in the NPF. If these BRDs are fully

adopted into the NPF, the number of sea snakes caught would drop to about 60,000/y and the number of sea

snake deaths would be halved from 48,000/y to less than 24,000/y in the Gulf of Carpentaria.

Prawn retention

In the commercial-length trials, only the Super Shooter + fisheye combination and the fisheye on its own caught

the same amount of prawns as the standard codend with no BRD. The square-mesh codends study reported in

Objective 2, Section Bl, also did not lose commercially important prawns, while all the other BRDs tested, did.

Modifications of these devices should improve their prawn retention, judging by the Nordm0re grid + fisheye

and the Nordm0re grid + square-mesh window combinations. In both cases, a few minor changes in their setup

resulted in greatly improved performances in the second versions (Table 7). This style of incremental

improvement will continue in future trials, and would also continue as part of the routine fine-tuning of trawl

gear by fishers in the NPF.

BENEFITS

This study has shown that there are BRDs that can be of major benefit to prawn trawl fishers in the NPF,by

effectively excluding unwanted bycatch while maintaining catches of commercially valuable prawns. Some of

these devices could be used successfully in their present form — such as the Super Shooter — while others need

some fine-tuning to improve prawn retention or decrease bycatch.
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There are other benefits of using these BRDs:

• no or fewer sea turtles in catches

fewer small fish to be sorted from catches

• fewer monsters and therefore fewer damaged prawns in catches, thereby increasing the value of the catch

• fewer under-commercial-sized prawns in catches, thereby enhancing future stocks

• decreased fishing impacts on bycatch species, which helps to maintain ecological biodiversity and resilience

of these demersal communities.

Furthermore, voluntary adoption ofBRDs by the Northern Prawn Fishery may avoid involuntary adoption

which could happen, given the current pressures from community, conservation and trade bodies; such pressures

can influence fisheries management decisions.
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OBJECTIVE 3.
• Investigate the survival of and damage to animals that escape through Bycatch

Reduction Devices

A. Survival of selected tropical prawn trawl bycatch species after escaping
through square-mesh codends

INTRODUCTION

Ecologically sustainable development is becoming a goal for fisheries managers throughout the world. To

achieve it, the bycatch must be reduced to avoid killing commercially or recreationally important species; to

avoid removing organisms from the food chain that are beneficial to the target species; to avoid killing rare and

protected animals such as turtles; to avoid criticism of the stranding of large numbers of dead fish; to reduce the

sorting time between trawls to improve product quality; to reduce fuel costs by lessening the drag from the

bycatch in the trawl; to increase the efficiency of the trawl, which might enable tows to be longer and the catch

to be cleaner with fewer crushed prawns or shrimps (Andrew and Pepperell, 1992; High et al. 1969).

The Northern Prawn Fishery (NPF hereafter) is one of the most valuable fisheries in Australia, with an annual

production between 8 000 and 10 000 tonnes (Pownall, 1994) It also catches large quantities ofbycatch, which

is the part of the catch that is captured incidentally to the species at which effort is directed. The bycatch of the

NPF consists mainly of small fish of many species. It is estimated that over 30 000 tonnes are discarded each

year (Fender et al., 1992; Ramm et al., 1990).

Attempts to reduce the bycateh in the NPF have included testing codends through which fish can escape.

Square-mesh codends reduced the bycatch of trawls by at least 22 percent (described in Objective 2, Bl).

However, it is not hiown whether the fish that escape through these codends survive. The meshes might damage

the fish, possibly fatally, so survival rates need to be investigated (Sangster, 1992) in order to assess the
effectiveness of square-mesh codends as a Bycatch Reduction Device.

Many studies have investigated the survival of discarded catch, in both temperate (Beek et al. 1989; Neilson et

al., 1989; Berghahn et al., 1992; Milkier et al., 1993; Kaiser and Spencer, 1995) and tropical waters

(Wassenberg and Hill, 1989,1990; Harris and Poiner, 1990; Hill and Wassenberg, 1990; Poiner etal., 1990,

1996). Discarded catch is defined as that portion of the catch returned to the sea for economic, legal or personal

reasons (Alverson et al., 1994). Discards differ from escapees, as they are retained in the net until the end of the

trawl and are sorted on deck before being dumped, whereas escapees leave the net before it is hauled on board

the vessel. Studies of the survival of trawl escapees have been made in temperate waters (Efanov and Istomin,

1988; Main and Sangster, 1990, 1991; Boris and Efanov, 1991; Isaksen, 1991, Soldal etal., 1991 and 1993;

Jacobsen etal., 1992; DeAlteris and Reifstech, 1993; Kaiser and Spencer, 1995). The amount and variety of

bycatch are small in these waters compared to tropical trawl fisheries, so their findings cannot be simply

transferred to tropical fisheries. The aim of the current study is to assess the survival of prawn-trawl escapees

through square-mesh codends. This study is the first of its kind in tropical waters.

METHODS

Survival Experiments

Survival was assessed by recapturing fish that had passed through a square-mesh codend, holding them for 8-10

days and comparing their survival rates with fish that had not passed through a square-mesh codend, but were

held in the same conditions.

Two separate survival experiments were performed, one in May 1994 and another in August 1994. Both

experiments used a covered codend to retain fish that had passed through either a square-mesh codend

(treatment) or a trawl with an open codend (control). Another group of fish caught with hook-and-lines was used

as an additional control.
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Fishing Gear

In the first experiment (May 1994), a Florida Flyer commercial prawn trawl with a nine-fathom (16.4 m)

headline was towed at 1.3 m s-1 by a 17 m prawn trawler (FV Milana J). The net was fitted with a 45 mm

square-mesh codend, with a codend cover of 16 mm diamond-mesh netting. To support the shape of the cover

and hold it off the square-mesh codend, the cover was fitted with two hoops of 12 mm diameter steel. The larger

hoop (1.5 m in diameter) was 3.36 m in front of the other (1.2 m in diameter).

Due to difficulties in controlling the rate at which the codend came to the surface, some species suffered swim

bladder damage, which would not normally be associated with escaping through a square-mesh codend. We

therefore carried out a second experiment, using a four-fathom prawn (7.3 m) trawl fitted with smaller versions

of the codend and codend cover. The net was towed in shallow water (5-7 m) with rope warps from a 12 m

fishing vessel (FV Island Girl).

Fish were collected about 2 nautical miles south of the mouth of the Embley estuary in Albatross Bay in the

north east Gulf of Carpentaria (Figure 12). Trawls were made in 8 to 10 m of water during the first experiment

and 5 to 7 m during the second.

Figure 12. North-east Gulf of Carpentaria, showing the trawling
area for collection of fish for survival experiments
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Fish-holding Facilities

Cages (2 m x 1 mx 1 m) of 25 mm aluminium pipe were covered with 38 mm square-mesh netting and

surrounded by 2 cm galvanised wire mesh to protect the fish from sharks. Three-metre long rope bridles were

attached to the bottom corners of each cage and connected to one of two anchor lines by 5 m of rope and 1 .5 m

of chain.

A 5 m cylinder of netting was attached to an opening (0.5 m long) in the top of the cage to provide access to the

cage. After the fish were put in the cage, the cylinder was closed securely and connected to one of the two large

floats. The floats, which marked the position of the cages, were attached to the anchors by 10 m lengths of rope.

The cages were moored about 500 m from the shore in 3-6 m of water.

Pools were also used for holding fish at the CSIRO Marine Laboratories field station at Weipa. The pools, which

were above-ground, measured 3.7 m in diameter, with a capacity of 7000 litres. A double layer of 95 percent

'shade-cloth' overhead filtered sunlight and kept temperatures within a narrow range. Sea water was fully

exchanged every two days, with incoming sea water pumped from the Embley estuary and filtered through a 15
600 L h-} sand filter (Sandpiper 600).

The fish in the pools were fed daily with grated prawn and fish. The fish in the cages were fed only twice during

the experiment because of bad weather and to minimise the disturbance created by raising the cages to the

surface.

Collection of Fish

During the first experiment, tows of 10 minutes were made and the net was then hauled to the surface. We

retrieved the codend cover and carefully transferred the fish to containers of seawater and then to the cages.

During the second experiment, the trawl was towed for 5 minutes and then hauled to the surface. The fish

retained in the codend cover were carefully transferred to a small floating plastic cage, ensuring they remained

in water. If there were more than about 100 fish, the catch was discarded to avoid possible damage from

overcrowding. Fish from this experiment were transferred either to the anchored sea cages or to the pools

onshore.

For collecting the control fish, the trawl was modified by rolling back and securing the square-mesh codend.

Fish entering these trawls passed thro'-'gh the main body of the net directly into the codend cover. Tows to

collect controls were made in the same area, and in between, tows to collect the treatment fish. The tows were

five minutes in duration. The fish were handled in the same way as the treatment fish. All the trawls were made

during the day.

At the beginning of the second experiment, a second set of control fish was collected by fishing line and

barbless hooks from the area where the cages were anchored in about 3-6 m depth. The fish were pulled to the

surface slowly (about 0.5 m s-l) and placed in a bucket of water. The hooks were quickly removed from their

mouths and they were then put in a separate cage of the type described above.

DATA ANALYSES

The numbers of fish in each taxon were counted as they were transferred to the cages. At the end of the

experiment (after 8-10 days), the cages were raised and each fish that was alive was identified and counted. The

fish held in the pools were monitored twice a day and any dead ones were removed and identified. The

percentage survival rate was calculated for each taxon and separately for each experiment.

Taxa with 10 or more treatment fish and at least one control fish were treated separately. Taxa with fewer than

10 individuals were grouped together as 'Others' and analysed together.

The Fisher Exact test (SAS, 1989) was used to test the null hypothesis that there was no significant difference

between the number of fish surviving after passing through the square-mesh (treatment) and the number of fish

surviving that had not passed through the square-mesh (control).
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RESULTS

Experiment 1:

Fish kept In Cages

A total of 163 individual fish from 3 taxa were transferred to the cages. Of these, 124 from 3 taxa had passed

through the square-mesh (treatment fish) and 39 from the same 3 taxa had passed through an open codend

(control fish), (Table 8).

After 10 days, 26 percent of the treatment fish and 56 percent of the control fish were still alive. In both groups

survival varied with taxon: for example all Saurida spp. died before the end of the experiment, whereas all

Terapon puta control fish survived.

Valid comparisons between treatment and control fish could be made for two taxa. Only 21 percent of

Leiognathus splendens survived after passing through the square-mesh, which was significantly less (p < 0.05)

than the control (80 percent ). There was also a significant difference (p < 0.01) between the survival of Terapon

puta controls (100 percent) and the treatment fish (50 percent).

Experiment 2:

Fish kept in Cages

(i) Trawl-caught fish

A total of 368 fish from 14 taxa were transferred to the cages. Of these, 250 from 14 taxa had passed through the

square-mesh (treatment fish) and 118 from 11 taxa had passed through an open codend (control fish). For six

taxa, more than 10 individuals were retained; the remaining fish (55) were grouped as 'Others' (Table 9 (a)).

After 8 days, 21 percent of the treatment fish were still alive. However, survival varied between taxa, ranging

from 100 percent for Terapon puta to 0 percent for Cynoglossus spp., Sardinella spp. and Secutor spp.

After 8 days, 15 percent of the control fish were still alive. Survival, again, varied between taxa, ranging from

100 percent for Sillago spp. and Terapon puta to 0 percent survival for Cynoglossus spp., Sardinella spp. and

Secular spp.

Valid comparisons between the treatment and control fish could be made for only 3 taxa and the 'Others' group,

as all experimental and control Cynoglo-sus spp., Sardinella spp. and Secutor spp. died. For all four

comparisons — Leiognathus spp., Sillago spp., Terapon puta and 'Others' — there was no significant difference

between the rate of survival of the individuals that had passed through the square-mesh and those that had not.

(ii) Line-caught fish

Thirty-five fish were caught by hook-and-line, and were transferred to one of the cages. After eleven days, 34

were still alive: 12 Absalom radiatus, 20 Terapon puta and 2 Sillago spp.; the one Polynemus spp. did not
survive.

Fish kept in Pools

A total of 209 fish from 11 taxa were transferred to the pools. Of these, 123 fish from 1 1 taxa had passed

through the square-mesh (treatment fish) and 86 fish from 1 1 taxa had passed through an open codend (control

fish). More than 10 individuals in 3 taxa survived; the remaining fish (96) were grouped as 'Others' (Table 9

(b)).

After seven days, 83 percent of the treatment fish were still alive. These included 97 percent of Leiognathus

splendens, 83 percent of 'Others', and 80 percent of Cynoglossus spp., while all Secutor ruconius had died.

Of the control fish, 92 percent survived for eight days. Both Cynoglossus spp. and Leiognathus splendens had

100 percent survival; 'Others' had 98 percent, and Secular ruconius had 64 percent.

The survival of Secutor ruconius that had passed through the square-mesh was significantly less (p < 0.01) than

those that had not. There was no significant difference between the survival of Cynoglossus spp., Leiognathus

splendens and the 'Others' that had passed through the square-mesh and those that had not.
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Table 8 . Survival of fish that passed through a square-mesh (Treatment) or open (Control) codend and were

then kept in cages for 10 days during Experiment 1.

Leiognathus splendens

Saurida spp.

Terapon puta

Total

In cages

(n)

71

19

34

124

Treatment

Survived

(n)

15

0

17

32

Survival

(%)
21

0

50

26

Into cages

(n)

5

16

18

39

Control

Survived

(n)

4

0

18

22

Survival

(%)
80

0

100

56

Table 9 (a) Survival of fish that passed through a square-mesh (Treatment) or open (Control) codend and were

then kept in cages for 8 days during Experiment 2.

Cynoglossus spp.

Leiognathus spp.

Sardinella spp.

Sillago spp.

Secutor spp.

Terapon puta

Other spp.

Total

Into cages

(n)

17

114

37

28

10

16

28

250

Treatment

Survived

(n)

0

7

0

17

0

16

13

53

Survival

(%)
0

6

0

61

0

100

46

21

Into cages

(n)

1

49

15

6

19

1

27

118

Control

Survived

(n)

0

1

0

6

0

1

19

27

Survival

(%)
0

2

0

100

0

100

70

15

Table 9 (b) Survival of fish that passed through a square-mesh (Treatment) or open (Control) codend and were

then kept in pools for 7 - 8 days during Experiment 2.

Cynoglossus spp.

Leiognathus splendens

Secular ruconius

Other spp.

Total

Into tanks

(n)

10

62

10

41

123

Treatment

Survived

(n)

8

60

0

34

102

Survival

(%)
80

97

0

83

83

Into tanks

(n)

5

15

11

55

86

Control

Survived

(n)

5

15

7

52

79

Survival

(%)
100

100

64

95

92
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Figure 13 The percentage of fish surviving (all species) per day from the pool experiments
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Figure 13 shows the percentage of fish surviving in the pools during the eight days of experiment 2. Most of

these deaths occurred within the first three days after their capture: 19 of the 21 deaths of treatment fish and 6 of

the 7 deaths of control fish were within that time span.

DISCUSSION

Although we did not examine the causes of death, Soldal et al., (1993) stated that accurate mortality rates of fish

that die of injuries caused by escapement from the codend are difficult to assess, as there is no single reason for

fish dying. Fish are not only injured while passing through the codend meshes, but also by contact with the net
wall or other fish and crustaceans in the trawl.

Markedly fewer fish survived in cages than in pools. However, Main and Sangster (1991) stated that it is unwise

to lay too much emphasis on the survival rates of fish held in cages, as they may die of causes other than scale

damage from contact with codend meshes. They qualified this by saying that if a fish survives (in a cage), then it

has obviously recovered from its traumatic experience in the trawl, but if it dies there is always some uncertainty

about the cause of death. We recommend that, in future experiments, all fish are held in pools.

The mortality ofbycatch is highly variable between species (Kaiser and Spencer 1995). Our results suggest that

bycatch species can be divided into three broad categories with respect to survival after passing through a

square-mesh codend. Firstly, species that are hardy and able to survive encountering and escaping from a trawl

(e.g. Terapon puta); secondly, species that are susceptible to the stress of passing through the square-mesh,

some of which may die (e.g. Leiognathus splendens, Sillago spp. and Secular ruconius); and thirdly, species that

are extremely fragile and have a low probability of surviving an encounter with the codend of a trawl (e.g.

Sardinella spp.). The poor survival of this last group may be a result of the trauma of being caught in the trawl

rather than the effects of passing through the square-mesh itself, or by having a delicate body that sustains fatal

damage easily. The survival rates of all these categories will be affected by such factors as the individual size of

fish (Soldal et al., 1991), the catch composition (Main and Sangster, 1991) and the length of time in the trawl

(Von Kelle, 1976).

In our experiment in tropical waters, most deaths in the pools occurred during the first three days of captivity. In

subtropical waters, fish discarded from prawn trawls also died in greatest numbers within the first three days

(Wassenberg and Hill, 1993). In temperate fisheries, the same period was critical for cod (Gadus morhud) and

haddock (Melanogrammus aeglefinus) that escaped through the meshes of a Danish seine codend (Soldal et al,

1993). Secondary infections associated with scale loss resulted in haddock deteriorating quickly and dying

within 24 hours (Main and Sangster, 1991). We did not observe any deaths from secondary infections amongst

fish that were held for eight days. Our experiments suggest that, even in the tropics, survival experiments should

last at least four days.
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BENEFITS

These experiments provide the first evidence of the proportion of the fish that survive after escaping from

square-mesh codends in tropical waters. The results from these experiments are essential for assessing the

effectiveness of square-mesh codends as Bycatch Reduction Devices. We show that, for most species, most fish

are likely to survive. These results can also be applied to other Bycatch Reduction Devices that use square-

mesh, such as square-mesh panels.

B. Damage to selected species escaping from prawn trawl codends: a
comparison between square-mesh and diamond-mesh

INTRODUCTION

Prawn trawling in tropical Australian waters results in large amounts of unused bycatch. The ratio of bycatch to

target catch in the Northern Prawn Fishery may range from 5:1 to 10:1 by weight (Harris and Poiner,1990;

Fender et al., 1992). The main components of this bycatch are small fish, sharks and rays.

A joint study by CSIRO Division of Fisheries, the Australian Maritime College and the Northern Territory

Fisheries Division is looking at ways of reducing unused bycatch in this fishery. Reduction of bycatch would be

expected to result in: less damage to prawns, resulting in a higher proportion of export quality product; reduced
sorting time; less criticism of the industry from environmental and recreational fishing lobbies; and maintenance

of the ecosystem that supported the original fishery.

One of the fishing gears being trialed during this study is the square-mesh codend. The meshes remain open

during tows, unlike the widely used diamond-mesh codend currently used in prawn fisheries (Main and

Sangster, 1990). Therefore escapement of unused bycatch is expected to be greater from square-mesh codends

than the same-sized diamond-mesh.

There has been very little research into damage to fish escaping through prawn-trawl codends. Studies of

damage to fish escaping through codend meshes have been carried out in the cooler waters of the North Sea

(Main and Sangster, 1990) where, unlike tropical waters, the diversity of species is relatively low. The survival

of tropical species escaping through codend meshes has not been researched.

The objectives of this study were to measure the damage to a range of species that had escaped through codend

meshes. Such an assessment will: (i) help predict survival of fish species escaping through square-mesh codends

and (ii) help explain survival rates of different species measured in any future studies.

MATERIALS AND METHODS

(i) Study Area

The study was earned out in the Gulf of Carpentaria in commercial prawn trawling grounds five nautical miles

west offDuyfken Point, Qld (Figure 9). The water depth ranged from 15 to 20 m.

(ii) Trawl regime

Fish for damage assessment were collected over 10 nights from 15 November to 24 November 1993. Trawls

were carried out from the CSIRO Fisheries Division research vessel MRV Southern Surveyor. Each trawl was of

30 minutes duration and was conducted at night in a North-South direction.

(iii) Sampling gear

Gear trials comparing two sizes of square-mesh (45 mm and 38 mm) with a diamond-mesh codend(45 mm

mesh) were carried out. The latter is the standard codend mesh used by commercial trawlers in the Northern

Prawn Fishery. Comparisons were made using dual-rigged 14 fathom Florida Flyer prawn trawls (Figure 7).

One net was rigged with the standard diamond-mesh codend and the other with one of the square-mesh codends.

Small mesh (16 mm) codend-covers, with rings to help prevent masking of the inner codend, were used to retain

individuals that escaped through the codend meshes.

To minimise further damage to the escapees while in the fine mesh cover, the codend and cover were brought on

deck in a heavy duty plastic scoop (a cone of 1.5 m diameter and 1.2 m depth) filled with seawater. Once on
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deck the catch in the cover was released into the water-filled scoop (also used to bring the catch on board),

Selected fish were removed individually from the scoop by hand and placed in MS222 fTricaine methane

sulphonate) at a toxic concentration of 100 parts per million of seawater.

(iv) Selection of species for damage assessment

The main target species of the fishery in this area are Penaeus semisulcatus (grooved tiger prawn), Penaeus

esculentus (brown tiger prawn), Metapenaeus endeavouri (blue endeavour prawn) and Metapenaeus ensis (red

endeavour prawn).

The sampling area had been sampled earlier in the same cruise with a beam trawl. The 10 species of fish and 5

species of crustacean selected for damage assessment were the species most frequently caught during this earlier

sampling and that are also common as bycatch in other areas of the Northern Prawn Fishery. Species were

chosen from different fish families with different body forms. Commercially important species were also kept

for damage assessment. CTable 10).

(v) Laboratory work

Individuals of species selected for damage assessment were identified, counted, measured (standard length) and

weighed. Standard length, greatest body depth, and greatest body width were measured by vemier callipers to

the nearest millimetre. The weight of catch in the codend and cover was recorded for every station.

Each fish was examined visually for damage to the head, scale loss, fin damage, and body wounds. Scale loss

was estimated as a percent area loss; damage to fins and head was ranked from 1 to 4, as follows: 1= no damage;

2 = damaged but not expected to affect survival; 3 = badly damaged and 4 = loss of the body part being
examined. The areas examined for damage were; left dorsal scales, right dorsal scales, left median scales, right

median scales, left ventral scales, right ventral scales, pelvic scales, jaws, left preoperculum, right preoperculum,

left operculum, right operculum, left eye, right eye, dorsal fin spines, dorsal fin rays, adipose fin, anal fin spines,

anal fin rays, caudal fin, left pectoral fin, right pectoral fin, left pelvic fin, right pelvic fin, body wounds.

DATA ANALYSIS

Damage

The highest score for each structure examined, regardless of whether it was measured on the left or right side of

the fish, and an overall percentage scale loss for each fish were used in the analyses. These variables refer to

damage to the following body parts: jaw, preoperculum, operculum, eye, dorsal fin, anal fin, caudal fin, pectoral

fin, pelvic fin. Wounds and scale loss were also examined.

The variance of each variable as examined for heteroscedacity and transformed accordingly.

A multivariate analysis of variance (MANOVA) was carried out with PROC GLM (SAS Institute 1989). The

model used to examine the effect of Codend-type on the eleven dependent variables was as follows.

Yy=m+Ci+eij

where Y, is the vector of eleven dependant variables measured

m = overall mean

C; = effect of the codend type where i = 1 to 3 and e;; is the error of the jth observation for codend i.

The eleven dependant damage variables were:

mean rank of

anal fin damage

anal fin damage

caudal fin damage

pelvic fin damage

wounds

1.

2.

3.

4.

5.

6.

jaw damage

preoperculum damage

operculum damage

eye damage

percentage scale loss

dorsal fin damage

7.

8.

9.

10.

11.
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Table 10. Species selected for damage assessment studies and the reasons for their selection. Reasons for selection are marked with
a tick (^), except for Caranx bucculentus, which was examined because of previous CSIRO work. Abundance = because it is
abundant in the NPF bycatch; Shape = because it is part of a suite of different fish body shapes examined; Commercial = because it
is of commercial significance.

Scientific name Common name Reason for choice as a species to be examined for damage

Fisheries target species Abundance Shape Commercial

s
Q

I
u

?

Sardinella albella

Saurida micropectoralis

Arius thalassinus

Apogon poecilopterus

Caranx bucculentus

Leiognathus splendens

Lutjanus malabaricus

Pomadasys maculatum

Upeneus sulphureus

Pseudorhombus arsius

Penaeus latisulcatus

Penaeus semisulcatus

Penaeus esculentus

Metapenaeus endeavouri

Metapenaeus ensis

Portunus pelagicus

Perforated-scale sardine

Short-finned lizardfish

Giant Salmon catfish

Pearly-finned cardinal-fish

Blue-spotted trevally

Black-tipped ponyfish

Saddle-tailed sea-perch

Blotched javelinfish

Sundise goatfish

Large-toothed flounder

Western king prawn

Green tiger prawn

Brown dger prawn

Endeavour prawn

Endeavour prawn

Sand crab

Of interest to CSIRO

^
^
^
^

^
^

^

^

^
^
^

^
^
^
^

^

^
^
^

^

^

^

^
^
^
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Effects of Trawl design on Bycatch and Benthos In Prawn and Finfish Fisheries

The following variables were included in the model as co-variates: aspect ratio 1 (depth/length), aspect ratio 2

(width/length), fish depth, and total weight of the catch (in kg). Aspect ratio 2 was omitted for species where it

was significantly correlated with aspect ratio 1 (P<0.05). The significance of each variable was assessed with

Pillai's trace statisic.

Regression analysis was used to find the direction of any significant relationship between damage variables and

the codend type and covariates.

RESULTS

General

During the net comparison trials 82 stations were trawled; of these 43 were comparisons of 45 mm diamond

versus 45 mm square-mesh codend, and 39 were of 45 mm diamond versus 38 mm square-mesh codends. There

were 81 species ofescapees. Damage to escapees was examined at nine stations. Thirteen species ofescapees

were examined: nine species of fish and four species of prawn CTable 11). Of the species selected, only 6 species

of fish were collected in sufficient numbers for statistical analyses (i.e. N> 10 in one treatment).

At three of the stations, escapees were taken from the cover of the 45 mm square-mesh codend, at 4 of the

stations escapees were taken from the cover of the 45 mm diamond-mesh codend and at 2 of the stations

escapees were taken from the cover of the 38 mm square-mesh codend.

Overall Damage to escapees

There was a significant effect of codend (p<0.05) for all five species that were compared for 45 mm square and

diamond-mesh codends fTable 12). Aspect ratio one and total weight of catch were related to overall fish

damage for two species.

Only two species had differences in damage in the 38 mm square-mesh codend versus 45 mm diamond-mesh

codend comparisons, according to the model (Table 12). These variables were codend type and the covanates

aspect ratio and total weight of catch for Sardinella albella and depth of fish for Upeneus sulphureus.

Table 11. Species studied for damage after escaping from codends.

Scientific name

Fish

Sardinella albella

Saurida micropectoralis

Arius thalassinus

Apogon poecilopterus

Caranx bucculentus

Leiognathus splendens

Lutjanus malabaricus

Pornadasys maculatum

Upeneus sulphureus

Prawns

Penaeus semisulcatus

Penaeus esculentus

Metapenaeus endeavouri

Metapenaeus ensis

45 mm diamond

52

11

2

61

11

40
7
5

68

1

1
1
2

Codend mesh type

38 mm square

15
25

0
63

13

30

0
10
56

1
1

1

1

45 mm square

60
22

0
37

1
54

1

55
55

1
1

1

1
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Damage to particular parts of the fish

Eight of the measures of fish damage were significant in the overall MANOVA model for 45 mm diamond-

mesh codend versus 45 mm square-mesh codend comparison and 6 in the 45 mm diamond versus 38 mm

square-mesh codend comparison fTable 13).

(i) 45 mm diamond versus 45 mm square-mesh comparison

Damage to the jaws was significant in Leiognathus splendens; we attributed it to the codend type. The

regression analysis showed that damage to fish escaping from the 45 mm square-mesh codend was worse than

for those escaping the 45 mm diamond-mesh codend (Table 14).

Damage to the preoperculum was significant in Upeneus sulphureus; we attributed it to codend type and depth

of fish. The escapees from the 45 mm diamond-mesh codend had worse damage those of the 45 mm square-

mesh codend, and it was worse for those with deeper bodies regardless of the codend type (Table 14).

Scale loss was significant in all species. Differences were attributed to codend type and three covariates: aspect

ratio 1, maximum depth of fish and total weight of catch. The combination of variables that explain scale loss

differs for each species (Table 14).

Dorsal fin damage was significant in Sardinella albella and Upeneus sulphureus. This was attributed to codend

differences and was worse in 45 mm diamond-mesh codend escapees than 45 mm square-mesh codend

escapees.

Anal fin damage for Sardinella albella was attributed to total weight of catch, with damage being worse with a

heavier catch. Anal fin damage was attributed to codend type for Apo^on poecilopterus and Leiognathus

splendens, damage being worse in 45 mm square-mesh codend escapees than 45 mm diamond-mesh codend

escapees.

Caudal fin damage was significant in Saurida micropectoralis only. Damage was related to aspect ratio, being

greater with an increase in aspect ratio 1.

Pelvic fin damage in Apogon poecilopterus and Upeneus sulphureus was greater in the 45 mm square-mesh

codend escapees than 45 mm diamond-mesh codend escapees. Pelvic fin damage was less for Upeneus

sulphureus with increase in depth of fish.

Wounds on Saurida micropectoralis were associated with total weight of catch and codend type, being less with

higher total weight of catch and greater in 45 mm square-mesh codend escapees than 45 mm diamond-mesh

codend escapees. Upeneus sulphureus had more wounds in 45 mm square-mesh codend escapees than 45 mm

diamond-mesh codend escapees, but less with increase in maximum depth of fish.

(ii) 45 mm diamond-mesh versus 38 mm square-mesh comparison

Damage to the eyes was significant for Sardinella albella. It was less with greater aspect ratio 1 of fish; greater

in 45 mm diamond-mesh codend escapees than 38 mm square-mesh codend escapees and less with higher total

weight of catch fTable 15).

All three species examined from the 38 mm square-mesh codend comparison had significant scale loss. This

relates to different variables depending on the species. Sardinella albella had more damage with increase in

aspect ratio 1 and less damage with an increase in total weight of catch. Apogon poecilopterus and Upeneus

sulphureus had less damage with increase in maximum depth of fish (Table 15).

Dorsal fin damage was significant for Apogon poecihpterus and Upeneus sulphureus. This was greater with

increase in maximum depth of fish for Apogon poecilopterus and less with increase in maximum depth of fish

for Upeneus sulphureus.

Caudal fin damage in Sardinella albella was greater in the 45 mm diamond-mesh codend escapees than the 38

mm square-mesh codend escapees and less with increase in total weight of catch.

DISCUSSION

The species that escape from the 45 mm square-mesh codend could be expected to escape from open diamond-

mesh of the same size. This is not, however, the case for all species examined; Sardinella albella, Saurida
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Table 12. Variables that explained a significant amount of the variation in damage for the two codend comparisons.

Codend comparison Species Codend

p= 0.0001

p= 0.0018

p= 0.0001

p = 0.0001

p = 0.0001

p = 0.0142

ns

ns

ns

ns

ns

Aspect ratio 1

p = 0.0003

p = 0.0001

ns

ns

ns

p = 0.0001

ns

ns

ns

ns

ns

Covariates

Maximum fish

depth (mm)

p = 0.0002

ns

p = 0.0001

. = 0.0007

Total weight
of catch

p = 0.0001

p = 0.0033

ns

ns

ns

p = 0.0003

ns

ns

ns

ns

ns

45 nun square vs. 45 mm diamond

38 nun square vs. 45 mm diamond

Sardinella albella

Saurida micropectoralis

Apogon poecilopterus

Leiognathus splendens

Upeneus sulphureus

Sardinella albella

Saurida micropectoralis

Apogon poecilopterus

Caranx bucculentus

Leiognathus splendens

Upeneus sulphureus

(0
y
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i Table 13. The body parts of each species that showed significant differences between the observed damage from square and diamond
codend comparisons. (+ = P < 0.05) (- = ns). (1 = jaw ; 2 = preoperculum; 3 = operculum; 4 = eye; 5 = scale loss; 6 = dorsal fin; 7 = anal

fin; 8 = caudal fin; 9 = pectoral fin; 10 = pelvic fin damage; 11= wounds)

Species

45 nun diamond versus 45 mm square-mesh codend

Damage variables

3456789 10 11

S. albella

S. micropectoralis

A. poecilopterus

L. splendens

£7. sulphureus

S. albella

A. poecilopterus

U. sulphureus

+ + + -

+ - + -

+ - + -

+ - + -

+ + - -

45 mm diamond versus 38 mm square-mesh codend

++ - - +

+ + - -

+ -+ + -

+

+

^
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Table 14. Results from the model of sources of significant damage for five fish bycatch species from the 45 mm square versus 45 mm
diamond mesh codend comparisons. The probability statistics of the explanatory variables and the direction of the significant
relationships (p < 0.05) are presented. di>sq = diamond mesh codend escapees with greater damage than square-mesh codend escapees,
sq>di = square-mesh codend escapees with greater damage than diamond-mesh codend escapees; +ve = increase in damage with increase

in explanatory variable; -ve = decrease in damage with increase in explanatory variable.

-n

:3
to

33
0
1
3.

-a

^
CD
2.
(0
s
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Species

Sardinella albella

Saurida micropectoralis

Apogon poecilopterus

Leiognathus splendens

Upeneus sulphureus

Damage variable

scale loss

dorsal fin damage

anal fin damage

pectoral fin damage

scale loss

caudal fin damage

wounds

scale loss

anal fin damage

pelvic fin damage

jaw damage

scale loss

anal fin damage

preoperculum damage

scale loss

Codend

0.3213

0.0267 (di > sq)

0.8183

0.0001 (di > sq)

0.0035 (di > sq)

0.3349

0.0033 (sq > di)

0.0007 (di > sq)

0.000 l(sq>di)

0.0056 (sq > di)

0.0001 (sq > di)

0.000 l(di>sq)

0.0001 (sq > di)

0.0001 (di > sq)

0.000 l(sq>di)

Aspect ratio 1
(depth/length)

0.0001 (+ve)

0.0745

0.1351

0.2901

0.0016 (+ve)

0.0001 (+ve)

0.6351

Covariates

Maximum depth
of fish (mm)

0.0001 (-ve)

0.1427

0.3868

0.0001 (+ve)

0.0001 (-ve)

Total weight
of catch (kg)

0.0001 (-ve)

0.1187

0.0251 (+ve)

0.0299 (-ve)

0.0351 (+ve)

0.0938

0.0062 (-ve)

^
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dorsal fin damage

pelvic fin damage

wounds

0.0064 (di > sq)

0.0052 (sq > di)

0.0212 (sq > di)

0.8658

0.0184 (-ve)

0.0002 (-ve)

Table 15. Results from the model explaining sources of significant damage for three fish bycatch species from the 38 mm square
versus 45 mm diamond-mesh codend comparisons. The probability statistics of the explanatory variables and the direction of the
significant relationships (p < 0.05) are presented. di>sq = diamond mesh codend escapees with greater damage than square-mesh
codend escapees, sq>di = square-mesh codend escapees with greater damage than diamond mesh codend escapees; +ve = increase in

damage with increase in explanatory variable; -ve = decrease in damage with increase in explanatory variable.

Species

Sardinella albella

Apogon poecilopterus

Upeneus sulphureus

Damage variable

eye damage

scale loss

caudal fin damage

scale loss

dorsal fin damage

preoperculum damage

operculum damage

scale loss

dorsal fin damage

Codend

0.0059 (di > sq)

0.8097

0.0052 (di > sq)

Aspect ratio 1
(depth/length)

0.0493 (-ve)

0.0001 (+ve)

0.8127

Covariates

Maximum
depth of fish

(mm)

0.0330 (-ve)

0.0014 (+ve)

0.1184

0.1780

0.0041 (-ve)

0.0025 (-ve)

Total weight of
catch (kg)

0.0194 (-ve)

0.0013 (-ve)

0.0026 (-ve)

-0
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micropectoralis, Apogon poecilopterus, Leiognathus splendens, Pomadasys maculatwn and Upeneus sulphureus

all have a greater proportion escaping from the 45 mm square-mesh codend than the diamond-mesh codend of

the same size.

All species either have a significantly larger proportion escaping from the 45 mm square-mesh codend than from

the diamond or no significant difference. The lack of differences in the number of some species escaping from

the diamond and square-mesh codends may be related to the low numbers of these species caught (e.g. Lutjanus

malabaricus, Pseudorhombus arsius, Metapenaeus endeavouri, Metapenaeus ensis and Portunus pelagicus).

The shape and size of the species are relevant. For example, the spines ofArius thalassinus prevent even small

individuals from escaping. This was the only species where a significantly smaller proportion escaped from the

38 mm square-mesh codend than the 45 mm diamond-mesh codend. This may be attributed to the size of the

mesh; even when open, 38 mm mesh is too small for the spines ofArius thalassinus to fit through.

Sardinella albella, Saurida micropectoralis, Apogon poecilopterus, Lutjanus malabaricus, Pomadasys

maculatum, Penaeus semisulcatus and Penaeus esculentus all had significantly higher proportions escaping

through the 38 mm square-mesh codend than the 45 mm diamond-mesh codend. This, again, would be attributed

to the square-mesh remaining open and the diamond-mesh closing during trawling.

The Lutjanus malabaricus and Caranx bucculentus that escaped from any of the codends were all juveniles.

These fish were not visually damaged. Their body depth and width were considerably smaller than any of the

mesh sizes used. Trials at a different time of year or another site might involve different sizes of these species

and give different results. Further study may be required to look at damage through codend meshes for subadults

and adults of these species.

Few flat-fish Pseudorhombus arsius and crab Portunus pelagicus escaped from any of the codends, possibly

because of the shape of these species: broad and flat.

The release of commercially valuable prawns by a bycatch exclusion device is not very appealing to commercial

fishermen. However, the prawns escaping in these trials were mainly subadult pre-spawners and the release of

this class of prawn may benefit the industry by allowing the prawns to grow to a more valuable size, reach

maturity and spawn before capture.

The species with large loss of scales, such as Sardinella albella, Apogon poecilopterus and Upeneus sulphiireus,

have relatively deciduous scales. Fish that escaped from the 38 mm square-mesh codend had the most extreme

loss of scales, and included the only individuals to lose lateral line scales. One third of S. albella lost their scutes

as well as other scales.

The majority of the fish that escaped from the 45 mm mesh codends were not damaged seriously. (The mean

damage rank of less than three for any of the damage variables). However, further research is needed to explore

the survival rates of escapees from different codends.

This study suggests that, overall, escapees from 45 mm mesh codend are less damaged and therefore have a

better chance of survival than escapees from the 38 mm square-mesh codend or 45 mm diamond-mesh codend

(Table 12). Additionally, the 45 mm square-mesh codend is more likely to allow fish to escape than either the 45

mm diamond or 38 mm square-mesh codends.

Fish escaping from the 38 mm square-mesh codend are more severely damaged than those escaping from the

diamond-mesh codend: the mean damage rank of the former reached three in several cases. The survival rate of

these fish is likely to be lower than if the codend had been of 45 mm diamond-mesh.

The damage to prawns that escaped into the codend cover was slight: the worst damage seemed to be broken

tips to their antennae.

BENEFITS

Both the 45 mm and 38 mm square-mesh codends reduce the catch of small by catch species. It appears that

many of the escapees suffer only slight damage and so their subsequent survival may be high. The use of square-

mesh codends may be a useful way of reducing certain size classes of bycatch in the Australian Northern Prawn

Fishery. However, information on the survival rates of codend escapees will be an important part of the

assessment of these devices.
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OBJECTIVE 4.
• Describe the reaction of fish and prawns to trawls In order to enhance our ability to

develop trawls that minimise catches of unwanted species.

INTRODUCTION

The vertical distribution and behaviour of prawns and fish entering a trawl were examined with the aid of a

multi-level beam trawl (MET) in the Northern Prawn Fishery (NPF). Trials were conducted on the FRV

Southern Surveyor in 1994, as part of a Fisheries Research and Development Corporation (FRDC) funded

project on the effects of trawl design on bycatch in tropical prawn fisheries. This is a collaborative project

between the Australian Maritime College, the CSIRO Division of Fisheries (Cleveland) and the Northern

Territory Department of Primary Industry and Fisheries (Darwin).

A knowledge of the behaviour of fish and prawns is necessary for designing techniques to reduce bycatch while

retaining valuable prawns. A variety ofBycatch Reduction Devices (BRDs) have been developed to reduce the

capture of the small fish that usually dominate prawn trawl bycatch. Many of these BRDs, such as fisheyes and

square-mesh windows, rely on fish being better swimmers than prawns. The BRDs are placed in the top of the

codend; the more active fish swim through an escape opening while the prawns are swept passively into the

codend.

Underwater video cameras are a popular way of observing how animals react to trawls. Prawn trawling,

however, is mainly done at night and in turbid waters. Under these conditions, expensive low-light cameras

struggle to film at effective ranges, and artificial lighting is of limited use due to backscattering and its influence

on natural behaviour patterns. Daylight filming allows the use of relatively cheap video cameras; however, the

species of interest may not be present in the trawl during the day and its behaviour in the day may differ from its
behaviour at night. To overcome these shortcomings and gather evidence of how prawns and fish react to prawn

trawls, the Australian Maritime College constructed a multi-level beam trawl.

Trials in the NPF

The MBT, 4 m wide and 1.8 m high, was made of aluminium (Figure 14). The height of the beam trawl is the

maximum height of otter boards currently used in the NPF; the width was selected to provide adequate sample

numbers. If required, these dimensions also allow the MBT to be towed as a try-net by NPP trawlers, collecting

catch data without hampering the commercial operation. A four-seam trawl based on a Florida Flyer design was

towed from the aluminium frame. It had three equally spaced vertical compartments (0 - 600 mm; 600 mm -

1200 mm; 1200 mm - 1800 mm). Each compartment was divided by identical horizontal panels so that prawns
and fish reacting vertically to ground-chain contact could enter any one of the three compartments. Alead-ahead

panel attached to the upper headline was extended between the wingends to prevent animals from escaping over

the headline. A mesh size of 50 mm was used throughout the trawl.

Sea trials were conducted in Albatross Bay in the Gulf of Carpentaria over eight nights. A total of 49 half-hour

tows were performed at an average tow speed of 2.7 knots.

The codend on the lower compartment caught the most fish (40 percent) and commercial prawns (81 percent).

This suggests either that their usual habitat is close to the sea bed (already known for prawns), that the escape

response of most fish and prawns is to move away close to the sea bed, or a combination of these behaviours.

The top and middle compartments caught 39 and 20 per cent of the total fish catch respectively, and 14 and 5

per cent of the prawn catch. This suggests that the lead-ahead panel guided many animals into the trawl that

otherwise would have escaped over the upper headline.

A more detailed analysis of the results revealed some interesting species-specific behaviour (Figures 15 (a)(b) &

16). For example, the dollar fish (Leiogiwthus splendens) and the 'sardine' (Sardinella albella) were caught

mainly in the upper codend. A number of the sardines were also caught in the meshes of the lead-ahead panel.

These results suggest that a BRD placed in the top of the codend, such as a square-mesh window or fisheye, may

successfully exclude these species. A species of flatfish (Pseudorhombus arsius) was caught mainly in the lower

codend, and a species of grinner (Saurida micropectoralis) was more evenly dispersed between the three

codends, indicating a less directed response to the trawl (Figure 16).
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Figure 14. The multi-level beam trawl used to study the reaction of fish and prawns to trawl gear (with lead-ahead panel removed)
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Over 78 percent of grooved tiger prawns (Penaeus semisulcatus) and 86 percent of red endeavour prawns

(Metapenaeus ensis) were caught in the lower codend (Figure 15 (a)). The bigger grooved tiger prawns were

mainly caught by the upper codend (Figure 15(b)). This suggests that they are more active and either enter the

upper codend after contact with the ground chain or are swimming at the time of capture. Too few blue

endeavour prawns (Metapenaeus endeavouri) and brown tiger prawns (Penaeus esculentus) were caught for

analysis.

BENEFITS

The headline height of a prawn trawl in the NPF may reach 1.8 m to maintain trawl geometry, as the headline of

the trawl is attached to the aft trailing edge of the otterboard. Our trials indicate that the headline height could be

reduced without significant loss of prawns but with a significant reduction in fish bycatch. Future trials with the

MBT will test the effectiveness of the lead-ahead attachment to the lower compartments and will further test

industry claims that the current headline height is required to catch large swimming prawns.

In future trials the headline height will be tested on a commercial prawn trawl. The Australian Maritime College

is testing a 6 fathom prawn brawl with the headline at 50 percent of otterboard height. Trawl spread and warp

tension data suggested that an increase in swept area may result from this modification, and no change in

otterboard orientation was detected.

In summary, the multi-level beam trawl is providing us with valuable behavioural information that would be

difficult, if not impossible to obtain by underwater video cameras. The net will help us to develop Bycatch

Reduction Devices to exclude bycatch more effectively while retainirg the valuable prawn catch. The study is

also providing information on the viability of headline height modifications to improve trawl performance.

Figure 15 (a). The percentage of prawns that were caught in the multi-level
beam trawl mouth at three different heights above the sea bed for four different

species.
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Figure 15 (b). The percentage of tiger prawns {Penaeus semisulcatus and P.esculentus)
that entered the multi-level beam trawl at three different heights above the sea bed.

MBT compartment
heights
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600-1200 mm
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Carapace length (mm)

51+

Figure 16. The numbers of different fish species that were caught in the multi-level beam trawl mouth at
three different heights above the sea bed.
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OBJECTIVE 5.
To develop an ongoing literature data base on environmentally friendly trawl gear
research that can be accessed by other Australian research organisations.

A literature database has been produced with the software package Procite. It includes scientific and 'grey'

literature on the following topics: Bycatch Reduction Devices, trawl gear selectivity, behaviour of animals in

trawls, fate of trawl discards, effects of trawling, survival of trawl escapees and trawl gear engineering

performance.

Copies of the database are held at CSIRO Marine Laboratories in Cleveland, Australian Maritime College and

Northern Territory Department of Primary Industry and Fisheries. The database, which is added to regularly,

will be available to all fisheries research institutions in Australia. To date, more than 300 records have been

entered.

Where possible, each record contains information on at least the following fields:

title place of meeting (e.g. if from proceedings/workshop)

authors date of the meeting

author affiliation keywords

abstract notes

journal name ISBN number

volume number ISSN number

issue number publisher (for other than journals)

pages place of publication (for other than journals)

date availability (where hard copies are held)

OBJECTIVE 6.
• To promote the results of the project to the fishing industry.

The desired end point of any new trawl gear development is its voluntary acceptance and adoption by the

industry. To this end, a substantial effort was directed to publicising the project's objectives and results,

specially to the fishing industry. The primary focus of the communication plan was to report the results in

fishing industry magazines, at fishing industry meetings and through newsletters. Other means of reporting were

also used: publishing in scientific journals, oral and poster presentations at scientific conferences, press releases,

articles in general community magazines, and radio and television interviews.

This output is listed below and some of the written articles are attached in the appendices. Copies of most of the

television segments and posters can be obtained on request from project staff.

LIST OF THE COMMUNICATION ITEMS

1. Papers in scientific journals (see Appendix A):

• Brewer, David T.; Eayrs, Steve; Mounsey Richard P.; and Wang, You-Gan. 1995. Assessment of an

environmentally friendly, semi-pelagic fish trawl. Fisheries Research.

2. Articles in fishing industry magazines (see Appendix C):

• Brewer, David and Eayrs, Steve. 1994. "New prawn and fish-trawl gear reduces non-target bycatch".

Australian Fisheries 53(3): 9-11.

• Eayrs, Steve, David Brewer, and Neville Gill. "NPF fishers inspect Bycatch Reduction Devices". The

Queensland Fisherman January 1996.

• Eayrs, Steve, David Brewer, and Neville Gill. "NPF fisherman view Bycatch Reduction Devices"

Professional Fisherman, February 1996.
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• David Brewer, Steve Eayrs and Nick Rawlinson. "Bycatch Reduction Devices show promise in the NPF'.

Australian Fisheries, May 1995.

• Nick Rawlinson and Dave Brewer. "Monsters, blubber and other bycatch - NPF operators' views on

bycatch reduction" Australian Fisheries, May 1995.

• Steve Eayrs, David Brewer, Shekar Base and Rik Buckworth. "Multi-level beam trawl reveals fish and

prawn behaviour" Professional Fisherman, July 1996.

• David Brewer, Nick Rawlinson, Steve Eayrs and John Salini. "Bycatch Reduction Devices can benefit

prawn fishers". Fishing Boat World, December 1996.

• David Brewer, Nick Rawlinson, Steve Eayrs and John Salini. "Bycatch Reduction Devices can benefit

prawn fishers". Professional Fisherman, January 1997.

3. Articles in science magazines (see Appendix C):

• David Brewer. "Escape Nets reduce fish bycatch" Ecos magazine. Spring 1994.

• Anon. "Bycatch Reduction Devices in the Gulf of Carpentana." AMC News, December 1995.

4. Articles in local community newspapers (see Appenduc C):

• "New net to cut trawl bycatch" - The Cairns Post June 23 1994

• "One of a kind fish experiment" - The Weipa Bulletin, August 12 1994

5. Articles in local and large newspapers (see Appendix C):

• "Fishermen aim to cut slaughter" - The Sunday Mail July 24 1994

• "New net trials aim to cut loss of marine life" - The Courier Mail November 30 1994

• "A better way to fish, by hook or crook" - The Canberra Times March 4 1995

• 'The Killing Beds" - The Weekend Australian June 10-11 1995

• "Nets with a catch - fish escape" - The Courier Mail June 14 1995

6. Television segments in a variety of programs including children's information, science and

community programs:

• The ABC program, "Landline" covered a story on our bycatch survival research in 1994

• A program called "Cross Country" covered a story on the project in general in 1995

7. Oral presentation of project results at fishing industry workshops: .

• Various members of the team have presented project results at several industry meetings including three

annual workshops and two practical gear demonstration days on board MRV Southern Surveyor.

8. Oral presentation and posters of project results at local, national and international scientific seminars

and conferences:

• Seminar at CSIRO Fisheries, Cleveland in July 1995 - "Bycatch reduction in Australia's NPF' by David

Brewer and Nick Rawlinson. This was to local scientists.

• Seminar at the Second World Fisheries Congress in July 1996 - "Recent advancements in environmentally

friendly trawl gear in Australia" by David Brewer. This was presented to a world-wide forum of scientists,

managers, fishers and politicians.

• Seminar at Kuwait Working Group on Demersal Fisheries, Kuwait, May 1996 - "Bycatch reduction

research in Australia's Northern Prawn Fishery" by David Brewer
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• Posters at the Second World Fisheries Congress in July 1996 titled

1. Assessment of an environmentally friendly, semi-pelagic fish trawl. Brewer, Eayrs, Mounsey, Wang

and Salini.

2. A comparison between diamond and square-mesh codend selectivity in the Northern Prawn Fishery of

Australia. Rawlinson, Brewer, Eayrs and Salini.

3. Survival of selected fish species after escaping from square-mesh codends. Rawlinson, Brewer and

Salini.

9. Radio interviews:

• There have been many (6-10) radio interviews made, mainly with Australian regional stations, but no

record of them was kept.

10. Newsletters to industry and the general public (see Appendix C):

• These were prepared for general distribution to scientific or industry meetings or mailing lists to help

inform these groups of the projects objectives and results

INTELLECTUAL PROPERTY
No commercial intellectual property arose from this work.

FURTHER DEVELOPMENT
Two new FRDC projects have arisen from this work. Their titles and objectives are as follows:

1. Ecological sustainability of bycatch and biodiversity in prawn trawl
fisheries.

OBJECTIVES:

• To review the literature of prawn trawl bycatch, including methods of estimating and monitoring it, to add

to the akeady substantial database on Bycatoh Reduction Devices.

To develop cost-effective, accurate and feasible methods of describing and monitoring prawn trawl bycatch

that would be acceptable to all stakeholders.

• To compile a detailed description of the bycatch in the NPP, Torres Strait tiger prawn fisheries and

Queensland East Coast banana prawn fisheries to provide a reference for future assessments.

• To measure the impact of prawn trawling on the sustainability of selected vertebrate bycatch species,

particularly those that may be vulnerable or endangered, and of those bycatch species for which no
significant reductions can be achieved.

To assess the effects of prawn trawling on the biodiversity of key fish and other vertebrate communities.
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2. Commercialisation of strategies and devices to reduce bycatch in northern
Australian prawn trawl fisheries.

OBJECTIVES.

• Exchange information with commercial trawl fishers about ways of reducing the catch of non-target

organisms in their trawl nets.

Further develop promising Bycatch Reduction Devices and other bycatch reduction strategies under

commercial conditions.

• Document, accumulate and publish performance data of turtle-excluder devices and bycatch reduction gears

suitable for the commercial fishing industry of the Queensland East Coast, the Torres Strait, the Northern

Prawn Fishery, and other interested parties.

• Encourage and promote the use ofBycatch Reduction Devices by commercial trawl operators.

We expect that the two new PRDC projects will be followed up with the following topics:

1. Study of the economic values of using BRDs

A study of the financial costs and benefits of using BRDs will clarify this debate. Such a study is likely to show

that the cost of purchase and operation ofBRDs is minute, the cost due to prawn loss can be zero or better, but

improved product quality would have significant financial benefits. This study is especially important in the

NPF which exports most of its prawns to countries that demand the highest quality (= high-priced) product (e.g.

from individual finger-packed prawns). If using BRDs decreases the proportion of damaged prawn in the catch,

they will directly increase annual profits.

2. Demonstration and training In fitting and using BRDs

For BRDs to perform effectively, they must be fitted and used correctly. Workshops should be given to

demonstrate the correct fitting and use ofBRDs. Australian and American experts could visit the main fishing

ports in the NPF and Qld East Coast to demonstrate these techniques.

3. Investigate the possibility of manufacturing BRDs in Australia

The adoption ofBRDs into Australian prawn trawl fisheries will be cheaper and more efficient if local industry

is used to manufacture the most popular BRDs. The sooner local BRD production is 'on-line' the sooner the

local industry will benefit.

4. Detailed behavioural studies of prawn and fish bycatch In trawls

Detailed studies of prawn and bycatch behaviour in trawls will have two main benefits. Firstly, they will enable

us to adjust BRDs so that any prawn losses can be further minimised, as well as improve escapement of

unwanted fish bycatch. Secondly, improved knowledge of escapement and survival of animals from trawls with

and without BRDs will be critical to studying:

(a) whether under-commercial-sized piawns that escape from certain BRDs survive to enhance stocks.

(b) whether BRDs exclude some bycatch species more than others, thereby changing the species composition of

the marine community.

(c) whether the amount of bycatch excluded by using BRDs is enough to provide for the sustainability of

species that otherwise are not exploited.
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I. Cartwright
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D.C. Ramm

R.C. Buckworth

Organisation

CSIRO*
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CSIRO*
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Fisheries Ecologist

Biometrician

Fisheries Biologist
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Biometrician
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Fisheries Technologist

Senior Research Scientist

Research Scientist
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* CSRO = Commonwealth Scientific and Industrial Research Organisation, Division of Marine

Research, Cleveland, Queensland
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Territory

DISTRIBUTION
Distribution list for the final report:

• ten copies to FRDC (one unbound)

• one copy to NORMAC

• one copy to Queensland TrawlMAC

• three copies to CSIRO Division of Marine Research, library

• one copy to Australian Maritime College, library

• one copy to Northern Territory Department of Primary Industry and Fisheries, library
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The final acquittal report was forwarded to FRDC on 12 September. A copy of the report follows.

CSIRO - Division of Fisheries
GPO Box 1538
HobartTAS7001

Fisheries Research & Development Corporation Research Grant
Final Audited Statement of Receipts and Expenditure
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Title of Project:
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Abstract

Minimising caiches of non-targel animals in a irawl fishery reduces the impact on a marine
commun'Ky and may help lo sustain the fishery resource in the long term. Hence the desirability for

irawts thai minimise impacts on non-larget species while maintaining catches of target'species. This
siudy resulted from a need to further develop easily handled, semi-pelagic style trawls for Australia's

Northern Fish Trawl Fishery. lr> November 1993 we compared catches from three differently rigged
versions ol a dcmersal winu irawl: one lished in a standard demersal conliguration with ils tootrope

an the sea bed- .ind iwo fisl^ed .scmi-pelagically. niih iheir fooiropcs raised to ciihcr 0.4-0.5 or 0.8-

0.9 in above the sea bed. At two sites in the nonheasi Gulfot'Carpeniaria, each (rawl lype was used

on ilic same combinaiion ol siics. grids within siies and limes of day.
Cliches of the main target species ( Luijuiws nuiluhtirirns and Uitjwws erylhmpleru.'i} by the three

(raw! types were 1101 signilicamly different. However, the mean catches of both these species and ol'

other commercially imponant snappers, were hiahesi in the semi-pclagic irawl raised 0.4-0.5 m above

ihc sea bed. This increase could be due 10 a larger irawl spread or to the whole rig fishing higher in
I he u';ncr column.

01 the 107 species ol' fishes analysed, 61 were cauglH in greater abundance in the demersal trawl.

Seven species were caughl inoie cffcciivcly in the semi-pelagic trawl with (he fooirope 0.4-0.5 m

;iho\c ilic substnuc: none w.is c.iughl ino.st clTccdvely with the (ooiropc set at 0.8-0.9 m. Epibcnlhic

hyprotluci species (si|uid and 'I'lu'nns nri<'ntuli.>). fish hycatch. sponges and other cpihenthic invcr-

lchr.ncs were at;.o c.iught in l<»\vcr numbers in ihc stfini-pclagic trawls. The semi-pelagic irawls

convincingly caugln less (inbulh numbers ami biuma^s) of (he unwamed species which arc normally
tlisi.-.irdcd. Semi-pclagjc fish irawls ol' the types lcsiol would be suHable for Ausiralia's Nonhern Fish

Trawl Fishery and probably other dcmersal trawl lishcrics thai would benefit from the conservaiion
ol' non-targel cpibcmhic communilics.

* Conusponding author. Tel.: 07 286 8222: Fax: (17 286 25S2.

(H(i-<.7S?<i/9d/SI<>.()() »" 199A El.wvicr Science B.V. All righcs reserved

.<>.S7^01<)5-7K3h(*15)(l<)43^-5
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Kt'YHimls: Semi-putagic iiawl; Byca(ch; Environmentally friendly

I. Introduction

The impact of trawling on marine ecosystems is of world-wide concern, particularly

where critical habitats must be protected to sustain the fisheries. Several approaches to this

problem are being studied intensively in Australia; our study is the first in a series by three
collaborating Australian research organisations to assess methods that lessen the environ-

mental impact of trawling in tropical waters.

Northern Australian waters on the continental shelf between 114 and 140 E support a

multi-species demersal fish trawl fishery (for descriptions, see Edwards, 1983; Sainsbury.

1987; Blaberel al.. 1994) that, like others in Australian tropical waters, has a large bycaich
component (mainly fish), which is usually discarded at sea. Demersal fish trawling on the
Australian Northwest Shelf in the 1960s and 1970s significantly reduced the abundances ol
sponges and associated benthos such as alcyonarians and gorgonians. This was thought to

have led to a reductioo in catches of the main largei species. Lethrinus and Luijmws

(Sainsbury. 1988). New regulaiions for the Northern Fish Trawl Fishery. introduced in
1991. allow use of only semi-pelagic fish trawls—trawls, rigged to operate with sweeps.

bridles and net clear of the sea bed, though with the otterboards on the sea bed.

An curlier version of this style of trawl caught adequate catchesof commercially imponani

fish. had less impact on the substraie and retained fewer unwanted species (Ramm et al..

1993). The resultani cleaner catches of the commercially important fish resulted in a higher

quality product. The trawl, known as the *Julie Anne trawl', is a fork-rigged, semi-pelagic.

four-seam box trawl (hat uses fly-wircs (upper bridles) and floats to lift the headline. This.

combined with the absence of a groundrope, raises the whole trawl off the sea bed < Ramm

ciaL 1993).
Alihough the inilial trials of the Julie Annc trawl' gave promising results, in subsequent

(esls is was found that the trawl's geometry was sensitive to changes in towing conditions.

including (owing speed, water depth and length of warp. The irawl required consiam

monitoring and adjustment and took longer to deploy and retrieve.

An aliernative semi-pelagic trawl was designed. We fished this demersal wing trawl (ihe

McKenna wing trawl') on (lie sea bed and semi-pelagically, with (he groundropc removed

and tooirope set at one of two heights above the sea bed. The results are further evidence

thai semi-pelagic irawls can be environmentally friendly and ihat they may be viable

alienuuivcs 10 standard dcmcrsal lisli trawls.

2. Materials and methods

2.1. TriM'l design

Two identical wing irawls were used in (he trials: each had a headline length of 25.6 in.

a fishing circle of 48.8 m, and 50 mm streich-mcsh polyethylcne netting throughout (he
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Fig. I. The wing nawl used in this study. rigged to fish semi-pelagicatly: its foou-ope is 0.4-0.5 m above the sea

bed.

cod-end (Fig. I). Commercial trawlers use 110 mm mesh cod-ends, but the 50 mm mesh

size enabled us to study a greater range of species. Trawl 1 was rigged for standard demersal

operation and was used as a control to lest the effect of footrope height on commercial fish

catches. Its groundrope weighed 170 kg in air and total headline flotation was 157 kg. Trawl
2 had the groundrope removed and \yas rigged to operate at 0.4-0.5 m (Trawl 2a) and 0.8-

0.9 m (Trawl 2b) above the sea bed. The desired heights were achieved through a combi-

nation of headline floiation and steel weights (10, 20 and 40 kg) attached to the footrope
(Table 1). Fig. 1 shows the position of floats and footrope weights to operate the trawl at
0.4-0.5 m above the sea bed. Bridle and sweep lengths for all trawls were 50 and 40 m

respccuvely. Single slot polyvalem otterboards were used throughout the trials. Each otier-

board weighed 1000 kg and had a surface area of 3.8 irr.

2.2. Ti'iwl perforinain'e nioniiorinf

The distance belween the oitciboaids on all trawls was measured by 'Scanmar' acoustic

sensors housed in brackets attached to the otierboards. Wing-end spread measurements of

Trawl 1 were ohtaincd by placing (tie sensors on the upper wing-ends, 0.3 m ahead of the

neiiin". These were not measured for trawls 2a and 2b. Headline heiaht was monitored with

a 'Scanmar' hci."hl sensor auaclie>l 10 the second row of meshes behind the centre of the

headline.

At ihe Australian Marilime College flume tank before the cruise, a small beam trawl (nel

icmovcd) was lowed wiih 2.5 m lenglhs of 10 nun 'dropper' cl>ains atiached at known

Table I
Total groundrope weight twtrope weiglii. Ixadline flotation and fouirope heighl for the three trawl types

Trawl no.

1
2.1

2b

Ground ropf

170
0
0

weight (kg) Fixnropu weight

u
I.';()

110

(kg > Headline flouyion

157
245
262

(kg) Fooirope height (m)

0.0

0.4-0.5

0.8-0.9
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Study area

\^J

Gulf of
Carpentaria

&

-12°30'

- 13° S

141' 142° E

Fig. 2. Northeastern OulfofCarpentaria. showing the sites and grids sampled in (his study. Each arid was '.impled

by all (hree trawl ivpes.

vertical heights. The number of polished links was recorded at (he end of lows at a range

of speeds. A plot of vertical height against number of unpolished links was generaieci. The

fooirope on the field nets was also tilted with the dropperchains. The number ofunpolishcd

links was then compared with ihe plot to determine footrope heishl.

Warp tension during sea (rials was measured by recording hydraulic oil pressure o' e^.-'li

winch with an A/S Hydraulik Brouvaag 'Synchro 2000' auiomaiic trawl-conirol s'.siein

Video Iboiage was recorded on a 'Sony Hi 8 Handycam' in an undcrwaler housing mia^iicd

to the irawl. All lows were made ai 1.8 m s~ . using a warp-io-depth ratio of 3: 1. 'Vov-

duration was 30 min and trawl pcrtormancc data were recorded midway through each {< .•-'.

Trawl speed was recorded with a "JRC' dopplcr log.

2..'. Snitly area and sampling sfraifgy

The area chosen for trawl comparisons (Fig. 2) was within (he waters of the Northern

Fish Trawl Fishery Management Zone (described in Ncwion el al.. 1994). li ^ as ch.^en

because previous studies had shown il had (he iwo key components required ior our v.-.'ni

parison: commercial quantities of red snappers (Luljanidae) and siructural benihos (m^cr'i-

bcnihus prniruding above the seaAcd) (CSIRO unpublished daia. 1990).
The uawl area was divided Into two 18 kmX 18 km sites (A and B, Fis. 2). each ol

which was divided into 25. 2 X 2 nautical mile grids. Sites were sampled alternately and tor
3 <Jays at a lime (each day a different trawl gear type). Site A was sampled tour lime- < -<

visits X 5 grids X 3 (raw! types = 60 tows), while Site B was sampled ihreetime? ( 3 visits /''

grid? X 3 trawl types =45 lows), wiih one extra grid sampled by each trawl (ype at Site B:

(his gave a total of 108 trawls (Fig. 2). The nel type was randomly rc-ordcred (or each site

visit. Ettch day's trawling consisted of five trawls, in five separate grids, one in each ol live
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time slots (08:00-10:00,10:00-12:00,12:00-14:00,14:00-16:00 and 16:00-18:00). These
gave comparisons of each net type in the same grid (physical area) at the same time of day.

The same five (randomly chosen) grids were used for each set of three trawl types before

a new set of five grids was chosen. Depth in the sampling areas ranged between 41 and 58

m (mean 50.6 m, n = 108).

2.4. Data collection and analvses

We identified all fish to species, weighed each species group, counted individuals and
measured the lengths of the smallest and largest in each catch. Fishes (including elasmo-

branchs) that were longer than about 500 mm, and all commercially important fishes, were

measured and weighed individually (commercially important hshes were regarded as those

currently marketed by commercial fishers or either targeted or kept by recreational or

traditional fishers).

Where catches of smaller fishes were large (over about 50 kg), a cubsample (usually

around 30%) was taken and processed, and the remainder was weighed. For these trawls,

the data for (he total catch were calculated by multiplying up the sub-sample values to a

total weight of smaller fish.

Invertebrates were treated in the same way as fish. with all large specimens measured

and large numbers of smaller organisms subsampled.Invertebratcs were often only identified

to class.

The analyses described belo -v were applied to all species individually and to the following
categories of combined species:

I. 'sharks'—free swimming and usually pelagic (mostly Carcharhinidae);

2. 'oiher clasmobranchs' (mainly stingrays and shovelnose rays);

3. 'lish bycaich' (mainly smal! fishes):

4. "sponges';

5. "other invcnebraies' (excluding sponges, squid and Thenus orienialis (Morelon Bay

bugs), which were analysed separately).

Only species caught in five or more trawls were included in ihe analyses.

This study aims to lest (he null hypothesis ihai caiches I'rom the (wo semi-pelagic fish

trawls (0.4 and 0.8 in above (lie sea bed) are the same as those from (he dcmersal version

of the trawl (food ope on the sea bed) .

Dunnett's Mesis in PROC GLM (Staiisiical Analysis Systems Institute Inc., 1988) were
used for each animal group to test for caich differences between each semi-pelagic trawl

and ihc demersal trawl.

While the objective was to describe (he difference in catches between lliese trawl gears,

the caichcs can also be affected by site differences, time of day and grid series. These factors

were included in a linear model to enable us to compare catches, aflej; accounting for any

vari.ilion caused by these factors. Thus

Caich s= gear + site + times + gear X site + gear X (ime + site

X lime + gear X time X site + grid (site X time) + e
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2a

2b

66-8(0.75)

71.1 (0.39)

68.7 (0.74)
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Table 2
Means and standard enosf, (in parentheses) ofotterboard spread, headline height and waip tension for (he (hree

irawl types

Trawl no. Mean olierboard spread (m) Mean headline height (m) Mean warp leni-ion (t)

2.3 (0.09) 2.0 (0.03)

3.5(0.09) 1.97(0.03)

4.1(0.08) 1.98(0.03)

where gear was the trawl gear type used (footrope of the net at 0.0, 0.4-0.5 or 0.8-0.9 m

above the sea bed); site was the trawl area A or B (Fig. 2); time was the diurnal time

window in which the trawl was made (08:00-10:00, 10:00-12:00,. 12:00-14:00. 14:00-
16:00 or 16:00-18:00); grid represented the 36 individual grids (three for each combination

of site and time) trawled by each gear; and e was the error term or gear X grid (site X time).
Alt factors used in the model, except 'grid', are assumed to have fixed effects. Site was used

as a fixed factor in the model because of the limited choice of the specific habitat required
(see above.).

Plots of residual versus fitted values of weights and numbers data from the model showed

very little difference whether log or square-root transformed. Square-root transformed data

were chosen to stabilise the variance of catch weights, which were then used separately in

the model.

The significance tests for each effect in the model are based on the appropriate error

terms as determined by the expected mean squares (type III) . This was determined using a

'Random" statement with the 'test' option in PROC GLM (Statistical Analysis Systems

Instiiuie Inc.. 1988).

3. Results

3.1. Tnwl perfarnwncr

Essential dclail.s o(' ihc trawls' pcrlbrmance are given in Table 2. Trawl 2a produced (he

largest average distance between oiterboards—71.1 m. The wing-end spread of Trawl 1

was measured Ibr only three tows, resulting in a mean spread of 14.7 m or 57%' of headline

lenglh. From the mean olterboard spread of this trawl, the sweep and bridle angle 10 the

direction of tow was calculated as 18°. No difference was detected in warp tension (total

trawl drag) bctweert. irawls with or wyhout the groundrope (Table 2). Trawl 1 was rigged

for deinersal operaiion and its headlune height (2.3+0.09 m) was equivalent to its venical

opening (i.e. the difference between headline and footrope heights). Based on observed

tbo(rope heights and mean headline heights, the vertical opening of trawls 2a and 2b was

3.0 m and 3.15 m, respectively.

Videos of trawls during (he trials showed wide footrope spread. The footropes of trawls
2a and 2b were observed to be uniformly clear of the seabed for their entire length, with
little change from ihc desired height.
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3.2. Trawl caiche.'i

A toial of 277 440 fish (196 species) weighing 12 413 kg was caught during the study.
A total weight of 1680 kg ofepibenthic invertebrates (34 species or species groups) was
also taken. Trawl I caughl 219 285 fish (190 species) weighing 8515 kg, and 1638 kg of
epibenlhic invertcbrates (32 species or species groups); trawl 2a caught 33 704 fish (109
species) weighing 3153 kg, and 35.2 kg ofepibenthic invertebrates (I I species or species
groups); trawl 2b caught 24 451 fish (82 species) weighing 745 kg, and 7.7 kg ofepibenthic
invcr(ebrates (10 species or species groups).

3.3. Ccttch comparisons

The catches of 20 selected animal groups (main commercially important species and

other groups of interest) are described in Table 3 and nine of these are presented in Fig. 3.
There were significant differences between the catches of the three trawl types for seven of
these nine species groups. Trawl 1 caught more fish bycatch, more epibenthic invertebrate

groups (sponge, other benthic invertebrates and T. orientalis) and more squid than either

of the semi-pelagic trawls. Squid also showed a significant interaction between gear, time

of day and trawl site, indicating that cgfch differences between gears were also affected by

specific limes of day and trawl sites.

Although the difference in catches between trawl gear type was particularly striking for
(he invenebrates, carcharhinid sharks and 'other elasmobranchs' were also caught in sig-

nificantly higher abundance in trawl I. The results for all of these animal groups were the

same whether analysed by weights or numbers.

The (wo target species Luljaiws malabaricus and Lutjanus erythropterus showed no

significant differences in caiches between the trawl types. However, both species appear to

be caught in greater abundance in trawl 2a. The lack of significance between these catches

from trawl 2a and the other two trawl types shows the high degree of variability between

catches ot'lhese two species during this study. This is demonstrated by the fact that Lutjanus

erylhropierus and Luijanus malabaricus were represented in only 17.6% and 33.3% of

trawls, respectively.

Ten other species of commercially important fish species andpenaeid prawns also showed

no difference in catches between the three trawl types (Table 3). Most of these were less

abundant and less frequently caught than the two main target fishes.

Only foui of (he 20 selected animal groups (Table 3) showed differences in catches due
to factors oiher than gear. Catches of sponges and mackerel, Scomberomorus queenslan-

flicus, boih showed differences beiween irawl sites, while catches of carcharhinid sharks

and squid dit'fcred between sites but depending on the time of day (showed significant lime
by site interactions).

In total. 107 fish species and 15 invenebrate taxa were caught-in more than four tows,

and so were analysed for differences in catches between trawl types.

There were significant differences (P < 0.05) between trawl types in the catches of 68
(63.5%) species of fishes. For a further six species of fish, the probability values were

between 0.05 and 0.1 . All except seven of these 68 species were caught in greater abundance

in trawl I: (hese seven had highest catches in trawl 2a. All of these (Dussumieriaelopsoides,
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Table 3
Mean and -landaid errors of caichcs (kgh- ) of selected animal group? in demersal wing (rawls fron-, ihi Gull

of Carpcniaria site in November 1993. The trawls were rigged with their footropesO.O ((rawl I). 0.4 nrawl 2a.i

or O.S! in drawt 2b) above (he sea bed. The total number of individuals caught and (heir percentage occutrence in

trawls are also prescnlcd. + indicates a significant difference in catches from trawl type I . The significant lerms

in the riisiession model are presenied and ihey are denoted thus: G, gear; S. sile; TxS. lime by sile inieraciion:

G X T X S. gear by time by site interaction

Aniinal group'

Carcharhinid sharkf,

Other elasinobranchs

Fish bycaich

Benlhic

invenebraies (not

sponges I

Spongu
R<u'ii\'c<'n!ton

(YHKK/IK (C I

GlKHluiHHtinl:

xpct'inxus \ C i

Uiljunus

{ir}t<ni{inui^ ;i.t«;/«.<

(0
Luljunus

vryilirniiiti.i'i (C. Tl

iMljuniif

«lil/(H';«in,.r lC.T)

Lufjttfwy. /,;<.»\7//

(C)
Luijdimy li;\;< (Cl

Din^ronn'^. :'ln'nnn

<C|
Li'ihriitus ;\;:/i-t/«(//.v

(C)
LfllniinK \ •i.'HMi

(0
Art;vn»;i.< < ;','i:iffi-

(C)
;Sf<«H/W«;>;<.."».\

iftU'CflL\lfH:,::^ tl^ ( C t

Penciode.i • C i

Thenny <iru ':»\J/.v

(C)
Squid(Ci

II

116
159

275097
4049

164
15

253

?8

S-15

219

244

:19
201

^-t

129

17

17

;71
1-16

1734

Percent

of trawls

25.0

26.8

100.0

43.5

30.6

6.5

10.2

7.4

17.6

33.3

16.7

130
16.7

6.5

93

46

K.3

83
13.0

78.7

Trawl I

Mean

4.9

58.0

189.7

15.7

28.5

0.07

0.67

0.80

1.43

3.53

2.21

1.47

6.96

1.18

\.4\

0.13

0.31

0.45

1.2.

1.13

SE

1.1

16.3

25.5

8.3

5.7
0.07

0.61

0.58

1.10

1.33

1.25

0.72

3.34

0.87

1.02

0.07

0.IS

0.45

0.23

0.21

Trawl 2a

Mean

2.9 +

0.0 +

61.6 +

0.03 +

0.70 +

0.54

19.08

1.86

21.89

8.0

0.28

0.72

3.31

0.11

0.63

0.10

0.15

0.0
0.03-T

0.37 +

SE

2.4

18.2

0.0

0.42

0.3S

14.56

1.36

1.1.92

2-.4

u.i4

0.-4

^~1

0.11

0.-.6

o.os

0.10

0.02

O.t2

Trawl 2b

Mean

1.4+

0.0 +

12.4 +

20.1 +

0.0 +

0.04

0.41

0.16

5.94

3.31

018

0.68

0.0

0.0

o.o?

0.0

0.08

< 0.001

0.002 +

0.14 +

SE

0.86

4.7

0.08

0.&4

0.34

0.16

4.15

1.80

0.15

0.68

0.03 .

0.06

< 0.001

0.002

0.06

S'.inificanl

icrms

C..TXS

G
G
G

c.s

v

<

C.T>,S.

G.^T^S

^C. coinnwicially or recreationally imponanl iipecics: T. main largel species.
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(a) Uitfanus malatiarlcus (b} Lmjanus erythroplems (c) Sharks
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(e) Rshbycatch

0 0-« 0.8

(1) Sponge

0̂
-*
a
0
c
"3
w

250,

"lliL^ ;U
Eplbenthic

Invertcbrates
Ml

(h) Squtd

T

J

0 0.4 OS

(i) Thenus orienlelis

1.5,

Footrope height above sea bed (m)

Fig. 3. Mean caichrs (and standard en ore) of nine species from groups of particular interasc 10 (his i;tud\ by ihe

ihree irawt iypf<>. 0. d'iinei'sal 'rawl (n'awt I): 0.4. irawl fished semi-pelagically ai 0.4-0.5 m above (he sea bed

(trawl 2a>:0.ii.irawl tishtfd scmi-pelagically a( 0.8-0.9 m above the sea bed ((rawl2b).

Alias lluilassinus. Echeneis naucrales, Scomberoides tot, Selar crumeiwphihalmus, Par-

(isnwnairu.'i niger and Rastrelliger kanaguna) are described by Smith and Heemstra

(1986) as pelagic in habit, which would make them more likely to be caughl higher in the
water catumn. No species had highest catches in trawl 2b.

The 68 species that were caught in greaiesi abundance in trawl I came from 40 differem

tamilies. Several families had many species caught mainly in (his trawl type: three of the

four carchnrhinid sharks, two of three siingrays. all four synodontids. four of the live

plaiyccphalids, seven ol'lhe 17 carangids, four of (he six leiognalhids. all six nemipterids.

both species of gen'cids and mullids. all four species of bodiids but none of the six species

of luljanid. The only representatives analysed, of 19 families, were caught in greatest

abundance in irawl 1.

There were significant differences (P<0.05) between net types in catches of 12 of 15

groups ot epibenthic invertcbrates: they were all caught in greatest abundance in trawl 1.

4. Discussion

4.1. Trawl peiformance

The irials demonstrated the effectiveness ofademersal wing trawl rigged for semi-pelagic

operation in maintaining catch rates of Lnljanus malabaricus and Luljanus erylhropierus
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while passing over most benthic species. The handling problems of the fork-rigged 'Julie

Anne irawl' had been overcome by using (he sweep and bridle configuration used in most

demersal operations. When rigged semi-pelagically, the wing trawl is relatively simple to

operate and consequently more likely to gain industry acceptance. Its onboard handling was

little different 10 a standard demersal trawl: the footrope weights had to be removed before
storing ihe trawl on the net drum to prevent fouling of meshes. The use of a groundrope of

similar lotal weight to the five footrope weights might eliminate this.
The small amount ofotterboard spread and headline height variation in all trawls suggests

the trawl was stable during the fishing operation. This was confirmed by video observations

and the consistent number of polished 'dropper' chain links. Its stability was attributable 10

the large spreading forces generated by the otterboards, which were bigger than normally
required to spread this size of demersal trawl.

Trawl I attained a wing-end spread of 57% c> headline length. While wing-end spread

was not recorded for trawls 2a and 2b, their otterboard spread measurements implied their

wing-end spreads were greater than that of trawl 1. Trawls operated with large distances

between wing-ends are often considered to be overspreaii; which, according to Engas and

God0 (1986) , increases footrope tension and reduces trawl contact with the seabed. As one

of the criteria examined by these trials was minimal trawl impact on the benthic community,

reduced sea'bed contact is a desirable characteristic of this trawl. The use of appropriately

sized ottcrboards to generate large wing-end spreads, combined with the selective use of

floats and tbotrope weights may be necessary to achieve desired footrope clearances.

The larger wing-end spreads in the semi-pelagic trawls may explain the higher catches

of some species in trawl 2a. Alternatively, these fish may simply occur higher off the sea

bed than the species that had higher catches in the demersal trawl. The fishes with the

highest catches in trawl 2a (0.4-0.5 m above the sea bed) were always caught in lower

abundance in (he irawl raised to 0.8-0.9 m (trawl 2b). The obvious explanation is that

when (he tootrope is raised to this height it gives enough clearance between il and (he sea

bed to enable the fish to escape. However, the behavioural reaction of tish to such trawls is

largely unknown.

4.2. Fixli caiclies

Catches of all lishes combined were considerably larger in the demersal fish trawl (trawl

I) ihan (he semi-pelagic versions (trawls 2a and 2b) of the same trawl. Trawl 1-caught 6.5

times more lish (by number) than trawl 2a (0.4-0.5 m above the sea bed) and 9.0 limes

more than trawl 2b (0.8-0.9 m). The fish biomass was 2.7 and 11.4 times higher than in

trawls 2a and 2b, respectively. The catches are higher than are likely in the commercial

fishery because the legal cod-end mesh size is 110 mm, whereas we used 50 mm mesh. but

thc/dilfeience would nonetheless be substantial.

fiVhen (lie whole (rawl rig is lifted off (he sea bed, much less small fish bycaich is caught.
As'^hc only differe/nce between the demersal and semi-pelagic rigs is the raising of (he (rawl,

it is lively (hat n)0ny of these fish escape under the footrope, sweeps or bridles.

The gfeatesl concern to the fishing industry when introducing new gear is its ability to

maintain catches of the target species. Our results support those of Ramm el al. ( 1993) that

catches of both red snappers (Lutjanus malabaricus and Lutjanus en-thropterus) and two
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other commercially important snappers (Luljanus argentimaculatus and Lutjanus russelli)
are not decreased by using a semi-pelagic trawl. Further, we found that the catches of all

other lutjanids (including Luljanus sebae) were essentially the same in the demersal and
semi-pelagic trawls. In fact, the mean catches ofLutjanus malabaricus, Lutjanus erythrop-

ferus and Luijaiws argentimaculaius were higher in the trawl at 0.4-0.5 m above the sea

bed, although these were due to one or (wo unusually large catches. Most of these com-

mercial species ofLutjanus appear to be aggregated and so this type of non-targeted sampling
regime is likely to result in high variability between catches. Consequently, although the
highest catches of the main target species were clearly highest in the trawl at 0.4-0.5 m
above (he sea bed, it is difficult to be confident of this result from this study.

We can be confident, however, that the semi-pelagic trawls do not decrease catches of

the target species. It is apparent (hat these species do not escape enmasse under the footrope

when it is raised to 0.4-0.5 m, but raising the whole trawl results in catches of more

individuals that swim higher in the water column. The trawl fished at this height caught
more of the target fishes than the 0.8-0.9 m trawl rig.

The species of fishes that are not caught by the semi-pelagic trawls are from a range of

families. They include benthic groups (e.g. stingrays, synodontids, platycephalids, mullids

and bothids), and many common epibenthic groups (e.g. carcharhinid sharks, leiognathids,

nemipterids and gen-eids). Our results clearly show that by using semi-pelagic instead of

demersal trawls, catches of many of these common non-target trawl species are reduced.

4.3. lnvenebrate catches

Catches ot'epibenthic invertebraies are dramatically tower in the semi-pelagic version of

the fish trawl. Trawl 1 caught 46 and 213 times more benthos (by weight) than trawis 2a

and 2b. respectively. The footrope of the semi-pelagic trawls simply passes over most of

(he bcnthos. with only (he highest forms being captured. Personal observation also suggests

(hat some bcnthos is picked up b\ the sweeps and bridles (in contact with the sea bed) and
a proportion of this ends up in the net. The amount of damage to (he benthos from this cause

was not measured. Neither semi-pelagic trawl caught many benlhic invertebrates.

Other commercially valuable species, which are often kept as a byproduct, were seldom

caught in (he semi-pelagic Irawls i e.g. squid, T. orientalis).

4.4. Bein'fiis 10 indusn'\-

Relaiivcly simple modificaiion:: to a demersal wing trawl enabled it to fish semi-pelagi-

cally and conform 10 ihc regulations Ibr the Northern Fish Trawl Fishery, while maintaining

its ability 10 catch die (argei species. The main advantages over g.demersal trawl are:

I. caiches of the target species ^ red snappers) are the same or greater;

2. catches of unwanted bycatch of small fishes and benthic invertebrates are very much

smaller:

3. catches contain fewer non-targei species and therefore are of a higher quality;

4. the (rawl is less likely to be damaged on rough sections of the sea bed.
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Appendix B: Visit to Centres of Excellence in Bycatch Reduction
Research — Trip Report

David Brewer* and Steve EayrsB

A - CSIRO Division of Fisheries, Cleveland, Queensland

B - Australian Maritime College, Tasmania

1. Background and Justification

FRDC has granted funds to CSIRO, AMC and NT Fisheries for the project, The effects of Trawl Design on

Bycatch and Benthos in Prawn and Fin-fish Fisheries. Funds were requested by CSIRO and AMC staff for an

overseas visit to centres carrying out bycatch reduction research, but FRDC did not approve this part of the

application. Because CSIRO and AMC regarded this as an essential part of the project, they decided to use their

own funds to send two staff overseas. The purpose of the visit was the following:

(a) To find out of the current bycatch reduction techniques being tested elsewhere before deciding on

techniques that may be applicable to Australia.

(b) To obtain current information which is either not yet published, or will never be published; as is the nature

of much of the world's technical fisheries gear technology information.

(c) To obtain technical advice on topics such as the correct 'setting up' and deployment of Bycatch Reduction

Devices (BRD's) which would greatly reduce (i) the time to de-bug new trawl gears and (ii) the risk of

ineffective trials due to the incorrect use of a BRD.

(d) Discussions with scientists and technicians experienced in issues of bycatch reduction would also be

invaluable to the future direction of the project. First hand experience of existing BRD's would, it was

predicted, greatly assist the projects' principal gear technologist (Steve Eayrs) in his ability to produce and

best apply these devices to tropical prawn fishery research.

It was agreed that the investment in time (3 weeks) and money ($12 000) would be more than compensated for

(especially in cost of cruise time) due to streamlining of (a) the initial choices on the best types of BRD's to

research in tropical Australian prawn fisheries, (b) The best method of applying particular BRD's, and (c)

elimination of the most likely problems that could be encountered and how to avoid them.

2. Itinerary

Research centres that were visited by David Brewer (CSIRO) and Steve Eayrs (AMC) were chosen mainly from
their relevant contributions to the literature and international conferences. Efficiency in the cost of travel was

also considered. All centres contacted were agreeable to the visit. However, a restricted agenda did not allow all

of these places to be visited. The trip itinerary was as follows:

Dates Centre visited Main contact

l-Feb-94 NMFS, Mississippi Laboratories Dr. John Watson
Pascagoula, USA

3-Feb-94 Fisheries Technology Service, Dr. Phillip Averill
Maine, USA

4-Feb-94 University of Rhode Island Assoc. Prof. Joe DeAlteris
Fisheries Center, USA

7-Feb-94 Danish Institute for Fisheries Klaus Lehmann
Technology and Aquaculture
Hirtshals, Denmark

9-Feb-94 Institute of Marine Research John Valdemarsen, Auld Soldal
Bergen, Norway

H-Peb-94 Sea Fish Industry Authority Phil MacMullen,, Ken Arkley
Hull, England

16-Feb-94 Marine Laboratory, Aberdeen, Dr. Clem Wardle, Chris Glass
Scotland
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Although our initial contacts were the people listed above, visits to most of the centres involved meetings and

discussions with many other people involved in bycatch reduction research.

3. General Commentary

Visits to all centres were well received and we found that there was considerable interest in the progress of

bycatch reduction research and technology in Australia. The following list summarises the trips activities:

1. NMFS, Mississippi Laboratories, Pascagoula, USA

• Held discussions with John Watson and his team of biologists and gear technologists

• Attended a seminar by TW on his past and current research

• Presentation of a seminar describing relevant Australian research, our research institutions, and the

methods and results of the current study to date.

• Studied the laboratory's large collection ofBRD's, their BRD manufacturing laboratory and research

vessels.

• Examined other facilities and equipment such as their research video library and underwater cameras and

housings.

• Collected relevant on site literature.

2. Fisheries Technology Service, Maine, USA

• Had discussions with Phillip Averill regarding his research interests and his opinions on our project's

direction.

• Visited several fishing ports in Bristol and interviewed fisherman about BRD's used in that fishery

(Nordm0re grid).

• Viewed underwater videos of several types ofBRD's produced by P. Averill

• Visited the main fishing port at Portland, Maine and examined fishing gears.

3. University of Rhode Island, Fisheries Center, USA

• Presentation of a seminar describing relevant Australian research, our research institutions, and the

methods and results of the studies to date.

• Attended a series of seminars presented by Dr. Joe DeAlteris and several other of his colleagues and

students from the north eastern region of the USA.

• Had discussions with several of these fishery scientists (including A. J. Blott, NOAA, V. E. Nulk, NOAA,

and H. A. Carr, DMF) regarding their research interests and their opinions on application of US technology
to Australian fisheries.

• Visited the fishing port and examined several varieties of the local fishing gears.

• Collected relevant on site literature.

4. Danish Institute for Fisheries, Technology and Aquaculture, Hirtshals, Denmark

• Had both group and individual discussions with several fishery scientists, engineers and an economist

regarding our project's status and direction.

• Presentation of a seminar describing relevant Australian research, our research institutions, and the

methods and results of the current study to date.

• Examined the research facilities of the laboratory

• Viewed several scale models of BRD's in their flume tank and had discussions with their flume tank

operator.

• Visited the fishing port and examined fishing gears.
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• Visited the fish auctions and a commercial fishing gear manufacturer.

• Used the DIFTA library to collect additional information.

5. Institute of Marine Research, Bergen, Norway

• Had discussions with John Valdemarsen and other scientists regarding both their and our projects.

• Examined their BRD's and research vessels.

• Viewed several videos made by the IMR of BRD research.

• Presentation of a seminar describing relevant Australian research, our research institutions, and the

methods and results of the current study to date.

• Collected relevant on site literature.

6. Sea Fish Industry Authority, Hull, England

• Had discussions with Phil MacMullen and other scientists regarding both their and our projects.

• Presentation of a seminar describing relevant Australian research, our research institutions, and the

methods and results of the current study to date.

• Viewed several scale models of BRD's in their flume tank and had discussions with their flume tank

operator.

• Viewed several videos made by SEANSH of BRD research .

• Studied their latest pieces of underwater video equipment.

• Visited their net making facilities.

• Collected relevant on site literature.

7. Marine Laboratory, Aberdeen, Scotland

• Had discussions with Dr. Clem Wardle and other scientists regarding both their and our projects.

• Presentation of a seminar describing relevant Australian research, our research institutions, and the

methods and results of the current study to date.

• Visited their equipment stores and examined underwater camera facilities, fishing gear, net making

facilities and fish behavioural tanks.

• Used the Marine Laboratory library to collect additional information.
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4. Benefits to the Project

It is the opinion of all project participants that the information gathered from this trip will be a very important

benefit to the project and ultimately to the project's influence on future advances in gear technology in many

Australian trawl fisheries. Benefits include:

• A large increase in knowledge of most aspects of international bycatch reduction research for two key

personnel involved in the current project.

• New ideas including a new direction for the main thrust of the project, e.g:

- to test during one cruise which of many BRD's are likely to be successful in our fishery. On subsequent

cruises to focus on the best one or two devices for more rigorous testing. This method ensures the shortest

path to fully testing the most appropriate gear(s).

- the latest ideas in BRD's which are a result of many years of research but can be applied directly to

Australian fisheries, such as the latest version of the 'Watson Super Shooter' and Dr. C. Wardles* 'black

mouth stimulus device' used to increase the numbers of fish that escape.

• Acquisition of the latest information about bycatch reduction research results, sampling, gear trials and

underwater video techniques and equipment.

• Acquisition of much of the latest and/or hard-to-get literature on bycatch reduction research.

• The establishment of important contacts in most of the key centres for bycatch reduction research. These

will ensure that this and future projects remain up to date with research results and technological

advancements.

• Direct input into our research by international experts via visits to Australia stemming from contacts made

during this trip. A leading expert in bycatch reduction technology from Norway, Bj0mar Isaksen, has

already visited the Australian Maritime College as a direct result of the contacts made through this trip.

• An increase in Australia's worldwide profile for this type of research.
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Appendix C: Articles in fishing industry literature, community
literature and newspapers

1. Articles In fishing industry magazines:

K£5£/1/SW

New prawn and fish trawl gear
reduces non-target bycatch

Square mesh codends can reducethe amoum; of
unwanted flsh bycatch in the northern prawn Wshery according to

recent research trials off northern Au tralfa. David Brewer and Steve
Eayrs r^pttrt tti«"the preliminary results ofttle nsewt.rewarch

cruise also show that semi-pelagic fish trawis' avoid
damaging vital sea bed habitats. •• • - ;,,;^

•*tfr
IB recent yean. fistmte
arotSHl Austrafia (w
(oau»»d on ndadig tewh <»< l^eatt*
in tra«4 fi»i*E(te». R<ts*reh fat*
tnrtadtd VhewsoS WfMie mt^a pffliwla
inpnnmtretulcotWabytheNSW
Ftobariet Rbwarch IntUtute wd tbs
devdapmmt crf the •AUSTED', an
lnctetd grid. by tea QtKmdiwd
Depertewmt o< Prisiary lodtwttte* and
Nurthwn Tmltory Ftetswtea Dtvlsioa
(aw AuttraHm fWwrtes 51(t2).
Deceraber 19%).

The ftrrt cnitw of a ixw FtdmW*
Rewarch and Dewiopmsnt Co»poratkm
funded research project took (toes to
Nowmbsr 1993 Th« Ihreoyw project te
pnm&rify ainwd at redtKtng unwanted
bswteh from prawn tnwfe and tttting a
new semi pttaglc en^roflnwKaSy friwdiy.
Ibh trawl Tha pn^gct WWtgt logtilwT tfw
expOTttw o< btoioaWs and gear Irehnoi

j-

ffgwe I Thr dual rissw) pmwn froa* whttA
vwe uifd to compare celthea ol piawns end
feycotch ^om fe^usyff amf <Nnwnd fWtssh
roAnrft

Mocft/ted proun tnuh are being d(Ut{op»d 10
ttdwe unwed bycaKfivfhlkmainlaWngtwSf
o^pawntcwshfc

Nod hlton ottertxwdi 1*90 kg)

lOOmtwdNra
<0i6mffl$Kiftwy«t

CoOwSWW
IW2KXWP*)
anactw) 10 both 6«l<is

Squaw mssh codand

Codsnd
(W4W80W)

ogists (rom CS1RO DMston o< Ftehsrtei.
Iho AusiraSsn Marittms Coitege (AMC)
and N» Nurthwn Tatttey Fldwtes
Divtrion.

Tank and sea Irials v^
the new gear
The techntail and hydrodynamlc perform
ance of the trevri rigs UMd during th®
Mcenfauteauwe tested at the AMC.
Firttly, uate modeb wwe ssseK.ed biased
on tttdr fium« tenk ptriwms'mce and Ihen
M scete wntow we»e tridisd mi tba

•m7«»
mantan coattd w

At wa htefaot (hirnsw trawi gear were
pwfonned during tbtNovemtocniBe of
thaCSmOMSCMchwwi&x^mSur
Miwyln NPF «attt* o« A&attau Bay to
thtCuifofCwpmtoria

SQuarf-mesh WSwsSt reducf
/?sh bs^atchfrom prawn trawls
•niadrttsaarffteiamthlsproNct Included
»toffipiatteon of two ttew o( ttjuare nmh
(45 mm. and % mm} with a ttwdard dia
mond nmh codsnd (4S mm mah stee).
Compatisons uwa med® using dusl rigged
14 (s<hom Ftortda Flyw prawn trawls (sso
Ftgurel).

On» U« ww rigged urtth ths standard
tgamondm**hcofcdwhHs»bsoyisr
uwd a *qusre iwrti codwd. SmaSI nreesh
(16 mm) codmd cowrs ware uttd to
catch tpadw that escaped through wch
codend type. Reseaichsn mads 43 hatl
hour Ifswl compsriioro Wrti ttf 45 mm
iquaia nwth codwd end 40 Irewb with
th* 38 mm ufMfe nwish todend.

iS«flUpri»a»cftditTawitmt)ud«ttiwi»t>pCT
.te)wtth<>itotowfa,.w«i»t«rflwmt>ridte
In (robid contact Wi* <hs footropa flvina *b<w>
tluwdwl
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Effects of Trawl design on Bycatch and Benthos in Prawn and Flnfish Fisheries

Srml petogic llih trawls wofcl dflmoy to
ipongiu and other Maberf anfcnab uhtdi may
be crWcut lo tfw long term m<iln<«nan» q/ the
ecotiutem and the ^ihtry.

that live on the bottom, toe example,
sponges and tea (am) (Figure 5|. Vtdeo
footage alw clearly shows the firt-pdagtc
rigs avoiding much of the benlhk animal*.

Salnsbuiy'i (1987) research on the
north-wwt thelf found that many of the
comnwrclal fish species In tblt (lihety art
dependant, directly or Indirectly, on the
benlhos which provki* seabed habitat. The
ability o( the Mm) pelagic trawl to avoid
damage to benthos populations Is an
Important advancement In the long term
maintenance of this fishery.

Convincing evidence
Theae prallmlnaiy resullt tupport those ol
Ramm el of. (1993) and tog«her ptovlda
convincing evidence that seml.palagic
trawls are th* most tultabte rig for th*
northern demerwl trawl flthtiy. This type
of trawl It able to produce high quality
fish catches that ue at teaitequal to those
of conwntkmal demeraat flih trawls, while
not damaging the sea bed habitat and
could thus maintain riw ftehery In the long
term.

Future research

The second and third ywt of Ihe projtct
wrtlt Incorporate video aimsment of the

behaviour of bycatch spsctw In prawn and
ftth trawl*. This will lead to other refine-
irwnta In iwt and codand design aimed at
further enhancing escapement of bycateh
(rom trawla.

Other bycatch reduction devtees. such
B» Inclined grtds and Bcceleratar funnels,
will be asssssed and may alto ba trtoled
along with succeaful codond designs. The
damage to. and survival of, fishes that
escape from the different codends will also
b« compared.

Dsvtd Breunr t» • Fls!?rte» Btoiogtet wtth
th. CSIRO DMrioa o< FWttriw •ati Stwc
Eayn t» « Flthsriu Technotogitt with the
Au.hallan Marittsw CoiiegB. Contacte
CSIRO DMttoa o< Phb-lf. 10 Box 120,
OCT*lMtd. QwcTOtBBd «lt3,1*1 (07> 286
8246, tax (07) 284 2582.

REFERENCES
Broadhunt. M.K. and KeiuwUy, SJ. (In pr«s).
Reducing th* bycatch of (uvtnilc ftth
(multoway) In the Hiwtotbury Rlv«t prawn.
{nvA Fishery >umg iqusn imsh pawls In
codnxfa. FtthaUs Research. In pna.
R«mm, DC. Mounsty, R,P , Xlao, Y. wxt
Poote, S.E. (1993). Uw of • uiri-ptlagic tfwl
In < tropic*) (fattunal trawl ft<h»y. Fltherlts
Riaan* 15, 301-313.
SrtnAuiy. M. (IW?). Aasamani and inan.
aynwu of th« dCT»nal Krfuay on th* conli
iwntal thdt of northwtitern AiutttUa. In
Potuvbia, JJ. and Ratston, S. (Ed«.) Tropical
Snoppera and Groupen: Btotof&i, Rthcrtts and
Management. Wfettvtew Piei$, Lomitoft,
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/^yy^/^r NPF fishermen view bycatch
reduction devices

AustmUan Fisheries Management Authority

The fisheries research vessel
'Southern Surveyor' recently

spent four weeks in the Northern
Prawn Fishery (NPF) testing
several devices to reduce prawn
trawl bycatch. Prawn fishermen
operating in Albatross Bay
during this time were invited
onboard to give their opinion on
these devices and to discuss
relevant bycatch issues. Steve
Eayrs, David Brewer and
Neville Gill report.

As part of a Fisheries Research and
Development Corporation (FRDC) funded
project, researchers took part in a
"Soulhern Surveyor' research cruise in
October 1995 to (est modified versions of
Bycafch Reduction Devices (BRDs) that
liad showed promise during previous trials
in February 1995 ("Australian Fisheries",
May 1995). Tb< new BRD versions

included large animal ('monster')
exctuders and fish ffxcluders in
combination for <he first time, as well as
the "AusTED* developed by the Northern
Territory Fisheries Division and
Queensland Department of Primary
Industry and Fisheries.

Prawn fishermen operating in Albatross
Bay during the trial period were invited
onboard to view these devices in action.
Fishermen included Ivor Jones ("Roper
Thercsc'), Greg Patrick ("Comae
Endeavour"), Ray Hazel, Marie and Steve
(•Four Seasons'), Alan Smith and
'Sharky' ('Aqua Sam'), Stuait Cacter
('Miss Providence') and Keith Burnell
('Kelana'). CSIRO scientists and fisheries
technologists from the Auslr<..ian
Maritime College and the Northern
Ttmtory Fisheries Division were on hand
to demonstrate the range and capabilities
of the BRDa.

BRDs trials encouraging
In addition to the AusTED (shown on

page 26), two other 'monster' excluders

were tested: the Supershooter, now being
used in the Gulf of Mexico, and the
Nordmorc grid, which has been adopted
by many countries including Norway,
Canada and the United Stales, All
'monster' excluders were used in
combination with eithtr fish eyes or
square mesh windows to further reduce
catches of unwanted fish bycatch. A
standard 14 fathom Florida Fty<r with no
BRD attached was used to provide a
companwn.

In contrast to the standard trawl, no
turtles, large sharks or stingrays were
caught by trawls fitted with the "monster'
excluders. The results of the BRD
performance, in terms of small fish
exclusion and prawn ictcntion, have still
to be analysed, however first indications
were pronusing.

The best of these BRDs will be trialled
on NPF trawlers in 1996. The results are
likely [o provide fishcimen with a range of
devices designed to exclude different
bycaich species from prawn trawls,
depending on the area fished.

..xontinucdQn pag<t 26

^f'lmmftslurinfn \Wf lnvili'dionlwaw
^ ^ifl^WailifrH Sun'eyor' la vt{\r 8Wi>s

ffitff (fisciLfs b^cafch is^jfs.
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NPF fishermen view bycatch reduction devices
xwinnuetifmm page 24

Fishermen comment on BRDs
Fishermen also viewed underwater footage of the

BRDs in action, taken during the cruise. The footage
showed BRDs excluding large animals iuch as
siingrays, sharks and sponges and also provided an
insight into fish behaviour in prawn trawls.

Fishermen provided informalion about their main
bycatch problems and how they thought the BRDs
would best benefit their fishery. For example,
minimising prawn damage through the exclusion of
'monslcrs' was seen as an important goal, particularly
wi(h the growing trend toward 'finger packing" high
quality, undamaged prawns into export packs of 3 kg
or less. The fishermen agreed that "monster'
(^cludcrs could increase the value of the catch by
decreasing damage in the codcnd.

The use of BRDs to exclude Rsh bycatch was also
regarded as a benefit to the fishery, panicularly in
areas where fish catches are high. Problems
associated with large catches of fish include a need to
reduce tow times, and a reduction in catching
efficiency due to a reduction in trawl spread. The
BRDs were examined and stimulated discussion on
how they could best be adapted lo commercial
operanons.

Of concern to the fishermen was the potential loss
of prawns and byproduct. The latest BRD trial results
from this project will be available in 1996 and will
incl ide descriptions ot what fishermen using BRDs
can expect to catch and exclude, compared to the full
array (rf prawns and bycatch now caught by standard
trawls.

The next step
The next step needs to be taken by industry, A

number of devices have shown considerable potential,
however, the real measure of success will be their
evenlual adoption by industry. 11 is hoped thai prawn
lishermen will examine these initial concepts and. in
collaboration with researchers, develop practical
methods for reducing bycatch.

Steve Eayrs is a fisheries
technologist at the
Australian Marllime
College, David Brewer is a
fisheries biologist with
CSIRO Division of Fisheries
and Neville GUI Is a
fisheries technologist with
Northern Territory
Fisheries Division. Contact
Steve Eayrs, AMA PO Box
21 Beaconsfletd Tasmania
7270, te) (003) 354 424 or
fax (003)354459.

,iAw M^ht: The Nordmore grid

fwtd with fl square mesh wnd^w.

Right: The AwTED Ms an
inclined ftexihU grul W wWtf
•mfftvcters' from the trawi
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BYCATCH DEVICES

NPF fishers inspect bycatch reduction
devices
Work on bycatch reduction devices (BRDs) in northern waters is con-
tinuing, as Steve Eayrs, David Brewer and Neville Gill* report.

IN October 1995, the CSIRO fisher-
ies research vessel Southern Sur-
uevor tested several devices to re-
duce prawn trawl bycatch in the
Northern Prawn Fishery (NPF).

Prawn fishers operating in Alba-
tross Bay during this time were in-
vited onboard to give their opinion
on these devices.

The fishers included Ivor Jones
(FV Roper Therese), Greg Patrick
(Comae Endeavour), Ray Hazel,
Marie and Steve CFbur Seasons),
Alan Smith and 'Sharky'
(AquaSam), Stuart Carter
(Miss Providence) and Keith Buraell
(Kelana}.

CSIRO scientists and fisheries
lechnologists from the Australian
Maritime College and the Northern
Territory Fisheries Division were on
hand to demonstrate the range and

capabilities of the bycatch reduction
devices (BKDs).

Bycatch reduction trials
In October, Southern Surneyor

spent one month in Albatross Bay
testing new .versions of BRDs that
showai promising results in bycatch
reduction and prawn retention dur-
ing a previous research cruise in
February 1995.

BRDs tested in the latest trials
included, for the first time, 'mon-
ster' exduders and fish exduders in
combination, as well as the
•AUSTED' developed by the North-
em Territory Fisheries Division and
Queensland Department of Primary
Industries.

Two other monster excluders
were tested: the 'Supershooter', now
beingused successfully in the Gulf of
Mexico, and the 'Nordmore grid'

which has been adopted by many
countries.

No turtles, large sharks or sling-
rays ('monsters') were caught by
trawls Fitted with these devices.

All 'monster' excluders were used
in combination with either 'fish
eyes' or 'square mesh windows', fur-
ther reducing catches of small un-
wanted fish.

A standard 14-fathom Florida
Flyer with no BRD fitted was tested
to provide a comparison.

The BRD performance results, in
terms of small fish exclusion while
maintaining prawn catches, have
not been analysed. However first in-
dications look promising and the re-
suits will be published in the near
future.

The best of these BRDs will be
tested on NPF boats this year
(1996), and are likely to provide fish-
ers with a range of devices designed
to exclude different bycatch species
from prawn trawls, depending on
the area fished.

Fishers provide comments on
BRDs

Fishers also viewed underwater
footage taken during the cruise.
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HPFfislieniien insjWicd a hycaich reduction A't ice tested hyjuherius researchers

This demonslraled how BRDs ex-
elude tarpe animals like stingrays
and sponge:: and also gave an insight
into fish bohavjou!' in iirawn tr.iwls.

Fiiihc'i-;:- priividvd information
about thc'ir nnin byuatch problems
:uid h»v.' ;".r\' i]-i<m?;ht ihi.' BRDs
would bc>-i ht'nuni iht'ir (iylic'n'.

Minimi.-ing prawn damage by ro-
during the number of 'monsters'
caught was seen as an important.
goal (especially with the growing
trend towards "finger packing" high
quality, unciamagcd prawns into cx-
port pack? of3 kg or less).

The fishers agreed (hat monster
rxcludo)'; could increase llic vnlur ol'
die catch by duL'reasina; prawn <l;un-
age in thi-'ciidond.

The u?o of BRD- ii) exclude llsli
bycalch v.'a~ also regarded as a bt'nc-
fit to the n&hci-v.

Fish byciuch prubk'ms includi.' the
need (.0 rrdncc low limys in areas
where'fish calchos arc high and
lower CiTifhincc'iricit'iiry when l;ifj;L'
l);ig.s of FI-;!) causr ;i ri.'d'.ictioi) in
trawl spread.

Thf fish cxcludcr.-: on Snullii'rn
Siirwyi.ir wciv i>.\ainuu'd and stiniu-
liilcd (li-\';i-;;~i»n <H1 luiw tlu'v <'>m1<l
Ix-st lie ;ul;ipird tn cnnnncrfi.il «|i-
CI'ill.KIHS
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•Stsg'i—;JSiC.' '.'

'jtw^aw..
f. '^W'^'f:Sffsf£^M^\

•.^^•*t^ . '•...^y^-':--

""'•••••"•'(.ft&." ••-^S^.'J.
'.y-sr..'- ". 7;f'ls%l«.r'.

Tliis Iwnicli ivdnclicn-i drw was lcsml in nonlu'm wnim 10 a\.imw i'\ d'fc':n\i.'m";s in rrducin'.! nnwwne<l hy'catch.

5?*tK{-5

Concern was expressed that the
use of BRDs could lead to losses in
>rawns and byproduct. The latest

trial results from this project
will be available this year and will
include descriptions of what fishers
using BRDs can expect to catch and
exclude, compared with the full ar-
ray «1 prawns and bycatch now
caught hy standard trawls.

What next?
Industry mu.st lake the next slcp.

This project has shown the potential
of a number of bycatch devices, but
the real measure of success will be
their eventual adoption by industry.

It is hoped that the experienced
fishers wilt examine these initial
concepts and, in collaboration with
researchers, develop practical meth-
ods for bycatch reduction.
* The authors are: Steve Eayrs, fish-
eries technologist, Faculty ofFisher-
ies & Marine Environment, Austra-
lian Maritime College; David
Brewer, fisheries biologist, CSIRO
Division of Fisheries; and Neville
Gill, fisheries technologist, North-
em Territory Fisheries Division.
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RE^^//

Bycatch reduction devices
show promise in the NPF

Bycatch Reduction Devices show potential to reduce the amount
of unwanted bycatch in Australia's Northern Prawn Fishery. David Brewer,

Steve Eayrs and Nick Rawlinson report on how several devices can
reduce bycatch, but retain prawn catches.

A numbei of Bycatch Reduction
Devices (BRDs) were tested during a
Southern Suroeyor reaearch cruise in
the Gull of Caipentaria In February and
March 1995. This was the second
cruise In a Fisheries Research and
Uevetopnwnt Corporation (FRDC)
funded project aimed at reducing
unwanted bycatch from prawn tiawls.

Figure 1. The Nordmore Grfd excfuded turtf^
and mvst other hir^e antmais from prawn tnxwt
catches

Participants Included scientists and
fisheries technologists iron ihe CSIRO
Division of Fisheries, the Australian Mart-
time College (AMC) and the Northern
Terrltoiy Fisheries Division. The main
objective of the ciulse was to assess the
abilities of eight BRDs to reduce unwanted
bycatch white catching the same amount
of prawns as a standard prawn trawl.

Choice of BRDs to test
The decision of which BRDs to test was
based on'.

® informatton gathered from Inter-
national scientific and fisheries literature;

a informatton collected during visits
undertaken by Steve Eayrs and David
Brewer to seven key Institutions
Involved In bycatch icductton research
In the United States, Norway,
Denmark and United Kingdom; and

B the results of a survey of NPF skippers
and owners in Darwin and Cairns dur-
Ing the mlcl-season closure o( 1994 to
determine which types of bycatch were
of greatest concern to NPF fishers.
The results showed that fishers would
most like to reduce the amounts of
large animals (for example rays, sharks
and turtles). s«a eggs and small fish
caught. These results influenced which
BRDs should b« tested during the
remalndtir of the pro)€ct.

Flume (ante observations
BRDs were observed In the AMC's flume
tank to ensure functional operation before
the trials In the NPF. Two of these, the
Supershooter and Radlal Escape Section
(RES), were constructed In the United
States white the other BRDs used here
were constructed at the AMC.

figure 2 The square me»h ulndou) ihous
promlte as n bycatch reduclion dwlc.e.
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Prawn trowls and BRDs
The ptawn trawls were operated In a dual
rig arrangement —-two Identical 14
fathom Horida Flyers spread by No. 9
Bison boards and a sled for Inner wlngend
attachment. Mesh size of Ihe trawls was
57 mm with 45 mm mwh used In the ISO
x ISO mesh codend. All codends were div-
Ided into thrett 50 mesh deep sections.
with all BRDs except the Supeishooler
and Nordmore grids placed In the middle
section. This position allowed the lifting
strops to remain tn a position consistent
with Industry practice. The Supershooler
and the Nordmore grid were ptticed in the
first 50 m<sh secllon.

BRDs ttisKid during this cruise ore
described below. The^ include tv/o hichn^d
grids, aimed mainly at uxcludlng large ant-
mats, and six other BRDs aimed mainly at
excluding small fish. A codend o( 45 mm
mesh throughout was also tested In con
junction with these others to allow corn-
partsons with standard fishing gear.

NORDMORE GRID
Originating from Norway, the Nordmore
grid Is an Inclined aluminium grid angled
at 55' from the vertical and with a bar
spacing of 100 mm (Figure 1). A panel of
netting, guides all species towards the bot-
torn ol the grid. Large animals (most com-
manly turtles, sharks and rays) meet the
grid and escape through a triangulai-
shaped opening in tho codend at the top
of the grid (Figure 3). Smaller species
such as prawns exit the funnel and pass
through the grid and into the codend.

SUPERSHOOTER GRID

The Supershooter Is an ovat-shaped
Inclined grid originally designed in the US
to exclude turtles Irom the Gulf of Mexico
shrimp fishery. As with the Nordmore
grid, all species pass through a guiding
funnel, but large animals contact the grid
&nd are guided down through an escape
opening In the floor of the codend. A flap
of buoyant polyethylerw netting covers this
escape opening to minimise prawn ioss.

Behind the grid is a humm<?r d(?vic<s
an<l openings to allow fish escap^meni.
The hummer is an aluminium huop

crossed by sewral tightly stning, piirfillel,
thin steel wirus li is lied vertically inio the
codend where it Is designed to stimulale
fish to swim forward and out through the
escape openings on either side.

SQUARE MESH WINDOW
The Square mesh window was one of the
simplest BRDs trialed, consisting of a 150
mm (6 In) polytthylene netting panel
measuring 8 bar lengths wide by 13 bar
lengths long. The wlnctow allows fish to
escape upwards (Figures 2 and 3), while
the prawns that do not swim as well as
fish. pass Into the ccxlend.

Three other variations of the square
mesh window were also tested, One with a
hummer placed Hue meshes behind the
window; another with a 1.& m long black
canvas cylinder Inslda the net behind the
window; and another wl(h the window

Figure 3. Four o/ the bymlch reduction deulces trialed; (a) Nordmore Grid, W S<»uare Mesh
Window, (cl Kudlul Escape Section ond Id) Flth Eiies,

a
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Final Report: Project 93/179 117



Effects of Trawl design on Bycatch and Benthos In Prawn and Flnflsh Fisheries

constructed of square mesh nettiiKj thai
glows In the dark.

The hummer and black cylinder have
been shown In other studies to stimulate
fish to s<ay forward of them, thereby
Improving their chances o< <jscape through
the square mesh window. The glow net-
ting emits a green glow under dark con-
dltions highlighting the square mesh
window at night,

RADIAL ESCAPE SECTION (RES)
The RES consisted of a netting funnel
designed to guide the catch past a section
of 9 Inch square meshes three bars wide
extending around the codend (Figure 3).
The catch passes through the funnel and
some species are able to turn, swim for-
ward and escape through the large meshes.

A unique RES feature was a wire hoop
encased in plastic used to support the
codend. This ensured that the meshes
remained open during the tow but were
flexible enough to withstand the rigours of
trawling without permanent deformation.

FISH EYES
The Fish Eye (the name Is based on Its
shape) is a simple steel frame attached to
the codend to provide a small etllptical
opening for (Ish to escape through (Figure
3). It (aces forward In the top of the
cudend. Animals pass into the codend and
must turn to swim forward to escape
through this device (Figure 3).

Severest devices show promise.
Although the results (rom this cruise are
preliminary, several of the BRDs showed
potential (or use in the NPF. Two devices

Fish Eye and Square Mesh WlnAw —
caught about the same wrelght or more of
commercially valuable prawns (tigers and
endeavours) as the standard codend being
used In the fishery, white catching less
bycalch (Figures 4 and 5).

Several others (for example the
Nordmore Grid and Radlal Escape Sec-
Hon) showed particular promise as
bycatch reduction devices but need further
refinement to reduce prawn losses.

Large animals rated highly on the
fishers' list of least desired bycatch In trawl
catches (see article In this Issue). Two
Inclined grids — the Nordmore grid and
the Supershooter — were tested for this
purpose. Their effectiveness can be
measured by the number of large animals
retained by these devices computed to
those with no Inclined grid (Figure 6).

The Notdmore grid appeared to
exclude large anlmalt most effectively. The
codends fitted with either of the Inclined
grids never caught turtles. Although these
grids caught some sharks and rays, none
were moie than 2 kg In weight. Turtles,
sharks and rays were caught in the
codends of all other devices.

Underwater video revedis
fish behamour
Underwater video footage taken during
the crutse provided Invaluable Information
about the reactions of bycatch species, In

SupetShooler

NOKjmofB Grid

Square Window.'Hummei

Square Window/Black. Cylindei

Square Window'Glow Mosh

Square Window

Hadial Escape Section

Fish Eye

Standard

12 3 <t 5 6
Avfirngo prawn cdtch/ff^wl (kg}

figure 4. Comparison of catches of commefc\utiy wfuabie tiger and endeauour prau/ns {combiwU}
teluieen a standard coctend and elyht dlj/erenl bycatch redurllon deulces.

Supershooier

Nordmore Grid

Square Wmdowi'Hummer

Square Winclow/Black Cyhndcr

Square Wjndow/'Glow Mesh

Squarr Window

R^dial Escape Seclion

Fish Eye

Standard

20 40 60 80
Average bycalch weighl/lrawl (kgl

100

figure 5. Catches of unwanted fish bycatch
(rom a standard praum codend and eight
dlflerent bycatch reduction devices

the trawl and to each device. This mfor-
mation along with catch data provides a
springboard to understand the diverse
range of species behaviours that will
further development and refinement of
BRDs.

Ftgure 6. Catches of \wge anfinofs /rom a
standard promn ccxtend ond three different
bycatch reduction deulces

SupQtStiOoter Noidinore StanUaiU
Gtid

Choices for the industry
The project aims lo provide the NPF fleet
with a range of BRDs to suit different cir
cumslances The Installation of an effective
large animal exctuder (for example, the
Nordmcre Grid) In an area where large
animals are abundant, could protect the
catch from damage and maximise the
value of the prawns In the codend. The
same process could apply to areas where
fishers would like to reduce tho amount of
small fish In the catch. Skippers might
choose to have a fish exduder of their
choice (for example, a Fish Eye or Square
Mesh Window) permanently Installed or
used In conjunction with a monster exctudur

Gear refinement and
commera'a/ boar rriois
Further scientific trials to refine and re test
the most promising BRDs will be conduc
led later In 1995. Selected BRDs will then
be te$ted on some NPF boats in 19% to
assess their performance under corn-
mcrclal fishing conditions.

DavM Brewer and Nkk Rawltntun are fish.
triet blologltf urtth the CSIRO Divuton of
RthcrtttK, Steve Eayre Is a fisheries technol-
ogtst with the Australian MortUme Cultege.
Contact; CSIRO Division of Haheries. Mar.
Ine Laboraluiles. PO Box 120, Ctevtland.
QLD 4163.
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'Monsters', 'blubber'and

other bycatch
NPF ON BYCATCH

A tewn of researchers is currenUy tackUng the problem of
how to reduce the amount of bycatch In the NiSfthern Prawn Fishery.

Nick RawHnsofi and Dave Brewer surveyed ftshers
in the region to find out their (ttafrt

concerns on tr*>> su&ject. '-

In recent years, increasing attention hi
been focusMsd on hour to reduce
bycatch (nun (raw) fitheries. The Fhh.
cite* Research and Development Cor-
ponUoa (FltDC) Is cumntfv tuBding a
project to address this pnAlwn In the
Northcro Prawn Flihwy (NPF). Th*
project has drawn togetlmr adentlsts
and gear technologltla hwn the CS<RO
Dlvtston of Rtheite., (be AuttraUan
Maritime Cottoge and the Northern T«r.
ritory Rsiwrtoi TOvtttsn. who arc now
walking to ldenti(y tftwtlve Bycatch
ReducUon Deviuu (BIlDs).

During the 1994 NPF closed »B»son,»
queattonnato! «urwy tiwrfvlng 32 ddp-
pare, five ownet/sklppers and one owner
was undertaken In Calms, Dwwln and
Brisbane, to gather industry views and
concerns regarding bycatch.

A s«andar<Uwd quattlomulre wife wed
to collect Infonnatton about byeatA from
ttger prawn trawling otmatlons. Questions
focutsed on; the frequency of capture of
dtfferenl bycatch gioupi; tfie proy«m*
caused by the capture of each speclas; and
th« bycatch groups which the (Ishen
would mo*t like to exclude from thetc
catch. This lirfonnatton was uwd to help
wlwt the BRDs to be tested.

For die purpose of this study, bycatch
was grouped in (h» following catogorta:
fish; large animals uich — stlngraye.
shovdnose shariu. other sharks and
turtles; area-specific seabtd organljms
including heart urchfns (wnimonly known
as wa eggs), sponges and corals; and
seasonally occuntng animals suth as Jetty.
fish. Squid, bugs and scallops were class).
(fed as by-product rather than byctch.
because they have a commercial value to
the fishers,

A major point made by the ftshert was
that many ol Ihc bycatch categories were
inatnty found In specific araas For
example, catches from the Wetpa area we
dominated by ftth, white there ts a higher
Incidence of sponges taken in tha trawfe
wound Bountlful Island.

The vartaUon aarou areas males It dll-
ticult to geiwrtiM aboirf ttx omnwftce of
different bycatch groups In catches
(hroughoul the NPF. FuhOTS •»» made
Ihe point But at«as that havo tww rogu.
terfy fteh^d ouer tha yeart have been
cleared of much d the large seabed
organton* iuch as tponga.

Hsh
the most common bycatch
Survey results showed that small Mi am
tfw most common components o( the
bycateh, 97 par c«nl of respondents
reported them In ev«y hail of the net.
Th< main problem caused by Iha capture
of small fish la delays in tortlng the catch.

L»rgo hault Of ftsh •lt0 l<ad to loss of
pdww, becauso »h« weight of the bycatch
lorces the net to cloaa and reduces
teawBns effldtiey, TW* altuaUon can be
avoided by regularly checking lh& 'try-net',
a small trawl which can bo (outtnety
hauled after short periods to monitor (ha
compotttton of th» catch. 1( tatge pio-
portions of ftih are evident then skippers
gensntly shorten thg Iwgih of the tow.

Tuwnfy stx per cent ot w$pondenU
$aid small tlsh bycatch caused them no
problems. The IntroducUon of sorting hop-
pen on some mweb has Improwd the
quality ol prawns by reducjng delays,
which can occur when prawns are separ-
ated from Hw rest of the catch by hand.

'Monsters' damage prawns
Ten per colt of turoey respondents
reported catching large animals in even/
(hot, while SS per cent said these animal*
appeared In every second to tenth shot
The ma)oilty of the remaining ridprxm
arid they were caught less (rften.

The blggey piobtem causal by latge
anlmali — or "momW w tft^f haw
bwmw known — It th« ifamage they
infitet on prawru during capture. Their
shew tlw and wistght KjUtuhes prawns as
they tumble around In the codend and
eruAes o<faat ® Aw Wt th< sortng
table. Live 'monsters' can also sweep
prawnt aver the side of the boat when
they thrath about on the table.

Larga animals can also damage nets
(hiring capUu'e, Shovdnose (bark*, con.
ildered by fishers to be the ttiCTigest and
most vlotent of die group, are a particular

A number of ^tdppcn also reported
thu »hark» could fo»c« (h<lr wwto
ttwough th< codend writ and loosen the
(Bcuring hrxrf caualng an opertng and
there(o»e further prawn losu. Shttriu In the
water cm bite hote* in net* while attempl
Ing to eat tha catch. Sawshnrlu we able to
split open the dda of a net with (hair
Uade.llke mouts.

'Monstera' may even cause Injuries to
cwu white on ttedt. "nie terrated stlngtng
spines on the tails of »Ungray* can mnici
severe wounda and the Unaditng ot large
»h<»ks can turn prawns and small fish Into
dangerous projectlles. The (xlra care
required to deal with Ihese animal* rusults
In delays with sorting the catch.

All o( thesa proU^ns am compounded
by fhe itee and numbtn of each terge an).
mil caught In the net.
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Seabed organisms
The number of seated organisms cap-
tured, including heart urchfns (sea eggs),
corals and sponges, depended on the area
fished, according to reports. Where abun.
dant, they may be caught In every shot —
but not at ati in other areas.

Large sponges and corals crush prawns
and can cause farther low Ihrough the
bulld'up In bycatch weight which reduces
the efficiency of th< gear. Damage to <he
nets is also reported to occur,

Sea eggs are perceived as a growing
problem with reports of Increased abun-
danc« over recent years. In some areas
they occur In »uch large numbeis that they
can quickly fill a trawl and cause the net
to 'blow out' reiulting in the loss of both
prawns and fishing time.

Figure 1 Relative prlorltv ol whuton o/
bycotch groups os indfcated fay questfonnatre
o/ NPF operators (blue • «?abed animals.
green ° latge anlnwlsj

Large quantities of sea eggs also cause
delay; In processing the catch and leave
behind a trail of sore lingers among crew
members who have to sort them. Their
spines also damage the prawns.

Catches of sea eggs can be reduced by
regular monitoring of the try net. Most
skippers reported that they would avoid
areas where sea eggs occurred In large
numbers. However, when no alternative
fishing areas are available (Ishars in the
NPF employ techniques io mate the gear
fish ''lighter' to avoid the sea eggs. Mo$(
iklppfits agreed <hat a loss o( prawns had
to b« accepted when the gear was altered
(or this purpose.

Skippers reported that their nets suffer
Increased amounts o( 'chaHlng' when they
are towed through b«ds of heart urchins.

'Blubber'
Large numbers of )eltyfisl> sporadicalty
occur in the Gull — 1985 was a year
most vividly »emembered by tishers If a

Olher

Jellyhsh

Sea egg*

Corals

Spongoa

Sharks

Turtto»

ShovelnoM shark*

Stlngmya

Small llth

2
I
4 f

Index oi importance ofewlueion

careful eye 1< not kept on the build up o(
jellyftsh. w *blubbe(' as they aie called by
operators In the fishery, they can Split
open the net. Certain innovations such as
"blubbtt" ihoots have been Incorporated in
gear to try to alleviate this problem, but
generally skippers look (or alternative (Ish
ing grounds.

By-product
Les» than (tve pet cent of bycafch Is
retained as by-ptoduct. This Include?
$pecte< such as wdllops, bu3», squld and
larger fish which are valuable jPmdur et
al, 1992) and make an Important contn-
button to th< ve$8<l's earnings. Other
products like shark fins and trunks, and
ray wings are also sold by some fishers
The value of «uch by-products may inllu
ence some fishers' views on which animals
they label 'unwanted' and wish to be
excluded from their catch

Stfngrays and sea eggs are
top priority
Duiing the course of the Interview, skip
pers and owners ware asked which of the
bswatch groups they would most like to
exclude from their catch. If the technology
were available. Fishers ranked each group
in older of priority and this Information
was then used to calculate an overall
index of priority of <ixclu»lon (or each
group.

Stlngrays ranked highest overall as the
group skippers would most like to exclude
from their catch (Figure 1) followed by
sw eggs. Although 63 per cent of respon
dents reported sea eggs to be the most
important to exclude, the remainder did
not perceive (hem as a problem.

Small (ish rated third, followed by
sharks, (hovetnose sharks, sponges, jelly
(Ish. turtles and corals. Overall, large am
mats and fish were Identified as Ihe mosl
important components of the bycatch to
be excluded. This finding innuenced the
selection of BRDs that were tested during
a rewaich cruise in February and March
this year (see page 2&) .

Fishers see benefits
Fishers genently agreed that there would
be advantages In reducing bycatch as long
as there was no associated loss ol prawns,
Benefits would Include improvyd quality of
product, due to lesa damage inflicted on
prawns and shorter sorting limes;
Increased gear efficiency with smaller
amounts of bycatch to tow around: and
reduced net damage. As one skipper
stated *a reduction In bycalch would pro
duce a better quality product and a
happier ciew".
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fish and prawn behaviour

A roulti - level beam trawl (MBT) has been used in the Northern
Prawn Fishery (NPF) to examine the vertical distribution and
behaviour of prawns and fish entenng a trawl. Trials were conducted
on the FRV "Southern Surveyor' in 1994, as part of a Fisheries
Research and Development Coiporatlon (FRDC) funded project on the
effects of trawl design on by-catcfa in tropical prawn fishenes. This is a
collaborative project, between the Australian Maritime College
(AMC). the CSIRO Division of Fisheries (aeveland) and the Northern
Temtoiy Department ofPrimaiy Indusby and Fisheries (Darwin).

MBT REVEALS PRAWN AND FISH BEHAVIOUR
It is widely recognised (hat a knowledge of fish and prawn

behaviour is important in developing techniques to reduce by-cateh
while retaining valuable prawns, la recent ycus, researchws have
developed a variety ofBy-catch Reduction Devices (BRDs) to reduce
the captuw of small fuh species that usually dominate prawn uawl
by-catch.

Many of these BRDs, such as fish eyes and square mesh windows,
rely on the auperior swimming performance of fish to assist their
cxchision from (he frawl. These BRDs are placed in the top of the
codend where the more active fish swim through an escape opening
and the prawn* are swept pasaivdy into the codend.

A common technique to observe behaviour to trawls is the use of
underwater video cameras. Prawn Bawling, however, mainly occurs
at night and in turbid water conditions where good quality video
footage u difficult to get. Under these conditions, expensive low
light cameras snuggle to dim at effective ranges, and lighting is of
limited benefit due to backsctttering and potential influence on
natural behaviour patterns.

Daylight filming allows the use of icladvely cheap video cameras
however the species of mtereat may not be ptesent in the trawl during
the day and observed behaviour may differ to behaviour at night. To
overcome these shoncomingt and gather evidence of prawn and fish
behaviour to prawn trawls, the Australian Maritime College
consmicted a multi-lcvcl beam uawl.

TRIALS ih THE NPF
The MBT measured four metrui wide and 1.8 mettes high and

was constiucled from aluminium (Pigure I). The height of the beam
trawl was chosen to represent the maximum height of otter board$
currently used in the NPF, and the width was selected to provide
adequate sample numbers. U required, these dimensions also allow
the MBT to be towed as a try-net by NPF trawlers, allowing catch
data to be collecting without hampering the commercial operation.

A four seam trawl based on a Florida Flyer design was lowed
from the aluminium frame and divided into three equally spaced
vcnical compaitments (0 - 600mm; 600mm - 1,200mm; 1,200mm -
1,800mm). Each compartment was divided by horizontal panels of
identical design so that prawns and fish reacting vertically to
ground chain contact could enter any one of the three
compartments. A lead-ahead panel was attached to the upper
headline and extended directly between wingends to prevent
animals from escaping wee (he headline. A mesh size of 50mm was
used throughout the trawl.

Sea trials were conducted in Albatross Bay in (he Gulf of
Carpentaria over eight nights. A total of 49 half hour tows were
performed at an average tow speed of 2.7 knots.

WHERE DO FISH AND PRAWNS ENTER THE TRAWL?
The codend on the lower compartment caught the Mghesl numbeis

of fish (40 per cent) and commereial prawns (81 per cent). This
suggests either that their usual habitat is close to the seabed (alieady
known for prawns), that the escape response of most fish and prawns
is close to the seabed, or a combination of these bchaviouis.

continued on page 28.,.

Rfiuw 1: Tfte multHevel beam trawl Is
t>slng used to examine the behaviour of

pfawns and fish entering a trawl
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...continued from page 26

The top and middle compaitmenU caught 39 and 20 per cent of the
total fish catch reipectively, and 14 and five per cent of the prawn
catch. This suggests that the lcad-ahead panel guided many animals
into the tnwl that Otherwise would have escaped over the upper
headline.

A more detailed analysis of the results revealed some interesting
specict-specific behaviour (Figure 2), For example, a species of
"dollar" fish (LmgnMhus splendens) was caught caaialy in die upper
codend, as was a species of sardine (Sardinella alixUa). A number of
saidines wens also caught in Ac meslKs of the lcad-ahead panel.

These results suggest dial a BRD placed in the top of the codend
such as a square mesh window or fisheye, may be successful in
excluding these species. As might be expected, a species of flatfith
(Pseudorhombus arsius) was caught mainly in the lower codend,
suggesting dial a bottom opening BRD may best exclude this species.
The common "grinnet" (Saurida mtcropecloralis) was more evenly
dispersed between the three codends, indicating a less directed
response to the trawl.

Over 78 per cent of grooved tiger prawns (Penaeus semisulcalus)
and 86 per cent of red endeavour prawns (MetapenMus ensis) were
caught in die lower codcnd (Figure 3). With 'increased prawn length,
there was an increased proportion of grooved tiger pawns caught by
the upper codend. This suggests that larger prawns are mate active and
either enter the uppes codend after contact with the groundchain or are
swimming at the time of capture. It was impossible to analyse the
behaviour of blue endeavour prawns fAteapCTuuiu endemouri) and
brown dger prawns (Penaeus esculawus) due to insufficient numbcn.

BENEFITS TO THE NPF
The headline height of a prawn trawl in the NPP may reach 1.8

metres, and is not necessarily related to the vertical distribution of
prawns. Instead, it is designed to maintain trawl geometry as the
headline of the trawl is attached to the aft trailing edge of the otter
board. Therefore, the potential exists to reduce the headline height
without significant loss of prawns and with a significant reduction in
fish by-catch.

FUture trials with (he MBT wffl test the effectiveness of lead-ahead
attachment to the lower compartments and will (eat claims by industry
that the current headUne height is required *o catch large swimming
prawns.

Hpro 4; Proportion of grooml (Bar prawns cau^it In »ach codwd
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TOE NEXT STEP
Future trials will be conducted in the NPP with headline height

modifications to a conunereial prawn trawl. Preliiainaiy trials have
been conducted at the AMC with a six fathom prawn trawl operated
at 50 per cent of otter board height Trawl spread and warp tension
dat* suggested that an increase in swept area may result from this
modification, and no change in otter board orientation was detected.

In summary, the MBT is providing researchers with valuable
behavioural information that is difficult to obtain using underwater

video cameras. This will assist
researehets to develop BRDs
to exclude by-catch more
effectively while retaining the
valuable prawn catch. The study
is also providing Information on
the viability of headline height
modifications to improve trawl
ptrfonnanee.

Flew 3: Proportion of commercial
prawn catch In each codend

PSvs.
(n-3il>

Minis
(n-IM)

M^nd.
(n.111

Prawn Species

Steve Eayrs Is a fisheries
fefihiitoloelist and Shehar
B<w^»;,» Wfnoomomlst
witflthe Australian Maritime
Coffee. OavM Swwer te a
fisheries ecotog)'st tWtt tfte
CSIRO Division of Fisheries,
Queensland, and Rlh
Buckiyorth Is a biologist
with the Northern Territory
Department of primary
Industry and Flsherios.

For detail* contact: AMC,
PO Box 21 Beeconsfleld.
Tasmania 7270. PH: (003)
384424, FX; (003) 354469.
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Sflenttflc irtalslwue

shown ttvs bucqteh

reduction devices

can gwillt/ tm^ •'

jishlng practices In

AusiraUas Nonhcw

Prawn Rshay,

DauJd Brewer, McK..

RtitujinsQn.Sieye;^.,

£9yRi'an<t.?)hH^j.'\l';'

saflnl describe tow

seuefdl cteuices

reduce signSflwnt

umpunte fifhycaictr

without tosfng

catches ofualuable

prawns.

•^ijihB»:in tfw Nanhcm Pi-awn Rthwy (NPF) will
;s<wn bd in a positjun to addces>i> many of the

' Concsrns rtlati'ng ti> trawl impacu un bycufch.
R<;C<!D( KKWah: hw ,<bo,wn (hut byciilch reducliun
<levi(S!>(8?s} siiteestfully exeliide lunles rrom prawii
trawls while ttiaint&inlng or even inmayng prftsn

calches. Other BRD,s illsu signil'icsnity rtduc? the,
aittoiin) jptUn^anttd fish bycaieh a« wcllasexduding

undb^ic^mip^ial-si^ pra
Auslraiia's fisheries jR<;s<arch and Deyelo^

G<)i^tMiun(PRIX})fundi:d^
flilvaiKsd.fidvW'' abititv to coiinict claims. ttial;thei^

harYitg(ing. nietliqd is il>yiseriihiriiit»,';<nd .not
compiXiblc with the Conimdnwcfitlh OQViirnmeilt
puUcy of encouraging ecologicalty susiainahlc
practices. This researuli has b»en carried out by
biologists and fisheries technologists from (he
Australian Maritime Cotltge, CSIRO, Northern
TerrUury Departrouni of Primary Industry and
PishCrlts. NSW Fisheries Research tnstitUte,

Qwenslwxl Department of Priinuy tnduslijes, and in
wnjuBrt|unwjthroeinbersof>l)i;(i?|ifngindusiiy.

Turtle catches eliminated
The: recent [icuhtific (nBlij hayc (hown that tuille&
arid intest other iBTgcaniiriats.such i»s large sharks
'unfl stiBgrays.'eBri (is etitninatea frtm prawn Irawl
latchesby mwe, inclined grids iueh as ilte Super
Sbobter, the Nprdmure grid or lltf AusTED (Figure
2).Eaeh»rih9se HRDtiphysieiilly blocks large

ubjecls from entering the codenil by guiding them
uiit of theHet. 'niere is also evidence thai the Super
Shooter and the Nnrdiliore grid wn exclude olher

large objecis such as sppBge», thai can damsgu
.prawiui and be in nuisance in(he j.yitchiTlw angli? of
(he g»id(aln>ui 45*)allu*'smu5tcliie(:l.'ito "roll" cui,
eltlilit IhBpiigh a bbtloin upeiltng grid (Sitper Shuaicr.)
or a top opening grid (NerUinbre grid), wilhuut
blocking the grtd and tHerefon; allowing prawns to
paiiii freely into th( wdcftii,

In addittnn to greatly (cducing catches uf large
animals, the Super ShooterIFiguie 2a) has also been
shown to consj8|?nily niamtain pitwn catches during

scienttfle trials in the NPF. Pntindniny tesulis fruni trials
on btwttil the NPPtra^ter. 'l^iaiiA' (RBUW •) apsKw tn

\':fliP<rvatplwfot<ff'o»iflycalebrvihuMoHrierlcem1aletHHlbfMPP.
li.Hbuw^tjun'.te MiTeO — lurtlm ana niott tbarki and ruyi excliuHil, nnprmm
\y!Wl»'ckw'atWS,^Ttflsbinscln!lon.
\l:ScltflSUi»2iv»iliw^^w—h^aiMmutt^ritsaMi^s^iiM:?ipminilitss
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f^fttHn^HVfit CtHfWlf — 2%
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>^H% vsMfwmvnt fff "wvr
JfAT/miMW »ttWWft^ O/
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support this finding. The Nwdnxm grid — shown here
combiwsd With it tquart-mcsh window to increase liih
exclusion (Plgun! 2t>) — nsquircd some modificatluns in
tteciww prawn lows recoided during 8cicntlfic surveys,
and (hew wue made before the trials on bowl 'Petaiurt'.
Diflsreni vcreions of the AusTED have been extensively
trinlcd in differenl Incations wilh vaiying levels of prawn
retenllon (Figure 2c). In one set of trials north ofGroole
Eylanilt. the AusTED eliminated tunle caiches, and
decreaised unwanicd fish bycaich with no loss of prawns.

These devices will greatly assist fishers to reduce
catches of turtles and other bycalch without losing
valuable prawns. Fishers are already voluntarily
beginning to test these devices. This will greatly
increase our understanding of which devices woric the

•^ >0

bc»t in diffcrem twhing gKiUnds and under different
conditjon». Kihers will gltoimpfove the perforoiance
of these BRDs as their (xperiance with them increasefi.

Value adding through bycatch reduction
The impottanct of maximising the catch of high
quality undamaged prawns is now greater than ever.
This is because mosl operators in ihe NPF ipaximi.se
their returns by finger packing tiger prawns for export
and these prawns must be in near perfect tondilion.
Large animals will crush or break prawns in the
codcnd and on the sorting tray,

Recent research has shown that approximately five
to 10% more tiger prawns are (janiaged compared to
catches without tar(e •nim»l». The»e prawns are

known as "brokw" and art of a lower markei
grade and fetch much lower prices. Even a
small increase in the amount of undamaged
prawns would translate into a significant
increase in annual profit.

By using BRDs to reduce catches of large
animals, fishers can ini.wase the value of the
catch by increasing the proportion of near
perfect condition prawns, TIiese devices are now
"ready to go" and given (he expected financial
benefits to fiiihers, BRDs could be widespread
throughout the NPF within a fisw yeais.

Avoiding catches of under-
commercial-sized prawns

Most Florida Flyer trawls currently used
throughout the NPF are ringed with 45 mm
diamond mesh netting throughout the codend.
This mesh size and type allows only the
smallest of animals to escape through (he
narrow mesh openings.

Trials of 45 nun iquare-mesh codends have
»hown that not only are catches of commercial
sized tiger prawns ("under 30s") maintained
(only a 3% loas), but 28% of the bycatch i,s
excluded (Figure 3). Equally imponant is the
fact that In the NPF, most undcr-cummcrcial-
siMd tiger prawn« (between 5B and <)8%)
("over 30s") can e»eape, avoiding probable
death on the sorting iray. This will mean thai
large numbcrt of small tiger prawns can be
left to enhance future rtockn and be re-caught
when they arc far more valuable.

BRDs may increase prawn catches
There is growing evidence dial eReciivc BRDs
can increase catches of prewns. NSW H»heries
Rmearch Inttilutc 8cientist» have developed the
composite nquans'merii panel which reduces the
amoum of unwanted bycali;h by up to 41% and
increa.wi catches of pnwn« by four to 14% in
their offshore prawn fishery (Broadhurst and
Kcnnelly 1996b). This panel has already been
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widely adopted in New South Wales and there is also
some voluntary use by several fishens in the NPF.

There is also sotoe circumstantial evidence of
unusually high prawn catches from the NPF research
when large amounti of bycatch were excluded using
fisheye BRDs (Biewer et al. 1995 pp 24-26).
Although more evidence is needed to confirm this
result, it adds weight to the argument (hat use of some
bycatch reduction devices can increase pnwn catches.

Increased prawn catches by using BRDa could be
explained as follows. The exclusion of bycatch by
using a BRD decreases the overall weight of catch in
the codend. which reduces drag and promotes the
maintenance of a wider wingcnd spread compared to a
standard trawl. So a trawl fined with an effeciivc BRD
can have a wider swept area over the duration of the
tow than a standard uawl, resulting in higher prawn
catches. Improvements in prawn catches will become
more widespread as fishers adopt effective BRDs and
make their own performance enhancing adjustments.

Ongoing gear improvements
Although recent WSXl researct) hat made significant
sleps towards providing prawn trawl fisheries with
devices that are ready to use, thai is plenty of scope
for improvement in BRD technotogy. Even the most
effective BRDs will be improved by fiahers'
experience and ingenuity once they are used more
extensively on commercial trawlers. As BRD
technology improves and new devicti are Asveloped,
a greater range ol' options will be Bvailable to fishers
that will allow them to select the device most suited to
their needs and fishing conditions.

Commercial h-ials
In October. 1996, a selection of BRDs was tested on
board the NPP trawler, "Petannf. Theae triall form
pan of the ongoing campaign to provide a choice of
the most effective BRDs for use by Australian prawn
trawl fishers. The results will be presented at a fishing
industry bycatch workshop in Cairns being planned
for February 1997.

Further testing of BRDs yilt occur almost
exclusively on commetcinl tmwleis. An FRDC funded
project began in July this year to provide Queensland,
NPP and Torres Strait fishers with opponunities lo use
BRDs over the next three years, as well a» providing
an ongoing platform for continual improvement of the
most promising devices.

Voluntary adoption of BRDs
By offering NPP fisbera a range of dlffenint devices
that have been shown to exclude bycatch and still
catch prawns, we will see an expansion of the
volunlary adoptkm of BRDs that hw alnady begun in
this frheiy. It has been shown that vojunlury adoption
is undoubtedly the best way to incptporate new fishing
technology such as BRDt into the industry (e.g. the
Nwdmore grid into the NSW eatuarine ti»wl fuhery
— Broadhurst and Kennelly t996a). Forced adoption
tas seen in the USA) caused lni,g and costly litigalion

battles and promotes extremely poor relations, between
the fishing industry and management bodies. '

Further details of the new "toan-a-BRD" project can
be obtained by contacting Julie Robins at Queensland
Department of Primary Indurtries, D<xeption Bay (PH:
+61 7 3817 9500), Steve E&y« at the AasinUan
Maritime College, Tasmania (PH; +613 63 354 404), or
Brim Taylor U CS1RO, aeveland (-fAl 7 3826 7^36).

David Brewer, Nict Kawlinson and John Satmi art
Fisheries Biologists wllll the CSIRO Division of
Fisheries (Cleveland). Steve Eayrs is a Fisheries
Technolaflsl at the Faculty of Fisheries and Marine
Environment, Australian Marilime College (Tasmamal.
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a&6.
Byoatch reduction devices
can benefit prawn fishers

Scientific trials have shown that bycateh

reduction devices can greatly benefit
fishing practices in Australia's Northern

Prawn Fishery. David Brewer, Nick

Rawlinson, Steve Eayrs and John Salin!

describe how several devices reduce

significant amounts of bycatch without

losing catches of valuable prawns.

Fishers in the Northern Prawn Fishery
(NPF) will soon be in a position to address
many of the concerns telating to trawl impacts
on bycatoh. Recent research has shown that
bycatch wduction devices (BRDs) successfully
exclude turtles from prawn trawls while
maintaining or even increasing prawn catches.
Other BRDs also significantly reduce the
amount of unwanted fuh bycatch as well as
excluding under-commercial-sized prawns
from their catch.

Australia's Fisheries Research and
Development Corporation (FRDC) funded
research that has greatly advanced fishers*
ability to counter claims that their lurvesting
method is indiscriminate, and not compatible
with die Commonweallh Government poUcy
of encouraging ecologically sustainable
practices. This research has been earned out
by biologists and fisheries technologists from
the Australian Maritime College, CS1RO,
Northern Territory Department of Primary
Industry and Fisheries, NSW Fisheries
Research Institute, Queensland Department
of Primary Industries, and in conjunction
with members of the fishing industry.

Turtle catches eliminated
The recent scientific trials have shown that

turtles and most other laige aniauils, such a»
large shaiks and sriagtays, can be eliminated
from prawn brawl catches by using inclined
grids such as the Super Shooter, the Noidmore
grid or the AusTED (Figure 2). Each of these
BRDs physically blocks large objects from
entering the coderid by guiding them out of the
net. There is also evidence that the Super
Shooter and the Npfdmore grid can exclude
other large objects such as sponges, that can
damage prawns and be a nuisance in the catch.
The angle of the grid (about 45') allows most
objects to "roll" out, either through a bottom
openiug grid (Super Shooter) or a top opening
grid (N0idmore grid), withoyl blocking the
grid and therefore allowing prawns to pass
freely into the codend.

In addition to greatly reducing catches of
large animals, the Super Shooter (Figure 2a)
has also been shown to consistently maintain
prawn catches during scientific trials in the
NPF, Preliminaiy results fiom trials on board
the NPP trawler, 'Petami&' (Figure 1) appear to

support this finding. The NBidmore grid —
shown here combined wiUi a square-mesh
window to increase fish CTclusion (Figure 2b)
— required some modifications to decrease
prawn losses recorded during scientific
surveys, and these weee made bejfore the trials
on boaid 'Petannfe'. DiffcreBt veisions of the
AusTE&bave been extensively trialed in
different locations with varying levels of
prawn retention (Rguie 2c). In one set of In'als
north of Oroote Eylandt, the AusTED
eliminated turtle catches, and decreased
unwanted fish bycatch with no loss of prawns.

These devices will greatly assist fishers to
reduce catches of turtles and other bycatch
Without losing valuable prawns. Fishers are
already voluntarily beginning to test these
devices. This will greatly ioerease our
understanding of wMch devices woik the best
in difiercnt fishing grounds and under dillerenl
conditions. Fishers will also improve the
peribnnance of these BRDs as their experience
with (ton increases.

Value adding through bycatch reductkm
The importance of marimismg tfae catch of

high quality undaniaged prawns is now greater
than ever. TUs is because most opentors in the
NPF marimise their tetums by flngcr padang
tiger pnwm for export and these prawns must
be in near perfect condition. Large animals will
crush or break prawns in the codend and on the
sorting ttay,

Recent research has shown that
approximately five to 10% more tiger prawns
are damaged compared to catches »lthout laige
animals. These prawns are known as "broken"
and are of a lower niaricec grade and fetch much
lower prices. Even a small increase in the

•'i'"si'.

•:/ ;•','

»iS?'
^ggd;

-si^

^1
••»

\:~/.

s':
?^-

ssI
?®>:

.%'..

:;<.

quality of undamaged prawns would translate
into a significant incccase in &nnual profit

By using BRDs to reduce catches of laige
animals, fishers can increase the value of the
catch by mCTcasing the proportion of near perfect
prawns. These devices art now ready to go
and given the expected financial benefits to
fishers, BRDs could be widespread throughout
the NPF within a few years.

Avoiding catches of
lUKtoMiommwelai-shed prawns

Most Florida Flyer trawls cumatly used
throughout the NPF arc rigged with 45 mm
diamond mesh netting throughout (he codend.
This mesh size and type allows only the
smallest of animals to escape through the
nanow mesh openings.

Triak of 45 mm square-mesh codends have
shown Ihat not only are catches of commercial
sized tiger prawns ("under 30s") maintained
(only a 3% loss), but 28% of the bycalch is
excluded (Figure 3). Equally important Is the
fact that in the NPF, most undec-commemal-
sized tiger prawns (between 58 and 98%)
("over 30s") can escape, avoiding probable
death on the sorting tray. This will mean that
large numbers of small tiger pawns can be left
to enhance future stocks and be re-caught
when they are far more valuable.

BRDa may hwa—e prawn catches
There is glowing evidence that effective

BRDs can increase catches of prawns. NSW
pitheries Research Institute scientists have
developed the composite square-mesh panel
which reduces the amount of unwanted
bycatch by up to 41% and increases catches of
prawns by four to 14% in their offshore prawn
fisheiy ("PF' July 1996 p24). This panel has
already been widely adopted in New South
Wales and there is ako some voluntary use by
several fishers in the NPF.

There is also some cireumstanrial evidence
of unusually high prawn catches (rom the NPF

':/s&

Piguft It NPF prawn fishers tire under increwing pressures w use iwre ertViromnenlaHyfrie/ufly trawt

Sears. 'Petawie' was recently used to conduct BRD trwls in the WF
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Plgurt 3: Piasmm of ft ffwrv-meili <mfead -*2% lois ofcomnwrclal abedpmwns, 22% fak exclusion,
>^$% escapemcnt of "_€wer 30s" pr<xwnf

retearch when large amounts of bycatch were
excluded using fisheye BRDs ("Australian
Pliheriet" May 1995 pp24.26). Althoijgh
more evidence is needed to (oafilin tb<8
result, it add* weight to the argument (Hot use
of some bycatch reduction devices can
incnsue praWil catches;

Increaacd ptawn catches by using BRDa
could be explained as follows. The exclusion
of bycatcli by using a BRD. dwn.ases the
ovaraU weight of catch in (he codend, whitA
reduces drag and promotes the nwintenanee
of a wider wjngcnd spread coinpared to a
standard trawl. So a trawl fitted with an

Ftgun 2 pholm vfsonu tjcalch reduction Africa IrialUd tn Un fiPP.
Above 2a; Super Shooter — turtles and most sharks and rays excluded; nopwwn loss

B flow 2b: N^rdnwre f^rid + syuare-mesh wm4ow —surtUs afut wo ft sharks and rays exclude^ 14%

prawn loss, 28% fish exclusien
BoUwtt let AusTED — turtles <uu/ mffft sharks md reys exclwUd, no prawn fws in wd€cmw arcui^ 27%
ftsh exclusion.

WM
effective BRD can have a wider sw<?pt area
over the duration of the tow than a standard
trawl, resulting in higher prawn catches.
Improvements in prawn catches will become
more widespread as Gshers adopt effective
BRDs and make their own performance
enhancing adjustmcuts.

Ongoing gear Improvemsnta
AltbHugh leeW BRD research has made

significant Maps towards providing prawn
trawl fishiittes with dBvjces Uiat are ready to
use, thtw is plenty of scope for unprovemcat
iii RRD technology. Even the most effective
BRDs will be improved ly fishers'
experience and ingenuity once they are used
more extwuivcly on commensial trawlen. As
BRD technology improves and new devices
are developed, a greater range of options will
be avtilable to fuhere that will allow them to
select Ijie device mo«t suited to theit needs
and fishing conditions.

Cwnmsrolal trial*
Ift OctoberllWfi, a selection ofBRDs was

teittd on'board the NPF trawler, 'PetannS'.
Those tflals form part of the ongoing
campaign to provide a choice of the mo»t
effective BRDs for use by Australian prawn
ttawl fisheli. The results will be presented at
a fishing jndustty bycatch woikshop in Cairns
being planned for Febiuaiy 1997.

Further testing ofBRDs will occur almost
exclusively on commercial trawlers. An
PRDC funded project began in July this year
to provide Queensland, NPP and Tones Strait
fishere with opportunities to use BRDs over
the next thw yeara, as well as providing an
ongoing platform for continual improvement
of the most promising devicca.

Voluntaiy adoption of BRDs
By offering NPF fishers a range of

; different devices that have been shown to
exclude bycatcb and still catch prawns, we
will see an expansion of the voluntary
adoption of BRDs that has already begun in
this fisheiy. It has been shown that voluataiy
adoption is undoubtedly the best way to
jncoiporate new fishing technology such as
BRDs into tlte industry (c.g. the N0tdmore

; grid into the NSW estuarine trawl fishery —
"PP" June 1996 p28). Forced adoption (as
seen in the USA) caused long and costly
UUgttion battles and promotes extremely
poor relations between the fishing industry
arid managemcnl bodies.

Further details of the new "loan-a-BRD"
project can be obtained by contacting Julie
Robins at Queensland Depaitnuat of Primary
Industries, Deception Bay (PH: 4<1 7 3817
9500), Steve Eayrs at the Australian
Maritime College, Tasmania CPH: +61 3 63
354 404), or Brian Taylor at CSIRO,
Cleveland (-K1 7 3826 7226).

David Brewer, Nick Rawlinson and John
Salml are Fisheries Biologists with the CSIRO
Division of Fisheries (Cleveland). Steve Eayrs
is a Fisheries Techlologisl at Iht Faculty of
Fisheries and Marine Environmenl,
Auslraliwt Maritime College (Toinmnia). W
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/^y^/^ NPF fishermen view bycatch
reduction devices

Auftroltan Fisheries Management Authority

The fisheries research vessel
'Southern Surveyor' recently

spent four weeks in the Northern
Prawn Fishery (NPF) testing
several devices to reduce prawn
trawl bycatch. Prawn fishermen
operating in AIbatross Bay
during this time were invited
onboard to give their opinion on
these devices and to discuss
relevant bycatch issues. Steve

Eayrs, David Brewer and
Neville Gill report.

As part of a Fisheries Research and
Development Corporation (FRDC) funded
project, researchers took part in a
"Southern Surveyor' research cruise in
October 1995 to test modified versions of
Bycaich Reduction Devices (BRDs) that
had showed promise (luring previous trials
in February 1995 ("Australian Fisheries".
May 1995). The new BRF) versions

included large animal ('monster')
cxcluders and fish excluders in
combination for the first time, a» well as
the 'AusTEU' developed by the Nonhera
Territory Fisheries Division and
Queensland Department of Primary
Industry and Fisheries.

Prawn fishermen operating in Albatross
Bay during the trial period were invited
onboard to view these devices in action.
Fishermen included Ivor Jones ("Roper
Thercse'), Greg Patrick ("Comae
Endeavour'), Ray Hazel, Maric and Steve
("Four Seasons'), Aim Smith and
•Shark/' ('Aqua Sam'), Stuart Ctrtcr
(•Miss Providence') and Keith Burnell
CKelana'). CSIRO scicntiste and fisheriet
technologists from the Australian
Maritime College and the Northern
Territory Fisheries Division were on hand
to demonstrate the range and capabilities
of the BRDs.

BRDs friais encouraging
(n addition to the AusTED (shown on

page 26). two other 'monster' excluders

were tested; the Supershooler, now being
used in (he Gulf of Mexico, and the
Nordmore grid. which has been adopted
by many countries Including Norway,
Canada and the United Slates, All
"monster" excluders were used in
combination with either fish eyes or
square meth windows to further reduce
catches of unwanted fish bycatch. A
standard 14 fathom Norida Flyer with no
BRD attached was used to provide a

comparison.
In contrast to the standard trawl, no

turtles, large sharks 01 stingrays were
caught by trawls fitted with the 'monster'
excluders. The results of the BRD
performance, in terms of small fish
exclusion and prawn retention, have still
to be analyaed, however first indications
were promising.

The best of these BRDs wilt be trialled
on NPF trawlers in 1996. The results are
likely 10 provide fishwmcn with a range of
devices designed to exclude different
bycatch species from prawn trawls.
depending on the area fished.

... continued w pagf 26

^ Jpf^n-ij/l^hetn^n W^ i^v^edwbwtrd
- •sy^f'^whitrn Surwyor' 10 riw tlKDs

isnd ffiscuss ^atch ij^fif^

yws.,

:^^;'-»».
~;y~»<*,;.^^
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NPF fishermen view bycatch reduction devices
. .continued from page 24

Fishermen comment on BRDs
Fishermen also viewed underwater footage of the

BRDs in acfion, taken during (he cruise. The footage
showed BRDs excluding large animals such as
stingrays, sharks and sponges and also provided an
insight into fish behaviour in prawn trawls.

Fishermen provided information aboui their main
bycatch problems and how they thought the BRDs
would best benefit their fishery. For example,
minimising prawn damage through the exclusion of
'monsters' was seen as an important goal, particularly
with the growing trend toward 'finger packing' high
quality, undamaged prawns into export packs of 3 kg
or less. The fishermen agreed that 'monster'
encluders could increase the value o( the catch by
decreasing damage in the codend,

The USR of BRDs to exclude fish bycatch was also

regarded as a benefit lo the fishery, particularly in
areas where fish catches arc high. Problems
a.s.sociated with large catches of fish include a need to
reduce tow times, and a reduction in catching
efficiency due to a reduction in trawl spread. The
BRDs were examined and stimulated discussion on
how they could best be adapted to commercial
operations.

Of concern to the fishermen was (he potenliat loss
of prawns and byproduct. The latest BRD trial resulis
from this project will be available in 1996 and will
include descriplions of what fisheiroen using BRDs
can expect to catch and exclude, compared to the full
array of prawns and bycatch now caughi by standard
trawls.

The next step
The next step needs to be taken by industry. A

number of devices have shown considerable potential,
however, the real measure of success will be their
eventual adoption by industry. It is hoped that prawn
nshcrmen will examine these inilial concepts and, in
collaboration with researchers, develop practical
methods for reducing bycatch,

Steve Eayrs is a fisheries
technologist at the
Australian Maritime
College, David Brewer is a
risheries biologist wi(h
CSIRO Division of Fisheries
and Neville GUI is a
fisheries technologist with
Northern Territory
Fisheries Division. Contact
Steve Eayrs, AMA PO Box
21 Beaconsficld Tasmania
7270, tel (003) 354 424 or
fax(003)3S44S9.

^Uw^M^ht: The Nordmf/re grid

fiiit<l with a sifuare mesh wiwtow.

Rilihl; Th< AusTED uses an
mclm<dftwbU grtd to fxcludf.
'monsters'from fhe irawt
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2. Articles in science magazines:

liUiBiiiiim

^Escape Bietsr reduce fish bycatch
'cw prawn nets to be

mailed in the Gulf nf
Carpcntari-1 nesr Weipa

early n(K( yur «re tHfKctcd

10 reduce the unwanted fish
byc-nch tv up to 70%. This
amounts ro tens of

rhousandt of tonnes of fish
each season in the northern

Austnlian prawning
milustry.

The tnah arc p^n of
'ffnrts by scicntiMs and the
fishing inciusiry world-wklc to make
commercial fishing ccologically tusrainablc. If
successful, ihcy will alia biing immcdnti:

:wnomic Iwncfus for commctddl ftshcns.

A s(udy of one prawn fishery season in
northern Australun waters found thai 47 000

tunncs ot unwinicd bycAtch wer< tAken for

th(- hanwing of 4100 tonnes of prawns.

Revised ftthing gear used so far ha.s cut tiiti

bycatch by bcrwecn 17 and 30%. It is hoped
th;« rh<* continued research will atlcA&t

double this F&suJt.

The bycAtch reduction project, begun in
Juiy 1993. brings togfthtT biologisis and gear
tcclinologists from the CSIRO Division of
Fisheries^ the Ausrrafian MAcitimx? 0-)lleg(* in

I a.\mania and the Northern Territory

Department of Primary Ituiusmcs And

u.utc, the high vuluim' dl <ln tMilk r\j*(trts,

<uiU nm ide qii.ut.itttHtr {^ron'ilurfc's tli*it

warkl \\tJe an jiourly t.it.r\cjt>pi.'<t, h.i\v

unitiihnitti u> tltisexoiK. iftt.i'.ion,

Hi \.t\s .It ic.i'.t tJtr*,vp^l^ ~jU>\i<.

(liHufLt^ll.ia'St the al^.i (.'m/^>ii^ 'aiul the'

Nunln'm t'.iufk scaiit.tf Attnt^\ fiWitWtfii

;irc likely t<* t.osi tlic^liippin^t markuliuft*

,uui fjtiun^ inilustncs nnUjipn\ rti<[lolt.xrs

.mnu.itly. In aiUition) litith^ ini^riti *tiitl

A^rtthtuvc, thv iHirentijil^ t.^Usyttt.ijujt

LlLin^t,-1! tothcsiriunvc oljiicinptmtt. ma^it

e<»t.ihii*>!i<.<l in Atfnili'cjsicnii^I .iMnanmi

w,ttc(s ^herc h is ayoir.tcitHis prcd.ttti'rof

nmiirs, inrctlicrw

hl\ HtlrotlucctJl (rom

J.tpAii in the tnid"J<?S(K iji h.ittjtt v^icr

Uumpt.'tl hy Imtk t,jriier\^

'I ]>f ta'.t <:o,i»i w,itf)<,»f T.iun^ni.i .ire

,iho ittk'ttftl \siil» ('//{itirni^ A \}so\\n jl^.tt.

ijlsu lidtit J*ii>*m) \vhkli c.ut <i\i:T^r(t\s .uitt

Fisheries. New gc<tr i$ tMtol in a special ftumc
tank ar the Maritime College,

More than tOcombinadons of«<t

designs will bt tutcd in the tank before • Sc
January triaL? offWcipA, Past (tials tested nct$
fcituring squire mesh 'codmils'. These

ajlowcd Kirnft of the bycAtch to escape, wKilc
rctqining the pnwnt in the codcnd or sack
pArr of(h< nfti.

The January* trials wil! test dtficrcnr ty-pM
of cscApc piithways to cncoitragc the fish to
swim out oi: the net. Each c$capc device, has

an incriguing name such a^ 'radical ucApc

seciion', inclined grid' uid Tish eyt'*. 'IlK fish

will t>c recaptured af«r th<n escape to pugc
the fish .survival rate;; of the nccs tc$i<td<

The imporuncc ofchc new n^rs is

recognised hy th& fi<hing induury. In

Mm t.Ofnntcru.iilv ^wn> shtlHt^h

if,dvM\ )>f VMti lit.-.llll A\IU'(I (ItC^C

I luL-\hl:>F \.

itl.<mii\ sin.ill ,uu|^mi!t\c)TMl:i>i,itiric^lIot

•«<iJ l.um.t. itiUoduccd tti.trtiiitipr-ki'^lni.tVt

Imn rc.uhlv iit.(t<t<;<i, l>ut i;)^\licrt;ttt

AtistfatLi) tin? seard^lo) intti^Lliucti^|h-tu

h.is nut hem thormiigh

A silhi, tii'cuive^tHJUitat.uul umt

^Ht.-(.ti\f nu-tfiud iii>f|ki!i(])^|iHdinic j|»cs(s u

h.ilhM ^.ttir IIAS not]\zt Iw^ttdf^ellpj^^.

!hic<ih<-t 'i.iys- I lu<>1jun^ ttA|!j(iiM v>.Uu'|l.»nt

Imt ()i>\ i.tii oulv iK-^ltitx. vi-hfti ^tt;tv

mptimiunl1* v.tttlw^iti/i. AJinioiiier <^itn'

it* lu.fi ti.tll.iM ^.ttc^tt* kitDam oittdHtMt

tmi it lus itr*i\ti) tl)irt!n,iilt:tii>|tti.t^<:^hlN

t'fii'Liivc on lltv Mytlc^rc^tiiirtd.

f iniliifl: (liwliiif \\;ml. (Wll) Dirrn

liilmi,-', (,1'UHuv f5.M. ll.ib.m. lih.

HM->133 5^.-, /,iv 'IWSlV lllft

Two ol Uw many byutch raductlon d»vlca« to
b» te*ted oH Wcipa In January. TTw 'square
mwh window'iwt (tott) and the Ihb *y»'ixt
both tllow fl«h to wnp* by •ctlw twtmi'lnfl.
T}» pmwni Itll Into th8 back of tb» codand.

ad<iition to reducing the unnccftssary uptvrc

of lurdes and ochcr fhh, the ntw nets will
prevent tlic crushing of prawn? by large fish
si.ch u itingrays. K«ping ihc byntch in the
sea also mcaiu th^i the Urgcr prawn predacors

have an akcrnayvc menu.

Reducing th< unwanttd byc^tcli will Also
bring benefits for recreational fuhcts, In the
northern rivers country of northern New

South Wales, (he new nec luvt reductd the
bycatth of juvenile mulloway, or 'jcwfuih >

which are cntKustas»ca]ly targeted by an^tcrs

in their mature form- 1c is the project's aim

that the new typ^ ofncu <lo nor rcdurt the

s't?(* of commercial prawn catches.

TK<* research (cam hiis also been demising

way? of keeping (in -fl^h trawl ncis off the s<ta
floor. Work so far haA shown iliAt improved
nets minimi$<* hdbiw datnagc while
maimatning cjttchcs of the rarget fith <;pc<".tt\'i

CMliKf: Davui Brewer. CSIRO Miiriiit

Uhamwriei, PO Kox 13(1, Qtvilaiul, QU
•Hd:), (07, M6 »24h. (nx (07) 2S?..<~>92.

Paul ifwrr

Breakdown by wrighl ol catch trom Quit of
Ctrptntaria prawn trawling.
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Nets designed to
set fish'free

Conventional nets capture tonnes of unwanted fisb

SURPRISING as it may seem,
commercial fishermen do not seek to
catch everything that swims within
reach of their nets. In fact, as much
as 70 per cent of some catches can be
unwanted species,

The CSIRO magazine, Ecos 81,
reports that a recent study of one
prawn fishery season in Australia's
northern waters found that 47 000
tonnes of unwanted bycatchwas net-
ted with the harvesting of 4 100 tonnes
of prawns.

In a bid to eliminate bycatch spe-
cies, biologists and gear technolo-
gists from several Australian
institutions and the fishing industry
are collaborating on the design of
nets and other equipment which will
catch only the species targeted,

More than 10 combinations of
net designs, with built-in escape
hatches, have been tested in special
flume tanks at the Australian Mari-
time College in Tasmania and have
cut the bycatch yield by between 17
and 30 per cent. Further research
should lead to designs capable of
bringing even better results.

Another benefit of new net de-
sign is that eliminating the capture of
turtle, stingray and other large spe-
cies stops a proportion of prawns
being crushed,

The research team also is looking
at ways of stopping trawl nets drag-
ging along the seabed and damaging
fish habitat.

For further information, contact:
Mr David Brewer,
CSJRO Marine Laboratories,
PO Box 120, Cleveland. Qld 4163.
Intenatiowl telephone 61-7-286 8246
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3. Articles In local community newspapers:

BYCATCH REDUCTION DEVICES
IN THE GULF OF CARPENTARIA
The second cruise of the

collaborative AMC-CSIRO-NT

Fisheries bycatch reduction project was

recently conducted in the Gulf of

Carpeniarin (GOC) on board CSIRO's
FKV Southern Surveyor.

The primury aim of the cruise was lo

lest a range of Bycatch Reduction

Devices (BRDs) designed to exclude
unwanted bycatch from prawn trawls.

Secondary aims included daylight video
recording of Fish behaviour towards the

BRDs. and further refincmenls lu a

semi-pelagic (rawl.
The AMC was represented by Steve

Bayrs and ex-slaff member Marcus

Strauss. A toial of eight BRD.< were trialed

with most being constructed at the AMC,

and two being purchased from overseas.

Alt BRDs were fitted to
coinmercinlly designed prawn trawls and

(owed in 30 minute shots throughout the
night. Two trawls were towed

simultaneously, allowing catch rates of

BRD equipped

Figwe 1

Figure 2

^<
^^V^\F'sllre3_

trawls to be compared with those from an
uninodified trawl.

Two BRDs were designed lo exclude

large stingrays, sharks and turtles,

colleclivety referred to as 'monsters'.

Exclusion of these species was nuhieved

by an inclined melnl grid that guides the
"monster' tlimugh an escape opening in

the trawl. One BRD was designed to

exclude throughanopeninginlhetr.iwl's

upper panel (Figure I), and the other

through the lower p;mel.

Bolh BRD.s .successfully CKclude all

'monsters' with the upward excluding
BDR additionally excluding all fish
species greater than 2kg in weight.
Exclusion of 'monsters' is desirable due

to their potential 1;. damage the prawns

and significantly reduce the quality and

value of the catch.

The remaining BRDs were designed

to exclude unwanted lish species while

retaining the prav ns. By providing large

mesh openings in the trawl, such as a

square mesh window (Figure 2). many

species will swim through the
meshes and escape. The relatively

poor swimming prawns,

on the other hand, nre

unable lo swim

through the

openings nnd arc

subsequently caplured.

All six BRDs
reduce fish bycatch,

particularly thelargerpelagiu
species. Smaller species

proved more difficult lo

exclude due to (heir innbility
to swim long enough to

find the escape

openings. The fish

eye (Figure 3)
excluded the

greatest amount of
bycalch and, being ot

relatively •iimple design and

operalion, shows

considerable polential for

industry use.

A number of

variations to the square

mesh window were

trialed, including use of a number of

'stimulators' to assist the fish in

detecting the escape openings nnd to

prevent passage to the codend. In

addition, a square mesh window

constructed of netiing matcriul thnt

glows in the dark was trialed, but no

increaseinexclusion rates wasdelecteil.

The semi-pelagic trawl is designed

to aperale at a steiidy 0.5m itbove the

seabed. and thereby reduce damage in

benthic species (eg. .sponges, corals)

caused by the trawl. Trials included

varying the length of sweep wires
between the trawl and otlcrboards. in an

ailempt to further reduce seabed

contact.
Earlier trials in the GOC

(November IW3) demonstrulcd this

trawls'et't'ectivencss in maintaining the

desired operating height while
reducing benthic damage. Target

species catch rules were maintained,

and the capture of unwanted bycatch

was also significantly reduced.

Extremely rough weather and

ussouiateil vessel motmn during the

latest irials resulted in the truwt

frequunlly cuntucling Ihu seabcd uiul

then rising to a height of one or iwn

metres. Triiil results arc Ihcretore tikuly

to be inconclusive.

Unilerwalcr video tbotageot'BRDs

was taken la provide researchers with

details of fish behaviour in BRD
equipped irnwls. While nil tootnge w.t.s

taken during the day, it did provide n

vnluable insight into how the same

species may read at night. For

example, the exclusion of a common

species of school shark was more

successful using the upward excluilinj;

BRD than the downward uxcludinj:;

BRD. Video footage showed that this

species fatlow.s Ihe upper panels of
netting as it pa.ssc.s along the trnwl. and

is thcretbrc more likely toencounter the

escnpc opening in the upper pnncl.
Future trials are planned in which

the best of <he current range of BRUs

will be trialed morecxlensively, as well

us utlemptiny loconlinue (riiils wiih ide

scmi-peluji.ic trawl.

AMC NEWS Onrniht'r /VW
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4. Articles In local and large newspapers:

New net to cut
trawl by catch

By MARGO
2L&TKOWSKI

A NEW type of
prawn-trawling .net
being trialled by
CSIRO scientists
could help reduce
the amount of
trash-fish dumped
In Far Northern
waters by up to 70
per cent.

But fishing industry
representatives say the
beauty of the now by-
catch reduction cquip-
ment is that it does not
also cut back nonnal-
sized catches of prawns.

Initial trials of the
nets have so 'far reduced
fish bycatches by about
20 per cent but project
scientists believe they
can realistically expect
50 to 70 per cent reduc-
tions.

Queensland Commer-
cial Rshctmen's .Organi-
sation spokesman Mark
Doohan yesterday wel-
corned the new net de-
signs as a way to ad-
dress widespread
'community opposition to
the dumping overboard
of thousands of tonnes
of unwanted bycatch
each year.

However, Mr Dooliaii
said fishermen needed to
be assured the nets were
efficient wd did not re-
suli in fishermen losing
some of their catch.

"If Wf.' re not losing
prawns and die nets are

BYCATCH REDUCTION
PROJECT

AN artist's Impression of how the hew net will work — fish can swim
through the top of the net white prawns are trapped In the cod end.

efficient and easy to their cuirent gear to start fishery's enormous by-
the benefits ofhandle we'd definitely

support the project and
its continued funding,"
he said.

A CSIRO spokesman
yesterday said square
mesh holes in the nets
allowed unwanted fish to
escape instead of being
fatally trapped with the
target jxawa species.

This meant less dam-
age to the prawns resull-
ing in a higher propor-
(ion of export quality
catch, shorter sorting
tiipes and a decrease in
the amount of marine
life killed.

The spokesman also
said commercial fisher-
men would only require
simple modifications to

reaping
the new design.

Gear testing is being
carried out in a flume
tank at the Australian
Maritime College in Tas-
mania and sea trials ia
Tasmanian and Northern
Prawn Fishery waters.

CSIRO fisheries biol-
ogist David Brewer said
by protecting the ecosys-
tem, they were ensuring
a healthy fishery was
maintained.

"The work we are
doing will ultimately put
more dollars in the
packets of commercial
fishermen," he said.

Studies made during
the past five years have
produced evidence of the

catch problem with one
study showing 47,000.
tonnes of bycatch taken
in a catch of 4100
tonnes of prawns.

The project has
brought together biolo-
gists and gear tecbnolo-
gists ftwn .the CSIRO
Division of •fishedcs'
Cleveland Marine Ubo-
ratory, , (he Australian
Maritime College and
the Northern Territory
Department of Primary
Industries and Fisheries.

It is also strongly
supported by Ac Fishing
Industry .Research and
Development Corpora-
tion.
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The Weipa DuUenn

One of a kind fish experiment
The Einbtey River in Weipa has been
the site of a unique experiment to

measuie the survival rates of fish

escaping from specially constructed

irawl nets.

The project is part of a wider study
aimed at reducing the amount of

unwantedbycatchcaughtin nets when
fisbermen are trawling for prawns

and other target fish.

CSIRO Division of Rsberies, the
Australian Maritime College and the
Northern Territory Department of
Primary Industries and Fisheries are
jointly funding the bycalch studies.

Several bycalch reducing devices

are being tested to see which gives the
best results for northern Austealian

trawl fisheries.

The reduction of bycatch is
importantfor many reasons including

the long tenn survival ofHsh species

and the protection oflhe targetspedes

such as prawns.
David Brewer from the CSIRO

said bycatcb costs fishermen money

in a couple of ways.
Firstly there is the expense

associated with sorting the unwanted

bycatcb from the target species and
secondly the bycatch physically
damages the target

In the case of tiger prawns Mr
Brewer said the target product is

extremely valuable and each prawn

which is damaged means losses for

the fishermen.
The section of the study Davkl

and co worker NickRawlinson have

been engaged in at Weipa during
recent weeks measured the long tsmi

One of Uw mom taborious task$ invkwed in the CSIRO research is
measuring hundreds of tiny fish. NickRawSnson tries to took happy about
the painstaking woik.
suitability of Equate mesh panels in moored in the Embley River.

nets. The mesh panels allow small Survivalratesbavebeencxcellent

unwanted fuh to escape bsc'k. to sea according to David, with more

anditisimportanttocstablishsurvival than eighty percent of fish
rates after the escape, surviving. Tlie fish survival trial

David and Nick ended in Weipa yesleiday but
recaptured fitfa which further studies may be carried out
escaped Uuoughtbepanelt in Moieton Bay.

in larger nets and have Next January CSIRO
watched their development scienlists will return to Weipa to

and recorded fatalities.

The fish have been kept
inlargepoolsattbeCSRO
laboratory at Evans

Landing and in sea cages

continue ihe study of different
types of equipmenl which could

eventually lead to a large

reduction in thebycatch currently

trapped in nets.

tester Sheptiard has been assisting the CSIRO
with their re$aareh by making his fishing vessel
Island Giri availabto (orfish collectkin trips. He is
pfctured with Nick, displaying the square mosh
whfch allows small (ish to escape capture.
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The experimental net... hopes to cut bycatch by half at leasi

ORTHERN
prawn fishing
fleets should

soon reap the benefits
of experimental work
by CSIRO scientists
on Moreton Bay, tar-
geted at reducing the
large amount of by-
catch (unwanted spe-
cies) caught in trawler
nets.

Significant progress Is
being made in the search
(or environmentally
friendly prawn and fish
trawling methods.

One of the mejor Indus-
try and conservation con.
cerns in recent years has
been the vast trawl net by-
catch.

It is a global problem
which sees thousands of
tonnes o{ bycatch a year
dumped overboard,

The dead, unwanted fish
are usually eaten by
scavenging birds and tish.

The project brings to-
gether the expertise of
biologists and gear tech-
nologfsts (rom the CSIKO
fisheries division at Cleve-
land on Moretun Bay, the
Australian Maritime Col.
lege in Tasmania, and the
Northern Territory Prima-
ry Industries and Pisher-
les departments.

A reduction in the by-
catch would have immedi-
ate benefits, including an
increase in quality and val-
ue of the targeted catch.

HE fishing indus-
try's conservation

image will also receive a
considerable boost when
the new bycatch-reduc-
ing trawl gear receives
the final seal of approval
(rom scientists and com-
merclal fishermen.

CSIRO fisheries blolo-
gists David Brewer and

Fishermen
aim to cut
slaughter
SCIENCE
TOBflV
JOHN
COKLEY

Nick Rawlinson. under
the project leadership of
fish ecologlst Dr Stephen
Blaber, have reported en-
couraging results so far.

Using square mesh
cod-ends on prawn trawl
nets. Initial tests have re-
duced the Csh bycatch by
about 20 percent while
still maintaining normal-
sized catches of tiger and
endeavour prawns.

The square mesh cod-
end allows unwanted
Ilsh to escape Irom the
net instead of being
trapped with the target
fish.

Major benefits lor
commercial trawlers
from a reduced bycatch
include;

» Less damage to target
species, such as prawns,
resulting in a higher pro-
portion ol export quality
catch.

• Shorter sorting time.

* A decrease in the
amount ot marine life
killed and therefore less
criticism of the lishing
industry from tourist
and conservation
groups.

"By protecting the
eccsystem, we are ensur-
ing that a healthy fishery
is maint&ined." said biol-
ogist David Brewer.

"The work we are
doing will ultimately put
more dollars in the pock:
ets of commercial
fishermen."

Studies made during
the past five years hfeve
produced evidence of thft
enormous bycatch prob-
lem — one study of catch
records showed that in
catching 4100 tonnes of
prawns, 47,000 tonnes of
bycatch was also taken.

Scientists are also con-
cerned at the eHect this
massive amount of by-
catch has on local
birdlife.

"Birds can become de-
pendent on the bycatch
for food," Dr Blaber said.

"Studies in the United
Kingdom have shown
that when the trawlers
move elsewhere the bird
populations can plum-
met."
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New net trials
aim to cut loss
of marine life
THOUSANDS o{ turtles,
sharks, rays and fish could be
saved if north Queensland tri-
als of enviromnentaUy.friendly
prawn nets succeed this suro-
mer.

it was hoped the amount ot
unwanted by-catch could be
slashed by up to two-thlrds,
CSIRO Flaheries Division ma-
rlne scientist David Brewer
said.

A study of one trawling sea-
son in northern Australia
showed 47,000 tonnes of
unwanted by-catch was taken
during the hanesUng of 4100
tonnes ot prawns.

Dolphins usually managed
to avoid nets aad dugongs —
large, endangered marine
mammals — were rarely
caught because they lived in
very shallow waters.

But turtles, sharks, rays and
large numbers of fish were reg-
ularly trapped.

"Fishermen realty do not
like catching turtles, they do
their best to save them and
most don't die," be said.

The thrashing of tmpped tur-
ties caused a lot of damage to
nets, so Uthermen were very
eager to avoid catching them If
they could.

About eight combinations of
nets have been chosen (or a

HOW the (ish-escape prawn net works.

one-month trial o£f Weipa, on
Cape York, in February.

Past trials tested nets teatur-
ing square.mesh "codends",
which allowed some of the by-
catch to escape, while retaln-
ing the prawns in the codend
or sack end of the net.

The Australian Maritime
College and the Northern Ter.
rihay Department o( Primary
Industries and Fisheries were.
joining forces with the CSIRO
on the three-year project,
which could save fishermen
money and save the environ-
ment.

Mr Brewer said the nets
might increase prawn catches
by releasing by-catch and

therefore stopping nets from
prematurely closing.

"One ot the biggest chal-
lenges we will have is pro-
duclne near that will not re-
duce the'prawn catch," he said.

"But we might even catch
more prawns and their quality
wiU deUnltely be better."

Plsbennen would also bene-
(it from having to spend less
time separating by-catch from
prawns.
•THERE should be planty of
prawns available during the
Chrtstmas-New Year period
despite reports ot potential
shortages, the Fish Distribu-
tors Association of Queens-
land baa said.

New net
means
more fish
and less
damage

By PETER COUBMETTE
On the video Bcreen, a net

blunders across the sea bad,
destroying sponges and coral
and accidentally trapping
huge sting rays as it catches
red snapper off Northern
Australia.

Across the room, in a large
glass-fronted tank, lies an

) an&wer to IbiK environmenilftl1

I distress.

Riding ui a continuously
pumped flow of water is a
one. 10th ecale model of a net
thnt clears the Rea bottom
and therefore does no harm.

UpBtairs at the Australian
Maritime College's Beauty
Point campus are other newly

1 invented nets, cunningly de-
signed to reduce waste by
excluding Gah that are too
big, too small or the wrong
epocies.

Fishing technologist Steve Eayfs with the llume tank, whtoh is used to test trawl nets.

VisiUng VIPs tfiis week
said the AMC's fisheries re-
search was a huge hidden
asset to the nntion.

which allocates more than
$13 million in grants each
year.

"It ie unique in Austr&iia,"
said Brian Hickman, deputy
chainnan of the national
Fisheries Research and De-
velopment Corporation.

Touring the AMC's facili-
VIM nt Beauty Point and
Newnham were seven mero-
bers of U»e FRDC board,

They praised the college's
research programme and its
courses in fisHing and
fisheries management. The
work runs from biology, net-
ting &nd engineering right
fchi-nugh lo eeafood processing
and marketing.

lan Cartwrigfat, director of
Uie AMC'6 faculty of Hsheries

and marine environment,
said: "It's got to be good from
start to finish.* •

Much of (he focus ie on
conserving not only the en-
vironmCTtbul also'Gsh stoclis
— a concana in almost every
Australian fishery.

"They're Just about
sustAinable, but they won't
starid a- lot of increaae." Mr
Cartwright said,

At a result, work had to be
done on adding value and
reducing costa.
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CUTTING the sea slaughter . .. CSIRO fisheries ecologist David Brewer yesterday
demonstrates how a wider-mesh window in a prawn-trawling net allows fish to escape.

Nets with a catch - fish escape
By BRENDAN O'MALLEY

ADVANCED nets which dram-
attcally cut the slaughter of ma-
rine animals during prawn
trawling will start commercial
trials In north Queensland next
year.

Marine scientists yesterday
said results from summer
trawling experiments showed
the amount of bycatch, or

unwanted animals killed while
trawling, could be halved. One
net excluded all the turtles,
large sharks and rays which ac-
cldentally strayed Into It.

The $200 million prawning
industry has concerned conser-
vationlsts because studies have
shown 10kg of marine animals
die for every 1kg of prawns
caught.

CSIRO's Division of Fisher.

les at Cleveland, south-east of
Brisbane, the Australian Mari-
time College in Tasmania and
the Northern Territory FIsher-
les Division have been testing
"green" nets (or two years.

CSIRO fisheries ecologist Da.
vld Brewer said yesterday the
most promising bycatch-reduc-
tion devices would be put.
through more trials in the Gulf
of Carpentaria in October.

Final Report: Project 93/179 237



l-u
oo

5T
0

•r

I
-0

A better way
to fish, by
hook or crook

ZRCHED on ill? rivertank
near the Weipa wharf, a day's
cruise from the top of Cape
York. the Stubby Hut la Utdc

more than a bis vyrrtnda with a bar
and a fence around it. Now it's quiet,
only the local hard-doers preferriog It
as a drinking hole. but by the end of
the month ft mil be ragmg.

Around 300 fishennea with bad and
polittcaUy incorrect h&bits will be
chargiag -up for the northern prawn
season opening os April L Stub&les,
cans. Winfltld Blues and B&Hs, bad
language, and other tftitngs not suitable
for a family newspaper will tie in-
dolged in with pisto. The night of
Marcii 3] wffl not be for tie &lnt-
hearted.

Firom the crack of dawn the next
&ay. dictr heads ftdl osf haEarocrs and
their bellies lulf.fuU nt booas. &cf&
be going for it until at least the end of
Slay. catching baoaaa prawns. Then
tiicyll ta);e a twak and return to late
winter for another rus. this time
mataly for tiger prawns. Mor& fhan a
hundred bi? trawlers and a few bigSer
mother ships will steam aloag the
c»»s^t to pluadcr lAe bounty that pours
c-ut of thff mangn»v&-Uned riyers d'cry
iummer.

Hut this weelt the Stobby Hut «as
host to a scmHcr. soberer group with a

Cuff of Carpentaria prawn
fishermen take 9kg of

"trash" for every kilogram
of prawns. SIMON GROSE
talks to scientists seeUng

to avoid the waste.

copied or varied ft-om SewQffpaawht in
the United States. BriUto ad Saudi.
navlan countries, of which Nonmy h
the most advanced. They lan cSm!-
nated at least two Ideas and owr tour
weeks of 24-hour-a-<lay o-awUng thla
svassmer — sometimes wtth two SSfer-
ent nets side by side to provide direct
comparison — they intcod to don the
net further.

CSBtO's John Salini. U» •pnina't Ws-
nfor scientist, says, "Wtfte tioptol at
the end of &is trip to cod ap wtth two
or three favoured (tovtoca and Btthar
develop them fttrtlmr or (On t° <rid
them on a commerctal tiE»w}et."

Three lines of icseanh are IxlnE fcl-
lowed:
® By-catch-reduttlon devices. These In-
elude simple Ideas, Itke (he turtle-

3^
ban at the aoutfa of a net Ttfs stops
tnrfles and large nsh B-om mtertat

smaSer mesh to catch what flMy tort.
With larger square mesh of the same
diameter as standard (ilamond mesh
(45mm) they nductd the by-artch by
an avwagc. of 33 per cent Howwr.
some fish wen caught by tfto gtBa in
the square mnfa ami there wat a mar-
gtaal touofpnmaa.

SaUnl mn, Thm-B * tradiwff bc-
nmn ndacint the Iw-utdi ud
starting to taw mmia,* u lie ileflnn

cutatiulriUty Bad. eovlrouMntid •ms-
Itlvlty wUlc not cmapromlilnE the

on »luch tiioonub of people rdy.
"Thft toduttry won't tolerate any

ton of pnnna, to iriMtmw dnta m
raommmtd. It hm to t» v<ry (ood »t
rettintee pnwui othervlae the
Mmasa mnt aaxpt It'

•MaltHtml tnn tnwL Wlwn tte
tOtBBmoutonAiraiaoliiTopBKir
nod (hay wfS dcBg t&eni afaugttebot-
toa, jddrtay up Bxa^flilBy to tbs WBy

<uch aa apoogCT 'whfefe at-
Umnsdvn to the MabaL This Is

cumnUy amnud u euuitlal for
catdiing prawns because pramis pda
comid ott tfae bottom of the sea.

But hew blefc do prasras swfin? Does

Pfctum SUON GTOSE
RlkBuckworth, of Norlhem Tenlloiy Fiahaias, and giaduate volunteer Fiona Mareon son the "trash' cauaht tn e»perimenlal prawn tiawt nets.

the dlsturtaaa of the trawler Aurn- A tf^ Jt f^i. f»k B • It •
tag l,_40m above dftrt U»» behav: fl ^IfUlm 01 E OtQ inQ 1^ I A 11
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DiSiiion. They too
uould b? hunting
prawns, but- some-
:n;ng btggcr besides.
..^ni.-Thlng that could
icean that the i^eai-
..-mdchUdren ol this
year's nshermen will
iilso have reason to
drlnic at the Stntiby
Hut before a long stint
at sen: a better -way to
fish.

When the trawlers
haul in their nets they
find about 90 p<r o(
the weig&t of their
aitdi is evnrythlne
but prawns. "By-
catch", they call it.
Turtles, rays, sharks
and othor big items
cause some drama and
can daja&SK the soft-
bodied prawns as they
thrash tn the net
Some cffltnmycial Osh
ypecies are caaghtt
,l""^tlley-are-mo"a The Southern Sunnyor at VWpa inhart: nterttess haid worit at
hindrance than a

Sa.sh.£taa.!£^E^S,".P.S% slde.ofneB.bondnce^byotchot ductas by<atd>-~

uui aow mga <u> pawns Bwunf uoca
Un disnntance of the trawler dmm-
Ing ly <0m abom afltct tbelr bciuv.
tourt'nast and od»r tpKsttom win
begin to be annrend wkm flu nsalti
of "trawls with a net separated hito
thne l«y«n are astfsd.

Stwer SK/S, "It alm-
ulatea A piawn net to
Urau of net teleht
nd lowing spmd but

I', it'a compurtmentaUsed
liorttoaully. W«'n
lookine at what tends
the prairoa enter and
Ihn Dsh entn-."

AmnaflictoporUK
nt they will apul-
ami with * "nnali
pmd" < net «t d?r.
nttanttettultenaga-
ntfoas whlcfa may ex-
ciude by-cttah. Poriiaps

1; ft duUower net, car-
rled at a certain
teljht, will Eliminate
•lentOcant amount* of
byotAtrithoattnnT
tag prawn capture.

"niaft a different
angle. Rather than
catdttng Jt and "tryicg
to damp It out the end.
lat'» try and avoid
catching It in the
front." Brewer
says/"That could be a
way simple way of ro-

A $100m sustainable industry
.CMPTOOcnloftlit fcctmdcm-

ciCltitnplMlTwEad.
am&cB prawn fishery Is

MB of AnatsraUi'a mart wluabk
nalfriw, —atnlBt around 5100 miS-
itou a yua. Xta tt> nation's total ttn-
aad fldunr- laanne of about «1.3
blUlon. osJT • tte cnlnmd-piarl in.
dastrr bdrtli tt, with remue of
about tUO uifflla.

ExtnuUae ftwa the tip of Cape
Tacit to the , norft coast of Western
AnatnBa* <bw aatthcm prawn fish-
ery haa bmn wodted comaicrclally
rorlenflan 30 ynrs. In thnl time It
h— nached andtxcwdcd its »us-
tlbabte ytdli. aWlnr swUUy from
bdnfr a nmr ibnntfap w a regulated
domain vfm-e wnBeut the most dra-
matfc catlfcks in Australian com-
nerdal flMwty cfliMt tuwe been tm-

la 1986. 238; tnnicrs worked UK
u—dnrteB ttxc Matii to September
Bcuoa, jutUBB in Awt 15.000 boat.
dan. In 1933. .127 bosta apoit about
11,800 bo«t-d«;y» utdlnc the tit"-
prwttt urf buaant prawnt whidi
uoaitfiiw €hc IwUt ofthB rwoarce.

Tbsac coapaaAxur an not simple.

hnprovemcnu in sonar attd global
positlonine tcchnoloey ?flblc boats
to waste low time fishfag nnproduc-
ttvdy In the 1990s — but nand»t0ty
reductions in net sizes since 1987
have effectively reduced the efTec-
tivencss &f trawlers. Overall, the
goeJ. of reducing the total flshisg ca-
padty to 60 per cent of 1990 leveU
has almost bwn achieved.

This has reQulred a mixture of co-
operation, enn-twistlne, and dollar-
power. It favolTcd Eovccmacnt, the
industry, and researchers running
fast to catch up with the rapid use of
a resource which Is still poorly
understood. The rcstmctnring was
done by dividing the fishery Into
unit* amonc trawler operators on
the basis of their past catch hiato-
rid. They could either ficU fhem and
get out, or buy them and stay in.
FoTciae them to take either option
was a compulsory surrmder regime
which was triggered if eabn-reduc-
don targets were not achieved.

The catch peaked to the mid-1970s
and early '80s at around 14,000
toano. In recent years It has hov-
ered above 7000 tonnes. These fie-

nres are affected by the vagaries of
file acasons and the amount of fttb-
toe effort expended, but current cstt"
mates of a sustadaable annual yldd
of 10,000 tonuCT are broadly accept-
ed.

The 10.000 toanw Is made up of
6000 toonw of tiger prawns and 4000
tonne* of banana prawns, both bis*
fat. lusrioas species of prawn flesh.
The banana prawns come oct tn cow
big Qush between March sad Hsy
along the eastern and sotttltcm
coasts of the Gulf. Tiger pnwas
come through from autumn tin
spring and arc foroid aloag Ac
whole fUhery. The bdk of the catch
is sold for export

Both species crow quickly, taralne
Into an adult as long as. your foot to
a year. They start life when the pre-
vlous eeneration moves from the B9-
tuaries into the coastal SCAETSSS nmc
as the wet season besibBO.

John SaJlnl. fl-om CSBtO Flsh«les»
says. "We thiaX ths cue there 1» »a-
linity and ramfaU. It may not be a
physical push from rinr S<m» It
may be a bcfeavioaral thing wbfrdiy

as soon as they detect a changek in
saliaity they react differently.

"Tlw new emeratlon arc plaokton-
1c for a couple of weeks and arc at
the nwrcy of the tidM and currents.
The way they aw transported toacle
ttt the catuary is affected by how
they .move vp attd 4(mn in the water
cotomn. They'll tuae in to the tt^&,
coming in on the flood tide and set-
tUns on the bottom In the ebb ttdes."

In the ntoary they can grow as
&st as a cnrtimctre •very 10 days,
thriving on the nntrienty m the «ys-
tem and becomine an important part
nt the food data. Since tbc I9«h.
tunju ban IntlUed tbemtrivm at
the top of that cttafa in a m^or faalf
Ion, but the cqaatioa caa find a new
balance if tht ttpporting cco»ystea
iaauuxagcd correctly.

A catch oflO.OOOtonnwof!
a year could innln up to five bU-
Son indtvidaais. But a tiger prawa
caa spawn ttriw a year, prodadoe a
total of up to 800,000 eses. On that
basis, the nor&crn prawn fishery
can withstand reeolar bamstlap as.
long as the cnviromMnt nmains St
to feed it. -anoNanose

high-value prawas. Mostly tt wffi be
k>ts of little fisK TOOlIuscs, sponges.
squU, etc - "trash- in the trade —
that are no good for anything but cut-
ting fishermen's fingers and talaBg up
their time sorting throuyh It when
they cauld be sutting the oct again.

Mast of the SO per cent dies on the
deck or in the sorting bin. When H
fyts towuid over the side the scaveng*
tng birds and bottom feeders thtalc Ifs
Christmas. What this does to the wst-
while balanced food chain In our
riorthcm waters is mAnowc, Inrt cota-
moa sense says it cant be productwc.
Clearly an example of humans taking
the main chance Wore they uttder-
stand the full Implications, tt b not a
recipe for suslalnaklUty. nba hall-
rnarkof almost aU mmarmst fishing
around Q? wodd.

The thne-yesr research pro}ed. on

smaller fish by provUttne escape
routes. Video monitoring dwlng the
bids shorn Ssh nrimmine vigoronsly
along wBh DM mt «lte tlsey mter It.
a»B tirine irttfaln a few minutes and

• EnvtammmtaUy friendly trawl. A
number of commercial fish species ex-
lit In nonhem mten but poor mricr-
atndlng of ttock tiatabubUtty anil
ttE jultmmt flat ImlonMlan »aten

UMlS:ldLteLtb£^d^^± »V^r^£^^^
tttd. The video abo shows a small pro-
portion of ash sucCTssfaHy daniDft out
through escape routes if they are avaO-
aMc.

Then is sooffi video evidence that
fisb escape more readily trom the
mouth of x net when it cartes a hir-
tlwxdudiu o-U. 1U U the Brill lives
them a. strongu- visual cue than an
empty tpua. TU» leads mearetera to

llcmce restrictions on flsh trawUng in
the Cult The distance to market and
U» toelstte of nsh specln also Halt
viability to tfae crtect that only one
tnwier ireriu Uu Gulf for fish. But.
Ute the mm trawten. he also drags
Us art along the acabcd lilu: a Kytkc.

Wo* ltd by Sure Eayrs, tem the
Australian Maritime College in Hobmt.
has developed a nsMrawl net that

reidis'.!how<h'y.B'"?toJnff"'°tteIr iavtniflptoliintertOTetbEMdcd
midniamdlngcrffldl betartonr. Ixitmxm «bmt tfltoata Out KBi » un

Dma Bnw, of CSDtO. tilt IcadlBE and u mnr (f mWiti flBt keeps it
fish bloIoElit on th» pn>)»ct. «tys. dawn. la earlier trials It captund
"Phh can acthrdy .nrim mon so than amoant» at ttrgBt species such as nd

the Soutliem "Surveyor is u'attamit to a prawa^anil theyrract to dUTerent an*ppcr»MchwBremiBpBnbteto
(1th trawls but caueht Ins

lycatdi «ad did tea daaaic to the
erase the haUmmk. Funded by' Uu sIinnU._ Bona tte tradt. the non im
FlsblneflidmayRBSMidiBKtDevd- lean about flA Mmloarae aiom
rommt C^rparaUMi,-it taTOhrra re- •aH be abte to adapt our by<atd»- Ixittom and the orsanlsns -tlat live
scardmi to'marine 'Wlags and fislt- Kdnction hntlaim.* then. In U» cumnt tttab fteT are •x.

Changing the tte and ahapc of mt pslmtnUag wtUi w>?a (D Mt UK ntt'i
mesh 1s'anofliBT approach. In the first -wfan off the bottom as wefl.
phase of mcudi'lhey tried square _ Rolated nsetrth on the Southern

Now halfway though the project. In mesh against (be st&ndard diamond Surveyor 1$ coacerned with under.
roo-MrUer7on&~tii»ylitvc tried mah and mperimcnttd witti difltoiit standing thr focn! fluta In the Gulf.
-•— 'unnntn ferfcia and techniimes Etes. Beliind dwsc they carried a Cnnlati'd nscanh ftTOlva coaectlBE

ing t»3motoEy Itnm the CSIRO, the
Australian Maritime College and tl»
Norttem Territoty HshBries Dtvtolon.

spcctmens of marine organisms for the
QoeenalaBtl Museum in a Joint venture
with a jAannsceutlcaI firm to find
raw materlBls for new drags.

tt w»s6s exotic, a-sising around tn
tbti GtUfofCBcrpentaria in summenimc
to a haiw atup lUw tt^ Southern Sur-
veyor. "Bat Its defiaitely warlc. The
shifts an 12 hours os, 12 hours oft the
weather forncasts bdstlc with cyctone
pcmlblUUB. tfa hot ant steamy. the
ship heaves sna tt*I(sfti0 of noise and
dtecl ancfls. swS. vwy 40 minutes a
new cateh of trash aad prawns paurs
Into thtt sorting bla.

A real (bhennaa picks out Ills
ywma and tbwes the rest away. The:
actettfsta, fadea with P&Ds et al> sort
flair catA Into UUlc piles. caBmg tat-
tn Bames to each otter as they decide
nheBar » noneHtmthe ifeep Is a
spottd dwarf toadMi or a leser spot-
ted dwarf tondfish, wlgfc and mcasui?
pflcs and Individual spcclmeBs. thfen
racord it aS on paper and computer
while the winch nars above their
heads dragging In ths mat netful.

This is fee doegcS labour of t>aslc
reseendLTlwy arc baiMIng a database
which wUI bt a fomdation (or what
will have to h! - — —• —•- -'-

vercr science of wild-fishery manage-
menL

'•Obviously to have a healthy main-

taincd productivity from the fishery
the best thing is to maintain the stabU-
Ity of the environment, which means

everythinft flrom planlctoa rt^it up to
the top camivores," Salinl says.

Brewer agrees: "We're not out to .do
the standanl fisheries thing of maxi-
mlslng sustainable yield, to get as
much as we can without kUUng th&

IBREAKDO'WNI
lOHNiOBBHEfiN
liRiaWB
JFISHERyl
lirRAWt.l
hCATGHESl
BYWEIGHT

SHARKS
AND
RAYS

TURTLES

F1S»

Source; CSIRO

stock. We're actually trying to pre-
serre the ecosystem as close to the vlr-
gin state as possible by just talting out
what we want.

"If you take everything out and
dump back a lot of (he dead you're
changing the ecosystem all the time.
and that's eofta be ctangcroys for the
fiahery to the long term because the
fishery developed in the ecosystan."

Salini, Brewer and their colleagues
ace- Australia's pioneers in this fteltt.
fust IHte the Srst prawn rtsbenuen ia
the Cult in the lS60s- They also share
wttb fishermen a depencience on the
ecosystem for their livelihood. Their
methods are similar, their ctesire far
the industry's sarvival is the sam^.
and they like a feed of fresh tropical
prawns or f5sh as- much as anybody
else.

Bat. unlike many. of the Gulf {Ishli^
IxssSs. the Southac Surveyor is (iffl-
dalty a "dry boaT: no boo» after ? 12-
boar shift unless you've got a corn*
band private stash. '

The Stubby Hut stands ready to
wnre »hen they relura. May vaa!
more generatiom of fish biologists amt-
HshenDCa have eood reason to entoy-fl
<Irick .(here-

<A>
so
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The world's burgeoning

fishing fleet is threatening
to turn, the oceans

into a marine desert.

JuUan Cribfo reports
on a rare Australian

initiative attempting
to restore the

ecological balance

EIL Loneragan is head
down In thick, oozy black
roangrove muck, ctuck-
diving for handfuls of
weed. Rob Kenyan keeps

a lookout in the boat. shrewd cyus
probing the shallows for repLUian
movement, the bulky Smith & Wesson
.38 loaded with soft-nosed slugs close at

The KILLING

sustain Its UIe. Make it, in effect, the biggest
(arm on earth. The Idea is not to farm It in
the literal sense: rather to watch and
safeguard the critical Units to the food web
and minimise destructive human impacts
on them. Through the Australian Fisheries
Management Authority, the fishing indus-
try agrees to keep Its yearly c&tcb within the
presently understood biological limits.

To maintain this delicate balance, the 11 fe-
cycle and food web of the Oulf and its
prawns must be clearly understood. To do
thai. Loneragan and BUIU) are (ryfiiB to
work uut exactly how t.iiii baby i>ro»ns
•subsist. Oddly, no one knows what uu>>- cai;
they have an internal "Hxxl mill" u»a
m&shcs up their diet beyond recoenilion.
The researchers have taken a snrnrt
aouroach: InsteadofstudvtoR the food, they

The crisis in the oceans is accentuated by
what Is happening on land: critical short-
ages of good arable land and fresh water are
starting to cmcrRc in the most populous
regions as human numbers head for 8.5
bllltou by 2025. At the same Ume there has
been a disturbing drop In yield prouress In
the key food crops, wheat and rice. British
scientist lan Carrutliers stat'es baldly that
the tropics •will tie Incapable of producing
enough food from land or sea. to sustain Its
4 billion Itihabitanls by tliat time.

"The hiiplicuiioni* (if tliis are enormous*"
?>ays C<»t)»d;i>s Ah'x MfCulIa.. director of
jE^j'JCUUWit* -ku"^ ^t^Lui-y.lrtWtOttiRCtnit with the

Workl Bank. "II thr •.uKlltionu.l 3 billton
urban dwellers un' u> be fed by trade,
exports of Kr-un will liuvu ui increase four
t.lmm Thl» i« nhviirallv hiolnirinallv anti

Observers like Tribe hope the conference
will strike a marked contrast with the
talkfests at the Rio Earth Summll and
Cairo Population Conference. This Is not an
abstract issue for portentous rhetoric and
national post.uring: It Is a llfe-anct-death
affair for hundreds of milUons. with vast
ramifications for world political and econ-
omlc stability and the threat of war. he says.
It ts the pivotal Issue of the 21st century.

Paradoxically, food is the key to checUne
the exponential growth In human popu-
latlons. It Is the (lame that ignites growth in
living standards and generates the wealth
necessary to reverse destruction o( the
environment. It is the cornerstone of world
security. With ample food and declining
poverty, populations cease to grow as people
move from rural to urban Ufestyles.

The tranquil waters ot the Gulf of Car-
pentariaseem aruiUlon mUea away (rom the
cutting edge of the global crisis. But the
lecluiiques belnK hummered out by Lonera-
Ka4i. Buiin and their coUeagues mate It (he
frontline in the battle for recovery. Nobody
in the worid Has yet developed a truly
sustainablc lui'RC wild fishery. Of &11 nations,
only Australia and Norway come close,
lltuyKli must now recoenise the ui-gcut
uft*tL.

VKKY tonne ut prawns trawled (rom
the mght-dEu-k depths of Oarpentariaw.
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.38 loaded with soft-nosed slugs close at
hand.

Crocs arejsn occupational hazard for
'CSIRO •Bt^gtne;wd^(?tS:'—';j»ut;one,tliey
.iia^;toTis)&tts,ji^lte»t.oa'a?WCTiii- erids:
•2.|l;>fflicm^:!M8iSff^<w»«»^"*a('iy^ IK""-
.i^SstStiy.r'^SSiE'^'yf'- '^.;:7:K;y: ./-•

:^?:OultS|ggew»K('ntaria. rttgUes. ttzure
'Seneatli^<Sj!KgStii'n.;ite>,Uie;bA'ys'and intets
•(.hat :tjrtng»?.%^''Xyb((tat,-3»icet1 amone
ihe^saaieiiftSitifcaowSt • tlny!' flrawns are
l^rtg^—^tiSj^^'ieornofalaarifest worth
a quarter ttf'agilBMon doBars to Australia.

But the (rtfttte crustacea that Orifnth
University's Stuart Bunn and Dom Kel-
laway are sorting so meUcuhausly aboard
the same bt»t have a greater significance.
They are the pioneer stock In the world's
tlrst great experiment In ocean ranching, s.
bid to reverse the cycle of deciinatton and
destruction in the seas.

The baby prawns have a stiirtUng and
dramatic life story; hatched ^Wwl out in tlie
Gulf from an egs, the ptnhead-sized larvae
make (.heu- way inshore, rising to ride the
flood tide and sinklne to evade the ebb. In
(lie process, billions faU prey to predators.

Once in the safety of the fecund shallows
the survivors settle, gainlne size and
strengtli until they are ready to begin the
perilous trek out Into deep water to spawn.
The mangrove creeks and seagrass beds
that fringe the shoreline are their nursery:
take It away and the entire fishery and food
web of Carpentaria will collapse. The total
tiger prawn population of the Oulf is
sustained by a scant ICOOlmi square of
seagrass — an area half the size of Port
Pl) Hip Bay.

And. bit by bit, the nursery areas are being
destroyed — by cyclones, dredging, develop-
ment, pollution, man-made changes to river
flows, eroded soil from the land that blocks
the sunlight that the grasses need for
pbotosynthesls. It Is evidence of the over-
whelmlng human Impact on the planet
from which even an area so remote and
apparently pristine as Carpentaria Is no
longer immune.

If the seagrasses and mangroves fall, so
will the succulent tiger prawns, banana
p^a^y^s, grooved and greaayback prawns —
and all the fish and fishermen who depend
on them. Loneregan says.

"There is no single big threat. It's the
tyranny of thousands of small decisions
being taken constantly by many different
people which affect seagrass beds or man-
groves." says Buun. "They all add up. That's
what is threatening our coastline."

The only way to avert such a tragedy is to
manage the 0 ulf of Carpentaria as It It were
an immense ouiback station, husbanding

The researchers have taken a smart
approach: Instead at studying the food, they
search for Isotopes of the basic nutritiori&l
elements — carbon, nitrogen, sulphur —
trt?ii8- their lAovement down thu urrults.
into mud. matigrovcs aud snaerusscs. into
the algae that bloom on Uiem, aud finally
Into the lawmg.This ws.y they can con-
stracta total picture of the nutrient web.

Apart from the risk t>( being eaten alive by
a roving saltwater crocodile. It Is basic,
slDtging science, aimed a.t building an
understanding of a pbenomenally complex
and delicate bio-system — and saving us
from ruining it

It Is taformstion the world desperately
needs. A decade ago the Earth's oceniis
seemed inexhaustible but in the past five
years evidence has been arnassin? that this
has been yet another vast human miscalcu-
latton.

Fishery after fishery has collapsed. Today,
70 per cent of globa.1 commercial fisheries
are In trouble. Nine of the world's 17 main
fishing areas face serious decline, IndudinR
the Gulf of Tkuland, me waters of Suutli-
East Asia. the North Sea. the Medlter-
ranean, the Grand Banks and the Baltic. In
spite of a trebling of the global flshing fleet
from 1.2 mllUon to 3.5 million boats since
1890, and great leaps In tecbnoloey that
make the fish easier to find and net, the
total catch has stagnated. The seas are
showing; signs of exhaustion.

AR.UER tills year, 50 of the world's
resources ministers met in Rome to
call for urgent action to address the

crisis in the oceans. In particular they
advocated global elforts to elinuaate over
fishing, to rebuild fish stocte, protect and
restore the marine environment and reduce
waste.

"There are no panaceas," warns Meryl
WlUiams, the Australian.born dlrector-
general of the International Centre for
Uvlne Aquatic Resources Management,
based In The Philippines. "We have to all
Intents and purposes reached the limits. We
can no longer just keep looking (or new
stocks to fish. We have run out of that as an
option for development." Instead, she says,
(he worid must turn to aouaculture, to
ocean ranching, to new ways of managing
and restoring diunaeed marine ecosystems.
to more conservative harvesting techniques.

It is a tall order. By 2010, says Ismail
Serageldln, chairman of the Consultative
Group on International Agricultural
Research, the world must flnd another 16
million tonnes of fish a year — especially in
the most heavily populated regions where it
is the main anlmal-protein source in the

exports of ffnun wiU liave to increase four
times. This is, physically, biologically and
economically, a huge task."

To feed thf* growinff populnfcioiii. global
food output must. ;ifuw at lcaiifc 2 tier cent a
year — and cvri. then malnutrition will
worsen. If itevelupcd countries have to
shoulder Uie load of feudine the tropics.

The history of

fishing is one of
rape and pilldge.

Bugger up one

species, then move

on to the next

Uieir food oulput mu.st rise by up lo < per
cent per annum, a target miuiy consider
impossible.

"The frightening part of this story lo me is
that wliile the challenge Is critica.1 and
Immediate, funds to support agricultural
development and productivity improvi;
ment. are being reduced." McCalla says.
"Twenty years trom now there wtU be 2
billion more people to feed. To not recognise
the challenge and Increase elforts is bad
enough — but it is much worse to allow
existing research capacily U) erode.Ir

McCaUa echoes warnings sounded by
Australia's Derek Tribe, chairman of the
Crawford Fund for International Agricul-
tural Research — worldwide, the machinery
for achieving Food Increases Is runnlne
down. Oovernmente and donors are pulling
money and resources out o( the esscnUal
research needed to keep pace wttfa demand.
Na.Uoiial and International research pro-
grams are being terminated, scientists
sacked. Governments, Tribe says, are doing
the exact opposite of what commonsense
dictates.

The emerging crisis In world food produc-
tion will be centre-stBftc ut. un liiternaUonal
conference to Washineton this week — the
most slenificant event since the World Food
Congress to Rome In 1966 where the (oun-
datfons for the erect > revolution were laid.
Here the International Food Policy
Research Institute, under its dynamic chief,
Per Ptnst.rup-Aixtersen, will attempt to
carve out a global vision (or food, aKriculturc

VKRY tonne of prawns trawled (rom
the nlght-dark depthsof Oarpentaria
crashes down on the vessel's deck

amid 10 tonnes of other fish, sharlcs. r&ys.
uomls and even turtles. Most of them are
ilu.mpitd back In the ocean, dcaxl. To u&tcli
25,0(X) tonnes of prawns we have to kill
nearly aquarter of amillion tonnes of Uslt—
and au of It goes to waste. Every prawn you
eat has cost a flsh co catch.

Worldwide tt is estimated that 27 mflUon
tonnes of dead fish are clumped at sea or
spoiled in the marketing chain each year—
more than a quarter of the global catch and
enough to overcome much of the present
world protein hunger. Most of the fish lulled
are undersized — with devastating conse-
(luences for the future breeding stock — or
of varieties with a low market value that do
nut Justify the freozer space on board a
trawler.

Dave Brewer is evaluatlne a range of
smart trawls, scourcri from Norw&y, the US
or developed locally, which allow unwanted
fish and turtliis — known as bycatch — to
escape white trdpping the prawns. Trials are
due to take place in the Gulf this October
tiiul on commeecla} boats early in 1996.
Research has already proved the net devices
exclude turtles and sharks — the challenge
is to avoid catctilng smaller llsh.

Tlielr work Is coupled with a major
CSIRO InvcstleaUon Into the effects of
fishing on ocean life — especially on the
corals, sponges, reefs and other features of
the bottom that atfect (Ish populations.

The bycatch reduction work, the effects of
fishing study and Loneragan's research into
fooct webs are components of a master plan
Lo bring about a literal sea change in the

/nature o( fishing — ihc first in more than
5000 years. A genuine "blue revolution".

Us atm is to move fishing from a hunter-
explolter outlook to a conservatton-farmlng
philosophy, says senior CSIRO fisheries
researcher, Steve Blaber.

"The good farmer looks after the land. He
doesn't cut down the trees. use up all the
nutrients, turn his (arm Into » desert. The
analogy appUes equally to the sea," tie says.
"If you destroy the thinjs the flsh depend
on, you create a marine desert.

"The history ol fishing is one o! rape and
pillage. Bugger up one species, then move on
to the next We now know that is not
.sustainablc. There has to be a better way."

In one or his visionary books written in the
60s, sclence-fiction doyen Arttiur C. CIarKe
foresaw Australians as the pioneers of
sustainabte farming of the oce&ru. In the
Oull of Carpentaria and along the Great
Barrier Reel tli&t dream is already being
translated Into reality.

JulitUi Critil) Is The Australian's sctence

<a
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A 'supershooter' bycateh reduction device attached to a trawl in the flume tank at the
Australian Maritime College in B<acons<ield, Tasmania. Bar spacing is 100 mm and tha
grid Is angled approximately 45 degrees from the vertical to help exclude large animals
through an openina in the bottom of the codend.

A typical mix of prawn and bycatch caught by a trnwlor operating on Au»tralla'» northern
prawn flshery.

BIOLOGISTS in Australia
have completed three
research cniises in tire coun-
try's $150 aillion northern
prawn fuhery (NFf) tert a
range of bycatch reduction
dcrices (BRDs), one of
which delivered bycatcb
reduction rates of up to 70
per cent.

The three year, SS million
project, partly funded by the
Commonwealth Government
and the fishing industry, has
brought together biologists
from the country's cduca-
tional, research and govern-
mcnt organisations.

With trials over, the biolu-
gists will refute anti rc"tcst
the devices before carrying
out commercial trials on
trawlers working in the fish-
eiy.

"By the end of the pro-
jcct, a range of devices for
*t»- f;^--*. <.«1t t.nt^ k^*n

Steve Eayre, fisheries
technologlat at the
Australian Maritime
College, Is one of team of
biologists working on
bycateh roductlon In
Australia's northern prawn
fishery.

In February 1995 a fur-
thcr eight bycatch reduction
devices were trialcd over a
four week period, including
the nordmore gri4 and the
supershooter, which were
used to exclude large ani-
mals from the trawl. "The
nordmore grid was con-
strueted from 12 mm alu-
minium rod with a bar spac-
ing of 100 mm. The grid was
angled at 55 degrees {rom
(he vertical," says Steve
Eayrs.

"The supershooler bar
spacing was 100 mm and
the grid was angled approri-
matcly 45 degrees from the
vertical.

"The supcrshootcr was
also fitted with a •hummcr'
device behind the grid to
•stimulate' fish to swim away
from the codend and
through escape openings
a;thar Bi/la nf thn /*n/t**n/t
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A typical mb! of prawn and bycatch caught by a trawlar opcratlne on Aurtralln'B northern
prawn flahary,
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"By the end of the pro-
ject, a range of devices for
the fishery will have been
developed and triaicd, each
with particular advantogcs
for excluding different types
of bycatch whUe maintaming
catches of prawns," Steve
Eayra, fisheries tecluiologist
at the Australian Maritime
College based in Tasmania,
tells FNI.

"The northern prawn fish-
cry is essentially two sub-
fisheries, one targeting
banana prawns during the
first few weeks of the fishing
season and a second target-

ing tiger prawns during the
remaiiuicn

t*The banana pr<iwns form

dense schools and arc
cuujjht in shun luws of 10
mmutvs or less u.siny Itigh
opening tmwls. When catch
nilvs oF banyny prawns
dcdinc, Hiihing cnbrt shifts
10 the more valuubk tiycr
prawns using low opening
irawls. which is most of Ihe
bycalch is caught

"Tow duratioi; for tiger
pruwns varies betwtfcn two
and four hours depending
un bycatch density, which
includes small fish species of
little commercial value,
crabs, slingrays, sharks, tur-
lies and sponges."

&
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Australla'a northern prawn
fishery.

The research cruises took ,
place in November 1993,
February 1995 and October
1995 on board the 65 metre
fisheries research vessel
Southern Swveyor iising dual
rigged 14 fathom Florida
Flyer prawn trawls.

During the first research
cruise, square mesh codends
were tested For reducing
small fish bycatch using a
dual-rig trawl system.

Comparisons were made
between a 4 mm standard
diamond mesh codcnd and
both a 45 mm square mesh
codfrfld and a 38 mm square
mesh codend.

"Results showed tlutl over
20 percent of (i.sh bycnlch
could be exdutlcd through
die 45 mm square mesh, but
only 5 pereunl for Ihe 38
mm mesh," says Steve I:ayrs.

"Fur some species such a.s
whiting, exclusion rates
exceeded 50 percent with
the smaller square mesh ynd
nearly 70 percent with the
larger mesh. UThcrc was
some loss of tiger prawns
through both mesh sizes, but
they were mainly juvenile
prawns of low commercial
value."

from the codcnd and
through escape openinga
either side of the codend.

"Different square mesh
windows consisting of s net-
ting panel of ISO rom
meshes were also tested.

"Prawn retention ratea
ranged from 55 per cent for
the nontmorc grid to 130
per cent for the fisheyc."

The final research cruise
was also of four weeks dura-
tion and was completed in'
October, 1995. Five BRDs
were tested including the
one developed by the North-
era Territory aftd Queens-
land Departments of Pri"
mary Industry and Fisheries.
"This BRD featured a flexi-
bis wire grid cncased in
plastic and iurge unimats
and ylhcr bycutch were
excluded thruugh the tup of
ilic codcnd/* i;uys Slevc

Eyyrs.
"A small escape window

pjiiced ahead of the guiding
funnel also a$sislcd exclu-
sion rates of small fish.

"The nordmorc grid and
iuper^hooter were also
tested in combination with
either a fisheye or square
mesh window. Tow duration
was two hours for all BRDS
to more closely reflect com-
mcrcial practice."
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Th» Auttrallan gowmmmif* 66 metre rcaoaroh dBpartnml flBhericn rwarch vwl
Southarn Surveyor ha* been imlng dual rigged 14 fathom Rorida Flyer prawn trawls (luring
bar thr— northwn prawn flehory rwrch t»1|M.



Effects of Trawl design on Bycatch and Benthos In Prawn and Flnfish Fisheries

5. Newsletters to industry and the general public:

Information from the CSIRO Division of Fisheries

imiIilISlNBIMUffiiBIllBIUI^^
A JOINT STUDY BY CSIRO DIVISION OF FISHERIES, THE AUSTRALIAN MARITIME COLLEGE AND THE

NORTHERN TERRITORY DEPARTMENT OF PRIMARY INDUSTRIES AND FISHERIES

HEW BYCATCH PROJECT
In 1993 a FRDC project began aimed at trialing
fishing gear that will reduce the amount of
unwanted bycatch while catching the same
numbers of the target species (c.g. prawns or
commercial fish).

This study Is being jointly carried out by the
CSIRO Division of Fisheries, the Australian Maritime
College (AMC) and the Northern Territory
Department of Primary Industries and Fisheries.

THE 8YCATCH PROBIEM
Catches in most north Australian prawn fisheries
are dominated by unwanted bycatch.

Fish trawling also catches large amounts of
unwanted species, as well as damaging the sea
bottom habitat that may be vital for the fishery in
the long term.

POTENTIAL BENEFITS
• lower catch sorting times
* less damage (and therefore higher value) to
valuable export products
• less criticism of the industry from environmental
and recreational fishing lobbies
• reduced predatlon pressure on prawns by
increasing the stocks of alternative prey (small fish)

for the major prawn predators, like large fish and
sharks
• maintenance of the ecosystem that supported the
original fishery.

GEAR TRIMS
All gear types are first tested as models in the AMC
flume tank, full scale gear is then sea triAted on nn
AMC trawler (FTV Blueftti) before biological trials
are then made on a research vessel (PRV Southern
Surveyor). Successful gears will be tested finally un
commercial trawlers.

RESULTS SO FAR
So far It has been shown that
• Square mesh codends can reduce bycatch by up
to 30% while maintaining catches of commercial
prawns
• Survival of fish escaping from square mesh
codends is likely to be high
• Semi-demersal fish trawls greatly reduce tlie
damage to the sea bed habitat while not reducing
catches of the target species.

fUTURE TRIMS
Several bycatch reducing devices will be tested to
see which gives the best results for northern
Australian trawl fisheries.

These will Include square mesh panels. Inclined
grids, radlal escape sections, fish eyes and other
devices shown to be successful In other Australian
and overseas trawl fisheries.

Tll« untinuad support nmt to-Ojwatwi ol h&nhy li ntol fw »(Uring iba toa nuh In llits |m(t(t. Hasst hwanl any (tsdbut to Saw l>nm oi KiA
Rmilhsm al (S180 (IWUM dl«its) (07) 284 (222 w fax (07) 284 258!; or WA 8tl(lBmth (if m Hslwrbs (Oa») 8t7 i48, flix (089) 813 420

Sreakdowi of NPF
flaw tmwl (akfie,
by^t. ' oma
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Effects of Trawl design on Bycatoh and Benthos In Prawn and Finfish Fisheries

ilDilNBuiiiuiBtmHjiu
I" 1993, Australian marine scientists began a project to determine whether modified nets, fitted with
Bycatch Reduction Devices (BBDs), could reduce the number of unwanted species (bycatch) caught
during commcreJal trawling operations In the Northern Prawn Fishery (NPP).

Sciemisis from the CSIRO Division of Rsheries, the Australian Maritime College (AMC) and the Northern
Territory Fisheries Division are now more than hall'-way through (he three-year study funded l>y the Fisliene.s
Research and Development Corporalion (!;RDC).

• Another BPD, the Nordmore Grid. has
effectively excluded large unwanted species
from (lie net.

• Square mesh codends have reduced bycatch by up
lo 30 percent, while maintaining caldies of pnwrei.

THE 6VCATCH PROBIEM
Prawn (rawl catches are dominated by up to 90
]X:rcent unwanted bycatch, including as many as 50
species in each irawl ranging In size from small fish
lo 80-kilogram shirks.

in 1994, a survey of about 40 boat skippery in
itic Northern Prawn Fisher)' contirmed thai lliey
would like to reduce bycatch as long ay prawn
ratches are mainrained.

POTENTIAL BENEFITS OF BROS
• A reduction in ihe capture of unwanted species

inininnsus iietriincnlal effect.s on the marine

ecosysiem.

• BRD.s exclude large unwanted species such as

rays, sharks and lurdes which damage and
therefore devalue the calch.

» less bycatch in (lie codend allow.s ilie trawl net
opening 10 be maximised and so prawn
caiching abiliry is increased. (Tlie codend is the
lug ;it the end of the trawl net where the catch
collects.)

• A reduction in bycatch would reduce ihe
amoum of lime required to son unwanted
species from the rest of the catch.

BRD TRIALS
All BRDs are I'irsl tested as models in the AA1C
tlume Kink in Launceston, Tasmania. I-'ull-scale gear

is then se.i-trblled on the AMC training vessel, 1-TV
Bluofin, before biological trials are conducted by
(lie CSIRO research vessel, FRV Southern Surveyor,
in the Northern Prawn Fiihery, which spans the
northern coasilines of three stales: Queensland, the
NonliCTn Terriion- and Western Australia.

Results so far:
* Two URDs - Ihe Fish eye and (he Squiire mesh

window - have maintained prawn caidies while
irAicing (he amount of bycatdi l>y 30-50 percent.

Survival rates of fish escaping from square mesh
codends is high.

Supenhootef

Nofdfttw pid
SquanmvtTKtow / humnw

Squart window/ btockc^lndcf
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for tutuis use in Ausliolia's Hoithirn Piown Fnhsry.

FUTURE TRIALS
Further scientific trials to reicsi and refine ihc most
promisiing BRDs will be conducted in the Northern
Prawn Fishery in October 1995.

Selected BRD.s will then be tested on .sevcr.il
NPF (rawlers early In 1996 lo assess their potenlul
under commercial fi$hlng conditions.

flit uuilinutd luppnrt nnil (i>.!i|>uiilion ol mluliy ii vUnl fcr nAl«rinj tin Ixit reiulh In Ikh piajitt. Htast fiimnd ony Itullxitk to Salt Bfnrei or Ni(k
Minson at CSIRO tttvtisc dnigH) (07) 18t 8222 oi lax (07! 286 2582; Steve Eayrs ol AMt (003) 354 W 01 lax (003) 834 766 oi David (nmm
at N1 Fisbeiies (0891997 648,(ox 1089) 813 420.
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Effects of Trawl design on Bycatch and Benthos In Prawn and Flnflsh Fisheries

The Fish Eya is a steel frame which OTales a small elliptkal escape
opening (or fish.

Hit Square Mesh Window consists of a mesh paml through whkh
(Ish (an escape.

The Hordmore Grid is an incSnwi aluminium
grid to mtouroje Idfga anlnwb to escnpe
upwards through a triangdar opaning.

1hBRoMEs(npeS((liixi(RG»n)nsist$o(am<tingltBrid8a»wltoguiife
l«mre past a sedton o} sjunn mesh Arourfi wNA fch am esmpe,
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i Perhaps the greatest potential for small fish
reduction from prawn trawls comes from square
mesh windows. On cheir own they have been

shown to reduce small fish catches by over 25

percent in the Gulf of Carpentaria and by 70
percent in northern New South Wales.

Commercial trials over die next few years will
aim to confirm that square-mesh windows can
greatly reduce fish cacches while maintaining

prawn catches.

Future Research

Over the next three years the Queensland

Department of Primary Industries, Australian

Maritime College and CSIRO will undertake
FRDC funded triak of BRDs on commercial
trawlers in Australia's tropical prawn trawl

fisheries. This will improve their performance
and familiarise fishers with the advantages of
using these devices. A second new FRDC

funded project will focus on describing the
bycatch populations a.nd their long term
sustainabllty under Ac current fishing pressures.

This project will also compare different methods
for monitoring bycatch populations m Ac NPF.

Benefits to Industry of Bycateh
Reduction Deviees (BRDs)

Main beneficiaries ofBRDs arc fishing operators
in tropical and sub-tropical demersal prawn and

fin-fish fisheries.

The capture and destruction of unwanted
bycatch is universal throughout Australian
tropical and sub-tropical seabed trawl fisheries

and is a subject of widespread concern. The
benefits of research in the development ofBRDs
arc therefore wide reaching. They include:

U more effective ways of retaining only target

species;

B increa-sed survival of juveniles of

commercial species (prawns and fish);

U inci-ascd survival of bycatch and seabed

dwelling animals resulting in maintenance

of species diversity;

B decrease in commercial trawl bycaich

resulting in a) less damage to target species

(eg prawns) resukuig in a higher proportion
of export quality product, b) shorter sorting
time, c) reduction of large numbers of

small, floating dead fish and therefore
criticism of the fishmg iadustiy from tourist
and conservation groups.

CSIRO
fcjamun

Northflffl
Tttrtory

Qonmmort

Ausfrallan
Maritime
College

Bycafrch Bleduction
Devices for use In
Prcrwn Traveling

CSIRO Division ofRsheact. 233 Middle Street,

Cleveland Queensland 4163
Phone (07) 3826 7200, Rue (07) 3826 7222

Results of Fisheries Research and Development
Council (FRDC) funded research on Bycarch
Reduction Devices (BRDs) are promising. The three
year research project which began in 1993 was
conducted by CSIRO Division of Fisheries, the
Australian Maritime College CAMQ, and Northern
Territory Department of Primary Industry and
Rshcries.

These results are timdy for Australia's tropical prawn
fisheries given the recent US ban on prawns
imported from countries that do not enfbrcc die
use of Turtle Exclusion Devices 0"EDs). There is
also pressure on the industry following a submission
by die Australian Nature Conservation Agency
(ANCA) that crawling for prawns is a key
threatening process to turtles and two fish species.

On the bails of current scientific evidence, CSIRO
docs not assess crawling as a key ducatcning process

for nudes. However, it is a source of mortality that

is contributing to declines in some turtle
populations. Therefore, according the
pcecaudonary principle", mortalities due to trawling

should be minimised along with other measures to

reduce turtle mortality in general.

<».
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^
Promisin9 Bycatch Reduction Devices

a. Super sbwter end fisbeye

Turde exclusion: 100%

Shark and ray Otdusion: 88%

Rsh exclusion:

Prawns lost:

16%
2%

i
-D

.3,

c. Sfwc mah coiitmi

Fish exdiuion:

Commercial sized prawn loss;

Non-commcrcial sized prawn loss:

Turtle Exciuder Device (TED)
Successfully Trialed

Trials have shown that the Supershooter - an
oval shaped inclined grid - virtually eliminates

turde catches and most other large animals (rays,
small sharks, turtles) but doesn't lose

commercially valuable prawns.

Reducing Fish Byeatch

The Supecshoocer can be used in combination

with other BRDs to further reduce catches of

unwanted small fish. For example, a

Supcrshooter with a fish eye device has already
been shown to teducc over 16 percent of the

catch of small fisb, and this figure is expected to
increase after further refinement of these BRDs
following trials on commercial trawlers which

begin in September.

Square-mcsh codcnds can reduce catches of

small fish by more than 20 percent and 45 mm
squarc-mcsh codcnds caugkt 98 percent of the

commercial sized riger prawns that entered the
irawl. More than half the prawns that were
smaller than commercial size escaped from 45

mm square mesh codends - most to live another

day. The percentage of small prawns that escaped

varied between 58 and 98 percent depending
on the species of prawn.

i
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Appendix D: Cruise Reports

1. SS7/93 DARWIN TO CAIRNS
27 OCTOBER - 29 NOVEMBER 1993
FRY SOUTHERN SURVEYOR

Itinerary
Leg 1 Departed Darwin: 1 800 h Wednesday, 27 October 1993

Arrived Weipa: 0800 h Friday, 12 November 1993

Leg 2 Departed Weipa: 1 800 h Friday, 12 November 1993

Arrived Cairns: 1900 h Sunday, 28 November 1993

Cruise objectives

Leg 1

1 To investigate the efficiency of "environmentally friendly trawls" by trawling in areas with bottom

structure, using both a demersal Angels high-rise net and an environmentally friendly net.

2 To investigate fish habitats by characterising the benthic flora and fauna at each site, using a 3 m Church

dredge.

3 To record the bottom structure and fish behaviour visually with a video camera mounted on the EFN.

4 To collect samples of Lutjanus malabaricus and L. je&ae for population genetics studies.

5 To trawl at randomly selected sites in the Gulf of Carpentana with a Frank and Bryce net in order to survey

the abundance of commercial species of lutjanids and lethrinids.

Leg 2

1 To continue random trawls in areas with bottom structure, using both a demersal Engels high-rise net and an

environmentally friendly net.

2 To document the benthic community at the trawl sites in order to compare the relative impact of each fish-

trawl net on the bottom structure.

3 To videotape the ERN at various heights above the bottom to show how it affects the bottom structure.

4 To collect samples of Lutjanus malabaricus and L. je&ae for population genetics studies.

5 To collect specimens for the I. S. R. Munro Fish Collection in Hobart.

6 To compare commercial 1 .75" hiotted diamond-mesh codends and codends of various sizes of knotless

square-mesh using twin Florida Flyer 14 fathom prawn trawl nets.

Area of Operation

Leg 1

The western Arafura Sea at approximately 10° 20'S and 134° OO'E and west of Duyfken Point at 141° 30'E

between 12° 24' and 12° 38'E on a north-south trawl path for the prawn bycatch reduction trials (see Figure 17).

The commercial fish biomass survey with the Frank and Bryce net was restricted to the northern half of the

GOC as in the previous cruise, SS 193 (see Figure 18).

Leg 2

The EFN trials continued in two 10 x 10 nm blocks centred at L/L for block A and L/L for block B. The prawn

bycatch reduction trials continued in the same north-south pattern offDuyfken Point as in Leg 1 (see Figure 17)
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Figure 17. Locations of the study area for (i) the semi-pelagic fish trawl trials showing Blocks A and B and
ii) prawning ground used for the prawn trawl bycateh reduction trials, the multi-level beam trawl trials and
underwater video during the research cruise in October 1993.
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while prawn net video taping and leiognathid collections were located on the east coast north of and in

Shelbume Bay (Figure 19).

Results

Leg 1

1. The EFN work at the Arafura Sea location was abandoned after the EFN was completely destroyed during

the first trawl. EFN work resumed several days later at the Weipa site (block A) after 2 Frank and Bryce

nets were modified to fish as semi-pelagic trawls.

2. Dredge samples of bottom flora and fauna were obtained at the EFN sites with the 3m Church dredge until

it was badly bent on station 74 and could no longer be used.

3. The commercial fishes biomass survey was completed at 40 Frank and Bryce trawl stations over three days

with good catches of L. malabaricus.

4. Multi-level Beam Trawl (MBT) work was completed over 5 nights with 54 trawls.

5. Paired Florida Flyer prawn nets were calibrated during the last night of Leg 1, with net configuration of

attachments to the trawl boards and skid altered each shot in order to prevent digging into mud. Prawn

catches from each net were even. This work continued on the first night of Leg 2.

6. The footrope of the EFN was filmed from the wings of two trawls (stations 145, 146) and some useful

images were obtained.

7. Tissue samples were taken from L. malabaricus and L. sebae catches throughout Leg 1.

8. Unusual or rare fish were retained for the fish collection in Hobart

9. Queensland Museum staff collected 75 species of sponge from 21 fish trawls. Little was obtained from the

dredge which did not appear to represent the larger benthos (sponges, gorgonia etc) evident in the trawl

nets.

Leg 2

1. The EFN trials continued with the modified Frank and Bryce nets with the second 10 x 10 nm block (B)

adjacent to the first (A).

2. The benthic community was not sr.mpled due to the damaged dredge, but any benthos (algae, sponges,

gorgonia) on the footrope and in the trawl net was recorded as an indicator of bottom structure.

3. Video recordings of the Frank and Bryce EFN was successfully carried out with battery operated lights to

improve visibility at depths around 45 m. Some images were obtained inside the net and fish and ray

behaviour inside the codend was observed.

4. Whole fish and tissue samples of L. malabaricus and L sebae were obtained during the fish (EEN) trawls.

5. Gordon Yearsley continued collecting specimens for the I. S. R. Munro fish collection as well as for a

number of other requests both within and outside CSIRO Fisheries.

6. Comparisons were made between 1.75" and 1.5" square-mesh and standard 1.75" diamond-mesh codends

on 14 fathom Florida Flyer prawn nets.

Cruise Narrative

Leg 1

Southern Surveyor departed Darwin on time at 1800 h on 27 October 1993. At a cruise debriefing meeting soon

after departure, Leg 1 objectives were explained, shifts allocated and first time participants informed of ship

safety and day to day house-keeping procedures. The Master, Mike Stanton, advised of a Muster and Fire drill

the next day at 1300 h; this drill was successfully completed as anticipated. During the 24 h steam to the first

EFN site in the Arafura sea, the fish laboratory was prepared for normal work and the Southern Surveyor 's new

SUN Oracle database system tested. Numerous software problems were revealed during data entry trials, with

Jeff Cordell resolving most of these by phone to Peter Campbell in Hobart.
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Southern Surveyor arrived at the first station at 1800 h on 28 October. During deployment of the first EW trawl,

the winches failed for 20 minutes, but the trawl was completed normally. However, on retrieval, the EFN was

found to be completely destroyed with sections of netting missing. After assessing the damage as irreparable, all

EFN work was postponed and Southern Surveyor headed for the first fish biomass survey stations east of the

Wessel Islands, about a 15 hour steam.

The biomass survey progressed smoothly, with commercial species occurring regularly, especially in the north

west and north east stations. Station 21 in the south central study area (see Figure 18), suqmsmgly yielded 4

Lutjanus. sebae, 4 L. malabaricus and 8 Diagramma pictum in an area considered devoid of commercial species

from previous biomass surveys.

The fish biomass survey was completed at 1700 h on 3 November. A trawl was carried out with the Frank and

Bryce net which had no bottom gear and additional weights on the footrope to simulate the EFN. This proved

successful with polishing towards the bottom of the chain holding the weights. This confirmed the feasibility of

using the Frank and Bryce nets as EFN's at 0.4 and 0.8 metres off the bottom and the ground gear counting as

the 0.0 m setting simulating hard on the bottom fishing. It should be noted however, that unlike the original

"Julie Ann" EFN which kept all bridle and sweep wires off the bottom, the Prank and Bryce EFN simulation

only kept the net off the bottom while bridles and sweeps maintained contact with the bottom.

Southern Surveyor proceeded to the prawn site approximately 5 nm west of Duyfken Point for the MBT work.

The MBT worked well in the depths selected for prawn work, -20 m with seven trawls on the first night, but the

MBT sled broke on the first trawl of the second night. This had been attempted in deeper water (-30 m) to save

steaming time from the deeper fish-trawl sites. The Southern Surveyor engineers re-assembled the MBT with

nuts and bolts as no aluminium welding was available onboard and three nights later, MBT work resumed for a

further four nights. This provided a total of 52 MBT trawls, the last three were an experiment with the trawl

verandah set on the top of the bottom net to check the extent to which this reduced the prawn and bycatch catch

in the upper two nets. The effect of this verandah height reduction (equivalent to the position of the headline of a

prawn net) was substantial reduction in the prawn catch of the top two nets.

EFN work continued in block A and B with the three net settings of 0.0, 0.4 and 0.8 m off the bottom. This was

daytime work, but it continued into the night for three nights when the MBT sled broke. In general, the 0.4 and

0.8 m EFN settings provided clean fish catches compared to the 0.0m settings which provided larger bags of

mixed fish, sponges, rock and gorgonia.

Two Queensland Museum staff members collected sponges from the fish trawl during this leg. They obtained 75

different species of sponges, including examples of large mushroom sponges thought to be extinct in the GOC.

Various Crustacea and fish specimens were retained as well as a range of invertebrates (gorgonia) for the
museum's "marine reptiles" display.

Nick Elliott accumulated tissues for population genetic studies whenever appropriate catches of L. malabaricus

and L. sebae were made.

Some inconsistencies in faring the microweigh scales were evident and it was relocated to a different bench to

reduce the effects of ship vibration, but this was not effective. The unit was left for calibration in Weipa at the
end of Leg 1.

A video camera was fitted to the EPN for two daytime trawls on the last day. After the first video fish trawl,

some adjustments were required to the angle of the camera relative to the net footrope.

The last night was dedicated to calibrating the prawn nets so that they would catch prawns uniformly to allow

the treatment comparisons to be carried out during the second leg. Standard diamond-mesh codends were used

for both nets at this stage. At first, the trawl boards were digging into the muddy substrate and required

adjustments even though the prawn catches were almost identical in both nets. This work was not finalised and

was to continue over the first night of Leg 2. The square-mesh codend material for the trials had arrived in

Weipa and this would be used to build the 1.75" and 1.5" square-mesh codends.
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Figure 18. The sequence of stations sampled during the fish biomass survey
(Frank and Bryce trawls) and the Queensland Museum sponge collecting trawl
site in Torres Strait on leg one of the October 1993 cruise.

136°E 138° 140° 142°E
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Figure 19. Sites sampled on the east coast for (i) video data and
(ii) leiognathids during the October 1993 cruise.
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Leg 2

The square-mesh codend netting was collected from the CSIRO Marine Laboratories field station and after the

exchange of scientific personnel on the 12 November, Southern Surveyor left Weipa at 1800 h and headed for

the prawn bycatch study site approximately 5 nm west of Duyfken Point. Prawn net calibrations continued

throughout the night to ensure the two nets still caught similar numbers of prawns even after the 16 mm mesh

codend cover was sewn on to the treatment net. Once all these calibrations were finalised, the port net was fitted

with the 1.75" square-mesh codend and its codend cover. Square vs. diamond-mesh codend comparisons

commenced on the second night (13 November) and continued for 12 nights, 7 nights with the 1.75" square-

mesh for 43 trawls and 5 nights with the 1.5" square-mesh for 40 trawls. On 10 of the 12 nights, data on

physical damage were collected on a selection of various shaped fishes that had passed through the diamond and

square-mesh codends. This assessment proved time consuming, and to enable trawling to continue, two people

from the second shift assessed damage while normal catch processing continued. David Brewer and Margaret

Farmer persisted in this task, well into alternate shifts for the first two nights that this was attempted. The

square-mesh codend gilled many more fishes than the diamond-mesh codend and eventually the square-mesh

codend had to be cleaned of gilled fish after every second trawl. This was necessary as the catch retained by the

square-mesh cover dropped noticeably after more than two or three trawls if the gilled fish were not cleared

from the codend.

Little sorting of the fish component (bycatch) of these trawls was possible and an uneKpected high number of

subsamples were frozen for species composition in Cleveland.

During the day, EFN fish trawls continued in blocks A and B (Figure 17) with video cameras attached to the

nets at all three net settings, 0.0,0.4 and 0.8 m off the bottuiii.

On the morning of 25 November, Southern Surveyor left Duyfken Point to steam to the Orford Ness area (11°S,

143° 05'E) on the east coast for daytime video work on the dual rig prawn nets. The water was too turbid off

Duyfken to allow this and so the work was relocated to known clearer waters. During the steam, a short trawl

with the Frank and Bryce net was deployed in Endeavour Strait to collect sponges for Queensland Museum

(stations 290, Figure 18).

Most of the day on 26 November was occupied with deploying the AMC pan-and-tilt video remote controlled

video camera, which pointed at 90° to the towing direction to allow views of the prawn net opening. The pan-

and-tilt camera was tethered and so allowed real time images to be viewed at the joystick controls. Deploying

the camera proved difficult as it was fouled in the starboard net bridle wires. Late in the day, the camera was

dragged with its clear lens cover facing downwards and the cover was irretrievably scratched. No useful images

were obtained from this exercise, but some valuable information obtained on modifications required for future

Southern Surveyor work with this equipment. The pan-and-tilt camera had successfully worked off smaller

vessels; the problem on this cruise appeared to be the physical location of the towing point, which was not far

enough away from the prawn net bridles.

During the steam to Cairns, two prawn trawls were carried out to obtain samples of leiognathids for Jonathan

Staunton Smith in Shelbume Bay. During the two days steaming to Cairns, about 30 boxes of prawn bycatch

subsamples were sorted and processed, leaving about 200 boxes to be processed in Cleveland.

During the second leg, the Microweigh scales were not used at all as they locked-up during calibration in Weipa,

both on the Southern Surveyor and on the wharf. The SUN Spare station was prone to crashing daily, with the

problem tracked to the EK500 data logging. Lyndsay MacDonald toiled with the SUN problems and data entry

from the fish laboratory was able to continue uninterrupted for most of the leg. All the biological data were

copied to a cassette tape for down loading to the Cleveland SUN Spare station.

During the steam through the GBR, the Trimble GPS system failed completely and eventually Lyndsay traced

the fault to a short circuit due to water entering the masthead amplifier in the antenna. This could not be repaired

and the new Trimble NAV TRACK GPS previously installed during Leg 1 had to be engaged to supply data to

the Furuno track plotter.

Southern Surveyor berthed in Cairns at 1900 h on Sunday 28 November 1993. All scientific samples and

equipment was consigned to Cleveland by 1100 h on 29 November.
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Summary

The first field work of the FRDC funded trawl bycatch reduction project was top priority for tMs cruise. Two

square-mesh sizes were compared with standard diamond-mesh codends and the influence of net headline height

off the bottom was investigated with the Multilevel Beam Trawl. Physical damage to trawled bycatch was also

assessed. The EPN net comparisons in the Gulf of Carpentaria were the second stage of an assessment of the

"environmentally friendly net" recommended for the Northern Trawl Fishery. The Tropical Fish Ecology group

now has valuable practical information about the operation of the type of net envisaged for the fishery.

The fish biomass survey is the fourth data set CSIRO has provided for use in stock assessment in the Gulf of

Carpentaria.

Tissue samples from L. malabaricus, L. sebae and other species were obtained for population genetic studies in

the Hobart genetics laboratory.

The fish collection in Hobart obtained large numbers of specimens, including valuable additions to the sharks

and ray collection.

Reporting of results

The results will be analysed and reported in the scientific literature where appropriate. The fish biomass survey

data will be used to help set total allowable fish-trawl catches for the Gulf of Caqientaria.

Personnel

(Note: unless otherwise stated, all personnel are staff of the CSIRO Division of Fisheries or students based at

CSIRO Cleveland.)

Leg 1 Leg 2
Mr John Salini (Cruise leader) Mr John Salini (Cruise Leader)

Mr David Brewer (second shift leader) Mr David Brewer (second shift leader)

Mr Jonathan Staunton Smith Mr Steve Eayrs (AMC)

Mr Jeff Cordell Mr Marcus Strauss (AMC)

Mr Clive Liron Mr Neville Gill (NT Fisheries)

Dr Nick Elliott Ms Stephanie Boubaris (NT Fisheries)

Mr Steve Cook (Q Museum) Dr Yougan Wang

Mr John Kennedy (Q Museum) Mr Carlos Souris

Mr Steve Eayrs (AMC) Mr Gordon Yearsley

Mr Marcus Strauss (AMC) Ms Pat Graham

Mr Richard Mounsey (NT Fisheries) Ms Margaret Farmer

Mr Graham Baulch (NT Fisheries) Mr Lyndsay MacDonald
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Contacts

For further information about this cruise contact:

Mr John Salini

CSIRO Division of Fisheries

PO Box 120
Cleveland, Queensland 4163

Tel: (07) 286 8244
FAX: (07) 286 2582

Distribution

• Normal circulation

• Cruise participants

Mr Clive Liron

Vessel Operations Manager

CSIRO Division of Fisheries
GPO Box 1538
Hobart, Tasmania 7001

Tel: (002) 32-5234
FAX: (002) 32-5000

Table 16. Stations occupied by Southern Surveyor during Cruise SS7/93.

DEPTH: depth in metres; F/B: Frank & Bryce trawl set at 0.0, 0.4 or 0.8 m off the bottom, BIOM: biomass

survey stations; MBT: Multi-level Beam Trawl; FF: Florida Flyer trawl with 1.75" and 1 .5" square-mesh

codends, set at 0.0,0.4 or 0.8 m off the bottom; START: start time in decimal hours; SLATMIN: start latitude;

SLONMDSI: start longitude; ELATMIN: end latitude; ELONMIN: end longitude.

STN
1
2

3
4

5
6
7
8
9
10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

29
30
31

DATE
29-OCT-93

29-OCT-93

29-OCT-93

30-OCT-93

30-OCT-93

30-OCT-93

30-OCT-93

30-OCT-93

30-OCT-93

30-OCT-93

30-OCT-93

31-OCT-93

31-OCT-93

31-OCT-93

31-OCT-93

31-OCT-93

31-OCT-93

31-OCT-93

31-OCT-93

Ol-NOV-93

Ol-NOV-93

Ol-NOV-93

Ol-NOV-93

Ol-NOV-93

Ol-NOV-93

Ol-NOV-93

Ol-NOV-93

Ol-NOV-93

02-NOV-93

02-NOV-93

02-NOV-93

DEPTH
46
47
49
47
47
49
50
51

51
50
50
52
54
50
48
47
46
48
52
55
56
58
57
57
55
52
54
52
47
57
58

GEAR
F/B_BIOM
F/B_BIOM
F/B_BIOM
F/B_BIOM
F/B_BIOM

F/B_BIOM

F/B_BIOM
F/B_BIOM
F/B_BIOM
F/B_BIOM

F/B_BIOM
P/B_BIOM

F/B_BIOM
F/B_BIOM
F/B_BIOM
F/B_BIOM

F/B_BIOM
F/B_BIOM

P/B_BIOM
F/B_BIOM

F/B_BIOM
F/B_BIOM
F/B_BIOM

F/B_BIOM

F/B_BIOM

F/B_BIOM

F/B_BIOM
P/B_BIOM
F/B_BIOM

F/B_BIOM
F/B_BIOM

START
15.33

18.41

22.08

02.33

04.00

08.75

11.75

14.16

16.41

18.13

21.71

00.33

04.17

07.00

11.28

13.16

14.63

18.41

21.53

02.75

04.25

07.08

09.92

11.91

14.75

16.91

19,11

21.20

00.33

04.08

08.00

SLATMIN
10* 06.8'

10° 19.7'

10° 55.9'

11° 19.7'

11° 25.9'

11° 19.3'

11° 07.6'

10" 56.7'

11° 08.5'

11 •20.4'

11'44.0'

IF 45.3'

12° 21.6-

12° 32.0'

12° 31.7'

12° 32.1'

12" 44.2'

13° 20.6'

13° 21.1'

12° 57.5'

12" 57.9'

13° 09.1'

12° 45.3'

12" 33.7-

12° 21.2'

12° 08.3'

11° 56.6'

11° 44.9'

11° 33.3'

11" 32.8'

10° 59.0'

SLONMIN
137'21.2'

137° 45.0'

137° 45.9'

137° 07.0'

137° 09.7'

137° 44.7'

138° 08.9'

138° 21.1'

138° 35.5'

138° 32.5'

138° 70.5'

138° 32.0'

138° 43.3'

138° 18.7'

137° 42.1'

137° 29.8'

137° 29.6'

137° 41.3'

138° 06.0'

139' 56.6'

139* 06.6'

139-32.1'

139° 21.6'

139° 32.5'

139" 08.9'

138° 56.3'

139" 08.4'

138° 57.7'

139° 21.9'

139° 58.2'

139° 58.2'

ELATMIN
10- 07.6-

10° 20.9'

10° 57.0'

11° 08.0'

11'06.8'

11° 08.3'

11° 06.7'

10° 58.2'

ir n.o'

11°23.1'

11° 44.4'

11° 47.0'

12° 03.1'

12° 30.4'

12'30.1'

12° 34.9'

12° 46.3'

13° 23.2'

13° 21.2'

12- 57.5'

12° 58.4'

13° 07.4'

12° 44.9'

12° 32.6'

12' 19.5'

12° 06.9'

11° 55.6'

11° 44.5'

11° 33.4'

11° 34.4'

11° 00.3'

ELONMIN
137° 22.6'

137° 45.9'

137° 41.9'

137° 21.1'

137° 08.0'

137° 45.3'

138° 10.1'

138° 22.1'

138° 31.8'

138' 32.0'

138° 10.0'

138° 32.1'

138° 42.4'

138" 17.2'

137° 42.1'

137" 29.6'

137° 29.5'

137° 41.1'

138° 07.6'

138' 58.6'

139' 10.1'

139° 31.8'

139° 23.3'

139° 31.3'

139° 08.4'

138' 56.6'

139° 07.2'

138-59.1'

139- 23.8'

139° 58.3'

139° 59.1'
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32
33
34
35
36
37
38
39
40
41
42

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62

63
64
65
66
67
68

69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

02-NOV-93

02-NOV-93

02-NOV-93

02-NOV-93

03-NOV-93

02-NOV-93

03-NOV-93

03-NOV-93

03-NOV-93

03-NOV-93

03-NOV-93

03-NOV-93

03-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

04-NOV-93

05-NOV-93

05-NOV-93

05-NOV-93

05-NOV-93

05-NOV-93

05-NOV-93

05-NOV-93

05-NOV-93

05.NOV-93

05.NOV-93

06-NOV-93

06-NOV-93

06-NOV-93

06-NOV-93

06-NOV-93

06-NOV-93

06-NOV-93

06-NOV-93

06-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

07-NOV-93

08-NOV-93

54
42
39
42
38
59
60
47
42
16
19
19
18
16
16
19
21

50
53
50
53
57
33
57
55
52
51
53
55
57
57
57 •

56
51
52
51
53
55
57
57
58
55
52
56
43
43
49
47
47
46
19
18

17
17
16

P/B_BIOM

P/B_BIOM
P/B_BIOM
P/B_BIOM
P/B_BIOM
P/B_BIOM

F/B_BIOM

P/B_BIOM
P/B_BIOM

MBT
MBT
MBT
MBT
MBT
MBT
MBT
MBT

F/B_0.4

F/B_0.4

F/B_0.4

F/B_0.4

F/B_0.4

MBT
F/B_0.4

F/B_0.4

F/B_0.4

P/B_0.8

F/B_0.8

F/B_0.8

F/B_0.8

F/B_0.8

F/B_0.8

P/B_0.8

P/B_0.8

P/B_0.8

F/BJ).0

P/B_0.0

P/B_0.0

F/B_0.0

P/B_0.0

P/B_0.0

P/B_0.0

F/B_0.0

F/B_0.0

P/B_0.0

ABORT
P/B_0.0

P/B_0.0

P/B_0.0

F/B_0.0

MBT
MET

MBT
MBT
MBT

11.83

14.83

18.55

20.83

00.42

05.33

09.67

14.42
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2. SS295 WEIPA - WEIPA
13 FEBRUARY - 9 MARCH 1995
FRV SOUTHERN SURVEYOR

CSIRO Division of Fisheries

Marine Laboratories

GPO Box 1538
Hobart Tas. 7001

Australia

Telephone (002) 325 222
TelexAA57-812

Fax(002)325 000

Itinerary
Leg 1 Departed Weipa: 2000 h Monday, 13 February 1995

Arrived Weipa: 0800 h Monday, 27 Febmary 1995

Leg 2 Departed Weipa: 1 800 h Monday, 27 February 1995

Arrived Weipa: 1150 h Thursday, 9 March 1995

CRUISE OBJECTIVES

1. To test various prawn net modifications for their effectiveness in reducing the catch of non-target species in

the tiger prawn fishery off Weipa without significant loss of commercial prawns.

2. To obtain daytime video images of these devices and their effects on fish behaviour in the net during

trawling

3. To test the catchability of fishes using reduced sweeps in a semi-pelagic fish trawl.

4. To test the effect of a verandah panel set at different levels of the MB T on reducing bycatch and

maintaining prawn catches.

5. To collect whole specimens for the Hobart Fish Taxonomy Group's Handbook of Commercial Fishes (Ross

Daley)

6. To collect representative specimens of cephalopods for QDPI Fisheries in the sample areas (Julie Robins).

7. To collect museum specimens of sponges and invertebrates for Queensland Museum (Steve Cook) and

AIMS (Rob McCauley).

8. To opportunistically collect genetic samples of Thenus spp. (University of Queensland), and
scombrid/sillaginid species (QDPI Fisheries).

9. To deploy and retrieve an acoustic recorder package near the prawn trawl sites to record biological and

trawler acoustic signals (AIMS, Rob McCauley).

AREA OF OPERATION

West ofWeipa, Gulf of Carpentaria between 12°S - 13°S, and 140° 50'E and 141° 35'E (see Figure 9).

Results

1 Eight Bycatch Reduction Devices (BRDs) and a control or standard prawn net codend were tested over 21

nights and 153 paired trawls. The five most successful BRDs were compared more intensively during the

last seven nights.
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2 Video images of fish behaviour in both the prawn net BRDs and the fish-trawl net fitted with the BRDs

were obtained during leg 1 when weather conditions were favourable. No video recordings of the EFN

trawls were possible during leg 2.

3 Ten days of EFN fish trawls, 43 trawls, were completed on the fish grounds about 25 nm west of Duyfken

Point with 2 stations lost due to returning a journalist to Weipa and 5 stations were lost due to cyclone
'Warren'.

4 The Multi-level Beam Trawl (MBT) work was not completed after the second, and irretrievable collapse of

the MBT during the second night of operation. Only four trawls were completed and the remaining time

allocated to it was profitably used to increase the number of BRD paired trawls.

5. Ross Daley was able to collect 130 fish specimens for the Hobart Fish Taxonomy Group.

6. Representative specimens of cephalopods were retained for QDPI Fisheries from inshore prawn grounds

and offshore fish-trawl grounds. Julie Robins also tagged 11 turtles during prawn trawling on leg 1.

7. Most sponges and invertebrates were collected during leg 1 due to their availability. Rob McCauley

collected 176 samples (leg 1) and Steve Cook collected 20 specimens not recorded from his previous

cruises.

8. Whole specimens of three species of Thenus were collected for Ted Burton (University of Queensland).

Frames of at least three species of scombrid and whole specimens of sillaginids were collected during both

legs for QDPI Fisheries.

9. The A3MS acoustic recorder was deployed and retrieved twice during the first leg. Once near the inshore

prawn grounds for four days and once near the offshore fish-trawl grounds for three days. Successful

recordings were obtained from both deployments.

Cruise Narrative

Southern Surveyor departed Weipa at 2000 h on 13 February 1995. At a cruise debriefing soon after departure,

Leg 1 objectives were explained, shifts allocated and first time participants informed of ship safety and day to

day house-keeping procedures. The Master, Bruce Wallis, advised of a Muster and Fire drill the next day at

1300 h; this drill was successfully completed. After arriving at the prawn trawl grounds five nautical miles west

of Duyfken Point, the paired Florida Flyer prawn trawl nets were tested for even catching ability using normal

codends (diamond-mesh). The first trawl was successfully deployed at 05:50 h the next morning with both nets

recording similar catches, 220 k in the port side net and 226 k in the starboard side net. The rest of the daytime

was then occupied with testing of the codend Bycatch Reduction Devices (BRDs) to be used during the next

night of sampling. During the day, the Australian Institute of Marine Science acoustic recorder was deployed

close to the prawn trawl site to record trawler generated noise and fish sounds. The acoustic housing was

recovered four days later; a preliminary check of the tape recording revealed that the Southern Surveyor noise

swamped all other sounds. A second deployment in deeper water near the EFN trawl site recorded successfully

for three days. The pattern of trawling during a complete day involved night prawn trawling in approximately 20

m depth west of Duyfken Point and day time trawling in clearer (30 - 40 m depth) water further west. Towards

the end of the first leg and all through the second leg, day time fish trawling with the EPN was situated about 25

nm west ofDuyfken Point (see Figure 20 for grids sampled).

The Communications Group in Hobart arranged for Simon Grose, a journalist from the Canberra Times, to

spend a day on board Southern Surveyor from the first day of leg 2. This involved one scientific crew (Clive

Liron) remaining ashore for that day and exchanging with the journalist via the CSIRO chartered fish trawler

P.V. Clipper Bird near the shipping channel. At the same time, the ships crew was reinforced with the arrival of

AB Ross Hay replacing AB Colin Haebick. Work continued smoothly until trawling was halted for 36 hours

from 0800 h on Sunday 5 March, due to cyclone 'Warren'. The sampling was terminated one day early due to

increasing winds and the related danger to the crew and difficulty in deploying gear.

164 Final Report: Project 93/179



-D

s.

Figure 20. Locations of the study areas during the SS295 cruise (i) semi-pelagic fish trawl study -Areas A, B

and C and (ii) Prawn trawl bycatch reduction study. Daytime video taping of prawn bycatoh reduction devices

was located between the two sites for optimum light penetration and weater clarity. Area C was
superimposed over Areas A and B.
*= 2 nm grids sampled with the semi-pelagic fish trawl using long and medium length sweeps.
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Night time sampling

All night time prawn trawling was carried out in approximately 20 m depth along a north-south path centred 5

nm west of Duyfken Point. Tuesday night, 14 February, marked the beginning of the BRD comparison trawls.

The sampling design for BRD paired comparisons was changed from the original method proposed in the cruise

plan. Instead of using the same pair of codends (one control and one of eight BRDs) in consecutive trawls over

two nights, each trawl was a different combination of all nine gear types, such that each gear type was paired

against each of the other types once. This required 36 trawls to complete one round of all possible pairings.

Within each round, each BRD was equally used on both port and starboard sides. After this first round, any

BRD that was obviously inferior with regard to prawn retention and bycatch reduction were eliminated from the

next round of comparisons. However, the results were not clear enough to eliminate any BRD and a second

round of 36 paired comparison trawls was started. Catches of prawns in these nets were low initially but

gradually numbers increased and efforts were made to avoid locations with high banana prawn (Penaeus

merguiensis) abundances as these were of no interest to the aims of the project. Most trawls contained more than

enough tiger prawns to allow comparisons of the bycatch reduction and tiger prawn retention abilities of the

various BRDs.

On completion of the second round of prawn trawls (giving a total of 72 paired trawls), two BRDs were

eliminated from the third round, the square-mesh window with glow netting and the square-mesh window with

hummer. The six other BRDs, plus the control were paired for 21 trawls over four nights, after which the Super

Shooter grid was eliminated. This allowed a 15 trawl comparison as the fourth and final round of the five most

efficient BRDs, before the allocated time for the MET.

During this time, many trawls were rendered invalid because of gear f.iilure and sharks bites in the codends. The

21 paired trawls for round three required 36 trawls before completion. To overcome some of these wasted

trawls, codends were successfully protected from shark bites with a second codend "skirt".

Round four was completed Friday morning, 3 March, in time to allow for the allocated seven nights of MET

trawls halfway through leg 2. Before sampling began, the MBT folded at right angles near one sled during it's

second trial deployment. Sea conditions were rough and unfavourable for towing the MBT, but after

consultation with the Chief Engineer, lan McAllister, repairs were made which shortened the beam by about 0.7

m. This was achieved in about four hours under difficult sea conditions and occasional driving rain.lan

McAllister and John Hinchliffe are firmly recognised for their efforts here. After several precautionary trial

deployments, four MBT trawls were completed by dawn Saturday 4 March.

On the first trawl the next night, the MET once again folded at right angles just at the end of the reinforcing

welded on earlier. This time the damage was assessed as terminal and the ship's crew prepared to resume prawn

trawling with the paired Florida Flyers for more BRD comparisons.

The prawn trawling gear was ready after five hours and two trawls were completed in round 5 of the 15 paired

comparison trawls. Sea conditions continued to deteriorate during this time and the tropical low causing the

conditions had strengthened into cyclone 'Warren', category I about 100 nm south of our position. As a result of

these conditions, all trawling activity ceased from 0800 h on Sunday, 5 March. Cyclone 'Warren' intensified to

category 2 at 2000h and crossed the mainland coast south west ofMomington Island at around 0300 h on

Monday 6 March. Southern Surveyor continued along an east-west track at reduced speed while waiting for

conditions to abate. Winds persisted at 25-40 knots with occasional squalls above 50 knots. Trawling

recommenced at 2000 h Monday 6 March with round five of the BRD paired trawls. During hauling of the

fourth trawl of the evening, the main five ton swivel from the warp to the bridle gave way as it entered the

winch drum. The bridle, boards and nets were lost overboard in an extremely dangerous situation with the wires

sliding back to the main block in a few seconds. Fortunately, nobody was in the vicinity which is the normal

safety situation during deployment and hauling of trawl gear. The position was marked on the GPS plotter to

guide retrieval of the gear. Once again lan McAllister and John Hinchliffe constructed a large, heavy duty

grappling device to be dragged from the towed body winch. The trawl gear was hooked on the first pass.

Substantial damage was incurred on the net, wires and Nordm0re grid device and the rest of the night was spent
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sorting and repairing the prawn trawl gear. The ship's crew worked diligently towards returning the prawn gear

to a workable stage, despite these difficulties.

New nets were assembled the next night, Tuesday 7 March, because of the extensive damage to the previous

nets and the first trial trawl was finally shot away after midnight. Round five was started again and three more of

the 15 planned trawls were completed. This left nine trawls to complete on the last two nights of the cruise. At

this stage, live ripe P. semisulcatus females were kept when possible for return to Cleveland (B. J. Hill). Only

two prawn trawls were completed on the next night due to the heavy seas and their effect on net deployment.

The new bridles were not exactly the same length and this caused the boards to tangle as the nets were shot

away. This created dangerous conditions for the crew when trying to sort out the tangled gear. Winds increased

during the night and the Master and Fishing Masters stopped trawling at dawn. Southern Surveyor sailed for

Weipa one day early at about 0800 h.

Daytime sampling

On the first day, Lyndsay MacDonald booted the SUN Oracle database software to enable direct data entry from

the fish laboratory as on previous cruises. Some problems were encountered. The species reference database was

an old incomplete version and the data entry was reduced to manual recording for the first day. Data entry

proceeded well once these problems were overcome, until the second leg when the SUN failed for a day and a

half. Again data was manually recorded and eventually re-entered onto Oracle when Jeff Cordell successfully

re-established operations on the SUN.

Prawn nets were tested on the first day for uniformity of catch between port and starboard nets using standard

(control) nets. When catches were similar in both nets (220.8 k port and 226.7 k starboard), the first BRDs to be

used at night were tested in daylight to ensure they functioned properly. The second day, Wednesday 15

February, was used as the first of seven days of video taping of all the BRDs. These BRD video trawls were

carried out in -35 m water which was less turbid than the 20 m depth night-time trawling. Some excellent tapes

of fish behaviour in the various devices was obtained from the codend mounted cameras despite difficulties with

the cameras and their housings.

Two more days were spent video taping the Super Shooter BRD fitted to the fish-trawl net (McKenna Wing

Trawl) in an attempt to record large animals (rays, sharks or turtles) being excluded from the net by the Super
Shooter grid device. Some useful recordings were obtained but most of these attempts failed due to poor

visibility. Conditions became more over"ast during the last day of leg 1 and video taping became less productive

due to reduced light penetration at these depths. Prior to this, conditions at sea had been uncharacteristically

calm and sunny much of the time with only occasional rain.

The EFN fish trawl was tested using long (40 m sweep plus 50 m bridle = 90 m), medium (30 m sweep plus 20

m bridle = 50 m) and no sweeps (bridle = 20 m) on Friday 25 February. Unfortunately, the no sweeps treatment

would not stabilise off the bottom (as detected by Scanmar) without time consuming modifications and

consequently was eliminated from the experiment. Hence the EFN comparisons were reduced to long versus

medium sweeps. Three 10 x 10 nm areas were planned with each trawl grid chosen at random from 25, 2 x 2 nm

grids (see Figure 20). One gear type was used per day with the same five grids sampled by both long and

medium sweeps gear and then a second set of five grids was selected and the sampling repeated over the next

two days. Hence, there were four days sampling in each of three areas.

Area A was half completed at the end of leg 1 and completed on the second day of leg 2. The first day of leg 2

saw only the first three grids sampled with the EFN long sweeps as Southern Surveyor had to drop off Simon

Grose, a journalist with the Canberra Times, and collect Clive Liron and AB Ross Hay, a replacement crew for

AB Colin Haebick. Three days sampling was completed in Area B before cyclone 'Warren' caused a halt in

trawling from 0800 h Sunday 5 March until 2000 hr Monday 6 March. Area B was completed on Tuesday, 7
March with sea conditions still moderate to rough.

Area C was selected to overlap two fifths of Area A and three fifths of Area B and the five grids to be completed

in the two days remaining were chosen to exclude any grids already sampled in Areas A and B. This was done

to concentrate the remaining EFN trawls adjacent to grids which had previously recorded commercial species of

fish. Four of these grids produced commercial species with the third grid producing 123 L. erythropterus. The
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second day of trawling on Area C was not completed as Southern Surveyor returned to Weipa one day early due

to deteriorating sea conditions. The sea conditions were affecting the behaviour of the EFN (inferred from the

Scanmar data and substrate retained in the net) which is designed to ride 0.5 m above the bottom.

All the biological data were copied to a cassette tape for down loading to the Cleveland SUN Spare station.

Summary

The Bycatch Reduction in Prawn Trawls project tested eight devices (Nordm0re grid, Super Shooter, square-

mesh with black cylinder, square-mesh window, square-mesh with glow mesh, square-mesh with hummer,

fisheye, radial escape section). The five most successful BRDs were compared more intensively during the last

seven nights. Clear video images of fish behaviour in codends and escaping from the various devices were

obtained for the first time. The EPN net comparisons in the Gulf of Carpentaria were the final stage of an

assessment of the new "environmentally friendly net" recommended for the Northern Trawl Fishery. The

Tropical Fish Ecology project now has valuable catch and video information about the operation of the type of

net envisaged for the fishery.

Samples of scombrids and whole cephalopods were obtained for QDPI Fisheries. Tissue samples from L.

malabaricus, L. sebae and other species were obtained for population genetic studies in the Hobart genetics

laboratory.

The fish collection for the Seafood Handbook (Hobart) obtained 130 genetic specimens, as well as whole frozen

and preserved fish including valuable additions to the ray collection.

Queensland Museum and AIMS collected invertebrates and sponges as well as two valuable acoustic recordings

of trawler noise and background fish sounds.

Reporting of results

The results will be analysed and reported in the scientific literature where appropriate. All the collected data

resides on the Oracle database at the CSIRO Marine Laboratories in Cleveland.
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Table 17. Stations occupied by Southern Surveyor during Cruise SS295.

Time: start time in decimal hours; P-Flyers: Florida Flyer prawn trawl, daytime trawls included a video camera;

FishA^ideo: Frank & Bryce fish trawl with video camera; EFNLong: Environmentally Friendly fish-trawl Net

with Long (90 m) sweeps; EFNMedium: Environmentally Friendly fish-trawl Net with Medium (50 m) length

sweeps; MBT: Multi-level Beam Trawl; StartLat: start latitude; StartLong: start longitude; EndLat: end latitutde;

EndLong: end longitude; Depth: depth in metres

Stn
1
2
3
4
5
6
7
8
9
10
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Time

5.83
10.42
14.67
18.75
21.83

0.33

1.83

4.58
6.25

10.25

14.17

17.67
20.92

23.33
1.33

2.75

3.92
8.33

9.92
12.75
14.17
15.42
19.83

22.83
0.17

1.42

3.00

4.25

5.42

13.58
14.83

16.00

17.17
19.83
20.92

22.42

23.67

0.67
2.00

4.92

5.92

9.17

12.17
13.92

15.00

Date
14-Feb-95

H-Peb-95

U-Peb-95

14-Peb-95

14-Peb-95

15-Peb-95

15-Feb-95

15-Peb-95

15-Peb-95

15-Peb-95

14-Peb-95

15-Peb-95

15-Peb-95

15-Peb-95

16-Feb-95

16-Feb-95

16.Feb.95

16-Feb-95

16-Feb-95

16-Feb-95

16-Feb-95

16-Feb-95

16-Feb-95

16-Feb-95

17-Feb-95

17-Feb-95

17-Feb-95

17-Feb-95

l7-Feb-95

17-Feb-95

H-Feb-95

17-Feb-95

17-Feb-95

17-Feb-95

17-Feb-95

17-Feb-95

17-Feb-95

18-Feb-95

18-Feb-95

18-Feb-95

18-Feb-95

18-Feb-95

lS-Feb-95

18-Feb-95

18-Feb-95

Gear

P_Flyers

F_Flyers

P_Flyers

F_Flyers

F_Flyers

F_Flyers

P_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Plyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Plyers

F_Plyers

F_Flyers

F_Plyers

F_Plyers

F_Plyers

F_Plyers

F_Plyers

F_Flyers

F_Flyers

F_Flyers

F_Plyers

F_Flyers

F_Plyers

F_Plyers

F_Flyers

F_Plyers

F_Plyers

F_Flyers

F_Plyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

Depth
28
22
24
23
22
21
20
23
22
40
40
38
22
22
20
21
20
34
35
33
34
36
21
23
22
22
20
20
22
34
34
35
34
21
21
21
20
20
21
21
22
39
39
39
34

StartLat
12°29.9'

12°35.1'

12°28.2'

12°29.1'

12°33.0'

12°29.1'

12°2.6.2'

12°30.0'

12°27.2'

12°30.3'

12°32.3'

12°29.8'

12°27.0'

12°28.3'

12°27.2'

12°31.4'

12°35,5'

12°32.4'

12°29.9'

12°36.6'

12°32.5'

12°30.1'

12°28.0'

12°31.5'

12°31.9'

12°27.4'

12°28.6'

i2°3i.r
12°27.5'

12°36.4'

12°32.1'

12°30.8'

12°34.4'

12°31.6'

12°28.8'

12°28.1'

12°31.4'

12°28.1'

12°26.0'

12°30.3'

i2°3i.r

12°29.0'

12°31.4'

12°28.0'

12°35.8'

StartLong
14F29.0'
14F28.5'

14F29.4'
14F29.0'
l41°21.7'

14F29.6'
141°30.5'

141°29.4'

141°29.9'

141°18.4'

141°17.7'

141°19.3'

14F29.4'
141°29.6'

141°29,9'

141°29.8'

141°39.3'

14F21.4'

14P20.9'
141°21.6'

i4i°2i.r
141°21.2'

141°29.3'

141°28.7'

141°29.0'

14P29.6'
14P30.5'
141°29.9'

141°30.0'

141°21.6'

141°21.5'

i4i°2i.r
14F20.9'
141°29.7'

141°30.1'

141030.1'

141°29.6'

14F29.9'
141°30.3'

141°30.0'

141°29.4'

141°18.4'

14P17.7'
141°17.7'

i4i°2i.r

EndLat
12°28.8'

12°34.0'

12°30.3'

12°28.0'

12°34.9'

12°27.6'

12°27.6'

12°28.4'

12°28.9'

12°28.6'

12°34.8'

12°28.5'

12°28.5'

12°26.7'

12°28.7'

12°32.0'

12°35.3'

i2°3i.r
12°32.8'

12°35.1'

12°31.2'

12°32.2'

12°26.4'

12°33.0'

12°30.3'

12°25.7'

12°30.0'

12°29.3'

12°29.3'

12°34.8'

12°30.6'

12°32.5'

12°33.2

12°30.6'

12°27.5'

12°29.7'

12°29.7'

12°26.1'

12°27.8'

12°31.6'

12°29.5'

12°27.9'

12°30.3'

12°30.0'

12°34.6'

EndLong
141°29.6'

141°28.8'

141°29.5'

141°29.3'

141°28.8'

14F30.2'
141°30.4'

141°29.6'

141°30.1'

141°18.2'

141°18.0'

141°19.4'

141°29.4'

141°29.8'

141°29.9'

14F29.7'
141°29.0'

141°21.3'

141°21.0'

141°21.5'

i4i°2i.r
14F21.5'
141°29.6'

141°29.3'

141°29.2'

141°30.0'

141°30.4'

141°30.0'

141°30.2
141°21.6'

14P21.5'

14F20.9'

14F21.2
14F29.9'

141°30.2
141°30.0'

141°29.8'

141°30.2
141°30.1'

141°30.0'

141°29.5'

141°18.3'

14F17.6'

14F17.6'
141°21.9'
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

16.00
19.67
21.67
22.67
23.67

1.33

2.50

3.42
4.42
5.67

9.08
10.75
12.42
14.17
16.00

17.50
19.92

21.08
22.25

23.42
1.50

2.67

3.75
9.00

10.67
13.17

15.83
17.25
19.67
20.75

22.75
23.67

1.42

2.42

3.33

4.33
5.25
9.33

11.50
13.50
15.13

16.67
19.50
20.58

21.58
22.67
23.67

1.00
2.50

3.75

4.92
14.83
16.50

18-Feb-95

18-Feb-95

18-Feb-95

18-Feb-95

18-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

19-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

20-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

21-Feb-95

22-Feb-95

22-Feb-95

22-Feb-95

22-Feb-95

22-Feb-95

22-Feb-95

F_Flyers

F_Plyers

F_Plyers

F_Plyers

F_Flyers

F_Plyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Plyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

P_Flyers

P_Flyers

P_Flyers

F_Flyers

Fish/Video
FishA^ideo

34
26
23
23
24
23
20
20
21
22
34
35
33
34
34
33
25
23
22
21
22
21
22
24
22
24
23
23
24
23
23
21
22
24
24
24
22
38
36
36
35
36
22
22
22
22
22
20
22
21
24
29
32

12°35.8'

12°32.5'

12°30.4'

12°27.5'

12°31.3'

12°29.8'

12°28.1'

12°30.2'

12°27.1'

12°26.6'

12°35.3'

12°30.9'

12°36.6'

12°34.2'

12°34.2'

12°36.2'

12°33.0'

12°29.7'

12°26.1'

12°26.7'

12°30.0'

12°27.2'

12°31 J'

12°29.7'

12°31.9'

12°30.7'

12°30.1'

12°27.2'

12°30.2'

12°33.8'

12°28.9'

12°32.8'

12°32.1'

12°28.8'

12°26.2'

12°29.7'

12°33.3'

12°28.5'

12°31.9'

12°29.3'

12°28.7'

12°29.5'

12°31.2'

12°34.5'

12°31.8'

12°34.9'

12°32.2'

12°34.9'

12°32.3'

12°34.9'

12°32.6'

12°33.3'

12°29.9'

i4i°2i.r
141° 27.9'

14F29.3'

14P29.2
14F28.4'
141°28.7'

141°30.2'

141°30.1'

14F30.4'
141°30.1'

14P21.1'

14F20.9'
141°21.2'

141°20.6'

141°20.6'

141020.5'

141°27.9'

141°29.1'

14P29.7'
141°30.0'

141°29.7'

141°30.0'

14F29.4'
141°28.9'

14F29.4'
141°28.4'

141°28.9'

141°29.8'

141°29.1'

141°28.8'

141°29.5'

141°29.4'

14P28.9'
14F28.9'
141°29.0'

141°29.0'

141°29.0'

141°19.7'

141°20.1'

141°20.9'

i4i°2i.r
141°20.9'

14F29.3'

14F29.5'
141°29.5'

141°29.3'

141°29.1'

141°29.2'

141°29.2'

141°29.1'

141°28.6'

141°23.9'

141°23.5'

12°34.5'

12°31.5'

12°27.2
12°29.1'

12°33.1'

12°28.5'

12°29.6'

12°29.1'

12°25.3'

12°28.3'

12°33.8'

12°32.8'

12°35.2'

12°32.7'

12°36.2'

l2°34.0'

12°31.8'

12°28.4'

12°24.8'

12°28.7'

12°28.3'

12°29.2'

i2°3i.r
12°28.7'

12°33.8'

12°29.5'

12°27.8'

12°29.3'

12°32.0'

12°32.5'

12°31.0'

12°34.4'

12°30.5'

12°27.0'

12°28.0'

12°31.5'

12°35.1'

12°27.0'

12°30.6'

12°27.7'

12°30.0'

12°28.0'

12°32.9'

12°32.8'

12°34.0'

12°33.4'

12°33.8'

12°32.8'

12°34.5'

12°33.0'

12034.9'

12°31.6'

12°32.6'

14F21.9'
14F28.5'

14P29.8'
141°12.9'

141°12.8'

14F29.9'

14F30.2'
141°30.2'

141°30.5'

14P29.8'
141°21.0'

141°20.8'

141°21.0'

141°21.0'

141°20.5'

14P20.6'
141°28.6'

141°29.4'

141°30.0'

14F29.8'
141°30.0'

14F29.8'
14F28.9'
141°29.5'

141°29.0'

141°29.1'

14F29.7'
141°29.6'

141°29.0'

141°29.1'

141°29.4'

141°29.3'

141°29.0'

141°28.9'

141°28.9'

141°29.0'

141°29.0'

141°19.8'

141°20.8'

141°21.2'

i4i°2i.r
141°21.3'

141°29.2'

141°29.4'

141°29.4'

141°29.3'

141°29.2'

l41°29.4'
141°29.2'

141°29.0'

141°28.6'

141°23.8'

14F23.5'

Final Report: Project 93/179 171



Effects of Trawl design on Bycatch and Benthos in Prawn and Flnfish Fisheries

100
101
102
103
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3. SS595 Weipa - Weipa
16 JUNE - 23 JUNE 1995
FRV SOUTHERN SURVEYOR

CSIRO Division of Fisheries

Marine Laboratories

GPO Box 1538
Hobart Tas. 7001

Australia

Telephone (002) 325 222
TelexAA57-812

Fax (002)325 000

Itinerary
Leg 1 Departed Weipa: 1815 h Friday, 16 June 1995

Arrived Weipa: 1230 h Friday, 23 June 1995

CRUISE OBJECTIVES

1. To monitor Penaeus semisulcatus prawn distribution and abundance across the Gulf of Carpentaria in a

roughly east-west transect from Weipa to north of Groote Eylandt using 14 fathom Florida Flyer prawn

nets.

2. To compare an AusTED codend and a standard diamond-mesh codend for bycatch reduction.

3. To collect frozen P. semisulcatus for isotope and genetic analysis of population structure.

4. To collect sediment samples each dawn and dusk before completion and commencement of night time

trawling.

5. To collect stratified water samples with the CTD each morning and analyse the samples for primary

productivity.

6. To streamline the Oracle data entry from the fish laboratory and resolve other onboard computing problems

as they arise.

AREA OF OPERATION

Return transect west of Weipa, across the Gulf of Carpentaria between 12°S -13° 30'S, and 136° 50'Eand 141°

35'E (see Figure 21).

RESULTS

1 The distribution of P. semisulcatus across the GOC was investigated during 39 paired Florida Flyer prawn
trawls centred on 6 nm grids as in Figure 21.

2 The AusTED Bycatch Reduction Device and a standard codend were compared over 39 trawls across the

GOC.

3 Representative samples of P. semisulcatus from each night's trawling were kept frozen for genetic and

isotope analyses.

4 Sediment samples were collected on each day except the fifth day when the substrate was too soft to trigger
the Smith-Mac grab.

5. The CTD was deployed twice each day and water samples collected from selected depths for analysis on

board.
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6. Data entry from the Fish Laboratory was streamlined and de-bugged during the cruise.

7. Leiognathids were systematically collected to complete sampling for a PhD study (Jonathan Staunton

Smith).

Figure 21. Cruise track and sample sites from the June 1995 cruise

Expanded below

SS595 Cruise Track

• Trawl stations
A Sediment stations
D CTD stations

L-10°S

EHA»»» • •• • •A^mA———'

16°S

136° 138° 140° 142°E
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CRUISE NARRATIVE

Southern Surveyor departed Weipa at 1815 hon 16 June 1995; this delay was due to the late delivery of the

AusTED codends. At a cruise debriefing soon after departure, cruise objectives were explained, shifts allocated

and first time participants informed of ship safety and day to day house-keeping procedures. The Master, lan

Taylor, advised of a Muster and Fire drill for all scientific crew to be held the next day at 1700 h; this drill was

successfully completed. During the steam out to position 12° 45'S, 141° 33'E, both Florida Flyer prawn nets

were fitted with standard mesh codends prior to calibrating the nets in order to obtain even catches on both side

(nets) before starting the paired comparisons. Difficulties were encountered deploying the trawl nets but three

trial shots were completed during the night with even catches of prawns and bycatch in both nets on the third

trawl. This effectively removed the spare night available for trawling in a selected area of high P. semisulcatus

abundance. Seas were moderate to rough for the first five days due to strong south to south easteriy winds with

surprisingly cold air temperatures.

Night time sampling

On the second night of the cruise, the AusTED codend replaced the standard codend on the starboard net for the

first comparison trawl. The AusTED was changed from one side to the other between trawls according to a

Latin Square design with each block consisting of the two possible combinations ie AusTED on starboard side

followed by AusTED on the port side. There were only two block types possible, AusTED on port side first or

AusTED on the starboard side first and each block was chosen at random. Planning was based on an expected

eight trawls per night consisting of four blocks of two trawls each.

During the first night of comparisons, Saturday 17 July, four stations were completed. The first trawl station,

cruise station 3, was repeated due to gear problems; this station was abandoned when the starboard (AusTED)

codend parted from the net and required about 1.5 hours to repair. The port trawl board on station 5 was

retrieved in a "flipped" state and obviously did not ride on the bottom correctly as the catch from that net (port

side) consisted almost entirely of rubble. There was no time for repeating the trawl and the next station, 6, was

successfully completed before sunrise.

Problems deploying the trawl gear persisted throughout the cruise although all eight stations were trawled on

three nights, Sunday 18 July, Monday 19 July and Wednesday 21 July. Despite trawling with the observed
currents across the GOC ie in a north-westerly direction, there was a consistently higher catch in the starboard

net than in the port net. The statistical design of the codend switching should allow this effect to be isolated and

the true comparison of the treatment codend (the AusTED) and the control codend (standard diamond-mesh). Of

the 48 planned comparison trawls, 39 were completed. Whole Penaeus semisulcatus were kept each night for

genetic and isotope analysis after the cruise. When trawl catches could not be sorted and recorded quickly

enough, the species composition sub-sample was frozen for processing in Cleveland.

The direct data entry from the terminal in the fish laboratory work very well, especially with Miroslaw available

to rectify any software problems. The extra terminal installed by Matt in the fish laboratory proved to be of great

value for instantaneous readings of ships position.

Daytime sampling

Sediment samples were taken at the start and end of each evening except on three occasions when the sediment

was too soft to trigger the Smith-Mdntyre grab (stations 34, 41 and 53). These samples were frozen for particle

size analysis at the Cleveland laboratory.

CTD profiling to determine salinity, temperature, light, fluorescence through the water column was done once a

day (0900h) for 6 days. The transect across the Gulf and back made it possible to collect information on one

shallow (offDuyfken Point) and five deep water (40 m +) stations. Water samples were also collected from 5

depths at these sites for experimental work. The Gulf appeared to be well mixed as indicated by the lack of

thermoclines, haloclines or fluorescence maxima, with the exception of one station, station 8,9 where there was

a distinct increase in fluorescence at 46-48m.

Primary productivity incubations were done on water samples from each sampling station using the PI light box

Final Report: Project 93/179 J 77



Effects of Trawl design on Bycatch and Benthos in Prawn and Flnfish Fisheries

in the Productivity lab. Water samples from five depths were incubated under 7 different light regimes to

determine the effect of light on productivity. In addition on-deck incubations using water from a shallow and a

deep water station were done on two days following the same technique as that used on the Franklin cruise in

1988. This will allow a direct comparison of results. On Day 5 water samples were taken using both black and

white silicone rubber bands and o-rings in the Niskin bottles. This was done to determine if there is a growth

suppression of phytoplankton sampled in Niskin bottles with black rubber o-rings, as suggested by Brian

Griffith. Initial results suggest that there is indeed a suppression, however it is not yet known if this is

statistically significant.

Water samples were also spiked with nutrients (nitrate, phosphate and silicate) and incubated on deck for 20

hours. Samples were then incubated for primary productivity measurements. In addition samples were spiked

with 15N-nitrate and ammonium to determine the uptake rates of nitrogen by phytoplankton.

Samples were also taken daily for pigment analysis and flow cytometry analysis. On Day 5 significant amounts
of 'marine snow' were observed in the water collected in the Niskin bottles. Microscopic observations showed

that this was predominantly the diatom Thalassiosira with a mucous binding the cells together. Other diatom

species, Nitzschia, Navicula and Pleurosigma were also present.

Electronics and Computing: Brisbane to Weipa

Electronics Personnel - Matt Sherlock

Computing Personnel - Miroslaw Ryba

The steaming leg from Brisbane to Weipa prior to commencement of trawling operations for SS595 provided an

excellent opportunity for electronics (Matt Sherlock) and computing personnel (Miroslaw Ryba) to prepare and

upgrade shipboards systems. The following is a summary of achievements:

SUN Workstation Printer

The existing dot matrix printer connected to the SUN computer used for SSDLS data logging and Oracle was

replaced with a new laser printer. Drivers for this printer were loaded onto both the SUN and other Windows

based PC'S. for later use over the network.

Seabird Thermosalinograph

The original underway thermosalinograph (SDL based) in the chemistry laboratory was replaced on the

preceding cruise with a new, more stable and accurate Seabird thermosalinograph. The software module which

allows the SSDLS system to communicate with the thermosalinograph was modified and tested during the

transit leg to allow the system to be fully operational during the cruise.

Light Measurement Systems

Both the masthead ambient light sensor and CTD light sensor were calibrated against a reference sensor. In

addition the interface electronics for both light systems were completely checked and results used to generate

new calibration coefficients for the two systems. These sensors were used extensively during the cruise for

targeting water samples for biological productivity work.

Other tasks undertaken included testing of a new Ethernet repeater unit for the shipboard network, attempted

servicing of the underway fluorometer, testing of a spare G.P.S. antenna, investigation of radar problems in the

wheelhouse and discussion of options for future expansion of computing facilities in the fish lab.

Weipa to Weipa

During the cruise, electronics support was provided in running the CTD system, operation and data backup for

the vessel logging system and repairs and maintenance of various shipboard systems.
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CTD System

The CTD system was used for collection of water samples and characterisation of the water mass in depths to 62

metres. Two casts were carried out each day in quick succession using either the fluorometer or light sensor to

detennine position in the water column for samples. The altimeter was used to allow the CTD to be positioned

within 2 -3 metres of the bottom. On one occasion the CTD rosette touched bottom due to excessive rolling of

the vessel. The bottom consisted of soft mud which caused no damage to the unit.

During the cruise temperature and salinity measurements from Niskin bottles were compared with the CTD and

found to be in agreement within the limits of measurements. Hence the CTD calibration is very accurate at

present.

Capturing bottle samples at different percentages of surface light proved difficult due to roll of the vessel and

high turbidity of the water. This turbidity resulted in the attenuation of surface light to less than twenty percent

in the first 5 meters making accurate collection of water difficult.

Lower light levels of 5 percent, 10 percent etc were somewhat easier to achieve as it was possible to take the

CTD deep to obtain an accurate dark level reading and then come up slowly to the desired point.

Data Logging System

The data logging system performed well with no hangups, a credit to the efforts made on the previous cruise to

resolve problems with the Oracle data base and networking. A batch file called NXCRU still needs to be run

before each cmise to globally update the cruise number. The forms really need to be changed to allow the cruise

number to be picked up from an easily modified source file as FDCCRU does a recompilation of all forms which

is potentially risky.

All the biological data were copied to a cassette tape for down loading to the Cleveland SUN Spare station.

SUMMARY

The distribution of Penaeus semisulcatus was monitored across the GOC with an observed decline in abundance

in the central Gulf. The AusTED Bycatch Reduction Device was compared to a standard codend at all trawl

stations. A noticeable reduction in bycatch was observed although a bias towards higher catches on the starboard

side regardless of codend type, compounded the AusTED's effect. Most sediments samples were successfully

obtained except at three stations where the sediment was too soft to trigger the grab.

All the primary productivity work planned for cruise SS595 was successfully completed and analysis of the

samples and data is continuing.

REPORTING OF RESULTS

The results will be analysed and reported in the scientific literature where appropriate. All the collected data

resides on the Oracle database at the CSIRO Marine Laboratories in Cleveland.

Personnel

(Note: unless otherwise stated, all personnel are staff of the CSIRO Division of Fisheries or students based at

CSIRO Cleveland.)

Scientific Crew

John Salini Cruise Leader/Fish/Prawns/Data

Jonathan Staunton Smith Fish

Mick Haywood Prawns

Don Heales Prawns

Peter Rothlisberg Primary Productivity

Michele Burford Primary Productivity
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Ron Plaschke (OMS Hbt) CTD
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John McCartie (NTDPIE)

Jason McGilvray (QDPI)
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Primary Productivity
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lan Taylor

Roger Pepper

John Boyes

lan McAllister

Rick Miller

John Hinchliffe

Noel Anderson

Alan Smith

Don Collins

Malcolm McDougall

Len Darling

Tony Heame

Lou Jacomos

Drew Meincke

Graham McDougall

Tom Stephen

Chris Williams

Master
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Second Mate/Fishing Master

Chief Engineer
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Table 18. Stations occupied by Southern Surveyor during Cruise SS595.

Time: start time; Grabs: Smith-McIntyre sediment grab, F-Flyers: Florida Flyer prawn trawl, StartLat: start

latitude; StartLong: start longitude; EndLat: end latitulde; EndLong: end longitude; Depth: depth in metres; *:

grab failed to trigger due to soft sediment.

Stn
1
2
3
3a
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34*

35
36
37
38
39
40
41*

42
43
44
45
46
47

Time
0900
0955
1930
2054
0125
0255
0605
0830
0915
1000
1800
1840
2010
2155
2330
0100
0250
0430
0612
0810
0900
0950
1810
1830
2015
2230
0055
0215
0330
0445
0610
0810
0910
0945
1800
2110
2245
0045
0300
0500
0620
0805
0900
0945
1800
1845
2025
2210

Date
17-Jun-95

17-Jun-95

17-Jun-95

17-Jun-95

18-Jun-95

lS-Jun-95

18-Jun-95

lS-Jun-95

18-Jun-95

18-Jun-95

18-Jun-95

18-Jun-95

18-Jun-95

lS-Jun-95

18-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

19-Jun-95

20-Jun-95

20-Jun-95

20-Jun-95

20-Jun-95

20-Jun-95

20-Jun-95

20.Jun.95

20-Jun-95

20-Jun-95

20-Jun-95

20-Jun-95

21-Jun-95

21.Jun.95

21-Jun-95

21-Jun-95

21-Jun-95

21-Jun-95

21-Jun-95

21-Jun-95

21.Jun.95

21-Jun-95

21-Jun-95

Gear

CTD
CTD

F_Flyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

Grabs
CTD
CTD
Grabs

F_Flyers

F_Flyers

F_Flyers

P_Flyers

F_Flyers

P_Flyers

P_Flyers

P_Flyers

Grabs
CTD
CTD
Grabs

F_Flyers

P_Flyers

P_Flyers

P_Flyers

P_Flyers

P_Flyers

F_Flyers

F_Flyers

Grabs
CTD
CTD
Grabs

F_Flyers

F_Flyers

P_Flyers

P_Flyers

P_Flyers

F_Flyers

Grabs

CTD
CTD
Grabs

F_Flyers

F_Flyers

F_Flyers

Depth
11
11
47
46
49
55
60
60
60
61
57
57
58
56
57
55
56
54
54
53
53
53
49
49
49
48
48
48
48
46
46
44
45
45
31
31
38
43
45
46
45
46
46
46
51
51
52
52

StartLat
12°37.3'

12°35.1'

12°38.6'

12°38.3'

12°38.7'

12°39.0'

12°39.0'

12°40.9'

12°41.8'

12°41.8'

12°47,;'

12°44.5'

12°44,6
12°43.8'

12°44.8'

12°45.6'

12°45.6'

12°45.3'

12°45.5'

12°44.3'

12°43.7'

12°43.0'

12°53.8'

12°53.3'

12°52.5'

12°51.6'

12°52.8'

i2°5i.r
12°50.6*

12°50.8'

12°51.0'

12°52.9'

12°52.9'

12°52.9'

13°22.5'

13°20.4'

13°20.7'

13°21.2'

13°21.4'

13°21.8'

13°20.7'

13°20.8'

13°20.1'

13°20.1'

13°14.9'

13°14.9'

i3°i5.r
l3°15.2'

StartLong
141°32.7'

141°28.5'

141°02.2'

141°03.1'

140°57.7'

140°52.0'

140°43.0'

140°42.5'

140°38.0'

140°38.0'

139°33.4'

139°32.5'

139°27.3'

139°19.9'

139°15.0'

n9°08.9'

139°03.0'

138°57.0'

138°51.0'

138°506'
138°50.2'

138°49.5'

138°43.1'

138°04.2'

137°57.2'

137°51.0'

137°44.9'

137°39.1'

137°33.5'

l37°27.7'

137°21.0'

137°21.6'

137°21.6'

l37°21.6'

136°50.7'

136°50.2'

136°56.3'

137°03.4'

137°09.6'

137°15.8'

137°17.9'

137°20.8'

137°20.0'

137°20.0'

138°08.5'

138°08.5'

138°15.1'

138°21.2'

EndLat

12°52.4'

12°39.3'

12°37.3'

12°38.1'

12°27.6'

12°43.1'

12°43.3'

12°42.9'

12°44.0'

12°44.3'

12°44.4'

12°43.8'

12°43.9'

12°51.8'

12°50.0'

12°49.9'

12°L3'

12°50.3'

12°49.8'

12°50.3'

12°50.3'

13°21.6'

13°19.7'

13°19.5'

13°19.8'

13°20.5'

13°19.6'

13°14.9'

13°13.5'

13°13.5'

140°56.5'

141°02.4'

140°57.0'

140°51.3'

140°42.4'

139°32.1'

139°26.3'

139°18.7'

139°13.8'

139°08.4'

139°02.8'

138°56.0'

139°50.7'

138°03.7'

137°56.9'

137°50.7'

137°44.0'

137°37.8'

137°32.3'

137°26.4'

137°19.8'

l36°49.7'

136°57.4'

137°02.9'

137°09.1'

137° 15.0'

137°17.5'

138°10.0'

138°15.3'

138°21.1'
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48
49
50
51
52
53*

54
55
56
57
58
59
60
61
62

2250
0125
0305
0430
0600
0800
0900
0945
1700
2015
2145
2305
0030
0210
0355

21-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

22-Jun-95

23-Jun-95

23-Jun-95

23-Jun-95

F_Plyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

Grabs
CTD
CTD
Grabs

F_Flyers

F_Plyers

F_Flyers

F_Flyers

F_Flyers

F_Flyers

52
54
53
54
55
57
57
57
56
60
59
60
60
61
61

13°14.8'

13°15.0'

13°15.3'

13°15.2'

13°15.3'

13°04.3'

13°04.3'

13°04.3'

12°40.2'

12°37.5'

12°38.6'

12°38,8'

12°39.1'

12°39.9'

12°39.3'

138°26.9'

138°32.6'

138°38.8'

138°44.6'

138°50,6'

139°11.5'

139°U.5'

139°11.5'

139°55.3'

139°56.4'

140°00.0'

140°05.0'

140°09.9'

140°16.5'

140°22.1'

13°13.2'

13°13.4'

13°14.0'

13°14.0'

13°13.8'

12°36.1'

12°37.3'

12°37.5'

12°37.8'

12°38.3'

12°39.6'

138°26.9'

138°32.9'

138°39.4'

138°45.3'

138°51.2'

139°57.2'

140°010'
140°05.9'

140°10.5'

140°17.4'

140°20.4'

4. SS1095 Weipa-Weipa
10 OCTOBER - 5 NOVEMBER 1995
FRV SOUTHERN SURVEYOR

CSIRO Division of Fisheries

Marine Laboratories

GPO Box 1538
HobartTas.7001

Australia

Telephone (002) 325 222
TelexAA57-812

Fax(002)325 000

ITINERARY
Leg 1

Leg 2

Departed Weipa:

Arrived Weipa:

Departed Weipa:

Arrived Weipa:

1845 h Tuesday, October 10, 1995

1100 h Tuesday, October 24,1995

1600 h Tuesday, October 24, 1995

1000 h Sunday, November 5, 1995

AREA OF OPERATION

West ofWeipa, Gulf of Carpentaria between 12°S - 13°S, and 140° 50'E and 141° 35'E (see Figure 20).

CRUISE OBJECTIVES

1. To test various prawn net modifications for their effectiveness in reducing the catch of non-target species in

the tiger prawn fishery off Weipa without significant loss of commercial prawns.

2. To obtain daytime video images of these devices and their effects on fish behaviour in the net during

trawling

3. To test the catchability of fishes using long (90 m) and no sweeps in a semi-pelagic fish trawl.

4. To collect a variety of saurids for genetic analysis in Hobart.

5. To obtain video images of the Environmentally Friendly Net's (EFN) performance over structured benthos

and of fish behaviour in the codend.
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Results

1 Five Bycatch Reduction Devices (BRDs) and a control or standard prawn net codend were tested during 26

consecutive nights and 93 paired 120 minute trawls. Four of these BRDs were retained or modified and

compared more intensively during the second leg.

2 Video images were obtained of fish behaviour in the BRD codends of the prawn net and the EFN, and of the

performance of the EFN over benthic structure.

3 Ten days of EFN fish trawls, 50 trawls, were completed on the fish grounds about 25 nm west of Duyfken

Point.

4 Three shark longline sets of up to 40 hooks were successfully completed with about one shark caught on

every second hook on the second set.

5. Several boxes of representative bycatch species were frozen for reference specimens.

6. Two afternoons were dedicated to public relations when prawn trawler crews visited Southern Surveyor to

inspect the BRDs, underwater video tapes, scanmar and related equipment.

7. Samples of saurids were frozen for the Hobart genetics group.

CRUISE NARRATIVE

Southern Surveyor left Weipa at 1845 h on Tuesday, October 10, 1995. The ship's crew lost able seaman Tony

Heame at the last hour due to a serious illness in his family, leaving the deck crew undermanned on the midday

to midnight shift. At a cruise debriefing soon after departure, Leg 1 objectives were explained, shifts allocated

and first-time participants informed of ship safety and day to day housekeeping procedures. The Master, Bruce

Wallis, advised of a Muster and Fire drill the next day at 1300 h; this drill was successfully completed. After

arriving at the prawn trawl grounds five nautical miles west of Duyfken Point, the paired Florida Flyer prawn

trawl nets were tested for even-catching ability using normal codends (diamond-mesh). The first trawl was

successfully deployed at 2330 h. Trial trawls continued through the day until after nine trawls, the nets recorded

similar catches. All night prawn trawls were of 120 minutes duration and continued throughout the entire cruise,

with a maximum of four trawls per night. Trawling commenced 30-60 minutes after sunset and generally

finished at least 30 minutes before sunrise. The pattern of trawling during a complete day involved night prawn

trawling in approximately 20 m west of Duyfken Point and daytime trawling in clearer (30 - 40 m depth) water

further west. Towards the end of the first leg and all through the second leg, daytime fish trawling with the EFN

(which replaced video trawls of the BRDs) took place about 25 nm west of Duyfken Point (see Figure 20).

These EFN trawls were of 30 min duration. This cmise was blessed by idyllic weather conditions with no
seasonal storms.

On two afternoons, once each during the first and second legs. Southern Surveyor anchored among nearby

commercial prawn trawlers and played host to visiting crew members from the trawlers. The scientific crew

arranged displays of the various BRDs and showed interested visitors underwater videos of the BRDs. The

cooperation of the ship's crew, in particular the Chief Engineer's tour of the engine room, was clearly

appreciated by all the visitors.

During the changeover of scientific personnel in Weipa (October 24), Able Seaman Tony Hearne's replacement,

Terry Stinchcome arrived. October 24 also marked an unusual natural event visible only from northern

Australia. A partial eclipse of the sun occurred at about 1445 h and was witnessed by many of the cruise

participants by projection through binoculars or direct viewing using appropriate solar filters.

Night time sampling

All night prawn trawling was carried out in approximately 20 m along a north-south path centred 5 nm west of

Duyfken Point. Wednesday night, October 11, marked the beginning of the BRD comparison trawls. The

sampling design for BRD paired comparison trawls consisted of a different combination of all BRDs, such that

each BRD was paired once against all others. This required 10 trawls, representing two and a half nights of

trawling, to complete one round of all possible pairings. Within each round, each BRD was equally used on both
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port and starboard sides. Four such rounds were completed during Leg 1. From an assessment of the results at

the end of these four rounds, one BRD was removed from further comparisons and the size and position of the

square-mesh window was changed, as was the angle of the Nordm0re grid. There was a slight change to the

position of the fisheye in both the Super Shooter/Fisheye and the Nordmore/Fisheye BRDs. All these

modifications were then used during Leg 2 when a round was completed in six trawls - or one and a half nights.

This allowed a maximum of eight rounds over the 12 nights available on Leg 2. A total of six and a half rounds

were completed because of occasional invalid trawls which were repeated, and time lost due to gear problems.

The codend skirts used during the last two cruises (SS295 and SS595) again prevented any loss of catch as a

result of shark bites.

Southern Surveyor sailed for Weipa soon after completion of the last trawl on the morning of Sunday, 5th

November and tied up at the Evans Landing wharf at 1000 h.

Daytime sampling

Prawn nets were tested on the first day for catch uniformity between port and starboard nets using standard

(control) nets. On the second day, Wednesday 12th October, the first of eleven days of videotaping of all the

BRDs commenced. These BRD video trawls were carried out in -35 m water which was less turbid than the 20

m depth used for night-time trawling. Some excellent tapes of fish behaviour in the various devices was

obtained from the codend mounted cameras despite difficulties with the cameras and their housings. Turbidity

varied from day to day and in a search for better visibility some trawls were located further south in Albatross

Bay. The domestic video camera from NTDPIE proved to be reliable. The AMC high resolution, low light

camera suffered from numerous electrical faults that were corrected during the course of the cruise. Matt

Sherlock dedicated many hours to trouble-shooting this camera. Fortunately, some good images were obtained

eventually.

Both cameras were used on the EFN during the second leg and some excellent video images were obtained of

fish behaviour in the codend and of the net's performance in relation to the bottom.

The EFN fish trawl was tested using long and no sweeps. The last day of Leg 1 was dedicated to setting up and

testing the EPN. Each day was organised into five, two hour windows, 0800-1000, 1000-1200, 1200-1400,

1400-1600 and 1600-1800 h with one trawl per two hours. Area A (Figure 20, Area A) consisted of 25 grids (2 x

2 nm); five grids were chosen at random every two days. These five grids were then trawled on the first day

using long sweeps and in the same sequence the next day using zero sweeps. The set of five grids was chosen to

exclude previously sampled grids so that after 10 days, all 25 grids were sampled. Catches of commercial

finfish, mainly lutjanids and lethnnids, were patchy as expected, with many grids producing little or no

commercial species. However, many good catches of red snappers, mainly Lutjanus erythropteros and L.

malabaricus were made and this should allow a meaningful comparison of catch rates with long and zero

sweeps.

On the last day of the cruise, shark longlines were set near the night time trawl site. This method may be used on

a future research project to capture useful numbers of sharks as part of a study of their relationships with trawl

discards. The method proved extremely successful for capturing small carcharhinids and numerous gut samples

were obtained by this method. Because of the baited hooks used, there was some concern about whether any

sharks with food in their stomachs would be captured. Longlining did not produce only empty stomachs. Baits

dyed with methylene blue were used to see to what extent the dye persisted in shark stomachs. The first line was

set for three hours to ensure some sharks were captured. Many large and small sharks were hooked but most

large sharks fell off the hook on retrieval of the line. The second line set was hauled in after 30 minutes and

produced a shark on every second hook! Dyed bait was still identifiable in shark stomachs from the first line set,

suggesting the dye persisted for at least two and a half to three hours.

Irt the afternoon of the last day, local trawler crews visited Southern Surveyor to inspect the BRDs and other

associated equipment. This proved highly successful with strong interest in all aspects of the BRD research

especially the underwater videos of large and small fishes escaping or being excluded from the prawn net

codends.

All the biological data were copied to a cassette tape for down loading to the Cleveland SUN Spare station.
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SUMMARY

The Bycatch Reduction in Prawn Trawls project tested five devices over 50 paired trawls during the first leg

(Nordm^re grid with fisheye. Super Shooter with fisheye, Nordm0re grid with square-mesh window, fisheye

and AusTED2) and three devices over 42 trawls on the second leg (Nordmore with fisheye, Super Shooter with

fisheye, Nordmore with square-mesh window). Clear video images of fish behaviour in codends and escaping

from the various devices were obtained. The 50 EFN trawls used to compare catches from trawls with long or

zero length sweeps were the final stage of an assessment of the new 'environmentally friendly net'

recommended for the Northern Trawl Fishery. The Tropical Fish Ecology project now has valuable catch and

video information about the operation of the type of net envisaged for the fishery.

Samples of saurids were obtained for population genetic studies in the Hobart genetics laboratory. Longlining

was successfully used to demonstrate its effectiveness at obtaining large numbers of sharks over short time

intervals.

Reporting of results

The results will be analysed and reported in the scientific literature where appropriate. All the collected data

resides on the Oracle database at the CSIRO Marine Laboratories in Cleveland.

PERSONNEL

(Note: unless otherwise stated, all personnel are staff of the CSIRO Division of Fisheries or students based at

CSIRO Cleveland.)
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Table

Stn
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

19. Stations occupied

Time
21.1

0.75

3.67
10.47

14.70
16.08
19.00

21.75
0.43

2.72

10.00
12.42
14.75

16.75

19.00
21.77

1.00

3.58

8.75

10.55
13.50
16.00
17.42
19.08
21.92

0,50

3.03
9.42

13.58
15.75

18.75
21.33

0.08

2.67

9.00

11.05

13.50
16.08

18.83

21.50
0.22

Time:
FF:
FishA^ideo:

EFNLong:
EFNZero:

StartLat:

StartLong:
EndLat:

EndLong:
Depth:

Date
ll-Oct-95

12-0ct-95

12-0ct-95

12-0ct-95

12-0ct-95

12-0ct-95

12-0ct-95

12-0ct-95

13-0ct-95

13-0ct-95

13-0ct-95

13-0ct-95

13-0ct-95

13-0ct-95

13-0ct-95

13-0ct-95

14-0ct-95

14.0ct.95

H-Oct-95

14.0ct.95

H-Oct-95

14-0ct-95

14-0ct-95

14-0ct-95

14-0ct-95

15.0ct.95

15-0ct-95

15-0ct-95

15-0ct-95

15-0ct-95

15-0ct-95

15-0ct-95

16-0ct-95

16-0ct-95

16-0ct-95

16-0ct-95

16-0ct-95

16-0ct-95

16-0ct-95

16-0ct-95

17-0ct-95

by Southern Surveyor during Cruise SS1095.

start time in decimal hours;

Florida Flyer prawn trawl, daytime trawls included

Frank & Bryce fish trawl with video camera;
Environmentally

Environmentally
start latitude;

start longitude;
end latitutde;

end longitude;
depth

Gear

FF
FF
FF
FF
FF
FF
FF
FF
PF
PF
PF
PF
PF
FF
PF
FF
FF
PF
PF
PF
PF
PF
FF
PF
PF
FF
FF
PF
PF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

in metres.

Depth
18
22
22
31
25
27
20
18
16.5

15.3

32
33
31
30.5

16.8
18.2

19
18
37.7
36.5
35
32
32
23
18
16.4
15
14
16
17
17
17.5

17
19
39.5

40
35
27
19
19
17.2

Friendly fish-trawl
Friendly fish-trawl

StartLat
12° 34.5'

12° 24.3'

12° 31.8'

12° 26'

12° 32.9'

12" 30.7'

12° 33.2'

12° 24.3'

12° 32.3'

12°? 4'

12° 27.6'

12° 25.4'

12° 28.8'

12° 30'

12° 33.7'

12° 27.2'6

12° 33.5'

12° 25.3'

12° 25.3'

12° 18.6'

12° 27.6'

12° 30.2'

12° 26.1'

12° 30.8'

12° 27.6'

12° 34.9'

12° 27.5'

12° 26.8'

12° 26.2'

12° 28.9'

12° 30.8'

12° 24.5'

12° 29.8'

12° 22.9'

12° 25'

12° 23.5'

12° 24.2'

12° 27.6'

12° 32.2'

12° 26.1"

12° 31.3'

Net with Long
Net with Zero

StartLong
141° 30.2'

141°30'
141° 29.3'

141° 24.9'

141° 28.2'

141° 27.7'

141°30'

141° 33.1'

141° 30.7'

141°34'
141° 24.8'

141° 24.4'

141° 25'

141° 25.3'

141° 30.8'

141° 32.6"

141° 29.6'

141° 33.2'

141°20'

141° 20.2'

141° 22.8'

141° 23.9'

141° 25.3'

141° 29.4'

141° 32.2'

141° 29.6'

141° 33.4'

141° 34.3'

141° 33.8'

141° 32.3'

141° 31.9'

141° 33.8'

141° 31.6'

141° 32.9'

141° 17.4'

141° 16.3'

141° 22.9'

141° 27.8'

141" 30.4'

141° 32.3'

i4i°3i.r

a video camera;

(90 m) sweeps;

(0 m) length

EndLat
12° 32.5'

12° 30'

12° 24.4'

12° 27.7'

12° 31.1'

12° 32.3'

12° 27.1'

12° 30.2'

12° 24.5'

12° 31.4'

12° 26.1'

12° 27'

12° 27.2'

12° 31.5'

12° 26.9'

12" 34.1'

12° 26.9'

12° 30.2'

12° 23.4'

12° 19.8'

12° 29.4'

12° 28.8'

12° 28.1'

12° 25.9'

12° 33.7'

12° 28'

12° 32.9'

12° 28.3'

12° 24.9'

12° 30.8'

12° 24.6'

12° 31.8'

12° 23.5'

12° 28.4'

12° 24.5'

12° 23.1'

12° 25.9'

12°31.2'

12° 26.4'

12° 32.6'

12° 29.6'

sweeps;

EndLong
141° 30.4'

141° 29.1'

141° 29.8'

141° 26.4'

141° 28.1'

141° 28.2'

141° 32.1'

141° 30.9'

141° 33.3'

141° 31.3'

141° 24.5'

141° 24.1'

141°25'

141° 24.7'

141° 30.8'

141° 30.8'

141° 32.3'

141° 30.8'

141° 20'

141° 21.6'

i4i°5.r

141° 24.4'

141° 25.3'

141°33'

141° 29.3'

141° 32.1'

141° 30.7'

141° 33.6'

141° 34.4'

141° 31.7'

141° 34.2'

141°31'

141° 33.5'

141° 30.8'

141° 19.6'

141° 14.5'

141° 28.3'

141° 27.3'

141° 32.7'

141° 29.5'

141° 32'
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
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70
71
72
73
74
75
76
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78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

3.80

9.42
15.00

17.33

19.23
22.00
0.50

3.17
8.50

10.83

19.70
22.17

1.10

3.53
8.25

11.17

13.75
16.33

18.97
21.62
0.25

2.75
8.93

11.75

14.83
17.08
19.17
21.75

0.45

3.07

9.17
13.42
15.25
17.50
18.93

21.50

0.00

3.00
8.13

11.00
19.25
21.92
0.40

2.83

15.08
16.42

22.55

1.00

3.58

19.17

21.83
0.67

3.20

9.42

17-0ct-95

17-0ct-95

17-0ct-95

17-0ct-95

17-0ct-95

17-0ct-95

18-0ct-95

18-0ct-95

18-0ct-95

lS-Oct-95

18-0ct-95

18-0ct-95

19-0ct-95

19-0ct-95

19-0ct-95

19-0ct-95

19-0ct-95

19-0ct-95

19-0ct-95

19-0ct-95

20-0ct-95

20-0ct-95

20-0ct-95

20-0ct-95

20-0ct-95

20-0ct-95

20-0ct-95

20-0ct-95

21-0ct-95

21-0ct-95

21-0ct-95

21-0ct-95

21-0ct-95

21-0ct-95

21-0ct-95

21-0ct-95

22-0ct-95

22-0ct-95

22-0ct-95

22-0ct-95

22-0ct-95

22-0ct-95

23-0ct-95

23-0ct-95

23-0ct-95

23-0ct-95

23-0ct-95

24-0ct-95

24-0ct-95

24-0ct-95

24-0ct-95

25-0ct-95

25-0ct-95

25-0ct-95

PF
FF
PF
FF
FF
PF
FF
FF
PF
PF
FF
FF
RF
PF
FF
FF
FF
FF
PF
FP
PF
FF
PF
FF
PF
FF
FF
PF
FF
FF
FF
pp
FF
FF
PF
FF
RP
FF
FF
FF
FF
FF
FF
FF

efn trial

efn trial

FF
FF
FF
FF
FF
FF
FF

efn-long

15
26
23
23
15.3

16.3

17
17
22
25
17
19
16.2

15
36
39
40
33.2

20
19.8
17
19
29.5

37.5
30
34
21
18
17.3

18.1

33
37
37
30
18.9

18.5

18
19
37
37
18
17
18
16
40
39
16
18
18
17
15.2
14.4
16.5
48

12° 30.4'

12° 47.8'

12° 47'

12° 37.7'

12° 30.3'

12° 25.2'

12° 33.1'

12° 25.9'

12° 34.7'

12° 35.8'

12° 27.3'

12° 35.1'

12° 27'
12° 32'

12° 23.3'

12° 21.6'

12° 25.4'

12° 31.1'

12° 37.8'

12°46-

12° 39.3'

12° 44.7'

12° 48.2'

12° 46.3'

12° 46.6'

12° 44.5'

12° 43.4'

12° 34.5'

12° 27.8'

12° 37.9'

12° 43.8'

12° 46.6'

12° 47.1'

12° 46.7'

12° 44.8'

12° 35.2'

12° 26.9'

12° 31.8'

12° 29.7'

12° 19.1'

12° 24.7'

12° 30.6'

12° 24.1'

12° 31.1'

12° 25.8'

12° 24.6'

12° 30.5'

12° 24.2'

12° 30.2'

12°31'

12° 23.9'

12° 31.5'

12° 24.4'

12° 28.5'

141°32'

141° 25.1'

141° 27.5'

141° 27.7'

141° 32.2'

141° 34.2'

141° 30.7'

141° 33.3'

141° 27.4'

141° 27.1'

141° 32.8'

141° 29.8'

141° 33.4'

141° 31.5'

141° 22.2'

141° 17.7'

141° 17.9'

141° 21.3'

141° 28.6'

141° 29.1'

141° 29.4'

141° 28.9'

i4i°2i.r
141° 14.5'

141° 23.8'

141° 19.1'

141° 27.9'

141°30'
141° 33.7'

141° 29.6'

141° 19.9'

141° 16.1'

141° 15.4'

141° 22.2'

141° 28.3'

141° 29.7'

141° 32.6'

141° 30.7'

141° 21.3'

141° 20.2'

141° 33.2'

141° 31.4'

141° 33.5'

141° 31.6'

141° 17.2'

141° 17.8'

141° 31.7'

141° 33.3'

141° 31.8'

141° 31.4'

141° 34.2'

141° 31.7'

141° 33.9'

141° 3.7'

12° 28.6'

12° 44.1'

12° 43.9'

12° 36.3'

12° 23.8'

12° 32'

12° 27.1'

12° 31.5'

12° 30.7'

12° 34.6'

12° 34.1'

12° 29.2'

12° 33.3'

12° 25'
12°26'

12° 21.6'

12° 28.9'

12° 27.8'

12° 44.9'

12° 39.1'

12° 45.6'

12° 37.7'

12° 47.2'

12° 46.5'

12°45'

12°45'

12° 37.7'

12° 28'

12° 34.8'

12° 45.1'

12° 45.2'

12° 46.8'

12° 47.7'

12° 44.7'

12° 38.4'

12° 28.1'

12° 32.7'

12° 25.3'

12° 18.6'

12° 18.6'

12° 30.8'

12° 23.6'

12" 30.3'

12° 24.5'

12° 24.3'

12° 27.4'

12° 24.1'

12° 29.9'

12° 23.7'

12° 25'

12° 30'

12° 24.6'

12° 30.6'

12° 26.7'

141°

141°

141°

141°
141°
141°

141°
141°

141°
141°
141°

141°

141°

141°
141°
141°

141°
141°

141°

141°

141°
141°
141°
141°

141°
141°
141°

141°
141°
141°

141°

141°
141°
141°
141°
141°

141°

141°
141°

141°
141°
141°

141°

141°
141°
141°

141°
141°

141°

141°

141°
141°
141°

141°

32.7'

25.7'

27.9'

27.7'

34.9'

31.3'

32.6'

30.4'

27.4'

23.6'

30.4'

29.4'

30.8'

34.6'

21.7-

14.6'

18.4'

23.8'

28.6'

29.1'

28.5'

29'

17.7'

18.1'
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96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
Ill
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

11.00
12.08
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13.17
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17.08
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14.42

15.83
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8.33
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31-0ct-95
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Fp
FF
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efn-no
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PF
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efn-long
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0
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48
46
14
15
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16
54
55
48.5
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46
17
15
0
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52
56
54
47
50
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17
16
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16
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13
50
54
56
54
47
16
15
15
50
54
55
53
46
20
17
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13.5
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12° 25.1'

12° 28.7'

12° 32.3'

12° 28.7'

12° 31.4'

12° 25.3'

12° 32'

12° 23.8'

12° 29.3'

12° 25.6'

12° 29.8'

12° 33.3'

12° 29.1'

12° 30.3'

12° 24.3'

12°31.6'

12° 23.7'

12° 29.8'

12° 27.7'

12° 25.3'

12° 31.5'

12° 32.8'

12° 32.9'

12° 31.5'

12° 24.1'

12° 29.3'

12° 27.6'

12° 25.3'

12° 30.9'

12° 33'

12° 31.4'

12° 25.3'

12° 32.4'

12° 24.1'

12° 24.6'

12° 27'

12° 30.7'

12° 30.7'

12° 32.6'

12° 30.3'

12° 25.7'

12° 31.8'

12° 24.5'

12° 26.5'

12° 30.5'

12° 31.5'

12° 32'

12° 33.5'

12° 27.2'

12° 33.6'

12° 26.3'

12° 32.6'

12° 33.3'

12° 28.9'

140° 58.1'

141° 0.1'

141° 4.3'

141°6'

141° 31.9'

141° 34.3'

141° 31.3'

141°34'

141° 0.2'

140° 58.6'

141°4'

141° 4.5'

141° 6.3'

141° 31.8'

141° 34.1'

141° 31.4'

141° 34.4'

141° 1.7'

140° 57.6'

141° 0.6'

141° 5.9'
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14i°2.5'

141° 30.7'

141°34'
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140° 58.1'

141° 0.4'

141° 6.1'

141° 1.5'

141°31'
141°34'
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141° 35.7'

141° 4.5'

141° 0.3'

140° 57.7'

141° 0.6'

141° 5.9'

141° 32.2'
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141°31.3'

141° 5.4'

141° 0.6'

141° 57.8'

141° 0.5'

141° 5.9'

141° 29.8'

141° 33.7'

141° 30.9'

141° 34.6'

141° 0.9'

140° 57.2'

141° 3.4'

12° 26.5'

12° 30.2'

12° 30.9'

12° 30.8'

12° 25.3'

12° 30.8'

12° 25'

12° 29.5'

12° 27.4'

12° 24.4'

12° 31.8'

12° 31.6'

12° 27.6'

12° 25.1'

12° 30.6'

12° 24.5'

12° 30.4'

12° 28.5'

12° 27.9'

12° 27.1'

12° 33.7'
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12° 32.8'

12° 24.2'

12° 29.7'

12° 27.6'

12° 27.4'

12° 26.7'

12° 33.1'

12° 33.1'

12° 26.5'

12° 31.9'

12° 25.3'

12° 29.5'

12°26'

12° 28.3'

12° 30.8'

12° 32.4'

12°31'

12° 24.1'

12° 32.4'

12° 25'

12° 26.4'

12° 29.4'

12° 32.2'

12° 29.4'

12° 33.7'

12° 28.3'

12° 33.7'

12° 26.9'

12° 32.1'

12° 32.3'

12° 31.9'

12° 27.4'

140° 59.4'

141° 0.7'

141° 5.3'

141°7.1>

141° 34.7'

141° 31.7'

141° 34.2'

141° 31.4'

141° 59.7'

140° 56.6'

141° 4.07'
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141° 7.3'

141° 34.2'

141° 32.1'

141° 34.2'

141° 32'
141° 0.8'

140° 59.6'

141° r

141° 5.8'
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141° .5'

141° 33.9'

141° 32.1'

140° 59.5'

141° 0.2'

141° 0.4'

141° 5.8'

141° 3.4'

141° 33.4'

141° 31.3'

141° 34.9'

141° 32.6'

141° 4.1'

140° 58.8'

140° 59.2'

141° 1.6'

141° 5.9'

141° 35.6'

141°31'
141° 34.3'

141° 4.8'

141° 0.5'

141° 58.3'

141° 0.5'

141° 5.6'

141° 32.5'

141° 30.2'

141° 34.6'

141° 31.4'

140° 59.2'

140° 58.3'

141° 3.1'
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1.00
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11.00
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14.50
16.17
19.42
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8.33

10.17

12.08
14.17
16.00

19.42
21.83
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14.25
16.08
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0
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12° 27.1'

12° 27'

12° 29.9'

12° 23.4'

12° 31.9'

12° 25'

12° 32.6'

12° 33.2'

12° 29.8'

12° 26.5'

12° 27.1'

12° 32.5'

12° 27.1'

12° 33.3'

12° 27.3'

12°31'

12° 28.4'

12° 26.7'

12° 25.1'

12° 24.4'

12° 33.9'

12° 27.5'

12° 34.4'

12° 28.2'

12° 31.4'

12° 29'

12° 27.8'

12° 25.6'

12° 24.6'

12° 33'

12° 34.3'

12° 27.4'

12° 26.6'

12° 26.4'

12° 26.5'

12° 23.5'

12° 30.1'

12° 23.7'

141° 4.1'

141°6'

141° 31.8'

141° 34.5'

141° 30.7'

141° 34.3'

141° 0.6'

140° 59'

141° 2.9'

141° 4.5'

141° 6.4'

141° 29.2'

141° 33.5'

141° 20.5'

141° 33.8'

141° 4.6'

140° 57.8'

141° 2.9'

141° 2.7'

141° 6.5'

141° 27.9'

141° 32.6'

i41° 27.6'

141°32'

141° 4.9'

140° 58.5'

141° 2.9'

141° 2.6'

141° 6.3'

141°28'
141° 27.7'

141°33'
141° 30.5'

141° 30.5'
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141° 33.8'

141° 30.6'

141° 34.2'

12° 27.3'

12° 29.6'

12° 22.4'
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12° 25.7'

12° 30.4'

12° 35.2'

12° 34.3'

12° 27.8'

12° 28.7'

12° 25.7'

12° 27.4'

12° 32.9'

12° 27.5'

12° 33.3'

12° 29.2'

12° 26.9'

12° 25.3'

12° 24.1'
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12° 27.8'

12° 33.8'

12° 29.2'
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12° 28.8'

12° 26.4'

12° 26'

12° 23.6'
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12° 27.9'
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12° 34.1'

12° 29.8'

12" 23.4'
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141° 5.7'

141° 6.5'
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141° 0.6'

140° 58.5'
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141° 4.5'
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141°33'
141° 29'

141° 32.8'

141° 28.3'

141° 4.6'

140° 59.2'

141° 2.7'

141° 3.7'

141° 6.3'

141° 32.8'

141° 28.2'

141° 31.5'
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141° 4.7'

140° 58.8'

141° 3.9'

141° 2.6'
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141°33'
141° 32.2'

141° 29.7'
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141° 34.8'
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