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Executive Summary 

Five different types of scallop dredges, four from overseas and one modified Australian design, were 

compared for fishing performance against existing designs. The goal of the research was to 

determine if viable alternatives to gear currently used in the south east Australian scallop fishery 

could be identified. The objective of the research was to identify gear that did not have the same 

deleterious catching characteristics of existing dredges used in the fishery. Trials and catch 

comparisons were undertaken on most of the important fishing grounds within the south east 

Australian scallop fishery using mainly industry vessels. 

Dredges were variously assessed for catch efficiency, handling efficiency, bycatch, incidental 

mortality characteristics, and engineering performance. 

The best performing alternative dredges did not always achieve catch efficiencies as high as that 

recorded in direct comparison with existing (toothbar) dredge designs, particularly in Bass Strait 

grounds. Local experience with toothbar dredges compared with alternate designs may have 

contributed to this result. However, at nearly all sites and times, the alternate dredge designs 

performed significantly better in relation to bycatch, incidental mortality to scallops and 

mechanical/engineering aspects. 

Results further indicate that improvements in catch efficiency of alternate designs may be achievable 

with further experimentation and experience by industry. The best performing alternative design, a 

modified local dredge termed the 'Southern Scallop Harvester', imposes no requirement for 

significant new changes in fishing practice, vessel deck equipment or investment, and appears to 

have further development potential. 

Results clearly indicate the viability of several alternative dredge designs to the existing toothed mud 

dredges used in the fishery. These alternate designs have the potential to significantly improve the 

overall efficiency of scallop fishing in south east Australia if industry is prepared to commit itself to 

the changes and possible investment costs involved. 
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Recommendations 

• A bioeconomic study needs to be undertaken of the costs of continued use of the existing gear, 

particularly in relation to losses caused by incidental mortality to target stocks. This will 

provide the financial information necessary to make better decisions in regard to implementation 

(or non-implementation) of any alternate technology 

• Given the large scale wastage of target scallop stocks in 1986, '89, '92, '93 and '94, fishery 

managers and the scallop industry needs to immediately review fishing and management 

practices to minimise incidental mortality and associated environmental problems. This should 

include both short tenn and long tenn solutions, incorporating this study and a bioeconomic 

study of the costs of not changing current practices. 

• Industry must continue to seek to implement and trial improved alternate dredge designs and/or 

technology, primarily in conjunction with fishing gear engineers at the Australian Maritime 

College. This should include studies of how best to implement any improved technology on an 

industry wide basis. 

• The New Zealand scallop dredge or similar designs should be introduced into the Port Phillip 

Bay fishery. 
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number of dredges that could be used and areas or times that could be worked (Perrin and Hay 198 7: 

Young and Martin 1989). 

As the fishery continued to expand around southern Tasmania, larger and more variable designs of 

dredges were developed to fish in different areas and bottom types (Young and Martin 1989). This 

included technical improvements such as runners, toothbars, depressor plates and, in 1957, the first 

use of the 'Baird Dredge', a recommended design from British fisheries for Pecten maximus, a similar 

species to Pectenfamatus. Despite these technical 'improvements' fishermen lobbied at the time, and 

were successful, for a ban on the use of Baird dredges (locally termed the 'sputnik' dredge) in the 

D'Entrecasteaux Channel because of fears over environmental impacts and damage to uncaught and 

juvenile scallops. 

The use of sputnik dredges expanded northwards along Tasmanian east coast during the 1950's, with 

Tasmanian fishermen starting to fish for scallops, using sputnik dredges, in Port Phillip Bay in 

Victoria 1963. This design rapidly changed to cope with changed seabed conditions and more 

powerful vessels, quickly evolving into the 'mud' or 'box' dredge (Hughes 1963). With few controls 

on their use in place in either Tasmania or Victoria, heavy dredges up to 5 metres wide with self

tipping gear were soon operating, although subsequent development has seen dredges stabilise at 3 -

5m in width in line with dredge width restrictions put in place by State fishery managers concerned 

at reports of over exploitation and wastage of scallops. Mud dredges and self-tipping cradles have 

remained a feature of the fishery since the late 1960's, and are used by all vessels in the fishery. 

Despite its universal use by scallop fishermen in south eastern Australia, there has been much 

criticism levelled at the mud dredge, both by fishermen and fishery managers (Young and Martin 

1989; McLaughlin et al 1991, 1994). Typically, this has related to observations of incidental 

mortality of scallops, environmental impacts, effects on subsequent recruitment, and overfishing. 

The concern at all levels of industry about dredge impacts, particularly after the collapse of the Bass 

Strait fishery in the mid 1980's, led to a joint Ministerial statement in December l 990 by the 

Commonwealth, Tasmanian and Victorian Ministers, announcing that "trials would be conducted 

with a view to introducing more appropriate and environmentally sensitive harvesting technology". 

This Ministerial level involvement was further pursued by the two State Ministers in following 

months in relation to State waters fisheries. 

Despite the, at times, considerable level of debate about the impact of scallop dredges in south 

eastern Australia, there has been little quantitative research on the fishing characteristics of the mud 

dredge, with the little research that has been done concentrating mainly on catch efficiency and size 

selectivity characteristics. A study by divers of the number of scallops caught by sputnik dredges in 

Port Phillip Bay suggested that they caught between 6% and 47% of the scallop estimated to lie in 
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the path of the dredge (Sanders 1966). This variability was thought to be due to the dredge 

overfilling with epi-benthos (sponges, seaweed, gastropods, etc) in sparse scallop beds, and scallops 

in areas of higher density. The potential efficiency of the existing mud dredge was inferred from the 

difference between the size of a scallop population in Port Phillip Bay estimated by divers, and the 

catch of the same population in the subsequent fishing season - estimates ranged from 37% - 56% 

(Gwyther and McShane 1985; Gwyther and Burgess 1986). 

A quantitative study of mud dredge performance for a commercial fishery in Bass Strait was 

published by McLoughlin et al (1991). That study examined catches from a scallop bed in Banks 

Strait prior to, during and after intensive fishing in l 986 to determine sources of mortality and yield 

estimates for the scallop bed. Additionally, catch efficiency and size selectivity were experimentally 

detennined under controlled conditions. Results indicated that catch efficiency generally paralleled 

that estimated for scallop dredges used elsewhere in the world, averaging about 12%. Size selectivity 

was also extreme, ranging from 1% for small scallops (57mm shell height) through to 28% for large 

scallops (87m shell height). Of most concern from this study however was estimates of incidental 

mortality associated with intense fishing effort applied during the season. A model developed to 

explain the data obtained during the study predicted that only 12 - 22% of the total available stock of 

scallops in the scallop bed was removed as catch, with the rest of the available stock killed indirectly 

from the effects of the gear and enhanced mortality. This result was corroborated by fishennen who 

participated in the Banks Strait fishery at the time, who themselves were dismayed by the wastage 

they observed. 

Environmental effects of mud dredges has, in line with scallop fisheries elsewhere, received little 

attention. Possibly the first environmental impact study of dredges in Australia, a short tenn study of 

the effects of scallop dredging in Port Phillip Bay, was completed in 1981 (McShane 1981). 

Unfortunately, this study has subsequently been found to have had low statistical power, with no 

basis for assertions of limited impact of scallop gear on the benthos or ecology (Curry and Parry 

1994). Later work has confirmed however that statistically rigorous studies do show impacts of 

scallop dredging on benthic communities in .Port Phillip Bay, but that ecological impacts may require 

a longer time series of data (Curry and Parry 1994). No other published studies of the environmental 

impacts of scallop dredges in south east Australian fisheries have been made. 

Responding to community and political concerns regarding the impact of scallop fishing gear on the 

environment and resources, the Victorian Fishing Industry Federation (VFIF) applied, in 1991, to the 

Fisheries Research and Development Corporation for funding to examine possible solutions to these 

issues. The funding application was successful after the CSIRO Division of Fisheries, the Australian 

Maritime College and the Department of Primary Industry and Fisheries were included into the study 

to extend its scope and available expertise. 
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The FR&DC funded study (copy at end of this report) had three principal goals. These were: 

1 To design, develop and test equipment to harvest naturally occurring scallops with minimum 

disturbance to the seabed and uncaught scallops. 

2 To assess improvements in efficiency, selectivity, handling and methods of deployment of 

improved scallop harvesting gear. 

3 To facilitate the phased introduction of new scallop gear over a two year period. 

This report provides details of the results of research directed at the first two objectives detailed 

above. The third objective is a fishery management related responsibility outside of the scope or 

powers of the authors. 



9 

References 

Currie, DR and Parry, GD 1994 The impact of scallop dredging on a soft sediment community 

using multivariate techniques. Mem Qld Mus 36(2):315-327 

Gwyther, D and Burgess, D C 1986 

Gwyther, D and McShane, P E 1985 

Hughes 1963 

McLoughlin, R J, Young, P C, Martin, R B, Parslow, J 1991 The Australian scallop dredge: 

estimates of catching efficiency and associated indirect fishing mortality. Fish Res 11: 1-24 

McLoughlin, R J 1994 Sustainable management of Bass Strait scallops. Mem Qld Mus 36(2):307-

314 

McShane, P E 198 l The effect of scallop dredging on the macrobenthos of a muddy environment in 

Port Phillip Bay. Mar Sci Lab Vic Tech Rep 4: 1-16 

Orensanz, J M, Parma, A M, Iribame, 0 0 1991 Population dynamics and management of natural 

stocks. Dev in Aquac Fish Sci 21: 1-1095 

Perrin, Rand Hay, X 1989 

Sanders, M J 1966 Catch predictions for the Port Phillip Bay scallop fishery. Aust Fish 29(5): 2-11 

Smolowitz, R J and Serchuk, F M 1988 Developments in sea scallop gear design. In: Proceedings 

of the world symposium on fishing gear and fishing vessel design. Mar Inst, St Johns, 

Newfoundland, Canada. 

Young, P C and Martin, R B 1989 The scallop fisheries of Australia and their management. Rev 

Aquat Sci 1:615-638 





project 

Tasks were 

2.1 

Scallop dredges were 

Ami' dredge was loaned 

trials, after discussions with 

used 

built 

Bass Strait.. 

reasorrn, two 

sets 

on 

areas. 

United Kingdom and New L.v,.uauu, a Japanese 

of of Primary 

lU\;lU.>lUU Ul 

,n,,u;.,u,s,u on 

clitter<ent scallop dredge designs, 

local one was a """'"u" ... mud dredge, 

scallops. 

to be 

was also 

common usage 

one was 

were drtterent a;;:E:!i~tls from overseas 

asnc.1a11,1an Department of 

-,;ua,uw,u waters early in 

gear overseas and 1 

rates, mc:1ct,~nta1 

the basis further testing of dredges trials on modified local gear 



12 

as detennined by other elements of the study. Hydrodynamic testing of the imported gear types was 

completed where possible in the Australian Maritime College flume tank, along with engineering 

examination. 

Further trials were completed in Port Phillip Bay during 1992, again using the FRV 'Challenger' and 

off Lakes Entrance using commercial vessels. A practical consideration of undertaking gear related 

trials where a measure of gear success is catch rates is the need for available stocks of scallops with 

which to undertake trials. Apart from some trials on re-seeded scallops in Great Oyster Bay 

discussed later, a particular problem of the timing of this study was that during 1991 - 1993, the Bass 

Strait scallop stock was at a critically low level, particularly around Tasmania. Few beds of scallop 

were known to exist in the Commonwealth controlled 'central zone' fishery, with scallop stocks 

available only in Victorian waters in Port Phillip Bay and in limited quantities off Lakes Entrance. 

These scallop stocks had to be shared with existing commercial operations, producing a problem 

when attempting to undertake trials under controlled (experimental) conditions. 

Mechanical problems on the commercial vessel used at Lakes Entrance eventually caused the 

cancellation of a full set of trials being completed with the New Zealand, United Kingdom and the 

Japanese gear. Australian vessels do not have the heavy boom gear capable of deploying these gears 

over the side of the vessel and towing them off a boom. No other more capable vessels could be 

organised by the VFIF, and trials with this gear was therefore abandoned. 

2.1.1 Results - Port Phillip Bay Trials 

Data from this complete set of trials is given below in Table 2.1. Note that the dredges as trialed 

vary in size, and therefore the area swept by each tow varies accordingly. Catchfm2 is calculated 

from the average catch of individual scallop from five separate tows divided by the calculated swept 

area. 
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Table 2.1 Results of Catch trials in Port Phillip Bay 

Areal (Dromana: Bay- sandy seabed) 

TRIAL 1 

DREDGElYPE Tow speed Tow time Avg catch Catchlm2 

(mins) 

United Kingdom 3.0 2.0 199 0.4 

New Zealand 3.0 3.0 - 5.0 2112 1.8-3.7 

Southern scallop har 3.0 5.0 1858 1.2 

Japan keti-ami 3.0 2.0 836 1.8 

Mud dredge 6.0 2.0 1074 0.9 

Modified mud dredge 5.0 2.0 1087 1.15 

TRIAL2 

DREDGElYPE Tow speed Tow time Avg catch Catchfm2 

(mins) 

United Kingdom 3.0 2.0 248 0.4 

New Zealand 3.0 1.0-2.5 1115 3.4 -4.0 

Southern scallop har 3.0 5.0 1377 0.88 

Japan keti-ami 3.0 2.0 934 2.0 

Mud dredge 6.0 2.0 1448 1.28 

Modified mud dredge 5.0 2.0 939 1.0 

Ranking Trial 1 Trial 2 

1 New Zealand New Zealand 

2 Japan keti-ami Japan keti-ami 

3 Southern scallop harvester Mud dredge 

4 Modified mud dredge Modified mud dredge 

5 Mud dredge Southern scallop harvester 

6 United Kingdom United Kingdom 
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Area 2 (Portarlington - muddy seabed) 

TRIAL l 

Dredge type Tow speed Tow time Avg catch Catchfm2 

(mins) 

United Kingdom 3.0 1.0 500 1.7 

New Zealand 3.0 1.0 1423 5.0 

Southern scallop har 3.0 3.0 1421 1.5 

Japan keti-ami 3.0 3.0 381 0.5 

Mud dredge 6.0 3.0 2512 1.5 

Modified mud dredge 6.0 3.0 840 0.5 

TRIAL2 

DREDGE1YPE Tow speed Tow time Avg catch Catchlm2 

(mins) 

United Kingdom 3.0 1.0 221 0.8 

New Zealand 3.0 1.0 987 4.35 

Southern scallop har 3.0 3.0 290 0.3 

Japan keti-ami 3.0 3.0 574 0.6 

Mud dredge 6.0 3.0 671 0.4 

Modified mud dredge 6.0 3.0 1754 1.0 

Ranking Trial 1 Trial 2 

1 New Zealand New Zealand 

2 Southern scallop har. Japan keti-ami 

3 United Kingdom Mud dredge 

4 Mud dredge Modified mud dredge 

5 Japan keti-ami Southern scallop harvester 

6 Modified mud dredge United Kingdom 

A two-factor analysis of variance on catch per m2 for these trials where the factors were dredge type 

and site (Dromana and Portarlington) gave the following Table 2.2. 
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Table 2.2 Anova of dredge versus site for catch efficiency 

Factor DF Sum Squares Mean Square F P Value 

Dredge type (A) 5 229.07 45.814 67.926 0.0001 

Site (B) 1 1.077 1.077 1.597 0.2091 

AB 5 10.72 2.144 3.179 0.0102 

Error 108 72.843 0.674 

Clearly, dredges were significantly different in mean catch per square metre, but differences between 

sites were not significant for catch rates between dredges. There was also a possible interaction 

between dredge catch rate and site. This suggests that a similar level of variation between dredges 

was observed regardless of site, but that this variation differed in extent between sites. 

Overall ranking of catch rates from both trials combined: 

l New Zealand 

2 Japanese keti-ami 

3 Southern scallop harvester 

4 Muddredge 

5 Modified mud dredge (mouth organ) 

6 United Kingdom 

2.2.1 Size selectivity 

A complicating factor in any catch efficiency study is the different sizes of the scallops available to 

be caught at different sites, and the difficulty in getting samples of the 'true' population size 

distribution. Size selectivity has been shown in many studies of scallop dredges to be an important 

factor in retention rates of scallops (eg. Mcloughlin et al 1991). For these trials the United 

Kingdom, keti-ami and New Zealand dredges in particular had ring meshes of different sizes, so 

could be expected to differ in retention rates of different sized scallops. The box dredges had the 

same size rigid square mesh and could be assumed to have the same size selectivity through the 

mesh, except for the southern scallop harvester which has a combination of both rigid square meshes 

and chain mesh rings. The rigid square meshes of the mud dredges was rectangular in shape and 

measured 50 x 70mm, while the ring mesh had an inside diameter of 70mm. 

Results showed that the New Zealand dredge was clearly superior with respect to catching efficiency 

in Port Phillip Bay, although size selectivity was found to be poor. The Japanese keti-ami dredge 

showed good catch efficiency, but was difficult and dangerous to work in any conditions except calm 

weather, due to the long (50cm) teeth on these dredges and the need to swing them high overhead to 

get them on board - Victorian scallop fishermen who observed the trials with the keti-ami dredge 
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Keti-ami " 2 65.13 -5.684 * * 

Mud dredge .. l 65.31 -4.979 * * 

Mud dredge II 2 65.16 -5.122 * * 

Modified mud dredge II 1 65.95 -3.583 * * 

Modified mud dredge ff 2 68.38 2.835 * * 

United Kingdom Portadington l 59.61 -0.758 ns 

United Kingdom ff 2 61.28 2.841 * 

New Zealand II I not done 

New Zealand " 2 61.44 2.509 * 

Southern scallop harvester II 1 62.84 7.812 * * 

Southern scallop harvester II 2 not done 

Keti-ami " 1 59.61 -0.613 ns 

Keti-ami " 2 64.59 8.324 * * 

Mud dredge ft 1 59.83. -0.200 ns 

Mud dredge II 2 62.01 3.545 * * 

Modified mud dredge ft 1 59.55 -1.003 ns 

Modified mud dredge II 2 60.20 0.527 ns 

It can be seen from Table 2.4 that, in most instances, scallops caught by the dredges differed 

statistically significantly in size ( on average) from those available to be caught, as indicated by diver 

collected scallops. Of interest is that most of the differences between the size of scallops caught and 

those in the fishable population were negative, except for the southern scallop harvester. That is, 

most dredges selected scallops that were smaller on average available from the population. This 

result needs more investigation in relation to (1) assumptions used in the analysis, and (2) the 

efficacy of divers selecting a representative sample of the available population, as it is well known 

that small scallops are quite cryptic. 

2.1.3 Fishing efficiency 

A further test of catching efficiency in Port Phillip Bay was undertaken by attempting to estimate 

absolute efficiency of dredges at one site (Dromana) which had conditions suitable for divers to 

undertake surveys of scallop numbers with some precision. Here, three randomly placed transects of 

l OOm each were placed in the study area prior to the dredge trials by laying out a 1 OOm long rope, 

buoyed at each end. Two divers then swam along the rope, counting every scallop that lay within an 

estimated one metre of either side of the rope for its entire length, giving an estimated density of 

scallops per 200m2.. Counts were pooled from the three separate counts and converted to 

scallops/m2 in the study area. This density estimate was assumed to represent the scallop density 

available on the bottom for each of the dredges. The difference between this estimate of density, 
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which was surprisingly high (5.27m2), and those recorded for the dredges gives an estimate of 

absolute efficiency, as shown in Table 2.5. 

Absolute efficiency is a function of a number of variables including size selectivity and sustrate 

effects on the dredges. It can be seen that the New Zealand dredge performed exceptionally well 

compared to all other dredges, recording an absolute catch efficiency of over 60%, followed by the 

Japanese keti-ami dredge with 36%. Both of these dredges are flexible mesh bag type dredges. The 

southern scallop harvester and the two other box type dredges performed within the expected range 

of 10-25%. 

Table 2.5 Catch efficiency of scallop dredges at Dromana, Port Phillip Bay 

DREDGE1YPE Mean Catch Rate Mean scallop density Catch efficiency 

(scallops/m2) (scallops!m2) (%) 

New Zealand 3.22 5.27 61.0 

Keti-ami 1.90 " 36.0 

Mud dredge 1.10 " 20.8 

Modified mud dredge 1.10 II 20.8 

Southern scallop har 1.04 II 19.7 

United Kingdom 0.40 " 7.6 

2.1.4 Damage rates to scallops in the catch 

The numbers of damaged scallops in each catch were recorded for comparison of incidental mortality 
I 

to scallops in catches at Dromana, one of the main sandy bottom sites in Port Phillip Bay. This trial 

was conducted in a previously undredged area of the scallop bed so as to avoid any previouly 

damaged scallops from other work, with short (5 minutes at 3 knots) tows. Of primary interest here 

was a comparison of the mud dredge, the mouth organ (modified mud dredge) and the southern 

scallop harvester, being the three with the most acceptability by industry for a change of practice. 

For both sets of trials at Dromana, all scallops were counted, but with the numbers of scallops in a 

damaged state recorded separately. For this data, damaged means a scallop in a condition such that it 

would almost certainly die if released back to the sea. These scallops are characterised by large 

sections of the shell missing, both valves crushed, or the hinge broken, twisted and/or missing. The 

data was transformed by natural logarithms to maintain assumptions of normality for the analysis of 

variance detailed below in Tables 2.7 and 2.8. Results for summary data are shown in Table 2.6 

below. 
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performing relatively well in Port Phillip Bay, the Japanese keti-ami dredge was not included 

because of strong industry resistance to the use of dredges with the safety and handling problems 

expected (and experienced) with the keti-ami dredge. 

Trials were conducted off industry vessels, the FV 'Alex Vanessa' and the FV 'Southern Cross Star', 

skippered by experienced Lakes Entrance scallop fishermen Brian and Darren Feamley. Trials were 

undertaken on three grounds approximately 20 km from Lakes entrance, on day trips from t.'ie port. 

Bad weather limited the number of trials that could be undertaken, with the use of divers to assess 

scallop density and other variables not possible because of depth and distance to decompression 

facilities. Trials undertaken thus were essentially comparison trials, with work aimed at improving 

the catch rate of alternative gears, as well as assessing damage rates and engineering aspects. Two 

weeks were assigned to the trials, with week one spent configuring the gear, determining bycatch and 

undertaking size measurements on scallops from the beds. Week two was spent undertaking catch 

rate trials with three gear types - the standard mud dredge, southern scallop harvester and the 

modified mud dredge termed the 'mouth organ' dredge. 

Almost immediately in the first week, it was apparent that reliable trials with the New Zealand 

dredge were not going to be possible with the deck configuration of vessels available . New Zealand 

dredges are deployed over the stem from 'A' frames in the New Zealand fishery. In south eastern 

Australia, all scallop boats are equipped with dredge tippers, in which the mesh New Zealand 

dredges collapse when tipped. A vessel with a boom strong enough to safely tow the New Zealand 

dredge from a boom swung out over the side was not available at Lakes Entrance, and a jury-rigged 

system off one vessel failed after four drags. No further work with the New Zealand dredge was 

possible, and work thus concentrated on the three box dredge designs that could be deployed safely 

from the existing tipper gear. 

After two full days configuring the southern scallop harvester for a single tickler chain, and after 

completing major repairs to the southern scallop harvester after the prototype was damaged during 

one drag, a series of trials on three separate scallop beds was completed, using as a 'standard' the 

toothbar dredge deployed from the 'Southern Cross Star' skippered by Mr Brian Feamley. Mr 

Feamley is well regarded as one of the most experienced and best scallop fishermen operating from 

Lakes Entrance, providing a rigorous test of the performance of alternative designs. 

Results of these trials are shown in the table below. 
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Table 2.9 Catch trials of southern scallop harvester, mud dredge and 'mouth organ' 

harvester at Lakes Entrance, February 1993. Note that numbers of scallops have 

been adjusted for swept area for the different sized dredges used in the trials. All 

drags were exactly 0.5mm in length. The toothbar dredge was fitted with a 1" 

(25mm) toothbar for all trials. Typically, much longer toothbars of 7S-100mm 

length are fitted to the dredges in Bass Strait, however, Mr Feamley advised that 

the shorter toothbar was suitable for the area under study, despite the fact that 

longer toothbars would normally be used in the area by the majority of the fleet. 

TRIAL 1 (INSHORE) 

Drag No Mud dredge Southern scallop harvester Mouth organ 

Number of Number Number Number Number Number 

scallops damaged scallops damaged scallops damaged 

1 539 5 421 2 186 12 

2 602 13 236 0 188 11 

3 543 9 129 3 343 26 

4 531 6 162 4 278 15 

5 431 5 156 2 411 10 

6 635 9 140 1 321 12 

7 793 8 266 3 606 14 

8 599 5 145 1 234 13 

9 602 7 160 2 271 4 

10 556 14 150 4 368 12 

Total 5831 81 1856 22 3206 118 

Mean 583 8 186 2 320 12 

%toothbar - - 32 25 54 150 

dredge 
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The standard and modified dredge design were deployed in Port Phillip Bay for preliminary 

assessment under commercial scallop fishing conditions by two separate vessels over a period of five 

days. The purpose of this preliminary work was to assess the fishing capacity of both dredges and to 

remedy any immediately obvious design faults before commencing the comparative trials. It also 

gave the vessel operators time to become acquainted with their new dredges, making the necessary 

adjustments to optimise performance. 

Over the five days, the standard dredge was found to catch as well as could be expected from any 

currently-used dredge. However, several adjustments needed to be made to the experimental dredge 

before it would catch commercial quantities of scallops. The major modification involved the 

welding of a continuous bar across the ends of the forward pointing tines, so forming the 'mouth

organ' design. The forwardly pointing tines could not be made to lift scallops into the cage, but 

instead became clogged and contributed to drag and the tendency to dig into the seabed. Thus the 

major difference between the two harvesters became the hollow 'mouth-organ' type arrangement 

compared to the solid cutter bar of the conventional gear. At this stage it was considered that both 

dredges were capable of performing to commercial standards, so a series of six comparative trials 

were undertaken. For each trial the boats were permitted to catch the commercial quota of scallops 

for Port Phillip Bay. Weather permitting, the boats were then tied side-by-side so that results were 

directly comparable and a sample from each vessels tow could be taken from both dredges 

simultaneously. This also kept cable length, tow duration, speed and fishing area the same for each 

trial, with the number of adult and juvenile scallops, damaged scallops and amount and size of by

catch noted for each set of tows. 

2.2.1 Results 

Results suggest that both adult and juvenile catch rates were generally the same for both dredges on 

any particular trial day. The experimental dredge showed a tendency to catch slightly more scallops 

in total, however the proportion of juveniles to adults caught was similar for both dredges. The one 

occasion when the experimental dredge caught significantly more scallops than the standard dredge 

was on the fourth trial in an area which had been heavily fished. Analysis of length frequency 

distributions show that there is little or no difference between the two dredge designs in terms of 

adult size selectivity. However, the experimental dredge is inclined to reduce the proportion of 

smaller-sized juveniles in the catch according to the juvenile length frequency results. 

From these trials was developed the highly modified toothbar arrangement which is, in practice, a 

modified scraper bar. This variant was termed the 'mouth organ' due to- its grate-like arrangement of 

teeth and supporting bars. 
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Section 3 

Bycatch characteristics of scallop gear 
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configuration of fishing (warp, speed, etc.) which typically represents commercial fishing for any 

given location, weather conditions or scallop density. Thus the results reflect the general bycatch 

retention characteristics under experimental trials and a range of commercial conditions. 

3.1 Results And Discussion 

In general, the amount of bycatch of marine fauna and flora (fish, benthos and seaweed) in scallop 

harvesters of any design is low. The bycatch composition is predominantly dead shells of scallops 

and oysters. Epibenthic species are generally more abundant than benthic ones. Partly this may be a 

factor of size, as small bivalves, crustaceans and polychaetes would mostly pass through the dredge 

meshes, while the larger epibenthic species are more likely to be retained. On certain occasions, 

large numbers of oysters were also retained by the gear, and there are occasions when significantly 

large numbers of tunicates, (also known as cunjevoi, or Pyura stolonifera) and spider and swimmer 

crabs were also caught. The tunicates in particular often form dense clumps and help to stabilise the 

sea bed and probably form an important part of the sea bed ecology and fish feeding areas. There is 

also the probability of a negative correlation between large numbers of filter feeding and scavenging 

epibenthic animals and large numbers of scallops, in addition to the reluctance of scallop fishennen 

to fish in areas of a high density of epibenthic organisms - catch rates are generally poor in these 

areas. These factors were notexamined here. 

Results of the initial. comparisons of the mouth organ and standard harvester (Table 3.1) did not 

indicate any evident differences in the abundance and species of the bycatch. Under conditions as 

controlled as possible, with two boats fishing while tied together, the bycatch composition was 

similar between each paired trial. On the occasions where epi-benthic organisms were abundant, 

they were retained equally by the two gears. The main differences were a lower proportion of 

juvenile scallops retained and lower incidence of shell breakage by the mouth organ harvester. 

Results of the sampling at Lakes Entrance during February 1993 are shown in Table 3.4 

Results of trials carried out in Port Phillip Bay during 1993 (Table 3 .5) also indicate the generally 

low bycatch characteristics of the different harvesters. While not directly comparable between the 

different harvester designs, the results are indicative of the general bycatch composition retained 

during commercial operations. With the exception of dead scallop and oyster shells, oysters and 

tunicates (Pyura) were the most common components of the bycatch. While it is inevitable that a 

certain number of oysters will be retained since they have a similar mode of existence as scallops on 

the seabed, there is no need to disturb ·beds of Pyura while catching scallops. Consequently, 

harvesters which can effectively catch scallops without disturbing Pyura beds would have 

considerable environmental benefit. 



300 

a 

F 

5 ,. 14 44 - 105 

14 - 58 5 I 
l ,, - ':} 260 40 - 73 4 2 

-6 7 - 23 2 

The different gearn been 

rerm~1,en1tm,g least hu,•<>tr·n 

was little difference between the smnniem scallop nc,rup_,,,.. 

the organ retained more. bay dredge and caught 

On the basis of numbers (2) received the 

m 1993 are in 3.5 

3.2 

different gear Some observations were 

operations. 



ter1ns 

operators are 

less dist1ibuted. Clearly 

depend 011 on 

1S 

moufa organ 

m 

season m 

some extent 

,varp 

1arJketabile condition but may 

ru·P·'<1Ptn c:i.;.et:ss11ve catches of 

basis there is some 

benthic """"''"'"' as 

at:6 

that this harvester not catch as 

organ harvesters 

uc1tol),~:r 1991 



31 

Harvester Exp Std Exp a Exp Std Exp Std Exp Std Exp Std Exp Std 

b 

Date 04/9 04/9 09/9 09/9 09/9 11/9 11/9 16/9 16/9 18/9 18/9 02/10 02/10 

Fish 15 5 8 15 0 2 2 2 0 2 I 15 18 

Oysters 250 250 40 40 0 60 50 100 50 30 0 150 150 

Tunicates <5 <5 <5 5 0 30 0 l 10 2 0 20 15 

Crabs 0 0 10 9 0 0 0 1 6 0 0 3 9 

Starfish 0 0 0 0 0 l 0 0 0 0 0 0 2 

Sponges 0 0 0 0 0 0 2 0 0 I I 0 0 

Bivalves 0 0 0 0 0 0 0 0 0 0 0 0 10 

Seaweed 0 0 3 3 0 5 0 0 1 1 0 20 20 

Exp= Experimental "Mouth organ" harvester; (a) with all tines present and (b) with alternate tines 

removed 

Std = Standard Peninsula dredge 

Table 3.3 Comparison of bycatch under experimental conditions off Lakes Entrance, 

February 1993 (Average of 10, five minute drags at 6 knots) 

Date 18/2/93 18/2/93 17/2/93 

Harvester Mouth organ l" toothbar Sthn harvester 

Width (rn) 3.35 3.7 3.35 

Vessel Alex Vanessa Sthn Cross Star Alex Vanessa 

Location Lakes Entrance Lakes Entrance Lakes Entrance 

BYCATCH 

Fish 0.2 0 0.7 

Rays 0.7 0 0.4 

Crabs 1.1 4.3 3.9 

Ascidians 3.9 1.5 I 

Gastropods 7.4 5.5 3.1 

Rocks 1.8 many small 0 

Sponge 4.7 7.5 l.9 

Bryozoans 0.2 0.3 0.2 

Octopus 0.2 1.2 1 

Other anemones, anemones, I bug 

bugs bugs 



Table 3.4 Bycatch of a range of harvesters under commercial conditions 

(Average 2 minute drag at 6 knots) 

Date 13/4/93 27/4/93 3/5/93 4/5/93a 4/5/93b 

Harvester Peninsula Peninsula Peninsula Peninsula Peninsula 

Harvester Width 10 10 10 10 10 

(ft) Saint Saint Faiiwind Faiiwind Faiiwind 

Vessel Dromana Dromana Momingto Momingto Dromana 

Location n n 

BYCATCH 

Fish 0.9 0 1.0 1.0 2.8 

Rays 0.8 0 0.6 0.5 0.9 

Crabs 1.5 0.9 1.3 4.0 1.7 

Starfish 0 0 0 0 2.5 

Other Bivalves 26.6 0 11.5 27.2 8.7 

Gastropods 0.8 1.8 0.3 1.0 2.0 

Seaweed 3.0 0.6 15.4 16.5 8.9 

Sponge 0.2 0 1.6 7.0 1.4 

Tunicates 18.4 200 131.2 343.5 322.7 

Cephalopods 0.1 0 0 1.0 0.7 

Polychaetes 0 0 0.6 2.0 0 

Dead Scallop NR 300 200% 100% 100% 

Shell* 

Dead Oyster NR NR NR NR NR 
Shell* 

Other 0 1 urchin 0 0 0 
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11/5/93 17/5/93 

Bay Bay 

8 8 

George F Maureen 

Dromana Momingto 

n 

l.6 0.8 

0 0 

0.8 12.8 

0 0 

97.2 40.8 

2.4 21.6 

0.8 16.0 

0 10.4 

26.0 219.2 

1.2 1.6 

0 0.8 

20-100% 25% 

NR NR 

0 6 isopods 



3.6 2.0 0 2.0 

0 0.4 0 0.8 0 0 

0.4 0.8 4.4 4.8 

0 0 0 0.4 0 0.4 

248.4 56.0 118.8 12.0 

0 0 ' ·, l.;. 0.4 0.8 0.4 0.4 

0.7 3 5.6 1.6 0.4 

0 0 3.2 4.8 1.6 0.4 

31.2 86.4 20.4 32.4 61.6 52.0 95.6 

0 0 0.4 0 0 0.4 

0 0.4 0 0 1.5 

20% 10% 200% 20% 10% 

25% 200% 20% 20% 5% 



Table 3.5 Comparison of bycatch of a range of harvesters under experimental trials 

(Average 2 minute drag at 6 knots) 

Date 27/8/93 27/8/93 27/8/93 27/8/93 27/8/93 

Harvester SSHl SSH2 SSH3 Mouthorgan Bay Dredge 

Harvester Width 10 10 10 10 9 

Vessel Lisa Jean Lisa Jean Lisa Jean Saint Ajax 

Location Portarlington Portarlington Portarlington Portarlington Portarlington 

BYCATCH 

Fish 5.3 3.8 3.8 3.8 3 

Rays 0.8 1.3 1.3 0.5 0.8 

Crabs 0.3 0.8 0.5 0 0.8 

Starfish 4.5 3.8 3.8 3.3 5.8 

Other Bivalves 268 12.3 18.5 8.5 279 

Gastropods 1.3 0.5 0.8 l 2 

Seaweed 1.3 0.5 0 0 3.8 

Sponge 2.3 0.5 0.5 0.3 2.8 

Tunicates 57.3 50 59.5 67.5 33.8 

Cephalopods 0.3 0.5 0 0.8 0.5 

Polychaetes 11.8 12.5 11.5 3.5 36 

Dead Scallop 200% - - - -
Shell* 

Dead Oyster 150% - - - -
Shell* 

Other 1.3 1.3 Green 2.3 Green 0.3 Green I 

Holothurian Seaweed Seaweed Seaweed Holothurian 

0.3 Urchins 0.3 1.3 Urchins 

Holothurians 

34 
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4.0 Engineering Appraisal of Scallop Dredges 

An appraisal of the dredges used in the south eastern Australian scallop fishery was undertaken and a 

comparison made with a selection of scallop harvesting gear used elsewhere in the world. 

Variations of the toothed mud dredge with respect to skid, box and depressor plate details were 

surveyed and described. The vertical forces acting on the toothed mud dredge consisting of 

downward directed hydrodynamic lift, weight, and the upward component of the tow cable tension 

were analysed in a manner which shows how the resultant seabed contact pressure changed with tow 

speed. AMC flume tank and sea trial measurements were used to produce a mathematical model of 

the horizontal forces acting on a typical mud dredge (hydrodynamic drag, ground friction and 

ploughing). The turning moments and dynamics occurring during dredging operation were also 

studied. 

The toothed mud dredge was compared with the New Zealand dredge, the Japanese keti-ami, and the 

Scottish mini dredge in terms of downward contact pressures and drag forces per meter of swept 

width. It was found that the toothed mud dredge, ket-ami, and Scottish mini dredges exert very high 

downward contact pressures with point loading. The toothed mud dredge had the highest drag while 

the New Zealand dredge had the lowest drag especially at the lower tow speeds typical for this 

dredge. 

Flat foils at a high angle of attack to a flow and in close proximity to a boundary were investigated in 

terms of the resulting pressure disturbance and flow patterns. Behind such foils it was found that 

there existed an extensive region of low pressure fluid that remained relatively stationary with respect 

to the foil, providing potential as a scallop catching mechanism. 

The details of modifications made to a standard New Zealand dredge and south east Australian tipper 

to allow compatible operation are given. 

4.1 Introduction 

In Australia, fishers of the Tasmanian, Victorian and Bass Strait scallop (Pecten famatus) grounds 

have experienced an extensive period of diminished returns and closures. For example the 

D'Entrecasteaux Channel was closed from 1970 to 1981 and closed again in 1986 (Perrin, 1986), and 

the Bass Strait Tasmanian zone was closed in 1987 (Zacharin, 1991). This south eastern Australian 

scallop fishery is experiencing low catch rates because of low stock levels and poor recruitment. This 

has lead to the voluntary withdrawal of boats and licences from the fishery (DPI&F data). The poor 
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state of the scallop fishery has been attributed in part to the inefficiency and destructive fishing 

methods used (Mcloughlin et al, 1991). 

The catching efficiency of the Australian scallop 'mud' dredge was found to be low (on average only 

11.6%) and incidental damage is high (Mcloughlin et al, 1991). This high incidental damage may be 

detrimental to the long term viability of the fisheries in which it is used (Zacharin, 1988). 

Scallop fishing gear used world wide include box type dredges, the ring mesh bag type dredge, small 

multiple units and trawl gear. This gear has evolved to suit the local conditions including scallop 

species, bottom terrain, and local technology. In view of the poor state of the SE. Australian scallop 

stocks, there is a need to investigate scallop harvesting gear both in terms of efficiency ( catching and 

engineering) and environmental impact. 

To date there have been few studies of scallop dredges from an engineering viewpoint. Past research 

includes work on: Teeth and depressors (Baird, 1959), drag measurements (Hughes, 1973) and the 

pressure drop behind a stalled foil (Vaccaro & Blott, 1987). Baird (1959) found that teeth improved 

catching efficiency, while bottom contact was improved by the use of a depressor (or diving) plate. 

Hughes (1973) measured typical bollard pulls and warp cable tensions for box dredges in Port Phillip 

Bay. Vaccaro and Blott (1987) suggest that a simple flat depressor plate at an angle of 60 to 75 

degrees with a gap to chord length ratio of 0.27 could be used to improve the efficiency of scallop 

harvesting gear. 

This section of this report outlines the work conducted by the Australian Maritime College (AMC) in 

co-operation with CSIRO Division of Fisheries and the Tasmanian Fisheries Department towards 

developing better scallop harvesting gear for use in Australia. The AMC's role was to investigate the 

engineering aspects of the gear. 

The work conducted by the AMC was based on six objectives: 

• Review world-wide literature in relation to scallop harvesting gear and engineering performance. 

• Survey current box dredge designs used in the scallop fishery of south eastern Australia. 

• Assess the engineering performance of the toothed mud dredge. 

• Compare engineering aspects of the toothed mud dredge to designs used elsewhere in the world. 

• Assess the potential of hydrodynamic catching systems. 

• Develop a modified New Zealand dredge and compatible tipper arrangement. 
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4.2 Review of literature 

4.2.1 Seallop Fisheries 

A wide variety of scallop species are taken commercially by dredges and trawls. These species occur 

world-wide within definable geographic areas (see Table 4.1). 

Countries having significant scallop fisheries include: Canada, Australia, Japan, the United 

Kingdom, Iceland, Peru, Norway, France, New Zealand, the United States, Faeroe Islands, China, 

Denmarl<., and Ireland (FAO, 1989) 

Table 4.1 Common names and geographical regions for commercially important scallop 

species. (Brand 1991) 

Species Common names Geographical region 

Amusium balloti Southern saucer scallop Indo-Pacific 

Amusium pleuronectes Moon scallop Indo-Pacific 

Argopecten gibbus Calico scallop Gulf of Mexico, NW Atlantic 

Argopecten irradians Bay scallop NW Atlantic, East coast USA 

Argopecten purpuratus Ostion SE Pacific 

Chlamys asperimus Doughboy scallop Southern Australia 

Chlamys bifrons Queen scallop Southern Australia 

Chlamys islandica Iceland scallop Sub-Arctic 

Chlamys opercularis Queen scallop, Queenie NE Atlantic 

Chlamys varia Black, variegated scallop NE Atlantic 

Patinopecten caurinus Weathervane scallop NE Pacific 

Patinopecten yessoensis Y ezo scallop, hotategai NWPacific 

Pecten famatus Commercial scallop Southern Australia 

Pecten jacobaeus Pilgrim scallop Mediterranean 

Pecten marimus Giant scallop, escallop, NE Atlantic 

coquille St Jacques 

Pecten novozelandiae New Zealand scallop New Zealand 

Placopecten magellanicus Sea scallop, giant scallop NW Atlantic 



39 

4.2.2 Scallop Fishing Methods 

4.2.2.1 Classification of Scallop Harvesting Gear 

Table 4.2 Scallop Harvesting Gear Classification 

Method Type Example and catch Fishery Scallop Type 

mechanism 

Dredge Box Toothed mud dredge Tasmania and New Pecten famatus 

Mesh dredge Zealand Pecten Novaezelandiae 

Peninsula dredge Port Phillip Bay Pecten famatus 

Bay dredge Port Phillip Bay Pecten famatus 

Hybrid US/Canadian Experimental 

Southern Scallop Experimental Pecten famatus 

Harvester 

Flexible New Zealand Pecten novaezelandiae 

Keti-ami Japan Patinopecten yessoensis 

New Bedford Atlantic Placopecten magellanicus 

St Brieuc France (off-shore) Pecten maximus 

Tumbler USA Argopecten gibbus 

Multi Unit Scottish Pecten maximus 

Digby (frame only) US &Canada Argopecten irradians 

Hydraulic Magnus (rotors) 

Quahog (pump) 

Trawl Modified prawn trawl southern USA Argopecten gibbus 

mid Atlantic Australia 

Placopecten magellanicus 

Amusium balloti 

Scallop dredge types are the result of design and evolution toward greater catching efficiency and 

selectivity in accordance with local bottom terrain and scallop behavioural characteristics. There is 

significant variation in terms of catching efficiency and methods of handling. Table 4.2 contains a 

classification system for scallop harvesting gear used throughout the world. 
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More recent comparative trials off Ninth Island in southern Bass Strait by the CSIRO and Tasmanian 

Sea Fisheries (1992) have shown that other dredge designs also outfished the toothed mud dredge, 

with less damage. In these comparative trials the New Zealand dredge outfished all others and also 

exhibited the lowest damage rates (Zacharin, pers corn). 

4.2.3.2 Engineering Efficiency 

In general terms efficiency can be defined as: efficiency = output/input . This definition can be 

applied to practically any aspect of scallop dredge performance, for example, it may be of value to 

define the engineering efficiency as: swept area per unit of time (output) for a given vessel thrust 

(input). This swept area per unit time value can be considered as a fishing performance index and 

will have a significant effect on the catch rate. 

Optimising both catching efficiency and engineering efficiency has the effect of improving the 

economic efficiency which can be measured as the value of scallops caught (output) per dollar 

invested in fishing (input). 

Improving engineering efficiency can have the effect of reducing the level of effort necessary to take 

a given catch just as effectively as improving catching efficiency. In other words: 

Catch per unit effort =catch/effort= catchability x abundance (Gulland, 1983) 

A more engineering efficient harvesting system will reduce the level of effort needed to take the 

catch and will effectively increase catchability. For trawling and scallop dredging operations, effort is 

most conveniently measured as the time spent trawling or dredging. If the more efficient effort levels 

are maintained without limiting the total catch then the long term abundance may be compromised. 

4.2.3.3 Drag Measurements 

Results of a bollard pull test on 19 Victorian fishing boats found average warp load under normal 

conditions to be 2261 N (230. 7 kg) per meter of dredge width at a normal towing speed of 6 knots 

(3.06m/s) (Hughes 1973). Rearranging these figures we would expect a warp load of 7460 Nat a tow 

speed of 6 knots for a standard 3.3m (11 ft) dredge. 

The maximum intermittent load for a 3m (10 ft) dredge operating on rough bottom was 1600 kg 

(Hughes, 1973). This would imply a maximum warp load of 17250N for a standard 3. m dredge. 
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It has been noted that warp loads fell and became steadier as the dredge filled up (Hughes, 1973). 

The explanation offered was that the centre of gravity changed, tending to lift the front of the dredge 

thus reducing the bite. 

4.2.3.4 Incidental Damage 

High incidental scallop damage has been noted in many scallop fisheries. For example in the north 

west Atlantic scallop fishery, dredging caused appreciable lethal and sub lethal damage to scallops 

left in the track (Caddy, 1973). In the south eastern Australian scallop fishery, incidental damage to 

scallops caused mortality to the extent that almost all the remaining scallops on the bed died within 

eight months of closing the grounds (Mcloughlin et al, 1991) 

Caddy ( 1973) noted fine sediments lifted into suspension and appreciable roughening of the seabed 

with damage to scallops by way of broken shell margins and hinge breakage. He also noted predators 

being attracted to the dredge tracks. 

Mcloughlin et al ( 1991) recognise three components of indirect fishing mortality: 

1 Scallops damaged by the action of the dredge and left on the sea bed in the dredge track. 

2 Those damaged by the dredge, landed on deck and subsequently discarded at sea during sorting 

of the catch. 

3 A post fishing mortality from subsequent disease or lethal stress. 

4.2.3.5 Handling 

The design of dredges must take into account their stability during shooting away and whilst in mid 

water. In the south east Australian and New Zealand fisheries, the dredges are shot away and towed 

from the stem. The handling of other types of dredges in other fisheries depends on the vessel design 

and often shooting away and retrieval from the side is adopted. Most dredges are designed and 

rigged to be stable in mid water and to avoid tum-overs. The Digby dredges are designed so that 

they will fish equally well either way up. 

The declination angle of the towing warp has long been recognised as an important factor in dredge 

performance since a towing warp imparts upward and horizontal force components to the gear in use. 

The effect of cable weight and cable drag also become important in deep water situations. This was 

recognised in the investigations by Baird (1955). When a sisal rope is used for towing, a backward 

curve is formed by the warp. If the speed of tow is slightly increased the resistance of the rope may 

lift the dredge off the bottom. With a wire towing rope the weight of the warp is greater than the 



53 

drag at low speeds and the tendency of the dredge to lift is reduced. The shape of a wire tow cable is 

close to that of a catenary (Fridman, l 973 ). 

Dredges in the south east Australian scallop fishery are emptied using a dredge tipper. This device 

allows safe, hands off retrieval, emptying and shooting away of dredges under even adverse 

conditions. Flexible ring mesh bag type dredges are emptied by use of an overltead lift which must 

be connected to the dump bar by a deckhand. Multiple unit type dredges must all be emptied 

separately by this method. Fishermen who have used Scottish dredges indicate that this is often a 

difficult and dangerous task. 

4.2.3.6 Hydrodynamic Effects 

Hydrodynamic effects are apparent in the form of lift and drag forces acting on the dredge. Lift and 

drag are the result of the distribution of pressure and velocity around an object moving through a 

fluid. 

Depressor plates are used to keep scallop dredges tending bottom by producing downward directed 

hydrodynamic lift. The pressure and velocity distribution around these plates may in tum also 

contribute to the scallop catching process by creating hydrodynamic forces on individual scallops and 

the substrate. 

The use of a 'diving plate' at the optimum angle allows an increase in towing speed (Baird, 1959). 

The Baird Sledge, locally known as the Sputnik dredge used a diving plate which was designed to 

give stability and to keep the dredge on the bottom (Baird, 1965). The angle of the diving plate was 

about 23 degrees to the horizontal. 

The box type dredges currently used in Australia have a depressor plate at an angle of 45 degrees. 

This would act as a stalled wing with reduced efficiency and effectiveness in terms of optimising the 

downward force. Gorman and Johnson (1972) recommended that the angle be reduced to 30 degrees. 

The New Bedford type or Off-shore Scallop Drag also uses a diving plate while the French St Brieuc 

Off-shore Drag uses a curved pressure plate which improves efficiency and makes it possible to tow 

at higher speeds (Dupouy, 1982). 

The pressure drop and turbulent pressure fluctuations behind a depressor could provide a means of 

agitating and lifting scallops from the sea bed (Vaccaro & Blott, 1987). Tow tank experiments 

indicated that angles of 60 to 75 degrees and a gap ratio of 0.267 result in the best conditions of 

turbulent wake and low pressure cavity behind a simple depressor plate (Vaccaro & Blott, 1987). 

This contrasts strongly with the angles used in practice. Streamlined high lift foil shapes did not 
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trials to ascertain the forces acting. Tests in the flume tank involved suspending the dredge in the 

flow by load cells. This gave a measure of the downward and horizontal forces acting on the dredge 

due only to the flow of the water (hydrodynamic). 

The 'standard' toothed mud dredge was the largest item ever tested in the flume tank. This created 

some constraints on the testing that could be carried out due to the risk of damage to the facility. 

Sea trials of the standard dredge allowed the total drag (including ground effect) to be measured and 

diver observations of the operational dynamics. 

4.4.1.2 Methods and Materials 

Vertical Forces 

The vertical forces acting on an operating dredge are: the weight, downward directed hydrodynamic 

lift from the depressor plate, and the upward component of the tow cable tension. 

The weight of the dredge is partially reduced by buoyancy effects. The weight in water of the 

standard dredge was measured by suspending it in the flume tank by 'load cell' tension meters. 

The hydrodynamic downward directed lift is the force exerted at right angles to the direction of flow 

by the deflecting action of the depressor plate. Hydrodynamic theory concludes that lift and drag 

fundamentally increases with the square of tow velocity. These forces were measured over a range of 

water speeds in the flume tank. 

The upward component of tow cable tension depends on the declination angle of the tow cable at the 

dredge and the total drag acting on the dredge. The declination angle of the tow cable at the dredge 

was calculated using warp length to depth ratios. Owing to the shallow depths chosen during the sea 

trials, straight line geometry was assumed. Under this assumption, the declination angle was checked 

using an inclinometer on the tow cable at the surface. For a rigorous treatment, the weight and 

hydrodynamic drag of the tow cable should also be considered. Since the effect of cable weight and 

drag are relatively small for shallow depths they have been omitted from the following calculations. 

The net downward force is the sum of all the vertical forces and must be greater than zero for the 

dredge to stay in bottom contact. Mathematically these three components of the vertical forces can be 

summed and analysed with respect to speed as follows: 

The force due to weight (W) is constant 

The hydrodynamic lift force (L) can be expressed as 

L = 1;2 p A CL v2 where p = density of water 
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The moment of inertia can be determined by the weight and shape of the dredge and is constant for a 

particular dredge. This can be calculated by: 

I = S m r2 where I = moment of inertia 

m = mass of component 

r = radius of gyration. 

The disturbing forces applied to the dredge, include the dynamic forces transmitted by the warp from 

the sea way and forces due to the undulations in the terrain. These forces have the potential to supply 

large amount of energy to the dredge across a wide spectrum of frequencies, dependent on the response 

of the dredge at these frequencies. The pitching motion of the dredge caused by the disturbing forces 

will mainly be concentrated in the spectral range close to its natural frequency of oscillation, because 

this is where the dredge is most responsive. 

The restoring torque, which in part determines the pitching response of the dredge, varies with pitch 

angle in a very non-linear way, rendering it and its derivative with respect to pitch angle very difficult 

to calculate. However a natural period of oscillation must exist and will depend on the restoring torque 

characteristics and the pitching moment of inertia of the dredge as shown below. 

T=2p.-' f¾-
-\J ~ 

T = natural period t = restoring torque q = pitch angle 

Further progress in this area would rely on obtaining a good mathematical description of the restoring 

torque characteristics of the dredge, after which its response to various disturbances could be 

investigated using a computer simulation of the system. 

4.4.1.4 Discussion and Conclusions for the Toothed Mud Dredge 

The downward force acting on the toothed mud dredge is 4000N at about 3.5 knots and is relatively 

high, relative to other dredge designs. This force consists primarily of the considerable weight of the 

steel structure (3050N) and therefore the contribution from the hydrodynamic depressor plate at this 

speed is relatively minor, contributing only 936N. At the higher tow speed of 5 knots the hydrodynamic 

downward component increases significantly to 1878N. The increase in hydrodynamic downward force 

completely offsets the increase in the upward force exerted by the tow cable at L:D = 6 (due to the 

higher drag forces created at the higher speeds). For this situation the net downward force on a moving 

dredge is therefore always greater than the 2000N that occurs at zero speed. 
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The hydrodynamic drag forces acting are relatively low at speeds up to 5 knots. At 5 knots the 

hydrodynamic drag is 3536N, only 33% of the total drag. Therefore, it is unlikely that significant 

reduction is possible or worthy of investigation. The majority of the hydrodynamic drag is due to the 

pressure plate. At very high speeds (ie 6 to 8 knots) this drag becomes an important consideration and 

is the component which limits towing speed. 

The friction and ploughing drag from the skids and teeth is the most significant component of the warp 

load, accounting for 66% of the horizontal pull at tow speeds of 5 knots. Since friction is related to the 

level of downward force acting, reducing the weight and downward hydrodynamic loads could 

significantly reduce frictional drag. These ground effect forces could also be reduced by altering the 

nature of the contacting surfaces (eg the toothbar). For the dredges using a cutter bar or mouth organ 

bar (which does not protrude below the skids) the ploughing component of drag will be much reduced. 

Hughes (1973) concluded that the average bollard pull for fairly standard dredges towed by a range of 

vessels in the Victorian scallop fleet using a standard speed of 6 knots was of the order of 6,782N, with 

a maximum intermittent load on rough ground of 15,680N. The standard dredge trialled in Badger Bay 

gave comparable results at 6 knots with drags of from 9,250N to 11,000N. 

The overturning moment acting on the dredge during normal use occurs because of the configuration of 

forces acting. This will cause a concentration of downward force at the front and lightening of the rear 

of the dredge, which may be sufficient to physically lift it off the bottom. This condition will change as 

the dredge fills. 

Dredges which have had considerable use, show wear at the lea,ding edge of the skids, and in many 

cases this region is reinforced by 'hard facing', or patched. This appears to confirm the concentration of 

the downward forces and the high ground reaction force at the front of the dredge. A feature observed 

in locally made dredges in recent years is the Peninsula dredge modification, featuring an extension of 

the skids forward of around 0.3m compared to the 'standard' mud dredge. This helps to counteract the 

turning moment by increasing the lever arm of the ground reaction force at the front. Some locally 

made dredges also often include a length of heavy chain and an old rubber tyre attached to the back of 

the dredge, perhaps to help counteract overturning. The overturning moment could be detrimental, 

causing the tooth bar (or scraper bar) to have reduced contact with the substrate. 

As the dredge fills during fishing the new configuration of forces will tend to reduce overturning. Some 

theories postulate that changes in the centre of gravity during filling may lift the front of the dredge and 

reduce warp loads. Support sighted for this is the long term wear patterns on some Port Phillip Bay 

dredges showing thinning of the skids toward the rear of the skids. This thinning however can be 
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explained by the wear that occurs during shooting and hauling, since at this time the dredge has a high 

tilt angle as it contacts and leaves the seabed. 

Hughes (1973) noted that warp loads fell and became steadier as the dredge filled up. This must be 

due somehow to changes in the configuration of the forces acting causing changes in the nature of the 

contact between dredge and sea floor, eg reducing the 'bite' of the tooth bar. This feature is well known 

to experienced scallop fishermen, who use a drop in hydraulic pressure at the winch as an indication 

that the dredge is full and lifting off the bottom (McLoughlin et al 1991). A possible explanation for 

this phenomenon is that a full dredge when bumped into an orientation whereby it has an angle of 

attack to the oncoming flow, may literally be able to fly partially clear of the sea bed. The efficiency of 

a dredge is likely to vary significantly over the length of the tow. An empty dredge may commence 

operation with a fairly high efficiency and decline as the dredge fills. 

The toothed mud dredge is poorly designed for good bottom following characteristics over undulating 

terrain. The rigid design and the configuration of forces when in use contribute to instability which 

becomes apparent as a rocking or jumping action and a periodic pulsing in warp tension. 

The high weight of the toothed mud dredge will give it a high pitching moment of inertia, which will 

result in a relatively slow reaction to dynamic turning moments and have a long natural period of 

oscillation. For good bottom following characteristics the natural rocking wavelength should be less 

than the prevailing wavelength of bottom undulations. At a speed of 2.5m/sec and a period of 

oscillation of 2 sec the natural wavelength would be 5m. This is clearly larger than many undulations 

occurring on scallop grounds. Additionally, response to undulations with wavelengths of less than 3m 

is impossible simply due to the length of the dredge (1.5m). In severe cases the rocking action is likely 

to take the form of jumping, in which bottom contact is only intermittent. Pitching and jumping is 

almost certain to reduce catching efficiency and certainly contribute to scallop damage through spiking 

and crushing of scallops by the teeth. 

Both the overturning moment and the natural rocking frequency are controllable to some extent by the 

angle of the towing cable (or warp length to depth). A short L:D will reduce the drag, reduce the 

overturning moment, and slow down the natural rocking frequency, a good strategy on flat terrain. A 

longer L:D will suffer higher drag, higher overturning moment and subject the dredge to a faster 

rocking frequency. The faster rocking frequency will help improve bottom following on undulating 

terrain. 

The towing speed will also have a significant effect on dredge performance. The high level of 

downward forces means that the dredge will stay in bottom contact at quite high tow speeds (to above 8 

knots). Higher tow speeds will produce high drag forces, increase the overturning moment, and speed 
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up the rocking frequency. Despite the faster rocking frequency, the faster rate of movement across the 

terrain means that bottom following ability is not likely to be improved. 

To the scallop fisherman the L:D and tow speed are the most powerful means by which they can 

change the performance of any particular dredge. For undulating terrain a longer L:D and slower speed 

will best tune the dredge for bottom following and reduce scallop damage. Good bottom following on 

terrain with oscillations less than 3m between crests is likely to be difficult to achieve and significant 

rearranging of the substrate and damage to scallops is the likely outcome. 

Local manufacture and evolution of the toothed mud dredge has meant that significant variation has 

occurred away from the original design. The effectiveness of any scallop harvesting device will depend 

to a large degree on the local conditions of bottom terrain, depth, current, seas, towing power, as well 

as the skill and local knowledge of the fishermen. Baird (1955) on scallop grounds around the British 

coast using a rigid toothed dredge found lower efficiencies (about halt) when a seabed consisting of 

ridges of coral gravel about 150 to 200mm high with about 600mm between crests was encountered. 

He did not consider that these conditions were common. However observations of Tasmanian scallop 

beds by diving and by remote underwater camera vehicles have shown these conditions to be common. 

It would be of use to catalogue bottom terrain types for known scallop beds and use this infonnation to 

optimise local scallop harvesting methods. Good bottom following ability is necessary on rough and 

undulating terrain, but much less important if the bottom terrain is flat. 

The Port Phillip Bay scallop fishery operates on a soft mud bottom of varying consistency and of 

generally flat topography with only occasional mounds and hollows (Parry, pers corn). Whereas the 

Jervis Bay fishery operates over a sea floor consisting of large grained, firm white sand shaped in 

roughly parallel ridges (Butcher et al, 1981). At the present time, essentially the same harvesting gear 

(with only minor modifications) is used in both fisheries. With such a great contrast in bottom 

conditions it is likely that very different gear would be optimal for each location. 

The presence of stabilising fins either side of the rear of the dredge indicate directional instability 

problems have been encountered, however some preliminary flume tank tests have also shown that they 

can significantly improve roll stability while the dredge is in midwater. The high yawing moment of 

inertia (about changes in direction) means that intermittent direction changes from deflecting forces 

caused by contact with seabed obstacles, will be evident for some considerable period of time. This 

means that the dredge may follow a meandering path, thus supporting claims of local fishermen that the 

dredges do not tow a straight path. A narrower dredge would suffer from this problem to a lesser 

extent. 
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4.4.2 Engineering Comparison of Box Dredge to Scallop Harvesting Gear Used 

Outside Australia 

4.4.2.1 Introduction 

Three types of scallop dredges from fisheries outside Australia were obtained for comparison to the 

toothed mud dredge. These dredges were: 

• The New Zealand dredge. This dredge comprises a flexible chain/ring mesh bag, tickler chain and 

towing frame. In the New Zealand scallop fishery most vessels use a pair of ring bag dredges of up 

to 2.5m in width with heavy tickler chains (Bull 1988). 

• The Japanese keti-ami dredge. This dredge contains a flexible ring mesh bag with looped tickler 

chains mounted behind tines for use on hard mixed and rocky ground. It is designed to ride over 

rocky obstacles and not to pick up rocks. 

• The Scottish mini dredges. Each mini dredge incorporates sprung teeth for use on hard and rocky 

grounds and are highly selective, not picking up rocks and other debris (Franklin, Pickett & 

Connor, 1980). The Scottish mini dredges are normally towed in gangs of three or more from a 

wheeled towing beam. 

Scallop dredges have as common features: a towing harness, a bottom contacting frame, a tickling up 

device and some sort of receptacle for retaining caught scallops. The towing harness connects the 

dredge to the towing warp in such a way that the upward component of tow cable tension is countered 

by sufficient downward force to keep the frame in bottom contact. The harness also significantly affect 

the towing configuration through the way it transfers the forces from the tow cable to the rest of the 

dredge. A well designed harness also maintains the dredge in a stable and upright configuration in mid 

water during shooting away and haul back. The bottom contacting frame generally incorporates skids 

which transfer the net downward force acting on the dredge to the substrate. These skids experience 

considerable wear from the sliding contact with the seabed. Tickling up devices are generally in the 

form of teeth, tines, scraping bars or some tickler chain configuration. Retaining mechanisms found on 

scallop harvesting gear include rigid mesh boxes and flexible mesh bags, either completely constructed 

of steel ring mesh or consisting of a ring mesh floor with a heavy net mesh top. 

The engineering comparison performed was in the following areas: downward forces, contact pressure, 

drag and swept width characteristics. 

4.4.2.2 Methods and Materials 

Appendix B shows engineering drawings for the four harvesting systems tested. Much of the scallop 

harvesting gear used world wide is composed of multiple and flexible elements. In such systems forces 
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act on each element and interact between elements. The downward forces, their position, arrangement 

and combined effects were analysed by identifying all components within each system and determining 

all the forces acting. 

With the majority of gear tested, the principle downward force acting was weight .. The total weight 

and component weights for all systems were measured by suspending the appropriate objects from load 

cells. Weight in air was then converted to weight in water by correcting for buoyancy effects. 

ie Weight in water= Weight in air x correction factor 

where the correction factor for steel in sea water= 0.87 

Hydrodynamic downward forces were determined by identifying any components that would produce 

downward directed hydrodynamic lift and calculating the effect based on: 

Lift= 112 r A CL v2 where r = density of water 

A = area of depressor 

CL = lift coefficient 

v = velocity 

The appropriate CL was estimated from values given in the literature. 

The upward force produced by the tow cable was considered in the same manner as for the toothed 

mud dredge. 

After determining all the vertical forces acting on each system component that contacts the seabed, the 

net downward force was determined. The contact pressure was then calculated by distributing this 

force over the area of contact. Contact pressures will however vary as the harvesting system moves 

dynamically across the sea bed. This variation was not determined and the results given are the average 

pressures that will occur. 

The total drag of each system was measured during sea trials using load cells and the same procedure 

as adopted for the toothed mud dredge. The flexible nature of the gear used outside Australia made it 

impractical to measure their hydrodynamic drag from flume tank tests as the tests need to be conducted 

in midwater. 

In the absence of flume tank data an estimate of the relative contribution to total drag by 

hydrodynamics and seabed effects was obtained by assuming that ground contact effects are 

predominantly friction like in nature and therefore constant irrespective of speed. With this assumption 

the zero speed intercept of the total drag verses speed relationship is an estimate of seabed drag and the 

drag above this level can be attributed to hydrodynamic effects. 
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4.4.2.3 Results 

Downward Forces and Contact Pressures 

The downward contact pressures for all four dredge types is compared in Table 4.5. In this table, 

estimates of contact pressure for all components having bottom contact are given. 

The rigid components of the harvesting systems are predominantly made of steel sections and transfer 

their weight to the substrate via skids and sometimes via teeth or other bottom contacting features. The 

skid pressures generated are the net result of weight plus downward directed hydrodynamic lift, less the 

upward component of tow cable tension all acting through the bottom contacting area of the skids. 

Point contact loads such as those generated by teeth or tines will exert extremely high contact 

pressures. 

In the case of flexible ring mesh structures such as that used in the New Zealand dredge, the resulting 

pressure is exclusively from the weight of the joined elements. For example with the New Zealand 

dredge the rings are constructed from 6mm steel rod rolled into a circle of 65mm inside diameter. Each 

ring has a mass of approximately 55g and the rings are joined together in a square pattern by the use of 

5mm chain links which have an inside long diameter of 30mm and a mass of 13g. The arrangement is 

such that the joining links being the lowest part of the ring mesh also supports the weight of the rings. 

Therefore each link carries the weight of one ring plus its own weight (ie 68gwt). 

If we consider the support area to be the side of one link (ie 5mm x 30mm) then the support area is 

0.00015m2 and the contact pressure exerted will be: the weight of ring and link over the support area 

calculated above. 

1e Weight in water= 68 x 10-3 x 9.8 x 0.87 = 0.58N 

Pressure= Force/ Area= 0. 58/ 0.00015 = 3.87kPa 

On soft ground where the links sink sufficiently into the substrate so that the rings come into contact, 

the pressure will be greatly reduced due to the increased contact area. The resulting pressure could then 

be as low as 0.42kPa. 

The tickler chain used in the New Zealand dredge is usually either 13mm or 19mm section. Chain 

ground contact pressure can be estimated on the basis that each link carries its own weight on the area 

of one side. Pressure exerted= \f(mass per link x 9.8 x 0.87 length oflink x width of link). 

The pressures given in Table 4.5 are for 13mm and 19mm chain respectively. 



Table 4.S Estimated Downward Contact Pressures for Scallop Dredges and their 

components 

Drech?e Type Weillht (in water} Comoonent Contact Pressure i:,. ·c Situation 

Toothed Mud 310 kg or 3050 N Skids (ifin 12.7 kPa 

continuous 

contact) 

Skids (if not in extremely high small contact area 

continuous from for/aft rocking 

contact) 

Tooth bar extremely hillh point loading 

New Zealand 90 kgor 880N Skids 18.3 kPa some bouncing 

Tickler chain 2.2 - 3.2 kPa diffuse loading 

Chain and ring 3.9 kPa diffuse loading 

mesh belly 

Keti-ami 270 kg or 2645 N Frame lOkPa small contact area 

Tines extremely high point loading 

bounces over 

obstacles 

Tickler chain 1.2-2.0 kPa diffuse loading 

Chain and ring 2.0 kPa diffuse loading 

mesh belly 

Scottish 510 kg or 5000 N Wheels 80kPa 

Teeth extremely high point loading 

Chain and ring 7.5 kPa diffuse loading 

mesh belly 

Drag Forces 
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The total drag forces (hydrodynamic + ploughing + friction) measured from sea trials for the over seas 

harvesting systems are given in Appendix C and summarised graphically in Figure 25. 
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4.4.3 Drag Tests on Harvesters Selected For Industry Evaluation 

4.4.3.1 Introduction 

Drag measurements were conducted on four scallop dredges. These were: 

• Australian mud dredge. 

• Mouth organ dredge. 

• Australian southern harvester. 

• New Zealand circle dredge. 

The first two dredges were tested off Lakes Entrance from the commercial vessel Alex Vanessa on 

the 20/2/93, while the last two dredges were tested from the AMC research vessel Riveresco in 

Badger Bay (Tasmania) on the 16/4/93. 

4.4.3.2 Methods and Materials 

Drag measurements for each dredge were taken via a 3 tonne electronic load cell at tow speeds of 1.5 

and 2.5m/sec. The tow speed was determined by measurements taken from an oceanics propeller log 

with an electronic data display. The effect of ocean currents were accounted for by carrying out 

reciprocal tows and averaging the drag readings for each respective tow speed. 

In general a replicate was taken so that confidence intervals could be constructed. 

4.4.3.3 Results 

Significant ocean currents were found to exist off Lakes Entrance during the trials. These current 

were also found to vary spatially. Testing under these conditions was difficult and caused larger than 

normal variation between replicate data values. Additionally the weather conditions deteriorated 

during the day, contributing further to experimental error and causing a premature closure of trials 

such that a replicate trial for the mouth organ dredge was not conducted. 

The weather conditions and ocean current situation at Badger bay for the second phase of tests was 

close to perfect. 
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Due to the above considerations, tests to determine flow direction and velocity infonnation for 

stalled flat foils in vicinity with the bottom was also conducted. 

4.5.2 Methods and Materials 

Pressure measurements were made at various locations on the flume tank floor, both for and aft of 

the test foils using a water manometer connected to a purpose built pressure sensor. By comparing 

the height of the water in the manometer with the fixed height of the water in the flume tank the 

pressure induced at each test point by the introduction of the foil was determined. 

Pressure, velocity and the level of water above the test point are related by Bemouilles equation. 

( h )+ ( P / r g )+ ( v2 I 2g) = Z (constant) 

where r = density of water= 1000 kg/m2 

g = gravity = 9.8 m/s2 

h = level of water above test point (m) 

P = pressure (gage) (Pa) 

v = velocity m/s 

Z = total head 

or elevation head+ pressure head+ velocity head= Total Head (constant) (Webber, 1971). 

By using a T shaped pick up (or static tube) with the manometer the velocity head component is 

eliminated, therefore the manometer effectively measures the sum of the first two terms in the above 

equation. 

ie hm = h + P I r g + 0 

or Dh =PI rg 

The above expression shows that the difference in height between the water level in the manometer 

and the water level in the flume tank gives the pressure disturbance induced by the foil (measured in 

mm of water) at the test point. 

The T shaped pressure sensor and water manometer used for measuring the pressure in the vicinity of 

the foil is illustrated in Figure 29. 
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4.6.2 Methods 

It was perceived that three principle modifications to the dredge/tipper system were required. 

Firstly, longitudinal stiffuess needed to be applied to the dredge so that it maintained its full length 

when tipped vertically to release the catch. Secondly, the long four point tow spider on the standard 

New Zealand dredge needed to be replaced by a much shorter arrangement which needed only be a 

two point spider if the longitudinal stiffeners also serve to stabilise the orientation of the towing 

frame during fishing. Thirdly, a floor of some type must be incorporated into the tipper so that the 

flexible bottom can be supported and also to transfer the caught scallops to the sorting table on 

having been tipped from the dredge. 

A New Zealand dredge and a southern Australian tipper were modified in the above way at the AMC 

and trialed in the Tamar river to access the performance of the handling arrangement. Apart from fine 

tuning the resting orientation of the tipper to aid the correct connection of dredge and tipper during 

retrieval, their were no handling difficulties. The modified dredge did however appear to be 

somewhat unstable in midwater, where it had a tendency to roll onto its back. This was alleviated by 

adding a 360mm float to each end of the tow frame and an additional I O kg weight each side to the 

bottom of the frame. 

Following the Tamar trials the dredge/tipper combination was sent by freight to Queenscliff where it 

was fitted to a commercial boat and trialed in Port Phillip bay. 

4.6.3 Results and Recommendations 

Initial tests were positive in that catch rates appeared high compared to catch from dredges trialed 

previously. Further tests were disappointing though, since it was found that when the dredge 

contained a reasonable catch it became quite unstable in midwater and often rolled onto its back 

during retrieval. 

Subsequent flume tank tests on a model dredge to investigate midwater stability showed that vertical 

fins attached to the rear of the dredge seemed to improve midwater stability. Such fins were fitted to 

the modified New Zealand dredge and further testing in the Tamar river showed that the dredge had 

become more stable in midwater. Appendix F shows engineering drawings for the final modified 

New Zealand dredge/tipper combination. 

It is recommended that additional modifications be made to the New Zealand dredge to further 

improve its midwater stability. These untrialed modifications (also shown in Appendix F) provide 
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larger fins positioned on the edges of the dredge. This can be achieved by realigning the longitudinal 

struts and gives a solid fin location that should put it in less disturbed water flow particularly when 

the dredge is full. 
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The following is all based on data from the dredge modification trials undertaken in May 1991, 

where catches per tow were recorded to be between 6 and 295 scallops, with the middle half between 

38 and 119. In the analysis of those data, it was appropriate to take the square root of the catch count 

as the response variable, and I will refer to this as Y. Y ranged from 2.4 to 17.2 with the middle half 

in 6.2 to 10.9. 

In that experiment we obtained an estimate of the variance ofY as s2 == 6.285, and we will apply this 

for the new experiment in lieu of any other information. Assuming we do r (eg 3) complete 

replications with n (eg 5) tows for each type of dredge in each replicate, and we do the five tows in 

succession, ie without changing the dredge between those 5 tows within a block (replicate), the 

appropriate analysis is really based on the means of those 5 tows, and the variance of that mean is 

s2/5, or s2/n in general. Once we have this estimate for s2 we can use a relationship which links the 

following quantities: 

r, the number of complete replications; 

delta, d, the size of difference between mean of Y that we wish to detect as significantly 

different; 

alpha, a, the significance level we will use, commonly 5%; 

the probability 1-b with which we want to find a statistically significant difference if the true 

difference is d or larger, commonly 80% or 90%, we will use 80%; 

and s2, for which we use our estimate s2/n. 

The relationship can be expressed as: 

r == 2(Za/2 + Zb)2(s/d)2 (Steel and Torrie p 232) 

or 

d == (Za12+ Zb) _ 2s2/r 

where Za/2 is the upper a/2 point and Zb the upper b point of the standard unit normal distribution, 

e.g. 1.96 and 0.8416 respectively for a== 5% and b == 20% (for 5%tests with power of 80%). For 
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Finally, as discussed at length already, try to make your replicates as unifonn within as possible and 

maximise the difference between replicates, and, very importantly, randomise - order of different 

dredges within replicates, order in which the tows in different directions are done within a replicate, 

and even order of doing the three replicates. 
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The proposed device could potentially provide a number of other significant advantages for the 

scallop fishery and its management. The distance between the tynes could provide an important 

mechanism in scallop size selectivity. Tyne spacings could be set to target commercially-sized 

scallops. Potentially, this could be a much more effective size selection method than the mesh size 

of the collector cage itself, which in conventional dredges, often becomes too dogged to work 

effectively with the result being the serious management problem posed by the unwanted capture of 

juvenile scallops. Furthermore, the mesh selection characteristics could also be much more effective 

in a collecting cage that is raised off the substratum than in one partially submerged into the 

substratum. The combination of tyne spacings and raised collector cage could therefore be an 

important extra facility to help solve the very vexed question of appropriate minimum sizes and 

sorting. Potentially the device could improve the ability of the industry to target scallops which are 

large enough to have spawned twice and to reduce the damage to those left behind. Scallops which 

pass between the tynes or through the mesh would not then be crushed by the collecting cage itself 

which should significantly reduce the incidental mortality to scallops. 

A number of trial dredges (4) would be constructed for use in Victoria and Tasmania with the ability 

to alter tyne lengths, spacings, angle of forward projection of the tynes, tickler chain attachments, 

height of skids and weight of cage. The dredge would be attached to a commercial scallop fishing 

vessel and would be used alongside the fleet under commercial conditions. Under the guidance of 

the project officers in Victoria and Tasmania, data sheets would be completed recording catch rates 

and size frequencies each configuration of the gear, towing speed and warp length. These will be 

compared with commercial performances of vessels fishing alongside. 

Second Stage 

The import and subsequent trialing of the keta-ami dredge by W. Zacharin of the Tasmanian Sea 

Fisheries Division produced encouraging results although difficulties and problems remained. The 

project will, if necessary (depending on early success or otherwise of the modified mud dredge 

designs) import further dredges from other fisheries such as in Japan, Canada, Scotland or New 

Zealand. Whilst it will almost certainly not be possible to adopt an imported design into the fishery, 

innovative ideas could be obtained and applied to the evolving designs. Any imported dredges would 

be trialed in Tasmania and Victoria as appropriate. 

Third Stage 

It is proposed to develop the new equipment from an engineering and hydrodynamic aspect, such that 

in addition to the on-board assessment of effectiveness. This will include a study of the operation of 

the existing gear, followed by modifications, refinements and improvements to the new gear. 

Specifically, this phase of the work will concentrate on the following considerations: 
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complementary part of the studies, aimed at obtaining some quantitative estimation of the sediment 

disturbing characteristics of the various dredge designs. The project will be jointly managed by the 

VFIF, whose conceptual initiative started the proposal and CSIRO, who have extensive previous 

experience in conducting dredge efficiency trials, will provide overall scientific, extension and 

administrative coordination. 

Within the Victorian and Tasmanian scallop industry, there are a number of scallop fishennen with 

experience in participating in scallop fishing surveys. Industry will provide vessels as part of the 

overall cost of the project. The Victorian and Tasmanian Scallop Fishing Industries have many 

contacts with manufacturers of fishing gear and equipment who would be available to make and 

assemble the required equipment. Many of the operators actually construct their own dredges and 

between themselves and the manufacturers, possess an extensive range of engineering and 

constructional expertise in developing fishing gear. In Victoria, it is proposed to include Dr David 

G\l.ryther of Dames & Moore as project officer, responsible for supervision, coordination of data 

collection from Victorian vessels, data analysis and report presentation to the pr~ject co-ordinator. 

All reporting will be channelled through VFIF to CSIRO project management. In Tasmania, the 

offices and staff of CSIRO and the Sea Fisheries Laboratories, Taroona are available to provide sea

going support, data collection, scientific analysis and collation, and to deploy the underwater video 

systems. The Australian Maritime College, through the operation of the flume tank has had a long 

history of involvement with the fishing industry in the testing and development of fishing gear. 

Considerable expertise in the fields of engineering and hydrodynamics and a range of monitoring 

equipment including load cells and underwater video equipment are available. There are also a range 

of workshop facilities and ample berthing for trial vessels. 

There is a sum of $10 OOO available from the Commonwealth Zone levy which will contribute to the 

overall costs of modifying the existing gear prior to the scheduled opening of the Bass Strait grounds 

in June. Thus progress in modifying existing dredges can proceed prior to the proposed 

commencement of the project. Funding from the levy is also available for State-based technical 

officers to administer the Bass Strait Management plan, and it is planned that they will be able to 

assist with on-board observations, under supervision during the course of the project. 

SUPPORT DATA 

Previous work in this or related field 

Modifying and testing fishing gear is second nature to most commercial fishermen and the combined 

experience of Victorian scallop fishermen will provide all the necessary experience and ability to test 

the proposed new device thoroughly. During the past 25 years, many informal experiments and 

modifications to scallop fishing gear have been carried out by fishermen, most designed to improve 
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