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1 NON-TECHNICAL SUMMARY 

In the first stage of the project (Objective 1), 344 past and present vessel 
owner/operators were interviewed and completed a questionnaire quantifying the 
adoption rates of technologies affecting fishing power in the major Queensland 
fishing sectors (the eastern king prawn, scallop, north Queensland tiger/endeavour 
prawn) and Torres Strait tiger/endeavour prawn fisheries. The Torres Strait fleet 
adopted technologies at a faster rate compared with the east coast sectors. For all 
sectors, there were increases in average vessel size, engine horsepower, gearbox 
ratios, trawl speed, fuel capacity and consumption, and propeller size, pitch and 
adoption of propeller nozzles. Trawl speeds were highest in the tiger prawn sectors 
and lowest in the scallop fishery. Try gear was adopted by all sectors from the late 
1970s but appears to have limited application when used in the deep water (> 50 fm) 
eastern king prawn sector. The towing configuration of nets has also experienced 
profound change characterised by a shift from single or twin gear in the 1960s and 
1970s, to triple gear and quad gear presently used. The average size of the nets (i.e. 
head rope length) increased in the early years of the fishery but has plateaued to 
slightly under the maximum allowable, partly as a result of regulation. Drop chains 
are the most widely used ground chain type in all sectors. Flat otter boards were the 
most commonly used board type, but their use has declined over the last 20 years, 
particularly in the tiger/endeavour prawn sectors where they are being replaced with 
kilfoil, louvre or bison type boards. Autopilot, colour echo sounders, radar and global 
positioning systems are now fully adopted (100% of vessels) in each sector. Computer 
mapping systems continue to be adopted in the east coast sectors but were fully 
adopted (100% of vessels) in Torres Strait by 2000. Telecommunications have 
undergone marked improvements, particularly with the uptake of mobile and satellite 
phones, and to a lesser degree, facsimile and email. Adoption of HF, VHF and UHF 
radios have increased while 27 MhZ radio usage has declined. The spatial pattern in 
uptake of certain technologies suggests they were first adopted in the northern 
tiger/endeavour prawn sectors, probably from dual endorsed (Queensland east 
coast/Torres Strait/Northern Prawn Fishery) vessels and then progressively adopted 
over time in the southern scallop and eastern king prawn sectors. 
 
In the second stage (Objective 2), annual changes in average relative fishing power 
for each sector were calculated as a function of the fishing gear technology parameters 
estimated in a general linear model and the proportional usage of each technology. 
The shallow water eastern king prawn sector had the highest increase in average 
annual fishing power of 27% between 1989 and 1999, while the Torres Strait had the 
second highest increase of 24% between 1982 and 2002. The north Queensland 
tiger/endeavour prawn sector had the next highest increase in average fishing power 
of 6% between 1989 and 1999, followed by the deep water eastern king prawn sector 
with an increase of 5% over the same period. The scallop sector had the lowest 
average annual increase in fishing power of only 3% between 1989 and 1999.The 
third stage of the project applied the average annual increases in fishing power to 
logbook catch rate data to determine the likelihood of nominal and standardised catch 
rates falling below the catch rate reference points as defined in the Queensland Trawl 
Fishery Management Plan (Objective 3). This exercise was limited to the eastern king 
prawn, scallop and north Queensland tiger prawn sectors as management of the Torres 
Strait fishery is outside the Plan’s jurisdiction. The Plan’s catch rate reference points 
are defined as 70% of the average catch rates for each stock for the period 1988 to 
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1997. Due to ambiguities in the spatial and temporal definition of the Plan’s reference 
points, seasonal and monthly comparisons of catch rates were made, as well as for 
two spatial resolutions. Reference points were triggered for the 1998 and 2000 fishing 
year for scallops when catch rates were calculated by season and all grids combined, 
but only the 1998 fishing year was triggered if only scallop grids were used. Similar 
patterns arose when using monthly data. No review events were triggered for the 
eastern king prawn or north Queensland tiger prawns using seasonal catch rates. 
However, a review event was triggered when monthly catch rates were used in the 
eastern king prawn shallow sector using all grids for two out of four months for the 
2000 fishing year. One month triggered a review event in the 2000 fishing year for 
north Queensland tiger prawn. The work has highlighted the need to a) better define 
the catch rate reference points as they are currently stated in the Management Plan,   
b) determine an acceptable risk of catch rates falling below a reference point, and      
c) instigate a formal process of comparing standardised catch rates and reference 
points annually, and employ appropriate management strategies when a review event 
is triggered. 
 
The final stage of the project developed stock assessment models that incorporated 
stock-recruitment relationships and the annual increases in fishing power to evaluate 
the Plan’s 70% catch rate reference point, as well as alternatives (Objective 4). The 
models tested management responses to the triggered reference points of 60%, 70%, 
and 80% of the average catch rate. Three model-based reference points targeting 
fishing effort at maximum sustainable yield (EMSY), 3/4EMSY and 2/3EMSY were also 
examined. The catch rate reference points resulted in sustainable levels of fishing, but 
can trigger at high population sizes and cause inappropriate changes in fishing effort. 
Similarly, catch rates for low population sizes may not necessarily fall below the 
catch rate trigger. In general, we found that the reference points targeting fishing 
effort to 2/3EMSY or 3/4EMSY maintained populations slightly above the size that 
supports maximum sustainable yield. These reference points resulted in lower risks of 
under or overfishing, improved catches and higher catch rates. The stock assessments 
suggest all three stocks (eastern king prawn, Torres Strait tiger prawn, and saucer 
scallop) were fished to the limit of maximum sustainable yields, but eastern king 
prawn population sizes prior to 2001 may have been lower than this. All results were 
sensitive to the uncertainty on the spawner-recruitment relationships, the estimates of 
annual increases in fishing power, the accuracy of the logbook catch data. New types 
of data are essential to improve the stock assessments, such as spatial indices of 
abundance collected through fishery independent sampling and vessel monitoring 
systems (VMS). More accurate and robust reference points may exist using these data, 
rather than model based reference points. These pieces of information, together with 
annually updated information on trawl vessel fishing gear and technological changes, 
will aid in refining further stock assessments, defining more accurate reference points 
and strengthening future management decisions. 
 
The results have been presented (Objective 5) through several meetings of a) the 
Torres Strait Working Group and included the Torres Strait Prawn Entitlement 
Holders Association (TSPEHA) and both state (QFS) and federal (AFMA) fishery 
managers, b) the Queensland TrawlMAC and scientific advisory group (SAG),          
c) special management meetings with scallop fishers, processors and QFS trawl 
managers, d) a Mooloolaba branch meeting of the Queensland Seafood Industry 
Association (QSIA) whose members principally target eastern king prawns, and e) the 
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Project’s Steering Committee which comprised industry representatives, the fishery 
managers and project staff. Aspects of the study were also presented by M. O’Neill at 
the a) Life Histories, Assessment and Management of Crustacean Fisheries 
Conference organised by EDFAM in A Coruna, Spain, October 2001 and b) the 
Australian Genstat Conference (GENSTAT 2001) in Surfers Paradise, Queensland, 
Australia January 2001. The stock assessment of the Torres Strait prawn fishery was 
independently reviewed by Dr. David Die (University of Miami, USA) in October 
2003, as contracted by the AFMA (Report of the review available through AFMA). 
 
KEYWORDS: Fishing power, effort creep, standardised catch rates, prawns, 
scallops, otter trawling, regression analysis, stock assessment, reference points. 
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2 BACKGROUND 

Trawl fisheries for prawns and scallops are the most valuable commercial fishery 
resources in Queensland and Torres Strait. In both areas the fisheries are complex in 
that they target several species and are multi-endorsed. The Queensland East Coast 
Trawl Fishery, in particular, is highly diverse, with a range of species being taken in 
clearly defined areas and times along the 2500 km length of coastline. 
 
In Torres Strait, brown tiger prawns (Penaeus esculentus) are targeted for export 
markets and comprise about 40% of the catch. The remaining catch consists mainly of 
blue endeavour prawns (Metapenaeus endeavouri) and the red spot king prawn 
(Penaeus longistylus). The total catch from this fishery is of the order of 1500 to 2000 
tonnes annually, with a landed value in excess of $20 million.  
 
In the Queensland East Coast Trawl Fishery, recognisable fisheries for eastern king 
prawns (Penaeus plebejus) and saucer scallops (Amusium balloti) are by far the most 
valuable components of the fishery in the southern half of the state. Total landings of 
these two species generate wharfside-landing values of some $50 million annually — 
more than one third of the Queensland East Coast Trawl Fishery’s total value. 
 
The Queensland Fisheries Service (formally the Queensland Fisheries Management 
Authority) and the Australian Fisheries Management Authority jointly manage the 
Torres Strait prawn trawl fishery, using a range of input controls (limited entry, boat-
nights allocation, gear size, spatial and seasonal closures). A Total Allowable Catch 
was used initially but has been removed. Before the ratification of the Torres Strait 
treaty in 1985, the fishery was managed as part of the East Coast Trawl Fishery. 
Therefore, many if the present regulations are common to, and reflect, those of the 
east coast. The Queensland East Coast Trawl Fishery is managed under a single entity 
by the Queensland Fisheries Service using input controls that include licence 
limitation, gear and hull specifications, and seasonal and spatial closures. Despite 
these restrictions, stocks on the east coast, in particular, are subject to heavy effort 
levels that may not be sustainable in the long term. 
 
At present, the process by which sustainability and overfishing are identified in these 
fisheries is ambiguous. Formal management plans are being developed for all 
Queensland fisheries at this time. These plans, when accepted by industry and 
government, will be gazetted as subsidiary legislation. All plans are required to meet 
the objectives of the Queensland Fisheries Act 1994, which include requirements that 
fisheries resources are used in an ecologically sustainable manner. The draft 
management arrangements proposed for the Queensland East Coast Trawl Fishery 
include the reliance upon a series of limit reference points, as an index of stock 
abundance. These reference points have been derived from ad hoc methods and 
unstandardised catch and effort data. 
 
Limit reference points, especially, are important in that they determine the stage at 
which a resource is declared to be in some danger of overexploitation. There are, 
however, clear indications that the effective fishing effort is increasing through 
improved navigational equipment, crew experience, gear design, establishment of new 
areas and innovative electronic developments. If catch-per-unit effort data are to be 
used for assessing the fishery and the basis of the decision rules that affect the fishery, 
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it is essential that these data are adjusted to compensate for the effect of increasing 
fishing power impacting on the stocks. 
 
If triggered, the limit reference points introduce decision rules that appreciably reduce 
fishing effort. There has been virtually no research into the validity of the Queensland 
East Coast Trawl Fishery trigger points in terms of their relationship to resource 
sustainability, or into the effectiveness of related decision rules in rebuilding stocks. 
Trigger points and decision rules have not yet been developed for the Torres Strait 
fishery. 
 
Simulation models have been utilised internationally to investigate and develop 
appropriate reference points that can be applied to the particular resources and 
fishery’s needs. These models can supply precise mathematical definitions for several 
reference points and test which of these points are appropriate for the resource and 
management system. They can also be used to investigate and evaluate a range of 
harvest strategies (input and output control systems) for management. This project 
will facilitate the selection and validation of reference points that are much more 
robust than those currently proposed in the Queensland Trawl Fishery Management 
Plan. 
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3 NEED 

Fishery Management Plans are currently being developed for all major fisheries in 
Queensland. In the next few years, these plans will become the legal framework 
within which management practices are applied. Limit and target reference points 
have been developed and put forward as key assessment and management tools in all 
of these plans. Methods used to estimate the reference points have generally been ad 
hoc and based on un-standardised catch and effort data. 
 
Clearly, there is a strong need to test these reference points. 
 
In the Queensland East Coast Trawl Fishery Management Plan the limit reference 
points are based on a comparison of the average catch-per-unit-effort from 1988–96 
with the relevant year’s catch-per-unit effort. At present, this comparison of CPUEs 
takes no account of changes in effective effort. 
 
However, effective fishing effort continually increases, even though the number of 
licence holders and total number of days fished each year remains constant. This 
continual ‘effort creep’ is characteristic of trawl fleets and is due to fishers adopting 
technological improvements in fishing practices, such as GPS and plotters. A recent 
study of the northern prawn fishery indicates that when GPS and plotters are used 
concurrently, relative fishing power increases by 7% over boats without such 
equipment (Robins et al. 1998). 
 
We propose to standardise the effort of the trawl fleet, which is capital intensive and 
would therefore be most affected by technological advances. Two major trawl fleets 
operate within the Queensland region; the Torres Strait and the Queensland East 
Coast Trawl licensed trawl fleets. In terms of value, the most important species 
captured by these vessels are tiger prawns, eastern king prawns and saucer scallops. 
AFMA and the Torres Strait Scientific Advisory Committee need a detailed analysis 
and assessment of the Torres Strait tiger prawn fishery. The Prawn Working Group 
for Torres Strait has discussed the issue of possible changes in effective effort and the 
managers are of the opinion that this issue needs to be investigated. The small size of 
the fleet will simplify analysis compared with analysing the full Queensland tiger 
prawn fishery. 
 
In summary, effective reference points must be clearly defined and relate to a 
management system that uses a catch-per-unit-effort series for changes in fishing 
power. 
 

References 
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4 OBJECTIVES 

1. Produce an in-depth description of the gear and technological improvements of a 
representative sample for the a) Torres Strait tiger prawn, b) Queensland eastern 
king prawn and c) south-east Queensland saucer scallop fisheries for the period 
1970 to present. 

2. Establish a standardised catch-per-unit-effort series of the above fisheries. 
3. Compare present Management Plan reference points with the standardised and 

unstandardised catch-per-unit effort series. 
4. Investigate and establish robust reference points and response mechanisms 

through simulation modelling. 
5. Disseminate results to TrawlMAC, the QFMA (since changed to Queensland 

Fisheries Service, QFS) trawl fishery managers and fishers. 
 
There was discussion during the first steering committee meeting (13/9/1999) of 
including the north Queensland tiger prawn fishery in the project. It was pointed out 
that this fishery should have high priority because of its value and location in the 
Great Barrier Reef Marine Park. The committee agreed that the project should include 
the tiger prawn fishery as additional work in Objectives 1 to 3, but not included in 
Objective 4 as it would require significant additional funding to model the 
complexities of this sector. 
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5 OBJECTIVE 1. PRODUCE AN IN-DEPTH DESCRIPTION OF THE GEAR 
AND TECHNOLOGICAL IMPROVEMENTS OF A REPRESENTATIVE 
SAMPLE FOR THE A) TORRES STRAIT TIGER PRAWN,                           
B) QUEENSLAND EASTERN KING PRAWN AND C) SOUTH-EAST 
QUEENSLAND SAUCER SCALLOP FISHERIES FOR THE PERIOD 1970 
TO PRESENT. 

 
5.1 ABSTRACT  

This chapter describes the technologies affecting fishing power, and quantifies their 
rates of adoption in the major sectors of the Queensland east coast trawl fishery and 
Torres Strait for the period 1960–2000, inclusive. The technologies are broadly 
broken down into changes in (i) general vessel characteristics, (ii) trawl gear, 
including nets, ground chains and otter boards, (iii) navigation and                            
(iv) communication. The results were based on the responses from 344 past and 
present vessel owner/operators to a detailed questionnaire and confirm that marked 
technical changes have been adopted in all of the major trawl fishing sectors. The 
Torres Strait fleet which targets tiger and endeavour prawns is technically more 
advanced, and has adopted technologies at a faster rate compared with the north 
Queensland tiger/endeavour prawn sector, the scallop sector and the eastern king 
prawn sector. For all sectors, there were increases in most of the general vessel 
characteristics, including average vessel size, engine horsepower, gearbox ratios, 
trawl speed, fuel capacity and consumption, and propeller size, pitch and adoption of 
propeller nozzles. Although trawl speed has increased in each sector, the results 
highlight differences between sectors, notably that trawl speed is higher for the tiger 
prawn sectors and lower for the scallop fishery. Try gear was adopted by all sectors 
from the late 1970s and early 1980s, but it appears to have limited practical 
application in the deep water (> 50 fm) eastern king prawn fishery. The configuration 
of the nets towed in each sector has also experienced profound change characterised 
by a shift from towing single or twin gear in the 1960s and 1970s, to the triple gear 
and quad gear presently used. The average size of the nets (i.e. head rope length) 
increased in the early years of the fishery but has plateaued to slightly under the 
maximum allowable in depths less than 50 fm. In greater depths (> 50 fm) the average 
head rope length is well under the maximum allowable, most likely because of the 
restrictions on vessel size. Drop chains are the most widely used ground chain type 
across all sectors. Similarly, flat otter boards have been, by far, the most commonly 
used board type in each sector, but their use has declined over the last 20 years 
particularly in the tiger/endeavour prawn sectors, where they are being replaced with 
Kilfoil, louvre or bison type boards. Autopilot, colour echo sounders, radar and global 
positioning systems are now fully adopted (100% of vessels) in each sector. Computer 
mapping systems began to be adopted in the late 1980s and while they their uptake 
continues for the east coast sectors, they were fully adopted (100% of vessels) in 
Torres Strait fleet by 2000. Methods of communication have undergone marked 
improvements over the last 20 years, particularly with the uptake of mobile and 
satellite phones, and to a lesser degree, facsimile and email. Adoption of HF, VHF 
and UHF radios have increased while 27 MhZ radio usage has declined. For some 
technologies, particularly modifications to fishing gear and navigation, the spatial 
pattern in uptake suggests they were first adopted in the northern tiger/endeavour 
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prawn sectors, possibly from dual endorsed (Queensland east coast/Torres 
Strait/Northern Prawn Fishery) vessels and then progressively adopted over time in 
the southern scallop and eastern king prawn sectors. 
 
5.2 INTRODUCTION 

The number of licensed otter trawlers in the Queensland east coast trawl fishery 
(QECTF) peaked at 1413 in 1980 Bowen and Hancock 1985 and has declined since to 
506 (T1 and T2 otter board endorsements at the time of writing 13/3/2003, source 
Queensland Fisheries Service). The main contributing factors for the decline during 
the 1980s and 1990s were attributed to the 1979 ‘freeze’ on issuing new licenses and 
the two-for-one boat replacement policy. More recently, as a result of the Trawl 
Fishery Management Plan introduced in 1999, the introduction of transferable fishing 
rights to individual operators has led to a significant reduction in the number of 
licence holders. The Plan also abandoned the two-for-one boat replacement policy for 
an alternative based on effort units and a quantitative fishing power-vessel hull unit 
size relationship.  
 
A detailed temporal and spatial database on catch and fishing effort in the QECTF has 
been maintained through a mandatory logbook since 1988 and, as a result, fishing 
effort has been monitored and is now capped. However, there has been no 
comprehensive attempt to quantify the rate at which new technologies have been 
adopted by fishers, or the effect they have had on fishing power. It is widely agreed 
that one boat-day of fishing effort in the 1970s is less effective than one boat-day in 
the 2000s, but it is unknown precisely what changes have been adopted or how much 
they have affected fishing power. 
 
Thus, while the number of licence holders in the fishery has declined, the influence of 
technological improvements on fishing power has not been assessed. Examples of 
these technologies include: increased engine power, global positioning systems (GPS) 
and differential GPS, computer–based mapping and navigational systems, and 
changes to fishing gear, such as try gear and the mandatory introduction of bycatch 
reduction devices (both BRDs and turtle excluder devices TEDs). 
 
Catch-per-unit effort (CPUE) data need to be adjusted or standardised to take account 
of the influence of these changes on fishing power. Prior to the current research 
initiative, only nominal (unstandardised) CPUE data were examined from the 
QECTF. Although annual increases in fishing power may be small (i.e. < 5%), over 
several years they can have a significant effect on catch rates. For this reason it is 
important to consider annual fishing power increases when forecasting the long-term 
effects of management measures with computer models. Assumptions made about the 
precise annual increase in fishing power can have a significant affect on the outcomes 
of forecasts and the advice provided to managers and industry Dichmont et al. 2001; 
Haddon, 2001. 
 
This section of the report describes the rates at which devices, fishing gears and other 
performance-related changes have been adopted in the main sectors (eastern king 
prawn, scallop fishery, the north Queensland tiger/endeavour prawn and the Torres 
Strait tiger/endeavour prawn) of the QECTF over the last 30 years. It also compares 
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and contrasts the sectors and offers explanations for the differences. Quantitative 
estimates of the effects of the devices on fishing power are provided in Chapter 6. 
 
5.3 MATERIALS AND METHODS  

Information on which devices and technologies were adopted by fishers, and when 
they were adopted, was obtained from a purposely-designed survey of 344 past and 
present fishing vessel owner/operators selected randomly from the entire trawl fleet of 
900 vessels that had fished during 1997 and 1998. A copy of the survey questionnaire 
is provided in Appendix 15.3. 
 
The questionnaire considered a number of different vessel characteristics thought to 
effect fishing power. The 344 interviews represented a response rate of 85% of the 
406 operators who were initially contacted. Overall, the sample included vessels that 
collectively accounted for about 40% of each sector’s total catch between 1989 and 
1999. A breakdown of the number of owners or skippers operating in each sector in 
each year who were interviewed is provided in Table 5.3.1. It is important to note 
a) that many operators work in more than one sector and therefore the technical 
changes in their fishing operations applied across the sectors they worked in, and 
b) the general decline in the numbers of owners and skippers the further back in time 
the survey sought information for. 
 
Interviewees were asked to provide written records of vessel characteristics for the 
interview. Changes in the following characteristics and the date of each change were 
recorded for each vessel: 

• Skippers (owner operated, relative of owner, or non-relative) 
• Vessel length, engine power (HP), average trawl speed (knots), fuel capacity 

(litres), propeller size (inches) and the presence or absence of a propeller 
nozzle. 

• Navigation equipment (presence or absence of global positioning systems 
(GPS) and plotters, and computer mapping software). 

• The presence or absence of try-gear (try-gear is a small (1–3 fathom) net used 
for frequent 10–20 minute sampling of trawl grounds). 

• The use of bycatch reduction devices (presence or absence). 
• Trawl net configurations:  
• Number of nets (single, double, triple, quad or five nets). 
• Total net head rope length (fathoms) combined for all nets. 
• Net mesh size (mm). 
• Type of ground chain (fixed drop chain, drop chain with sliding rings, drop 

rope and chain combined, looped chain or other less common configurations) 
and chain size (mm). 

• Type of otter board types (Bison, Flat, Kilfoil, Louvre or other less common 
types) and size (total board area = board length × width). 
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Table 5.3.1 Breakdown of the number of owners and skippers operating in the major Queensland east 
coast and Torres Strait trawl sectors in each year that were interviewed as part of the questionnaire. 

Fishing year 
Eastern king 

prawn Scallop
North Queensland 

tiger/endeavour prawn
Torres Strait 

tiger/endeavour prawn
1969 1  2  
1970 3 2 2  
1971 3 2 2  
1972 4 2 3  
1973 5 2 4  
1974 9 5 6 1 
1975 11 5 12 1 
1976 18 11 13 1 
1977 19 12 14 1 
1978 20 13 18 1 
1979 27 18 31 6 
1980 34 26 40 8 
1981 40 33 45 10 
1982 46 39 51 13 
1983 52 44 60 16 
1984 55 48 68 17 
1985 59 51 71 18 
1986 65 60 82 21 
1987 74 68 94 27 
1988 89 78 109 31 
1989 100 89 128 39 
1990 112 100 138 43 
1991 123 112 149 45 
1992 132 119 161 50 
1993 140 130 170 54 
1994 155 145 194 62 
1995 172 170 212 75 
1996 188 185 231 79 
1997 201 198 242 84 
1998 200 198 245 87 
1999 194 196 239 86 
2000 176 180 80 29 
 
 
It is also important to note the further back in time that the project sought information 
through the interviews, the less reliable the information was likely to become. The 
reason for this was because the early observations (those prior to 1975 for the east 
coast sectors and prior to 1980 for Torres Strait) were based on the recollections of a 
very small number of operators who were still available for interview, and also due to 
memory loss. The Torres Strait trawl fishery was in a developmental phase throughout 
the 1970s and prior to about 1975 the fleet size was very small (Pyne and Dall, 1976; 
Storrs, 1987). Observations from recent years (i.e. 1980–2000) were likely to be more 
accurate because they were based on larger sample sizes (i.e. more interviewees) and 
presumably, more accurate recollections. 
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5.4 RESULTS 

5.4.1 Trends in skippering vessels 
 
Results from the questionnaire confirm a decline in the proportion of owner-operator 
skippers and a corresponding increase in non-family skippers (Figure 5.4.1). In the 
1960s and early 1970s it was commonplace for the skipper to also be the vessel 
owner. The decline in owner-skippers was most notable for Torres Strait where the 
proportion fell from 1.0 in the early 1970s to around 0.2 in 2000. The proportion of 
family members (typically sons) as skippers has remained relatively low at about 0.1 
across all sectors since the mid–1970s. The proportion of non-family skippers has 
risen consistently since the early 1970s and may continue to rise. In 2000, the 
proportion of non-family skippers in Torres Strait was about 0.6. Trends for the east 
coast sectors (i.e. eastern king prawn, scallop and tiger/endeavour prawn) were very 
similar and differed from the Torres Strait fleet.  
 
5.4.2 Changes in general vessel characteristics 
 
Temporal changes in the characteristics of vessels operating in each sector are 
provided in Figure 5.4.2 and Figure 5.4.4 and include information on average vessel 
size, engine power, trawl speed, fuel consumption and propeller details. Vessels 
operating in Torres Strait were significantly larger and more powerful than those 
operating in the east coast sectors (Figure 5.4.2). The fuel capacity of Torres Strait 
vessels (currently about 20 000 L) was 2–3 times that of the east coast vessels (about 
6000 L) possibly due in part to the remoteness of the region. 
 

 

 

 

 

 

 

 

 

 

Figure 5.4.1 The proportion of different skipper-types (owner, family member or non-family member) 
over time in the major Queensland east coast trawl sectors. 
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In general, differences between the east coast sectors were slight, with the exception 
of trawl speed. Engine power, trawl speed, fuel capacity and consumption, propeller 
size and pitch, and gearbox ratios increased across all sectors from the mid–1980s to 
2000. For all of the east coast sectors, the average reported engine power increased 
from about 190 hp in 1980 to about 280 in 2000 (Figure 5.4.2). The average reported 
engine power of Torres Strait vessels increased from 250 hp to 350 hp over the same 
period. Trawl speed was notably higher in those sectors targeting tiger/endeavour 
prawns, particularly in Torres Strait, and lowest in the scallop fishery. Trawl speed for 
vessels in the eastern king prawn sector was intermediate. 
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The proportion of vessels using propeller nozzles (Figure 5.4.3) in the Torres Strait 
fishery increased markedly from the late 1970s and reached 0.97 in 2000 (Figure 

Figure 5.4.2 Long–term trends in general vessel characteristics in the Queensland east coast and 
Torres Strait trawl fisheries. 
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5.4.4). For the east coast sectors the rate of adoption was slower and reached about 0.6 
by 2000. The data suggest the proportion of operators using nozzles is slightly higher 
in the tiger/endeavour prawn sector. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristics that have not changed significantly from the mid–1980s to 2000 
include vessel length and number of hull units, and steaming speed, although there is 
evidence of increased vessel size in Torres Strait from 1998 to 2000. 
 

Figure 5.4.3 Propeller with nozzle, from Queensland east coast trawler. 

Figure 5.4.4 Long–term trends in the proportion of vessels using 
propeller nozzles in the Queensland east coast and Torres Strait trawl 
fisheries. 
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5.4.3 Try gear 
 
Try gear (Figure 5.4.5) was adopted 
quickly in Torres Strait in the late 1970s 
and by the early 1990s was used on 
about 80% of vessels (Figure 5.4.6). 
Rates of adoption were lower and 
occurred later in the scallop and eastern 
king prawn sectors and by 1984 it was 
still only used on about 5% of vessels 
(Figure 5.4.6). Since then there has been 
a steady increase in usage and by 2000 
try gear was used by about 64% of 
operators in the scallop and eastern king 
prawn fisheries. The data suggest that try 
gear may be more effective in the 
northern tiger prawn sectors (Torres 
Strait and north Queensland) compared 
with the eastern king prawn fishery. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The average headrope length of the try gear nets has remained at about 1.9 fm since 
the mid–1980s and does not differ between sectors. Fishers reported using either otter 
board or beam trawl type try gear, with the former being the most common. Since 
1985, 83% of fishers using try gear in the eastern king prawn fishery reported using 

Figure 5.4.5 Beam trawl try gear on board vessels 
in the eastern king prawn fishery. 

Figure 5.4.6 The proportion of vessels using try gear in the major trawl 
sectors of the Queensland east coast and Torres Strait from 1960–2000, 
based on results from the questionnaire. 
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the otter-board type. Slightly higher rates were reported for the scallop (94% usage) 
and tiger/endeavour prawn fisheries (97% usage). Information on how frequently try 
gear was used throughout the night was also obtained through the questionnaire and of 
those operators using the device, the majority (80–100%) used it continuously 
throughout the night (Figure 5.4.7). This trend was consistent across sectors.  
 

 

 

 

 

 

 

 

 

 
5.4.4 Changes in trawl gear (net sizes and configurations, ground chains and 

otter boards) 
 
The configuration of nets used in each sector has changed markedly over time and 
differs between sectors (Figure 5.4.8). Again, it is worth noting that the data and 
trends from recent years (1990–2000) are likely to be more accurate than those from 
the 1960s and 1970s. For the years prior to 1975, the results were based on the 
recollections of a very small sample size of interviewees. Nevertheless, some general 
trends are apparent. For example, in the late 1960s a high proportion of vessels towed 
a single net, particularly in the tiger and king prawn sectors. Over the following years 
this trend declined and by the early 1980s only a small proportion of vessels in the 
deep water eastern king prawn fishery continued with single nets. Since then, and to 
the present day, the proportion of vessels towing single gear has been negligible. 

Figure 5.4.7 The proportion of vessels using try gear at different 
frequencies throughout the night in the north Queensland  
tiger/endeavour prawn fishery. 
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Deployment of twin gear (two nets) was common in most sectors in the early 1970s 
(Figure 5.4.8) but declined from the mid–1970s to about 1992 and has remained under 
about 10% in each sector ever since. The proportion of vessels in the deep water king 

Figure 5.4.8 Changes in the configuration of nets used in each of the major Queensland trawl sectors 
from 1960 to 2000, based on the questionnaire results. 
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prawn sector that have used twin 
gear was consistently lower 
compared with the other sectors and 
has been negligible since the early 
1980s. The reason for this is because 
most deep water vessels use triple 
gear (three nets) as it is widely 
considered to offer greater stability 
and safety in the deep water, 
especially during hook-ups (i.e., 
when the nets get caught on the 
bottom and the vessel is immobilised 
and vulnerable to capsize). A high 
proportion (0.8–1.0) of deep water 
king prawn vessels have continued to 
use triple gear since the early 1980s. 
In contrast, about 0.6–0.7 of the 
scallop and shallow water king 
prawn vessels, and less than 0.5      
of the north Queensland 
tiger/endeavour prawn vessels, have 
used triple gear since the early 
1980s. The proportion of vessels 
using triple gear has been lowest in 
Torres Strait. 
 
Quad gear (four nets) is most 
commonly used in the tiger prawn 
fisheries of north Queensland and 
Torres Strait (Figure 5.4.8). The 
proportion of Torres Strait vessels 
using quad gear increased from about 
0.2 in 1980 to about 0.9 in 2000. 
Rates of adoption in the scallop and 
shallow water king prawn sectors 
were similar and increased from 
about 0.1 in 1980 to about 0.2 in 
2000. The proportion of deep water 
eastern king prawn vessels using 
quad gear remained at negligible 
levels throughout the fishery’s 
history. Since 1995, a small number 
of operators who were interviewed in 
each sector reported using five nets, 
but because of the low incidence of 
use (fewer than three operators in 
any year) it is difficult to confirm 
any trends for this particular type of 
gear.  
 

Figure 5.4.9 Time series of the average total head 
rope length of nets in each of the Queensland trawl 
sectors from 1960–2000, based on the questionnaire 
results. 
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Long-term trends in the size of the nets used in each configuration type and sector 
Figure 5.4.9 are affected by net size regulations and indirectly by regulations on 
vessel size. For example, the maximum total combined foot and head rope lengths are 
restricted to 88 m in depths less than 50 fathoms (fm) and 184 m rope in depths 
greater than 50 fm [Fisheries (East Coast Trawl) Management Plan 1999]. These 
equate to a maximum allowable head rope length of about 44 m (22 fm) and 92 m (45 
fm) in the shallow and deep water, respectively. Head rope lengths for the most 
commonly used gear types (triple and quad gear) have plateaued and stabilised since 
the early 1980s (Figure 5.4.9). In the tiger/endeavour prawn and shallow water eastern 
king prawn sectors, average head rope length has stabilised at, or just under, the 
maximum allowable of 22 fm since the early 1980s. In the deep water eastern king 
prawn sector the average head rope length of triple gear has remained relatively stable 
at about 35 fm since the early 1980s. This is well below the maximum (92 m or 45 
fm) that fishers can tow in the deep water, and is probably a result of limitations on 
vessel size (Figure 5.4.9). Few operators in the deep water appear to be towing the 
maximum allowable net sizes. 
 
Results from the questionnaire provided insight into the types of ground chain (Figure 
5.4.10) used on trawl nets and how they have changed over time. Reported chain 
types included drop chain, drop mud rope, drop chain with sliding rings, danglers or 
Christmas-tree drops, looped ground chain and drop rope with chain. 
 
Over the past 20 years there has been relatively little change in the types of ground 
chain used throughout the different sectors (Figure 5.4.11), with the ‘drop chain’ type 
being the most widely used, by far (Figure 5.4.10).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Between 0.8 and 1.0 of the north Queensland tiger/endeavour prawn and Torres Strait 
fleets use drop chains, while the proportion is currently at about 0.6 in the scallop 
sector and shallow water eastern king prawn sectors. In contrast, ‘looped chain’ was 

Figure 5.4.10 Photograph of ‘drop chain’ – the most 
common ground chain type used in the Queensland east 
coast and Torres Strait trawl sectors. 
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most frequently used in the deepwater eastern king prawn fishery up to the early 
1990s and has only been superseded by drop chains in recent years. For most sectors, 
the proportion using drop chain has increased slightly in recent years. The deep water 
king prawn fishery has retained the highest variety of ground chain types, with similar 
proportions of the fleet currently using drop chains, looped chains and ‘other’ types. 
 
The average gauge of drop chain increased in all sectors from 8.0 mm in the 1960s 
and 1970s to slightly under 10 mm in 2000 (Figure 5.4.12). Increases occurred earlier 
in the scallop sector and appear to have resulted in slightly higher averages compared 
to the other sectors. Average gauge size has remained slightly smaller in the shallow 
water eastern king prawn sector. The gauge in the deep water fishery remained 
comparatively small during the 1970s but increased markedly from the mid–1980s. 
For most sectors, average chain gauge has remained relatively stable since the late 
1980s. 
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Figure 5.4.11 Types of ground chain used in the different trawl 
sectors from 1960 to 2000, based on results from the questionnaire. 
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Although flat otter boards (Figure 
5.4.13) have been the most 
common board type used across 
all sectors over the last 40 years, 
their use is declining, particularly 
in the tiger/endeavour prawn 
fisheries (Figure 5.4.14). In the 
Torres Strait fishery, the 
proportion of vessels using flat 
boards declined from 1.0 in the 
mid–1970s to about 0.2 in 2000. 
Over the same period there was an 
increase in the adoption of Kilfoil 
or louvre boards, and Bison 
boards. Flat boards still appear to 
be preferred in the deep water 
eastern king prawn fishery where 
they are used by about 0.9 of 
vessels. Other boards used by 
fishers included the Collins, 
superflow and perfect type boards. 
However, the proportion using 
these was very low (i.e., < 0.01). 

 

 

 

 

 

 

 

Figure 5.4.12 Long-term trends in the average gauge of drop chain used in each 
sector, based on results from the questionnaire. 

Figure 5.4.13 Types of otter boards used in the Queensland 
east coast trawl fishery. Above is large flat otter board with 
skid, as used in triple gear in deep water eastern king prawn 
fishery. Below are two Bison boards with skid in between, 
used in quad gear in the tiger/endeavour prawn fishery. 
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Figure 5.4.14 The proportion of vessels using different types of otter boards in each of the major 
Queensland trawl sectors from 1960–2000, based on the questionnaire results. 
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5.4.5 Uptake of turtle excluder devices (TEDs) and bycatch reduction devices 
(BRDs) 

 
TEDs and BRDs were trialled voluntarily in the Queensland east coast otter trawl 
fishery and in Torres Strait in the mid– to late–1990s and progressively made 
mandatory in different areas and sectors between 1999 and 2002. TEDs were made 
mandatory in the scallop sector on the 1st July 2001 and on the 1st January 2002 in 
the deepwater. BRDs were made mandatory in the scallop and deepwater (depths > 50 
fm) sectors on the 1st July 2001. As of January 2002, TEDs and BRDs were 
compulsory in all of the sectors (eastern king prawn, scallop, north Queensland 
tiger/endeavour prawn and Torres Strait) considered herein. 
 
Interviewees reported adopting a wide range of devices. The TEDs included the 
Nordmore grid, ‘own design’ TED, standard US TED, unspecified TED, Kevin Wicks 
TED, AUSTED, Super shooter, rectangle grid and Seymour, while the BRDs included 
the V-cut, square mesh window, Big Eye, unspecified BRD, Fisheye, Neil Olsen 
BRD, radial escape section and square mesh codend. 
 
Prior to 1995, the reported use of TEDs and BRDs was negligible (Figure 5.4.15). Use 
of the devices increased dramatically in 1999 and by 2000 almost all operators in the 
north Queensland tiger/endeavour prawn and Torres Strait sectors who were 
interviewed reported using at least one device (either a TED or a BRD), or both. The 
reported use was lower for the eastern king prawn sector (0.79) and markedly lower 
for the scallop sector (0.15). The reason for the low uptake in the scallop sector 
appears to be related to 
difficulty in tuning the 
TEDs to work effectively in 
the Seibenhauser type nets 
that are often used in the 
scallop fishery, and the high 
incidence of sponges on 
some of the scallop grounds 
clogging the TEDs. 
 
In 2000, the most 
commonly used devices in 
the eastern king prawn 
fishery were the Kevin 
Wicks TED, Big Eye, Fish 
Eye and V-cut, in 
decreasing order. In the north Queensland tiger/endeavour prawn and Torres Strait 
sectors, the most commonly used devices were Kevin Wicks TED, Big Eye, square 
mesh window, Fish Eye and radial escape section. Although usage of the devices in 
the scallop sector was low, the most commonly used devices in 2000 were the Big 
Eye and non-specific ‘own design’ BRDs and TEDs. 
 
5.4.6 Changes in navigational technology 

The reported rates of adoption for navigational technologies are provided in Figure 
5.4.16. Devices that are fully adopted and used by almost all operators (i.e., 
saturation) include autopilot, colour echo sounder, GPS, radar and plotters. 

Figure 5.4.15 The reported use of TEDs and BRDs in the Torres 
Strait and major Queensland east coast trawl sectors, based on 
results from the questionnaire. 
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Technologies that continue to be adopted (i.e., not yet reached saturation) include 
computer mapping software, differential GPS (DGPS) and the integration of GPS and 
autopilot. Again, a number of devices were adopted earlier in the Torres Strait, 
including colour echo sounder, computer mapping, DGPS, GPS, GPS autopilot, sonar 
and plotters. Adoption of computer mapping software in the Torres Strait was rapid 
and approached saturation by 2000. 
 
Satellite navigation began to be adopted in the 1970s, but was largely ineffectual due 
to relatively low spatial resolution and the low frequency of satellite availability (once 
every 6–12 hours). GPS began to be adopted in the mid–1980s and by 1998 was used 
by almost every operator (Figure 5.4.16). GPS offered fishers improved spatial 
accuracy for trawling, with a precision of about ±50 m. In 1994 operators started to 
use DGPS which improved their precision to a maximum achievable ±1 m, depending 
on the level of subscription the individual operator paid for. The DGPS signal was 
frequency modulated (FM) and unavailable for the entire coastal zone. Vessels 
working in southeast Queensland and comparatively close to major population centres 
were more likely to be able to pick up the signal. Since the United States removed the 
imprecision of the GPS satellite signal in 1999 (initially implemented for military 
defence), the difference between GPS and DGPS has been significantly reduced. Both 
GPS and DGPS now offer similar precision and therefore there is no real need for 
fishers to adopt DGPS.  
 
The adoption and use of sonar has generally remained low (i.e. < 0.2), except for 
Torres Strait where reported usage peaked at about 0.5 in the 1980s. While the Torres 
Strait sector appears to adopt navigational technologies relatively early, the eastern 
king prawn sector has generally been the slowest in adopting the technologies. For 
example, the king prawn fishery had the slowest rates of uptake for colour echo 
sounders, computer mapping software, GPS and DGPS, and integrated GPS and 
autopilot. 
 
5.4.7 Changes in communication technology 
 
The proportion of vessels using 27 MHz radio increased throughout the 1970s and 
peaked at about 80% in the east coast sectors in the mid–1980s (Figure 5.4.17). Since 
then, the proportion of vessels deploying the device has declined to around 60%. 
Although the proportion of vessels using 27 MHz in Torres Strait was consistently 
lower, the same declining trend apparent and by 2000 only about 25% of Torres Strait 
vessels were using the device.  
 
High (HF), very high (VHF) and ultra high frequency (UHF) radios were adopted by 
almost all operators in the Torres Strait in the mid–1970s (Figure 5.4.17). The rates of 
adoption were lower for the east coast, especially for the VHF and UHF.  
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Figure 5.4.16 The adoption of navigational technologies in the major Queensland east coast trawl 
sectors and Torres Strait from 1969 to 2000, based on the questionnaire results. 
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Mobile phone usage in the Queensland east coast sectors increased markedly 
throughout the 1990s and has peaked at around 100% in the scallop and eastern king 
prawn sectors. The rate of adoption is lower in the tiger/endeavour prawn fishery and 
lower still in Torres Strait. Satellite phone usage is increasing at a high rate in the 
Torres Strait (Figure 5.4.17). The proportion of vessels using facsimile and emails has 
remained low (10–20%) on the east coast but is around 30–40% in Torres Strait. 
 

 

 

 

 

Figure 5.4.17 Long–term trends in the adoption of radio and telecommunication devices in the Queensland 
east coast and Torres Strait trawl fisheries, based on the questionnaire results. 
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5.5 DISCUSSION 

This chapter has attempted to capture the influential technical changes affecting 
fishing power in the Queensland east coast and Torres Strait trawl fisheries over the 
past 40 years (1960–2000) and quantify their rates of adoption. Similar studies were 
undertaken by Brunenmeister 1981 for the United States shrimp stocks in the Gulf and 
Mexico, Chifamba 1995 for the Lake Kariba sardine fishery in Zimbabwe and Bishop 
and Sterling 1999 for Australia’s Northern Prawn Fishery. 
 
Brunenmeister (1981) examined change in five vessel characteristics: gross tonnage, 
vessel length, horsepower, net number and average net size. Chifamba (1995) 
examined vessel mobility, engine type and horsepower, echo sounder, radio usage, 
winch type, net diameter and depth, the type number and wattage of underwater 
lights, and interestingly the insurance value of the vessel. The survey of Bishop and 
Sterling (1999) sought information from fishers on vessel and trawl gear 
specifications, BRD and TED usage, searching capabilities, including deployment of 
spotter planes, fleet cooperation factors, navigational equipment and factors affecting 
the swept area of the trawl gear. While the most influential technologies appear to 
have been considered in the present study, it is important to acknowledge that some 
influences may not yet be identified and that new technologies will continue to be 
invented and adopted into the future. 
 
5.5.1 General vessel characteristics 
 
The results quantify the changes and improvements in fishing gear and technology in 
the Queensland and Torres Strait trawl fisheries over a 40-year period (1960–2000). 
In general, the Torres Strait fleet has been technically more advanced than vessels 
working in the Queensland east coast sectors. For example, Torres Strait vessels have 
consistently been larger, with greater fuel consumption, more powerful engines, 
gearboxes and propellers, and greater average steaming and trawl speeds (Figure 
5.4.2). The rate of adoption of propeller nozzles (Figure 5.4.4) was rapid in Torres 
Strait, resulting in almost total (100%) adoption by 2000. Differences in general 
vessel characteristics between the east coast sectors (eastern king prawn, scallop and 
tiger/endeavour prawn) over the 40-year period were slight, with the exception of 
trawl speed. While trawl speed has increased in each sector, it is significantly higher 
for the tiger/endeavour prawn sectors and lowest for the scallop sector. 
 
Try gear was adopted earlier in the tiger/endeavour prawn sectors (Queensland and 
Torres Strait) compared with the eastern king prawn and scallop sectors. One of the 
reasons why it has not been adopted as readily in the deep water king prawn vessels is 
most likely due to the depth at which trawling occurs, because it increases the time it 
takes to shoot-away the gear and to retrieve it. Try gear is basically used to take ‘a 
quick look’ at prawn/scallop catch rates and densities on the bottom. If the try gear 
catch rates are favourable, then the vessel turns around and trawls over the same area 
again, all the while keeping the main trawl nets on the bottom. However, when the 
depths are great (i.e. 200–300 m) the length of wire needed to shoot the try gear away 
increases and therefore it takes several minutes to lower the gear to the bottom and 
retrieve it. The wear and tear on the winches is also increased as a result of the greater 
depths. Furthermore, because of the extended time required to shoot away and retrieve 
nets, crews commonly only undertake 2–3 trawls per night in the deep water, with 
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some members choosing to sleep between trawls rather than continually working the 
try gear. For these reasons, try gear is unlikely to be adopted throughout the entire east 
coast fishery. 
 
5.5.2 Changes in nets, ground chains and otter boards 
 
Long–term trends in the configuration of the nets used in the Torres Strait and 
Queensland east coast trawl sectors were characterised by the dominance of single 
nets in the 1960s and early 1970s, followed by the progressive adoption and eventual 
dominance of triple gear in the scallop and eastern king prawn sectors, and quad gear 
in the tiger/endeavour prawn sectors (Figure 5.4.8). Adoption rates for triple gear have 
stabilised since the late 1980s, but there is some indication of a slight increase in the 
use of quad gear over the last decade. 
 
For some gear configurations and sectors, there was a progressive increase in the 
average head rope length of nets throughout the 1960s and 1970s (Figure 5.4.9). This 
trend appears to have ceased by the mid–1980s, most likely as a result of net length 
and vessel length restrictions. For those sectors that occur in depths less than 50 fm, 
the average head rope length remains slightly under the maximum allowable of 44 m 
(22 fm). However, for the deep water (> 50 fm) the average head rope length is well 
under the maximum allowable of 92 m (45 fm), possibly as a result of vessel length 
regulations limiting the size of nets that vessels can tow. Drop chains are, by far, the 
most commonly used ground chain type used throughout all sectors and there is 
evidence of a consistent increase in their rate of adoption (Figure 5.4.11). The deep 
water king prawn sector differs from the others in that it appears to use a wider range 
of ground chain types, including looped chain, drop chain and others. The results 
suggest there have been few advances in ground chain types, or adoptions of 
alternative ground gear, over the last 20 years. There was a general increase in the 
average chain gauge size across all sectors from the early 1960–70s to 2000 and by 
2000 the average gauge varied from 9.5–10.0 mm, depending on the sector. The 
Management Plan, which became effective in early 2000, capped the maximum chain 
gauge size to 10.0 mm in shallow water (depths < 50 fm) and 12.0 mm in the deep 
(depths > 50 fm).  
 
Flat otter boards have been, by far, the most commonly used throughout the Torres 
Strait and Queensland east coast sectors since the early 1960s (Figure 5.4.14). 
However, their use has declined, particularly in the tiger/endeavour prawn sectors, 
where there has been a shift toward Kilfoil or louvre type boards. A high proportion 
of vessels (> 0.9) in the deep water eastern king prawn fishery have retained flat 
boards. 
 
5.5.3 Uptake of TEDs and BRDs 
 
The rates of adoption of TEDs and BRDs were also affected by the mandatory 
regulations introduced in the Management Plan in 2000. Results from the 
questionnaire indicate that, prior to about 1995, reported use of TEDs and BRDs was 
negligible and that usage increased markedly in most sectors in 1999 and 2000, 
although uptake in the scallop sector was still low in 2000 (Figure 5.4.15).  
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Robins et. al. (2000) undertook a similar, voluntary survey of TED and BRD usage in 
the Queensland east coast and Northern Prawn Fisheries in the late 1990s. They 
posted the survey, which was specifically designed and limited to TED and BRD 
usage, to 758 Queensland east coast trawl licence holders and received 274 (36%) 
responses back. Robins et al. (2000) acknowledge that the responses may not 
necessarily reflect those of the whole fleet, but nevertheless provide some insight into 
the uptake of the devices at that time. They reported that about 1% of respondents 
indicated regular use of TEDs before 1st January 1997 and by the 1st May 1999 the 
proportion increased to about 20%. Thirty-eight percent of respondents reported using 
BRDs prior to 1st May 1999. While the reported use of BRDs was relatively high, the 
rates are generally consistent with those of the current questionnaire results (Figure 
5.4.15). 
 
5.5.4 Navigational improvements 
 
Several navigational aids were adopted earlier and at a higher rate in the north 
Queensland tiger/endeavour prawn and Torres Strait fisheries than in the scallop and 
eastern king prawn sectors. This trend suggests that some technologies were 
introduced into the fishery ‘via the top end’, possibly from dual–endorsed 
(Queensland/Torres Strait/Northern Prawn Fishery) vessels, and progressively 
adopted over time in the southern scallop and eastern king prawn sectors.  
 
By 2000, radar, autopilot, colour echo sounders, GPS and plotters were used on 
almost every vessel (100% adoption) in all sectors. 
 
In general, trends in the adoption of navigational technologies were similar among the 
east coast sectors, and differed from those of the Torres Strait. GPS, computer 
mapping software and sonar were adopted at faster rates and are used by a higher 
proportion of Torres Strait operators compared with the east coast. The rates of 
adoption of GPS and plotters in Torres Strait, and the period they were adopted – late 
1980s to early 1990s – were very similar to those reported by Robins et al. 1998 for 
the northern prawn fishery.  
 
5.5.5 Changes in communication 
 
Communication technologies have improved rapidly over the last decade, 
characterised by the uptake of mobile and satellite phones, facsimile and email 
(Figure 5.4.17). Again, trends among the Queensland east coast sectors were similar 
and differed from Torres Strait, largely because of the region’s remoteness. Uptake of 
satellite phones in the Torres Strait has been rapid and is continuing. There has been a 
consistent decline in the use of 27 MHz radios across all sectors since the early 1980s, 
with growing reliance upon HF, VHF and UHF radios. 
 
In summary, the results from the questionnaire confirm that changes in vessel 
characteristics, fishing gear, navigation and communication have taken place over the 
last 40 years and that several technologies continue to be taken up by the major trawl 
sectors in Queensland and Torres Strait. New technologies are likely to emerge and be 
adopted in future. While the rates of adoption for some technologies have been quite 
rapid (i.e. adoption of try gear and GPS), their impact on fishing power is unknown. 
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Quantification of the effect of the different technologies on fishing power in each of 
the major sectors is investigated in the following chapter (Chapter 6). 
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6 OBJECTIVE 2. ESTABLISH A STANDARDISED CATCH-PER-UNIT 
EFFORT SERIES: COMPARISON OF RELATIVE FISHING POWER 
BETWEEN DIFFERENT SECTORS OF THE QUEENSLAND TRAWL 
FISHERY, AUSTRALIA 

 
6.1 ABSTRACT 

The effects of improvements in fishing gear and technology on prawn and scallop 
catches from the Queensland trawl fishery were investigated. The species, the spatial 
distribution of the stocks, and management regulations were used to partition the 
fishery into five main sectors; Torres Strait tiger prawns, north Queensland tiger 
prawns, shallow water (< 50 fathoms) eastern king prawns, deep water (> 50 fathoms) 
eastern king prawns and saucer scallops. For each sector, annual changes in average 
relative fishing power were calculated as a function of the fishing gear and technology 
parameters estimated in a generalised linear model and the average and/or percentage 
use of different fishing gears and technologies in the sector. Over the 11 years from 
1989 and 1999, fishing power for an average vessel increased at a low of 4% in the 
saucer scallop sector to a high of 27% in the shallow water eastern king prawn sector. 
Fishing power in the shallow water eastern king and Torres Strait tiger prawn sectors 
had the highest rates of increase and was largely attributed to vessels upgrading to 
larger engines. Increases in the number of vessels using global positioning systems 
and computer mapping software also contributed to increased fishing power in the 
two tiger prawn sectors. In the deep water eastern king prawn sector, increased fishing 
power was associated with net head rope length However current management 
controls over engine size and head rope length are likely to limit this source of 
increase in fishing power. Fishing power in the scallop sector was associated with a 
relatively low average trawl speed of about 2.2 knots, which differed from the prawn 
sectors where higher catches were generally taken at trawl speeds of at least 3 knots. 
The fishing power results should be used to standardise fishing effort and catch rates 
in the stock assessments that are undertaken for each sector. 
 
6.2 INTRODUCTION 

Catch statistics are used as the basis of stock assessments in many fisheries. Because 
catch is a function of fishing effort and abundance of the fished population, trends in 
catch over time may reflect changes in the proportion of the population harvested, 
changes in abundance of the target species, or both (Quinn and Deriso, 1999). Stock 
assessments based on raw catch and effort data can produce biased predictions owing 
to efficiency changes in fishing effort through time and between fishing vessels. There 
is, therefore, a need to standardise average catches, for example by employing a 
regression model (Hilborn and Walters, 1992), to reduce the biases or variation in the 
data by accounting for factors affecting relative abundance and fishing efficiency. 
This results in a time series of catch and effort that is more representative of trends in 
population abundance. 
 
A number of papers have been published on standardisation of catch and effort data. 
Regression approaches have been used to standardise average catches in the Gulf of 
Mexico prawn trawl fishery (Brunenmeister, 1984; Griffin et al. 1997), the Australian 
royal red prawn trawl fishery (Baelde, 1991) and to quantify the effects of global 
positioning systems (GPS) on average catches of tiger prawns in Australia’s northern 
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prawn fishery (Robins et al., 1998). Bishop et al. (2000) further developed the 
analysis of Robins et al. (1998) by using the generalised estimating equations (GEE) 
regression approach to account for spatial and temporal correlations in the data. In 
contrast to the regression approach, Salthaug and Godφ (2001) used a model for 
standardisation based on the relative fishing power between pairs of vessels fishing at 
the same time and place to estimate fishing power relative to a ‘standard’ vessel; see 
also Hall and Penn (1979). However, this method requires data with high spatial 
resolution and assumes that the chosen standard vessel’s fishing power remains 
constant throughout the analysed time period. 
 

The Queensland prawn trawl fishery is a limited entry fishery and currently comprises 
just over 500 otter trawlers, although the number of vessels in past years has been 
much higher (1413 vessels in 1980). It is the largest prawn trawl fleet in Australia in 
terms of the number of vessels. The fishery targets several species of penaeid prawns 
(mainly Penaeus spp. and Metapenaeus spp.), and mainly one species of scallop 
(Amusium balloti). It can be described as having identifiable sectors that are largely 
based on target species and geographic regions (Figure 6.2.1). Although a mandatory 
logbook system has been in continuous operation since January 1988, there has been 
little attempt to quantify changes in fishing power for individual vessels or for the 
fleet as a whole. For many years, Queensland east coast trawl operators were 
discouraged from upgrading to more powerful vessels through a boat replacement 
policy, which required owners to purchase and surrender one additional licence upon 
upgrading. This was commonly referred to as the two-for-one boat replacement 
policy; while effective at slowing the rate of increase in fishing power, it also had the 
detrimental effect of increasing the average age of the fleet (Glaister et al., 1993). This 
policy has now been replaced with management initiatives that are based on 
individual allocated days and vessel hull size as the principal means of limiting 
fishing effort. 

 

Although the boat replacement policy was effective at limiting the fishing fleet’s size, 
it is generally argued that the fishing power of an average vessel in the fleet has 
continued to increase due to technological advances in fishing gear, vessel 
performance, navigation systems and telecommunications. In this chapter we used 
linear regressions (McCullagh and Nelder, 1989) to examine the effects of these 
technologies on catches in the five major sectors of the Queensland east coast trawl 
fisheries (Figure 6.2.1) and to quantify the average annual rate of increase in fishing 
power. The sectors are: i) the Torres Strait, which mainly targets brown tiger prawns 
(Penaeus esculentus) and endeavour prawns (Metapenaeus endeavouri); ii) the north 
Queensland tiger prawn sector, which mainly targets brown tiger prawns                   
(P. esculentus) and grooved tiger prawns (Penaeus semisulcatus); iii) the scallop 
sector, which mainly targets Amusium balloti; iv) the shallow water (< 50 fathoms) 
eastern king prawn sector; and v) the deep water (> 50 fathoms) eastern king prawn 
sector, which target Penaeus plebejus. We also examined the differences in relative 
fishing power increases between sectors, in terms of the technological influences, and 
suggest possible explanations for these differences. 
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Figure 6.2.1 The spatial distribution of average annual catch (tonnes) from each otter trawl sector, for 
a) the Torres Strait tiger prawns, b) the north Queensland tiger prawns, c) the Queensland saucer 
scallops and d) the Queensland eastern king prawns; clear grids represent the shallow water (< 50 
fathoms) sector, shaded grids represent the deep water (> 50 fathoms) sector. Only data within the grids 
illustrated were used in the analysis. 
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6.3 MATERIALS AND METHODS 
 
6.3.1 Catch Data 
 
The analyses were based on logbook catch and effort data from each sector over        
11 years from 1989 to 1999 (see Torres Strait note below). The data consisted of the 
daily catch of each individual vessel. The spatial resolution of catches recorded from 
the Queensland east coast were based on 30 minute × 30 minute latitudinal and 
longitudinal grids and in the Torres Strait were based on 6 × 6 minute grids. In order 
to omit the less reliable data, only data from vessels that had fished on more than four 
days in any month were used in the analyses, similar to the criterion used by Robins et 
al. (1998) and Bishop et al. (2000). The two tiger prawn sectors’ catch is based upon 
more than one main target species. To remove the effect of non-directed fishing in 
these sectors, only tiger prawn catches greater than 20 kilograms per day were used. 
Note that Torres Strait tiger prawn fishing power increases were re-estimated in the 
final stages of this project. The updated Torres Strait analysis used catches from 1982 
to 2000. The data exclusion rules of less than 20 kilograms of tiger prawns and 
vessels fishing less than five days in any month were not imposed. The results were 
similar to the original analysis for the years 1989 to 1999. 
 
6.3.2 Fishing gear and technology data 
 
The analysis considered a number of different vessel characteristics thought to affect 
fishing power. Data on the historical development and adoption of vessel/fishing 
technologies were collected through personal interviews of vessel owners or skippers. 
Interviews were completed for 344 past and present operating vessels, selected 
randomly from the entire trawl fleet of 900 vessels that had fished during 1997 and 
1998. The 344 vessels represented a response rate of 85% of the 406 vessel operators 
who were contacted. Overall, the sample included vessels that collectively accounted 
for about 40% of each sector’s total catch between 1989 and 1999. Vessel owners or 
skippers were asked to provide written records of vessel characteristics for the 
interview. Changes in the following characteristics and the date of each change were 
recorded for each vessel. 
• Skippers (owner operated, relative of owner, or non-relative) 
• Vessel length, engine power (HP), average trawl speed (knots), fuel capacity 

(litres), propeller size (inches) and the presence or absence of a propeller nozzle. 
• Navigation equipment (presence or absence of global positioning systems (GPS) 

and plotters, and computer mapping software). 
• The presence or absence of try-gear [try-gear is a small (1–3 fathom) net used for 

frequent 10-20 minute sampling of trawl grounds]. 
• The use of bycatch reduction devices (presence or absence). 
•  Trawl net configurations:  

1. Number of nets (single, double, triple, quad or five nets). 
2. Total net head rope length (fathoms) combined for all nets. 
3. Net mesh size (mm). 
4. Type of ground chain (fixed drop chain, drop chain with sliding rings, drop 

rope and chain combined, looped chain or other less common configurations) 
and chain size (mm). 

5. Type of otter board (Bison, Flat, Kilfoil, Louvre or other less common types) 
and size (total board area = board length × width). 
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6.3.3 Statistical analysis 
 

The analysis used a general linear model with normally distributed errors on the log 
scale. The response variable was based on individual vessel catches, summed over a 
unit of time for a spatial area. Therefore, throughout this paper we report on changes 
in fishing power affecting the catch. However, because fishing effort is included in 
our analysis as an explanatory variable, the findings are pertinent to both catch and 
catch rates. 

Since catches of adult eastern king prawns are known to vary markedly with lunar 
phase (Courtney et al., 1996), it was suspected that catches of the other prawn species 
and possibly scallops may also vary with lunar phase. Lunar phase was therefore 
considered as the most suitable unit of time. Four lunar phases were defined: 1) new 
moon (±3 days), 2) half moon rising to full moon (±3 days), 3) full moon (±3 days) 
and 4) half moon falling to a new moon (±3 days). 
 

Statistical areas within each sector were defined for the analysis to account for spatial 
variation in prawn and scallop abundance. For the eastern king prawn and scallop 
analyses the 30 × 30 minute spatial logbook catch grids were used (Figure 6.2.1c and 
d). For the tiger prawn analyses, larger spatial areas were used (Figure 6.2.1a and b). 
The data for the Torres Strait tiger prawn sector were stratified into two areas, north 
and south of 10°S on the basis of species composition of the catch, the average catch 
rates of tiger prawns and fishing effort. This stratification roughly divided the Torres 
Strait fishery in half. Catch and catch rates of tiger prawns tended to be higher in the 
northern area (Figure 6.2.1a). The Queensland east coast tiger prawn sector north of 
15°30'S was divided into three areas: north, middle and south on the basis of species 
composition (Figure 6.2.1b). 

 
Fishing years, rather than calendar years, were defined for each sector and used for 
the analyses. A fishing year was a 12-month period, the first month of which was the 
month when recruitment to the fishery typically occurred. Thus, fishing years were 
November to October inclusive for the eastern king prawn and saucer scallop sectors 
and March to February inclusive for tiger prawn sectors. 
 
The final model considered the number of days that the vessel fished during the lunar 
phase period for a spatial area, the vessel’s gear characteristics at that time, fishing 
year, and calendar month as explanatory variables. Each sector was analysed 
separately. Catches were predicted according to the catch-biomass relationship 
defined by Hilborn and Walters (1992)  
                              vaymlvaymlaymlvayml qEBC =   (1) 
where Cvayml was the catch of the vth vessel in area a, during fishing year y, month m 
and lunar phase l. Bayml was the biomass or abundance term for prawns or scallops in 
each trawl sector, Evayml was the number of days fished, and qvayml was the measure of 
prawn or scallop catchability. The logarithm of the relationship (Equation 1) reduced 
to an additive form (Equation 2), rather than the original multiplicative form, and was 
defined in a linear model as 

                         ( ) ( ) εβ ++++= 31 ββ vaymlvayml EβC loglog 20  (2) 
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where β0 and β2 are scaler parameters to be estimated, 1β  and 3β  are vector 
parameters to be estimated, and ε is the NID(0,σ2) error term. The biomass terms, β1 

which relate to changes in ( )aymlBlog , was expressed by the interaction effects of 
different variables that influence prawn or scallop abundance ( 1β ) including fishing 
areas, fishing years, months and lunar phases; these variables were labelled and 
described together as biotic factors. The catchability of prawns and scallops in each 
sector, 3β  ≈ ( )vaymlqlog , is represented by a vector of capture system (catchability) 
variables ( 3β ) including different skippers, vessel characteristics, navigation 
equipment, try gear, bycatch reduction devices and trawl net configurations; these 
variables were labelled and described together as the abiotic effects. This component 
of the model is the exclusive focus of interpretation in this chapter. The results of the 
biotic vector ( 1β ) are not discussed herein. 
 
The statistical software package Genstat 5 (2000) was used to carry out the analysis 
and provide asymptotic standard errors for all estimates. Stepwise regression was used 
to select optimal model parameters (p< 0.05). The analysis of residuals from each 
linear model fit supported the use of the normal residual distribution on the log scale 
(Appendix 15.2). 
 
6.3.4 Estimating relative fishing power 
 
All statistically significant parameter estimates ( 3β ) from the GLM were used to 
calculate yearly changes in the average relative fishing power for each sector (Table 
6.4.1). Three steps were used to combine the catchability coefficients ( 3β ) to express 
relative fishing power in each fishing year as a percentage change relative to the first 
fishing year considered, which was 1980 for Torres Strait tiger prawns and 1989 for 
the other trawl sectors. The first step (Equation 3) used the product of the continuous 
covariate parameters in 3β , and the difference dyi between the average logarithm 
value for each covariate in each fishing year and the average logarithm covariate 
value for the first fishing year, for example y1989. The logarithm averages were 
calculated from the GLM data and weighted by the number of days fished by each 
vessel, so as to reflect the make up of fishing effort in each sector and fishing year. 
                                           yiiyi df 3β=  (3) 
where fyi was the relative fishing power component in fishing year y for covariate 
effect i in 3β . 
 
The second step (Equation 4) estimated the relative fishing power component for the 
different categorical covariates (or factors) i and their levels j in 3β .  
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where pyij were the corresponding proportions of days of fishing effort in the different 
covariate level categories during year y; for Torres Strait tiger prawns y1980 substitutes 
for y1989. 
 
The final step (Equation 5) combined both the continuous and categorical covariate 
components across the different fishing years y and catchability parameters i to 
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represent the relative fishing power as a percentage of first fishing year 1989 or 1980. 
This approach effectively used the parameter estimates 3β  to calculate the 
proportional differences in catch rates for annual changes in covariates and factor 
levels (similarly described in Robins et al 1998). 
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6.4 RESULTS 
 
6.4.1 Summary of fishing gears and technologies 
 
Figure 6.4.1 provides a summary of the changes in fishing vessels, gears and 
technologies from 1989 to 1999. Figure 6.4.2 provides an extra summary of the 
changes in Torres Strait fishing vessels from 1980 to 2002. The maximum allowable 
size of vessels in all trawl sectors throughout this period was, and remains at, 20 
metres. The average length of vessels remained unchanged and larger vessels 
generally operated in the Torres Strait and deep-water eastern king prawn sectors 
(Figure 6.4.1a). The size of nets used in each sector remained relatively constant 
(Figure 6.4.1k). Generally, fishing vessels used the maximum amount of net 
permissible in the tiger prawn and shallow water eastern king prawn sectors (24 
fathoms head rope length), and in the saucer scallop sector (30 fathoms of headrope). 
Although the maximum amount of net used in the deepwater eastern king prawn 
sector is 50 fathoms of head rope length, the average length of nets used was only 
about 40 fathoms. This may be due to restrictions on vessel size and engine power 
preventing vessels from effectively towing 50 fathoms of net. 
 
In contrast to the relative consistencies in average vessel and net size, there have been 
some significant changes that may affect the swept area capacity of vessels within 
each sector. For example, although restricted to 400 HP there were substantial 
increases in engine size across all sectors (Figure 6.4.1b). Interestingly, only minor 
increases in average trawl speed occurred over the same period (Figure 6.4.1c). The 
adoption of GPS increased markedly from 1988 and by 1992 the majority of fishing 
effort expended in the fishery was with the aid of GPS (Figure 6.4.1h). The use of 
computers with advanced mapping software, such as CPLOTTM, to display and 
precisely record the GPS latitudinal and longitudinal positions on detailed coastal 
maps began around 1994 (Figure 6.4.1i). By the 1999 fishing season, about 90% of 
the Torres Strait tiger prawn, 65% of the north Queensland tiger prawn, 40% of the 
eastern king prawn and of the scallop fleets were using computer-mapping software. 
Other significant changes that have occurred include higher gear box ratios (Figure 
6.4.1d), greater use of propeller nozzles (Figure 6.4.1e), larger vessel fuel capacities 
(Figure 6.4.1f), greater use of try gear in the eastern king prawn and scallop sectors 
(Figure 6.4.1g), and the gradual adoption of by-catch reduction and turtle exclusion 
devices (Figure 6.4.1j). In the tiger prawn sectors, there has been a significant change 
away from using standard flat otter-boards to other board types such as Bison, Louvre 
and Kilfoil (Figure 6.4.1l). 
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Figure 6.4.1 Summary of average fleet characteristics by fishing year and trawl sector. Plots a, b, c, d, 
e, f and k are weighted means according to the number of days fished by each vessel in each fishing 
year and sector. Plots g, h, i, j and l represent the percent of fishing effort (boat days) in each fishing 
year and sector using that particular device. 
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Figure 6.4.2 Summary of Torres Strait tiger prawn average fleet characteristics from 1980 to 2002. The 
plots are weighted means according to the number of days fished by each vessel in each fishing year. 
Note low vessel numbers for gear box ratio prior to 1988. 

 
6.4.2 Analysis of prawn and scallop catches 
 
Table 6.4.1 and Table 6.4.2 contain the regression parameter estimates for fishing 
effort, and the various gears and technologies for the five sectors. For each sector, 
fishing effort was the most significant variable influencing catch. Parameter estimates 
for fishing effort were all significantly greater than 1 (p< 0.05), which suggests that 
vessels fish longer in areas where catches are higher (i.e. the ratio between catch and a 
day of effort is not 1:1). 
 
A number of positive effects on catch were identified in each sector. For both tiger 
prawn sectors, engine horsepower, trawl speed, gearbox ratio, propeller nozzle, global 
positioning systems, computer mapping software and sonar usage had a significant 
positive effect on catch. In the shallow water eastern king prawn sector, vessel length, 
engine horsepower, bycatch reduction devices (BRD) and turtle exclusion devices 
(TED) had significant positive effects. In the deep-water eastern king prawn sector, 
the use of propeller nozzles, vessel fuel capacity, BRD and TED use, and net size 
(total head rope length) had a positive affect. In the scallop sector, engine horsepower, 
propeller size, try-gear, BRD and TED use, and ground chain size had a positive 
effect on catch. 
 
The effect of some technologies and gears on catches differed across sectors. For 
example, in the eastern king prawn and scallop sectors, vessels that used BRD or TED 
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devices generally had a 6% to 11% higher average catch compared with vessels 
without these devices. In contrast however, average catches were generally about 4% 
to 7% lower for vessels using BRDs or TEDs in the Torres Strait tiger prawn sector. 
Navigation technologies including GPS, computer mapping software, and sonar were 
only significant in the Torres Strait and north Queensland tiger prawn sectors. In these 
sectors, the use of GPS and plotter resulted in 4% and 8%, computer-mapping 
software 4% and 12%, and sonar 7% and 13% higher average catches of tiger prawns 
in the north Queensland and Torres Strait sectors respectively. The Torres Strait 
parameter estimates (Table 6.4.1 and Table 6.4.2) were very similar to those estimated 
by Robins et al. (1998), GPS (4%), GPS and plotter (7%) and Bishop et al. (2000), 
GPS (5%) and propeller nozzle (7%). 
 
For all five-trawl sectors analysed there was no evidence of highly correlated gear and 
technology ( 3β ) parameters. Table 6.4.3 lists the parameter correlations greater than 
0.3. These correlations were only moderate and generally involved highly significant 
parameters (p< 0.01). After identifying these correlations, removing any of these 
parameters from the analysis had little effect in the sense that the inferences on 
remaining parameters were unchanged. In addition, removing any of the listed 
correlations from the analysis resulted in little change from the overall average fishing 
power estimates (next section), suggesting that the correlations listed in Table 6.4.3 
were not of a significant magnitude. 
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Table 6.4.1 Parameter estimates (β2 and 3β ) and standard errors in parenthesis from the general linear 
model analysis (natural log transformed), for each trawl sector 1989 to 1999. The bold parameters 
indicate the most important covariate effects on fishing power. NS indicates the parameter was not 
significant and excluded from the analysis (p> 0.05). * indicates the gear type was grouped under other 
less used types. 

Summary of Analysis Eastern King 
Prawn 

(Shallow) 

Eastern King 
Prawn 
(Deep) 

Tiger Prawn 
North 

Queensland 

Tiger Prawn 
Torres Strait 

Saucer Scallop 

Regression Mean Square 48.785 21.960 102.371 87.633 59.050 
Residual Mean Square 0.945 0.319 0.745 0.541 0.578 
Regression df, Residual df 320, 7192 420, 4216 269, 10867 204, 7083 455, 14011 
R2 68.3 86.0 76.7 81.9 76.1 
Parameter estimates      
Fishing Effort (days) 1.161 (0.013) 1.147 (0.009) 1.070 (0.008) 1.082 (0.009) 1.150 (0.007) 
Vessel length 0.707 (0.110) –0.548 (0.139) –0.213 (0.059) 0.163 (0.073) NS 
HP 0.496 (0.046) –0.142 (0.041) NS 0.146 (0.049) 0.146 (0.022) 
Trawl speed –0.468 (0.076) –0.334 (0.072) NS 0.209 (0.058) –0.083 (0.026) 
Gear box ratio –0.993 (0.055) –0.172 (0.062) 0.192 (0.036) 0.210 (0.045) NS 
Propeller size NS NS NS NS 0.416 (0.036) 
Propeller nozzle (present) –0.055 (0.022) 0.044 (0.021) 0.053 (0.010) 0.081 (0.018) NS 
Fuel capacity NS 0.108 (0.024) 0.149 (0.014) NS NS 
Skipper type (4 levels)      
 Mixed 0 0 0 0 0 
 Non-related to owner 0.124 (0.056) –0.146 (0.033) –0.121 (0.022) 0.069 (0.021) 0.068 (0.030) 
 Owner operated 0.021 (0.051) –0.094 (0.034) –0.090 (0.022) 0.059 (0.023) 0.102 (0.029) 
 Related to owner –0.246 (0.056) –0.102 (0.036) 0.020 (0.025) 0.125 (0.028) 0.1223 (0.030) 
Try gear (present) –0.109 (0.024) NS NS NS 0.154 (0.010) 
GPS NS NS   NS 
 Absent   0 0  
 GPS and Plotter   0.040 (0.015) 0.075 (0.023)  
Computer Mapping NS NS 0.037 (0.012) 0.092 (0.014) NS 
Sonar NS NS 0.100 (0.014) 0.118 (0.013) NS 
BRD and/or TED (present) 0.070 (0.022) 0.058 (0.031) NS –0.074 (0.018) 0.100 (0.028) 
Trawl gear – number of nets  NS NS  NS 
 Single  0.293 (0.094)     
 Double 0   0  
 Triple 0.148 (0.049)   –0.277 (0.040)  
 Quad 0.754 (0.057)   –0.004 (0.029)  
 Five 0.359 (0.079)     
Net size – for all nets combined NS 0.381 (0.070) NS –0.575 (0.111) 0.065 (0.037) 
Mesh size –0.474 (0.089) NS –0.524 (0.196) NS –0.323 (0.053) 
Ground gear    NS  
 Drop chain 0 0 0  0 
 Drop chain with sliding rings 0.003 (0.036) –0.008 (0.028) –0.025 (0.030)  0.055 (0.012) 
 Looped chain –0.220 (0.027) –0.051 (0.024) *  0.065 (0.012) 
 Drop rope and chain –0.091 (0.023) 0.078 (0.022) 0.052 (0.037)  * 
 Others less used types –0.334 (0.025) 0.046 (0.025) 0.208 (0.037)  0.187 (0.020) 
Ground gear – chain size 0.525 (0.100) NS –0.095 (0.044) 0.265 (0.057) 0.089 (0.040) 
Otter boards   NS   
 Others less used types 0 0  0 0 
 Bison * *  –1.083 (0.606) 0.784 (0.362) 
 Louvre * *  –2.434 (0.720) 0.754 (0.283) 
 Standard flat –1.894 (0.275) 3.131 (0.993)  –0.609 (0.674) 0.244 (0.260) 
 Kilfoil * *  –1.593 (0.652) –3.112 (0.724) 
Otter board size (length*height)      
 Other less used types –0.132 (0.076) 1.939 (0.325) 0.022 (0.031) –0.452 (0.213) 0.209 (0.086) 
 Bison board size * * 0.088 (0.033) –0.051 (0.045) –0.033 (0.089) 
 Louvre board size * * 0.057 (0.029) 0.384 (0.099) –0.044 (0.044) 
 Standard flat board size 0.486 (0.056) 1.015 (0.132) 0.077 (0.028) –0.177 (0.082) 0.1374 (0.034) 
 Kilfoil board size * * 0.050 (0.028) 0.121 (0.062) 1.157 (0.217) 
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Table 6.4.2 Parameter estimates (β2 and 3β ) and standard errors in parenthesis from the general linear 
model analysis (natural log transformed), for the Torres Strait tiger prawn sector 1982 to 2000 (updated 
analysis). The bold parameters indicate the most important covariate effects on fishing power. 
Additional parameters not reported were either non-significant (p>0.05) or correlated with those 
already in the model below. 

Summary of Analysis Tiger Prawn 
Torres Strait 

Regression Mean Square 30.105 
Residual Mean Square 0.165 
Regression df, Residual df 292, 9643 
R2 84.2 
Parameter estimates  
Fishing Effort (days) 1.10199 (0.00647) 
HP 0.1197 (0.0335) 
Trawl speed –0.1 (0.0526) 
Gear box ratio 0.2639 (0.0336) 
Skipper type (4 levels)  
 Owner operated 0 
 Related to owner 0.1192 (0.0145) 
 Non-related to owner 0.0024 (0.0111) 
 Mixed –0.0145 (0.0257) 
GPS  
 Absent 0 
 GPS and Plotter 0.0681 (0.021) 
Computer Mapping 0.1118 (0.0125) 
Sonar 0.0699 (0.0103) 
BRD and/or TED (present) –0.0441 (0.0183) 
Trawl gear – number of nets  
 Double 0 
 Triple –0.2878 (0.036) 
 Quad 0.0228 (0.0241) 
Ground gear – chain size 0.3037 (0.0529) 
Otter boards  
 Bison 0 
 Louvre –0.0385 (0.0134) 
 Standard flat –0.0076 (0.0129) 
 Kilfoil –0.0117 (0.014) 
 Others less used types –0.0753 (0.0291) 
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Table 6.4.3 General linear model 3β  parameter correlations between the different vessel 
characteristics, for each trawl sector. Correlations larger than 0.3 are listed. 

Parameter estimates Parameter Correlations 
  
Eastern King Prawn (Shallow)  

Trawl speed and Propeller nozzle –0.355 
Gear box ratio and Skipper (Non-related to owner) –0.348 
Trawl gear (Triple nets) and Standard flat board 0.351 

  
Eastern King Prawn (Deep)  

Ground gear (Drop chain with sliding rings) and Net size –0.523 
Ground gear (Looped chain) and Skipper (Owner operated) 0.314 
Fuel capacity and Propeller Nozzle –0.444 
Gear box ratio and Skipper (Related to owner) 0.408 
Gear box ratio and Ground gear (Looped chain) 0.514 
Gear box ratio and Fuel capacity –0.451 
HP and Ground gear (Drop rope and chain) –0.319 
Otter board size (Standard flat) and Net size –0.508 
Otter board size (Standard flat) and Vessel length –0.391 
Otter board size (Standard flat) and Gear box ratio –0.324 
Otter board size (Standard flat) and HP –0.346 

  
Tiger Prawn North Queensland  

Ground gear chain size and Otter board size (Others types) –0.386 
Ground gear chain size and Otter board size (Bison) –0.453 
Ground gear chain size and Otter board size (Lourve) –0.468 
Ground gear chain size and Otter board size (Standard flat) –0.475 
Ground gear chain size and Otter board size (Kilfoil) –0.471 
Vessel length – Fuel capacity –0.436 
Gear box ratio and Fuel capacity –0.402 
Ground gear (Drop chain with sliding rings) and Mesh size 0.429 

  
Tiger Prawn Torres Strait (1989–1999 analysis)  

Net size and HP –0.497 
Ground gear chain size and Vessel length –0.385 
Ground gear chain size and GPS 0.361 
Otter board size (Bison) and Trawl gear (Triple nets) 0.575 
Otter board size (Bison) and Trawl gear (Quad nets) 0.435 

  
Tiger Prawn Torres Strait (1982–2000 analysis)  

HP and Ground gear chain size –0.391 
Trawl gear (Quad nets) and Otter board type (Standard flat) –0.314 
Ground gear chain size and Otter board type (Standard flat) 0.354 

  
Saucer Scallop  

Propeller size and HP –0.42 
Mesh size and Ground gear (Drop chain with sliding rings) 0.304 
Standard flat board and Net size –0.445 
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6.4.3 Estimates of Fishing Power 
 
Estimated increases in average relative fishing power were higher in the shallow 
water eastern king prawn and Torres Strait tiger prawn sectors compared with the 
other sectors (Table 6.4.4 and Table 6.4.5). For the 11-fishing year period 1989 to 
1999 average relative fishing power increased by 27% and 16% in the shallow water 
eastern king prawn and Torres Strait tiger prawn trawl sectors respectively. Increases 
in average relative fishing power was comparatively small (less than 6%) for the 
deep-water eastern king prawn, north Queensland tiger prawn and saucer scallop 
sectors. Torres Strait tiger prawn fishing power increases were compared using the 
parameters estimated in Table 6.4.1 (using data from the fishing years 1989 to 1999) 
to the parameters estimated using the longer time series of data from 1982 to 2002 
(Figure 6.4.3). The estimated fishing power increases were quite similar. Figure 6.4.4 
compares average annual catch rates calculated from the observed data with the 
fishing power standardised values. Although average annual catch rates showed 
considerable between-year variation for each fishing sector, the standardised catch 
rates tended to show a slight long-term decline. 
 
Table 6.4.4 Percent change in average fishing power from 1989 to 1999 (95% confidence intervals 
shown in parentheses), for the shallow water (< 50 fm depth) eastern king prawn, the deep water         
(> 50 fm depth) eastern king prawn, the north Queensland tiger prawn and the saucer scallop trawl 
sectors. Note the percent change represents the difference from the base reference year 1989, which 
was set at 0. The significance of changes in fishing power should be compared between all years, not 
just 1989. The fishing years represent the period from November through to October for the eastern 
king prawn and saucer scallop sectors, and March through to February for the tiger prawn sectors. 

Fishing Year Eastern King 
Prawn 

(Shallow) 

Eastern King 
Prawn 
(Deep) 

Tiger Prawn 
North Queensland 

Saucer Scallop 

1989 0 0 0 0 
1990 7.4 (–3.4, 18.6) 2.3 (–0.4, 5.0) –2.2 (–3.5, –0.8) 0.3 (–3.1, 3.6) 
1991 16.5 (9.7, 23.5) 3.2 (–1.6, 8.0) –2.2 (–4.6, 0.2) 1.9 (–1.6, 5.4) 
1992 18.5 (13.3,23.8) 5.7 (1.8, 9.7) –2.7 (–6.8, 1.4) 2.0 (–0.5, 4.5) 
1993 14.1 (9.9, 18.2) 6.2 (0.4, 12.3) –1.9 (–5.7, 1.9) 2.7 (–4.9, 10.2) 
1994 8.3 (2.4, 14.2) 2.3 (–.5.0, 5.9) –2.2 (–.7.9, 3.4) 2.2 (–4.8, 9.1) 
1995 13.5 (6.0, 21.3) 4.3 (0.1, 8.6) –0.8 (–7.9, 6.4) 1.4 (–2.9, 5.7) 
1996 21.7 (9.4, 34.7) 3.7 (–0.6, 8.2) 0.2 (–6.5, 7.0) 4.1 (–2.1, 10.1) 
1997 17.4 (5.2, 30.2) 3.7 (–0.4, 7.9) 1.9 (–6.3, 10.1) 4.0 (–0.2, 8.2) 
1998 15.9 (4.4, 28.0) 6.1 (0.9, 11.2) 3.1 (–4.4, 10.5) 0.7 (–7.2, 8.4) 
1999 26.5 (13.6, 40.2) 5.1 (–0.9, 11.0) 5.5 (–1.7, 12.6) 2.8 (–10.0, 15.4) 
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Table 6.4.5 Percent change in average fishing power from 1980 to 2002 (95% confidence intervals 
shown in parentheses), for the Torres Strait tiger prawn trawl sector (using 1982 to 2000 GLM 
analysis). Note the percent change represents the difference from the base reference year 1980, which 
was set at 0. The significance of changes in fishing power should be compared between all years, not 
just 1989. The fishing years represent March through to February for this tiger prawn sector. These 
estimates are plotted using red lines in Figure 6.4.3 

Fishing Year Tiger Prawn Torres Strait 
1980 0 (0, 0) 
1981 –2.9 (–4.5, –1.1) 
1982 –0.4 (–1.3, 0.5) 
1983 0.5 (–0.1, 1) 
1984 1.2 (0.4, 2) 
1985 7.8 (6.5, 9.2) 
1986 1.6 (0.5, 2.7) 
1987 3.8 (2.7, 4.9) 
1988 8.3 (7.2, 9.5) 
1989 8.5 (6.4, 10.6) 
1990 11 (8.1, 13.8) 
1991 9.6 (5.8, 13.4) 
1992 11.6 (7.2, 16.1) 
1993 12.9 (8.3, 17.7) 
1994 15.6 (10.8, 20.5) 
1995 14.2 (9.2, 19.4) 
1996 17.7 (12.4, 23.1) 
1997 21.5 (15.9, 27.3) 
1998 23 (17.2, 29) 
1999 24.9 (18.8, 31.2) 
2000 26.6 (20.2, 33.5) 
2001 25.3 (18.2, 32.8) 
2002 23.6 (16, 31.7) 
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Figure 6.4.3 Comparison of fishing power increases for Torres Strait tiger prawns using generalised 
linear model parameter estimates from analysing a) 1982 to 2000 catch rates and b) 1989 to 1999 catch 
rates. Estimates of fishing power increases were not significantly different with overlapping estimates 
and confidence intervals. 
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Figure 6.4.4 Comparison of nominal unstandardised (raw data) and fishing power standardised annual 
average catch rates (CPUE = catch-per-vessel day). 
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6.5 DISCUSSION 
 
6.5.1 Fishing power 
 
The analysis indicated that annual changes in average fishing power differed between 
the sectors. Fishing power in the shallow water eastern king and Torres Strait tiger 
prawn sectors had the highest rates of increase, which was not surprising given the 
large increase in average engine size in both of these sectors (Table 6.4.4 and Table 
6.4.5). Increases in the number of vessels using global positioning systems and 
computer mapping software also contributed to increased fishing power in the two 
tiger prawn sectors. In the deep-water eastern king prawn sector average fishing 
power increases were surprisingly low (Table 6.4.4). For this sector it was found that 
larger nets (net head rope lengths) were associated with larger catches, but 
management controls, for example over vessel and engine size, may have resulted in 
indirect limitations to the size of nets that fishers tow, and thus restricted fishing 
power. 
 
Fishing power increased at a greater rate in the shallower, inshore fisheries (shallow 
eastern king prawn and tiger prawn sectors), possibly because vessels in these sectors 
originally had less technological capital investment, and therefore, the greatest 
potential for technology transfer and improvement in fishing power. Average annual 
fishing power increases were lowest in the scallop sector (Table 6.4.4). This is at least 
partially due to the higher catch rates and fishing power in the scallop sector being 
associated with a relatively low average trawl speed of about 2.2 knots. At speeds 
greater than this, catch rates of scallops would be expected to decline. This was in 
marked contrast to the prawn sectors, where higher catches were taken at speeds of at 
least 3 knots. 
 
A number of important factors affecting catches of prawns and scallops were 
identified, particularly factors relating to the searching capacity of vessels. The 
regressions indicated that vessels fish longer in areas where catches are high. The 
models’ parameter estimates for fishing effort were all significantly greater than 1 
(Table 6.4.1) and were similar to those reported by Bishop et al. (2000) and Robins 
et al. (1998). This implies that catch per day of fishing effort does not have a simple 
interpretation. Catch rates from vessels that undertook short trips were not directly 
comparable with those from vessels that undertook longer trips. Within a trip, search 
time is probably important in identifying high catch areas and the vessels that 
remained longer during trips tended to be those that experienced higher than average 
catches. Therefore, a more representative average catch rate index for each sector 
should be estimated by using the number of days fished in each trip as a covariate for 
prediction from a generalised linear model. 
 
The other interesting result was that some of the technological adoptions did not 
always relate to higher fishing power and catch (i.e. they resulted in non-positive or 
negative parameter estimates). This was surprising given the dramatic trends in the 
technical adoptions, described in Chapter 5 and Figure 6.4.1. Why this is the case is 
difficult explain other than to state that estimating fishing power is a complex 
multivariate function and dependent on the range of different vessels fishing. It should 
be remembered that the results in Table 6.4.1 and Table 6.4.2 are a function of the 
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vessels fishing in each of the defined sectors. Some parameter coefficients could be 
viewed as unexpected, but may make sense keeping in mind the range of different 
vessels fishing each sector. We discuss why certain vessel characteristics and 
technologies did not increase fishing power in the following paragraphs. 
 
When global positioning systems (GPS) was combined with plotter usage it was 
found to be significant in two out of the five sectors. Our parameter estimates for GPS 
and plotters from both tiger prawn sectors (nth Qld and TS) are very similar to those 
estimated by Robins (1998) and Bishop (2000). However, GPS and plotters had only 
slight positive effects on catches in the eastern king prawn and scallop sectors, but the 
effect was not statistically significant. The reasons why no statistically significant 
effect was apparent in the eastern king prawn and scallop sectors are unknown, but 
may be due to some unique features of these species and its fishery. For example, 
eastern king prawns are much more migratory than tiger/endeavour prawns, occur in 
much greater depths and are generally fished along narrow depth contours. Some of 
these features may lower the significance of GPS and plotters in this particular 
fishery. The saucer scallop fishing grounds are much smaller than other sectors and 
the skill to find patches of scallop are probably less dependent on using GPS. 
 
Figure 6.4.1g shows that fishing with try gear is very common in the two tiger prawn 
sectors (~90-100%). However, over time there was little change in the proportion of 
fishing effort with try gear (i.e. consistent high use) and therefore there was no 
contrast to estimate this gear effect. Even if we assumed a positive or negative effect 
the fishing power increase would still be zero because the proportion of fishing effort 
with try gear had not changed. The result does not imply the gear was not important 
for fishing, as it must be because 90%+ of the sector’s effort was with try gear. 
 
The effects of BRDs and TEDs on the catches of target species can be highly variable 
and it is not uncommon in the scientific literature to find examples of positive effects 
of BRDs on target species catch rates. Our results have shown that in three of the five 
sectors examined BRDs and TEDs had positive effects on catches, a negative effect in 
one sector and no significant effect in another. Examples where BRDs have had a 
positive effect on catch rates of target species include (Rogers et al., 1997), 
(Broadhurst and Kennelly 1997) and (Steele et al., 2002). Recent research results 
published in Queensland Fisherman also describe slight increases in the catches of 
scallops from certain combinations of BRDs (Courtney and Campbell, 2003). 
 
The negative relationship between vessel size and catch in the eastern king (deep) and 
northern tiger prawn sectors in Queensland were unexpected, but make sense for the 
size range of vessels fishing in each of the sectors considered. In the deep-water king 
sector most of the fishing effort is due to vessels 16+ metres in length. So the negative 
coefficient was a result of comparing catches between large and very large trawlers in 
Queensland. In the north Queensland tiger prawn sector, 13–16 metre vessels 
conducted most of the fishing effort. So the negative relationship resulted from 
smaller vessels having reasonable catch rates compared with the larger vessels; the 
larger vessels fish more in the Torres Strait and expend less effort in this sector. These 
coefficients are valid for their data sets, and for the measurement of fishing power 
change in these two sectors. 
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One component of fishing power that was not possible to assess was skipper skill. 
Improved skipper knowledge of fishing over time can increase a vessel’s fishing 
power with no change in equipment. In the analyses we endeavoured to capture some 
of this effect by allowing for different skipper types. However, to properly quantify 
the improvement in fisher skill it is necessary to consider the number of years, or the 
cumulative number of nights that fishers have operated. Another related matter is that 
low-technology fishing operators may modify their behaviour by observing high-
technology operators. The acquisition of new equipment by some operators may 
benefit all operators, for example by all being better at locating patches of saucer 
scallops. These issues of improved skipper skill and modified fishing behaviour 
according to other vessels may cause our calculations of fishing power to be under-
estimates. The degree of this under-estimation is unknown. However, to support our 
analysis, Bishop et al (2004) showed for Australia’s Northern Prawn Fishery that if 
sufficient capture-system-variables (e.g., engine size, net size etc) were included in 
the analysis (as we have done), the effectiveness of skipper skill was non-significant 
or minimal. This does not suggest that skipper skill, organisational capacity, sense of 
fishing location or experience are not important, but rather that if the analysis includes 
a sufficient number of capture-system-variables then one can have confidence in the 
analyses to produce robust estimates of standardised catch rates. 
 
6.5.2 Stock assessment 
 
Annual landings of prawns and scallops from Queensland and the Torres Strait have 
been relatively consistent; however, catch rates have varied greatly (Oliver et al., 2001 
and Williams, 2002). The effects of standardising average catch rates according to 
changes in average annual fishing power were quite significant for the shallow water 
eastern king prawns and Torres Strait tiger prawns (Figure 6.4.4a and Figure 6.4.4d). 
The resulting average standardised catch rates tended to show slight declines 
compared with the observed nominal average catch rates. The effect of 
standardisation of average catch rates on stock assessments for each of these sectors 
will be quite important. Wang and Die (1996) reported that equilibrium yield 
estimates for the tiger prawns P. esculentus in the northern prawn fishery (NPF) were 
very sensitive to the rate of increase in fishing power. If the rate of annual increase in 
fishing power in this P. esculentus fishery was 2%, maximum sustainable yield would 
be 2200 tonnes. In comparison, if the annual increase in fishing power were 5%, 
maximum sustainable yield would be about 1800 tonnes. Even though some of our 
estimates of increases in fishing power were quite low, their influence on estimates of 
reference points such as fishing effort at maximum sustainable yield (EMSY) should be 
examined closely. 
 
6.5.3 Statistical comments 
 
In this chapter general linear models were used to analyse prawn and scallop catches. The 
data were essentially observational as each sector’s catch was a result of many factors 
affecting the swept area of the trawl gear, different fishing strategies between vessels, the 
searching ability of vessels to identify high catch rate areas and other influences from a range 
of unknown factors. These data differ from experimental data where the effects of particular 
fishing gears and technologies on fishing power may be quantified by systematically 
comparing catches with different devices. The method used here of using vessel and gear 
technology data to measure changes in average relative fishing power has been used by 
Hilborn and Walters (1992) and Robins et al. (1998). One criticism of this approach is that 
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catches from the same vessels fishing in different areas and times are likely to be 
correlated. This can lead to correlations in the model error structure that may lead to 
incorrect inferences (due to biased parameter estimates or over- or underestimated 
standard errors). Whether any of these will occur, or in which direction, can be 
difficult to predict in advance, because they depend on the patterns of correlations that 
occur in the data. In light of this, Bishop et al. (2000) investigated the use of 
generalised estimating equations (GEE) to allow for the effects of these correlations 
on parameter and variance estimation in data from a similar prawn trawl fishery, but 
the gains in accuracy over the generalised linear model fit were marginal. The 
maximum level of bias they reported was twice the ‘model-based’ standard error. The 
majority of our parameter estimates would still be significant if this bias was applied. 
However, Bishop (pers. comm.) recently employed daily data in her models that show 
little correlation. The temporal unit used in the study was lunar period (approximately 
seven days) and as such correlations may be less than those of Bishop et al. (2000). 

6.5.4 Conclusion 

In summary, this study has shown that trawl fishing power on the Queensland east 
coast has increased by 4%–27%, depending on the sector, over the last 11 years. 
Monitoring of fishing power and the standardisation of average catches is an essential 
task, as trawl operators will always improve their ability to catch and reduce operating 
costs. Even with ongoing monitoring of fishing power, it is often not possible to 
determine when effective changes have been made in the fishery until after the event. 
However, with the recent introduction of satellite vessel monitoring systems (VMS) 
and electronic catch and effort reporting systems (ECERS), catches will be analysed 
in real-time together with information on vessel and trawl gear specifications. This 
will enable up to date stock assessments to be provided to managers and more 
responsive decisions made on managing the trawl fisheries. This is especially 
important since the Queensland Trawl Fishery is managed on the basis of inputs, such 
as limiting fishing days, and changes in fishing power need to be monitored in real-
time. 
 
6.6 FURTHER DEVELOPMENT 
 
The current estimates of annual increases in fishing power and standardisation of 
fishing effort used data for all vessels for which there was vessel and gear 
information. In the years prior to 1989 the number of vessels for which there were 
vessel and gear information reduced the further back in time. The historical vessel 
characteristics database, created by this project, should be continually built upon (for 
vessels fishing prior to 1999 and after). This database should be updated annually 
through logbook gears sheets and questionnaires completed face-to-face with vessel 
owners and skippers (the last vessel and gear survey was completed in 1999/2000). It 
is of high importance to keep this database up to date, and to build upon the historical 
information in order to calculate standardised catch rates for input into the stock 
assessments. 
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7 OBJECTIVE 3. COMPARE PRESENT MANAGEMENT PLAN REFERENCE 
POINTS WITH THE ADJUSTED AND UNADJUSTED CATCH-PER-UNIT 
EFFORT SERIES 

 
7.1 ABSTRACT 

The probability of Queensland eastern king prawn, saucer scallop and north 
Queensland tiger prawn catch-rates falling below Queensland catch rate reference 
points was calculated using nominal and standardised data. In addition, reference 
points for the shallow and deep eastern king prawns were tested separately. The catch-
rate reference point is defined as 70% of the average catch-per-unit effort (CPUE) 
covering the period 1988 to 1997. Due to likely differences in interpretation we used 
seasonal and monthly comparisons of CPUE. If the current CPUE trend is less than 
this quantity a review event is triggered.  
 
Using a seasonal comparison, reference points were triggered for the 1998 and 2000 
fishing year for Scallops using all grids in calculations, but only the 1998 fishing year 
was triggered if only scallop grids were used in calculations. This same pattern 
occurred when using monthly data. However, two out of four months triggered a 
review event in the 2000 fishing year using scallop grids. Neither the eastern king 
prawn or north Queensland tiger prawn comparison of seasonal catch rates triggered a 
review event. Using monthly comparisons, a review event was triggered in the eastern 
king prawn shallow months using all grids for two out of four months for the 2000 
fishing year. One month triggered a review event in the 2000 fishing year for north 
Queensland tiger prawn.  
 
A range of interpretations can be applied to the current wording of the Trawl Plan. As 
a consequence management, in consultation with researchers, need to better define the 
current reference points. The level of acceptable risk of CPUE falling below a 
reference point also needs to be determined. The validity of using catch rate reference 
points will be tested in the following chapter. 
  
7.2 INTRODUCTION 

A number of biological reference points for effectively managing a fishery have been 
considered in the past, each one reflecting some aspect of a fisheries response to a 
harvesting strategy. Reference points can be broadly classed as either ‘limit’ or 
‘target’. Limit reference points are based on the biological characteristics of fish 
stocks, such as investigating how different levels of spawning stock and fishing 
mortality affect recruitment (Gullestad, 1998). The key objective is never to reach this 
reference point. For example, ensuring that the spawning biomass is always above a 
point that guarantees successful recruitment. A complementary measure would be 
ensuring that fishing mortality is always lower than that which can trigger this 
reference point.  
 
Similar to limit reference points, a target reference point can be measured in terms of 
biomass, and fishing mortality, but the objective is to reach this point. The main goal 
of setting target reference points is achieving sustainable and stable yields and meet 
management objectives which reduce the risk of overfishing (Seijo and Caddy, 2000). 
For example (Francis and Shotton, 1997) quote one measure as maximising yield 
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whilst ensuring that the risk of biomass falling below 20% of virgin biomass is always 
above 10 percent. 
 
Which reference points to choose (target and limit combined) is determined to a large 
extent on the type of stock assessment applied, quality of the underlying data and 
existing and/or proposed management strategies used to regulate the fishery (Seijo 
and Caddy, 2000). One group of target reference points focuses on yield per recruit as 
a function of fishing mortality. The main aim of these target reference points is to 
optimise harvesting rates in relation to population size parameters such as growth and 
natural mortality (Beverton and Holt, 1957). One type, Fmax is the fishing mortality 
rate at which the yield per recruit is maximised (Beverton and Holt, 1957). It is also 
called Maximum Sustainable Yield or MSY in other texts. However, MSY is more 
likely to be treated as a limit reference point due to the uncertainty surrounding the 
actual point of maximum yield. Related to Fmax is F0.1, which is the fishing mortality 
rate where the slope of the yield per recruit curve is 10% of the slope at the origin 
(Gulland and Boerema, 1973). These reference points potentially result in yields at or 
near maximum from a fishery, assuming recruitment is independent of stock size.  
 
Reductions in recruitment are often evident when stocks are depleted to low levels 
and can lead to a decline in abundance through recruitment overfishing (Sissenwine 
and Shepherd, 1987). To reduce the probability of recruitment overfishing caused by 
using MSY–based reference points, other reference points have been developed. 
These reference points are based on stock-recruitment relationships. For example, 
Fmed is the fishing mortality rate based on the median of the observed levels of recruits 
produced per unit of spawning stock biomass (R/SSB) (Sissenwine and Shepherd, 
1987). The appeal of using this Fmed as a reference point is that abundance is 
maintained when the spawning stock biomass produced by a single cohort over its 
lifetime is equal to the SSB of the parent population when the cohort was spawned. 
 
Related to Fmed is a set of reference points based on the spawning stock biomass per 
recruit (SSB/R)(Clark, 1991). These reference points are termed percent maximum 
spawning potential (%MSP) or spawning per recruit (SPR) reference points. There is 
no agreement among researchers on which is the most appropriate reference point, 
target or limit to base management decisions upon (Hilborn, 1997). 
 
7.2.1 Current Queensland reference points 

When the East Coast Otter Trawl Management Plan was drafted there was little 
research into fishery performance indicators such as reference points. As a 
consequence interim reference points were established for each trawl sector. They 
were defined as ‘review events’ under Schedule 2, section 8(a), of the Fisheries (East 
Coast Trawl) Management Plan 1999. 
 
A review event is defined as the, ‘…CPUE for the following principal fish in the 
following periods is less than 70% of the average CPUE for the principal fish from 
1988 to 1997’. 
 
The above statement is interpreted as meaning all data are aggregated over the 
specific review period. For example, the mean CPUE for saucer scallops is taken as 
the sum of catch from November to the end of February divided by the sum of effort 
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in the same period. However, there is still some debate on whether this is true. A 
Queensland Fishery Service departmental working paper (SCFA report cards, 2001) 
has defined a review event as triggered when CPUE drops below 70% for consecutive 
months within a review period. However, how many months was not defined. 
 
The review periods for the species of concern for this project are: 
• For eastern king prawns — 1 November to the end of February and May 1 to        

31 August 
• For saucer scallops — 1 November to end of February 
• For north Queensland tiger prawns — 1 March to 30 June and 1 September to      

31 December. 
 
These review periods typically coincide with times of high catches where major 
recruitment or spawning events occur. For example, the May 1 to August 31 review 
period coincides with eastern king prawn spawning migration to the Swains Reef. The 
reference point of 70% of average CPUE was based largely on anecdotal evidence due 
to paucity of information obtainable from the literature (Mike Dredge, pers. comm. 
2001). However, no mention has been made regarding the degree of management 
action based on the probability associated with triggering a review event. A similar 
management arrangement implemented in the south east fishery of Australia has been 
highly criticised (Punt et al., 2001). 
 
7.3 METHODS 

The following figures summarise possible interpretations of the text within the trawl 
management plan explained above. 
 
Three sectors are examined:  
• Scallop 
• EKP Deep & Shallow and  
• north Queensland tiger prawns.  
The QFISH 30' × 30' grids that best decribe these sectors are listed in Table 7.3.1. 
 
Table 7.3.1 QFISH grids associated with each fishery 

Fishery QFISH grids 
Scallop S28, S29, T28, T29, T30, U30, U31, V31, V32 
Eastern king prawn shallow W33, W34, W35, W36 
Eastern king prawn deep W26, W27, W28, V28, U28, U29, V30, V31 
North Queensland tiger prawn < 17°S 
 
To compare yearly catch rates with the long–term 70% catch rate a number of options 
are available. The first option is to compare catch rates only within the relevant 
QFISH grids where the majority of the catch is historically caught. In this case the 
headings of the graphs will say ‘Scallop grids’, for example.  
 
The second option is to include all grids. For the eastern king prawns the two review 
periods are attempting to represent recruitment and spawning seasons.      To represent  
the appropriate stock, the month in which the catch may be taken — from all grids — 
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may be assumed to coincide with either recruitment or spawning stock. In this case 
the headings of the graphs will say ‘all grids, shallow months’, for example. 
 
Nominal and standarised effort is included to examine the effect changes in fishing 
power has on the probability of triggering review events. Fishing power been 
calculated from 1989 to 1999. Fishing power has generally increased linearly over 
time. Fishing power for 2000 and 2001 was based on predicted values obtained from 
linear regressions of fishing power over time for each sector.  
 
The probability of triggering a review event was calculated from a sample T 
distribution with the following properties: 
 

                                                            
ns

XT
/

µ−
=  

 
where X –average CPUE within a review period in any one fishing year (1998 
onwards) 

µ – long-term average 70% CPUE within a period for the years 1988–1997 
inclusive. 
s– standard deviation of µ  
n– number of sample points (i.e. ten from 1988–1997) 

 The T value was compared with the critical t-value taken from a one-tail t distribution 
with n–1 degrees of freedom to obtain a probability of triggering a review event. 
 
7.3.1 Chart interpretation 

The following explains the symbols and bars of all the charts. 
 
• Blue bars represent average CPUE for the period in individual years. 
• Red bars represent 70% of the average CPUE calculated from 1988–1997. 
• Yellow bars represent the probability of triggering a review event. The higher the 

probability the greater the likelihood that a review event has been truly triggered.  
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7.4 RESULTS 

7.4.1 Review period charts based on average over all months within period. 

7.4.1.1 Scallops 
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Figure 7.4.1 Comparison of nominal CPUE with 70% CPUE for Scallops (All grids). Review 
events were triggered for the 97–98 and 99–00 fishing season.  
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Figure 7.4.2 Comparison of standardised CPUE with 70% CPUE for Scallops (All grids). Review 
events were triggered for the 97–98 and 99–00 fishing season.  
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Figure 7.4.3 Comparison of nominal CPUE with 70% CPUE for Scallops (Scallop grids). There 
was a 50% chance of triggering a review event in the 97–98 fishing season. 
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Figure 7.4.4 Comparison of standardised CPUE with 70% CPUE for Scallops (Scallop grids). 
There was a 68% chance of triggering a review event in the 97–98 fishing season 

 
Review events were triggered in 1997–98 and again in 1999–2000 for both nominal 
and standardised CPUE using data from all grids (Figure 7.4.1 and Figure 7.4.2). 
When using only data from the scallop grids only the 1997–98 period is triggered. 
However, there was still a 44% chance of triggering a review event for standardised 
CPUE in the 1999–2000 fishing year (Figure 7.4.4). There was a 36% risk of 
triggering a review event in 2002-2003 using standardised CPUE data for all grids 
(Figure 7.4.2). 
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7.4.1.2 Eastern King Prawns 
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Figure 7.4.5 Comparison of nominal CPUE with 70% CPUE for Eastern King Prawn (Deep 
grids). No review events were triggered. 
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Figure 7.4.6 Comparison of standardised CPUE with 70% CPUE for Eastern King Prawn (Deep 
grids). No review events were triggered. 
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EKP (Shallow grids)
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Figure 7.4.7 Comparison of nominal CPUE with 70% CPUE for Eastern King Prawn (Shallow 
grids). No review events were triggered. 
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Figure 7.4.8 Comparison of standardised CPUE with 70% CPUE for Eastern King Prawn 
(Shallow grids). No review events were triggered. However, in the 99–00 fishing year there was a 
17% likelihood of catch-rates falling below the 70% limit reference point. 
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EKP (All grids, deep months)
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Figure 7.4.9 Comparison of nominal CPUE with 70% CPUE for Eastern King Prawn (All grids, 
deep months). No review events were triggered. 
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Figure 7.4.10 Comparison of standardised CPUE with 70% CPUE for Eastern King Prawn (All 
grids, deep months). No review events were triggered. 
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EKP (All grids, shallow months)
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Figure 7.4.11 Comparison of nominal CPUE with 70% CPUE for Eastern King Prawn (All grids, 
shallow months). No review events were triggered. 
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Figure 7.4.12 Comparison of standardised CPUE with 70% CPUE for Eastern King Prawn (All 
grids, shallow months). No review events were triggered. However in the 99–00 fishing year there 
was a 22% likelihood of catch-rates falling below the 70% limit reference point. 

No review events have been triggered in either the shallow or deep EKP sector 
(Figure 7.4.5 to Figure 7.4.12). There was only a slight risk of triggering a review 
event in the 1999–2000 fishing year for standardised CPUE in the recruitment period 
(i.e. November to February, shallow grids) of 17% and 22% using shallow grids only 
(Figure 7.4.8 and Figure 7.4.12). 
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7.4.1.3 North Queensland Tiger prawns 
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Figure 7.4.13 Comparison of nominal CPUE with 70% CPUE for NQ Tiger Prawn (NQ grids, 
Sep–Dec). No review events were triggered. 
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Figure 7.4.14 Comparison of standardised CPUE with 70% CPUE for NQ Tiger Prawn            
(NQ grids, Sep–Dec). No review events were triggered. However, in the 2000 fishing year there 
was a 23% likelihood of catch-rates falling below the 70% limit reference point. 
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NQ Tiger (Mar-Jun)
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Figure 7.4.15 Comparison of nominal CPUE with 70% CPUE for NQ Tiger Prawn (NQ grids, 
Mar–Jun). No review events were triggered. However, in the 2000 fishing year there was a 13% 
likelihood of catch-rates falling below the 70% limit reference point. 
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Figure 7.4.16 Comparison of standardised CPUE with 70% CPUE for NQ Tiger Prawn           
(NQ grids, Mar–Jun). No review events were triggered. However, in the 2000 fishing year there 
was a 24% likelihood of catch-rates falling below the 70% limit reference point. 

 

 
No review events were triggered for NQ Tigers. However it is clear that the 
standardised CPUE series significantly increases the risk of triggering and review 
event – from 13% nominal to 24% standardised (Figure 7.4.15 and Figure 7.4.16 ). 
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7.4.2 Review period charts based on each month within a period. 

The following charts track CPUE trends over each month of a review period.  

7.4.2.1 Scallop 
Scallop (All grids)
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Figure 7.4.17 Comparison of monthly nominal CPUE with 70% CPUE for Scallops (All grids). 
Review events were triggered for three out of four months in the 97–98 and 02–03 fishing season, 
twice in the 99–00 fishing season, once in the 00–01 and 01–02 fishing season, but not in the 98–99 
fishing season. 
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Figure 7.4.18 Comparison of monthly standardised CPUE with 70% CPUE for Scallops (All 
grids). Review events were triggered for all months in the 99–00 fishing season, three out of four 
months in the 97–98 and 02–03 fishing season, once in the 00–01 and 01–02 fishing season, but 
not in the 98–99 fishing season. 

 



CURRENT REFERENCE POINTS 

68 

Scallop (Scallop grids)
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Figure 7.4.19 Comparison of monthly nominal CPUE with 70% CPUE for Scallops (Scallop 
grids). Review events were triggered for three out of four months in the 97–98 fishing season, 
twice in the 99–00 fishing season, once in the 02–03 fishing season, but not in the 98–99, 00–01 
and 01–02 fishing season. 
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Figure 7.4.20 Comparison of monthly standardised CPUE with 70% CPUE for Scallops (Scallop 
grids). Review events were triggered for three out of four months in the 97–98 fishing season, 
twice in the 99–00 and 02–03 fishing season. However, in both later cases they fail to reach the 
required 50% by less than 2%. No other months within fishing seasons trigger a review event. 

 

A clearer picture of the seasonal trend in catch rates appears when looking at monthly 
Scallop CPUE series. Previously (i.e. Figure 7.4.1 and Figure 7.4.2) there was little or 
no risk of triggering a review event in 2000–01 and 2001–02 fishing years. However, 
it can be seen that for December 2000, 2001 and 2002 there was a very high 
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probability that a review event was triggered for nominal and standardised data 
(Figure 7.4.17 and Figure 7.4.18). The high catch rates for February 2001 and 
February 2002 effectively mask these events. This pattern was not as evident for 
CPUE calculated from the scallop grids (Figure 7.4.19 and Figure 7.4.20). The 
relatively low risk of triggering a review event in 2002–03 as seen in Figure 7.4.1, 
Figure 7.4.2 and Figure 7.4.4, masks three months of triggering in the monthly graphs 
Figure 7.4.17, Figure 7.4.18 and Figure 7.4.20. In all cases the high catches in January 
counter any effect from low catches in the other three months in the review period. 
 
There was a different pattern in monthly triggers when comparing CPUE calculated 
for all grids compared with scallop grids for the three fishing years prior to 2000-01. 
A low risk of triggering in November 1997 using all grids (~25–40%) contrasts with a 
much higher risk of triggering using scallop grids only (~50–60%) (Figure 7.4.17 to 
Figure 7.4.20). Similarly, for all grids the risk of triggering a review event essentially 
begins low and increases over the 1999–2000 fishing year, as opposed to data based 
on scallop grids where the converse occurs. 

7.4.2.2 Eastern King Prawn 

EKP (Deep grids)
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Figure 7.4.21 Comparison of monthly nominal CPUE with 70% CPUE for EKP (Deep grids).   
No review events were triggered for any fishing year. 
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EKP (Deep grids)
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Figure 7.4.22 Comparison of monthly standardised CPUE with 70% CPUE for EKP (Deep 
grids). No review events were triggered in any fishing season. 

 
 
 

EKP (Shallow grids)

0

20

40

60

80

100

120

140

160

N
ov

D
ec Ja
n

Fe
b

N
ov

D
ec Ja
n

Fe
b

N
ov

D
ec Ja
n

Fe
b

N
ov

D
ec Ja
n

Fe
b

N
ov

D
ec Ja
n

Fe
b

N
ov

D
ec Ja
n

Fe
b

97 97 98 98 98 98 99 99 99 99 00 00 00 00 01 01 01 01 02 02 02 02 03 03

C
PU

E 
(k

g/
da

y)

0.00

0.25

0.50

0.75

1.00

Probability

Nominal

 
Figure 7.4.23 Comparison of monthly nominal CPUE with 70% CPUE for EKP (Shallow grids). 
No review events were triggered in any fishing season. 
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EKP (Shallow grids)
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Figure 7.4.24 Comparison of monthly standardised CPUE with 70% CPUE for EKP (Shallow 
grids). Catch-rates fell below the 70% limit reference point in December 1999 only. No other 
review events were triggered in any fishing season. 
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Figure 7.4.25 Comparison of monthly nominal CPUE with 70% CPUE for EKP (All grids, deep 
months). No review events were triggered in any fishing season. 
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EKP (All grids, deep months)
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Figure 7.4.26 Comparison of monthly standardised CPUE with 70% CPUE for EKP (All grids, 
deep months). No review events were triggered in any fishing season. 
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Figure 7.4.27 Comparison of monthly nominal CPUE with 70% CPUE for EKP (All grids, 
shallow months). No review events were triggered in any fishing season. 
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EKP (All grids, shallow months)
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Figure 7.4.28 Comparison of monthly standardised CPUE with 70% CPUE for EKP (All grids, 
shallow months). A review event was triggered for November and December 1999. No review 
events were triggered in any other fishing season. 

 
The risk of triggering a review event over months within a period is certainly not 
evenly spread, making interpretation of mean risk less than straightforward. Whereas 
average risk was only 17% for the 1999–2000 fishing year using shallow grid 
standardised CPUE data (Figure 7.4.8), the monthly risk varied widely from ~5 to 
75% (Figure 7.4.24). A similar pattern emerges from the all grids, shallow months 
graphs. The average for the period is 22% (Figure 7.4.12) and the monthly risk varies 
from 0 to ~90% (Figure 7.4.28).  
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7.4.2.3 North Queensland Tiger Prawn 
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Figure 7.4.29 Comparison of monthly nominal CPUE with 70% CPUE for NQ Tiger (Mar–Jun). 
No review events were triggered in any fishing season. 
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Figure 7.4.30 Comparison of monthly standardised CPUE with 70% CPUE for NQ Tiger (Mar-
Jun). No review events were triggered in any fishing season. There was a 42% probability of 
triggering a review event in March 2000. 
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NQ tiger (Sep-Dec)
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Figure 7.4.31 Comparison of monthly nominal CPUE with 70% CPUE for NQ Tiger (Sep-Dec). 
No review events were triggered in any fishing season. 
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Figure 7.4.32 Comparison of monthly standardised CPUE with 70% CPUE for NQ Tiger (Sep-
Dec). A review event was triggered in December 2000 and a 45% probability of triggering a 
review event in November 2000. 

 
The only trigger month occurred in December 2000 (Figure 7.4.31) with an associated 
risk of 53, almost double that of the nominal risk (27%) shown in Figure 7.4.31. 
Catch rates were generally close to trigger points in the Sep–Dec 2000 period. 
Ignoring October 2000, risk averaged approximately 40%, compared with the average 
for the period of 23% (Figure 7.4.14). 
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7.5 DISCUSSSION 

Several management outcomes may occur depending on how the wording of the East 
Coast Otter Trawl management plan is interpreted. Suppose that a review event is 
triggered when nominal or standardised CPUE drops below 70% for two consecutive 
periods. The following triggers would have occurred in addition to those triggered 
using the period method of calculating risk probabilities: 

 scallop in the 1999–2000 fishing year (Figure 7.4.19 and Figure 7.4.20), although 
the ‘average’ risk was only 27 and 44% respectively (Figure 7.4.3 and Figure 
7.4.4)  

 scallop in the 2002–03 fishing year (Figure 7.4.17 and Figure 7.4.18), although 
the ‘average’ risk was only 21 and 36% respectively (Figure 7.4.1 and Figure 
7.4.2)  

 the shallow EKP in the 1999–2000 fishing year (Figure 7.4.28), although the 
‘average’ risk was only 22% (Figure 7.4.8). 
 

Additionally, CPUE dropped below 70% for only the first two months in 1999–2000 
for shallow EKP before rising above the threshold for the rest of the season (Figure 
7.4.8). This poses the question, ‘Is a review event required when CPUE rebounds to 
acceptable levels ?’. 
 
There may have just been a late recruitment event for that year, or the result of a pulse 
of effort at the beginning of the fishing season. Does CPUE have to fall below 70% 
for a whole season, perhaps? Considering that the logbook data is processed and 
entered approximately three months behind present this is probably a moot point. It is 
also important to note that by using the standardised catch-rates all months in the 97–
98 fishing season for Scallops triggered a review event (Figure 7.4.18). 
 
Another question that needs to be posed is, what is an acceptable level of risk? This is 
essentially a management decision. However, for illustration, the risk of falling below 
70% average CPUE started at 30%, dropped to 5% and then rose to 45% and then 
50% in the Sep–Dec period for the NQ tiger prawn fishery (Figure 7.4.32). Are these 
acceptable levels of risk (i.e. a 1 in 20 chance (5%) rising to a 1 in 2 chance (50%) of 
being below 70% average CPUE) considering that the average is only 23% (Figure 
7.4.14)? These are the questions that will need to be addressed and decided upon by 
management. In addition, the validity of employing catch-rate reference points will be 
addressed in the following chapter.  
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8 OBJECTIVE 4. INVESTIGATE AND ESTABLISH ROBUST REFERENCE 
POINTS AND RESPONSE MECHANISMS THROUGH SIMULATION 

8.1 ABSTRACT 

A catch rate limit reference point designed to identify over-fishing has recently been 
implemented for Queensland’s eastern king prawn and saucer scallops. It is defined as 
70% of the average catch-rate from 1988 to 1997 within the recruitment months of 
November to February inclusive or the spawning months May to August inclusive. 
However, this limit reference point has not been validated, and none have been 
proposed for Torres Strait tiger prawns. We used a monthly delay difference, monthly 
age-structured and annual surplus production models to test management responses to 
the triggered reference point of 60%, 70% and 80% of the average catch rate. As well, 
we examined three model based reference points targeting fishing effort at maximum 
sustainable yield (EMSY), 3/4 EMSY and 2/3 EMSY. All reference points included 
variability in natural mortality and annual increases in fishing power. The catch rate 
reference points result in sustainable levels of fishing, but were not useably valid 
because they can trigger at high population sizes and caused inappropriate changes in 
fishing effort. Similarly, catch rates for low population sizes may not necessarily fall 
below the 70% catch rate trigger. In general, we found that the reference points 
targeting fishing effort to 2/3EMSY or 3/4EMSY maintained populations slightly above 
the size that supports maximum sustainable yield. These reference points result in 
lower risks of under or overfishing, improved catches and higher catch rates. The 
stock assessments suggest all three stocks (eastern king prawn, Torres Strait tiger 
prawn and saucer scallop) were fished to the limit sizes that support maximum 
sustainable yields, but eastern king prawn population sizes prior to 2001 may have 
been much lower than this. All results were sensitive to the spawner-recruitment 
relationships that were used and the estimates of annual increases in fishing power. 
Uncertainty still clouds the ideal reference point for the eastern king prawns, Torres 
Strait tiger prawns and saucer scallops. This problem remains for most fisheries; 
reference points depend on our knowing how many prawns or scallops are in the 
ocean and management having clear target goals for fishing e.g. high catch rates. New 
types of data are essential to improve the stock assessments, such as spatial indices of 
abundance collected through fishery independent sampling and vessel monitoring 
systems (VMS). More accurate and robust reference points may exist using these data, 
rather than model based reference points. These pieces of information will aid in 
refining the stock assessment, defining more accurate reference points and 
strengthening future management decisions. 
 
8.2 INTRODUCTION 

Reference points for a fishery can be used as one of the key assessment and 
management tools to indicate the stage at which a resource is declared to be in some 
danger of overexploitation or is at an unwanted state. A number of measures, such as 
catch rates, can be used as reference points, but developing reference points for a 
particular fishery is complex. Their definition is reliant on detailed analyses and their 
accuracy depends on data quality and quantity, having a reliable index of population 
abundance, uncertainties with estimating exploitation rates, and the practicality of 
monitoring the fishery in relation to the reference points (Hilborn 2002). The type of 
reference point described above is typically known as a limit. A hypothetical example 
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of a limit could be if we think that the fishery will be over-fished if the biomass of 
prawns in the sea drops below 2000 tonnes. The other use of reference points refers to 
aiming towards a target state of fishing and/or resource that is considered to be 
desirable. As another hypothetical example, we might believe the fishery will produce 
the most yield, and most profit for industry, if there were 5000 tonnes of prawns alive 
in the sea. We would therefore try to manage the fishery to approach this biomass 
level – our target reference point. 
 
Reference points have been one of the tools used to manage a number of important 
fisheries throughout the world. In Australia, two examples include restricting fishing 
effort to achieve maximum sustainable yields in the Australian Northern Prawn 
Fishery (Dichmont et al. 2001) and in the Queensland Spanner Crab Fishery where 
annual changes in catch rates are used in decision rules to increase or decrease total 
allowable catches (Brown et al. 2001). In the Canadian west coast prawn, shrimp and 
mollusc fisheries reference points have been used to set total allowable catches or 
fishing effort (Leaman 1993). In most of these fisheries, the reference point used for 
target fishing was maximum sustainable yield and its associated fishing effort (MSY 
and EMSY). However, because of the uncertainty surrounding its actual value and its 
variability from year to year, it has been universally agreed that the MSY reference 
point is no longer acceptable as a valid fishery target, although it can be accepted as a 
maximum-limit reference point (Garcia and Staples 2000). 
 
Catch-rate reference points have been used in a number of fisheries, but there has 
generally been no detailed stock assessment available and their effective performance 
has been varied. For example catch-rate reference points have been validated for 
setting total allowable catches in Queensland’s spanner crab fishery (Brown et al. 
2001). However, the catch-rate reference points used in Australia’s South East Fishery 
have failed because of the lack of relationship between catch rate and population 
abundance (Punt et al. 2001a). More recently, catch-rate-limit reference points were 
implemented for prawns and scallops in Queensland’s east coast trawl fishery. They 
are defined as 70% of the average catch-rate from 1988 to 1997 within specified 
typical recruitment or spawning months for: 

• Eastern king prawns — November to February inclusive (recruitment period) 
and May to August inclusive (spawning period) 

• Saucer scallops — November to February inclusive (recruitment period)  
• Tiger prawns — March to June inclusive (recruitment period) and September 

to December inclusive (spawning period). 
However, these limit reference points remain to be validated and it is conceivable that 
it could cause inappropriate changes in fishing effort. To date, no reference points 
have been specified for the Torres Strait trawl fishery. In addition, with these trawl 
sectors there are no clear management objectives to set target reference points. 
 
The Queensland, New South Wales, and Torres Strait otter trawl fisheries are 
particularly important on the east coast of Australia. These fisheries together currently 
have about 700 licensed vessels, although past numbers operating in Queensland have 
been as high as 1413 licences in 1980 (Bowen and Hancock 1985). These trawl 
fisheries catch several species of penaeid prawns (mainly Penaeus and Metapenaeus 
spp.), as well as two species of scallop (Amusium balloti and A. pleuronectes), and 
can be best described as having a clear suite of target species in specific geographic 
regions (sectors). The focus of this section of the report is on the Queensland and New 
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South Wales eastern king prawn (Penaeus plebejus), Torres Strait tiger prawn 
(Penaeus esculentus), and Queensland saucer scallop (Amusium balloti) trawl sectors. 
These trawl sectors land a total average catch of about 2500 thousand tonnes of 
eastern king prawns, 600 tonnes of tiger prawns from the Torres Strait, and 800 
tonnes of scallop meat per year, with a landings value in excess of $30 million,         
$8 million, and $20 million respectively. The Queensland Fisheries Service (QFS) and 
the New South Wales Fisheries Department both manage the eastern king prawn 
sector independently within each state, although the trawl sector is widely considered 
to be based on a single stock. The QFS and the Australian Fisheries Management 
Authority (AFMA) jointly manage the Torres Strait trawl fishery, and the QFS 
manages the Queensland’s scallop sector. A range of management input controls on 
these trawl sectors are used, including: limited entry, boat-nights allocation, gear size, 
and spatial and seasonal closures. Despite these restrictions, Australia’s east coast 
trawl stocks, in particular, are subject to perceived heavy fishing effort that may not 
be sustainable or optimised for value in the long term. 
 
Early assessments of eastern king prawns have mostly been limited to simple 
interpretations of trends in catch-per-unit effort statistics. However, three equilibrium 
yield-per-recruit analyses and one monthly surplus production analysis were 
completed between 1974 and 1999. The first analysis suggested that a 25% increase in 
fishing effort in Queensland offshore waters would result in a corresponding increase 
in eastern king prawn catch and only a small reduction in the catch per boat (Lucas 
1974). The second analysis suggested that limited benefits in terms of yield would 
eventuate from substantial increases in fishing effort but that substantial decreases in 
catch rates were likely (Glaister et al. 1990). The third analysis used an enhanced 
spatial compartmental yield-per-recruit model for the eastern king prawn fishery in 
New South Wales (Gordon et al. 1995). However, parameters estimated from this 
analysis were used only to show reduced yields if Botany Bay was closed to trawling. 
It must be highlighted that all three yield-per-recruit analyses take into account only 
prawn growth and mortality. Variation in stock-recruitment was not included and 
catches taken from the whole sector were not considered. The consequence of these 
restrictions is that recruitment over-fishing cannot be detected. The fourth analysis 
was not restricted to the equilibrium assumptions above and used eastern king prawn 
catches from the whole sector in Queensland and New South Wales waters; stable 
indices of recruitment and population size were estimated, but no comments on stock 
status or management were made (Dichmont et al. 1999). 
 
Early assessment of tiger prawn stocks in the Torres Strait was based on estimation of 
the Maximum Constant Yield (MCY) produced by QDPI in 1991 (Turnbull and 
Watson 1995). Research trawl data collected during the years 1986 to 1989 were used 
to calculate an MCY for each species. The definition of MCY is the maximum 
constant catch that is estimated to be sustainable, with an acceptable level of risk, at 
all future levels of biomass. The MCY for the fishery was estimated to be 1370 t, 
consisting of 585 t tiger prawns, 685 t endeavour prawns and 100 t king prawns. A 
summary of this assessment, 1992 Fishery Status Report for Torres Strait Prawns, is 
contained in (Turnbull and Watson 1995). The second formal stock assessment was 
conducted in 1994 and is described in detail in (Turnbull and Watson 1995). That 
assessment showed that a natural mortality of 0.2 per month (the value used in the 
1991 assessment and widely reported in the literature) will produce an MCY for the 
fishery of 1903 t, consisting of: 682 t tiger prawns, 1035 t endeavour prawns, and 
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186 t king prawns. The 1991, 1992 and 1995–1999 catches were close to this 
estimated MCY. In both assessments MCY was estimated using the technique 
advocated for a developed fishery with historic estimates of biomass:  

MCY = 0.5 × F0.1 × Bavg (Annala 1993). 
where Bavg is the average recruited biomass of the fishery and the fishery is believed 
to have been fully exploited. This formulation assumed that F0.1 approximates the 
average productivity of the stock. Logbook data for the years 1989 to 1992 were used 
to define the extent of the fishery. SPANS Geographic Information Systems software 
was used to estimate Bavg from monthly trawl research surveys conducted from 1986 
to 2001. The annual F0.1 for each species and sex was calculated using a simple 
BASIC program (Hilborn and Walters 1992). This program used estimates of the 
growth, length-weight relationships and gear selectivity parameters. Estimates of the 
effort required to produce an annual fishing mortality equal to F0.1 were 106,400 hours 
(88 700–133 300 h) for catchability estimates of 2.5 × 10-5 h-1 (2 × 10-5 - 3 x 10-5 h-1). 
These equate to 9900 (8200−12 400) unstandardised days, as the average number of 
hours trawled per night in Torres Strait during the years 1998–2002 was 10.8. 
 
Management and historical assessments of saucer scallops have mainly focused on the 
use of minimum legal sizes and spatial closures to maintain spawner stock levels. 
Historical assessments have generally been restricted to optimising size limits to 
maximise yield-per-recruit. Initial results suggested shell heights of between 82 mm 
and 90 mm, with an 85 mm minimum legal size adopted in 1985 (Dredge 1985b); 
(Dredge 1994). As fishing effort directed at saucer scallops increased and catch rates 
fell, management introduced a variable size limit of 90 mm in summer and autumn 
and 95 mm in winter and spring (Dredge 1994). Spawner and value per-recruit 
analyses were run in 1994 to investigate other possible minimum legal size limits. The 
results indicated that increasing the size limit to 95 mm throughout the year would 
increase spawners per recruit minimally while decreasing value per-recruit 15–20% 
(Dredge 1994). In 1996–1997, catch rates fell to very low levels and there were 
concerns about potential recruitment overfishing (Dredge 1988); (Dichmont et al. 
1999), which lead to the introduction of three 10′×10′ minute spatial closures to 
maintain spawner levels. Population assessments since 1997 have been based on 
reviews on commercial catch and effort statistics and data derived from an annual 
fishery-independent recruitment survey (Dichmont et al. 2000). An alternative profit 
maximisation model was developed in 1998 to optimise minimum legal sizes and 
rotational opening and closing of fishing areas, but no practical recommendations 
were made from outputs of this analysis (Kozan and Sier 1999). An age-structured 
stock assessment was conducted in 1998 and was not restricted to the per-recruit 
equilibrium assumptions above (Dichmont et al. 1999). The results confirmed that 
high recruitment occurred in the calendar year of 1992 and declined to historically 
low levels in 1996 (Dichmont et al. 1999). The slight recovery of recruitment in 1997 
was debateable, given the analysis was based on unstandardised catch-rates 
(Dichmont et al. 1999). No other comments on stock status or management were 
made. 
 
Until now, there has been no research into the validity of catch-rate reference points in 
terms of their relationship to resource sustainability of eastern king prawns or saucer 
scallops on the east coast of Australia, or tiger prawns in the Torres Strait. In this 
report we used simulation modelling to investigate the performance of catch-rate 
reference points. Simulation models have been used internationally to investigate and 
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develop appropriate reference points that can be applied to the particular resources 
and fisheries needs (Punt et al. 2001a). These models can supply quantifiable 
definitions for reference points and also test which of these are appropriate for the 
resource and management. This report shows that catch rate reference points are not 
an accurate tool for managing prawns and scallops, and that alternative fishing 
mortality reference points would perform better to achieve any defined management 
objectives. Note, when comparing simulations, less weight should be given to results 
from the surplus production models; their parameters are hard to associate precisely 
with observable biological processes (especially for penaeid prawn with a short life 
history of one to two years), and they do not accurately measure variations in 
recruitment. 
 
8.3 METHODS 

8.3.1 Catch and Effort Data 

Catch and effort records for each species were extracted from their relevant logbook 
databases. These data were then analysed to calculate average standardised catch rates 
for use in the stock assessment modelling. The following rules were used to extract 
data on each species: 
 
Eastern King Prawns 
 
Queensland eastern king prawn catches and fishing effort were retrieved from the 
Queensland Fisheries Service QFISH database. First, all trawl catches were extracted 
using the standard trawl SQL code titled ‘dump 9A’. From this trawl data, the 
Standing Committee for Fisheries and Aquaculture (SCFA) business rules for 
Environment Australia (EA) were applied. This included removing all beam trawling 
data (fishing method 47). Eastern king prawn catches were then extracted south of 
−22 degrees inclusive, plus east of 152.5 degrees inclusive between −21 and −22 
degrees to include the Swain Reefs catches. All catches from Moreton Bay were 
excluded (i.e. logbook grids ‘w37’ and ‘w38’ were removed). This was because of the 
multi-species nature of prawn trawling in Moreton Bay and the non-specific way that 
fishers record their prawn catches. Also, eastern king prawns in Moreton Bay are 
usually all pre-recruits to the offshore fishery (i.e. mostly less than 25 mm carapace 
length). The assessment model only relates to prawns first recruiting to the offshore 
fishery (i.e. prawns greater than about 26 mm carapace length). Eastern king prawns 
were defined by the following species codes 701000, 701304, 701904, 701907, 
701927, and 701915. Queensland logbook grids with the latitude labels 40 and 41 
were not included as they overlap with New South Wales logbooks (i.e. Y40, Y41, 
X40 and X41). For the catch-rate-standardisation only, all bulk data (landings without 
associated recorded trawling effort) were excluded (represents about 1% of catches). 
The fishing-year for eastern king prawns was defined as starting in November and 
ending in October, to match the cycle of fishing and recruitment to the fishery 
(Courtney et al. 1995). 
 
New South Wales (NSW) catches were collated for all eastern king prawn landings 
taken from only ocean prawn trawling. The NSW commercial catch records manager 
supplied these data. Monthly eastern king prawn catches for each trawler were 
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extracted separately using the species code 701915. The number of fishing days were 
based on the monthly total recorded by vessels that reported eastern king prawns. 
 
Torres Strait Tiger Prawns 
 
Three data sources were used to compile the available time-series of tiger prawn 
catches in the Torres Strait. The first data source was the 1978 to 1988 monthly 
unloading catch-statistics recorded by the Northern Fisheries Unit (a Commonwealth 
Authority). The second data source was the daily logbook catches provided by part of 
the fleet for the years 1980–1988. During these years all Northern Prawn Fishery 
endorsed vessels were required to record catch and effort whilst in the NPF and 
Torres Strait Fisheries. In addition, some dual Torres Strait and Queensland east coast 
endorsed vessels voluntarily filled out the NPF logbook whilst fishing in Torres Strait. 
These data provide catch rates of tiger prawns for the years 1980 to 1988. The third 
source was the compulsory daily logbook catches recorded from 1989 to 2002. This 
data was collected as part of the AFMA logbook program and provided both tiger 
prawn total catches and catch rates. 
 
All Torres Strait prawn catches from 1989 to 2002 were downloaded from the AFMA 
vessel operation and species catch tables. These data were then loaded into Microsoft 
Access and range checks performed to identify and correct outlying large catches. A 
cross tab query was then used to combine the operation and catch data in a single 
table of daily vessel catches of each prawn species. Tiger prawn catches were defined 
by the species code 27701900 in the AFMA database. There was a very small amount 
of tiger prawn catch recorded under the general prawn code, 27701000. This code, 
however, represented less than 0.4% of all prawn catches taken in the Torres Strait 
and was not used. The data were also coded into two regions by latitude, north 
(greater than or equal to −9 degrees and less than −10 degrees) and south (greater than 
or equal to −10 degrees and less than −11 degrees). This stratification was based on 
the information that catches in the southern area have a higher proportion of 
endeavour prawns and a lower tiger prawn catch rate. The small number of daily 
records with zero catches for tiger prawns (636 records; < 0.5% of records) and 
position locations south of –11 degrees outside of the Torres Strait fishery (19 
records) were excluded from the data. For tiger prawns, a calendar year was viewed as 
suitable for a fishing-year. 
 
Saucer Scallops 
 
Again as with eastern king prawns, all Queensland trawl catches were extracted using 
the standard trawl SQL code, titled ‘dump 9A’. The SCFA/EA rules were then applied 
where all scallop catches were extracted south of −22 degrees inclusive (Dichmont 
et al. 1999). These latitudinal ranges were chosen to minimize the mixture of mud 
scallop in catches that can occur north of -22.5 degrees. The spatial logbook-grids that 
relate to the specific saucer scallop fishery, where most of catch and trawling effort 
occurs, are ‘S28’, ‘T28’, ‘S29’, ‘T29’, ‘T30’, ‘U30’, ‘U31’, ‘V31’ and ‘V32’. Again, 
all beam trawl data were removed. Saucer scallop catches were defined by the species 
code 900200 and 900204. For catch rate standardisation all bulk data were excluded 
due to the lack of information on fishing effort and locations. The fishing-year for 
saucer scallops was defined from November through to October and based on 



STOCK ASSESSMENT 

83 

information about the life cycle, size at recruitment and the seasonal variation in 
fishing effort. 
 
8.3.2 Standardisation of Catch Rates 

Eastern King Prawns 
 
The process of standardising eastern king prawn catch-rates was different from that 
for the Torres Strait tiger prawn and scallop sectors. A formal statistical analysis of 
the combined Queensland and New South Wales data was not viewed as beneficial 
due to the different commercial catch recording processes between states (daily in 
Queensland and monthly in New South Wales). Instead, the standardisation process 
involved calculating a weighted average catch rate (kilograms of prawns per boat 
night) based on the number of standardised days fished in each state. This weighting 
was applied as the spatial area of this sector in Queensland and New South Wales 
waters is similar, and so weighting the catch rates by effort is adequate. The numbers 
of standardised days were calculated by multiplying the reported number of boat days 
in each fishing year and month by the average annual changes in fishing power. The 
overall average annual change in fishing power for the combined Queensland and 
New South Wales sectors was assumed to be the weighted average between the deep 
and shallow water estimates (Table 8.3.2.1). 
Table 8.3.2.1 The weightings used to calculate average fishing power increases for Queensland and 
New South Wales. Weightings for shallow waters were based on summing fishing effort across New 
South Wales, the Queensland logbook grids classified as having water depths less than 50 fathoms and 
half of the Queensland fishing effort that could not be clearly classified as either deep or shallow 
waters. The deep water weighting were derived by summing fishing effort across the Queensland 
logbook grids classified as having water depths greater than 50 fathoms and half of the Queensland 
fishing effort that could not be clearly classified as either deep or shallow waters. 

Eastern King Prawn 
Fishing Year 

Proportion of Fishing 
in Deep Waters 

Proportion of fishing in 
Shallow Waters 

1989 0.1796 0.8204 
1990 0.1877 0.8123 
1991 0.2032 0.7968 
1992 0.2071 0.7929 
1993 0.2096 0.7904 
1994 0.2161 0.7839 
1995 0.2386 0.7614 
1996 0.2251 0.7749 
1997 0.2385 0.7615 
1998 0.2449 0.7551 
1999 0.2151 0.7849 
2000 0.2416 0.7584 

 
Torres Strait Tiger Prawns 
 
The process of standardising tiger prawn catch rates in the Torres Strait was similar to 
that used by (Haddon and Hodgson 2000) for Australia’s Northern Prawn Fishery. We 
analysed catches of tiger prawns using a general linear model (GLM) with normally 
distributed errors on the natural log scale. The response variable was based on 
individual vessel daily catches of tiger prawns. Spatial variations in catches were 
allowed for in two areas, north and south of 10°S, split on the basis of species 
composition of the catch, the average catch rates of tiger prawns and amount of 
fishing effort. The analysis also included parameters to account for variations in tiger 
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prawn catches due to lunar phases, part or full night fishing and associated endeavour 
prawn catches. The statistical software Genstat 6 was used to carry out the estimation 
by least squares, and provide standard errors for all estimates (Genstat 2002). The 
Genstat procedure ‘Select’ was used to confirm the final model structure using 
Akaike’s information criterion. The components used to standardise catch rates were 
as follows: 
 

• Tiger prawn catches – kilograms per boat per night per region. 
• Calendar years – factor levels coded as years from 1980 to 2002. 
• Month – factor level coded January to December. 
• Region – factor level coded for two regions as described above. 
• Lunar – factor level coded new, making, full and waning moons. 
• Pnite – factor level coded 1 for a full night’s fishing and 0 for a part night. 
• Endeavour – endeavor prawn catch (kgs +1) per boat per night per region. 
• Fishing power – vessel, fishing gear and technology changes as calculated in 

the previous fishing power chapter. 
 
Additive or interaction effects between the year and month model terms alternated for 
predicting annual or monthly catch rates respectively. All predicted catch rates were 
for a full night’s fishing (i.e. Pnite = 1), for a median (geometric mean) endeavor 
catch (~83 kg), and standardised by averaging over the regions and lunar phases for a 
1980 equivalent average fishing power. 
 
Saucer Scallops 
 
Catches of scallops were analysed using a general linear model in the same way as 
Torres Strait tiger prawns. The response variable was the number of scallops caught 
per vessel per night, so that average catch rates were conveniently transferable into 
the age-structured stock assessment model. This nightly catch was the product of 
converting from baskets of scallop to shell numbers (based on 500 scallops per 
baskets (Dichmont et al. 1999)). The spatial scale of the analysis used the 30 × 30 
minute logbook grids. The analysis also allowed for catch variations due to lunar 
phases. The statistical software Genstat 6 was again used to carry out the estimation. 
The components used to standardise catch rates were as follows: 
 

• scallop – scallop catch (shell numbers) per boat per night per logbook grid. 
• fishing_year – factor level coded from 1989 to 2002. 
• month – factor level coded November through to October. 
• lunar – factor level coded new, making, full and waning moons. 
• grid – factor level coded for the 30 minute logbook grids. 
• Fishing power – vessel, fishing gear and technology changes as calculated in 

the previous fishing power chapter. 
 
Additive or interaction effects between the year and month model terms alternated for 
predicting fishing-year or monthly catch rates respectively. All predicted catch rates 
represented a standardised 1989 vessel, fishing within an average logbook grid and 
lunar phase. 
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8.3.3 Delay Difference Modelling 

The Deriso-Schnute delay difference model was used in this study to assess the 
eastern king prawn and Torres Strait’s tiger prawn trawl sectors (Deriso 1980; 
Dichmont et al. 2001; Quinn and Deriso 1999; Schnute 1985). The model simplified 
the mathematics of population age structures so that population biomass followed a 
single delay difference equation, and prawn growth was approximated by the Brody 
growth curve. The model analysed the available time-series of standardised monthly-
catch-rates to estimate harvest rates and therefore calculate monthly population 
biomass and numbers of prawns. This model captured the monthly dynamics of the 
prawn population, the seasonality of the fishery, and estimated spawning and 
recruitment trends. It contained biologically meaningful parameters for prawn growth, 
natural mortality, and recruitment and allowed realistic variations in these parameters. 
The model also allowed for some of these parameters to be estimated directly from 
standardised catch rate (relative abundance) data. 
 
The dynamics of the delay difference model followed equations (1) and (2) which 
described the biomass (B) and numbers (N) of prawns alive at the start of month t 
(Table 8.3.3.1). In these equations, monthly recruitment was calculated by the product 
of the within fishing year recruitment pattern (equation 4) and the total number of 
prawns recruiting in the fishing year (Nr,y) (Dichmont et al. 1999). The growth of 
prawns older than the recruitment age of three months (r) was approximated by the 
Brody curve (equation 3). The value of ρ was estimated by fitting the growth equation 
to the sexes-combined von Bertalanffy average growth curve ((Die et al. 1999), and 
(Glaister et al. 1987); see data section). Once the time series of prawn biomass and 
number of prawns were calculated, monthly total catch and catch rates were predicted 
using equations (6) and (7). The spawning index of female prawns in each fishing 
year was approximated using the within-year spawning pattern and half the effective 
number of prawns alive each fishing-year (equation 8). 
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Table 8.3.3.1 The equations defining the delay-difference modelling for eastern king and tiger prawns. 

Equation Population Dynamics: Monthly Delay Difference Notation 
   
 Exploitable Biomass: Bt (kgs)  
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t: sequential monthly time step across 
the fishing years. 

e: exponential function 
ρ: prawn growth parameter. 

Zt-1: Total Mortality in the month t-1. 
Zt-2: Total Mortality in the month t-2. 

 
wr: average weight (kg) of a prawn at 
recruitment age to the fishery (three 

months for eastern king prawns and five 
months for tiger prawns). 

 
wr-1: average weight of a prawn one 
month before it enters the fishery. 

 
 
 

Nr,y : estimated number of newly 
recruited prawns in fishing year y      
(Nr,y = Ry). mt = 1,2,…,12 months,    

where the first month is November and 
the twelfth month is October for king 
prawns and the first month is January 
and the twelfth month is December for 

tiger prawns. µr, θr, and σr were 
respectively the estimated mean, slope 
and variance parameters of the annual 

recruitment pattern. 
pt: sums to one in each fishing year. 
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M: 0.2 monthly instantaneous rate of 
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Ft: instantaneous fishing mortality. 

q: catchability coefficient. 
Et: number of standardized fishing days. 
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In total 16 and 27 parameters (q, µr, θr, σr and Nr,y) were estimated in the eastern king 
prawn and Torres Strait tiger prawn analyses, respectively. The eastern king prawn 
modelling used standardised catch rates from September 1988 to March 2001. The 
tiger prawn analysis used standardised catch rates from January 1980 to December 
2002. Initial biomasses in the first two months of the time-series analysed were 
calculated based on the relationship qcpueB /=  (Hilborn and Walters 1992). The 
‘fminsearch’ MATLAB simplex search routine was used to carry out the estimation 
by maximum likelihood (MATLAB 2002). The following algorithm was used: 
 
1. Set initial parameter values of catchability (q) from a surplus production model, 

recruitment-pattern parameters (µr, θr, and σr) to match the within-fishing year 
average catch rate trend, and annual number of prawn recruits to equal the average 
fishing year catch divided by the average prawn recruitment weight. This step 
required some work to initialise starting parameter values. Altering the scale of the 
starting recruitment estimates and monitoring the log-likelihood narrowed down 
the initial starting values. 

 
2. Calculate monthly biomass and prawn numbers using equations (1) and (2). 
 
3. Predict the monthly catch rate using equation (7). 
 
4. Compute the negative normal log-likelihood of the data using: 
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where n was number of observed catch rates, π is 3.14159, log is the natural logarithm 
function, sqrt is the square root function and cpue was the monthly standardised catch 

rate and 
^

cpue  was the predicted catch rate. 
 
To ensure exploitation rates ranged between zero and one, and to avoid the 
optimisation converging to unrealistically large population sizes with low improbable 
estimates of exploitation, two additional penalty terms were examined to test their 
influence on the minimisation. The first penalty function λ1 ensured the observed 
catch in each month did not exceed the calculated exploitable biomass: 
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where h was the minimum annual harvest fraction, CNy were the accumulated number 
of prawns caught across the fishing years (Table 8.3.3.1), and the value 1000 was 
used to ensure adequate weighting in the optimisation. Three values of 0.2, 0.1, and 
0.01 for h were tested as informative priors. 
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5. Minimise negative log-likelihood by changing the parameter estimates using the 
simplex iteration method. Note that contrast in fishing effort between months is 
required in order to estimate q. 
 
Once convergence was achieved, alternative initial parameter estimates were tested to 
ensure accurate maximum likelihood. The penalty functions examined resulted in zero 
influence on parameter estimates. 
 
The main assumptions of the delay difference analyses were: 

• Standardised catch rate is proportional to abundance. 
• Constant natural mortality and catchability. 
• Average prawn growth. 
• Age at first recruitment to the fisheries were three months for eastern king 

prawns and five months for tiger prawns. All post-recruitment size classes 
were equally vulnerable to fishing. 

• Accurate reporting of the commercial catches. 
 
8.3.4 Age Structured Modelling 

An age-structured biomass model was used to calculate monthly population biomass 
and numbers of Saucer Scallop. This model was first documented within the 
Proceedings of the south-east Queensland Stock Assessment Workshop 1998 
(Dichmont et al. 1999), and has been considerably enhanced to calculate and simulate 
reference points. The model used an age structured approach that considered the 
survival of 1,2,…,48 month old scallop and allowed for the change in size selectivity 
throughout the year. It also incorporated fishery independent survey estimates of 
scallop numbers (provided by the QFS Long-Term Monitoring Program in 2002; see 
also (Jebreen et al. 2003)). 
 
The population dynamics were assumed to follow the standard Baranov equations 
(Quinn and Deriso 1999). The initial number of scallops for age one month in 
November 1988 was: 

198911,11,1988 R̂N Φ=  
where N1988,1,1 was the scallop population in year 1988 for the month of November of 
age one month, 1989R̂  was the estimated recruitment for the fishing-year 1989, and 1Φ  
was the birth pattern for November (described later as the ‘recruitment pattern’). 
 
Initial numbers of scallop in November 1988 for ages two to 48 months were 
calculated as follows: 

( ) )1(
,11 ,1988

ˆ SFa
mava eRN +−−Φ= M  

where N1988,11,a was the total scallop numbers in year 1988 for November age a, 

avR̂ was the estimated average recruitment for the fishing-years 1985 to 1988, mΦ was 
the vector of birth patterns for each cohort occurring up to the previous 47 months m, 
M was the vector of assumed average monthly natural mortality for each cohort up to 
the previous 47 months, S was the selectivity by age for each cohort up to the previous 
47 months, and Fav was an assumed historic average fishing mortality using 
equivalent to October 1988 fishing effort. This tailored approach of calculating initial 
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numbers was tested and concluded to be robust, and avoided assuming the starting 
1989 stock size was at an unexploited state (Dichmont et al. 1999). 
 
The age-structured time dynamic calculations after November 1988 followed the 
equations: 
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⎨
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where Ry were the estimated annual recruitments for the fishing-years 1989 to 2001, 
Sm,a was the selectivity by age and month, which included the change in minimum 
legal size over the fishing-year, and Padj was the proportional adjustment of fishing 
mortality calculated using the Long-Term Monitoring Program estimates of scallop 
numbers N̂  within the fishery and closures from 1997 to 2000: 
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where Padj prior to February 1997 = 1 (i.e. no closures), Padj,2001 assumed = Padj,2000, the 
symbols 0+ represents recruitment within the fishing year and 1+ represents ages 
classes one year and older (Jebreen et al 2003). 
 
The recruitment pattern mΦ , referred to above as the vector of birth patterns, 
represents the proportion of annual recruits in each month m, and was calculated by 
the following equation: 
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where µr, θr, and σr were recruitment parameters to be estimated. The resulting pattern 
was normalised to 1 ( ∑ΦΦ mm ). 
 
Monthly instantaneous fishing mortality F, for year y and month m, was calculated as 

mymy qEF ,, = , where q was the estimated catchability coefficient and Ey,m were the 
standardised number of days fished in fishing-year y, and month m. 
 
The fishing selectivity Sm,a was not assumed to be knife-edge and was smoothed with 
a 10% standard deviation on both the 90 mm and 95 mm minimum commercial legal 
sizes. The selectivity vector for the 90 mm minimum commercial legal size across all 
ages a was given by 

Sa=[max(normcdf(La=1…7,87.6,8.8),0) max(normcdf(La=8…48,87.6,8.8),1)], 
and for the 95 mm minimum commercial legal size by 

Sa=[max(normcdf(La=1…9,92.5,9.3),0) max(normcdf(La=10…48,92.5,9.3),1)], 
where max was a Matlab function to return the largest elements of the array, normcdf 
function computed the normal cumulative distribution function (cdf) at each of the 
average scallop shell height sizes at age using the corresponding minimum legal shell 
height size and 10% standard deviation, and La was the average scallop shell height at 
age calculated using a von Bertalanffy growth curve.  
 
The mid-month exploitable numbers of scallop were calculated as: 
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where Cy,m was the number of scallops caught in each fishing-year y, and month m. 
 
Catch-per-unit effort was calculated as: 

mymy qENcpue ,,

^
=  

 
The exploitable biomass at the start of each month was: 

aam
a

adjamymy wSPNB ,,,, ∑= , 

where wa was the average scallop weight at age (units in kilograms). 
 
The model estimate of monthly catch (in tonnes) was given by: 
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The spawning index of female scallops in each fishing-year was approximated using 
the within year spawning pattern βt, maturity (mat) and fecundity (fecund) at age, and 
half the effective number of scallops alive each fishing-year: 
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In total 18 parameters (q, µr, θr, σr and Ry) were estimated in the Saucer Scallop 
analysis. The modelling used monthly-standardised catch rates from November 1988 
to December 2001 and four fishery independent population estimates from the month 
of October for the years 1997 to 2000. The ‘fminsearch’ MATLAB simplex search 
routine was used to carry out the estimation by maximum likelihood (MATLAB 
2002). The following algorithm was used: 
 
1. Set initial parameter estimates of catchability (q) from a surplus production model, 

recruitment-pattern parameters (µr, θr, and σr) to match the within fishing year 
average catch rate trend, annual number of scallop recruits to equal the average 
fishing year catch. This step was an iterative process and commenced by arbitrarily 
setting initial parameter values. Altering the scale of the starting recruitment 
estimates and monitoring the log-likelihood narrowed down the initial starting 
parameter values. 

 
2. Calculate monthly scallop numbers. 
 
3. Predict the monthly catch rate. 
 
4. Compute the negative normal log-likelihood by adding: 
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catch rate data, where n was number of monthly catch rates, π is 3.14159, log is the 
natural logarithm function, sqrt is the square root function and cpue was the monthly 

standardised catch rate and 
^

cpue  was the predicted catch rate, and 
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for the independent survey estimates of population size (NS). 
To ensure exploitation rates ranged between zero and one, and to avoid the 
optimisation converging to unrealistically large population sizes with low improbable 
estimates of exploitation, the two additional penalty terms as outlined in the prawn 
delay difference analysis were examined (section 8.3.3, page 14–15). The three values 
of 0.2, 0.1 and 0.01 were again tested for h as informative priors. 
 
5. Minimise negative log-likelihood by changing the parameter estimates using the 
simplex iteration method. 
 
Once convergence was achieved, alternative initial parameter estimates were tested to 
ensure the likelihood was not at local maxima. The penalty terms examined resulted 
in zero influence on parameter estimates. 
 
The main assumptions of the age-structured analyses were: 

• Standardised catch rate is proportional to abundance. 
• Constant natural mortality and catchability. 
• Average scallop growth. 
• Accurate reporting of commercial catches. 

 
8.3.5 Surplus Production Modelling 

The simplest time dynamic fisheries population models are those that consider only a 
single indicator of population size, usually biomass. These models ignore age or size 
structure and do not explicitly consider growth and recruitment. They are called 
biomass dynamic (or surplus production) models and take several variations on the 
traditional logistic models of ecology. The most commonly used of these is the 
Schaefer form of the surplus production model. Only three main parameters are to be 
estimated which makes it simple and convenient to apply. These are the intrinsic 
population growth rate (r), the population carrying capacity (K; virgin stock size) and 
catchability coefficient (q). This model is well described by (Punt 1993), (Prager 
1994) and (Haddon 2001), and relies on the standardised catch per unit effort index 
being proportional to the trend in stock abundance. 
 
A non-equilibrium logistic (Schaefer) surplus production model gave the best fit to 
the catch rate data for eastern king prawn and saucer scallops. Other forms such as the 
Pella-Tomlinson and Fox models were applied but failed to generate realistic 
parameter values for these stocks. The Fox production model (results were equivalent 
to the Pella production model) provided a better optimal description of the Torres 
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Strait tiger prawns compared to the Schafer model. The eastern king prawn and 
scallop modelling used standardised catch rates from the fishing years 1989 to 2001. 
The tiger prawn analysis used standardised catch rates from the 1980 to 2002 fishing 
years. 
 
Population biomass was calculated according to the simple function: 
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the (exploitable) biomass at the start of fishing year t+1, r was the intrinsic rate of 
population growth, K was the average unexploited equilibrium biomass (carrying 
capacity) and Ct was the observed catch during fishing year t. Initial biomass in the 
first fishing year was calculated based on the relationship qcpueB /=  (Hilborn and 
Walters 1992). 
 
Standardised catch per unit effort data was used as an index to estimate biomass 

through tt qBcpue =
^

. 
 
To apply the production models both observed and predicted catch rates were natural 
log transformed. Parameter estimates were found by minimising the negative log-
likelihood: 
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where n was the number of fishing years in the catch rate time-series, 
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minimise the probability that the starting biomass B1 was greater than carrying 
capacity K. The simplex minimising method in MATLAB (fminsearch) was used in 
the estimation procedure.  
 
8.3.6 Statistical Uncertainty in Models 

In the previous sections, the methods for fitting three stock assessment models to 
estimate biological parameters were outlined. This section describes the statistics used 
for measuring the goodness of fit of each model, measuring the precision of the 
parameters estimated, and calculating the confidence intervals. 
 
Having modelled the particular stock, the parameters estimated were assessed against 
their relative precision to ensure the model was appropriate for the data. Parameter 
estimates were the values that maximised the log-likelihood of the model for the data 
observed. If the parameter estimates described the data well, their level of precision 
was assumed to be high. The resulting log-likelihood was greater compared with a 
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less appropriate model’s log-likelihood considered against the number of parameters 
in each model. The objective was for the fitted model to have an appropriate 
combination of parameters and a reliable level of accuracy in order to make 
predictions of management quantities, and inferences on management strategies and 
reference points. The discrepancy between the predicted catch rates and the observed 
was measured and a decision was made on whether the discrepancy was acceptable or 
not. This discrepancy was the measure of statistical uncertainty. Other types of 
uncertainty regarding the appropriateness of the model’s framework (model 
uncertainty), the fixing of certain biological parameters (conditioning uncertainty) and 
the behaviour of the models performing only to the average situation (process 
uncertainty) are dealt with later in the simulation framework. 
 
A range of statistics plots was used to measure the goodness of fit (statistical 
uncertainty) between the observed standardised catch rates and those predicted by the 
model. These were: 
• Time series plot of the observed and predicted catch rates. 
• Plot of standardised residuals against predicted values. The standardised residuals 

were calculated by 
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where E(yt) were the predicted monthly catch rates, yt the observed monthly catch 
rates and Var(yt) was the variance of the stock assessment model fits         
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• Histogram and normality plot of standardised residuals. 
 
Parameter standard errors for the delay difference and age-structured models were 
taken from the square root of the diagonal elements in the asymptotic covariance 
matrix. The asymptotic covariance matrix of the parameter estimates was given by 

1−−=∑ Η , 
where H was the matrix of second derivatives of the log-likelihood, 
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with respect to variation in model parameters evaluated at the maximum likelihood 
estimate. A Matlab program was developed to estimate the matrix of second 
derivatives (O’Neill 2002). In order to summarise the precision of the parameter 
estimates a series of simple t-tests were carried out. The t-tests were used to examine 
the significance of each parameter. The hypothesis tested was 

H0: βi = 0  H1: βi ≠ 0 

where βt was a model estimated parameter. The t-statistic used was 
i

SE
t i

β

β
= , 

compared against the critical t-value for the probability level α = 0.05 and the model 
residual degrees of freedom. 
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Confidence intervals on all outputs from the delay difference and age-structure 
models were generated by a Monte Carlo routine of running the models for 1000 
variations in the parameters estimated. Table 8.3.6.1 outlines these steps: 
Table 8.3.6.1 Algorithm used to generate 90% confidence intervals for the delay difference and age 
structured model outputs. 

1. Use the estimated model parameters and the covariance matrix of their estimators 
to construct a multivariate normal distribution. 

2. Draw a random sample parameter vector from the multivariate normal distribution 
estimated in step 1. 

3. Draw a random sample of values using the assumed-known parameters. 

4. Use the random sample of parameters to obtain a sample historical trajectory for 
the stock (i.e. run model with parameters). 

5. Repeat the process from step two to four 1000 times to obtain a large number of 
trajectories and outputs, each of which reflects the correlations among parameter 
estimates. 

6. Calculate 5% and 95% percentiles to generate 90% confidence intervals. 

 
In addition, to demonstrate the delay difference and age structured models sensitivity 
to the assumed known biological parameters, we compared outputs by changing one 
parameter value at a time to other plausible values, typically to their upper or lower 
confidence interval. 
 
Bootstrap methods were used for the surplus production models to obtain distributions 
of parameter estimates and bias corrected confidence intervals on all outputs (Haddon 

2001). The methods used a series of steps to resample the residuals 
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optimal model fits. A total of 5000 independent catch rate time-series were generated 
by the bootstrap sampling. Each independent catch-rate series were constructed by 
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where cpue* were the new bootstrapped catch rates, uepcˆ were the optimised models 
predicted catch rates, and cpue were the observed standardised catch rates. The 
surplus production models were fitted to all 5000 catch-rate time series. Bias 
corrected 90% confidence intervals were calculated on all model outputs by adjusting 
the appropriate lower and upper percentiles by 
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where z is the inverse cumulative normal distribution of the proportion of bootstraps 
less than the optimal estimate ( )lessthanpz 1−Φ= . 
 
8.3.7 Historical Trawl Data 

Logbook catch data prior to the implementation of the compulsory QFISH logbook 
system in 1988 are of varying quantity and quality. To extract this data in a 
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compatible form for comparison with current data obtained from the QFISH system, 
considerable cleaning and transformation were required. 
 
Data sources 
 
Historical trawl data consists of all the scallop and prawn records obtained from 
approximately 16 sources (Table 8.3.7.1). This data resides in the HTRAWL database 
within the QFISH system. Of these records only a subset were finally used in the 
statistical analysis. These data are outlined in the results. 
 
Table 8.3.7.1 Historical trawl data sources and description. 

Source Description # Records Source Description # Records 
AFS AFMA logs 85 600 DI02 Diary data entry (DE) 36 200 
BH Burnett Heads Research 

Station voluntary logbook 
program 

25 800 DI03 Historic DE- CSIRO grids 31 700 

BH85 As above 3400 DPI DPI research log 14 600 
CF88 CFISH pre-1988  9900 ECP CSIRO research log 20 400 

CS1B CSIRO (B)ay  26 400 NSW NSW voluntary logs 11 700 

CS1N CSIRO (N)orth, King and 
tiger prawn 

30 500 UL01 Historic DE–CSIRO grids  340 

CS1O CSIRO (O)cean, King 
prawn 

17 500 UL02 Historic DE–SUNFISH 
grids  

2100 

DI01 Diary data entry (DE) 32 400 UL03 Uncollected logs –CSIRO 
grids  

80 

Source: z DataSourcesQry in w-research\FRDC1999120\cfish&cls\AllTrawl.mdb and G. Duckworth, 
personal communication, Jan 2001. 
 
Data transformation  
 
Initial inspection of the data revealed several anomalies regarding recording methods 
of fishermen, logbook design and implementation, data entry protocols and database 
management. Methods for converting the data into a form suitable for comparison 
with QFISH data are presented in the following sections. 
 
No logbook programs overlapped in time, although there were periods when a 
collection program ceased and then a similar program started (e.g. BH (1997–1984), 
BH85 (1985), BH (1986–1987)). BH85 data was BH data collected in 1985. Note that 
there were also 1985 data sourced from BH (Table 8.3.7.1). 
 
QFISH grid conversion 
 
Location details in HTRAWL usually consisted of grid numbers reported in the ‘start 
grid’ field. The spatial resolution of the grid numbers reported in BH, BH85, UL01 
and DPI data sources covered a larger area than present QFISH grids (60′ × 60′ 
minute). For example, historical grid number 235 includes QFISH grids U28 (EKP 
Deep only), U29 (EKP Deep only) and U30 (which is SCALLOP and EKP Deep). To 
convert catches in these grids to QFISH grids the following guide was used. 
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Catches from historic location grids were compared with catches within QFISH that 
overlapped historic grids. Comparisons were made in similar time intervals. The 
QFISH grid that contained the majority of records was substituted as the locater for 
the historic record. For example, the grid 225 contains QFISH grids S23 to S26 and 
T23 toT26. A pivot table was run with start grid as a row variable and species as a 
column variable. For grid 225 it was found that the majority of the scallop catch was 
in QFISH grid S26. 
 
Grid numbers for the ECP data source were defined using a CSIRO grid system, 
which is based on a four digit number covering a 6 × 6 minute grid. The first two 
digits represent six minutes of longitude starting with 00 at 150°E for the Queensland 
fishery, and the last two representing six minutes of latitude starting with 00 at 10°S. 
With this grid number system the grid numbers for latitude repeated at 20°S. An MS 
Access query was written which matched the first two digits to a QFISH grid letter, 
and the last two digits to a QFISH grid number. Also included in the query was a 
decision rule to distinguish between ‘northern’ and ‘southern’ CSIRO grid numbers 
representing latitude.  
 
Where no information regarding grids was available, reported latitudes and longitudes 
were matched to QFISH grids. Records with no location details were excluded from 
the analysis 
 
Fishing time 
 
Fishing duration reported from DPI&F and CSIRO data sources was converted from 
minutes to hours. If fishing duration was not reported the difference between start and 
end time was used. Records with fishing time absent were excluded.  
 
Scallops 
 
The CF88 scallop data source contained an unusual error, where the value for the end 
of a log week was replaced with the sum total for the week. This data was cleaned 
manually by referring to every original log sheet in the archive. 
 
All BH and DPI scallop data were reported in the database as kilograms. To convert 
kilograms to baskets a conversion table was developed. The basket to kilogram ratio 
changed within and between years. By manually going through original logbooks that 
reported catches in baskets, the conversion factor used by previous data entry 
operators was calculated and applied to the data. Some errors were subsequently 
introduced due to the following: 
 
1. Some of the trip data has actual total kilo catch, and this is used to convert 

baskets to kilos for each shot/day instead of applying the normal conversion 
factor.  

 
2. Some conversion factors are applied to the wrong months and even change 

within month for the same boat in the database. 
 
3. Where conversion factors are missing (i.e. no scallop data found for 

month/year combination) the factors for the closest years were applied. 
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Scallop catch was converted from shot by shot to daily catches. To ensure consistency 
in reporting catch rates, if the running total of hours trawled exceeded 14 for any one-
day, the total daily catch per boat day (i.e. 14 hours) was multiplied by 14 and divided 
by the total hours trawled. 
 
Prawns  
 
The following criteria were used to create the final historic prawn tables 
 
1. The fishery is primarily a night-time fishery, therefore the same conversion of 

catch rates applied to scallops was also applied to prawns. 
 
2. Any records where the fishing start time began between 0700 and 1600 were 

removed from the final table. This is to ensure that we are reporting night-time 
catches only. The extra leeway in start and end time is given as many trawls 
began slightly before dusk and ended slightly after dawn. It should also be 
noted that the average daylight duration in winter is shorter than during 
summer.  

 
3. Daily catch data was based on the sum total of catch for any given boat day. 

The cumulative time trawled for one boat day is also included. Note that daily 
catch is independent of hours trawled for that day.  

 
8.3.8 Spawner-recruitment Relationships 

One of the most important pieces of information required for modelling the status of 
fisheries is the relationship between spawning and recruitment. This relationship 
defines how much the spawning stock can be reduced before recruitment is not 
sufficient enough to replace those being caught. This is known as recruitment 
overfishing. Annual recruitment is naturally highly variable and very difficult to 
quantify. To conduct a management strategy evaluation, a spawner-recruitment 
relationship is generally required to project the population and fishery forward in time 
to examine different management scenarios. The main purpose of using spawner-
recruitment relationships here was not to determine the status of the prawns and 
scallop stocks, but to test reference points. Detailed discussions are still required with 
management and industry to clearly define and accept these relationships. The stock 
assessment and simulation results all considered different forms of spawner 
recruitment relationships. 
 
Spawner-recruitment relationships for eastern king prawns and saucer scallops were 
constructed from daily catch rate records contained in the historical trawl (1969 to 
1987) and QFISH (1988 to 2001) databases. The data from both databases were 
combined and structured accordingly for analysis: 
 
1. Catch rate – catch per boat per night. Catches were measured in kilograms for 

eastern king prawns and numbers of baskets for scallops. 
 
2. Fishing Year – 1969 to 2001. 
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3. Fishing location – 30-minute latitude areas. 
 
4. Recruitment and spawning indices – catch rates from November through to 

February were assumed to represent recruitment, spawning related to catch rates 
from May to August, and catch rates from March, April and September were 
treated as non-spawning-recruitment months. These periods applied to both 
eastern king prawn and saucer scallop stocks. No spatial definitions for 
recruitment or spawning were applied. 

 
To develop the spawner-recruitment relationships the following were undertaken: 
 
1. A general linear model was used to estimate spawner-recruitment parameters and 

their standard errors. The exponential function on the parameter estimates 
represented the proportional change in average catch rates for the recruitment and 
spawning periods from 1970 to 2001, standardised for the different fishing 
locations and fishing power. Interaction effects between fishing years and 
spawner-recruitment periods were used to represent the indices. Only additive 
effects were allowed for in the fishing location term. A natural logarithm 
transformation was used to linearise the analysis and to normalise the residuals. 

 
2. The resulting parameter estimates were adjusted for average changes in fishing 

power. Parameter estimates from 1989 to 1999 were adjusted using the statistical 
estimated changes in fishing power (Chapter 6). The yearly average increase in 
fishing power from 1989 to 1999 was used to predict fishing power in 2000 and 
2001, and projected back for the years 1970 to 1988. Once the parameter estimates 
were adjusted for fishing power changes, they were assumed to represent 
spawner-recruitment indices from 1970 to 2001. Alternate assumptions on annual 
increases in fishing power were also examined; no annual increases and increases 
according to the lower confidence interval were tested for eastern king prawns; no 
increases and increases according to the upper confidence interval were tested for 
saucer scallops. 

 
3. The adjusted parameter estimates were scaled to the estimated recruitments and 

spawner numbers from the delay difference and age-structured stock assessment 
models. This was in order to give absolute population estimates of recruitment and 
spawners.  

 
4. The Beverton and Holt and Ricker forms of stock recruitment relationships were 

applied to the data (Table 8.3.8.1) (Haddon 2001). Given the paucity of data in 
some of the historical database years, a weighted log-likelihood was used for 
fitting the two stock recruitment relationships: 
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where n was number of fishing years, y identified a fishing year, π is 3.14159, log is 
the natural logarithm function, sqrt is the square root function, Ry was the rescaled 
measured number of recruits, yR̂  was the predicted number of recruits and wy was the 
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weighting factor based on the proportion of all data in year t (Table 8.4.1.5 and Table 
8.4.3.3). 
 
Unlike eastern king prawns and saucer scallops, the spawner-recruitment relationships 
were fitted directly to the estimated spawning and recruitment levels from the Torres 
Strait tiger prawn delay difference model. This was possible because the entire time 
series of total catches and catch rates stretched 23 years and therefore an unweighted 
log-likelihood was used (i.e. wt = 1). 
 

Table 8.3.8.1 Spawner-recruitment (S/R) and steepness equations. 

 Equation Notation 

Beverton-Holt 
S/R 

η

βα
e

S
S

R
y

y
y +

=ˆ  
y: fishing years 

Sy: Female Spawning Index 

α,β: spawner-recruitment parameters 

to be estimated  

Ricker S/R ηβα eeSR yS
yy

−=ˆ  ηe : log normal error 

Steepness of S/R 0

2.0

ˆ

ˆ
0

R

R S  02.0
ˆ

SR : mean recruitment at 20% 
virgin spawning stock. 

0R̂ : virgin recruitment. 

 
The ‘fminsearch’ simplex search routine was used to carry out parameter estimation 
(MATLAB 2002). The parameter covariance matrix was given by the inverse of the 
matrix of second derivatives of the weighted log-likelihood. 
 
In addition to fitting the stock-recruitment relationships, the resulting residuals were 
examined for autocorrelations and patterns to determine if the model fit was 
inadequate. If significant autocorrelation is present, recruitment successes may be 
correlated. That is, high recruitment years may be followed by another high year, and 
low recruitment years followed by another low year. The cause of autocorrelations 
may be due to environmental effects on the stock recruitment relationship. 
Autocorrelations were examined using the autoregressive integrated moving-average 
(ARIMA) time-series modelling package in Genstat 6 (Genstat 2002). This measured 
the amount of correlation between residuals for different time lags ranging from one 
to twenty years. The results showed no significant autocorrelations to suggest obvious 
environmental effects or any necessity to consider alternative likelihood fitting 
procedures (Dichmont et al. 2001). Scatter plots of residuals against predicted 
recruitments were used to show that no patterns existed and that the model fits were 
adequate. 
 
8.3.9 Equilibrium Reference Points 

The Delay-difference and age-structured models 
 
The calculations of management reference points were based on optimising the 
dynamics of the models through fishing effort for a per-recruit analysis using the 
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parameters q, µr, θr, σr, M, α and β. One prawn or scallop recruit was fed into the 
model. The recruit was fished over twenty years to ensure that the yield was 
maximised at different levels of fishing effort. The products from the 20 years of 
fishing were the spawning-per-recruit and yield-per-recruit values as a function of 
fishing effort. Equilibrium catch measured in kilograms or numbers was given by: 

( ) ( ) ( )ECEREC ~
= , 

where R(E) was the spawner-recruitment function of fishing effort, and ( )EC~  was the 
yield-per-recruit function of fishing effort. Similarly the equilibrium spawning index 
was ( ) ( ) ( )ESBERES =  where SB(E) was the spawner per recruit. Solving the equation in 
Table 8.3.8.1 for R(E) then gives: 

( ) ( )( )
( )ESB

ESBER e

β
αlog

= , 

for the Ricker spawner-recruitment curve and by 

( ) ( )
( )ESB

ESBER
β

α−
= , 

for the Beverton-Holt spawner-recruitment relationship. 
( )ESB  was the spawning-per-recruit function, and α and β were the spawner-

recruitment parameters. The ( )EC~  and ( )ESB  functions use the catch and spawning 
equations respectively in Table 8.3.3.1 for the delay difference model and section 
8.3.4 for the age structured model. The dynamics of the models were optimised for 
various reference points including catch and standardised fishing-effort at Maximum 
Sustainable Yield (MSY and EMSY; Figure 8.3.9.1). 
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Figure 8.3.9.1 Illustrative (hypothetical) example shows how the various reference points may relate. 
Maximum sustainable yield is the largest reference shown by the right-hand dotted line, the next 
smallest is 3/4 of MSY Effort, then 2/3 of MSY Effort. In this example, F0.1 is similar to 2/3 of MSY 
Effort. 
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The surplus production model 
 
The calculations of equilibrium reference points differ for the Schaefer and Fox 
models (Haddon 2001; Hilborn and Walters 1992). Maximum sustainable yield and 
the fishing effort required to catch MSY, EMSY, were calculated by 

4
rKMSY =  and 

q
rEMSY 2

=  for the Schaefer model, and 

1e
rKMSY =  and 

q
rEMSY =  for the fox model. 

The parameters r, K, and q are defined for the surplus production model in section 
8.3.5, page 91. 
 
8.3.10 Reference Point Simulations 

On completion of the base assessments, the performances of different reference points 
were tested through a series of simulations (Table 8.3.10.1). The simulations for each 
trawl sector included decision analysis procedures, to demonstrate the performance of 
a range of possible management systems and reference points. The approach of testing 
reference points was streamlined to allow management responses to be modelled 
ahead of time, so that the results can be used to help develop alternative and improved 
management systems. The algorithm we used for the simulations was similar to the 
forward projection methodology used by (Richards et al. 1998) and the management 
strategy evaluation approach by (Punt et al. 2001b). The simulation steps are outlined 
in Table 8.3.10.2 and Figure 8.3.10.3. Details of the uncertainties allowed for are 
shown in Table 8.3.10.3 and Table 8.3.10.4. The expected median outcomes and 
probabilities indicating risks of overfishing are presented in the results section. 
 
To evaluate potential reference points the monthly delay difference (for prawns) or 
age-structured (for scallops) models were used to operate the possible or hypothetical 
dynamics of the populations. This component of the simulations can be labelled as the 
‘operating model (Figure 8.3.10.1). It captures the temporal dynamics of the stocks 
and allows for stochastic variations (uncertainty) in all parameters. The other 
component of the simulations is the ‘assessment model’ (Figure 8.3.10.1). This 
represents our real life process to assess the state of the stocks (i.e. using CPUE 
reference points every year or stock assessment models every two years). The 
structures of both the operating and assessment models were similar, but differ in that 
the operating model functions on random variations in all parameters (e.g. spawner-
recruitment, natural mortality etc). The assessment-model parameters, updated every 
one or two years, represent our estimate of the average dynamics of the population, 
and so it includes error in our judgement to apply appropriate fishing strategies. 
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Apply Fishing Effort Strategy 

 
 
 

Apply Stock Assessment 
 

 
Apply Fishing Effort 

 
Update Population Dynamics

 
Generate Monthly Data 

 

Develop Operating Model Develop Assessment Model 

 
Operating Model Outputs 
(Performance Measures)  

  
Figure 8.3.10.1 Flow diagram illustrating the simulation approach. The operating model represents the 
population dynamics where fishing is applied and the dynamics are calculated (i.e. monthly population 
sizes, catches, catch rates etc). The assessment model represents us conducting stock assessments using 
models every two years or catch-rates every year and then applying a fishing effort strategy based on 
the results. The process was circular for twenty years and the outputs for each year were recorded for a 
number of performance measures (e.g. risks of over fishing, expected catches etc; defined page 106). 
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Table 8.3.10.1 The catch rate and fishing mortality reference points examined through simulation. 
Their link to fisheries management is defined under the management strategy evaluation (MSE) below. 
cpuet were the average catch rates in the current review periods described in the Queensland east coast 
trawl management plan (QECTMP); 60%cpue, 70%cpue, and 80%cpue were the percentage of the 
average catch rates from the reference review periods between 1988 and 1997 (QECTMP 2001). 

Target Species Limit Reference 
Points 

Upper Reference 
Points 

Limit Review 
(Months) 

Upper Review 
(Months) 

Simulation 
Framework 

Eastern King 
Prawns cpuet < 60%cpue 

cpuet < 70%cpue 

cpuet < 80%cpue 
 

cpuet > 97.5 percentile  

None 

Nov to Feb 

or1 

May to Aug 

 

Nov to Feb 
and2 

May to Aug 

Delay Difference 
Model 

Torres Strait  
Tiger Prawns cpuet < 60%cpue 

cpuet < 70%cpue 

cpuet < 80%cpue 
 

cpuet > 97.5 percentile  

None 

Mar to Jun Mar to Jun Delay Difference 
Model 

 
Saucer Scallop cpuet < 60%cpue 

cpuet < 70%cpue 

cpuet < 80%cpue 
 

cpuet > 97.5 percentile  

None 

Nov to Feb Nov to Feb Age Structured 
Model 

Eastern King 
Prawns 

 
 

Tiger Prawns 

 

Saucer Scallop 
 

cpuet < 60%cpue 

 

cpuet < 70%cpue 

 

cpuet < 80%cpue 

 

cpuet > 97.5 percentile  

None 

Annual Annual Surplus 
Production Model 

Eastern King 
Prawns 

 
Tiger Prawns 

Saucer Scallop 

FMSY 
3/4 FMSY 
2/3 FMSY 

N/A N/A N/A Delay Difference 
and Age 

Structured Models 

or1 indicates that a low average eastern king prawn catch-rate in either limit review period can trigger 
management; and2 indicates that a high average eastern king prawn catch-rate in both upper review 
periods is required to trigger management. The other sectors have single review periods. 
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Table 8.3.10.2 Algorithm to simulate reference points. 

1. Optimise the base stock assessment model to the observed catch rate data for the 
stock. 

2. For the delay difference and age-structured models, use the estimated model 
parameters and their covariance matrix to construct a multivariate normal 
distribution. For the surplus production model use bootstrap replicates of the 
parameter estimates. 

3. Draw a random sample parameter vector from the multivariate normal or 
bootstrap distributions estimated in step 2. 

4. Draw a random sample of values from the assumed known biological parameters 
(ignore for surplus production model). 

5. Use the random sample of parameters to drive the operating model and to obtain a 
sample historical trajectory for the stock. 

6. Choose a reference point to test (e.g. 70% average catch rate) and starting level of 
fishing effort. 

7. Run the operating model forward 20 years. Recruitment is simulated either under 
a spawner-recruitment relationship or assumed to be random for the delay 
difference and surplus production models. At the end of each management period 
decisions were made based on the assessment model. Management periods were 
one year for catch-rate and two years for fishing mortality (F) (assessment model) 
reference points. If the reference points were triggered, a decision was made to 
alter next year’s level of fishing effort according to the management strategy.  

8. The process from steps 3 to 7 were repeated for a large number of times, to obtain 
a large number of trajectories, each of which reflected the correlations among 
model parameters estimated (delay difference and age structured models – 1000 
times for catch-rate and 500 times for F based reference points; surplus 
production models 5000 times for catch rate reference points). 

 
The results of using different reference points were summarised in a management 
strategy evaluation (MSE) framework (Punt et al. 2001b; Smith 1994). Management 
strategy evaluation involved assessing the consequences of a range of management 
strategies and presented the results in a way which lays bare the trade-offs in 
performance across a range of management objectives (Smith 1994). The approach 
does not define a final fishing strategy or decision, but rather provides information on 
which to base management choices, given a set of management objectives. To fully 
understand the structure of the MSE results here in, the following key elements and 
definitions were used: 
 
• The fishing strategies were the number of vessel days allowed in the fishery each 

fishing year. A number of initial fishing strategies were examined. For example, 
the eastern king prawn starting test fishing effort ranged from 45 000 to 15 000 
days, at 5000-day intervals. 
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• The management strategies were the decisions on how fishing effort was changed 
in response to a triggered limit reference point. The management strategies tested 
were: 
1. Status quo or ‘control’: no reference points or management interventions. 
2. Moderate two-way: if the lower catch-rate limit reference point was triggered, 

fishing effort was reduced by 10%; if the upper catch rate limit reference point 
was exceeded, fishing effort was allowed to increase by 5%. 

3. Heavy two-way: if the lower catch-rate limit reference point was triggered, 
fishing effort was reduced by 30%; if the upper catch-rate limit reference point 
was exceeded, fishing effort was allowed to increase by 15%. 

4. Moderate one-way: if the lower catch-rate limit reference point was triggered, 
fishing effort was reduced by 10%; no increases in fishing effort allowed. 

5. Heavy one-way: if the lower catch-rate limit reference point was triggered, 
fishing effort was reduced by 30%; no increases in fishing effort allowed. 

6. Fishing mortality (F) based: fishing effort was altered every two years 
according to the reference point estimates of Maximum Sustainable Yield 
(MSY), ¾ MSY and 2/3 MSY. They were derived from stock assessments 
undertaken every two years. These three MSY control rules manage fishing 
effort at population sizes above half the biomass that supports MSY (0.5BMSY) 
(Figure 8.3.10.2). If the population sizes fall below half of BMSY, the levels of 
fishing effort were reduced as a function of biomass: 
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trefpt
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 (Restrepo et al. 1998),  

where Frefpt was FMSY, F3/4MSY, or F2/3MSY. 
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Figure 8.3.10.2 Illustrating the fishing mortality reference point control rules. 
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• The management objectives were 1) biological sustainability of the stocks,     
2) viability for industry, and 3) minimise activity and maximise accuracy of 
management. 

• A number of different performance measures were used to gauge each fishing 
strategy and management strategy against the management objectives. 
Two quantitative measures of biological sustainability were used: 

1. The risks (probabilities) over a 20-year period of management that the 
stock size will fall below 20% of the equilibrium virgin (unfished) 
population biomass. The 20% value is not meant to represent the 
threshold of recruitment overfishing, but rather to indicate that the 
stock has been substantially fished down. 

2. The risks (probabilities) over a 20-year period of management that the 
stock size will fall below the long-term equilibrium population 
biomass that results from fishing the stock at maximum sustainable 
yield (BMSY). 

 
Three quantitative measures of industry sustainability were used: 

1. The median total catch over the 20-year period of management. 
2. The median variation in total catch over the 20-year period of management 

(average coefficient of variation). 
3. The median of the resulting total fishing effort over the 20-year period of 

management. 
 
Three quantitative measures for management performance were used: 

1. The average number of CPUE reference point triggers over the 20-year period 
of management. 

2. The distribution of population sizes when CPUE reference points trigger, 
expressed as a ratio of virgin biomasses. 

3. Proportion of triggers accurately detecting population sizes below 20% of 
virgin biomass or the biomass that supports MSY (BMSY). 
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1. Random sample parameters. 

 

2. Obtain historic trajectory of stock biomass. 

 

3. Project forward one or two years using a fishing effort level. 

 

4. At the end of management period, apply catch-rate or F reference points. 

 

5. Triggered? Alter fishing effort according to management strategy. 

 

6. Repeat the process 500 or 1000 or 5000 times. 
 
 
Figure 8.3.10.3 Flow diagram describing the reference point simulation process. 

Repeat steps 3 to 5 
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Table 8.3.10.3 Details of the uncertainties allowed for in the eastern king and tiger prawn delay 
difference operating models. The italic syntax represents Matlab functions. Graphical display of the 
error distributions and their justifications are presented in the results section. 

Parameters Sampling and Error Distributions 
 
Prawn catchability – q 
Prawn recruitment pattern – µr, θr and σr 
Number of prawn recruits Ry 

( )
⎪
⎩

⎪
⎨

⎧
1000cov,,mlemvnrnd  

The mvnrnd function returned a 1000 by number-of-
parameters matrix of random values chosen from the 
multivariate normal distribution with maximum likelihood 
estimates mle, and covariance matrix cov. 
 

Prawn growth ρ normrnd(ρ,0.1,1000,1) 
The normrnd function generated 1000 normal random prawn 
growth values with mean ρ and standard deviation 0.1. 
 

Monthly natural mortality M normrnd(0.2,0.05,1000,m) 
The normrnd function generated 1000 by number-of-months 
(m) matrix of normal random natural mortality values with 
mean 0.2 and standard deviation 0.05. 
 

Spawning pattern β normrnd(β,0.2*β) 
The normrnd function generated normal random monthly 
variations of the spawning pattern with mean β and standard 
deviation 0.2β. In addition, these means were randomised to 
produce varying spawning peaks within the typical high and 
low reproductive periods. The resulting random spawning 
pattern β was normalised to 1; 1000 variations were 
produced. 
 

Fishing Power Increases qinc up to 1999 normrnd(qinc,sd_qinc) 
The normrnd function generated normal random fishing 
power increases with mean qinc and standard deviation 
sd_qinc; 1000 variations were produced. 
 

Fishing Power Increases qinc 2000 and 
beyond 

exp(log(qinc) + normrnd(0,sd_fit)) 
The function generated log normal random errors on the 
predicted future proportional fishing power changes (based on 
pre 2000 random variations), where sd_fit was the standard 
deviation of the linear fit to variations in log (qincupto 1999). 

Spawning – recruitment relationship 
(S/R) 
α  
β 
 

[ ]( )
⎪
⎩

⎪
⎨

⎧
1000cov,,αβmvnrnd  

The mvnrnd function returned a 1000-by-2 matrix of random 
S/R values chosen from the multivariate normal distribution 
with maximum likelihood estimates [α β], and covariance 
cov. 

 
Predicted recruitment errors εS/R exp(normrnd(0,log_std,yrs,1)) 

The exponential function returned log-normal errors with a 
log-mean of zero and log standard deviation from the S/R fits 
for every fishing-year (yrs) recruitment; 1000 variations were 
produced. 
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Parameters Sampling and Error Distributions 
Random recruitments (no S/R) 
Only for eastern king prawns 

unifrnd(min_rec ,max_rec,1000,yrs) 
The unifrnd function generated 1000 continuous uniform 
random values between the maximum-likelihood-estimated 
minimum and maximum recruitments, where yrs is the 
number of fishing years of random recruitment. 

 
Model error on predicted catch rates exp(normrnd(0,log_std,t,1)) 

The exponential function returned log-normal errors with a 
log-mean of zero and log standard deviation from the stock 
assessment model fits, for every monthly time period t; 1000 
variations were produced. 
 

Monthly Fishing Effort Pattern 
 

normrnd(effort_pattern,sd_effort_pattern) 
The normrnd function generated normal random fishing effort 
patterns with monthly mean effort_pattern and standard 
deviation sd_effort_pattern; 1000 variations were produced. 

 
Table 8.3.10.4 Details of the uncertainties allowed for in the saucer scallop age-structured operating 
model. The italic syntax represents Matlab functions. Graphical display of the error distributions and 
their justifications are presented in the results section. 

Parameters Sampling and Error Distributions 
 
Scallop catchability – q 
Scallop recruitment pattern – µr, θr and σr 
Number of prawn recruits Ry and Rav 

( )
⎪
⎩

⎪
⎨

⎧
1000cov,,mlemvnrnd  

The mvnrnd function returned a 1000 by number-of-
parameters matrix of random values chosen from the 
multivariate normal distribution with maximum likelihood 
estimates mle, and covariance matrix cov. 
 

Monthly natural mortality M normrnd(0.09,0.01,1000,m) 
The normrnd function generated 1000 by number-of-months 
(m) matrix of normal random natural mortality values with 
mean 0.09 and standard deviation 0.01. 
 

Spawning pattern β normrnd(β,0.2*β) 
The normrnd function generated normal random monthly 
variations of the spawning pattern with mean β and standard 
deviation 0.2β. In addition, these means were randomised to 
produce varying spawning peaks within the typical high and 
low reproductive periods. The resulting random spawning 
pattern β was normalised to 1; 1000 variations were 
produced. 
 

Fishing Power Increases qinc up to 1999 normrnd(qinc,sd_qinc) 
The normrnd function generated normal random fishing 
power increases with mean qinc and standard deviation 
sd_qinc; 1000 variations were produced. 
 

Fishing Power Increases qinc 2000 and 
beyond 

exp(log(qinc) + normrnd(0,sd_fit)) 
The function generated log normal random errors on the 
predicted future proportional fishing power changes (based on 
pre-2000 random variations), where sd_fit was the standard 
deviation of the linear fit to variations in log (qincupto 1999). 
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Parameters Sampling and Error Distributions 
Spawning – recruitment relationship (S/R) 
 
α  
β 
 

[ ]( )1000cov,,αβmvnrnd  
The mvnrnd function returned a 1000-by-2 matrix of random 
S/R values chosen from the multivariate normal distribution 
with maximum likelihood estimates [α β], and covariance 
cov. 

 
Predicted recruitment errors εS/R exp(normrnd(0,log_std,yrs,1)) 

The exponential function returned log-normal errors with a 
log-mean of zero and log standard deviation from the S/R fits 
for every fishing-year (yrs) recruitment; 1000 variations were 
produced. 
 

Model error on predicted catch rates exp(normrnd(0,log_std,t,1)) 
The exponential function returned log-normal errors with a 
log-mean of zero and log standard deviation from the stock 
assessment model fit, for every monthly time period t; 1000 
variations were produced. 
 

Monthly Fishing Effort Pattern 
 

normrnd(effort_pattern,sd_effort_pattern) 
The normrnd function generated normal random fishing effort 
patterns with monthly mean effort_pattern and standard 
deviation sd_effort_pattern; 1000 variations were produced. 
 

Mean length at age normrnd(L∞,std,1000,1) 
normrnd(k,std,1000,1) 

The normrnd functions generated 1000 normal random 
variations in the growth curve parameters L∞, and k. This 
variation was incorporated into calculating mean scallop 
weight at age and selectivity schedules at 90mm and 95mm. 
 

Maturity at age ( )1000cov,,_ paramsbinomialmvnrnd  
The mvnrnd function returned a 1000-by-2 matrix of random 
binomial parameters chosen from the multivariate normal 
distribution with least squares estimates, and covariance cov. 
The binomial parameters calculate the proportion mature at 
age; used in spawning stock function. 
 

Fecundity at size normrnd(fecundity_age,std) 
The normrnd function generated normal random fecundity 
estimates at age; 1000 variations were produced. Variations in 
mean length at age were incorporated. 
 

Replenishment areas (closures) unifrnd(0.7*min_closure_est,1.3*max_closure_est,1000,yrs) 
The Long-term Monitoring Program estimates of scallop 
numbers within the closures were used to adjust the 
exploitable biomass estimates. The unifrnd function generated 
1000 continuous uniform random values between 70% of the 
minimum and 130% of the maximum mean scallop numbers 
from the October 2000 and 2001 surveys, where yrs was the 
number of fishing years where the closures were in place. 

 
 



STOCK ASSESSMENT 

111 

8.4 RESULTS 

8.4.1 Eastern King Prawns 

Catch Statistics 
 
The offshore eastern king prawn harvest, excluding Moreton Bay, consistently 
averaged 1719 t in Queensland and 848 t in New South Wales between the 1989 and 
2000 fishing years (Figure 8.4.1.1). Total catches in 2001 increased notably to 2404 t 
and 1063 t from Queensland and New South Wales waters respectively. Fishing 
efforts applied to eastern king prawns between 1989 and 2001 were consistent, 
averaging 20 739 nights in Queensland and 20 439 nights in New South Wales. 
Average monthly standardised-catch-rates in Queensland and New South Wales were 
stable between 1989 and 2000, but increased in 2001 (Figure 8.4.1.2). In Queensland 
waters monthly standardised-catch-rates peaked at an average of 124 kgs for the 2001 
fishing-year between February 2001 and April 2001. Standardised catch rates for the 
same months in New South Wales were 58 kgs. 
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Figure 8.4.1.1 Queensland and New South Wales eastern king prawn catches and fishing effort from 
1989 to 2001; note the large total catch taken in 2001. 
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Figure 8.4.1.2 Queensland and New South Wales monthly standardised catch rates from November 
1988 to December 2001; note the similar cycles between states and the high catch rates reported in 
Queensland for 2001. 

 
Biological Inputs 
 
In most stock assessment models independent estimates of biological parameters are 
incorporated to calculate the dynamics of populations. Table 8.3.3.1 contains a 
summary of the biological inputs used to calculate average prawn growth, weight, size 
at first recruitment to the fishery and one month prior, natural mortality and the 
relative monthly spawning pattern. These biological parameters are deterministic and 
the model sensitivity to these is reported as part of the stock assessment. The 
parameters are treated as the base case against which the model sensitivities are 
measured. The measure of relative spawning was based on the incidence of female 
prawns that were histologically classed as mature or ripe (Courtney 1997). Generally, 
the relative amount of spawning was greatest between May and October (Figure 
8.4.1.3). This result was used with the population estimates in the model to calculate 
spawning stock sizes. 
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Table 8.4.1.1 Eastern king prawn biological parameters used as fixed inputs into the monthly delay 
difference model. 

Parameters Estimates Data Sources 
Von Bertalanffy Prawn Growth   

L∞ k (male) 41 CL mm; 0.34 month1 (Die et al. 1999), and  
L∞ k (female) 53 CL mm; 0.25 month1 (Glaister et al. 1987) 

Brody Prawn Growth    
ρ (sexes combined) 0.942276764 As above 

Carapace Length to Weight    
b

grams aCLw =    

amale , bmale 0.00102, 2.839 1988-91 data from (Courtney 1997) 
afemale , bfemale 0.001677, 2.7005  

Carapace Length at Recruitment   
Male 26 mm (Die et al. 1999), and  

Female 31 mm (Glaister et al. 1987) 
Instantaneous rate of natural 
mortality (M) 

0.2 month−1 (Lucas 1974) and (Garcia 1985) 

Monthly Spawning Pattern 
(Proportion, β) 

  

November 0.0242 Estimated in this study using  
December 0.0355 1990–92 data from (Courtney 1997) 
January 0.0746  
February 0.0251  
March 0.0283  
April 0.0730  
May 0.1845  
June 0.0807  
July 0.1391  

August 0.1014  
September 0.1289  

October 0.1047  
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Figure 8.4.1.3 Histological staging of female eastern king prawns showed that the relative proportion 
of spawning was higher between May and October. The dotted lines are 90% confidence intervals. The 
months are presented in order of a fishing year. Based on data from (Courtney 1997). 
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The stock assessment used two modelling approaches – a monthly delay difference 
model and an annual surplus production model (Figure 8.4.1.4 and Figure 8.4.1.5 
respectively). The delay difference model compared three monthly rates of natural 
mortality (M) and fishing power, with their respective 90% confidence intervals 
(Figure 8.4.1.4). These plots were structured accordingly: 

a) The first row of plots (A, B and C) resulted from assuming M = 0.20 month-1, 
which, based on the literature, is likely to be the most accurate estimate of 
natural mortality (Table 8.4.1.1). The model used to generate plot C was 
considered to most accurately reflect reality and was therefore used as the bas-
case model. 

b) The second row of plots (D, E and F) resulted from assuming a comparatively 
low rate of natural mortality (M = 0.12 month−1) derived from and equal to the 
90th percentile on a normal distribution with mean 0.2 and standard deviation 
of 0.05 (25%). 

c) The third row of plots (G, H and I) assumed a relatively high rate of natural 
mortality (M = 0.28) equal to the upper 90thh percentile on a normal 
distribution with mean 0.2 and standard deviation of 0.05 (25%). 

d) The first column of plots resulted from incorporating a value of zero for the 
annual rate of increasing fishing power (i.e. no annual effort creep) in the 
assessment and the stock-recruitment relationship. 

e) The second column of plots resulted from incorporating relatively low levels 
of annual increase in fishing power. The annual increases were the lower 90% 
confidence interval of the estimate of fishing power increase for each year and 
therefore varied between years. Because the estimates of annual increase in 
fishing power differ between the shallow water and deep water sectors of the 
eastern king prawn fishery (see Chapter 6), estimates used in the models were 
weighted to take account of the relative distribution of effort throughout the 
entire fishery (including both New South and Queensland effort). These 
estimates of the increase in fishing power were incorporated in both the 
assessment and the spawner-recruitment relationship. 

f) The third column of plots resulted from using the annual median estimates of 
increase in fishing power, and again weighted to take account of the spatial 
distribution of fishing effort. These estimates are likely to be the most accurate 
estimates of annual increase in fishing power and were incorporated in both 
the assessment and the spawner-recruitment relationship. 

 
Note the purpose of comparing different outputs was to highlight the dependences of 
certain biological parameters on estimates of fishing power. The base-case results 
should always be used for comparison. 
 
The model generally predicted that biomass, expressed as a ratio to virgin exploitable 
stock biomass size, was stable between 1989 and 2000 (Figure 8.4.1.4). There was a 
notable increase in 2001 that reflected the increased reported catches and catch rates 
at that time. Even though the predicted biomasses were stable, under some scenarios 
(particularly column C) the model indicated the biomass was consistently below BMSY 
(Figure 8.4.1.4). The stock-recruitment curves (Figure 8.4.1.6) and model were used 
to estimate the equilibrium virgin stock size (B0), the population size that supports 
maximum sustainable yield (BMSY), and the management quantities of maximum 
sustainable yield (MSY).  
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Details on the catch data used in the spawner-recruitment curves are shown in Table 
8.4.1.5. Ninety-two percent of the recruitment and spawning daily catch records from 
1970 to 1987 were recorded from between Fraser Island in the north and the New 
South Wales border to the south (Moreton Bay excluded). After 1987, slightly less 
data came from this area with about 75% during the recruitment period and 60% 
during the spawning period. Overall, the spawner recruitment relationship was based 
mostly on catch and effort data from Fraser Island to the New South Wales border 
producing a long time series of records (> 30 years). Only results from the Beverton-
Holt form of the spawning-recruitment relationship were reported because they were 
very similar to those obtained using the Ricker curve. The measure of steepness, 
defined as the average productivity of recruitment at 20% of virgin spawning stock 
size (Haddon 2001), declined with increasing fishing power (Figure 8.4.1.6 and Table 
8.4.1.2). Estimates of MSY were comparable ranging from 2 530 to 2 704 tonnes 
across all models (Table 8.4.1.2 and Table 8.4.1.3). However, the equilibrium 
estimates of fishing effort (EMSY, 3/4EMSY and 2/3EMSY) were reduced substantially 
when annual increases in fishing power were included in the modelling (Table 
8.4.1.2).  
 
Results for the surplus-production model are provided in Table 8.4.1.3. Due to the 
lack of contrast in the annual catch rates, the estimate for the model’s population-
growth parameter (r) was very high at 2.4. Values above one generally indicate that 
the stock has high intrinsic rate of increase, and as a result high levels of EMSY were 
calculated. Note, less weight should be given to results from the surplus production 
models; their parameters are hard to associate precisely with observable biological 
processes (especially for penaeid prawn with a short life history of one to two years), 
and they do not accurately measure variations in recruitment (especially with no trend 
in annual catch rates). 
 
Additional sensitivity analysis on the delay difference model showed that higher MSY 
was related to lower rates of natural mortality, but lower MSY was calculated for 
slower prawn growth rates or higher natural mortality rates (Table 8.4.1.4). 
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Figure 8.4.1.4 The monthly delay difference model predicted stable exploitable biomasses for the 
eastern king prawns between 1989 and 2000 fishing years, with a notable increase in 2001 (dotted lines 
represent the 90th percentiles). The results were presented for variations in fishing power, natural 
mortality and stock-recruitment. The dashed line shows the biomass reference point for maximum 
sustainable yield (BMSY). 
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Figure 8.4.1.5 The annual surplus production model predicted stable exploitable biomasses for the 
eastern king prawns between 1990 and 2000 fishing years (dotted lines represent the 90th percentiles). 
The dashed line shows the biomass reference point for maximum sustainable yield (BMSY). 
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Figure 8.4.1.6 Eastern king prawn spawner-recruitment relationships assuming A) no fishing power 
increases, B) the lower 90% confidence interval for changes in the fishing power and C) the actual 
(best knowledge) estimate for changes in the fishing power. Note the rate of fishing power change 
listed on B) and C) were assumed proportional rates applied to the fishing years 1970 to 1988, based on 
the 1989 to 1999 trend in fishing power. One-year autocorrelations were non-significant at −0.072; the 
relationships were fit using a weighted log-likelihood. 
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Table 8.4.1.2 Eastern king prawn spawner-recruitment parameters and the delay-difference equilibrium 
management quantities for the base case biological parameters and three levels of fishing power. 
Numbers within brackets refer to the standard error and T statistic for the spawner-recruitment 
parameters and 90% confidence intervals for the Management parameters. 

Parameters No Fishing Power Lower CI Fishing Power Median Fishing Power 
Spawner- Recruitment    
α 0.0384 (0.0175; 2.19) 0.0743 (0.0119; 6.22) 0.0839 (0.0098; 8.56) 
β 3.3896e-9 (0.7134e-9; 4.75) 1.8676e-9 (0.4634e-9; 4.03) 1.4595e-9 (0.3682e-9; 3.96) 
Steepness 0.56 (0.45:0.68) 0.40 (0.32:0.48) 0.37 (0.31:0.45) 
Management    
MSY (tonnes) 2530 (1797:3392) 2704 (1802:3982) 2612 (1694:4065) 
EMSY (2001 nights) 47 487 (24 697:71 215) 31 744 (15 809:74 513) 25 664 (15 477:67 447) 
3/4 EMSY (2001 nights) 35 615 (18 523:53 411) 23 808 (11 857:55 885) 19 248 (11 607:50 585) 
2/3 EMSY (2001 nights) 31 626 (16 448:47 429) 19 516 (10 529:49 626) 17 109 (10 318:44 964) 

 
Table 8.4.1.3 Summary of the parameters estimated from the surplus production model. 

Parameter Estimate (90% Confidence Interval) 

Population Growth        
Rate r 

2.395 (1.819:2.922) 

Management Quantity  
MSY (tonnes) 2609 (2553:2729) 

EMSY (2001 nights) 44 381 (41 124:49 862) 
¾ EMSY (2001 nights) 33 286 (30 843:37 397) 

2/3 EMSY (2001 nights) 29 587 (27 416:33 238) 

 
Table 8.4.1.4 Additional delay-difference sensitivities based on varying the prawn growth parameter 
(ρ) and natural mortality (M). 

Parameter; Fishing Power (FP) MSY (tonnes) EMSY (2001 nights) 

Slow Prawn Growth ρ = 0.55; median FP 
2162 26 081 

Slow Prawn Growth ρ = 0.55; lower CI FP 
2090 32 226 

Natural Mortality M = 0.12; lower CI FP 3193 50 104 

Natural Mortality M = 0.28; lower CI FP 2437 30 677 
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Table 8.4.1.5 The number of daily catch records and weightings used to construct the spawner-
recruitment curves; approximately 12% of data were from 1970 to 1987, the years 1981 to 1983 were 
excluded given the extreme paucity of data. The weightings were calculated using total records 
(recruitment + spawning) 

Fishing 
Year 

Recruitment 
Index 

(Nov to Feb) 

Spawning 
Index  

(May to Aug) 

Other 
Months 

Total 
Records 

Total Records 
(Recruitment + 

Spawning) 

Weighting 
For 

Likelihood 
1970 1099 447 1062 2608 1546 0.008 
1971 786 1319 828 2933 2105 0.011 
1972 810 1019 1015 2844 1829 0.010 
1973 1331 1021 1393 3745 2352 0.012 
1974 1011 1236 1431 3678 2247 0.012 
1975 1597 1326 1230 4153 2923 0.015 
1976 1292 1593 754 3639 2885 0.015 
1977 542 801 527 1870 1343 0.007 
1978 735 606 612 1953 1341 0.007 
1979 693 626 634 1953 1319 0.007 
1980 221 593 79 893 814 0.004 
1981 7 227 9 243 234 0.000 
1982 8 19 38 65 27 0.000 
1983 19 19 30 68 38 0.000 
1984 41 51 109 201 92 0.000 
1985 81 87 62 230 168 0.000 
1986 362 28 331 721 390 0.002 
1987 486 393 374 1253 879 0.005 
1988 1476 364 3735 5575 1840 0.010 
1989 4788 3811 5301 13 900 8599 0.045 
1990 6685 5672 5225 17 582 12 357 0.065 
1991 6777 5479 6003 18 259 12 256 0.065 
1992 7100 6292 6642 20 034 13 392 0.070 
1993 7306 6434 5256 18 996 13 740 0.072 
1994 6275 6602 5310 18 187 12 877 0.068 
1995 7095 5796 5927 18 818 12 891 0.068 
1996 7405 5877 6802 20 084 13 282 0.070 
1997 8240 6298 6353 20 891 14 538 0.077 
1998 7904 6214 7390 21 508 14 118 0.074 
1999 6923 6880 6739 20 542 13 803 0.073 
2000 6192 5439 4586 16 217 11 631 0.061 
2001 6273 6388 4703 17 364 12 661 0.067 
Total 101 560 88 957 90 490 281 007 190 517 1.000 

 
For both the delay difference and surplus production model stock assessments there 
was no evidence to suggest the models were inadequate for the data or that the use of 
lognormal errors were inappropriate. Figure 8.4.1.7 shows that the models predicted 
the standardised catch rates quite well, although the monthly delay difference model 
tended to slightly underestimate four (out of 13) of the monthly peak catch rates 
present in the time series. The standardised residuals for these large catch rates were 
all less than four, indicating they were not extreme. The influence of these data points 
had little effect on the log-likelihood or upon the estimation of the parameters. For 
example, removing or slightly increasing their effect resulted in little change in the 
parameter estimates, suggesting the model captured these observations reasonably 
well and that it did accurately model the year-to-year and month-to-month patterns of 
eastern king prawns catch rates. 
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Figure 8.4.1.7 The delay difference (left side) and surplus production (right side) models predicted the 
observed standardised catch-rates well A) and D), and the use of log-normal errors was appropriate 
with no pattern in standardised residuals B) and E) and linear normality plots C) and F). 
 
Reference Point Simulations 
 
The reference points examined by the two models are provided in Table 8.3.10.1. A 
large number of results were generated from these simulations, especially as a result 
of considering the different assumptions made about recruitment. For example, 
recruitment was estimated with and without stock-recruitment relationships, and 
annual increases in fishing power. The results presented in this section focus on the 
performance of reference points through the delay difference model using the 
spawner-recruitment relationship with median fishing power (base case) (Figure 
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8.4.1.6C). Results from all simulations, covering a range of assumptions and scenarios 
in the modelling procedure, are tabulated in Appendix 15.1 and summarise forecasts 
for five-year and 20-year periods. Definitions used to interpret the simulations are 
listed under the Methods section 8.3.10. The simulations assess the consequences of 
using different reference points and management strategies and the subsequent results 
are presented in such a way as to allow the reader to evaluate the trade offs in 
performance. The results do not define a final reference point, management strategy 
or the status of the eastern king prawn stock, but rather they provide expected 
outcomes that may be used by decision makers to help select appropriate reference 
points to achieve the management objectives. It is important to note that the 
management objectives for the eastern king prawn fishery are yet to be defined. 
 
Biological Performance  
The model simulations suggested that higher biomass trajectories would be attained 
using 2/3 FMSY and 3/4 FMSY reference points (Figure 8.4.1.8). The 80% CPUE 
reference point, under the heavy one-way management intervention, would also result 
in relatively high biomass trajectories. Retaining the status quo, or adopting FMSY as a 
reference point, generally resulted in relatively low biomass trajectories. 
 
The probability trajectories for the biomass falling below 20% of the virgin stock 
biomass (B0) and BMSY were lowest under the 80% CPUE using a heavy one-way 
management strategy. Conversely, the probability of the biomass falling below 20% 
B0 was highest when the FMSY reference point was used. 
 
Only the 2/3 FMSY reference point and the 80% CPUE used under the heavy one-way 
management strategy ensured the biomass was above BMSY with greater than 50% 
confidence. The other strategies and reference points failed this. 
 
Industry Performance 
The simulations indicate that using FMSY as a biological reference point would likely 
lead to several detrimental conditions upon industry. For example, over the 20-year 
period forecast, catch trajectories declined, catch rate trajectories declined and annual 
catch variation increased (Figure 8.4.1.9). In contrast, trajectories associated with the 
2/3 FMSY and 3/4 FMSY reference points resulted in increased catches, lower effort and 
higher CPUEs, although a significant drop in catch would likely result in the first five 
years. 
 
The CPUE reference points under the heavy one-way management scenario all 
resulted in similar catch trajectories, with the 80% CPUE resulting in the highest 
trajectories for catch rate and the lowest trajectories for effort (Figure 8.4.1.9). 
 
Management Performance 
The number of triggered CPUE reference points was higher for the 80% CPUE 
reference point and lower for the 60% CPUE reference point (Figure 8.4.1.10). In 
other words, the higher the CPUE reference point the more likely it is to trigger. The 
CPUE reference points resulted in one to three corrections in fishing effort, over the 
20 year forecast period, depending on the response mechanism (moderate or heavy) 
and the reference point (60%, 70% or 80% CPUE). Generally, the ¾ and 2/3 FMSY 
reference points resulted in one significant correction in fishing effort (Figure 8.4.1.9). 
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The CPUE reference points typically triggered at low biomass levels ranging between 
10% and 40% of virgin stock size (B0) (Figure 8.4.1.11). All simulations of the CPUE 
reference points highlighted they can falsely trigger at large biomasses (Figure 
8.4.1.11). The simulations were based on the base-case model stock assessment where 
the spawner-recruitment curve incorporated the median estimates of annual fishing 
power increase (Figure 8.4.1.4C). This plot indicates that the CPUE reference points 
were based on catches between 1989 and 1997 when the population biomass was at 
25–30% B0. Consequently, the management performance of the CPUE reference 
points often fails to trigger at low biomasses around 20% B0 (Table 8.4.1.6). This is 
because the 60%, 70%, or 80% CPUE reference points typically relate to biomasses 
lower than 20% B0. For example, the 70% moderate one-way management strategy 
only correctly triggered for 32% of the biomasses that were below 20% B0 (Figure 
8.4.1.11). Even lower accuracy resulted from using the 60% CPUE reference point. 
The accuracies were extremely low if CPUE reference points were used to manage 
biomasses around BMSY (Table 8.4.1.6). No significant quadratic effects of changing 
trigger accuracy were found for different levels of fishing effort (p>0.05). 
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Figure 8.4.1.8 The expected biological outcomes for eastern king prawns from managing fishing effort 
according to, (a) fishing mortality, (b) heavy one-way catch-rate, and (c) moderate one-way catch rate 
reference points. The first two rows of plots illustrate the outcomes in relation to virgin population size 
(B0). Outcomes on the bottom two rows were measured against the population size which supports 
maximum sustainable yield (BMSY). Lower probabilities (or risks) of the population sizes falling below 
0.2B0 and BMSY were for fishing efforts managed at 2/3 of MSY effort or 80% heavy one-way catch-
rates. Probabilities at 0.5 represent the population sizes at 0.2B0 and BMSY respectively. The one-way 
and two-way catch-rate management strategies performed alike. The results assume Beverton-Holt 
recruitment; status quo represents 35 000 days of fishing effort with no management changes. 
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Figure 8.4.1.9 The expected industry outcomes from fishing eastern king prawns and managing fishing 
effort according to, (a) fishing mortality, (b) heavy one-way catch-rate, and (c) moderate one-way 
catch-rate reference points. Industry outcomes were measured against median total catches, fishing 
effort, catch-rates and variation in total catches (coefficient of variation). Generally, the management 
strategies of 3/4 and 2/3 of MSY fishing effort produced larger catches and catch-rates in the long term. 
Variations in total catches were similar for all management strategies, but much larger for fishing at 
MSY. The one-way and two-way catch-rate management strategies performed alike. The results 
assume Beverton-Holt recruitment; status quo represents 35 000 days of fishing effort with no 
management changes.  
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Figure 8.4.1.10 The average cumulative number of management changes (limit catch-rate triggers) for 
the (a) heavy one-way catch-rate, and (b) moderate one-way catch-rate reference points. Generally over 
twenty years, between one and two catch-rate triggers will occur under the heavy one-way management 
strategy, but up to three or four may occur under moderate one-way management strategy. Again, the 
one-way and two-way catch-rate management strategies performed alike. The results assume Beverton-
Holt recruitment; status quo represents the number of catch-rates falling below 70% CPUE for 35 000 
days of fishing effort with no management changes. 
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Figure 8.4.1.11 The distribution of CPUE reference points triggering under a range of exploitable 
biomasses, expressed as a ratio of virgin biomasses. The results are shown from the monthly delay 
difference model for 45 000 test-fishing days of effort, assuming Beverton-Holt recruitment. The catch-
rate reference points triggered more frequently under the moderate one-way management strategy and 
trigger at marginally lower population sizes due to the slow response of this management strategy to 
change fishing effort. 
 
Table 8.4.1.6 The accuracy of catch-rate reference points for 45 000 test-fishing days of effort, 
assuming Beverton-Holt recruitment. The higher probabilities for the 80% CPUE and moderate one-
way management strategy indicate better accuracy measured against the biomass reference levels of 
0.2B0 and BMSY. 

Actual Biomass (Bt/B0) at Trigger Reference 
Point 

Management 
Strategy 

Proportion of 
Triggers Accurately 

detecting 

when Bt < 0.2B0 

Proportion of 
Triggers Accurately 

detecting 

when Bt < BMSY 

5%ile Median 95%ile 

60% CPUE Heavy one-way 0.14 0.09 0.10 0.24 0.75 
60% CPUE Moderate one-way 0.24 0.15 0.07 0.19 0.67 
70% CPUE Heavy one-way 0.22 0.12 0.11 0.29 0.80 
70% CPUE Moderate one-way 0.32 0.21 0.09 0.24 0.71 
80% CPUE Heavy one-way 0.32 0.17 0.13 0.33 0.84 
80% CPUE Moderate one-way 0.43 0.27 0.10 0.27 0.74 
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8.4.2 Torres Strait Tiger Prawns 
 
Catch Statistics 
 
The total catch of brown tiger (Penaeus esculentus) and blue endeavour prawns 
(Metapenaeus endeavouri) in Torres Strait since 1978 is illustrated in Figure 8.4.2.1. 
Although brown tiger prawns are the primary target species, the blue endeavour 
prawns are the largest component of the catch. The two species coexist in the same 
area and there are only a few records (< 0.5%) where no tiger prawns were recorded 
in the daily vessel catch. The average annual tiger prawn catch since 1989 is 634 
tonnes and has ranged from about 396 tonnes in 1990 to 965 tonnes in 1998. The 
average number of days fished is 9 289 and has ranged from 5 688 days in 1990 to 
11 907 days in 1992. The average annual catch of tiger prawns for the years 1978 to 
1988 is 442 tonnes and ranges from 280 tonnes in 1978 to 685 tonnes in 1985 (Figure 
8.4.2.1). Figure 8.4.2.1 also summarises the total tiger and endeavour prawn catch for 
the years 1978 to 1988 based on unloading records, compared to compulsory logbook 
reporting post-1988. The estimated total effort for the years 1978–88 is based on the 
average tiger prawn CPUE from logbook records for the years 1980 to 1988 (97.6 kg 
per day). The average tiger prawn CPUE for the years 1989–2002 is 70.4 kg/day. 
Average fishing-power standardised catch rates show consistent seasonal declines 
from March through to November, with an overall declining trend evident from 1980 
to 1994, followed by a period of stable catch rates to 2002 (Figure 8.4.2.2). In 1991 
the east of Warrior spatial/seasonal closure was introduced to stop growth overfishing. 
This aimed to prevent fishing of the smaller sized prawns that tend to occur close to 
the eastern side of Warrior Reef between the months of December and July inclusive. 
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Figure 8.4.2.1 The Torres Strait tiger and endeavour prawn catch and total fishing effort recorded 
between 1978 and 2002. 
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Figure 8.4.2.2 Monthly standardised Torres Strait tiger prawn catch rates from 1980 to 2002; note the 
seasonal declines in catch rates and the overall gradual annual decline. The gaps in catch rates relate to 
the three-month seasonal closure. 
 
Biological Data 
 
Table 8.4.2.1 contains a summary of the biological inputs used to calculate average 
prawn growth, weight, size at first recruitment to the fishery and one month prior, 
natural mortality and the relative monthly spawning pattern for the brown tiger prawn 
(P. esculentus) in the Torres Strait. These biological parameters are deterministic, and 
the model sensitivity to these parameters is reported as part of the stock assessment. 
The parameters represent the base-case against which the model sensitivities are 
measured.  
 
Note that there were several growth estimates based on animals tagged to the east and 
west of Warrior Reef and also two tagging experiments, 1987 and 1988 (Watson and 
Turnbull 1993). The growth parameters for male and female prawns tagged and 
recaptured east of the Warrior Reef in 1987 were used as they are based on a larger 
sample size than for 1988. In addition, examination of the 95% confidence regions for 
the growth parameters of females prawns tagged and recaptured east of the Warrior 
Reef in 1987 were in between the west 1987 and 1988 estimates. Similarly the male 
growth rates east in 1987 estimate overlaps the 1988 and 1987 region. For these 
reasons we considered them to be the most representative estimates to use. 
 
The measure of relative spawning was calculated by analysing an index of population 
fecundity (PFI), which is the relative number of eggs produced or potentially 
produced by the population each month (Keating et al. 1990). The PFI used to 
estimate the monthly spawning pattern was based on the number of female brown 
tiger prawns with mature ovaries per square metre of seabed swept by the trawl nets, 
their length distribution and the fecundity to carapace length relationship. In addition 
the probability of insemination of ripe females was incorporated into the PFI 
calculations (Keating et al. 1990). This index was estimated from monthly trawl 
survey data collected in Torres Strait during 1986-1991. The mean PFI by year, month 
and region was used in a General Linear Model to estimate the monthly pattern with 
region (west of Warrior Reef, east of Warrior Reef, Fishery) as a factor in the model. 
Generally the relative amount of spawning was greatest in January and February 
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(Figure 8.4.2.3). This result was used with the population estimates in the model to 
calculate spawning stock sizes. 
 
Table 8.4.2.1 Torres Strait tiger prawn parameters used as biological inputs into the monthly delay 
difference model. 

Parameters Estimates Data Sources 
Von Bertalanffy Prawn Growth   

L∞ k (male) 34.7 CL mm; 0.2417 month−1 (Watson and Turnbull 1993) 
L∞ k (female) 43.6 CL mm; 0.2167 month−1  

Brody Prawn Growth    
ρ (sexes combined) 0.90865166 As above 

Carapace Length to Weight    
b

grams aCLw =    

amale , bmale 0.0024, 2.72 (Watson 1990) 
afemale , bfemale 0.0026, 2.67  

Carapace Length at Recruitment   
Male 24 mm (Watson 1990), and 

Female 28 mm (Watson and Turnbull 1993) 
Natural Mortality (M) 0.2 (Watson 1990) and (Garcia 1985) 
Monthly Spawning Pattern 
(Proportion, β) 

  

January 0.1055 Estimated in this study using  
February 0.1022 1986–91 data from  
March 0.0823 (Watson and Turnbull 1993) 
April 0.0746  
May 0.0764  
June 0.0543  
July 0.0760  

August 0.0880  
September 0.0789  

October 0.0965  
November 0.0808  
December 0.0847  

 



STOCK ASSESSMENT 

129 

Feb Apr Jun Aug Oct Dec
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

Month

P
ro

po
rti

on

 
Figure 8.4.2.3 Histological staging of female tiger prawns in the Torres Strait showed no clear peaks in 
relative spawning, but was marginally highest in January and February. The dotted lines are 90% 
confidence intervals. 

Stock Assessment 
 
The stock assessment used two modelling approaches – a monthly delay difference 
model and an annual surplus production model (Figure 8.4.2.4 and Figure 8.4.2.5 
respectively). The delay difference model compared biomass trends, with their 
respective 90% confidence intervals, for three monthly rates of natural mortality (M) 
using the annual median estimates of increase in fishing power (Figure 8.4.2.4). 
Figure 8.4.2.4A resulted from assuming M = 0.20 month−1, which based on the 
literature, is likely to be the most accurate estimate of natural mortality (Table 
8.4.2.1). Figure 8.4.2.4B resulted from assuming a comparatively low rate of natural 
mortality (M = 0.12 month−1) derived from and equal to the 90th percentile on a 
normal distribution with mean 0.2 and standard deviation of 0.05 (25%). Figure 
8.4.2.4C assumed a relatively high rate of natural mortality (M = 0.28) equal to the 
upper 90th percentile on a normal distribution with mean 0.2 and standard deviation of 
0.05 (25%). 

 
The purpose of comparing different outputs was to highlight the dependences of 
natural mortality. The base-case results should always be used to compare 
dependences (Figure 8.4.2.4A). 
 
The monthly delay difference model generally predicted that biomass, expressed as a 
ratio to virgin exploitable stock biomass size, declined between 1980 and 1994, but 
varied around BMSY between 1995 and 2002 (Figure 8.4.2.4). Under all scenarios the 
delay difference model indicated the 2002 biomass was at or just above BMSY (Figure 
8.4.2.4). The Ricker stock-recruitment curve and model were used to estimate the 
equilibrium virgin stock size (B0) and the population size that supports maximum 
sustainable yield (BMSY). 
 
Both the Ricker and Beverton-Holt forms of the spawning-recruitment relationship 
were reported because their optimal curve fits varied at low spawning stock sizes 
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(Figure 8.4.2.6). The measure of steepness, defined as the average productivity of 
recruitment at 20% of virgin spawning stock size, was statistically more significant 
for the Ricker curve with tighter confidence intervals (Figure 8.4.2.6 and Table 
8.4.2.2). Estimates of MSY and EMSY were 611 and 698 tonnes, and 7228 and 8257 
boat nights, for the Ricker and Beverton-Holt spawner-recruitment relationships 
respectively (Table 8.4.2.2). The equilibrium estimates of fishing effort (EMSY) were 
substantially higher when annual increases in fishing power were excluded (Table 
8.4.2.2). Additional sensitivity analysis on the delay difference model showed that the 
calculations of MSY and EMSY were not dramatically sensitive to different 
assumptions of natural mortality and prawn growth (Table 8.4.2.3). However, EMSY 
was sensitive to different annual increases in fishing power and the form of spawner-
recruitment relationship, with lower estimates associated with higher fishing power 
and the Ricker curve (Table 8.4.2.3). 
 
Results for the surplus-production models are provided in Figure 8.4.2.5 and Table 
8.4.2.4. The surplus production models compared biomass trends using all data 
(partial logbook data 1980 to 1988 and compulsory logbook data 1989 to 2002; 
Figure 8.4.2.5A and B) and only the compulsory logbook data (Figure 8.4.2.5C and 
D). The ‘constrained’ models included a penalising term in the log-likelihood to 
minimise the probability that the starting biomass (1980 or 1989) was greater than the 
estimated virgin stock size. All model parameters were estimated freely in the 
‘unconstrained’ model. All models predicted a declining exploitable biomass for 
Torres Strait tiger prawns, and the 2002 biomass was at about BMSY (Figure 8.4.2.5). 
Calculations of MSY were comparable across model runs (Table 8.4.2.4). However, 
the levels of fishing effort that should give rise to the MSY were much higher 
compared with the delay difference model estimates. Additional surplus production 
analyses using all data resulted in similar management quantities (Table 8.4.2.5). Note 
that the Fox and Pella-Tomlinson management quantities were quite similar as the 
Pella-Tomlinson asymmetry parameter (m) tended towards zero (m<0.00001). 
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Figure 8.4.2.4 The monthly delay difference model predicted declining exploitable biomasses for 
Torres Strait tiger prawns between 1980 and 1994. Since 1995, biomasses varied around the biomass 
reference point for maximum sustainable yield (BMSY the dashed line). The results were presented for 
three variations in natural mortality (M); BMSY calculated from Ricker curve. The dotted lines represent 
the 90th percentiles. Annual median increases in fishing power were assumed. 
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Figure 8.4.2.5 The annual surplus production models predicted declining exploitable biomasses for 
Torres Strait tiger prawns, for A) the Fox form of surplus production using all data and a unconstrained 
log-likelihood, B) the Fox form of surplus production using all data and a constrained log-likelihood, 
C) the Fox form of surplus production using only 1989 to 2002 data and a constrained log-likelihood, 
and D) the Schaefer form of surplus production using only 1989 to 2002 data and a constrained log-
likelihood (the dotted lines represent the 90th percentiles). The dashed lines show the biomass 
reference point for maximum sustainable yield (BMSY). 
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Figure 8.4.2.6 Torres Strait tiger prawn spawner-recruitment relationship assuming A) the Ricker form 
or B) the Beverton-Holt form. One-year autocorrelations were non-significant at –0.085. 
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Table 8.4.2.2 Torres Strait tiger prawn spawner-recruitment parameters and the delay difference 
equilibrium management quantities. Numbers within the parenthesises refer to the standard error and T 
statistic for the spawner-recruitment parameters and 90% confidence intervals for the steepness and 
management parameters. 

Parameters Ricker Beverton-Holt 
Spawner-Recruitment   
α 13.1272 (2.0984; 6.26) 0.0393 (0.0240; 1.64) 
β 7.2969e-8 (1.6658e-8;4.38) 1.2228e-8 (0.2759; 4.43) 
Steepness 0.44 (0.32:0.64) 0.56 (0.37:0.93) 
Management   
MSY (tonnes) 611 (426:808) 698 (490:958) 
EMSY (2002 boat nights) 7228 (5040:9559) 8257 (5797:11333) 
¾ EMSY (2002 boat nights) 5421 (3780:7169) 6192 (4347:8499) 
2/3 EMSY (2002 boat nights) 4818 (3360:6372) 5504 (3864:7555) 
EMSY (no fishing power increases; 1980 nights) 8935 (6230:11816) 10 207 (7165:14009) 

 
Table 8.4.2.3 Additional delay-difference sensitivities based on varying the prawn growth parameter 
(ρ), natural mortality (M), and fishing power increases. 

Parameters Ricker Beverton-Holt 
 MSY EMSY 

(2002 nights) 
MSY EMSY 

(2002 nights) 
Fast Prawn Growth ρ = 0.97 630 7453 702 8305 
Slow Prawn Growth ρ = 0.53 722 8541 769 9097 
Low Natural Mortality M = 0.12 616 7287 705 8340 
High Natural Mortality M = 0.28 619 7323 677 8009 
Lower CI Fishing Power 622 7843 700 8827 
Higher CI Fishing Power 606 6729 668 7417 

 
Table 8.4.2.4 Summary of equilibrium management parameters estimated from the surplus production 
models. 

Parameter Fox Unconstrained; 
All Data 

Fox Constrained; 
All Data 

Fox Constrained; 
1989 to 2002 Data 

Schaefer; 
1989 to 2002 Data 

Population Growth Rate r 0.467 (0.159:0.735) 0.669 (0.311:0.920) 0.634 (0.143:1.010) 1.135 (0.333:1.721) 
Management Quantity     
MSY (tonnes) 681 (594:773) 643 (607:689) 671 (581:803) 660 (549:708) 
EMSY (2002 boat nights) 14 555 (12 182:21 052) 11 353 (8548:12 806) 12 140 (6755:19 951) 10 388 (7553:13 205) 
3/4 EMSY (2002 boat nights) 10 916 (9137:15 789) 8514 (6411:9604) 9308 (5066:14 941) 7791 (5665:9903) 
2/3 EMSY (2002 boat nights) 9703 (8121:14 035) 7569 (5699:8538) 8273 (4503:13281) 6925 (5036:8804) 

 
Table 8.4.2.5 Additional surplus production equilibrium management estimates using all data. 

Model MSY (tonnes) EMSY (2002 nights) 
Pella-Tomlinson; Unconstrained 680 14 510 
Pella-Tomlinson; Constrained 625 11 001 
Schaefer; Unconstrained 593 10 586 

 
 
For both the delay difference and surplus production model stock assessments there 
was no evidence to suggest the models were inadequate for the data or that the use of 
lognormal errors were inappropriate. Figure 8.4.2.7 shows that the models predicted 
the standardised catch rates quite well, although the monthly delay difference model 
tended to slightly under estimate about eight (out of 23) of the monthly peak catch 
rates present in the time series. The standardised residuals for these large catch rates 
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were all less than four, indicating they were not extreme. There was one notable large 
residual of −4.97 from February 1983. This standardised catch-rate was unusually low 
at 46 kg/day, but the model calculated this at 106 kg/day, as catch-rates were typically 
largest in February and March. The influence of such data points had little effect on 
the log-likelihood or upon the estimation of the parameters. For example, removing or 
slightly increasing their effect resulted in little change in the parameter estimates, 
suggesting the model captured these observations reasonably well and that it 
accurately modelled the year-to-year and month-to-month patterns of tiger prawn 
catch rates. There was a slight pattern present in the standardised residuals from the 
Fox model using a penalised log-likelihood. Catch rates from 1987 to 1991 were all 
slightly over-estimated, but these residuals were not large. 
 

0 50 100 150 200 250
0

50

100

150

A) Monthly Delay Difference

Months Jan 1980 to Nov 2002

C
P

U
E

 k
g/

bo
at

 d
ay

0 50 100 150
-6

-4

-2

0

2

4

Predicted CPUE

S
ta

nd
ar

di
se

d 
R

es
id

ua
ls

-4 -2 0 2
0.003
0.01 0.02 
0.05 
0.10 
0.25 
0.50 
0.75 
0.90 
0.95 
0.98 0.99 
0.997

Standardised Residuals

P
ro

ba
bi

lit
y

1980 1985 1990 1995 2000
0

50

100

150

B) Fox Constrained

Year

C
P

U
E

 k
g/

bo
at

 d
ay

40 60 80 100 120
-3

-2

-1

0

1

2

Predicted CPUE

S
ta

nd
ar

di
se

d 
R

es
id

ua
ls

-2 -1 0 1
0.02 
0.05 
0.10 
0.25 

0.50 

0.75 
0.90 
0.95 
0.98 

Standardised Residuals

P
ro

ba
bi

lit
y

1980 1985 1990 1995 2000
0

50

100

150

C) Fox Unconstrained

Year

C
P

U
E

 k
g/

bo
at

 d
ay

50 60 70 80 90 100
-4

-2

0

2

4

Predicted CPUE

S
ta

nd
ar

di
se

d 
R

es
id

ua
ls

-2 -1 0 1 2
0.02 
0.05 
0.10 
0.25 

0.50 

0.75 
0.90 
0.95 
0.98 

Standardised Residuals

P
ro

ba
bi

lit
y

Standardised CPUE
Predicted CPUE

 
Figure 8.4.2.7 The delay difference (left), Fox surplus production with constrained log-likelihood 
(middle), and Fox surplus production with unconstrained log-likelihood (right) models captured the 
trend in standardised catch-rates quite well (1st row of plots), the use of log-normal errors was 
appropriate with no clear pattern in standardised residuals (2nd row plots), and linear normality plots 
(3rd row). 

 
Reference Point Simulations 
 
The reference points examined by the two models are provided in Table 8.3.10.1. A 
large number of results were generated from these simulations, especially as a result 
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of considering the different assumptions made about recruitment. For example, 
recruitment was estimated with Ricker and Beverton-Holt stock-recruitment 
relationships. The results presented in this section focus on the performance of 
reference points through the delay difference model using the Ricker spawner-
recruitment relationship with median annual increases in fishing power (base-case) 
(Figure 8.4.2.6A). Results from all simulations, including these, are tabulated in 
Appendix 15.1 and summarise forecasts for five-year and 20-year periods. Definitions 
used to interpret the simulations are listed under the methods section 8.3.10, page 101. 
The simulations assess the consequences of using different reference points and 
management strategies and the subsequent results are presented in such a way as to 
allow the reader to evaluate the trade offs in performance. The results do not define a 
final reference point, management strategy or the status of the Torres Strait tiger 
prawn, but rather they provide expected outcomes that may be used by decision 
makers to help select appropriate reference points to achieve the management 
objectives. It is important to note that the management objectives for trawling in the 
Torres Strait prawn fishery are being revised. The current objectives do not define 
target or limit reference points or management responses that could be used to restrict 
fishing effort to levels that are sustainable. This research is timely and provides a 
starting point for discussion of potential reference points and management strategies. 
 
Biological Performance  
The model simulations suggested that higher biomass trajectories would be attained 
using the 80% CPUE reference point, under the heavy one-way management 
intervention (Figure 8.4.2.8). The 2/3 FMSY, 3/4 FMSY, and other CPUE reference 
points, also resulted in relatively high biomass trajectories. Retaining the status quo, 
or adopting FMSY as a reference point generally resulted in lower biomass trajectories. 
 
The probability trajectories for the biomass falling below 20% of the virgin stock 
biomass (B0) and BMSY were lowest under the CPUE reference points using a heavy 
one-way management strategy. Conversely, the probability of the biomass falling 
below 20% B0 was highest when status quo fishing effort was retained and when the 
FMSY reference point was used. 
 
All the 2/3 FMSY, 3/4 FMSY, 70% and 80% CPUE reference points and management 
strategies ensured the biomass was above BMSY with greater than 50% confidence. 
The FMSY, status quo, and 60% CPUE with moderate one-way management 
intervention strategies failed this. 
 
Industry Performance  
The simulations indicate that status quo fishing and all reference points would likely 
lead to similar tiger prawn catches for industry, although a drop in catch would likely 
result from the lower fishing effort strategies in the first five years (Figure 8.4.2.9). The 
CPUE reference points all resulted in similar catch trajectories, with the 80% CPUE 
under the heavy one-way management scenario resulting in the highest trajectories for 
catch rate and the lowest trajectories for effort (Figure 8.4.2.9). Status quo fishing and the 
FMSY reference point resulted in higher fishing effort and the lowest catch rates. The 
variations in total catches (CV) were similar for all fishing strategies. 
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Management performance  
The number of triggered CPUE reference points was higher for the 80% CPUE 
reference point and lower for the 60% CPUE reference point (Figure 8.4.2.10). In 
other words, the higher the CPUE reference point the more likely it was to trigger. 
The CPUE reference points resulted in four to eight corrections in fishing effort over 
the 20-year forecast, depending on the response mechanism (moderate or heavy) and 
the reference point (60%, 70% or 80% CPUE). Generally, the 3/4 and 2/3 FMSY 
reference points resulted in one significant correction in fishing effort (Figure 8.4.2.9). 
 
The CPUE reference points typically triggered at low to medium biomass levels 
ranging between 20% and 50% of virgin stock size (B0) (Figure 8.4.2.11). All 
simulations of the CPUE reference points highlighted they can falsely trigger at large 
biomasses (Figure 8.4.2.11). The management performance of the 70% and 80% 
CPUE reference points often accurately triggered at low biomasses around 20% B0 
(Table 8.4.2.6). For example, the 70% moderate one-way management strategy only 
correctly triggered for 88% of the biomasses that were below 20% B0. Lower 
accuracy resulted from using the 60% CPUE reference point. The accuracies were 
quite low if CPUE reference points were used to manage biomasses around BMSY 
(Table 8.4.2.6). 
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Figure 8.4.2.8 The expected biological outcomes for Torres Strait tiger prawns from managing fishing 
effort according to, (a) fishing mortality, (b) heavy one-way catch-rate, and (c) moderate one-way catch 
rate reference points. The first two rows of plots illustrate the outcomes in relation to virgin population 
size (B0). Outcomes on the bottom two rows were measured against the population size which supports 
maximum sustainable yield (BMSY). Lower probabilities (or risks) of the population sizes falling below 
0.2B0 were for fishing efforts managed at 80% heavy one-way catch-rates. Similar probabilities of the 
population sizes falling below BMSY were calculated for fishing efforts managed at 3/4 and 2/3 of MSY 
effort, and 80% and 70% moderate one-way catch-rate reference points. Probabilities at 0.5 represent 
the population sizes at 0.2B0 and BMSY (equal to one) respectively. The one-way and two-way catch-
rate management strategies performed alike. The results assume Ricker recruitment and median fishing 
power increases; status quo represents about 10 000 days of fishing effort (12 500 fishing power 
standardised) with no management changes. 

 



STOCK ASSESSMENT 

137 

0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

800

1000
Ca

tc
h 

(t)
(a) F Reference Points

0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

800

1000
(b) CPUE Heavy one-way

0 2 4 6 8 10 12 14 16 18 20
0

200

400

600

800

1000
(c) CPUE Moderate one-way

0 2 4 6 8 10 12 14 16 18 20
5

7.5

10

12.5

15

Ef
fo

rt 
(d

ay
s*

10
00

)
0 2 4 6 8 10 12 14 16 18 20

5

7.5

10

12.5

15

0 2 4 6 8 10 12 14 16 18 20
0

20

40

60

80

100

C
at

ch
 R

at
e 

(k
gs

/d
ay

)

0 2 4 6 8 10 12 14 16 18 20
0

20

40

60

80

100

0 2 4 6 8 10 12 14 16 18 20
0

20

40

60

80

100

0 2 4 6 8 10 12 14 16 18 20
0

0.1
0.2
0.3
0.4
0.5
0.6

Fishing Years

Ca
tc

h 
Va

ri
at

io
n 

(C
V

)

0 2 4 6 8 10 12 14 16 18 20
0

0.1
0.2
0.3
0.4
0.5
0.6

Fishing Years
0 2 4 6 8 10 12 14 16 18 20

0
0.1
0.2
0.3
0.4
0.5
0.6

Fishing Years

Status Quo
F

MSY
3/4F

MSY
2/3F

MSY

Status Quo
60%CPUE
70%CPUE
80%CPUE

Status Quo
60%CPUE
70%CPUE
80%CPUE

 
Figure 8.4.2.9 The expected industry outcomes from fishing Torres Strait tiger prawns and managing fishing effort 
according to, (a) fishing mortality, (b) heavy one-way catch-rate, and (c) moderate one-way catch-rate reference 
points. Industry outcomes were measured against median total catches, fishing effort, catch-rates and variation in 
total catch (coefficient of variation). All management strategies resulted in similar totals and variations in catches. 
However, the management strategies of 3/4 and 2/3 of MSY fishing effort, and the 70% and 80% heavy one-way 
catch-rate reference points produced higher catch-rates in the long term. The one-way and two-way catch-rate 
management strategies performed alike. The results assume Ricker recruitment and median fishing power 
increases; status quo represents 10 000 days of fishing effort (12 500 fishing power standardised) with no 
management changes. 
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Figure 8.4.2.10 The average cumulative number of management changes (limit catch-rate triggers) for the           
(a) heavy one-way catch-rate, and (b) moderate one-way catch-rate reference points. Generally over twenty years, 
between two and three catch-rate triggers will occur under the heavy one-way management strategy, but up to five 
or eight may occur under moderate one-way management strategy. Again, the one-way and two-way catch-rate 
management strategies performed alike. The results assume Ricker recruitment; status quo represents the number 
of catch rates falling below 70% CPUE for 10 000 days of fishing effort (12 500 standardised) with no 
management changes. 
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Figure 8.4.2.11 Distribution of the exploitable biomasses, expressed as a ratio of virgin biomasses, at 
which the catch-rate reference points triggered. The results are shown from the monthly delay 
difference model for 10 000 test-fishing days of effort (12 500 standardised), assuming Ricker 
recruitment. The catch-rate reference points triggered more frequently under the moderate one-way 
management strategy and trigger at marginally lower population sizes due to the slow response of this 
management strategy to alter fishing effort. 
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Table 8.4.2.6 The accuracy of catch-rate reference points measured from the monthly delay difference 
for 10 000 test-fishing days of effort (12 500 standardised), assuming Ricker recruitment. The higher 
probabilities for the 80% CPUE and moderate one-way management strategy indicate better accuracy 
measured against the biomass reference levels of 0.2B0 and BMSY (e.g. 0.94 is 94% accurate). 

Reference 
Point 

Management 
Strategy 

Proportion of 
Triggers 

Accurately  

Proportion of 
Triggers 

Accurately  

Actual Biomass (Bt/B0) at Trigger 

  detecting  

when Bt < 0.2B0 

      detecting 

when Bt < BMSY 

5th  
percentile 

 
Median 

95th 
percentile 

60% 
CPUE 

Heavy one-way 
0.34 0.10 0.19 0.33 0.63 

60% 
CPUE 

Moderate one-
way 0.72 0.26 0.14 0.28 0.48 

70% 
CPUE 

Heavy one-way 
0.50 0.14 0.22 0.38 0.70 

70% 
CPUE 

Moderate one-
way 0.88 0.34 0.16 0.32 0.55 

80% 
CPUE 

Heavy one-way 
0.63 0.19 0.24 0.43 0.78 

80% 
CPUE 

Moderate one-
way 0.94 0.43 0.18 0.36 0.62 

 
8.4.3 Saucer Scallops 
 
Catch Statistics 
 
Saucer scallop harvest varied greatly between 1989 and 1996 (Figure 8.4.3.1). Total 
catch from these fishing years averaged 962 t meat, with the smallest catch of 397 t 
taken in 1989 and the largest catch of 1738 t taken in 1993. After the 1996 fishing 
year total catches averaged 791 t meat, with catches ranging between 623 t and 1045 t. 
Fishing efforts applied to saucer scallops between 1990 and 2001 were relatively 
consistent, averaging 13 583 nights with a range of 9729 and 16 772 nights. Fishing 
effort for the 2002 fishing year was significantly less at 7436 nights. Average monthly 
standardised-catch-rates show a downward trend between 1989 and 2002, but were 
stable from 1998 (Figure 8.4.3.2). Monthly standardised-catch-rates peaked at an 
average of 21 baskets for the 1993 fishing-year between November 1992 and April 
1993. Standardised-catch-rates averaged only six baskets for the 1996 and 1997 
fishing years. Since 1998 standardised-catch-rates average about eight baskets. Note 
the spike in the February 2001 catch rate of 15.5 baskets and the January 2002 catch 
rate of 18.6 baskets. This corresponded to the rotational opening of the spatial 
closures. Caution should be applied calculating annual catch rates for 2001 and 2002, 
as they would be biased upwards due to the rotational closure effects (Jebreen et al. 
2003). 
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Figure 8.4.3.1 The saucer scallop total catch and fishing effort reported from 1989 to the 2002 fishing-
year. The statistics represent all catches south of 22.5 degrees. 
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Figure 8.4.3.2 Monthly standardised saucer scallop catch rates from 1989 to 2002; note the seasonal 
patterns in catch rates and the overall gradual decline. The gaps in catch rates relate to the October 
seasonal closure. The February 2001 catch rate of 15.5 baskets and the January 2002 catch rate of 18.6 
baskets relate to the rotational opening of the spatial closures. 

 
Biological Data and Management  
 
Table 8.4.3.1 contains a summary of the biological parameters used to calculate 
average rates of scallop growth and natural mortality, weight, size at maturity, 
fecundity and monthly variation in spawning activity. These biological parameters are 
deterministic and the model sensitivities to the parameters are reported as part of the 
stock assessment. These parameters are based on previous research studies and were 
assumed to most accurately reflect the true biological parameters for the scallop 
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population. As such, they were treated as the base-case against which the model 
sensitivities were measured. 
 
The growth curve was based on a weighted average of the parameters reported by 
(Williams and Dredge 1981). The weightings were based on the number of recaptured 
tagged scallops from a series of tag-recapture experiments. The model considered the 
management-imposed seasonal variations in minimum legal size and also the slight 
differences between the regulated shell height measures (90 mm and 95 mm) and 
those applied by fishers, which equate to about a 2 mm reduction in the actual size of 
scallops that can be retained (Figure 8.4.3.3). The incidence of scallops with mature 
and spent gonads were used to indicate relative spawning activity (Dredge 1981). 
Generally, the relative amount of spawning was greater between April and August 
(Figure 8.4.3.3). This study also found that 75% of scallops were mature at a shell 
height of greater than or equal to 90 mm. Logistic regression on these data, using the 
mid-points of the size categories, approximated maturity across the ages (Figure 
8.4.3.3). No significant exponential relationship existed between shell height and 
fecundity ((Dredge 1981); Figure 8.4.3.3). These reproductive fecundity data were 
combined with the population estimates from the stock assessment model to calculate 
spawning stock sizes. The scallop meat-weight relationship was based on data 
collected from October in 2000 and 2002. Although the relationship was adjusted 
each month for changes in meat-weight condition (Table 8.4.3.1), it did not take 
account of soaking procedures that are sometimes used by processors to increase 
meat-weight by 5–10%. 
 
To enable a more complete analysis of the stock assessment and reference points, 
historical changes in management were included. Management of the saucer scallop 
fishery through three spatial closures commenced in April 1989 following concerns 
about the sustainability of the fishery. These closures were implemented for seven 
months between April and October 1989 and were assumed to have negligible effect 
on the assessment as they were removed after ‘industry had shown unwillingness to 
comply with these closures’ (Queensland-Fish-Management-Authority 1989). As a 
result of declines in catch rates in 1996/1997, the closures were reintroduced in 
February 1997. The closures were generally referred to as ‘scallop replenishment 
areas’ and were fixed in place until 2001, where management, as a result from 
industry pressure, began a rotational strategy of opening and closing the areas to 
trawling (Figure 8.4.3.4). Fishery independent estimates of scallop numbers in the 
closures were included to account for the closure effect on the exploitable proportion 
of the stock (Figure 8.4.3.4; (Jebreen et al. 2003)). The minimum legal sizes of 
scallops have also varied historically. From 1988 to December 1999 minimum legal 
sizes were set at 90 mm from November to April and 95 mm for May to October 
inclusive. In January 2001 sizes changed to 90 mm from January to April, and 95 mm 
for May to December, inclusive. 
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Table 8.4.3.1 Saucer scallop parameters used as biological inputs into the monthly age-structured 
model; standard errors in parentheses. 

Parameters Estimates Data Sources 
Von Bertalanffy Prawn Growth   

L∞ k 106.026 SH mm; 0.225 month−1 Weighted average; 
(Williams and Dredge 1981) 

Shell Height (SH mm) to Weight   
b

grams aSHw =    

atotal_weight, btotal_weigh 2.39E-05, 3.221 FRDC2000/170, 2003 
ameat_weight , bmeat_weight 1.26E-09, 3.485 LTMP, QFS, 2003 

Commercial Measure (CM) to Shell Height   
bCMaSH +=   FRDC2000/170, 2003 

a, b −0.4516 (0.0928), 0.9789 (0.001)  
Relative Meat Weight Condition  Dredge (unpublished) 
(Proportional relative to October)   

January 1.17  
February 1.25  
March 1.17  
April 1.08  
May 1.00  
June 0.83  
July 0.83  

August 0.83  
September 0.92  

October 1.00  
November 1.08  
December 1.17  

Natural Mortality (M) 0.09 (Dredge 1985a) 
Shell Height (mm) to Fecundity   

b
eggs aSHf =    

a, b 3220.708 (24558), 1.354 (1.665) (Dredge 1981) 
Proportion (p) mature at age   

a, b −0.794 (0.238), 0.178(0.022) (Dredge 1981) 

Where bAgea +=η , and η

η

e
ep
+

=
1

 
  

Monthly Spawning Pattern (Proportion, β)   
November 0.0072 (Dredge 1981) 
December 0.0000  
January 0.0144  

February 0.0288  
March 0.0899  
April 0.1331  
May 0.1403  
June 0.1439  
July 0.1439  

August 0.1403  
September 0.0863  

October 0.0719  
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Figure 8.4.3.3 Biological research on saucer scallops in 1981 showed that (a) spawning mostly 
occurred between April and August, (b) most scallops older than about eight months (90 mm shell 
height) were mature, and (c) fecundity was weakly related to size. More recently, data obtained from 
FRDC Project 2000/170 were used to quantify average (d) scallop total weights, (e) scallop meat 
weights, and (f) commercial size grading. 95% confidence intervals represented by dotted lines on 
figures (b) to (e); figure (a) dotted lines represent two times the 10% standard error. See Table 8.4.3.1 
for data sources. 
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Figure 8.4.3.4 (a) Application of fixed spatial closures in the scallop fishery commenced in 1997 and 
changed to a rotational closure strategy in 2001. (b) Fishery independent surveys showed that the 
number of scallops protected by the closures increased in 2000, but decreased in 2001 and 2002.        
(c) Fishery independent surveys of scallops across the entire fishery only occurred between 1997 and 
2000, with a peak estimate in 2000. The raised lines on (a) represent closure periods. Yeppoon (YA and 
YB), Bustard Head (BHA, BHB, BHC and BHD), and Hervey Bay (HBA, HBB, HBC and HBD). 
Vertical lines in (b) and (c) are 95% confidence intervals. 

 
Stock Assessment 
 
The saucer scallop stock assessment used two modelling approaches – a monthly age-
structured model and an annual Schaefer surplus production model (Figure 8.4.3.5, 
Figure 8.4.3.6 and Figure 8.4.3.7). The age-structured model compared three monthly 
rates of natural mortality (M) and three levels of annual increase in fishing power, 
with their respective 90% confidence intervals (Figure 8.4.3.5 and Figure 8.4.3.6). 
These plots were structured accordingly: 

a) Figure 8.4.3.5A resulted from assuming M = 0.09 month−1, which, based on the 
literature, is likely to be the most accurate estimate of natural mortality (Table 
8.4.3.1) and from incorporating the median estimate for annual fishing power 
increase. The model was considered to most accurately reflect reality and was 
therefore used as the base-case. 

b) Figure 8.4.3.5B resulted from assuming a lower rate of natural mortality 
(M = 0.07 month−1) equal to the 2.5th percentile on a normal distribution with 
mean 0.09 and standard deviation of 0.01. 

c) Figure 8.4.3.5C assumed a relatively high rate of natural mortality (M = 0.11) 
equal to the upper 97.5 percentile on a normal distribution with mean 0.09 and 
standard deviation of 0.01. 

d) Figure 8.4.3.6A resulted from assuming no annual increase in fishing power 
(i.e., no annual effort creep) in the assessment or the stock-recruitment 
relationship. Figure 8.4.3.6A and B also assumed natural mortality at M = 0.09 
month−1. The effect of changing fishing power should be compared against 
Figure 8.4.3.5A (i.e. median annual fishing power increases). 

e) Figure 8.4.3.6B resulted from incorporating relatively higher levels of annual 
increase in fishing power. The annual increases were the upper 90% confidence 
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interval of the annual increases in fishing power, which varied between years. 
These estimates of the increase in fishing power were incorporated in both the 
assessment and the spawner-recruitment relationship. 

 
Note the purpose of comparing different outputs was to highlight the influence of 
estimates natural mortality (M) and fishing power. In general, the annual increases in 
fishing power had little effect because the estimated increases in the scallop trawl 
sector were minimal (see Chapter 6).  
 
The age-structured model generally predicted that biomass, expressed as a ratio to 
virgin exploitable stock biomass size, declined between 1989 and 1997 (Figure 8.4.3.5 
and Figure 8.4.3.6). The biomass was notably below BMSY in the 1997 fishing-year 
and this reflected the low catch rates reported at that time. Since 1998, the predicted 
biomasses varied around BMSY for all scenarios. In comparison to these results, the 
Schaefer surplus production analysis also predicted declining biomasses between 
1989 and 1997 (Figure 8.4.3.7). The biomasses from 1994 to 1999 were judged to be 
below BMSY (represented at ½ virgin-stock size in the Schaefer model (Haddon 
2001)). The biomass in 2001 increased and was above BMSY. The confidence intervals 
on the model estimates were quite large. 
 
The monthly age-structured model and Beverton-Holt spawner-recruitment curve 
(Figure 8.4.3.8) were used to estimate the equilibrium virgin stock size (B0) and the 
population size that supports maximum sustainable yield (BMSY) (Table 8.4.3.2). The 
yield estimates and the steepness of the Beverton-Holt curve were very similar to 
those derived from the Ricker spawner-recruitment relationship. Details on the catch 
data used in the spawner-recruitment curves are shown in Table 8.4.3.3. Only about 
5% of all daily catch records were from 1978 to 1987. However, in order of 700 to 
1 000 days of fishing were still recorded in each year from 1978 to 1981.  
 
Estimates of equilibrium management quantities across four different minimum legal 
sizes show that MSY was similar, but lower assuming Ricker recruitment compared 
with Beverton-Holt (Table 8.4.3.4). EMSY estimates were lower for the less 
conservative 90 mm size limit compared with the larger size limit of 95 mm. 
Additional sensitivity analysis on the age-structured model showed that higher EMSY 
was related to higher rates of natural mortality and for no annual increases in fishing 
power increases. Conversely, lower EMSY was calculated for higher fishing power 
increases (Table 8.4.3.5). Management quantities from the surplus-production model 
are provided in  
Table 8.4.3.6. The estimate for the model’s population-growth parameter (r) was high 
at 1.2. Values above 1 generally indicate that the stock has high intrinsic rate of 
increase, and as a result higher levels of EMSY were calculated. 
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Figure 8.4.3.5 The monthly age-structured model predicted declining exploitable biomasses for 
scallops between 1989 and 1997. Since 1997, biomasses varied around the biomass reference point for 
maximum sustainable yield (BMSY the dashed red horizontal line). Results are presented for three 
estimates of natural mortality (M) and the model assumed the median annual estimate of increasing 
fishing power. BMSY was calculated using the Beverton-Holt spawner-recruitment curve (Figure 
8.4.3.8). The dotted lines represent the 90th percentiles. 
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Figure 8.4.3.6 Biomass estimates from the monthly age-structured model for two different estimates of 
the annual increase in fishing power. The model incorporated a single estimate of natural mortality 
(M = 0.09). Trends in the exploitable biomass were similar to those in Figure 8.4.3.5A.  
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Figure 8.4.3.7 The annual surplus production model predicted declining exploitable biomasses for the 
scallop fishery between 1989 and 1997 fishing years (dotted lines represent the 90th percentiles). The 
model predicted increasing biomass since 1997. The dashed red horizontal line shows the biomass 
reference point for maximum sustainable yield (BMSY). 
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Figure 8.4.3.8 Scallop spawner-recruitment relationships assuming the Beverton-Holt form (red line) 
and the Ricker form (green line). The curves were fitted using a weighted log-likelihood and 
incorporate the median estimates of annual increases in fishing power. Two-year autocorrelations were 
non-significant at −0.235. 
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Table 8.4.3.2 Saucer scallop spawner-recruitment parameters. Numbers within parentheses refer to the 
parameter standard error and T statistic for α and β, and 90% confidence intervals for steepness. 

Spawner-Recruitment 
Parameters 

Beverton-Holt Ricker 

α 226 500.826 (62 651.237; 3.62) 3.902e-6 (6.312e-7; 6.18) 
β 9.185e-10 (4.657e-10; 1.97) 2.274e-15 (1.108e-15; 2.05) 
Steepness 0.32 (0.23:0.52) 0.30 (0.22:0.4) 

 
Table 8.4.3.3 The number of daily catch records and weightings used to construct the spawner-
recruitment curves. The vast majority of data (95%) were obtained from the compulsory logbook 
program that commenced in 1988. 

Fishing 
Year 

Recruitment 
Index 

(Nov to Feb) 

Spawning 
Index  

(May to Aug) 

Other 
Months 

Total 
Records 

Total Records 
(Recruitment + 

Spawning) 

Weighting 
For 

Likelihood 
1978 449 270 475 1194 719 0.006 
1979 355 692 224 1271 1047 0.009 
1980 449 320 465 1234 769 0.007 
1981 241 662 94 997 903 0.008 
1982 49 75 116 240 124 0.001 
1983 80 78 103 261 158 0.001 
1984 55 48 70 173 103 0.001 
1985 47 16 54 117 63 0.001 
1986 53 66 307 426 119 0.001 
1987 178 297 1460 1935 475 0.004 
1988 2653 257 2827 5737 2910 0.026 
1989 1675 1388 2053 5116 3063 0.027 
1990 4058 1574 5591 11 223 5632 0.050 
1991 4577 5362 3886 13 825 9939 0.088 
1992 4070 2826 3120 10 016 6896 0.061 
1993 5043 2524 5173 12 740 7567 0.067 
1994 5228 4225 4402 13 855 9453 0.084 
1995 4881 1959 6688 13 528 6840 0.060 
1996 7461 4097 4206 15 764 11 58 0.102 
1997 5770 1922 6897 14 589 7692 0.068 
1998 7396 4079 4781 16 256 11 475 0.101 
1999 4917 3353 4744 13 014 8270 0.073 
2000 6444 1971 4550 12 965 8415 0.074 
2001 5313 3605 2325 11 243 8918 0.079 
Total 71 442 41 666 64 611 177 719 113 108 1.000 
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Table 8.4.3.4 Scallop equilibrium management quantities as calculated from the monthly age-
structured model using two forms of the spawner-recruitment relationship and median annual increases 
in fishing power. The quantities were calculated for four different minimum legal shell-sizes. *Note 
comment in paragraph two under the biological data and management section. Numbers in parenthesis 
are 90% confidence intervals.  

Management Quantities Beverton-Holt Ricker 
Current Size Limit – Jan-Apr 
90 mm, May–Dec 95 mm   
MSY (millions of shell) 50 (10:150) 44 (5:130) 
MSY (tonnes meat)* 658 (131:1923) 599 (69:1714) 
EMSY (2001 nights)  11 709 (4681:32 385) 9437 (3366:20 805) 
3/4 EMSY (2001 nights) 8782 (3511:24 289) 7078 (2524:15 604) 
2/3 EMSY (2001 nights) 7806 (3121:21 590) 6292 (2244:13 870) 
Size Limit – 90mm all year   
MSY (millions of shell) 50 (10:152) 45 (5:132) 
MSY (tonnes meat)* 650 (129:1895) 590 (68:1679) 
EMSY (2001 nights) 10 934 (4422:29 699) 8853 (3190:18 790) 
3/4 EMSY (2001 nights) 8201 (3316:22 274) 6640 (2393:14 093) 
2/3 EMSY (2001 nights) 7289 (2948:19 799) 5902 (2127:12 527) 
Size Limit – 95mm all year   
MSY (millions of shell) 49 (9:149) 44 (5:130) 
MSY (tonnes meat)* 666 (132:1948) 605 (70:1731) 
EMSY (2001 nights) 12 287 (4852:35 668) 9821 (3432:22 476) 
3/4 EMSY (2001 nights) 9215 (3639:26 751) 7366 (2574:16 857) 
2/3 EMSY (2001 nights) 8192 (3235:23 780) 6547 (2288:14 985) 
Size Limit – Nov-Apr 90mm, 
May-Oct 95mm 

  

MSY (millions of shell) 50 (10:150) 44 (5:131) 
MSY (tonnes meat)* 653 (130:1910) 592 (68:1695) 
EMSY (2001 nights) 11 254 (4551:31 182) 9123 (3273:19 571) 
3/4 EMSY (2001 nights) 8441 (3413:23 387) 6842 (2455:14 678) 
2/3 EMSY (2001 nights) 7503 (3034:20 789) 6082 (2182:13 048) 
 
Table 8.4.3.5 Additional management calculations, from the scallop age-structured model, based on 
varying the monthly rate of natural mortality (M) and fishing power increases. These results relate to 
the current minimum legal size of 90 mm Jan–Apr, and 95 mm May–Dec, assuming Beverton-Holt 
recruitment. 

Management 
Quantities 

M = 0.07,  
Median estimates 
of annual increase 
in Fishing Power 

M = 0.11, 
Median 

estimates of 
annual increase 

in Fishing 
Power 

M = 0.09,  
No annual 
increase in 

Fishing Power 

M = 0.09, 
Annual increase 

in Fishing 
Power = upper 

90% CI 

MSY (millions of 
shell) 47 52 50 46 
MSY (tonnes meat)* 639 671 661 600 
EMSY  8053 12 386 13 670 9886 
3/4EMSY  6040 9289 10 273 7415 
2/3EMSY  5369 8257 9131 6591 
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Table 8.4.3.6 Summary of the parameters estimated from the Schaefer surplus production model. 

Parameter Estimate (90% Confidence Interval) 

Population Growth 
Rate r 

1.203 (0.548:1.728) 

Management Quantity  
MSY (tonnes meat)* 1149 (941:1217) 

EMSY 15 251 (11 289:19 199) 
3/4 EMSY 11438 (8467:14399) 
2/3 EMSY 10168 (7526:12800) 

For both the age-structured and surplus production model stock assessments there was 
no evidence to suggest the models were inadequate for the data or that the use of 
lognormal errors were inappropriate. Figure 8.4.3.9 shows that the models predicted 
the standardised catch rates quite well, although the monthly age-structured model did 
slightly underestimate three of the monthly peak catch rates present in the time series. 
The standardised residuals for these large catch rates were all less than four, 
indicating they were not extreme. The influence of these data points had little effect 
on the log-likelihood or upon the estimation of the parameters. For example, 
removing or slightly increasing their effect resulted in little change in the parameter 
estimates, suggesting the model captured these observations reasonably well and that 
it accurately modelled the year-to-year and month-to-month patterns of saucer scallop 
catch rates. The surplus production fit to the annual time series tended to over 
estimate standardised catch rates from 1990 to 1992, to compensate for the large catch 
rates in 1993. Although, from 1993 the model generally captured the trend in catch 
rates. 
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Figure 8.4.3.9 The monthly age-structured (left side) and Schaefer surplus production (right side) 
models predicted the standardised catch-rates well (1st row plots). The use of lognormal errors was 
appropriate with no pattern in standardised residuals (2nd row plots) and linear normality plots (3rd 
row plots). 
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Reference Point Simulations 
 
The reference points examined by the two models are provided in Table 8.3.10.1. A 
large number of results were generated from these simulations, mainly as a result of 
the various stock-recruitment possibilities and the range of minimum legal size 
regulations. The results presented in this section focus on the performance of 
reference points through the monthly age-structured model using the Beverton-Holt 
spawner-recruitment relationship (which assumes median annual increases in fishing 
power) and the current seasonally changing size limits (i.e. the base-case) (Figure 
8.4.3.5A). Results from all simulations, including these, are tabulated in Appendix 
15.1 and summarise forecasts for five-year and 20-year periods. Definitions used to 
interpret the simulations are listed under the Methods section 8.3.10, page 101. The 
simulations assess the consequences of using different reference points and 
management strategies and the subsequent results are presented to allow the reader to 
evaluate the trade offs in performance. The results do not define a final reference 
point, management strategy or the future status of the scallop fishery, but rather they 
provide expected outcomes that may be used by decision makers to help select 
appropriate reference points to achieve the management objectives. It is important to 
note that the management objectives for the scallop fishery are yet to be defined. 
 
Biological Performance  
The model simulations suggested that higher biomass trajectories would be attained 
using the 80% CPUE reference point, under the heavy one-way management 
intervention (Figure 8.4.3.10). After 20 years, these biomass trajectories levelled at 
above 1.5BMSY or 0.6-0.7 B0. The 2/3 FMSY, 3/4 FMSY, and other CPUE reference 
points, also resulted in relative increases in biomass and the 20-year biomass 
trajectories levelled at 1.25–1.5 BMSY or 0.5 -0.6 B0. Retaining the status quo (13 000 
fishing nights), or adopting FMSY as a reference point generally resulted in relatively 
lower biomass trajectories that fall below BMSY after 20 years. 
 
The probability trajectories for the biomass falling below 20% of the virgin stock 
biomass (B0) and BMSY were lowest under the CPUE reference points using a heavy 
one-way management strategy. Conversely, the probability of the biomass falling 
below 20% B0 was highest with status quo fishing effort and when the FMSY reference 
point was used. When the probability of Bt<BMSY equals 0.5, then the biomass 
approaches BMSY. 
 
All the 2/3 FMSY, 3/4 FMSY, and CPUE reference points and management strategies 
ensured the biomass was above BMSY with greater than 60% confidence. The FMSY 
and status quo strategies failed this. 
 
Industry Performance  
The simulations indicate that status quo fishing would likely lead to the best scallop 
catches for industry (Figure 8.4.3.11). Fishing according to the 3/4FMSY and 2/3FMSY 
reference points also produced similar catches after about ten years. Although, a drop 
in catch would likely result from the lower fishing effort applied in the first five to ten 
years. The CPUE reference points all resulted in lower catch trajectories after 10 to 20 
years, but the 80% CPUE under the heavy one-way management scenario resulted in 
the highest trajectories for catch rate and the lowest trajectories for fishing effort. 
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Status quo fishing and the FMSY reference point resulted in higher fishing effort and 
the lowest catch rates. The variations in total catches (CV) were smallest for the 
3/4FMSY and 2/3FMSY fishing strategies. Overall, the catch-rate reference points, with 
annual management responses, appear to reduce fishing effort effectively even though 
the biomass trajectories are above 0.5B0 or 1.25BMSY (Figure 8.4.3.10). 
 
Management performance  
The number of triggered CPUE reference points was higher for the 80% CPUE 
reference point and lower for the 60% CPUE reference point (Figure 8.4.3.12). In 
other words, the higher the CPUE reference point the more likely it was to trigger. 
The CPUE reference points resulted in three to eight corrections in fishing effort, over 
the 20-year forecast, depending on the response mechanism (moderate or heavy) and 
the reference point (60%, 70% or 80% CPUE). Generally, the 3/4 and 2/3 FMSY 
reference points resulted in one significant correction in fishing effort (Figure 
8.4.3.11). 
 
The CPUE reference points triggered at a wide range of biomasses, but typically 
ranged between 30% and 60% of virgin stock size (B0) (Figure 8.4.3.13). All 
simulations of the CPUE reference points highlighted they can falsely trigger at large 
biomasses. The management performance of the 70% and 80% CPUE reference 
points often accurately triggered at low biomasses around 20% B0 (Table 8.4.3.7). For 
example, the 70% moderate one-way management strategy only correctly triggered 
for 70% of the biomasses that were below 20% B0. Lower accuracy resulted from 
using the 60% CPUE reference point. The accuracies were again lower if CPUE 
reference points were used to manage biomasses falling below BMSY (Table 8.4.3.7). 
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Figure 8.4.3.10 The expected biological outcomes for saucer scallops from managing fishing effort 
according to, (a) fishing mortality rates, (b) heavy one-way catch-rate, and (c) moderate one-way catch 
rate reference points. The first two rows of plots illustrate the outcomes in relation to virgin population 
size (B0). Outcomes on the bottom two rows were measured against the population size, which supports 
maximum sustainable yield (BMSY). Low probabilities (or risks) of the biomass falling below 0.2B0 
were obtained for the 60–80% CPUE reference points, and for the 3/4 MSY and 2/3 MSY reference 
points. Similar results were obtained in relation to the biomass falling below BMSY when effort was 
managed using the 60–80% CPUE reference points. The BMSY probabilities at 0.5 represent the 
population sizes at BMSY. The one-way and two-way catch rate management strategies performed alike. 
The results assume Beverton-Holt recruitment and median estimates of the annual increase in fishing 
power. Simulations for status quo and the fishing mortality reference points commenced at 13 000 
nights of fishing effort. Simulations for the CPUE reference points commenced at 10 000 nights of 
fishing. 
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Figure 8.4.3.11 The expected industry outcomes from forecasting fishing effort in the scallop fishery 
according to, (a) fishing mortality, (b) heavy one-way catch-rate, and (c) moderate one-way catch-rate 
reference points. Industry outcomes were measured against total catches, fishing effort, catch-rates and 
variation in total catch (coefficient of variation). The management strategies of 3/4 MSY and 2/3 of 
MSY fishing effort resulted in equivalent long-term total catches and lower catch variations than 
retaining the status quo. However, the heavy one-way catch-rate reference points produced higher 
catch-rates in the long term. The one-way and two-way catch-rate management strategies performed 
alike. The forecasts assumed Beverton-Holt recruitment and the median annual increases in fishing 
power. Simulations for status quo and the fishing mortality reference points started at 13 000 nights of 
fishing effort. Simulations for the CPUE reference points commenced at 10 000 nights of fishing. 
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Figure 8.4.3.12 The average cumulative number of management changes (limit catch-rate triggers) for 
the (a) heavy one-way catch-rate, and (b) moderate one-way catch-rate reference points. Generally over 
twenty years, between three and six catch-rate triggers will occur under the heavy one-way 
management strategy, but up to six or eight may occur under the moderate one-way management 
strategy. Again, the one-way and two-way catch-rate management strategies performed alike. The 
results assume Beverton-Holt recruitment and median fishing power increases. Simulations for status 
quo commenced at 13 000 nights of fishing effort and represents the number of catch rates falling 
below 70% CPUE. Simulations for the CPUE reference points commenced at 10 000 nights of fishing. 
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Figure 8.4.3.13 Distribution of the exploitable biomasses, expressed as a ratio of virgin biomasses, at 
which the catch-rate reference points triggered. The results are shown from the monthly age-structured 
model for 15 000 test-fishing days of effort, assuming Beverton-Holt recruitment. The catch-rate 
reference points triggered more frequently under the moderate one-way management strategy and 
trigger at marginally lower population sizes due to the slow response of this management strategy to 
change fishing effort. 
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Table 8.4.3.7 The accuracy of six catch-rate reference points measured from the monthly age-
structured model for 15 000 test-fishing days of effort. The higher probabilities for the 80% CPUE and 
moderate one-way management strategy indicate better accuracy measured against the biomass 
reference levels of 0.2B0 and BMSY. 

Actual Biomass (Bt/B0) at 
Trigger 

Reference 
Point 

Management 
Strategy 

Proportion of 
Triggers Accurately 

detected when  

Bt < 0.2B0 

Proportion of Triggers 
Accurately detected 

when  

Bt < BMSY 
5%ile Median 95%ile 

60% CPUE Heavy one-way 0.46 0.24 0.27 0.49 0.84 
60% CPUE Moderate one-way 0.64 0.39 0.20 0.39 0.70 
70% CPUE Heavy one-way 0.60 0.33 0.30 0.53 0.89 
70% CPUE Moderate one-way 0.70 0.50 0.23 0.42 0.74 
80% CPUE Heavy one-way 0.80 0.47 0.33 0.56 0.90 
80% CPUE Moderate one-way 0.83 0.62 0.25 0.46 0.77 

 
 
8.5 DISCUSSION 

8.5.1 Reference Points 
 
The comparison of data-based (catch-rates) and model-based reference points has 
provided a basis for Queensland, New South Wales, and AFMA trawl managers, and 
their relevant committees to consider sustainable levels of fishing effort, reference 
points and their response mechanisms. The reference points and management 
responses considered here are only small subsets of the full range of possibilities. The 
results quantified the trade-offs of various management in relation to reference points, 
and will help set target management objectives for fishing eastern king prawns, Torres 
Strait tiger prawns and saucer scallops. The results do not define a final reference 
point, management strategy or the future status of the stocks, but rather they provide 
expected outcomes that may be used by decision makers to help select appropriate 
reference points to achieve the target objectives. The relevance of this work to 
management is very high, especially since the management objectives for trawling 
will continue to be revised. The current objectives in all three trawl-sectors do not 
define any reference points, together with management responses, that could be used 
to restrict fishing effort to levels that are sustainable. This research is timely and 
provides a starting point for discussion of potential reference points, management 
strategies and objectives. Fishery management advisory committees and working 
groups should participate fully to discuss and develop the strategies, and time lines to 
achieve the management objectives. These strategies should be assessed by the 
management strategy evaluation method. The continuation of this work is required for 
these trawl sectors to achieve optimal management. 
 
The results across the trawl sectors suggest that for biomasses at BMSY or below, the 
2/3EMSY target fishing effort tended to ensure future biomasses would increase above 
BMSY with greater than 50% confidence over 20 years. Adopting the 2/3EMSY over     
20 years would also result in total catches not being reduced, catch rates would 
increase, the variation in total catches would be minimised and that only one major 
change to fishing effort would occur. Alternatively if biomasses were above BMSY, 
fishing effort at 3/4EMSY would also achieve the expected outcomes above. It should 
be noted that any stock assessment is prone to uncertainties and error. For this reason, 
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target fishing at EMSY has high risk and performs poorly in relation to outcomes for 
sustainability, industry and management. 
 
The simulations also show that catch-rate reference points can restrict fishing effort to 
levels that are sustainable, but cannot accurately manage these prawn and scallop 
trawl-sectors. The catch-rates can trigger at high population sizes, resulting in 
inappropriate changes in fishing effort. Similarly, low population sizes may not 
necessarily trigger the reference point. These results occurred primarily due to the 
observed variation in catch rates and uncertainty in measuring prawn or scallop 
catchability (q). Even after standardising the catch rates for changes in fishing power, 
it does not appear that catch-rate reference points are precise enough to correctly 
warrant a change in fishing effort. The simulations do assume that catch rates are 
proportional to abundance; however, for a given population size catch rates can still 
vary 20–30%. In addition, many different factors can affect commercial catch rates, 
and even if it was possible to allow for these factors the catch rate reference points are 
not fully predictable with abundance. When selecting an appropriate catch rate to use 
as a trigger point there is a trade-off between ensuring accurate detection of low 
biomasses with reduction of inappropriate triggering at high biomass levels. 
 
A better approach to management than to modify effort using the current 70% CPUE 
limit reference points would be to target fishing at about 2/3EMSY or 3/4EMSY with 
revisions for increases in fishing power and new assessments. These fishing mortality 
reference points (2/3EMSY or 3/4EMSY) appear more effective at maintaining the stocks 
safely above BMSY, but not exceedingly, resulting in lower risks of under or 
overfishing, improved yields and catch rates at lower fishing effort. The stock 
assessments are prone to uncertainties and error, but changes in fishing effort are 
likely to result from more justified reasons and eliminate any catch rate reference 
point triggers that can occur by chance. The catch rate reference points will work to 
ensure the effort is sustainable, but not necessarily to ensure the stocks are at BMSY. As 
a consequence long-term reduced yields may result. The results do conflict with the 
suggested alternative to model based reference points – that is, that data-based 
approaches should be preferred (Hilborn 2002). But the role of catch rates as 
reference points is still unclear. Observation of linear trends in recruitment and 
spawner CPUE, such is done for setting the Queensland spanner crab total allowable 
catch, may be a more robust practice in conjunction with stock assessments every two 
years. Additional simulations, and clear management target objectives, are required to 
examine this linear regression of catch rates and other strategies in more detail. 
Management also need to decide whether they want frequent (greater than five times 
in 20 years) or infrequent (less than three times in 20 years) intervention benefits of 
2/3EMSY. 
 
All simulations show that the continuation of status quo levels of fishing effort will 
introduce long-term risks of overfishing in the three trawl sectors examined. Future 
alternate levels of fishing will depend on the target objectives for each trawl sector. 
When detailed management targets have been defined, simulations using these targets, 
as mathematical objective functions will help define clearer sustainable fishing effort. 
For example, (Francis 1993) defined an objective function to maximise average catch, 
and searched for a management option subject to the condition that the probability 
( ) 1.02.0 0 << BBP t  (Francis and Shotton 1997). Another example is the target 

objective defined for Australia’s Northern Prawn Fishery. It was defined as ‘In 
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determining milestones and performance measures for the fishery, NORMAC agreed 
that from 2002 and thereafter (annually) NORMAC will use the NPFAG accepted 
assessment model to estimate the performance of the previous year’s stock relative to 
spawner target levels. The agreed target is a 70+% chance that the spawner population 
at the end of 2006 will be above or at spawner target levels. NORMAC will utilise the 
advice of the NPFAG (majority) to provide the advice to assess performance against 
the target. If the agreed target is not projected to be reached, NORMAC will 
recommend appropriate effort adjustment measures for implementation in 2004’ 
(NORMAC 2001). The target spawner level was SMSY, which is related to BMSY. This 
target example is probably more appropriate than the first, given that MSY is now 
considered more to be a limit reference point (Garcia and Staples 2000). Many 
multiple objective functions could be defined and for example could combine the two 
above to cover both limit and target reference points. Irrespective of future 
management objectives for the prawn and scallop sectors, all simulations here show 
that with reduced levels of fishing, higher biomasses, higher catch rates, and 
equivalent status quo annual catches will result. The perception by many people that 
more nights of fishing effort equals more total catches does not hold true in the long-
term. However, for a single vessel total catch is maximised by the number of nights 
fished, but not catch rates. Note that the results were highly dependent on the shape 
and magnitude of the spawner-recruitment relationship. Additional simulations 
assuming alternative spawner-recruitment relationships to those highlighted in the 
results section 8.4, are provided in the Appendices. Generally, these results refer to 
higher steepness in the spawner-recruitment curve, and therefore lower risks 
associated with higher fishing effort. The dependency of the spawner-recruitment 
relationship is discussed more in the next section 8.5.2, especially in relation to the 
effects of different fishing power increases. Tracking future changes in fishing power 
is an essential ongoing requirement for these fishing-effort (input controlled) managed 
fisheries. 
 
Uncertainty still clouds the ideal reference fishing point for the eastern king prawn, 
Torres Strait tiger prawn and saucer scallop trawl sectors. This problem remains for 
most fisheries, as reference points depend on our knowing how many fish are in the 
ocean (Hilborn 2002). New types of data are essential to improve the accuracy of 
stock assessments, such as spatial indices of abundance collected through fishery 
independent sampling and VMS. More accurate and robust reference points may exist 
using these data. These pieces of information will aid in refining the stock assessment, 
interpretation of results, defining reference points and strengthen future management 
decisions.  
 
8.5.2 Stock Assessment and Future Development 
 
The stock assessments presented are the most comprehensive attempt to evaluate the 
status of eastern king prawns, Torres Strait tiger prawns and saucer scallops. The 
assessments were based on monthly time steps and captured the seasonal patterns in 
fishing effort and catches. The models brought together the biological relationships on 
prawn and scallop growth rates, natural mortality and spawning. They also included 
estimates of annual increases in fishing power, historical catch rates prior to the 
compulsory logbook system implemented in 1988, and spawner-recruitment 
relationships. In addition, the outcomes from these monthly models were compared 
alongside the more simplistic annual surplus production models. It should be noted 



STOCK ASSESSMENT 

160 

that the eastern king prawn and saucer scallop assessments were based on a time 
series of 13 years and a degree of uncertainty in relation to the estimated spawner-
recruitment relationships remain. These spawner-recruitment relationships are key 
inputs to determine the status of these fisheries. They require regular updated analysis 
and should be discussed in detail by researchers, managers and industry. It was 
highlighted in the review of the 2001 assessment of tiger prawns in the Northern 
Prawn Fishery, that with 30 years of catch and effort data, the fishery was still only 
considered to have limited/moderate data (Deriso 2001). 
 
Eastern King Prawns 
 
The results for eastern king prawns indicate the 2001 biomass was at about BMSY. 
Biomasses prior to 2001 were calculated to be below BMSY. The stable biomass trends 
between 1989 and 1997 were similar to those calculated in 1998, but they were not 
scaled to virgin stock size (B0) (Dichmont et al. 1999). The spawner-recruitment 
relationships were used to define the status of the eastern king prawns in relation to 
virgin stock sizes (B0) and the biomasses (BMSY) that support maximum sustainable 
yields. Sensitivities of assuming different spawner-recruitment relationships were 
reported utilising the historical pre-1988 and post-1987 catch rates and assuming three 
different rates of annual increases in fishing power; confirming past comments that 
there appears to be some decline in recruitment of eastern king prawns to the offshore 
ocean fishery (Williams 2002). The results across the sensitivity analyses suggested 
current levels of fishing effort are probably too high to promote higher biomasses in 
the future. However, the results are uncertain and dependent on the historical pre-
1988 assumptions on fishing power increases, and that the standardised catch rates 
from November to February and May to August are linearly related to recruitment and 
spawning biomasses, respectively. It is unlikely that the assumed historical fishing 
power increases were constant through time at the 1989 to 1999 rate of increase, but 
were likely to vary over the entire history of the recorded catch rates.  
 
Historical changes in the management of prawns in Queensland appear to have had 
little effect on catch rates of eastern king prawns. Research surveys conducted in 
1982–83 and 1983–84 identified new deep water fishing grounds in southern and 
central Queensland (Potter and Dredge 1985). Coinciding with these findings the net 
head rope length increased in size significantly for the offshore deep waters. Whilst at 
the time the authors were cautious in promoting the newly discovered fishery as 
economically viable, the changes in management suggest that interest from a number 
of fishers probably led to the introduction of the new regulations regarding net sizes. 
Also worthy of note is the primary motivation for the exploratory study: 
 
‘... If new grounds and resources were discovered, then some fishing effort might be 
diverted from the adjacent continental shelf trawl fisheries … there is a general belief 
that the east coast prawn fishery is overcapitalised with too many vessels working on 
the established grounds.’ (Potter and Dredge 1985). 
 
The above statement seems to be reflected in the declining standardised catch rates 
used in the spawner-recruitment relationships. Post-1988 catch rates are dramatically 
lower compared to pre-1988. This contrast was even evident in the unstandardised 
catch rates spawner-recruitment indices. It seems that the eastern king prawn sector 
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experienced increased fishing effort during the 1970–80s. Since 1989, catch rates 
have remained relatively constant. 
 
The results as they stand provide the first credible hypothesis on the state of eastern 
king prawns. We are certain that these results and others in the future will need to be 
discussed in detail, as they should, but most probably to defend against the notion that 
the burden of proof lies with those who would claim it is safe to keep fishing at 
current effort levels, or higher (Walters and Martell 2002). The stock assessment still 
needs further work: 

1. Fishing power and catch rate standardisation is of very high importance for 
eastern king prawns. Fishing gear and technology information on the pre-1988 
vessels, which recorded catch rates, are needed. The data will reduce the 
uncertainty in the spawner-recruitment relationship and more clearly define 
the status of the stock. A more elegant method for including the pre-1988 
catch rates into the assessment would be preferred, but is difficult given the 
lack of data on total catch or total fishing effort. 

2. Spatially separate monthly standardised-catch-rates may improve accuracies of 
EMSY estimates. This will take into account the spatial distribution of fishing, 
but may be difficult to develop given the uncertain spatial accuracy of the 
monthly catch reporting of eastern king prawns in New South Wales. 

3. Fishery-independent eastern king prawn recruitment surveys on the offshore 
fishing grounds should be of high importance to improve estimates of prawn 
abundance (Courtney et al. 2002), and would also help with on-going catch-
rate standardisation (i.e. monitoring fishing power increases). The importance 
of having a catch rate index that is linearly related to abundance cannot be 
over-emphasised. This can be improved by including survey estimates (Punt 
2001). 

4. Significant uncertainty remains regarding the status of eastern king prawn 
stocks in the first year of the assessment (1989). Historic data on total landings 
should be acquired (from industry/processors?) from 1978 to 1988. These data 
should be used to develop priors for starting stock biomass ratios. 

5. It is recommended that landings estimates obtained with logbook data are 
validated. Historical commercial unloading data is probably available, at least 
for some vessels and could be used as a source of validation. If unloading data 
are obtained, even if it is only samples for some vessels, a generalised linear 
model can be run to validate the logbook catches determine the significance of 
correction factors for estimates of landings obtained from logbook data. 
Factors to be considered in the analysis could be month, year, area (may not be 
possible if vessels fish in more than one area during a single unloading 
period), and possibly type package used to pack prawns. The dependent 
variable should be the logbook catch for a vessel and the independent the 
unloading catch for the same vessel in the same period of time. If enough size-
grade data is present in logbooks size grade could be also used as a factor. 

6. Since aging of penaeid prawns is not possible at this time, size-graded prawn 
catches should be recorded, validated and used in the stock assessment 
(O'Neill et al. 1998). 

7. Update, review and collaborate estimates of natural mortality M, especially in 
terms of M changing with prawn size, will improve accuracies of the 
calculated management related quantities (e.g. EMSY). 
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8. Investigate the use of statistical priors on the spawner-recruitment steepness to 
improve accuracies of management related quantities (e.g. Penaeus esculentus 
and P. semisulcatus from (Dichmont et al. 2001; Ye 2000). 

9. Seasonal closures to protect juvenile recruiting eastern king prawns should be 
investigated to increase spawning stock sizes. 

10. Collaborative stock assessment and management should commence with 
Queensland and New South Wales, especially for setting target levels of 
fishing effort. 

 
Torres Strait Tiger Prawns 
 
The results for tiger prawns are timely and address the need to determine a level of 
fishing access that is sustainable and options for reduction of latent effort in the 
Torres Strait. Initially the Torres Strait had a very high level of latent effort that was 
reduced through reductions in the number of licences and allocation of fishing days to 
individual licences. The allocation of days was based on the highest effort recorded by 
individual vessels, which explains why the current cap (13 570 days of fishing) has 
never been reached. Effort in recent years has averaged about 10 200 days and the 
highest ever recorded was 11 907 days in 1991. The previous assessment by (Turnbull 
and Watson 1995), suggested that the maximum sustainable effort (EMSY) was about 
10 600 days using an assumed natural mortality rate of 0.2 per month. The authors 
also noted that due to the mobility of the fleet, fishing effort in Torres Strait was 
largely controlled by catch rates within Torres Strait and adjacent fisheries. They also 
noted that if in the future, fishing effort was ‘locked into the fishery’ then the current 
cap may need to be reviewed. Recent changes to management in adjacent fisheries are 
starting to restrict the ability of vessels to move freely between fisheries. In addition 
there are three licences reserved for use by Torres Strait Islanders and eight PNG 
endorsed vessels can fish in Australian waters under the current cross-board fishing 
arrangements. To date the islander and PNG cross-boarder entitlements have not been 
utilised but could be in the near future. Hence the need to determine a limit reference 
point for fishing effort that has a high probability of ensuring sustainable catch levels 
and accounts for the potential fishing effort of all sectors (Australian, Islander and 
PNG). 
 
An assessment based on equilibrium and dynamic surplus production models was 
conducted during 2001–02 and presented to managers and industry for discussion. 
Industry was critical of the assessment including the 1980–89 logbook data and for 
focusing on the tiger prawn component of the catch. They considered that the early 
data was not representative of the fishery as it was only compulsory for the generally 
larger sized, NPF endorsed vessels to fill in logbooks. Industry also claimed that the 
fishery was largely an endeavour prawn fishery, especially in the southern section of 
Torres Strait. To address these concerns all available data were utilised to estimate 
changes in fishing power between 1980 and 2002. Four separate surplus production 
models using both the full (1980–2002) and restricted (1989–2002) time-series of 
catch and effort data were fitted (Figure 8.4.2.5). In addition associated endeavour 
prawn catch was included as a factor in the standardisation of catch rates to which the 
stock assessment models were fitted. 
 
All data on Torres Strait vessels since 1980 were used to estimate changes in fishing 
power. The initial estimation of changes in fishing power in the Torres Strait prawn 
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fleet was only based on data for the years of full logbook records, 1989-2000. As the 
partial logbook data for the years 1980-88 represent the earlier stages of fishing, it 
was important to account for changes in fishing power during those years. In addition 
the pre-1988 data may represent the higher-fishing power subset of the fleet, as only 
NPF endorsed vessels were required to fill out logbooks. Some non-NPF endorsed 
vessels voluntarily filled in the NPF logbooks.  
 
A variety of models were applied to the catch and effort data to compare estimates of 
the sustainable tiger prawn catch for the Torres Strait. Industry concerns that the early 
data may be biased were addressed by fitting some of the surplus production models 
to just the full logbook data (1989–2001). The estimates of MSY and EMSY derived 
from the shorter time-series of data were similar to those from the full time-series. 
 
The results from the Fox and Schaefer forms of the surplus production models and a 
monthly delay difference model based on a Ricker stock-recruitment relationship all 
suggest that from 1980 to 1994 tiger prawns stocks were fished down to the level 
estimated to produce the Maximum Sustainable Yield (BMSY). Since 1994 the delay 
difference model suggested that stock size appears to have oscillated around BMSY. 
Although the surplus production models also show an oscillation about BMSY there 
was evidence of a continued decline suggesting a ‘one way trip’ effect when using 
annual catch rates in the assessment (Hilborn and Walters 1992).  
 
The advantage of the delay difference model was that it utilised the large seasonal 
changes in catch and effort that provide good contrast to the time-series data. The 
yearly data used in the surplus production models lacked contrast. The problem with 
this type of data is that there is little information about management parameters such 
as optimum exploitation rate or MSY (Hilborn and Walters 1992). As a result the 
monthly delay difference model appeared to best reflect the dynamics of the data. As 
an example, the delay difference model indicated peak tiger prawn biomasses in 1992 
and 1998 and lows in 1994 and 2000 that corresponded with highs and lows of 
commercial catch and catch rates. The model biomass estimates also match with 
recruitment indices from fishery independent surveys conducted during 1998–2002. 
The indices show a peak of recruitment in 1989 and a low in 2000. In contrast the 
biomass estimates of the surplus production models do not match as closely with the 
annual pattern of catch and effort (Figure 8.4.2.5). 
 
All of the results indicate that the stock was harvested at MSY (~ 650t, CIs ~500 to 
800t) and that any increase in fishing effort could reduce stock productivity. The 
MSY estimates were close to the Maximum Constant Yield for tiger prawn (682 t) 
estimated by (Turnbull and Watson 1995). Estimates of EMSY were variable across the 
models, ranging from about 7200 to 14 500 nights (Table 8.4.2.2 to Table 8.4.2.5). 
The estimates of EMSY were more variable as they are dependent on the estimate of 
catchability (q) for each optimal fit and assumption about the changes in fishing 
power over the time-series. The inherent variability in the estimation of EMSY makes 
this model output imprecise. The management quantities estimated from the delay 
difference modelling were also highly dependent on the spawner-recruitment 
relationships, which were highly uncertain. To date the Torres Strait managers and 
industry have focused on using EMSY as a starting point for discussions on reductions 
in fishing effort. A better approach may be to consider other alternatives such as 
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3/4EMSY or 2/3EMSY. Further development of the stock assessment through points one, 
three to eight, listed under the eastern king prawn assessment apply (page 161). 
 
Saucer Scallops 
 
The stock assessment results for saucer scallops are timely. Queensland scallop 
processors, scallop fishers and the fishery’s managers have identified a strong need to 
evaluate the recent changes introduced in the Queensland East Coast Trawl Fishery. 
Prior to 2001, saucer scallop landings were valued at about $30 million annually 
(Williams 2002). During 2002 and 2003 there was a significant drop (30–40%) in 
catch and fishing effort. In 2002 the Queensland Seafood Marketers’ Association Inc. 
(QSMA) commissioned a report by Warwick Lee of the Queensland Fisheries Service 
to ascertain the status of marketers in the Tin Can Bay to Gladstone region (Lee 
2002). The report (Lee 2002) confirmed a downturn in the profitability of the regional 
scallop processors. This has been accompanied by a decrease in the reported price 
paid to fishers, a 30% decline value to industry, seasonal reductions in processing 
staff numbers and days worked, and limited success from diversification strategies 
into other seafood species. Some processors have indicated that their business will be 
bankrupted as a result of the downturn. In March 2003, the Queensland Seafood 
Marketers’ Association (QSMA) and the Queensland Seafood Industry Association 
(QSIA) called a special scallop management crisis meeting with DPI&F management 
and researchers to discuss the current state and nature of the trawl sector. A scallop 
working group was formed from this meeting. This working group has since called for 
the reduction in scallop minimum legal sizes to 90 mm all year and the abolition of 
the replenishment areas to improve catches and supplies of scallops to processors. 
This has created a strong need to determine the status of the saucer scallops and how 
management should be optimised to ensure the biological and economical 
sustainability of the fishery.  
 
The biomass of saucer scallops was estimated at about BMSY in 2001. In 1997, the 
biomass was notably below BMSY, confirming the decline estimated in 1998 
(Dichmont et al. 1999). The results also confirm the comments the resource is fully 
exploited (Williams 2002). Estimates of EMSY from the age-structured model varied 
between one to two thousand nights less than the 13 000 nights fished in 2001. The 
estimates of EMSY were at least one thousand nights less for the smaller 90 mm size 
limit, compared with the larger 95 mm size limit examined. The spawner-recruitment 
relationships were used to define the status of the saucer scallops in relation to virgin 
stock sizes (B0) and the biomasses (BMSY) that support maximum sustainable yields. 
Sensitivities of assuming different spawner-recruitment relationships were reported 
utilising the historical pre–1988 and post–1987 catch rates and assuming three 
different rates of fishing power increases. These results were sensitive to the shape of 
the spawner-recruitment curve, but not particularly sensitive to the estimates of annual 
increases in fishing power. It should be noted that management changes have 
potentially had an effect on the pre–1988 historical catch rates of scallops. Larger 
minimum shell size restrictions would have a negative effect on catch rates. However, 
from 1978 onwards fishers changed from primarily twin otter gear set ups to triple 
and quad nets. This change in configuration allowed fishing to be more safely 
conducted in areas with rougher bottoms and fast flowing tidal currents (Mike Dredge 
pers. comm. 2001). There is also anecdotal evidence that this change in configuration 
led to higher catch rates overall. In addition, increases in net length from 40 metres 



STOCK ASSESSMENT 

165 

(headrope) to 109 m (combined headrope and footrope) introduced in 1983 may have 
been expected to also increase catch rates. However, this is not evident from spawner-
recruitment relationships, which show the catch rates spawner-recruitment indices 
general dropping. The increase in minimum shell size from 80 mm in 1981 to 85 mm 
in 1985 may have partially accounted for the reported declines. Similarly, the 1989 
change to a seasonal minimum shell size of 95 mm from May to October, and 90 mm 
in the other months. However, the weighted log-likelihood used to fit the spawner-
recruitment curves would partially allow for these significant effects of management 
changing catch rates. 
 
There is still a strong need to determine how the trawl management changes including 
the allocation of trawl nights have affected the distribution of fishing effort, and how 
the management measures should be optimised to ensure the biological and 
economical sustainability of all the trawl sectors. To achieve this, economic data on 
the fishery are required. In addition, the assumed biological parameters on scallop 
natural mortality and growth need to be updated and corroborated. These parameters 
are currently based on tagging studies undertaken between 1976 and 1978, and may 
be biased as a result of non-tag-reporting issues (Dredge 1985a&b). Additional small 
tagging studies were carried out in 1993 and 1997 to estimate scallop growth, genetics 
and fishing mortality, but these data were not designed to estimate natural mortality 
(Dredge pers. comm. 2002). To further improve the current assessment the following 
is also needed: 

• Additional fishing power and catch rate standardisation is of very high 
importance. Even though the effect of fishing power on the spawner-
recruitment curve was not as marked as for eastern king prawns, fishing gear 
and technology information for the pre-1988 vessels are needed. The data will 
reduce the uncertainty in the spawner-recruitment relationship and more 
clearly define the status of the scallop stock. 

• The full-scale fishery-independent saucer scallop surveys provided excellent 
data for the assessment between 1997 and 2000. Unfortunately the survey 
scale was reduced to only the replenishment areas after 2000. The full-scale 
survey should be used to improve estimates of scallop abundance and to help 
with on-going monitoring of fishing power (Dichmont et al. 2000). The 
importance of having a catch rate index that is linearly related to abundance 
cannot be over-emphasised. This can be improved by including survey 
estimates (Punt et al. 2001b). 

• Further development of the stock assessment through the points listed under 
the eastern king prawn assessment apply (page 161). 

 
 
8.5.3 Modelling 

In this project stock assessment models as described by (Dichmont et al. 2001, 
Dichmont et al. 1999, and Haddon 2001) were used to analyse populations of eastern 
king prawns, Torres Strait tiger prawns and saucer scallops. The monthly delay-
difference and age-structured models used lognormal likelihood’s to estimate 
parameters on prawn and scallop catchability and recruitment, whereas the annual 
surplus production models estimated prawn catchability, annual population intrinsic 
growth rates and virgin stock sizes. Both models assumed standardised catch rates 
were a reliable index of population abundance. The monthly models were more 
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applicable as they accurately reflected the important within year pattern of fishing 
effort. The monthly models allowed for estimation of within year recruitment patterns 
of the prawns and scallops, and overall the analyses facilitated critical assessment of 
each trawl sector, thereby making more effective use of the catch and effort data and 
past biological work on the species. Further enhancements to the delay difference 
model should be made using the spatial compartmental structures in (Gordon et al. 
1995; Hall and Watson 2000) to capture movement dynamics of eastern king prawns, 
particularly if spatial management strategies are to be assessed. The delay difference 
model for movement was programmed in Matlab utilising tagging data from 
Queensland and New South Wales, but was abandoned due to confounding between 
eastern king prawn movement rates and fishing mortality; further work is required. 
Difficulties still remain using surplus production models on the prawn and scallop 
stocks, because the models cannot accurately estimate the population intrinsic growth 
rate (r) with little contrast in annual catch rates. The parameter r had high correlation 
with estimated virgin stock size, clouding the status of the stocks. Ideally strong 
contrasts between catch rates and fishing effort, and a long time-series is required to 
estimate surplus production parameters with confidence (Hilborn and Walters 1992). 
 
The Monte Carlo and Bootstrap methodologies used here were particularly applicable 
for evaluating the proposed catch rate reference points, as the simulations allowed for 
adequate levels of uncertainty in all model parameters and catch data (Haddon 2001; 
Richards et al. 1998). Overall, the simulation facilitated critical assessment of the 
important levels of risks associated with, and yields that can be taken from the eastern 
king prawn, Torres Strait tiger prawn and saucer scallop trawl sectors. It was 
important to simulate management strategies using appropriate parameter values in 
the operating population model. This was achieved by tuning parameters from the full 
stock assessments (Punt et al. 2001b). Outcomes were highly influenced by some 
parameters. The influence of annual fishing power increases upon the spawner 
recruitment relationships was particularly influential. The parameter values used 
provided contrast for assessing how fishing-mortality and catch-rate reference points 
performed at different population sizes. The results do not necessarily define the 
future status of the stocks. Some of the key population parameters are based on very 
old data and experiments, and should be re-measured. New research is needed to 
modernise estimates of natural mortality for different prawn and scallop sizes, 
including the use of more robust statistical methods to accurately quantify the 
uncertainty. This will improve the accuracy of the simulations. There is also 
uncertainty in regard to how to model the fleet dynamics mixing between trawl 
sectors. For example, vessels are currently allocated individual nights to fish. If 
fishing in one sector provided better catches and profits, total catches from other 
sectors will reduce and this may impact on stock sizes as well as some processors who 
are reliant on regional landings. Also, current management arrangements do not 
prevent high levels of fishing effort from being applied to certain trawl sectors, as the 
management is not sectorised on the Queensland east coast. The fleet dynamics and 
the pattern of fishing effort can impact on resulting catches and recruitment in 
following years. Including multiple fleets in the operating simulation model, linking 
east coast and Torres Strait, may permit trawl fleet dynamics to be assessed. 
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9 CONCLUSION 
Summary of the project results and the extent that the objectives were met 
 
Objective 1. Produce an in-depth description of the gear and technological 
improvements of a representative sample for: a) Torres Strait tiger prawn, 
b) Queensland eastern king prawn and c) south-east Queensland saucer scallop 
fisheries 1970 to present. 
 

A detailed description of the changes in fishing gear and technology that have been 
adopted by vessel owners, operators and skippers in these sectors has been provided 
(Chapter 5). The types of technologies cover: a) general vessel characteristics (length, 
engine size, trawl speed, etc.), b) fishing nets (net configurations, net size, ground 
chains and otter boards, try gear, etc.) and c) electronics (navigational aids, 
GPS/DGPS, computer mapping software and telecommunications).  
 

The objective was exceeded in that an additional sector, the north Queensland 
tiger/endeavour prawn sector, was included after the project commenced following a 
request by industry member Allan Hansen during the project’s first Steering 
Committee meeting. Achievement of the objective was further exceeded because we 
obtained information on fishing gears and technologies back to the early 1960s — 
exceeding the initial planned period as defined in the objective. 
 
Objective 2. Establish a standardised catch-per-unit effort series of the above 
fisheries. 
 
The fishing gear and technology information from 344 past and present 
owner/operators was ‘married’ to their individual catch and effort data from the 
compulsory CFISH logbook database. The effects of changes were then quantified 
using generalised linear modelling, the details of which are described in Chapter 6. 
This modelling exercise produced estimates of the average annual increases in fishing 
power for each sector. Annual rates of increase in fishing power varied between the 
sectors; the highest rate occurred in the shallow water eastern king prawn fishery 
(1.6%) and the lowest occurred in the scallop fishery (0.2%). This equates to a 27% 
increase in fishing power in the shallow water king prawn fishery and a 4% increase 
in scallop fishery over the 11 fishing-year period 1989–1999. The results were 
published in Fisheries Research [Vol. 65 (2003) 309–321] and have been used to 
produce standardised time series of catch rates in each sector and to facilitate a 
comparison with unstandardised (nominal) catch rates. The annual increases in fishing 
power have been incorporated in stock assessment models and their effects on stock-
recruitment relationships in each sector have also been considered. QFS staff are also 
using the annual fishing power increments to adjust catch rate time series reporting 
purposes. Over the past two years there have been marked changes in the composition 
of the Queensland trawl fleet, following the introduction of the Management Plan. 
The study has highlighted the need to continue initiatives designed to quantify 
changes in fishing power in the fleet and update fishing power estimates.   
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Objective 3. Compare present Management Plan reference points with the 
standardised and unstandardised catch-per-unit-effort series. 
 
The Queensland Trawl Fishery Management Plan defines catch rate reference points 
for the major stocks, such that review events are required when catch rates fall below 
70% of those reported for the period 1988–97. While the Plan specifies monthly 
periods of recruitment and spawning that the reference catch rates refer to for each 
stock, there is still considerable ambiguity in relation to how the reference points are 
to be derived (i.e. spatial definitions of stocks, whether monthly catch rates should be 
pooled, etc) and because of this uncertainty we compared the standardised and 
unstandardised catch rates for a range of possible interpretations. The exercise was 
limited to the eastern king prawn, scallop and north Queensland tiger prawns, as the 
Torres Strait fishery is managed separately from the Queensland east coast trawl 
fishery and at present has no specified reference points. Reference points were 
triggered for the 1998 and 2000 fishing year for scallops when catch rates were 
calculated by season and all grids combined, but only the 1998 fishing year was 
triggered if only the traditional scallop grids were used. Similar patterns arose when 
using monthly data. No review events were triggered for the eastern king prawn or 
north Queensland tiger prawns using seasonal catch rates. However, a review event 
was triggered when monthly catch rates were used in the eastern king prawn shallow 
sector using all grids for two out of four months for the 2000 fishing year. One month 
triggered a review event in the 2000 fishing year for north Queensland tiger prawn. 
No actions have been implemented in response to the catch rates falling below the 
reference points. The work has highlighted the need to: a) better define the catch rate 
reference points as they are currently stated in the Management Plan, b) determine an 
acceptable risk of catch rates falling below a reference point, and c) instigate a formal 
process of comparing standardised catch rates and reference points annually, and 
employ appropriate management strategies when a review event is triggered. 
 
Objective 4. Investigate and establish robust reference points and response 
mechanisms through simulation modelling. 
 
For this objective stock assessment models were developed that incorporated stock-
recruitment relationships and the annual increases in fishing power to evaluate the 
Plan’s 70% catch rate reference point and possible alternatives. The models tested 
management responses to the triggered reference points of 60%, 70%, and 80% of the 
average catch rate. Three model-based reference points targeting fishing effort at 
maximum sustainable yield (EMSY), 3/4EMSY and 2/3EMSY were also examined. The 
catch rate reference points resulted in sustainable levels of fishing, but can trigger at 
high population sizes and cause inappropriate changes in fishing effort. Similarly, 
catch rates for low population sizes may not necessarily fall below the catch rate 
trigger. In general, we found that the reference points targeting fishing effort to 
2/3EMSY or 3/4EMSY maintained populations slightly above the size that supports 
maximum sustainable yield. These reference points resulted in lower risks of under or 
overfishing, improved catches and higher catch rates. The stock assessments suggest 
all three stocks (eastern king prawn, Torres Strait tiger prawn, and saucer scallop) 
were fished to the limit of maximum sustainable yields, but eastern king prawn 
population sizes prior to 2001 may have been lower than this. All results were 
sensitive to the spawner-recruitment relationships and the estimates of annual 
increases in fishing power. The work has highlighted the need to: a) undertake fishery 
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independent estimates of abundance (i.e. surveys) that can be incorporated in the 
assessments, b) apply the vessel monitoring system (VMS) data to improve the spatial 
definition of stocks, c) continually update estimates of annual increases in fishing 
power as a result of the fleet adopting new technology, and, importantly, d) promote 
greater industry and management involvement (primarily through the TrawlMAC) to 
identify the most effective reference points for the stocks and to set acceptable levels 
of risk. This industry and management involvement is necessary because until specific 
management strategies are defined there can be no explicit answer to the likelihood 
that managers and industry will achieve objectives of sustaining the stock and 
maximise value from the resource. 

Objective 5. Disseminate results to TrawlMAC, the QFMA (since changed to 
Queensland Fisheries Service, QFS) trawl fishery manager and fishers. 

The results have been presented and provided to TrawlMAC and the scientific 
advisory group (SAG), the fishing industry, fishery managers, the science community 
and members of the GBRMPA. A summary of presentations is provided in Table 9.1.  
 
We have provided presentations of the work to: a) the Torres Strait Working Group 
and included the Torres Strait Prawn Entitlement Holders Association (TSPEHA) and 
both state (QFS) and federal (AFMA) fishery managers, b) the Queensland 
TrawlMAC and scientific advisory group (SAG), c) special management meetings 
with scallop fishers, processors and QFS trawl managers, d) a Mooloolaba branch 
meeting of the Queensland Seafood Industry Association (QSIA) whose members 
principally target eastern king prawns, and e) the Project’s Steering Committee, which 
comprised industry representatives, the fishery managers and project staff.  
Table 9.1 The list of meetings where project results were presented. 

 Meeting details Date 
1 First steering committee meeting, Deception Bay September–99
2 Second steering committee meeting, Deception Bay October–00 
3 Genstat Conference, Surfers Paradise January–01 
4 Torres Strait fishers boat replacement policy, Cairns February–01 
5 Southern Fisheries Centre seminar, Deception Bay  March–01 
6 TrawlMAC, Brisbane March–01 
7 Special QFS presentation, Brisbane June–01 
8 EDFAM in A Coruna, Spain October–01 
9 Special TrawlMAC subcommittee for reviewing reference points, Deception Bay  June–02 
10 Trawl Fishery SAG, Brisbane November–02 
11 QFS General Effort Review (GER) meeting, Brisbane January–03 
12 Moreton Bay boat replacement policy review, Deception Bay March–03 
13 Special QFS scallop meeting, Brisbane April–03 
14 Mooloolaba meeting of QSIA branch members April–03 
15 Moreton Bay boat replacement policy meeting, Deception Bay May–03 
16 Third steering committee meeting, Deception Bay July–03 
17 QFS scallop crisis meeting, Brisbane October–03 
18 Torres Strait prawn fishers and AFMA and QFS managers, Cairns October–03 
19 QFS meeting of scallop processors and fishers, Brisbane November–03 
20 TrawlMAC (eastern king prawn stock assessment), Brisbane December–03 
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Aspects of the study were also presented by M. O’Neill at: a) ‘Life Histories, 
Assessment and Management of Crustacean Fisheries Conference’ organised by 
EDFAM in A Coruna, Spain, October 2001 and b) the ‘Australian Genstat Conference 
(GENSTAT 2001)’ in Surfers Paradise, Queensland, Australia, January 2001. The 
stock assessment of the Torres Strait prawn fishery was independently reviewed by 
Dr. David Die (University of Miami, USA) in October 2003 as contracted by the 
AFMA (report of the review available through AFMA). 
 
 
10 BENEFITS AND ADOPTION 
The beneficiaries of the research are a) members of the Queensland Seafood Industry 
Association (QSIA), especially trawl fishers and processors who are reliant upon the 
eastern king prawn, saucer scallop and tiger prawn stocks for their income, b) Torres 
Strait trawl fishers and c) the state (QFS) and commonwealth agencies (AFMA) 
responsible for the management of these fisheries. The eastern king prawn fishery is 
based on a single migratory stock that is shared by Queensland and New South Wales 
and since the standardisation of catch rates and the stock assessment model included 
the New South Wales catch and effort data, there are also benefits for New South 
Wales trawl fishers and managers. 
 
It is difficult to quantify the benefits of the research in terms of price or value of the 
stocks. However, the collective value of the Torres Strait tiger prawn, Queensland 
scallop and the eastern king prawn stocks is currently in the order of $60 million 
annually and so it is important to note that even small increases in the yield of these 
stocks, or conversely, small decreases in the risk of overfishing as a result of the 
research, can have potential fiscal benefits of several million dollars. 
 
The research provided a number of benefits and added to our understanding and 
assessment of the stocks. The project has:  

• quantified rates of change in fishing gear and technology and more 
importantly, their influence on fishing power. We now have quantitative 
annual estimates of increases in fishing power in each of the major trawl 
sectors. 

• produced standardised time series of catch per unit effort (rather than 
unstandardised). The annual fishing power increments are also being 
considered by the Great Barrier Reef Marine Park Authority for the purposes 
of capping and reducing annual trawl effort levels within the Park.  

• developed stock assessment models for the major trawl stocks in Queensland 
and Torres Strait that consider the influence of annual increases in fishing 
power on catch rates and stock-recruitment relationships. 

• evaluated the Management Plan’s catch rate reference point and put forward 
alternative reference points that may offer greater resource security and less 
risk of overfishing. 

• identified future research needs for the stocks. 
 



FURTHER DEVELOPMENT 

176 

11 FURTHER DEVELOPMENT 
There is a need to continually update the catalogue for trawler fishing gears and 
technologies to estimate average annual increases in fishing power and standardise 
catch rates. Fishing power estimates were estimated up to the calendar year 2000 and 
are now being applied to standardise data, improve stock-recruitment relationships 
and to forecast and evaluate management strategies. It is, therefore, imperative that 
the most up-to-date data and accurate estimates are used. Since 1999, and following 
the introduction of the Management Plan, there have been major changes in the 
structure fleet, including a reduction in licensed vessels from around 800 to about 500. 
This has affected each sector differently. There is, therefore, a need to update the 
average annual increases in fishing power and this could be achieved using a similar 
questionnaire approach as used herein, or using ‘gear sheets’ that are completed by 
fishers with logbook returns, or possibly a combination of the two. 
 
There is a strong need for the TrawlMAC and the SAG to become more actively 
involved in the stock assessment process, specifically in regard to identifying target 
reference points and in setting acceptable levels of risk of overfishing. This can be 
achieved by continuing to present the project results to TrawlMAC and by educating 
the committee’s members to become familiar with stock assessment terms and 
objectives. There is also a need for TrawlMAC to acknowledge that Queensland east 
coast and Torres Strait trawl fisheries comprise separate and distinguish stocks that 
require individual assessments and management. There is also a need for Queensland 
and New South Wales fishery managers to jointly assess and manage the eastern king 
prawn fishery as a single stock. 
 
The project has produced the first stock-recruitment relationships (SRRs) for the 
Torres Strait tiger prawns, saucer scallops and eastern king prawn stocks. The eastern 
king prawn and saucer scallop SRRs in particular, could be improved by further 
standardising the pre-1989 catch rate data.  
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15.2 GOODNESS OF FIT PLOTS FOR CHAPTER 6. 
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Figure 15.2.1 Standardised residuals for deep water eastern king prawns. 
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Figure 15.2.2 Standardised residuals for shallow water eastern king prawns. 
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Figure 15.2.3 Standardised residuals for north Queensland tiger prawns. 
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Figure 15.2.4 Standardised residuals for saucer scallops. 
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Figure 15.2.5 Standardised residuals for Torres Strait tiger prawns. 
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15.3  QUESTIONNAIRE 
 

 
 
 
 

Survey of Queensland 
Commercial Trawl Vessels 

December 2002 
 
 

 
 
 
 
 
 
 
 

This questionnaire relates to the following vessel ONLY 
 
 
 
 

……………………………………………………………………………………(Vessel name) 

 
………………………………………………………………………………….(Vessel symbol) 
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Answering the Questionnaire 
This questionnaire applies only to the vessel listed on the cover.  All the questions you answer should 
apply only to this vessel.  If you own or are responsible for more vessels, you may receive another 
questionnaire for each of these vessels. 
 
The questionnaire will provide information to establish the catching ability of your vessel.  The questions 
enclosed are designed to record the historical change in your vessel and fishing gear characteristics. 
Completion of this questionnaire is essential to the success of this Fisheries Research and Development 
Corporation (FRDC) and Queensland Department of Primary Industries (QDPI) funded project.  This 
research has been fully endorsed by representatives from the following organisations FRDC, QCFO, 
QDPI and TrawlMAC. 
 
In you return the completed questionnaire by the due date listed below, we would be pleased to provide 
you with information on how much the catching ability of your fishery has changed due to the use of 
GPS, plotters, engine power etc.   
 
Your information will help QDPI provide the fishing industry with an improved assessment of prawn and 
scallop resources, resulting in more accurate management decisions and movement towards optimal 
fisheries production and hence avoid having overly conservative management policy. 
 
Confidentiality 
Individual vessel owners’/operators’ information will be treated as strictly confidential.  No individual or 
business will be able to be identified from the results in any reports.  Your individual information will be 
entered onto an electronic database that has restricted access. 
 
Due Date 
The Queensland Department of Primary Industries will contact you in a month if you have not returned 
this questionnaire. 
 
Return of Questionnaire 
Once you have completed the questionnaire, please return it in the mail using the enclosed reply-paid 
envelope. 
Mail to – ‘Confidential’, Mr M. O’Neill, Reply Paid No. 444, PO Box 76, Deception Bay, Qld, 4508 
 
Important Note 
Please provide dates on all vessel/gear changes where possible.  This information is very important for us 
to understand the changes that occurred in your fishery over time.  If a question does not accommodate 
your vessel/gear set up, please specify in your own words on the back of the question page.  If exact 
figures are not available please provide careful estimates.  If you don’t know some details please write 
‘DON’T KNOW’ for the question.  If you have any other problems in completing this questionnaire, or 
feel that you may have difficulties meeting the due date, please contact the Southern Fisheries Stock 
Assessment group by: 
 
Telephone – 07 3817 9500, 3817 9529, 3817 9595, 3817 9582 
Facsimile – 07 3817 9555 
E-mail – oneillm@dpi.qld.gov.au 
Your Contact Details 
Who should be contacted if queries arise regarding this questionnaire? 
 
Name...............................................................................  Telephone No. (.…...)........................ 
 
Most convenient time and day for us to telephone you if necessary :  ........ : ........  ,  ................... (day) 

IMPORTANT 
Please read this page before 
filling out the Questionnaire. 

When filling out the Questionnaire, 
please record dates like the 
following example for August 1990 
 
.........../19.......... (M/Y)    8 90 

mailto:oneillm@dpi.qld.gov.au
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1. Vessel Specifications 
The following vessel details are required to determine how effectively your vessel can tow trawl gear.  
Please provide information on changes to the vessel listed on the cover for the period from purchase date 
to 31st December 1999.  If certain vessel specifications have changed more than twice, please record this 
information on the back of page.  If exact figures or dates are not available please provide careful 
estimates.  If you just don’t know some details please write down ‘DON’T KNOW’. 
When did you purchase this vessel?   ....……./ 19..………(Month / Year) 

Which fisheries has this vessel operated in since you purchased the vessel? Also, how have you been 
related to the skipper(s)? Please tick the relevant box for each fishery.  If there was more than one type of 
skipper, please record the years operated by each skipper. 

(Tick correct box) Fishery Owner-
Skipper 

Related Family 
Member 

Non-Family 
Employee Other 

1. Eastern King Prawns 
(not red spot or blue leg) 

No    

Yes   ∏ 
 

……………… 
(year to year) 

 
……………… 

(year to year) 

 
……………… 

(year to year) 

 
……………… 

(year to year) 

2. Tiger / Endeavour 
Prawns 

No    

Yes   ∏ 
 

……………… 
(year to year) 

 
……………… 

(year to year) 

 
……………… 

(year to year) 

 
……………… 

(year to year) 

3. Saucer Scallops 
No    

Yes   ∏ 
 

……………… 
(year to year) 

 
……………… 

(year to year) 

 
……………… 

(year to year) 

 
……………… 

(year to year) 
 

Vessel Specifications 
 When you first fished with 

this vessel. 

Provide details of any changes that have 
been made during your 

ownership/operation, with the first 
change in gear recorded first. 

1. Engine manufacturer ………….….……………(type) 
……………………………...….(type) 

........../ 19..……  (Month / Year) 

2. Engine Rated Power–(hp or kW) ………….…(hp)...……….(kW) …………....…(hp)...………..…….(kW)

3. Engine Rated RPM ………………………….(RPM) ………………………………….(RPM) 

4. Maximum trawling RPM  …………….……………(RPM) ………………………………….(RPM) 
5. Normal trawling RPM

Eastern King Prawns …………….……………(RPM) ………………………………….(RPM) 

Tiger / Endeavour Prawns …………….……………(RPM) ………………………………….(RPM) 

Saucer Scallops …………….……………(RPM) ………………………………….(RPM) 
6. Normal trawling speed for —

Eastern King Prawns ……………….…………(knots) ……………………….…………(knots)

Tiger / Endeavour Prawns ……………….…………(knots) ……………………….…………(knots)

Saucer Scallops ……………….…………(knots) ……………………….…………(knots)

7. Steaming speed (knots) ………………….………(knots) ……………………….…………(knots)

8. Reduction ........... :1 ........... :1  ………/19……..…(Month/Year) 

9. Max. Fuel Capacity (litres) ……………….……….......…(l) ……………(l) .…..….../19.…....    M/Y 

10. Fuel Consumption (litres per night) ………………..(litres per night) ……………(l) .…..….../19.…....    M/Y 

11. Propeller Diameter (inches or cm) ……………(in)..................(cm) ………(in)……..(cm) ......./19......   M/Y

12. Propeller Pitch (inches) ....................(in) ……...……(in)  …....../19….....      M/Y 

13. Kortz Nozzle (tick box) Yes        
No   

 
Yes     ............/ 19........ M/Y installed 
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1. Vessel Specifications: continued. (complete only if you have changed vessel specifications more than twice) 
 

Vessel Specifications 
 Additional Changes Additional Changes 

1. Engine manufacturer …………...…………...….(type) 
........../ 19..……  (Month / Year) 

…………...…………...….(type) 
........../ 19..……  (Month / Year) 

2. Engine Rated Power–(hp or kW) …………....…(hp)...……….(kW) …………....…(hp)...……….(kW) 

3. Engine Rated RPM ……………………………(RPM) ……………………………(RPM) 

4. Maximum trawling RPM  ……………………………(RPM) ……………………………(RPM) 
5. Normal trawling RPM    

Eastern King Prawns …..……………………….(RPM) …..……………………….(RPM) 

Tiger / Endeavour Prawns ……………...…………….(RPM) ……………...…………….(RPM) 

Saucer Scallops …………………………….(RPM) …………………………….(RPM) 
6. Normal trawling speed for -   

Eastern King Prawns ………………….…………(knots) ………………….…………(knots) 

Tiger / Endeavour Prawns ……………………………(knots) ……………………………(knots) 

Saucer Scallops ……………………………(knots) ……………………………(knots) 

7. Steaming speed (knots) ……………………….……(knots) ……………………….……(knots) 

8. Reduction ........... :1  ………/19……..…  M/Y ........... :1  ………/19……..…  M/Y 

9. Max. Fuel Capacity (litres) …………(l) .…...../19.….... M/Y …………(l) .…...../19.….... M/Y 

10. Fuel Consumption (litres per night) …………(l) .….../19.…....    M/Y …………(l) .….../19.…....    M/Y 

11. Propeller Diameter (inches or cm) ……(in)…..(cm) ......./19......   M/Y ……(in)…..(cm) ......./19......   M/Y 

12. Propeller Pitch (inches) ……  (“)    …....../19….....      M/Y ……  (“)    …....../19….....      M/Y 

13. Kortz Nozzle (tick box) 
 
Yes    ........../19....... M/Y installed 

 
Yes    ........../19....... M/Y installed 
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Navigation  Capabilities 

One of the most important aspects to fishing is the ability to find and trawl the most productive areas.  
Specialised navigation equipment plays an important role in identifying and returning to productive 
fishing grounds.  Please provide the following details for the vessel listed on the cover.  If exact dates are 
not available please provide careful estimates.  If you just don’t know some details please write ‘DON’T 
KNOW’ for the question. 
 
Navigational equipment 

 
Has the equipment ever been used on 

the vessel? 
(Tick one box for each question. Please provide month/year 

if equipment was installed after the vessel was purchased) 

Has the 

equipment been 

updated or retired 

since first use? 
(please provide 

month/year of change) 

1. Colour Echo sounder               
 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased ( ....../ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

2. Sonar                                       
 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

3. Radar                                       
 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

4. Satellite Navigation (SatNav)    
 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

5. Global Positioning System 
(GPS)         

 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

6. Differential GPS (DGPS)            
 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

7. Plotter (interfaced with GPS)     
 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

8. Autopilot                                 
 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

9. GPS interfaced with the 
autopilot   

 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

10. Radar interfaced with the 
GPS/Plotter 

 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 

11. GPS interfaced with 
computer mapping software 
e.g. CPLOT. 

 No 
 Yes, already installed when vessel purchased 
 Yes, installed after vessel purchased (......./ 19.....) 

 1st update...../19..... 
 2nd update...../19.... 
 retired    ...../19...... 
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3. Searching Capabilities 

Another important aspect to fishing is the ability to monitor catches during the trawl-operation. This is 
done by towing a small net (called try-gear) in front of the main trawl nets to sample what is being 
caught. Please provide the following details for the vessel listed on the cover. If exact figures are not 
available please provide careful estimates.  If you just don’t know some details please write ‘DON’T 
KNOW’ for the question. 
 

Try-Gear Net  

1. Does your fishing vessel use try-gear?  

If yes, on a normal night what percentage do you use try 
gear? 

 Yes                                      No 
 
If “No”, then go to section 4 (next page) 

Eastern King Prawns (Inshore Waters)..... 

 Less than 25% of the night worked 
 25% to 50% of the night worked  
 50% to 75% of the night worked 
 More than 75% of the night worked 

Eastern King Prawns (Offshore Waters)... 

 Less than 25% of the night worked 
 25% to 50% of the night worked  
 50% to 75% of the night worked 
 More than 75% of the night worked 

Tiger / Endeavour Prawns......................... 

 Less than 25% of the night worked 
 25% to 50% of the night worked  
 50% to 75% of the night worked 
 More than 75% of the night worked 

Saucer Scallops.......................................... 

 Less than 25% of the night worked 
 25% to 50% of the night worked  
 50% to 75% of the night worked 
 More than 75% of the night worked 

2. When did this fishing vessel first start using try-gear? .…...../19.…..... Month/Year 
3. What type of try-gear do you use in each fishery?  Beam Otter 

Eastern King Prawns (Shallow Waters).....   

Eastern King Prawns (Deep Waters)...…..   

Tiger / Endeavour Prawns.........................   

Saucer Scallops..........................................   
4. What is the total head rope length of the try-gear 

(fathoms or metres)?  ……………(fm) or ………………(m) 
5. In which position do you tow the try-gear? Stern Port Starboard 

    
Note: 1 fathom = 6 feet or 1.8 metres 
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Communication devices 
The ability to communicate with other vessels could influence where you fish.  This is just another aspect 
how technology could influence your catch rates and play an important role to identify productive fishing 
grounds.  Please provide the details of communication equipment installed or carried on the vessel listed 
on the cover.  If exact dates/figures are not available please provide careful estimates.  If you just don’t 
know some details please write ‘DON’T KNOW’ for the question. 

What is the relative amount 
you use each device to 

communicate at present?  

Communication 
Devices 
 
 

Has the equipment ever been used on 

the vessel? 
(Tick one box for each question. Please provide 

month/year if equipment was used after the vessel 

was purchased) 

From vessel to 
vessel? 
(per 100 

communications) 

From vessel to 
shore? 
(per 100 

communications) 

1. HF Radio 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

2. VHF Radio 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25 % 
 25 to 50 % 
 50 to 75 % 
 more than 75% 

 No 
 less than 25 % 
 25 to 50 % 
 50 to 75 % 
 more than 75% 

3. UHF Radio 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 No 
 less than 25% 
 25 to 50% 
 50 to 7 % 
 more than 75% 

4. 27 meg Marine 
Radio 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

5. Mobile phone 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

6. Satellite phone 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

7. Others 
 (please specify) 
 
...................................... 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

8. Others 
 (please specify) 
 
...................................... 

 No 
 Yes, already used when vessel purchased 
 Yes, but first used after the vessel was 

purchased. 
........./ 19.……  (month / year) 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 No 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

Do you use any other communication devices? E.g. E-mail, CB radio, Fax etc
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Bycatch Reduction Devices (BRD) and Turtle Exclusion Devices (TED) 

The use of BRD’s or TED’s can change your catching ability.  Please provide the following information 
for each fishery your vessel has operated in. If exact dates/figures are not available please provide 
careful estimates.  If you just don’t know some details please write ‘DON’T KNOW’ for the question. 
 
Bycatch Reduction Devices (BRD) 
and 
Turtle Exclusion Devices (TED) 
 

Eastern King 

Prawns 
(Inshore Waters) 

 

 

Eastern King 

Prawns 
(Offshore Waters) 

 

 

Tiger / 

Endeavour 

Prawns 

 

Saucer 

Scallops 

 

 

1. How often do you use a BRD 
per 100 nights worked?  

 Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

When did you start using a BRD?  
         (Please specify Month/Year) ....../19......   M/Y 

....../19......   M/Y ....../19......   
M/Y 

....../19......   
M/Y 

2. How often do you use a TED?   Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

 Not at all 
 less than 25% 
 25 to 50% 
 50 to 75% 
 more than 75% 

When did you start using a TED? 
          (Please specify Month/Year) ....../19......   M/Y 

....../19......   M/Y ....../19......   
M/Y 

....../19......   
M/Y 

3. Please tick each of the 
following devices this fishing 
vessel has used during your 
ownership/operation? 

 
BRDs:   
Square mesh window ………… 
Square mesh codend…………… 
Fisheye………………………... 
Bigeye………………………… 
Own design…………………… 
Radial escape…………………. 
Don’t Know…………………… 
Others (please specify)..…..……… 
                                 .................... 
 
TEDs:    
Super Shooter…………………… 
AusTED………………………… 
Nordmore……………………… 
Seymour………………………… 
Kevin Wicks…………………… 
Standard..……………………….. 
Weedless……………………….. 
Flounder...................................... 
Own design……………………. 
Don’t know…………………….. 
Others (Please specify)…..………… 
                                 ..................... 

 
 
 
 
 
 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 
 
 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 
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.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 

.......... .......... 
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.......... .......... 
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.......... .......... 
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6. Trawl Gear Types 

The trawl gear essentially determines how effectively a vessel fishes, especially by changing swept area. 

The setup of trawl gear varies with vessels and many different net types are used. Information on trawl-

gear is required to classify vessels into groups with similar configurations.  

 

The following four pages (one for each fishery – marked at top of page) are designed for you to record 

information on trawl-gear starting from when you first fished with the vessel until 31st December 1999.  

Please complete only the relevant tables for the fisheries the vessel fished in during your 

ownership/operation.  

 

All questions relate to the main trawl nets, not the cod-end.   

 

• The first column is for you to record the original trawl gear when you first started fishing with the 

vessel listed on the cover. 

 

• The next three columns are for you to record any changes from the original gear. Please record the 

new details and the month/year when the change occurred.  If there were more than three changes, 

please record details on the back of the page.  
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The Eastern King Prawn Fishery  
(Inshore Waters shallower than 50 fathoms) 

Trawl-Gear 
Please answer questions row by row. 

When you first 
fished with this 

vessel  
Provide details of any gear changes that have 
been made during your ownership/operation. 

1. Net Type (Please tick one box) 
Single……... 
Double.......... 
Triple............ 
Quad............. 
Five……….. 

 
Please specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

2. Total Net Head Rope Length  ………..…(fm) ………..…(fm) ………..…(fm) ………..…(fm) 
Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

3. Net mesh size (inches) .............…. (in) ............….. (in) .......…....... (in) ......…........ (in) 

Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

4. Did/Do you use knotless 
mesh? 

 No 
 Yes 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y
5. Ground Gear Type (tick box) 
Drop chain....................................... 
Drop mud rope................................ 
Drop chain with sliding rings.......... 
Danglers or Christmas-tree drops... 
Looped ground chain...................... 
Drop rope with chain...................... 

Other (please specify)......................... 
Please Specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 
 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y
6. Ground line specification     
Maximum gauge of chain (mm) 
Style of chain link (please circle one style) 

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long 

…………(mm) 
Short/regular/long

Do you use Stainless steel chain?  Yes 
 No 

 Yes 
 No 

 Yes 
 No 

 Yes 
 No 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
7. Otter-boards types (tick box)  

Bison............................. 
Louvre.......................... 
Flat Timber................... 
Flat Timber-steel ......... 
Kilfoil........................... 
Collins……................... 

Other (please specify)....... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................

 Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
8. Otter-board dimensions 

Length (feet)................. 

Height (feet)................. 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
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The Eastern King Prawn Fishery 
(Offshore Waters deeper than 50 fathoms) 

Trawl-Gear 
Please answer questions row by row. 

When you first 
fished with this 

vessel  

Provide details of any gear changes that have 
been made during your ownership/operation. 

9. Net Type (Please tick one box) 
Single……... 
Double.......... 
Triple............ 
Quad............. 
Five……….. 

 
Please specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

10. Total Net Head Rope Length  ………..…(fm) ………..…(fm) ………..…(fm) ………..…(fm) 
Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

11. Net mesh size (inches) .............…. (in) ............….. (in) .......…....... (in) ......…........ (in) 

Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

12. Did/Do you use knotless 
mesh? 

 No 
 Yes 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y
13. Ground Gear Type (tick box) 
Drop chain....................................... 
Drop mud rope................................ 
Drop chain with sliding rings.......... 
Danglers or Christmas-tree drops... 
Looped ground chain...................... 
Drop rope with chain...................... 

Other (please specify)......................... 
Please Specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 
 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y
14. Ground line specification     
Maximum gauge of chain (mm) 
Style of chain link (please circle one style) 

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long 

…………(mm) 
Short/regular/long

Do you use Stainless steel chain?  Yes 
 No 

 Yes 
 No 

 Yes 
 No 

 Yes 
 No 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
15. Otter-boards types (tick box)  

Bison............................. 
Louvre.......................... 
Flat Timber................... 
Flat Timber-steel ......... 
Kilfoil........................... 
Collins…….................

Other (please specify)....... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................

 Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
16. Otter-board dimensions 

Length (feet)................. 

Height (feet)................. 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
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The Tiger / Endeavour Prawn Fishery  
 
 
 

Trawl-Gear 
Please answer questions row by row. 

When you first 
fished with this 

vessel  
Provide details of any gear changes that have 
been made during your ownership/operation. 

17. Net Type (Please tick one box) 
Single……... 
Double.......... 
Triple............ 
Quad............. 
Five……….. 

 
Please specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

18. Total Net Head Rope Length  ………..…(fm) ………..…(fm) ………..…(fm) ………..…(fm) 
Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

19. Net mesh size (inches) .............…. (in) ............….. (in) .......…....... (in) ......…........ (in) 

Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

20. Did/Do you use knotless 
mesh? 

 No 
 Yes 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y
21. Ground Gear Type (tick box) 
Drop chain....................................... 
Drop mud rope................................ 
Drop chain with sliding rings.......... 
Danglers or Christmas-tree drops... 
Looped ground chain...................... 
Drop rope with chain...................... 

Other (please specify)......................... 
Please Specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 
 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y
22. Ground line specification     
Maximum gauge of chain (mm) 
Style of chain link (please circle one style) 

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long 

…………(mm) 
Short/regular/long

Do you use Stainless steel chain?  Yes 
 No 

 Yes 
 No 

 Yes 
 No 

 Yes 
 No 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
23. Otter-boards types (tick box)  

Bison............................. 
Louvre.......................... 
Flat Timber................... 
Flat Timber-steel ......... 
Kilfoil........................... 
Collins……................... 

Other (please specify)....... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................

 Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
24. Otter-board dimensions 

Length (feet)................. 

Height (feet)................. 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
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The Saucer Scallop Fishery 
 
 

Trawl-Gear 
Please answer questions row by row. 

When you first 
fished with this 

vessel  
Provide details of any gear changes that have 
been made during your ownership/operation. 

25. Net Type (Please tick one box) 
Single……... 
Double.......... 
Triple............ 
Quad............. 
Five……….. 

 
Please specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

 
....../19...... M/Y

26. Total Net Head Rope Length  ………..…(fm) ………..…(fm) ………..…(fm) ………..…(fm) 
Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

27. Net mesh size (inches) .............…. (in) ............….. (in) .......…....... (in) ......…........ (in) 

Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y

28. Did/Do you use knotless 
mesh? 

 No 
 Yes 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y 

 No 
 Yes 

....../19...... M/Y
29. Ground Gear Type (tick box) 
Drop chain....................................... 
Drop mud rope................................ 
Drop chain with sliding rings.......... 
Danglers or Christmas-tree drops... 
Looped ground chain...................... 
Drop rope with chain...................... 

Other (please specify)......................... 
Please Specify Month/Year of changes 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 
 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

....../19...... M/Y
30. Ground line specification     
Maximum gauge of chain (mm) 
Style of chain link (please circle one style) 

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long

…………(mm) 
Short/regular/long 

…………(mm) 
Short/regular/long

Do you use Stainless steel chain?  Yes 
 No 

 Yes 
 No 

 Yes 
 No 

 Yes 
 No 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
31. Otter-boards types (tick box)  

Bison............................. 
Louvre.......................... 
Flat Timber................... 
Flat Timber-steel ......... 
Kilfoil........................... 
Collins……................... 

Other (please specify)....... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

....................... 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................ 

 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 
.......... .......... 

........................

 Please specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
32. Otter-board dimensions 

Length (feet)................. 

Height (feet)................. 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

...............(ft) 

Please Specify Month/Year of changes  ....../19...... M/Y ....../19...... M/Y ....../19...... M/Y
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Additional Comments 

1. Do you have any comments on factors that you believe effects your vessel fishing performance? 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

2. Do you have any comments on bycatch reduction devices (BRD) or turtle exclusion devices (TED) 
use in the eastern king prawn, tiger prawn or scallop fisheries? 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 
 
3. How do you think the Queensland Department of Primary Industries could improve the extension of 

research results to the fishing industry? 
……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 
 
4. Do you have any other comments? 
……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 

……………………………………………………………………………………………………………… 
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Otter Board Types 
 

(Drawings courtesy of D. J. Sterling Trawl Gear Services)
 
 

Bison 

 
 
 
 

Flat (timber or timber-steel) 

 
 
 
 

Kilfoil 

 

 
 

Perfect 

 
 
 
 

Superflow 

 
 
 
 

Saje cambered 
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Types of Ground Gear 
 

(Drawings from Davies. P, 1992. Professional Fisherman’s Guide to Making Prawn Trawl Nets.) 
 

Drop chain 

 
 
 

Drop mud rope 

 
 
 

Drop chain with sliding rings 

 
 
 

Danglers or Christmas tree drops 

 
 
 

Looped ground chain 
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Bycatch Reduction Devices 

 
(Drawings courtesy of J. McGilvray and J. Robins, Southern Fisheries Centre.) 

 
Square mesh windows 

Composite Square Mesh Panel

Square Mesh W indows

 
 
 

Square mesh codend 
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Bycatch Reduction Devices (cont.) 
 

Fisheye 

Fisheye

Reduced W ater Flow (RW F) Fisheye

Top view

Side view

Soft Fisheye / Flapper

Barbour Fisheye

Top view

Side view

Top view

Side view

70% codend length

 
 
 

Bigeye 
 

 
 
 

Radial escape 
 

25 meshes
30

meshes

Top View

Side View

Neil Olsen BRD

BRDs are attached ahead
of the codend

Boards

Headline

Footrope

Rings

Funnel
Extension

Jonh Olsen Monfilament BRD
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Turtle Exclusion Devices 
 

Super shooter 

TEDs are attached ahead
of the codend

Boards

Headline

Footrope

Large Medium Small

51''

41''
35''

 
 
 

AusTED 

TEDs are attached ahead
of the codend

Boards

Headline

Footrope

Guiding Flap Funnel

Fish /  Large animal escape opening

codend

 
 
 



263 
 

Turtle Exclusion Devices (cont.) 
 

Nordmore 

TEDs are attached ahead
of the codend

Boards

Headline

Footrope

New South W ales
Nordmore

NPF Nordmore

Outer frame

Inner frame

 
 
 

Seymour 
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Turtle Exclusion Devices (cont.) 
 

Kevin Wicks 

Kevin W icks Grid
2 1/2 inch bar space

24''

30''

Main Grid
5 inch bar space

Second Grid
5 inch bar space

offset

Dual Frame Grid

TEDs are attached ahead
of the codend

Boards

Headline

Footrope

 
 
 

Standard Grid 

Scalloped brace bar

Funnel attachment bar

TEDs are attached ahead
of the codend

Boards
Headline

Footrope
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Turtle Exclusion Devices (cont.) 
 

Weedless 

Large

Small

TEDs are attached ahead
of the codend

Boards

Headline

Footrope

 
 
 

Flounder 
 

TEDs are attached ahead
of the codend

Boards

Headline

Footrope

W eedless Flounder TED Flounder TED
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