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1 NON-TECHNICAL SUMMARY 

Outcomes Achieved To Date: 
 
Key outcomes of the workshops included: 
 An increased awareness and recognition of the issues associated with non-target 

species (excluding Threatened, Endangered and Protected species) 
 An increased awareness and recognition of the options currently used and that could 

be used when assessing non-target species (excluding Threatened, Endangered and 
Protected species) 

 An appreciation of some of the implications of these various options for the future 
development of management strategies to be developed or adopted in the various ju-
risdictions 

 A decision to develop a collaborative project proposal to explore the limits and 
choices in catch rate standardization through the use of simulated multi-species 
catch rate data. By knowing the alternative underlying realities that derive from 
multiple operating models it will be possible to examine how the various analytical 
methods are adapted to different underlying assumptions in different datasets 

 
A major outcome of the workshops was an increased awareness and recognition of: (i) 
the issues associated with non-target species, and (ii) the options currently used and that 
could be used when assessing non-target species (excluding Threatened, Endangered 
and Protected species). Equally important was the appreciation of some of the implica-
tions of these various options for the future development of management strategies to be 
developed or adopted in the various jurisdictions: 
 Across all jurisdictions two strategies were apparent for dealing with non-target 

species: either use a semi-quantitative risk assessment of some kind or conduct an 
analysis of catches and catch rates. No other strategies appear to be used currently. 
Simple mapping of catch distributions is becoming more common though how best 
to use this information is still being explored. 

 Risk assessments take the form of the Commonwealth ERA process or a less de-
tailed but more rapid multi-criterion decision analysis, which summarizes what is 
known about a species, and then a weight of evidence approach is used to determine 
whether a particular fishery was placing the species at risk of serious depletion. 

 Assessments of non-target species are usually highly uncertain because they tend to 
be either semi-quantitative or data poor. This exacerbates problems that arise when 
making decisions about how to manage fisheries that include non-target species. 

 It was recognized that relatively uncertain estimates of abundance trends in non-
target species had potentially important implications for sustainably fished target 
species especially in multi-species fisheries. 

 It was recognized that there is a growing need to provide management advice for 
more and more species, however, the requirement for more data analysis and as-
sessment comes when resources for such work are declining. This situation of in-
creasing needs/demands for broader management advice in the face of flat or de-
creasing funds requires further consideration and potentially re-prioritization. The 
development of simpler empirical fishery assessment methods may alleviate this is-
sue, however, without a better understanding of the operation of these there is a risk 
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of reduced catches because of the increased uncertainties associated with simpler 
methods. 

 Further consideration is needed to identify technical solutions for proceeding when 
a well-managed targeted fishery will be impacted by non-target species deemed to 
be at risk.  

 
A second major outcome was an increased appreciation of how some of the conclusions 
reached during the workshops could be used to improve assessments and the manage-
ment of non-target species. These included: 
 
 Where a non-target species is less abundant in the catch than the target, but is 

known to be more productive in its life-history characteristics, the idea that looking 
after the target species would also take care of the sustainability of the non-target 
species was recognized as a possible positive outcome from the weight of evidence 
approach. 

 Many alternative methods were identified for the standardization of catch rates 
(Delta method, GLMs, GAMs, GLMMs, and MVMMs), however, given our igno-
rance concerning the underlying reality being statistically modelled it appears im-
possible to determine whether there is an optimum analytical strategy. It is not the 
case that the most complex method is necessarily the best.  

 When applying catch rate standardization it was possible to conclude that there were 
advantages to the inclusion of zero catches but it wasn’t possible to identify whether 
there was an optimum method for doing this.  

 However, relatively simple methods for the spatial analysis of the development and 
present operational expression of each fishery help understand the scope, the over-
lap with other fisheries, and the spatial focus of a fishery. Such methods can identify 
areas where shots might be expected to contain a species, and thus be useful for 
identifying zero shots for inclusion in cpue standardization. The methods included a 
formal use of GAMs to fit a surface to catch distributions or a more simple empiri-
cal mapping approach, but either gave the option of identifying some threshold 
catch level for the formal definition of the area usually inhabited by a species. 

 Fishery dependent data, such as catch rates, always have data quality issues. These 
include everything from rounding errors (catches to the nearest 1 or 5 kgs, effort to 
the nearest half hour or hour, etc.), to deliberate misreporting (perhaps of positions 
in an attempt to keep a favoured location secret). It was recognized that diagnostic 
plots can aid in identifying such issues but the impact of such data quality issues is 
poorly understood and currently there are no effective solutions.  

 
A third major outcome was the decision to develop a collaborative project proposal to 
explore the limits and choices in catch rate standardization through the use of simulated 
multi-species catch rate data. By knowing the alternative underlying realities that derive 
from multiple operating models it will be possible to examine how the various analyti-
cal methods are adapted to different underlying assumptions in different datasets. This 
idea for the proposal arose from the increased appreciation during the workshops of the 
limits to the use of commercial catch rate data as an index of relative abundance. 
 



 

6 

 For most fisheries in Australia commercial catch rates are the only available index 
of relative abundance. Unfortunately, the advent of quotas (catch limits), closed are-
as (of many kinds), and changes to the marine environment, all mean that the inter-
pretation of catch rates becomes more difficult and uncertain. 

 There are advantages in applying more than one standardization method when deal-
ing with new data. Each method has different assumptions and the outcomes can 
provide insight concerning the information content of the available data. 

 Unfortunately, many aspects of commercial catch rate standardization require more 
work. The impacts of any preliminary data selection, the impact of data quality (e.g. 
rounding errors) on the statistical properties of catch rate data, and the impact of dif-
ferent strategies for identifying zero shots on the outcome, would all benefit from 
further exploration. In addition, how catch rates alter in the face of TACs, quotas, 
closed areas, and other influences needs elucidation if they are to continue to be 
used in assessments. 

 

2 ACKNOWLEDGEMENTS 

Much of this report is directly the work of the workshop participants and their enthusi-
asm and efforts are greatly appreciated. These included James Larcombe, Peter Ward, 
Mark Chambers, and Veronica Rodriguez, from Commonwealth ABARES; Neil Klaer 
and Eva Plaganyi-Lloyd from Commonwealth CSIRO; Michael O’Neill and George 
Leigh from QLD DEEDI; Klaas Hartmann, Jessica Andre and Craig Mundy from TAS 
IMAS; Rowan Chick from SA SARDI; and Bruce Taylor from VIC DPI. 

3 BACKGROUND 

In May 2010 the ComFRAB put out a call for research proposals to address an array of 
fisheries management issues. The analysis of trends in abundance for non-target species 
was identified, in that research call, as an issue needing attention. The description of the 
project envisaged by ComFRAB focussed primarily on catch rates as an index of rela-
tive abundance: 
 
“Typically CPUE’s [catch per unit effort time series] have been standardised using 
GLM’s [General or Generalized Linear Models] or other analysis techniques for only 
target or quota species. With more emphasis being placed on the management of by-
product and bycatch species there is a growing need for information on trends in abun-
dance of a much wider range of species. Most fisheries now have reasonable time-series 
of precise spatial data on catch and effort data. The proposed work will investigate us-
ing innovative analysis techniques to analyse trends in abundance of byproduct and by-
catch species. Respondents addressing this scope are required to arrange a 1 day work-
shop for CPUE experts to explore and scope out preferred methodology options.” 
(ComFRAB, 2010a). 
 
However, following submission of a pre-proposal, ComFRAB came back with the sug-
gestion that the proposal should move forward as a FRDC Tactical Research Fund pro-
ject and that instead of a single large workshop “that two smaller workshops be held 
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with only the attendance of core experts (6-8) being funded. …. These workshops 
should explore at a broad level how this issue is currently being approached and scope 
the range of methodologies that might be suitable for application.” (ComFRAB, 2010b). 
 
The issue of non-target and by-product species is common to all jurisdictions and inter-
est in the workshops was high. So, in accord with this advice a proposal was put for-
ward for two workshops with invitations for participants from Queensland, New South 
Wales, Victoria, Tasmania, South Australia and the Commonwealth organisations 
ABARES and CSIRO. 
 
The project commenced on March 2011. The first workshop was held on 21–22 March 
2011 which focused on Introducing and elucidating the issues relating to non-target 
species, reviewing how non-target species are currently treated in the various jurisdic-
tions within Australia, and beginning to work on the various sub-projects relating to 
methods for use with non-target species. The second workshop was held on 8–9 June 
2011 and focused on completing the sub-projects on particular methods to a point where 
they could be reported on to the workshop, discussing a number of concepts and issues 
to gain a better appreciation of the diversity of approaches used with non-target species, 
and making final reports to the workshop of the practical applications explored during 
the two workshops.   

4 NEED 

To fulfil the requirements of Ecosystem Based Fishery Management with respect to 
non-target species requires two things: 1) performance indicators for a wide range of 
species that interact with fisheries, and 2) systems to monitor those performance indica-
tors. However, generally there is no routine monitoring of the status of the many com-
mercially important byproduct and bycatch species. The assessment of these non-target 
species remains important in terms of the Commonwealth Harvest Strategy Policy and 
AFMA have expressed a need for a solution to how to assess the relative status of these 
species. Such monitoring is required for strategic assessment under the Environment 
Protection and Biodiversity Conservation Act (1997). 
 
Most non-target species are not under quota and while not directly targeted they can 
still experience significant fishing mortality and add value to the landed catch. Current-
ly, if they are assessed at all, the assessments merely apply the same strategies as adopt-
ed for target species. There is often a perception that CPUE should be disregarded “be-
cause the species was not targeted”. There is a need to determine whether alternative 
methods should be applied to such species that take into account the fact that their catch 
is incidental to the main activities of the fishers and hence the fishery dependent data 
for the non-target species will have different qualities. By definition these fisheries are 
multi-species in nature and this too can complicate their assessment. Technically this is 
not a trivial problem and more clarity is needed concerning the scope of the issue and 
how to deal with it. Rather than launch immediately into a relatively long term attempt 
at finding a solution, a more efficient approach is proposed that involves expert exami-
nation and rapid review to map the road ahead. Hence there is a need to conduct work-
shops aimed at clarifying the management requirements and the most cost effective ap-
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proach to solving these management issues, which apply to all multi-species data poor 
fisheries. 

5 OBJECTIVES 

1) Investigate analysis methods capable of providing trends in the abundance estimates 
for byproduct and bycatch species 

2) Conduct two workshops, aimed at identifying the management issues and the tech-
niques available for analyzing trends in abundance in non-target species. 
 

The workshops provided a rapid overview of the methods currently used in different 
jurisdictions to assess non-target species and at the same time described the manage-
ment frameworks used in the various jurisdictions represented at the workshops, which 
went some way to identify the management issues related to non-target species. This 
achieved the second objective. 
 
In addition, the workshops also providing a range of suggestions for other potentially 
useful analytical methods and potentially productive alternative methods suitable for 
further exploration. Examples were explored and preliminary analyses were conducted 
to illustrate the potential of some previously uncommon methods to provide insight into 
distribution and abundance. These activities achieved the first objective. 

6  MATERIALS AND METHODS 

6.1.1 Structure of the Report 

This report includes all the PowerPoint slides presented at the two workshops (exclud-
ing a few containing only titles). Where written comments were included with the Pow-
erPoint presentation these have also been included in this document as an aid to under-
standing the PowerPoint slides. The presentations provide the summary of the issues 
raised and the following discussions, however, there remained a requirement to eluci-
date the details and describe the discussions in more detail. Summaries of the various 
sessions and topics will be provided with reference being made to the various Power-
Point presentations where appropriate. 

6.1.2 Outline of Approach 

In order to adequately and rapidly review current methods and practice as well as pro-
vide an environment in which alternatives and untried possibilities could be suggested, 
examined and discussed, a workshop environment was used in which active participants 
in the field of stock assessment were invited (lists of attendees are given below). It was 
envisaged that in order to generate a workable report in the available time, two work-
shops of two days duration would be required with some intercessional work in be-
tween.  
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The intention of the two workshops was to gather people experienced in dealing with 
assessing the stock status of different resources and have them consider the issues relat-
ing to those species that are not the principle targets of fishing. This was to include by-
catch and byproduct species (distinguished by what is discarded and what is retained). 
 
The first workshop started with three introductory talks, one concerning the issues sur-
rounding the analysis of catches and catch rates and two discussing problems with re-
spect to the identification of targeting behaviour. During the workshops there was pro-
longed discussion of what constitutes a targeted shot. This was not a discussion about 
terminology but rather concerned the details of how it might be possible to identify 
from all the shots in a region those that were intended to capture a particular species. 
 
The presentations on issues were followed by presentations relating to the situation with 
respect to stock assessment and management in each of the jurisdictions represented at 
the meeting and how non-target species were treated in each case. 
 
Following the discussions participants joined together in small groups to work on spe-
cific issues and illustrative examples with the aim of demonstrating the potential value 
of different analytical strategies. 
 
The second workshop picked up where the first had finished with participants first pre-
senting summaries of work that had been completed or at least started. This included 
presentations on the simulation of commercial catch rates, developments in the spatial 
analyses that could be used to identify targeting and hotspots of fishing, and the target-
ing of multiple species. This was followed by further sessions working on the specific 
examples being considered by the sub-groups so as to articulate the examples further. 
 
Finally there was a discussion session that canvassed opinions concerning specific is-
sues but also to allow participants to express themselves on issues that had arisen in 
their work either in the workshops or elsewhere. 
 
The species considered are invariably relatively data poor (catches, effort, sometimes 
location information, but rarely any age or length frequency data from the catches; oc-
casionally some data on growth and other aspects of the biology). Because of this any 
analyses can usually be completed relatively rapidly once implemented in software. The 
growth in the use of the statistical/programming environment, R, lends itself to rapid 
and automated analyses that, once programmed, only require formatting of data. It was 
therefore expected that it would be possible to explore alternative methods on given 
case studies during the workshops (and especially intercessionally). What was envis-
aged were active hands-on workshops with introductory presentations, the identification 
of alternatives, followed by sub-division into groups to tackle the alternatives identified 
with a return to the group so that direct comparisons could be made and the difficulties 
that can arise could be identified. Each workshop session would need a chair to moder-
ate any discussion and a recorder to note a skeleton of the important points in the dis-
cussion. 
 
The use of real case studies meant that data sets needed to be pre-treated to avoid any 
confidentiality issues (vessel names removed, exact locations shifted north and east by 
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unknown amounts, whatever it takes to satisfy the stewards of the data). In the end con-
fidentiality agreements were not required for workshop participants as none of the data 
provided included means of identifying fishers and none of the data left the workshop 
or were retained by those it did not belong to. 
 
In order to facilitate the generation of the final report each sub-group that worked on a 
case study was also tasked with generating a brief report of what was done; this could 
be as brief as a series of PowerPoint slides plus some written conclusions that could be 
included as an appendix. However, eventually significant amounts of time had to be 
spent writing interpretative text to simplify reading the report; the hope that the material 
would be essentially self-documenting was woefully mistaken. 
 
The terminology used when dealing with non-target or byproduct species has its diffi-
culties in that a species can be a primary target but may be discarded if quota is not 
available to reconcile the catch. Such activities do not imply these species are bycatch. 
More confusing are species which are treated as bycatch by some fishers and as by-
product by other fishers. In fact, the terminology used is not of primary interest, the 
primary issue is one of whether a species is ever targeted or does it generally constitute 
a welcome but unintended byproduct while targeting a different species. 

6.2 Workshop Structure 

6.2.1 Workshop 1.  

Definition of the Scale of the Problem and Possible Solutions  
 
Tue/Wed 22nd - 23rd March 2011 
Venue: Freycinet Room, CSIRO, Castray Esplanade, Hobart. 
Pre-prepared presentations (all containing real examples wherever possible) on: 
 
1) The issues at the base of the problem of managing byproduct and bycatch species (what is 

currently available and used, what is missing, what is wanted?). 
2) Short presentations of case studies of management issues, data problems, and current solu-

tions. These are to include a detailed description of the data sets that should be made avail-
able to participants for the later active investigation of methods.  

3) Whole group discussion of the case studies with a brain storming over possibilities which are 
collated. 

4) Sub-division into smaller groups (minimum of two workers) to implement the most promising 
of the alternatives. 

5) Each sub-group reporting their findings, results, and ideas back to the whole group. 
6) End of workshop synthesis of directions and findings. This will be used to identify the most 

promising options to be expanded on during intercessional work. Some of the intercessional 
work will include a written report on the first workshop. 

 
 In the case studies, participants will review methods currently used to standardise CPUE 

for target and non-target species, including: 
 Data selection: A variety of approaches have been employed ranging from highly selective 

subsetting of data, to modelling all the available data.  The concept of targeting for byprod-
uct/ bycatch species is problematical and would favour more inclusive data selection ap-
proaches. 

 Model selection: The prominence of zero catches with non-zero effort would favour ap-
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proaches that can handle zeros such as the Poisson or Binomial distribution models and 
two-stage models. 

 Index series construction: consideration needs to be given to how to construct the index 
series from the model parameters, including issues of weighting. 

6.2.2 Workshop 2.  

Have We Done Enough to Know How to Proceed?  
 
Wed/Thu 8th – 9th June 2011 
Venue: Freycinet Room, CSIRO, Castray Esplanade, Hobart. 
 
1) Pre-prepared presentation summarizing the first workshop, any intercessional work and the 

findings. 
2) Group discussion: Do we need to develop a full research proposal to examine particular 

pathways identified or should we expand on the exemplification of the methods already 
available using more case studies, or both?  

3) If there is perceived to be a real need to further develop identified possibilities for the as-
sessment of non-target species then a sub-group will take on the task of developing a full 
proposal for research funding. 

4) If further exemplification of methods is chosen then, further case studies of real data sets will 
be described by contributors and sub-groups will arrange to work through these generating 
short reports and presentations of what they find. 

5) An outline of the final report will be described with individual contributions and any further 
work needed being identified. 

6.2.3 Workshop Agendas 

Expected  

Attendees 

Malcolm Haddon, Neil Klaer, Eva Plaganyi-Lloyd, James Larcombe, 
Peter Ward, Mark Chambers, Michael O’Neill, George Leigh, Cameron 
Dixon, Stephen Mayfield, Craig Mundy, Jessica Andre, Klaas Hart-
mann, Bruce Taylor, Terry Walker 

 

Time Item By 

Tuesday 22nd    

0845-0900 Room setup, coffee etc.  

0900-0915 Welcome, Introductions, Structure of Meeting Malcolm 
0915-1030 Identification of Problem Areas and Issues in Commonwealth 

a) Mixed Fisheries and Targeting (25 mins) 
b) The Use of Catches and Catch Rates (25 mins) 
c) The Use of Spatial Analyses  (25 mins) 

 
Neil 
Malcolm 
Mark 

1030-1050 Morning Tea  

1050-1230 Identification of State Issues 
d) Issues in Queensland (20 mins) 
e) Issues in Victoria       (20 mins) 
f) Issues in Tasmania   (20 mins) 

Mick 

Bruce 

Klaas 

1230-1330 Lunch (may be a shorter period depending)  

1330-1500 Identification of specific problem situations to be worked on by sub-
groups (need, issue, specific example problem, data).  

Split into between 3 – 5 groups to work on specific problems. 

 

1500-1520 Afternoon Tea  
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1520-1630 Continue working on specific sub-group problems.  

1630-1700 Plenary: preliminary reports on directions and decisions from each 
sub-group. 

 

Wednesday 23rd   

0845-0900 Room setup, coffee etc.  

0900-0930 Plenary: Discussion of expansions on preliminary reports or expansion 
of options for consideration (for any sub-group).  

 

0930-1030 Continuation of sub-group analyses or selection of new problem to 
investigate by sub-groups. 

 

1030-1050 Morning Tea  

1050-1230 Continuation of analyses within sub-groups and preparation of prelim-
inary presentations to be given to plenary on outcomes from sub-
group investigations. 

 

1230-1330 Lunch (may be a shorter period depending)  

1330-1430 Continuation of investigations and preparation of presentations  

1430-1530 Plenary: Presentation of Sub-Group results and conclusions (possibly 
still preliminary) 

 

 
Expected 
Attendees 

Malcolm Haddon, Neil Klaer, Eva Plagani-Lloyd, James Larcombe, Peter 
Ward, Mark Chambers, Michael O’Neill, George Leigh, Cameron Dixon, 
Stephen Mayfield, Craig Mundy, Klaas Hartmann, Bruce Taylor 

  
Time Item 

Wednesday 
8th 

0845-0900 Room setup, coffee etc. 

0900-0915 Welcome, Introductions, Structure of Meeting 

0915-1030 Expanded description of the potential value and importance of the various methods ex-
emplified in the previous workshop. Where next with this work and why should it be pur-
sued? 

 Eva and Malcolm - Simulation of catch rates 

 Michael, George, and Peter - Specialized CPUE standardization 

 Mark, Neil, and Craig - Spatial analysis to identify targeting and hotspots 

 James, Klaas, & Bruce - Targetting multiple species 

1030-1050 Morning Tea 

1050-1230 Return to the specific problems/strategies being worked on in Workshop 1 (or start 
something completely new) 

 Split into groups again to work on these specific problems. 

1230-1330 Lunch (may be a shorter period depending) 

1330-1500 Continue working on specific sub-group problems. 

1500-1520 Afternoon Tea 

1520-1630 Continue working on specific sub-group problems. Begin development of report contribu-
tion. 

1630-1700 Plenary: preliminary reports on any developments from each sub-group. 

Thursday 
9th 

 

0830-0845 Room setup, coffee etc. 



13 
 

0845-1030 Continuation of sub-group analyses and report production 

1030-1050 Morning Tea 

1050-1230 Discussion Session: Issues 

 The tail wagging the dog - Should major fisheries be restricted by apparent prob-
lems with bycatch species? 

 Will looking after the primary target species in a fishery also look after the other 
species taken? 

 Are there policy gaps that need addressing? 

 How will the approaches used and exemplified in the workshop last time assist 
with bycatch species? 

1230-1330 Lunch (may be a shorter period depending) 

1330-1430 Report production 

1430-1530 Plenary: Presentation of Sub-Group results and conclusions 
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7 RESULTS 

7.1.1 Attendance 

Twelve people attended the first workshop (Table 1) held over the 22nd – 23rd March 
2011 and a slightly different 12 people attended the second workshop; both of which 
were in Hobart. Overall, attendance was good, although SARDI participants were only 
able to attend the second workshop due to conflicting work commitments. Attendees 
appreciated the opportunity to discuss the issues surrounding the analysis of abundance 
trends and targeting/non-targeting.  Simply collecting together analysts from different 
jurisdictions provided an opportunity for the different groups to understand the different 
strategies adopted by others when dealing with the same problems. 
 
 

Table 1.  List of people invited and attending workshop 1 (22nd – 23rd March) and workshop 2 (8th – 9th 
June). Eventually 12 people attended the first workshop and 12 the second including people from 
Queensland, Victoria, South Australia, Tasmania, and Commonwealth organisations. 

 Name Organisation Workshop 1 Workshop 2 
1 James Larcombe ABARES X  
2 Peter Ward ABARES X X 
3 Veronica Rodriguez ABARES  X 
4 Mark Chambers ABARES X X 
5 Malcolm Haddon CSIRO X X 
6 Neil Klaer CSIRO X X 
7 Eva Plaganyi-Lloyd CSIRO X X 
8 Klaas Hartmann TAS IMAS X X 
9 Jessica Andre TAS IMAS X  

10 Craig Mundy TAS IMAS X X 
11 Michael O’Neill QLD DEEDI X X 
12 George Leigh QLD DEEDI X X 
13 Cameron Dixon SA SARDI   
14 Stephen Mayfield SA SARDI   
15 Rowan Chick SA SARDI  X 
16 Bruce Taylor VIC DPI X X 
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7.2 First Workshop 

The first workshop began with seven presentations and related discussions. The first 
presentation was an introductory talk by Malcolm Haddon on the objectives and ex-
pected outcomes of the workshops (Sections 5, 6.2 & 16.1.1). This was followed by 
talks from Neil Klaer on Targeting in mixed fisheries (Sections 7.2.2 & 16.1.2), a talk 
by Malcolm Haddon on the Use of Catches and Catch Rates (Sections 7.2.3 & 16.1.3), 
and then Mark Chambers gave a talk on spatial methods for use with non-target species 
in mixed fisheries (Sections 7.2.2 & 16.1.4). 
 
These four presentations on general subjects were followed by specific descriptions of 
any issues relating to the characterization of abundance trends in fisheries within each 
jurisdiction, with especial comments on any non-target species. This involved detailed 
presentations from Bruce Taylor on the Victorian situation (Sections 7.2.5 & 16.1.5), 
from George Leigh and Michael O’Neill on the issues in Queensland (Sections 7.2.4 & 
16.1.6), and finally some commentary on the issues and situation in Tasmania from 
Klaas Hartmann (Section 7.2.6). 

7.2.1 General Points from the First Workshop Presentations 

 Non-target species are common in mixed fisheries in all jurisdictions. 
 Two strategies were apparent from all Jurisdictions for assessing the status of non-

target species: either use a risk assessment of some kind or conduct an analysis of 
catches and catch rates. 

 Risk assessments could take the form of the Commonwealth ERA process or a more 
general multi-criterion decision analysis, which is essentially a summary of all that 
is known about a fished species, and then use a weight of evidence approach to de-
termine whether a fishery was placing a given species at risk of serious depletion. 

 Any assessments of non-target species are usually highly uncertain because they 
tend to be data poor. This exacerbates the problems that arise when making deci-
sions about how to manage non-target species. 

 Non-target species include bycatch and by-product, where bycatch species would 
not be retained while byproduct species would be retained as added value to the to-
tal catch. 

 It was recognized that relatively uncertain estimates of abundance trends in non-
target species (be they byproduct or bycatch) had the potential to interfere with or 
disrupt sustainably fished target fisheries if the non-target species appeared to be 
badly depleted. 

 Further consideration is required on how to manage non-target byproduct species 
and their interactions with target fisheries. 

 In some mixed fisheries (e.g. abalone in South Australia) there are multiple targets 
and so, when considering the individual species it is not possible to say which was 
specifically targeted. Such situations are not immediately of interest to the issues 
being addressed here but any analytical methods that might be useful with non-
target species would presumably be useful for such multi-target fisheries. 

 Fishing behaviour influences the species mix in many mixed fisheries but invariably 
multiple species are taken in all cases. 
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 While there is a National Bycatch Policy there would be advantages to developing 
procedures for data collection and sharing among jurisdictions.  

 Ensuring the sustainability of byproduct species is rarely considered. 
 Not all byproduct species stay as non-target species (ocean jackets in the Common-

wealth SESSF fishery is an example). Some species recognized as non-target (e.g. 
John Dory in the SESSF) are still included in quota systems.  

 Where the non-target species was less abundant in the catch than the target, but was 
more productive in its life-history characteristics, the idea that looking after the tar-
get species would also take care of the sustainability of the non-target species was 
recognized as a possible positive outcome from the weight of evidence approach.  

 The analyses of catch rates immediately raised the issue of what constitutes a target-
ed catch. 

7.2.2 Major Points from the Discussion of Targeting 

Targeting was considered in two presentations. In the first talk by Neil Klaer of CSIRO 
(Appendix 3: 16.1.2), a multi-species view of fishing, using previously reported catch 
statistics, was used to empirically determine the dominant species expected in a particu-
lar location and depth at a particular time of year and time of day. This is an approach 
that considers the vessels catching in a particular stratum of location, depth, month, and 
time of day rather than the behaviour of individual vessels across the whole fishery. It 
considers the sum of the behaviours of the vessels reporting from a mixed fishery. 
 Analyses of catch rates raises issues of data selection; need at least to remove in-

complete or clearly incorrect data and atypical data categories. 
 Definition of targeting – within a mixed species fishery, the targeted species in a 

particular stratum is that with the greatest portion of total catch value in a 0.5 de-
gree, 50m depth, month, and time of day stratum (it is important to note that this 
measure combines both total catch and relative value of each species). 

 A performance measure with potential for use in mixed fisheries is the Shannon-
Weiner diversity index applied to species occurrence and relative abundance in the 
catches. 

 
An alternative empirical definition of targeting using an analysis of the geographical 
distribution of records of catch for single species was presented by Mark Chambers of 
ABARES (Appendix 3: 16.1.4). The aim was to determine what areas to use when se-
lecting records where a particular species would be expected to occur in catches. In this 
way the proportion of records with positive and with zero catches could be determined 
in a defensible and defined quantitative manner. This was an extension to the notion of 
using simple presence absence as an indicator of which areas to consider. 
 
 Extended a method proposed by Stephens & MacCall (2004), who proposed to sub-

set commercial catch and effort records, to focus on targeted shots, by using species 
presence/absence as a predictor of appropriate locations to include (where there 
were up to 30 species potentially present in a shot). 

 Stephens & MacCall (2004) used a logistic regression to estimate the probability of 
capture of the species of interest and were able to exclude those shots where the 
probability was below some chosen threshold. 
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 Instead of logistic modelling it was proposed to use General Additive Models 
(GAMs) to generate isotropic smoothing on latitude and longitude (location) data, 
incorporating location specific information such as depth i.e. Logit(Pr(Sps)) ~ 
s(Longitude, Latitude) + s(Depth). 

 The data are summarized into 0.1 degree squares (C-squares were used). 
 GAB trawl fishery was used to exemplify the methodology, especially Jackass 

Morwong. 
 Shots were selected for more classical analyses from those C-squares which had a 

probability of catching Jackass Morwong > 0.3 (though the sensitivity of the analy-
sis to this choice is open to evaluation). 

 This provides a defensible method for the selection of areas within which to esti-
mate zero shots. 

 Other potential applications might be to estimate the spatial range of species and 
compare with fisheries effort data. 

7.2.3 Major Points from the Discussion of Catch Rate Analyses 

A presentation on catches and catch rates was made by Malcolm Haddon of CSIRO 
(Appendix 3: 16.1.3) which attempted to identify some of the potential weaknesses of 
catch rate data and how that could influence an assessment, with flow on effects on the 
interpretation of the Harvest Strategy used. 
 Primary objective of an assessment is to determine what management actions are 

needed to drive a fishery in a desired direction (i.e. towards some target and away 
from some limit reference point; be they based on biomass, catch rates, depletion 
state, fishing mortality, etc.). This is all made more difficult in data poor situations. 

 An alternative to risk assessment is to use a weight of evidence involving all com-
mercial catch records plus biological information concerning growth and maturity to 
try to understand the relative productivity and relate that to catches. 

 In the empirical Tier 4 control rule in the SESSF, designed for relatively data poor 
fisheries which only have catch and catch rate data, we use proxies for reference 
points which effectively define the direction in which we want the fishery to move. 
Can achieve a target and avoid a limit but need to acknowledge these are merely 
pragmatic rather than actually achieving the HSP target and limit reference points. 

 The Commonwealth HSP is explicit that not all species in a mixed fishery can be 
expected to achieve their Target Reference Points (but all should avoid the LRP). 

 Perhaps the best that can be achieved with non-target species is to aim for a mini-
mum of negative changes (status quo or positive). 

 Alternative strategies: Weight of evidence or Multi-criterion decision analysis – 
what is known and does the likely productivity match the fishery. 

 ERA – habitat/distribution; mobility/stock structure; Natural mortality/maximum 
age; growth/maturity/spawning season; recruitment/early life history; fishery dy-
namics; likelihood of impact vs consequences. 

 Analysis of fishery data: catch rates; seasonality; TIER 3 or 4; inter-relationships/ 
time series/ patterns in time and geography. 

 Fisheries data quality remains an issue – rounding to nearest round number in catch-
es and hours of effort – leads to granular data distributions that have poor statistical 
properties (examples given from Commonwealth and Queensland). This suggests 
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that agonizing over which statistical distribution to use may not be as useful as it 
might appear. 

 Two aspects to CE standardization – positive shots and zero shots; numerous strate-
gies for dealing with this – e.g. delta distribution; tweedie distributions, Poisson dis-
tribution. 

 Identification of zero shots is really a question about targeting and the presentations 
by Neil Klaer and Mark Chambers are relevant. 

 Some fundamental issues with catch rates – do catch rates reflect abundance? Can 
add a  term to the relationship between C/E = qB but including the  will affect the 
q values too. These issues are rarely considered in practice though they should be. 

 Fisheries data are often abundant so many terms in standardization models are sta-
tistically significant. What really counts is whether they influence the final CE 
trends. Sometimes standardization has little effect, other times very large effects – 
not predictable. 

 There is often debate as to the best statistical distribution to use in the analysis of 
catch rates, but the key issue is how the choice of distribution (log-normal, Gaussi-
an, Poisson, etc) affects the trend through time. 

7.2.4 Queensland ByCatch Issues 

Following the presentations about targeting and catch rates three presentations were 
made concerning issues relating to assessment and especially about non-target species 
in the various State jurisdictions. This session was started by George Leigh from QLD 
DEEDI (Appendix 3: 16.1.6) who discussed the situation in Queensland. 
 
 Generally no clear measure of catch rate for non-target species (how much effort 

expended to catch the non-target species?) 
 Very large number of non-target species – implies any analyses developed or re-

quired should be easy to repeat and consistent. 
 Data and analytical issues: any data may be coarse scaled geographically and 

through time; there is often a great deal of variation; it is debatable whether catch 
rates are an index of relative abundance for many species. 

 Strategies for analysis of catch rates: 
o Assess data quality 
o Match analysis to management procedures and requirements 
o Develop criteria to select a two component model ie. Binomial + 
o Alternative analyses of positive shots. 

 Assess non-random fishing patterns – as fisheries develop the area fished can alter 
dramatically. 

 Need methods which can be applied widely and which are robust to variation. 
 

7.2.5 Victorian Fisheries Assessment 

The second presentation in this session was given by Bruce Taylor of VIC DPI who de-
scribed the assessment issues in Victoria. 
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 Provided a summary of the abalone, rock lobster and Bays and Inlets Fisheries. 
 In 2006/07 a risk assessment of Victorian fisheries was carried out using the Na-

tional Fisheries ESD reporting framework. 
 A lack of understanding of the relationship between habitat requirements and pro-

duction was identified as a major risk factor in selecting appropriate management. 
 Allocation and resource sharing issues are important in the management of many of 

the smaller fisheries – most of which are multi-species and a mix of commercial and 
recreational. 

 There is a lack of cost effective assessment, partly due to a lack of fishery perfor-
mance measures and reference points. 

 Assessments restricted to consideration of catch and catch rate trends, and trends in 
size and age distribution for some species. No assessment models. Currently consid-
ering alternative performance measures and reference points for the main fisheries. 

 Surveys of recreational fisheries and an annual trawl survey in Port Phillip Bay; 
plus continued monitoring of juvenile King George Whiting and juvenile snapper. 

 Recreational fisheries an important part of Victorian fisheries. 
 Non-target species not given special attention. 

7.2.6 Tasmanian Assessment Issues 

Finally, a presentation was given by Klaus Hartmann of IMAS describing the scalefish-
eries of Tasmania. 
 
 Scalefish fishery in Tasmania has a number of targeted species for which analysis of 

trends in catches, catch rates, and any other information available is considered. 
These species include Banded Morwong, calamari, Striped Trumpeter, Bastard 
Trumpeter, sea garfish, and Wrasse.  

 In addition, species shared with the Commonwealth are also given particular treat-
ment: Blue Warehou, Australian Salmon, and Flathead. 

 Other species have their catches recorded with little further analyses. These species 
are worth so little they receive little time for assessment.  

 Essentially the minor species are noted in the fishery assessment document but no 
other treatment or management unless some particular issue is raised by the Indus-
try. 

 

7.3 Second Workshop 

7.3.1 Introduction 

The second workshop provided another opportunity for a collection of workers in the 
field to gather and pursue further some of the ideas developed in the first workshop. 
The presentations reflected the work that was begun in the last workshop and included 
work to define what would be required to adequately simulate catch rates (Malcolm 
Haddon & Eva Plaganyi), more specialized catch rate standardizations (Michael 
O’Neill, George Leigh, and Peter Ward), spatial analyses to identify targeting and 
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hotspots (Mark Chambers, Neil Klaer, and Craig Mundy), and finally Targetting of 
Multiple Species (Klaas Hartmann & Bruce Taylor). 
 

7.3.2 Major Point from the Introduction to the Second Workshop 

Malcolm Haddon of CSIRO gave an introductory presentation that outlined the issues 
that needed to be faced when attempting to characterize abundance trends for non-target 
species. In addition he also gave a presentation that focused on how the terms bycatch 
and byproduct were used, how the term targeting can also be used in a number of ways, 
and how different types of data can be used in assessments (sections 17.1.1 and 17.1.2). 
 
 Under Ecosystem Based Fisheries Management (EBFM) there is the potential for 

the status of non-target species to restrict fisheries for target species. But any as-
sessment of non-target species is likely to be more uncertain than for a target spe-
cies – should the same reference points be used in both cases? 

 When non-target species are less abundant in the catches but as a species are more 
productive than the target species then looking after the target species should be 
enough to look after the non-target species. 

 Most non-target species are considered to be of low value and tend to be managed 
in a reactive ad-hoc manner. 

 Are there enormous numbers of assessments that we are not doing, or do the risk 
assessments being conducted allay such fears? 

 There is some confusion over terminology because “targeting”, byproduct”, and 
“bycatch” are terms that relate to the intention of the fisher and this remains un-
known, even when fishers fill in targeting fields in log books. 

 Byproduct species are those species which are generally retained commercially but 
whose management recognizes they are taken as incidental catch in another fishery. 

 Generally, bycatch of quota species occurs when the fisher cannot obtain quota or 
the species is bycatch only. Other bycatch tends to be discarded (including TEPs) 
while byproduct tends to be retained (though not always). 

 Targeting – species expected in the catch as a function of location and date/time – 
can also be characterized as the dominant species in the catch. However, can also be 
identified in relation to what was taken in the immediately previous shot. 

 Three useful strategies for improved assessment of non-target species: 
o Improved or increased observer coverage. 
o Fishery Independent surveys 
o Improved reporting of discarding and of catches of non-managed species 

(quota or input controlled). 
 

7.3.3 Major Points from the Bycatch Analysis Case Study from QLD 

George Leigh, assisted by Michael O’Neill, both of QLD DEEDI, gave a presentation 
on the issues surrounding non-target species in Queensland (section 17.1.3). 
 
 Moses Perch catches in the Gulf of Carpentaria were analyzed as a case study for 

comparison of alternative methods for characterizing the status of the species. 
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 Spatial analysis of shots and occurrence informative – demonstrated that positive 
locations not constant across years. 

 Data quality issues with respect to rounding and related poor statistical behaviour. 
 Poisson and two-stage models that both account for zeros gave similar CPUE 

trends. 
 But these trends imply implausible changes in either abundance or availability, 

which is not expressed in the positive-shot only analyses. 
 The question of whether the reporting of the byproduct species is representative 

through time is raised – that is, was there greater discarding previously, or merely a 
lack of reporting for what was assumed to be an unimportant species? 

 Including (or not) the other species captured influences the outcome. 
 Analysis of the catch rates of byproduct species is generally more uncertain than 

that of target species. 
 

7.3.4 Major Points from the study of Multi-variate CPUE Standardization 

George Leigh, assisted by Michael O’Neill, both from QLD DEEDI, also gave a presen-
tation on an exploration they had made with multi-species (multivariate) CPUE stand-
ardization (Section 17.1.4). 
 
 Generally individual species are analysed  separately but could treat all catches as 

random variables and handle all species at once in a single multi-variate GLM. 
 Explored the option in GenStat of using a Multi-variate linear mixed model. 
 Potential advantages are that MLMM can explore correlations between the species 

and provide reassurance (or otherwise) of independence between species (which 
would support the uni-species approach). 

 Outcomes hold promise but further analyses are required to fully understand this 
option. 

 
 
 

7.3.5 Alternative Catch Rate Analyses 

Mark Chambers from ABARES and Neil Klaer from CSIRO together considered alter-
native approaches to analysing catch rate data (section 17.1.5). 
 
 Using a test data set from a fishery with two main targets, alternative catch rate 

analyses were applied, including the use of GAMs to identify the zero shots (as de-
scribed in section 16.1.4).  

 The alternative analyses included data filtering using a GAM (Yes/No) (D), a Bi-
nomial GAM modelling presence and absence (Yes/No) (B) and a GAM using 
normal errors modelling log(CPUE by area (G). These were compared with a sim-
ple log-linear model of positive shots and a multivariate analysis of both species 
together (as per sections 7.3.4. and 17.1.4). 
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 For one species the multiple methods gave very similar results but all differed 
somewhat from the log-linear modelling. For the second species there were real dif-
ferences between methods. 

 It was possible to conclude that there were advantages to the inclusion of zero 
catches but it wasn’t possible to identify whether there was an optimum method for 
doing this. 

7.3.6 Simulation of Catch Rates 

Malcolm Haddon and Eva Plaganyi made some preliminary investigations in to the 
simulation of multi-species catch rate data (17.1.6). 
 
 Lots of comparative studies of different ways to analyses catch rates but the out-

comes always appear to depend on the circumstances in the particular fishery in-
volved. 

 Without knowing the underlying reality it appears impossible to determine whether 
there is an optimum strategy for analyzing catch rates. 

 Many significant questions could be answered if realistic catch rate data could be 
simulated. 

 Began the process by trying to develop some pseudo-code to describe the required 
algorithm. 

 Standardization is a formal means of dis-aggregating components of the catchabil-
ity. 

 Would need to include location along a coast and depth (~location off the coast). 
Also need to include seasonal patterns of changing catchability, different vessels 
and daily records as well as multiple species. 

 To be general it would be necessary to be able to predict zero shots (including false 
zeros). 

 While a preliminary simulation was produced using R, it was clearly too simple, 
albeit still complex. 

 A simulation should involve selectivity being different between species and certain-
ly different base line catchabilities across species. 

 

7.4 Summary of Activities and Results 

 Two workshops were arranged in Hobart (March 22st – 23rd 2011 and June 8th – 9th 
2011) where analysts, experienced with working on fishery abundance trends, gath-
ered to explore how each jurisdiction was dealing with the issue of non-target abun-
dance trends. In addition, they considered how this issue was currently being ap-
proached around Australia and the range of methodologies that might prove useful 
for solving the problems raised by the issue. 

 Two strategies are apparent from all jurisdictions for dealing with non-target spe-
cies: either use a risk assessment of some kind or conduct an ad hoc analysis of 
catches and catch rates. No other strategies appear to be used currently. 

 Risk assessments take the form of the Commonwealth ERA process or a less de-
tailed multi-criterion decision analysis, which is essentially a summary of all that is 
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known about a fished species, and then use a weight of evidence approach to deter-
mine whether a fishery was placing a given species at risk of serious depletion. 

 Where the non-target species are less abundant in the catch than the target, but are 
more productive in its life-history characteristics, the idea that looking after the tar-
get species would also take care of the sustainability of the non-target species was 
recognized as a possible positive outcome from the weight of evidence approach.  

 Simple and routine methods for the spatial analysis of the development and present 
operational expression of each fishery are helpful in understanding the scope, the 
overlap with other fisheries, and the spatial focus of a fishery. Such methods can 
help in identifying areas where shots might be expected to contain a species, and 
thus be useful for identifying zero shots for inclusion in cpue standardization. 

 There are advantages in applying more than one standardization method when deal-
ing with new data. Each method has different assumptions and the outcomes can 
provide insight concerning the information content of the available data. However, 
in each case this implies the analyses would take more time and generally all avail-
able time for analysts is allocated to species that make up targeted fisheries. 

 Aspects of commercial catch rate standardization require more work. The impacts of 
any preliminary data selection, the impact of data quality (rounding errors) on the 
statistical properties of catch rate data, and the impact of different strategies for 
identifying zero shots on the outcome, would all benefit from further exploration. 

 It was recognized that relatively uncertain estimates of abundance trends in non-
target species had potentially important implications for sustainably fished target 
species especially in multi-species fisheries. 

 It was recognized that there is a growing need to provide management advice for 
more and more species, however, the requirement for more data analysis and as-
sessment comes when resources for such work are declining. This situation of in-
creasing needs/demands for broader management advice in the face of flat or de-
creasing funds requires further consideration and potentially re-prioritation. The de-
velopment of simpler empirical fishery assessment methods may alleviate this issue, 
however, without a better understanding of the operation of these there is a risk of 
reduced catches because of the increased uncertainties associated with simpler 
methods. 

8 DISCUSSION 

8.1 General Impressions 

During the first workshop it quickly became apparent that there were shared issues re-
lating to non-target species among jurisdictions. However, it was equally obvious that, 
while a recognized issue everywhere, there were few resources allocated to finding 
workable solutions to producing management advice relating to non-target species. The 
general feeling was that such issues tended to be dealt with on a species by species, re-
active and ad hoc basis. Given that resources and time for conducting assessments on 
the major target species is already limited and limiting, the situation with respect to 
non-target species does not seem likely to change in the near future. However, the vari-
ous workers in the different jurisdictions do occasionally get to work on non-target spe-
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cies and this adds to the understanding and experience in handling the special problems 
relating to such analyses. 
 
There are many methodologies that can be applied to available fisheries data. These in-
clude General Linear Models, Generalized Linear Models, Generalized Additive Mod-
els, General Linear Mixed Models, and even Multi-Variate CPUE Standardization. 
However, without knowledge of the true underlying trends, it is not possible to identify 
the optimum approach to be used in particular situations. The use of multiple methods 
has advantages but, as stated above, there is rarely time to conduct a comprehensive 
analysis when dealing with a relatively unimportant species. While it appears uncom-
mon that different methods will lead to completely different management advice, in-
cluding an analysis of zero shots, or not, is often influential over the outcome of an 
analysis. This is problematical because zero shots in non-target species can arise for 
many reasons other than changes in the overall abundance. 
 
With regard to non-target species the usual problems relating to data quality that arise 
with fishery dependent data can be exacerbated by non-reporting or different levels of 
reporting through time. The impacts of any preliminary data selection and the impact of 
data quality (rounding errors) on the statistical properties of catch rate data would cer-
tainly benefit from further exploration. The development of individual fisheries through 
time often entails an expansion of fishing grounds so that the early history of each fish-
ery entails a number of marked changes in fishing behaviour. More spatial analyses are 
needed in attempts to account for this. This is a particular problem for non-target spe-
cies where the reporting of catches may have been neglected early on if the species was 
considered unimportant. 
 
Multiple participants declared that an advantage of the workshop format was that it pro-
vided them with time to explore options they had not previously tried or had not had 
time to fully explore. In addition, the opportunity to discuss issues with their peers was 
of great value in itself, as such opportunities are uncommon due to Australia’s geo-
graphical size. 
 

8.2 Spatial Methods 

The spatial methods discussed in the workshops for identifying areas in which to expect 
catches of a species should be helpful in such analyses. This is a field that deserves fur-
ther examination. Whether it is necessary to use relatively sophisticated analyses using 
GAMs on presence absence or Ln(cpue) on longitude and latitude and depth rather than 
simply using fine scale plotting into 6 x 6 nautical mile squares can be debated. But in 
the end, usage of both approaches will identify weaknesses and strengths and, eventual-
ly, improve the completeness of the treatment of the available data. For example, such 
plots were helpful in a recent SharkRAG meeting when illustrating the distribution of 
trawl caught saw shark catches in the GAB. This was the first time this fishery (trawl 
caught sawsharks in the GAB) had been looked at and the plots were useful in demon-
strating that more are taken in the west than the east and that the distribution of fishing 
grounds where sawsharks are recorded is tightly defined (Figure 1). This data can be 
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used to conduct analyses selecting different sets of 0.1 degree squares (or some other 
selected scale) to analyse and hence learn about the information available in the data. 
 
Besides the advantages in determining where to expect catches of a species (and hence 
where shots without that species might be considered as zero shots) the spatial analysis 
of all fisheries is an analytical approach that needs more attention. The spatial develop-
ment of a fishery can have large impacts on the history of a fishery statistics. Many of 
the rapid and large falls in catch rates that can be seen in numerous Commonwealth 
fisheries could simply be the results of initial fishing focusing on hotspots and quickly 
depleting them before expanding fishing to larger areas. 
 

126 128 130 132 134

-3
5

-3
4

-3
3

-3
2

-3
1

Longitude E

L
at

it
u
d
e 

S

>10000
>5000
>2500
>1000
>500
>250
>100
>1

 

 
Figure 1.  Schematic map depicting trawl caught catches of sawsharks in the GAB summarized over the 
period 1987 – 2010. The legend depicts the total accumulated catch across 23 years in kgs in each 0.1 x 
01.nm square. 

 

8.3 Catch Rate Analysis Methods 

Numerous methods are currently used in the analysis of catch rates, and some new 
methods, such as multi-variate linear modelling, were examined and to some extent 
compared. The common diagnostics used when applying linear models (qqplots and re-
lated statistics) are obviously useful for selecting optimal models within a given frame-
work, but the choice of residual error structure and how to deal with zero shots was far 
more difficult to determine. Applying more than one method to a dataset has some val-
ue in providing a more thorough examination of the implications of the available data. 
Similarly examining alternative approaches for identifying those shots that have been 
made that can be considered as zero shots for the species of interest has value in deter-
mining the sensitivity of the analysis to such decisions. 
 
The field of cpue standardization remains diverse and surprisingly poorly defined. Not 
surprisingly, the initial data selection (sometimes referred to as data cleaning!) can be 
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very influential on the final outcome. Despite this very little has been written regarding 
this aspect of standardization. In addition, the impact of the typical quality control is-
sues with catch rate data (rounding of catch and of effort leading to the grid like pat-
terns seen in catch rate plots) on the statistical properties of commercial catch rate data 
should be further investigated. 
 
The strategy of simulating commercial catch rate data from a mixed fishery in a realistic 
manner is seen as a strategy that would provide answers to many of the problems that 
still plague catch rate standardization methods. By knowing the underlying trends with-
in the simulation framework, the best ways of recovering those trends can be deter-
mined in a defensible manner. A research proposal has been developed to pursue this 
strategy of generating simulated multi-species catch rate data (using both the Atlantis 
framework and a less complex modelling approach). Once simulated cpue data can be 
generated this will allow the circumstances under which cpue data and how it is ana-
lyzed provides a valid index of relative abundance.  

8.4 Interactions between Target and Non-Target Species 

Non-target species are a difficult management issue because an assessment for a non-
target species can have serious implications for the management of a possibly well 
managed on-target target fishery. It is possible, for example, for the endeavour prawn 
fishery in the Northern prawn fishery (which targets tiger prawns) to be assessed as be-
ing below its limit reference points and thus lead to reduced effort levels in the whole 
multi-species fishery, even if the target species are at or above their own targets. A fur-
ther example is available in the SESSF fishery for School and Gummy sharks. Gummy 
sharks are currently considered to be in a healthy state with sustainable catches. How-
ever, in the Gummy shark fishery there continues to be a bycatch of School sharks 
which, while they are known to be depleted their exact status is unknown precisely be-
cause they are a bycatch only species and there is currently insufficient information to 
establish their exact status.  The baseline assessment for non-target species is some kind 
of risk assessment that aims to determine the risk to the non-target species posed by the 
fishery. Further consideration is needed on how to operate when dealing with such un-
certain assessments. 

9 BENEFITS  

The primary beneficiaries of this work will be the Fishery Managers in the various 
States as well as the Commonwealth. The project has identified the common ground 
among jurisdictions but also the remaining problems that arise when attempting to pro-
vide management advice on non-target species. Whether any of this will have a finan-
cial impact is difficult to determine. Some non-target species are valuable components 
to the overall value of the catch in some fisheries. The biggest risk to current fisheries 
that this work aids in clarifying is the growing idea that the status of non-target species 
can determine access to target species. In this way, improving fishery management ar-
rangements around Australia can have very large implications. 
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10 FURTHER DEVELOPMENT 

Four areas were identified as being ready for further work or more activity.  
 
1. Improvements can be made in the spatial analysis of the development and on-going 

dynamics of different fisheries. Improved computing power will assist with these 
developments.   

2. Catch rate standardization is a common technique used when only fisheries statistics 
are available. In the end, however, until we can simulate realistic fisheries data and 
thus open the way to the simulation testing of the wide range of methods available 
improvements will be difficult.  

3. There is especially a need to explore the impact of any preliminary data selection on 
the outcomes, the impact of data quality (rounding errors) on the statistical proper-
ties of catch rate data, and the impact of different strategies for identifying zero 
shots on the outcome of the analysis.  

4. To implement some of the suggestions for further work given in points 1 to 3 it was 
concluded that there was a need to develop a research proposal to solve some of the 
issues raised and articulate some of the recommendations for further work from the 
workshops (since the workshops a research pre-proposal has been produced). 
 

In the meantime, there are advantages to applying more than one method to the same 
data set and how we spatially select data for analysis can easily be improved (as in point 
1).   
 
There remains a need for policy to address the possible actions required when a non-
target species is deemed at risk (either through some kind of ecological risk assessment 
or some simple stock or fishery assessment). Without such policy, management of non-
target species will stay reactive and ad hoc and contribute to uncertainty in manage-
ment. 

11 PLANNED OUTCOMES 

The three planned outcomes for this work were: 
 
1. A workshop report detailing the discussion and findings, providing guidance on 

how to approach the issue. 
2. If it is concluded that further work is required, a full research proposal aiming to 

articulate the recommendations from the workshop. 
3. Eventually the means for routinely assessing the status of non-target species and 

providing management advice for their sustainable and profitable exploitation.  

 
The first two have been achieved in this project while the third is being addressed with 
the improved community of practice and increased sharing of methodologies and ideas 
across jurisdictions.  
 
Thus, the outcomes included the report of the meetings, which is this document. By in-
cluding all of the presentations given it is expected this document will provide a re-
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source to managers and researchers allowing them to understand the range of approach-
es for dealing with non-target fisheries (and fisheries management in general) present in 
Australia (no participants from Western Australia could make the meetings).  
 
At least one further research proposal was developed from this work and this relates to 
exploring catch rate standardizations using simulated data and involves researchers 
from CSIRO, Queensland DEEDI, and Industry consultants. Alternative avenues for 
progressing this work are also being explored. 
 
The project has improved connections among the analysts employed in the different ju-
risdictions and this will lead to an improved chance of developing a community of prac-
tice across Australia. This in turn will assist managers and Industry as they will become 
more used to being exposed to the same kinds of analyses when looking for advice from 
analysts. 
 
The project results will be communicated to managers in the various jurisdictions by 
distributing the final report widely. 

12 CONCLUSIONS 

This project investigated analytical methods capable of identifying trends in relative 
abundance estimates for byproduct and bycatch (non-target) species. This was largely 
achieved through two cross-jurisdictional workshops; key conclusions based on work-
shop discussions are summarised below: 
The major recommendations from the workshop were: 
 
1. Further consideration is required to identify the possible actions required when a 

non-target species is deemed at risk (either through some kind of ecological risk as-
sessment or some simple stock or fishery assessment); and  

2. A decision by workshops participants to develop a collaborative project proposal 
that will explore the limits and choices in catch rate standardization through the use 
of simulated multi-species catch rate data. By knowing the alternative underlying 
realities that derive from multiple operating models it will be possible to examine 
how the various analytical methods are adapted to different underlying assumptions 
in different datasets. 

 
Other conclusions were: 
  
 Non-target species are common in mixed fisheries in all jurisdictions; how they are 

managed is thus also a common issue. 
 Two strategies are apparent from all Jurisdictions for dealing with non-target spe-

cies: either use a risk assessment of some kind or conduct an analysis of catches and 
catch rates. No other strategies appear to be used currently. 

 Risk assessments could take the form of the Commonwealth ERA process or a less 
detailed multi-criterion decision analysis, which is essentially a summary of all that 
is known about a fished species, and then use a weight of evidence approach to de-
termine whether a fishery was placing a given species at risk of serious depletion. 
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 Where the non-target species was less abundant in the catch than the target, but was 
more productive in its life-history characteristics, the idea that looking after the tar-
get species would also take care of the sustainability of the non-target species was 
recognized as a possible positive outcome from the weight of evidence approach.  

 Simple and routine methods for the spatial analysis of the development and present 
operational expression of each fishery are helpful in understanding the scope, the 
overlap with other fisheries, and the spatial focus of a fishery. Such methods can 
help in identifying areas where shots might be expected to contain a species, and 
thus be useful for identifying zero shots for inclusion in cpue standardization. 

 There are advantages in applying more than one standardization method when deal-
ing with new data. Each method has different assumptions and the outcomes pro-
vide insight concerning the information content of the available data. 

 There are numerous aspects of the standardization of commercial catch rates that 
require more work. The impact of any preliminary data selection on the outcomes, 
the impact of data quality (rounding errors) on the statistical properties of catch rate 
data, and the impact of different strategies for identifying zero shots on the outcome, 
are three areas that would benefit all workers if further explored. 

 
 
The research described here addressed both objectives of the project (as listed on page 
2). 
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14 APPENDIX 1 - INTELLECTUAL PROPERTY 

Apart from the data used all participants were happy to share analytical algorithms with 
other analysts. As such no strict intellectual property issues arise with this work. The 
content of each PowerPoint presentation should be referred back to the original present-
er. 
 

15 APPENDIX 2 - STAFF 

Table 1 on page 7 lists all the staff and participants in this project. Malcolm Haddon 
took on the primary role of organising the meetings and compiling, annotating and writ-
ing the final report. George Leigh provided review and editorial comments. 
 

16 APPENDIX 3 – WORKSHOP 1 PRESENTATIONS 

16.1.1 Trends in the Abundance of Non-Target Species – Malcolm Haddon 

This was only intended to be an introductory talk to the workshops but everyone agreed 
that the issue of assessing non-target species and bycatch species was common to all 
jurisdictions at some level.  
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16.1.2  SEF1 Otter Trawl Targetting and Diversity – Neil Klaer 
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16.1.3 Catches and Catch Rates – Malcolm Haddon 
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16.1.4 Spatial Methods for Non-Target Species in Fisheries – Mark 
Chambers 

 

 
 

The example that I go through here is a fairly quick analysis that I did specifically for 
this talk. 
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Stephens & MacCall suggest using species presence/absence as predictors in their sub-
setting model when data on fishing location is unavailable, suggesting that subsetting 
would be based on location if appropriate regions could be identified. Alternatively the 
same modelling procedure can be used with spatial predictors. 
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Logbook records for a total of 67 vessels were considered. In recent years the number 
of vessels operating has generally been 10 or less. 
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C-square can also be used as a categorical variable – say for random effects. Might 
want to use a coarser scale in this case. Morwong catch was recorded in around 550 C-
squares. 
 

 
Because the GAM is fit to the aggregated 1200 data points (c-squares) rather than 
70,000 +, it fits quickly even in R. 
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If a binomial GAM incorporating an isotropic smooth in latitude and longitude is fit to 
the data a predictive map can be produced plotting the probability of catching jackass 
morwong (or whatever). Depth from bathymetric data can be obtained to get some link-
ing information for areas with little data, but it’s primarily the areas being fished that 
we’re interested in. 

 
Random Sample of 20 thousand observations used here. Necessary to ensure that some 
shots from any vessel to be included in the analysis in the sample. Here, the first two 
groups are of little interest to analyses other than Orange Roughy. Other classifying 
methods eg random forests can alternatively be used. 
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The vessel Group is from the classification tree model. 
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Confidence intervals here based on fairly comprehensive bootstrapping. Perhaps the 
surprising thing here is that it was the initial data subsetting that had most of the effect, 
not the subsequent modelling. 
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Stephens, A. & MacCall, A. 2004, ‘A multispecies approach to subsetting logbook data 
for purposes of estimating CPUE’, Fisheries Research, Vol. 70, pp. 299-310. 
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16.1.5 Victorian Fisheries Assessment – Bruce Taylor 

 
 
 
 
Summaries of: 
 

 Abalone 
 Rock Lobster 
 Bays and Inlets Fishery 

o Port Phillip Bay 
o Western Port Bay 
o Corner Inlet 
o Gippsland Lakes 
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Assessment methods based on time series of catch and effort logbook data.  Some of the 
key species would also consider size and age analyses, but there have been no routine 
collection of these data for east Gippsland commercial fisheries. Some periodic collec-
tion of black bream size and age data from Lake Tyers and Mallacoota, these were pre-
sented at assessments for these fisheries in 2006 and 2007. 

 



71 
 

 
 
Off-site (telephone-diary) surveys  

 provide estimates of total recreational harvest  
 National Recreational Fishing Survey 2000/01 
 recreational fishing in coastal Victoria 2006/07  

 
On-site (boat-ramp) surveys 

 provide time series of estimated catch rates and size structure for key species 
 PPB 1996/97 then on-going from 2002/03 to present (not May–Sep prior to 

2008) 
 commencement of the annual access point surveys in mid/late 90's 

 
Angler Diary Program 
 200 general anglers have provided catch, effort and gear data for their everyday 

fishing activity (on-going) 
 100 research anglers using prescribed gear to provide information on size and 

under-size components of target fish populations (on-going) 
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CDP-funded monitoring projects 
 Sub-program 1: Port Phillip Bay Annual Trawl: The aim of this sub-program is to 

detect interannual changes in the abundance of all common fish in Port Phillip Bay 
outside of expected variability. 

 Sub-program 2a: Egg and Larval Surveys: The aim of this sub-program is to detect 
interannual changes in the abundance of snapper and anchovy eggs and larvae out-
side of expected variability. 

 Sub-program 2b: Anchovy Study: The aim of this sub-program is to collect data on 
anchovy abundance, distribution in the Bay and population structure that will fill 
existing knowledge gaps and assist in the assessment of changes observed in other 
Baywide programs. 

 Sub-program 3: Recreational Fishery Surveys: The aim of this sub-program is to 
detect changes in the abundance and recruitment of key recreational fishery species 
outside of expected variability. 

 Sub-program 4: Monitoring Key Fishery Species in Seagrass Beds: The aim of this 
sub-program is to collect data on they types and abundance of fish in shallow and 
deeper seagrass beds that will fill existing knowledge gaps and assist in understand-
ing the significance of any observed changes in seagrass habitat for these fish. 
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PPB Commercial Fishery Profile 
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PPB Recreational Fishery Profile  
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Basically, we need to identify any good indicators from existing data collection pro-
grams and, if an unusual trend is detected for a particular species, any R & D that might 
help us to understand why this trend is occurring and whether or not fishing is contrib-
uting to it. 
The performance measure is KGW cpue (kg/shot) from 1978/79 to 2008/09  
 
Figure after Sainsbury et al 2004, reference lines are precise, so this doesn't capture un-
certainty in any estimate, see Phillipe's report pages 20-21 
 
Uncertainty is the probability that an indicator is above/below a specified threshold, es-
timated by Monte Carlo simulations or resampling (bootstrapping) 
 
Performance indicators are quantities to be measured in order to track the status of the 
fishery. Reference points represent the desired levels of the indicators. Trigger points 
indicate when the level of the indicator is unacceptable to the extent that immediate re-
medial action is required 
Reference points & potential best practice can relate to: 
 target and retained species 
 by-catch species 
 threatened, endangered or protected species and communities 
 habitats 
 food webs 
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16.1.6 Queensland ByCatch Issues – George Leigh & Michael O’Neill 
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17 APPENDIX 4 – WORKSHOP 2 PRESENTATIONS 

17.1.1 Introduction: The Issues – Malcolm Haddon 

 

 



 

92 

 
 



93 
 

17.1.2 What is meant by Bycatch and Byproduct – Malcolm Haddon 
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17.1.3 Bycatch Species in Queensland – George Leigh & Michael O’Neill 
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17.1.4 Multivariate CPUE Standardization – George Leigh – Michael O’Neil 
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17.1.5 Alternative Catch Rate Analyses – Neil Klaer and Mark Chambers 
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17.1.6 Simulation of Catch Rate data – Malcolm Haddon & Eva Plaganyi 
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