Report of the Third Meeting of the Study Committee:
Trawling: Finding Common Ground on the Scientific
Knowledge Regarding Best Practices
Held 15-17 September 2014, Bangkok, Thailand
EXECUTIVE SUMMARY
This study group is now past the half-way point, and our data collection is largely
complete. We have trawl footprint data for over a dozen regions that we used to calculate the
proportion of the habitat that is trawled 0, 1, 2 and 3+ times per year. We have access to a
global data base on seabed habitats and have begun to download data for our study regions.
We have identified 37,000 potential papers that evaluate trawl impacts on biota. Of these,
850 papers whose abstracts and titles suggested they might contain useful data were read
thoroughly and 108 of them had data that we were able to use in our analysis. We use these
data to estimate the impact of one pass of gear on specific taxa of the benthic biota. Analysis
is broken down by taxon, bottom habitat type, and gear type. The literature review also
identifies the recovery rate of different taxa in different benthic habitats. The risk analysis
that will calculate the cumulative impact of trawl effort on biota is developed and awaits the
data inputs from the trawl footprint, benthic habitat, impacts of trawling, and recovery rates.
We have largely completed a manuscript reviewing the impacts of trawling on target species
and we have identified a broad range of possible best practices and will be evaluating the
consequence of implementing these in the next 8 months.
We anticipate production of the major papers from this project between January and
July 2015. The next meeting of the group will be in March 2015, and current funding will
finish in July 2015.

LOCATION, ATTENDANCE AND AGENDA
The meeting was held 15-17 September 2014 in Bangkok, Thailand, attended by
Ricardo Amoroso, Jan Hiddink, Ray Hilborn, Kathryn Hughes, Simon Jennings, Michel
Kaiser, Tessa Mazor , Bob McConnaughey, Ana Parma, Roland Pitcher, Adriaan Rijnsdorp,
and Petri Suuronen.
The agenda of the meeting is attached as Appendix I.

PHASE I: EXTENT OF TRAWLING
The Trawling Best Practices (TBP) group is continuing to compile the most extensive
high resolution picture of trawling activity on the world’s continental shelves. Following
contacts made at the Bangkok meeting, we are seeking to include data for Malaysia, the
Arafura Sea (Indonesia) and NW India. The data describing trawling activity are
underpinning the Phase 3 analysis on the interactions between trawling and the environment,
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where we assess the positive and negative consequences of existing practices. Table I.1 and
Figure I.1 present the status of data processing of trawl footprint in different regions. It is
clear from the status (Table I.1) that some analyses are very advanced while others less so.
The TBP is now advancing a first cut of analyses based on the data we have in hand
(primarily Australia and U.S.) and agreed on a process for the analysis and presentation of the
data at the meeting (Appendix II). Priority will be given to the analysis of data for 2008-2010,
supplemented with time series data for effort and footprint for the largest possible subset of
regions where such data are available.

Figure I.1. This map shows as check marks the regions where we either have data on
the location and intensity of trawling or regional scientists have such data and are
collaborating with us. Question marks indicate where the data exist and collaborations
are currently under discussion.

Third Meeting Report.docx

Page 2

1

Table 1. Status of trawl effort data sets

Area

Argentina

Australia

Status (narrative)

Data available.
Workshop in
Dec/Jan
Fish trawl and
scallop dredge data
processed.

Years (aim
Effort units (ideally km2 km-2 2008-2010,
yr-1)
longer series if
available)

Priority

Spatial Units (grid cell
scale lat-lon or km if
equal area)

High

VMS

in hand

VMS

km2 km-2 hr-1

km2

2004-on

2009-2010

Bering Sea

Data Processed

In hand

Aggregated individual
tows

Chile

Agreements in
progress. Workshop
in Dec/Jan

High

VMS

East Canada

Data available.

Immediate

potential mapping

km2

1995-2012

Available
November via
Adriaan and
Benthis.

High

TBA

km2 km-2 hr-1

2005-?

Pursue through
BENTHIS

High

Europe and
Norwegian
waters ex
Spain and
Portugal
Spain and
Portugal
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Gulf of Alaska
and Aleutian
Islands

Data being
processed

Effort data at the
level of large
Gulf of Mexico
statistical grids.
Data processed.
Data available, not
Iceland
processed
Potential workshop
Japan
in Feb
Potential workshop
Namibia
in Feb/March
VMS unlikely, vessel
New England
trip reports more
likely
Data available, in
New Zealand
hand, being
processed
Formal request to
Russia
Vladivostok Lab
from NOAA
Scotian Shelf
South Africa

Data likely
organized, needs
facilitating
Data available.
Workshop in Feb
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High

VMS

km2

Immediate

No

Hours

2008-2012

Immediate

VMS

km2 km-2 hr-1

to check

Medium

to check

to check

Medium

to check

to check

Medium

By cell or individual tows
from NOAA (TBA)

1990s-on

High

5km x 5km

to check

Medium

to check

to check

Medium

to check

to check

Medium

to check

to check
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initial contact
including face to
South Korea
face but no recent
responses
Sean Cox has done
West Canada
this analysis.
Logbook data
processed as part of
West Coast US
another project,
results in hand.
China/
Taiwan/
Ratio
Mexico
SE Asia
To investigate
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Medium

to check

to check

Immediate

Individual tows

2008-2010

Immediate

Individual tows

2004-2001

Medium
Medium
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In some areas where we have obtained permission to use and present the data we are
able to map the intensity of trawl effort as shown in Figure I.2 and I.3
Trawling
Effort

Figure I.2 Relative intensity of trawl effort in the Bering Sea.
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Figure I.3 Trawl effort by otter trawl in the North Sea, Irish Sea and Bay of Biscay.
compiled by Adriaan Rijnsdorp et al. (2014)
In order to calculate the net impact on benthic biota we need to convert the trawl
effort data to the number of times the bottom is contacted by trawls each year. Using the
spatial information of trawls as mapped, we can then calculate the frequency of trawling as
shown in Figure I.4.

Third Meeting Report.docx

Page 7

Figure I.4. Frequency of trawling in one area of Australia.
Figure I.5 and I.6 show these plots for the Bering Sea and the Gulf of Carpentaria in
Australia with the Y axis reversed.

Figure I.5. Frequency of trawling bottom contact for the Bering Sea.
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Figure I.6 Frequency of trawling bottom contact for the Gulf of Carpentaria.
Over the next few months we should be able to conduct this analysis for all of
Australia and North America. The European data should be available in late 2014.

Third Meeting Report.docx

Page 9

PHASE II: IMPACTS OF TRAWLING ON BENTHIC BIOTA AND HABITATS
SYSTEMATIC REVIEW PROTOCOL
The systematic review protocol has been formally accepted for publication in the
peer-reviewed journal Environmental Evidence. The protocol outlines the methods that are
intended to be used throughout the systematic review and to some extent the meta-analysis.
SYSTEMATIC REVIEW PROGRESS
The systematic review process is currently at the data extraction and preliminary
analysis stage. To date ~28,000 papers were identified as potentially relevant, and 747 papers
were deemed relevant based on their title alone. After screening according to abstract
content, 320 were excluded. At present, 108 studies have been formally accepted at the metaanalysis stage. Of these, 53 are experimental studies (see figure II.1 as an example schematic
of experimental bottom trawling), 53 are comparative studies (where a real fishing ground is
compared to a non-fished control area), and two studies incorporate both experimental and
comparative elements. Aside from these, there are a further ~120 potential papers that need to
be screened at full text, ~100 papers that have not yet been located at full text and ~100
abstracts that have not been located. Locating texts can be problematic when either the texts
are restricted access, when the texts are not digitized or when hardcopies are not available
via inter-library loans.
Further screening needs to be applied to ~30 review papers, and bibliographies of the
papers that have been accepted to be used in the meta-analysis. Currently, the extracted
database includes ~80 experimental studies and ~31,000 response values; ~50 comparative
studies and ~5,000 response values. The previous database contained ~ 5,000 response
values, we have increased the total number of response values substantially, and this is likely
to increase further compared to previous data summaries. At present, 73 papers have been
fully extracted, 31 comparative papers and 42 experimental papers.

Figure II.1 A schematic showing an experimental fishing event. Multiple sampling
before the experiment demonstrated that there was an average seagrass density of 4
plants per m2, and average cockle density of 3 cockles per m2. Sampling after the
experimental fishing shows that there was 1 seagrass plant per m2 and 1 cockle per m2.
Therefore, there was a reduction of three seagrass plants per m2 and two cockles per m2
respectively. After the fishing event, a scavenger moved in to feed on carrion leading to
an increase of one scavenger per m2. The changes in raw mean difference are shown in
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the graph on the right. Zero would represent no change. The vertical lines going
through the points indicate the 95% confidence intervals associated with the sampling
variance.

PRELIMINARY RESULTS FROM THE SYSTEMATIC REVIEW
Some preliminary results based on the data already extracted from the experimental
studies are presented here. Figure II.2 shows the standardized raw mean difference between a
treatment (i.e., an experimentally fished) area and a control area, with a negative result
indicating that fishing had a negative impact on the marine benthic abundance (a reduction in
numbers of organisms per m2). Studies were extracted based on the following criteria; a mean
and variance were reported for some measure of abundance (e.g., density) within 3 days of
the fishing impact. Extracting common studies allows direct comparison of the overall
results (combined across all taxa for a single study) for a number of individual studies. All
study outcomes are standardized to the number of organisms per m2 prior to analysis to
ensure the results are comparable.

Figure II.2. The raw mean difference in number of organisms per m2 (±1 standard
error) between treatment (fished) and control (unfished) sites of experimental studies
immediately after fishing based on the results extracted from a select number of studies.
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Figure II.3 shows the same information as Figure II.2 but in a forest plot. Here, the
standardized raw mean difference is the observed outcome, and statistically significant results
are described when the 95% confidence intervals (the lines going through the data points) do
not cross the zero (vertical) line. It is clear to see that six studies are statistically significant
(highlighted by the red broken arrows) whilst three studies are not (Robinson et al. 2001b and
d; Currie and Parry 1996a). There are two studies with a positive and significant outcome,
and there are four studies with a negative and significant outcome. The overall result (across
all studies) can be seen at the bottom of the figure. The ‘overall model’ output is significant
and negative, describing the significantly negative impact mobile bottom fishing has on
abundance measures of benthic flora and fauna within a time frame of 3 days since the
fishing event (average mean standardized difference of -34.04±13.02 according to a random
effects model). At a later stage in the analysis, we will examine the responses of different
taxa to the effects of different types of fishing in different habitats. Other influencing factors
might include the intensity of the fishing disturbance event, the time between fishing and
surveying and the level of natural disturbance for the area, also whether the response (benthic
faunal abundance) includes opportunistic scavengers.

Fig. II.3. A forest plot from a meta-analysis conducted using the raw mean difference
per m2 between a fished and non-fished site (observed outcome). The size of the black
circle corresponds to how precise the result of the study is (based on sample size etc.),
the error bars indicate the 95% confidence intervals, and the red broken arrows
highlight the significant results. The circles to the left of the vertical line indicate those
studies that show a negative impact after fishing, whilst the circles to the right of the
vertical line indicate a positive impact (possibly due to a scavenger effect). Overall, the
model suggests there is a small but significant negative impact because of mobile
bottom fishing measured across this subset of studies.
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FUTURE ANALYSES WILL INCLUDE


Converting categorical habitat data reported in studies to continuous data from an
online database of habitat, and comparing the two.



Assessing different levels of classification of gear types (from general to
specific) and testing the use of "functional gear components" as a way to identify
gear type to the impact it provides.



Test 'traits' of response variables in terms of soft bodied, hard bodied, epifauna,
infauna etc.



Analyze different combinations of response, gear type, habitat, biological traits
and fishing intensity using a mixture of meta-analytic modelling and multivariate
statistics.



Investigate
the
significance
and
level
of
response
observed
from different combinations of fishing impact gears and sampling gear.



Create recovery curves to compare the short and long-term impacts of mobile
bottom fishing .

TIMELINE
The current deadline is to have the results for the experimental studies completed with
a draft manuscript written by the end of 2014; comparative studies analyzed and manuscript
written by April 2015.
FISHING GEAR PHYLOGENY
Linked to the meta-analysis we require an objective method of grouping different
fishing gears to avoid the use of categories that do not necessarily represent the
characteristics of a fishing gear appropriately. Using a questionnaire-driven approach (Fig.
II.4), it is considered possible to differentiate among different fishing gear designs to
understand which fishing gears might be grouped together (e.g., hydraulic and scallop
dredges may have similar effects due to their key design features). This question-led
approach provides a more objective means of categorizing fishing gears into different
groupings. Preliminary examination of the multiple characteristics of the different gears
shows that the analysis does effectively discriminate among different gear types (Fig. II.5).
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Figure II.4. A screen shot of the questionnaire layout with fishing gear from each individual study in the meta-analysis at the head of the
columns. As each gear has multivariate characteristics, the data are amenable to multivariate analysis to understand which gear types
group together most closely.
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Figure II.5. A cluster analysis of the different fishing gear types encountered in each
of the experimental studies from the meta-analysis database (for the studies
extracted to date). DIG=hand digging, BT=beam trawl, OT=otter trawl,
HD=hydraulic dredge, SD=scallop dredge. We can see from this analysis that
hydraulic dredges group most closely with scallop dredges which provides an
objective means of aggregating gear types hierarchically.
SCIENCE LINKS WITH SOUTH AND SOUTHEAST ASIA
During the follow-on meeting held in Bangkok, several science initiatives were
begun. We (Kaiser lead) undertook to write a paper for publication in a local journal
(e.g., The Indian Journal of Marine Biology) that compares and contrasts different
experimental and comparative approaches to understanding the impacts of mobile bottom
fishing on seabed communities. S and SE Asian scientists identified such a paper as an
essential reference tool that is not currently available in the scientific literature but that
would be of importance to help avoid the pitfalls of confounded experimental design
thereby maximizing the utility of their research efforts.
We committed to undertake a subset of the prioritization exercise (see
Stakeholder consultation: Prioritization exercise, below) specifically for the Asian area
through initiating the first stage of the process by email, and by seeking funding to
organize a face-to-face consultation exercise in the region.
We are committed to assisting the S and SE Asian scientists with analysis and
interpretation of data collected already from experimental or comparative studies. This
may be facilitated by exchange visits although primarily this will be via email
communication.
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Based on some of the presentations made by each of the regional fisheries
representatives from S and SE Asia, potentially relevant published articles were identified
and PDF’s sent to Kathryn Hughes for screening to be included/excluded in the
systematic review. This is particularly helpful as the searching process for the systematic
review has a western geographic bias associated with journal access and therefore some
of these important papers that may have been missed have now been captured.

PHASE III: RISK ANALYSIS
Phase III will conduct a risk analysis of the impacts of trawling on sedimentary
habitats for regions and fisheries where adequate data are available from Phases I & II.
The proposed analysis will be a spatially explicit landscape-scale assessment of habitat
status relative to an untrawled condition. At the November 2013 meeting a worked
example was presented for a regional-scale trawl fishery in Australia. This example
currently remains confidential, but another illustrative example for a large bay was
prepared and provided as Appendix 2 in the November 2013 meeting report
(http://trawlingpractices.files.wordpress.com/2014/01/trawl-second-meeting-report.pdf ).
The Phase III risk analysis has critical inputs from Phases I & II, as follows:
1. The spatial maps of trawl effort intensity from Phase I
2. The spatial maps of sedimentary habitats from Phase I
3. The impact rates per trawl pass for different sedimentary habitats from Phase II
4. The recovery rates after trawling for different sedimentary habitats from Phase II
These data from Phases I and II are to be combined in a simple model, based on a
rearrangement and simplification of those used for fisheries stock assessments, to
estimate the expected long-term status of each sedimentary habitat type. Initially, this
will be a relative assessment at the habitat level — essentially aggregating across all
fauna that typify each habitat type — to be applied at the widest possible spatial scale.
The relative status of habitats can be mapped or presented in a highly summarized form
— for example, in cases analyzed to date, sedimentary habitat status at landscape scales
has typically been >90% compared with their status without fishing. The Project aspires
to extend the risk assessments down to the faunal level (see below).
Because Phase III is critically dependent on Phases I and II, further progress is
waiting on completion of outputs from these prerequisite phases. To date, most work has
been directed at contributing to assisting the collation of trawl effort data (including
processing and gridding methods) and habitat data and datasets for the meta-analysis.
The 3rd meeting in September 2014 reviewed the proposed risk analysis methods
and considered several alternative methods of presenting the outputs that will be able to
avoid confidentiality issues associated with many trawl effort datasets.
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Another major area of work has been to seek funding for additional capacity to
support the implementation of the risk analysis, including extension to the faunal level. A
proposal was prepared and submitted to CSIRO for an Office of the Chief Executive
Post-Doctoral Fellowship (OCE PDF). The application was successful and recruitment of
another post-doc has been completed. The new post-doc has begun collation of survey
datasets for benthic invertebrates and of environmental predictor variables and is
developing methods for predicting benthos distributions and conducting status
assessments for invertebrate groups. It is anticipated that this extension of the TBP
Project will estimate the expected long-term absolute abundance status of invertebrate
groups, integrated across substrate types, at landscape scales as it is affected by current
trawl effort. Nevertheless, it is likely that this more detailed analysis will be possible only
for regional case studies where suitable benthic invertebrate survey data are available. A
key activity now, to be completed at the 4th TBP meeting, is to identify suitable and
available benthic survey data sets.

PHASE IV: IMPACTS ON TARGET FISH STOCKS
Phase IV deals with the indirect effects of bottom trawling on the target fish
stocks. The work is ongoing. At the Bangkok meeting the structure of the paper and a
number of sections were discussed. We plan to finish the 1st draft in December 2014.
The indirect effects of bottom fishing on target fish species will be studied by a
structured review of empirical and modeling studies. The ultimate objective is to be able
to generalize about which habitats, fisheries, or target species are likely to experience
important indirect effects of bottom fishing.
The literature review is structured around the main direct and indirect
mechanisms by which trawling could affect fish productivity (Figure IV.1): by affecting
the habitat of the fish target species, the fish predators of the target species, the prey of
the target species, through energy subsidies provided to the target species and through
changes induced in primary productivity. Heuristic models will be used to scale the
indirect effects on habitat relative to the direct mortality caused by fishing.
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Figure IV.1. A schematic representation of the effects of trawling on different
components of the ecosystem used for illustration in this study. Solid arrows are the
known links between trawling and components of the ecosystem that could affect
fish production. The dotted arrows indicate those effects of trawling for which there
is some qualitative support in the published literature.
The preliminary results can be summarized as follows.
The literature review showed that several papers support the hypothesis that
bottom trawling may influence fish populations through the disturbance of fish habitat.
Habitat-mediated effects may increase the mortality rate or affect the feeding patterns of
the target fish species. The effects are species and habitat specific. A large scale field
experiment most strongly supported the benthic-habitat hypothesis.
There is ample evidence that bottom trawling provides food subsidies by
discarding unwanted bycatch species or offal and by damaging, killing or exposing
animals in the trawl track. Based on the results of the available field studies, a first
estimate of the importance of food subsidy for demersal fish species indicate that
scavenging on carrion generated by trawling makes a positive but small contribution to
the diets of demersal fish.
Bottom trawling causes resuspension of sediments which may have important
trophodynamic consequences as it will affect the availability and quality of food for
suspension feeding and deposit feeding benthos. Disturbance of the sediment may
temporarily enhance the flux of nutrients from the sediment to the overlying water. Few
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studies have attempted to scale up the effects of resuspension by bottom trawling on the
benthic-pelagic coupling.
The effect of trawling on fish productivity is likely to depend on the species’
feeding habits and the environmental conditions. There is a body of evidence that
suggests that flatfish living in naturally disturbed sandy habitats may benefit from low
levels of bottom disturbance, but that in other species, in other habitats, and at higher
levels of trawling fish productivity is negatively affected.

PHASE V: EVALUATE ALTERNATIVE BEST PRACTICES
Phase V will identify and test a range of management options and industry
practices that may improve the environmental performance of trawl fisheries; with a view
to defining ‘best practice’. For each option or practice, the impact on biota, sustainable
food production, and ecosystems and ecosystem services will be evaluated, along with
changes in fuel consumption and other costs and impacts for the harvesting sectors.
Group discussions and research have identified a range of practices and options
that are intended to promote sustainable harvesting with trawls (Table V.1), including
some management practices that are commonly used in the South and Southeast Asia
(SSEA) region. Each practice has a primary objective, associated habitat benefits, and
resource requirements that may or may not perform well depending on local
circumstances. For example, trawling prohibitions in the nearshore and spatial zoning by
vessel class are widely used in SSEA, particularly when there are multiple scales of
fishing operations and when monitoring, control and surveillance capabilities are limited.
Similarly, freezing the footprint of trawl fisheries has been implemented as a
precautionary measure in Alaska, because of sustained high catches and capabilities to
monitor vessel positions (i.e., onboard observers and VMS).
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Table V.1. Management and industry practices that will be used in an evidencebased analysis to identify best practices for minimizing the impacts of bottom
trawling.
Management Practice
Description
Future trawling is limited to previously trawled
Freeze fishing footprint
areas.
Trawls cannot be used in designated geographic
areas, such as the nearshore zone. Closures may
Prohibition by gear type
be permanent, seasonal, rotational, or bycatchactivated.
Specific configurations are required to reduce
Gear modification
impacts on the seafloor.
The aggregate catch of designated benthic
Invertebrate by-catch quotas
invertebrate(s) is limited.
A theoretical gear- and habitat-specific “capand-trade” system for effort control. The
Habitat impact quotas
aggregate quota is intended to achieve specific
habitat-conservation goals.1, 2
Trawling is prohibited in designated areas (e.g.,
Broad-scale habitat management
MPAs), as part of a multi-purpose habitatconservation program.
Trawls cannot be used in designated areas with
Small-scale sensitive habitat protection especially sensitive habitat(s), such as Habitat
Areas of Particular Concern (HAPC).3
Trawling effort is voluntarily redirected to
Rolling hot spots
another geographic area usually because of high
bycatch of prohibited species.4
Fleet reductions through buybacks, licensing,
Removal of effort
etc. to reduce overall trawling effort and the
trawling footprint.

A set of performance metrics is also being developed to compare and contrast the
efficacy of the different approaches, using an evidence-based analytical framework that
links to outcomes from the preceding phases of the project (Table V.2). For example, the
Phase III risk analysis provides a basis for considering probable responses to trawl-gear

1

Holland and Schneir 2006a.

2

Holland and Schneir 2006b.

3

https://alaskafisheries.noaa.gov/habitat/efh/hapc/default.htm

4

For example, near real-time reporting of bycatch levels by vessel and location. See:
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modifications that are designed to minimize contact with the seafloor and reduce the
removal of benthic biota, while Phase IV methodology supports interpretation of the
corresponding changes in impacts on target fish. Similarly, the effects of closures that
redirect effort to other habitat types can be considered based on understandings of
habitat-specific impact relationships resulting from Phases 1 and 2. New committee work
in this area will concentrate on the methodology for incorporating this information into a
risk-based evaluation of best practices.
Table V.2. Impact metrics that will be the basis for evaluating performance of the
different management and industry practices to minimize trawling effects.
Performance Metric
Benthic biota

Sustainable food production and food
security

Ecosystems and ecosystem services

Fleet performance

Description
Biomass, species diversity/richness,
species composition, size spectra
and other ecological proxies for
impacts on fish populations.
Harvest levels and catch
composition affecting domestic
consumption and export markets.
Spatial extent and inclusion of
representative habitats, especially
those supporting vital ecological
functions such as spawning, feeding
and growth to maturity.
Direct costs affecting operational
efficiency, including those related to
gear changes or modification, fuel
usage, and catch rates.

Clearly, the definition of best management practices will differ by location and
the extant circumstances, such that useful guidelines and performance metrics must be
flexible and account for a broad range of biological, technical, and socio-economic
factors not the least of which are the local policy drivers for fishery management. To this
end, the committee spent two days conferring with trawl-fishery experts from India,
Indonesia, Malaysia, Thailand, Philippines, and Viet Nam to gain a better understanding
of management practices in the region. Continuing work will include stakeholder
consultations on elements of the best-practice analytical framework, a global review of
successful and unsuccessful applications of the different management options, and
supplementary case studies of small-scale and commercial trawl fisheries in several
SSEA countries.
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STAKEHOLDER CONSULTATION
PLANNED CONSULTATIONS
Boston March 2015. Following on from the prioritization exercise to identify the key
stakeholder questions that should be addressed in the overall project, we had an offer from the
New England Aquarium to complete the ‘face-to-face’ aspect of this task to coincide with the
Seafood Expo North America (Boston MASS, 15-17th March 2015). We will use this opportunity
of a gathering of seafood industry and eNGOs related to the seafood sector to complete the
prioritization exercise. Data will take the form of a selection of priority areas with specific
questions or ‘knowledge-needs’ that highlight where scientific knowledge is most needed and
currently lacking to facilitate changes in management and policy for improvements in ‘best
practice’ guidelines. Participants will be asked to select a percentage of the knowledge-needs
within each priority area that represent the most pressing issues. The knowledge-needs will then
be ranked according to the number of votes each one received. Analysis of results will include
testing for significant differences between knowledge-needs (e.g., Friedman test); the degree of
correlation between the two groups median score of each knowledge-need to identify the
questions most contributing to the similarity/dissimilarity between the two groups (e.g.,
Spearman rank correlation coefficient and 1-way ANOSIM); and analyzing the similarity of
scores within each priority area to identify where scientists and practitioners vary (e.g., SIMPER
analysis). We will submit the resultant paper “Prioritization of knowledge-needs for best practice
management of mobile bottom fishing practices: a global perspective” to the journal Trends in
Ecology and Evolution or similar. Scientifically, the best outcomes from this publication would
be the identification of a clear and coherent hierarchy of ‘next steps’ within scientific research
that would provide ‘evidence based’ policy for decision making and management formulation. A
paper detailing the ‘top 25 questions’ will be published as an output from this exercise. These
papers provide scientific evidence-based options to inform management policy and practice and
are research agenda setting, widely used by funders to prioritize their use of funds.
Monterey Bay Aquarium January 2015. A presentation and discussion of questions,
approaches and results to date will take place at the Monterey Bay Aquarium in early January
2015.
PRIORITIZATION EXERCISE
Table 1. The short-listed questions from the stakeholder prioritization exercise. These questions
received the highest number of votes and were considered to be answerable by the current
project, but do not include other important questions identified by the stakeholder group that fell
outside the scope of the current project. The questions are ordered by priority based on voting.
Some wording was removed from the original questions for clarity or to bring the question within
the remit of the current research program. The removed wording is preserved in the original
spreadsheet to maintain a full audit of question development.
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Question
#
71

83

Ecosystem productivity
What are the risks of trawling to various components of the ecosystem? What
research can give some confidence around understanding of the risks and nature of
impacts on seabed communities from trawl fishing?
Once an area has had a history of being trawled (inside the trawl footprint as known
fishing grounds), what ongoing ecosystem damage is occurring by continuing to
trawl in this area? Does this include changes in composition. What is the best way
to measure trawling over a certain area (number of tows, hours, etc.)?

25

What are the “best practices” for trawling in order to minimize impacts on other
habitat?

90

Specifically, what are the impacts of fish trawling on the benthos?

Direct effects
86

How does the intensity of trawling by different trawl methods affect different
habitats?

105

What changes are made to a specific type of bottom i.e. coral, mud gravel etc. by
repeated bottom trawling?

62

How do different types of seabed habitats differ in their susceptibility to impacts
from towed gear and their ability to recover after such impacts?

91

Is physical damage to habitats caused by trawling irreversible? What is required to
test for reversibility or recovery?

39

64

17

How does trawling affect macro-faunal (both sessile and mobile) invertebrate
communities and how resilient are these invertebrate communities to varying levels
or intensities of trawl effort?
To what extent are the impacts of towed fishing gear mediated by variation in
habitat susceptibility, in species recovery rates and in spatial overlaps between
distribution of fishing effort intensity and the distribution of habitats?
What aspects of towing a mobile bottom-tending gear (e.g., tow length and time,
tow path, speed, etc.) causes the most disturbance to particular habitat types? Does
the relative impact differ by habitat type?

96

What specific effect does twin rigging have on the various seabed types?

106

Are these changes [to habitat by repeated trawling] reversible?
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Operational
61
84

How do different types of bottom fishing gear differ in their interactions with the
seabed?
What level of damage occurs from using different net and ground gear designs for
each habitat type (as classified under the habitat and communities ERA
framework)? Will this need to look at different combinations of gear?

Management indicators
10

5

7

44

79

How can benthic impacts be managed and mitigated?
Lasting impact of trawling on ‘vulnerable marine ecosystems’ (sensu FAO
Guidelines) occurred and may still happen. What are the more efficient mitigation
measures? (e.g., area closures, technical measures, overall effort reductions, etc.)?
What sort of mitigation measures are in line with best practices? What examples
are available for each measure?
What are the relative benefits of spatial management to constrain the trawl fleet
footprint versus trawl effort controls or both? (i.e., Should a lower intensity of trawl
effort be spread out over a larger area of trawl grounds or should trawl effort be
concentrated into a smaller footprint, but perhaps a higher intensity of trawling per
unit area?
To what extent is understanding and management assisted by understanding
what/where/how much habitats are untrawlable at a variety of scales. Should such
areas be considered (along with closures) in making environmental assessments of
trawling. To what extent do better maps of habitat, improved navigational
technology, and changing fishing practices (e.g., increased risk taking when market
prices are high) contribute to determining trawlable and untrawlable bottom.

11

How best can the status and outcome of benthic impacts be measured? What best
practices exist?

65

To what extent is the identification of best practice management measures
contingent upon differences in management objectives and the values that are
sought to be maintained?

MEETING WITH ASIAN TRAWL EXPERTS
Our study group met with 10 representatives of Asian countries to discuss the nature of
trawl fisheries in Asia and explore possible collaborations. The report of this group will appear
as a FAO report shortly.

NEW FUNDING AND PROJECT TIMELINE
1. ICES Science Fund
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The ICES Science Fund was set up as part of the ICES strategic plan (2014-2018) which
aims to build a foundation of science around integrated ecosystem understanding. In April
2014 a proposal was accepted for a total funding allowance of £13,000. The proposal
objectives were detailed as:






Conduct 3 workshops from July – October 2014 in South America, Southern Africa
and southeast Asia to analyse raw VMS and vessel logbook data into meaningful
results for the better understanding of spatial fleet effort dynamics.
Write one methods paper on the processing and analysis steps involved in converting
raw VMS and vessel logbook data to statistically sound effort ‘maps’, for either peer
reviewed publication or as a scientific report.
To give the individual nations the skill set necessary to analyse VMS and vessel
logbook data to enable important research on their own fisheries.
To harness the local knowledge of each nation in the creation of new state-of-the-art
models for fleet movements based on their fisheries, for peer-reviewed publication.
To combine the aggregated data from these countries with data already acquired
through the “TBP”, who are already compiling a global database of mobile bottom
fishing effort data, for publication in a high impact journal (we will aim for Nature or
Science)

The first interim report has been submitted to ICES which recapitulates progress to date.
This includes Dr. Kathryn Hughes and Dr. Ricardo Amoroso meeting with colleagues at CSIRO
in Brisbane, Australia. The meeting developed an agenda for a workshop for South Africa and
possibly Namibia, Argentina and Chile. During the meeting some R code was developed that
might be applied to raw VMS data in order to process and grid effort in accordance with specific
characteristics from the local fishery for the area. It is planned that there will be a joint workshop
in Argentina and Chile in January, and a workshop for Namibia and South Africa in late March
2015. The interim report submitted to ICES can be found as appendix I.
CSIRO OCE POSTDOCTORAL FELLOWSHIP
CSIRO’s Office of the Chief Executive (OCE) Post-doctoral Fellowships (PDF) provide a
valuable career launching opportunity and experience for recent PhD graduate scientists. In April
2014 a proposal to OCE was accepted for a 3-year PDF Project titled: “Quantitative risk
assessments of the effects of trawling on seabed faunal distributions”, which will contribute to
and extend the objectives of the TBP Project. The total OCE funding is AU$276,000 — matched
with additional funding from CSIRO’s Oceans and Atmosphere Flagship.
Dr. Tessa Mazor began her post-doctoral fellowship on 1 September 2014 and will
collaborate with the TBP Project and other CSIRO and international researchers to assess
environmental risks due to trawling on seabed fauna. The PDF will extend the current Phase 3
habitat level risk assessment, to account for seabed faunal distributions and produce estimates of
absolute risk. To achieve this, she will focus on seabed faunal groups for which the Phase II
meta-analysis will provide impact & recovery parameters. For these groups, the PDF will
investigate their habitat relationships, and test a range of statistical techniques to develop models
to predict their distributions at large marine region scales. This will involve collation and
analysis of faunal survey datasets & environmental predictors. Using the predicted distributions
and impact and recovery information, the PDF will extend the current Phase III habitat risk
assessment to the faunal level, to quantify and map estimated absolute risk status of seabed fauna.
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ASIAN TRAWL NOAA
Our group has received a grant from the NOAA Fisheries Office of International Affairs
to identify trawl practices in Asian countries and evaluate the potential for improving the
contribution of these fisheries to national food security, employment, biodiversity and income.
This project will take place between November 2014 and July 2015 and will involve site visits to
three Asian countries.
PROJECT TIMELINE
We now have funding in place to carry 2 of the 3 current project post-doctoral fellows
through July 2015, and to hold one final meeting in March 2015. The CSIRO funds will carry the
third post doc to August 2017. We anticipate having the major papers prepared and submitted by
July 2015 and to have made several presentations of our results. Additional data sets on trawl
effort will be still coming in over the next year, in particular those from Latin America, Africa,
Japan and Asia. We will be seeking funds from a range of sources to keep the two post-doctoral
fellows engaged in the project and to hold additional meetings. Such funding would allow us to
complete the risk analysis on the newer data sets, and explore data sets on deep-sea trawl
fisheries which are of considerable interest both to conservation groups and commercial industry.

OTHER BUSINESS:

NEXT MEETING TIME AND VENUE

The next meeting will take place March 15-17 2015 at the University of Rhode Island.
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APPENDIX I: AGENDA OF MEETING
Agenda for Third Trawl Committee Meeting
September 8-10 2014
Orchid 4 Conference Room: 11th Floor
Jasmin City Hotel (Also known as Jasmin Executive Suites),
Sukhumvit 23 (BTS Asoke, exit.3,6), MRT Sukhumvit, exit.2)
2 Sukhumvit 23, Sukhumvit Rd, Klongtoey-Nua, Wattana, Bangkok 10110 Thailand
Tel. 66 2 204-5888 Ext 4017 Fax. 66 2 204-5893 Website : www.jasminecity.com
Email : bsm@jasminecity.com

Monday 8 September 2014
9:00 Welcome and comments on progress (Ray, Mike, Simon)
Update on contacts with stakeholders (Mike, Ray, Simon others)
Current Status Phase I – extent of trawling (Simon, Ricky, others)
Coffee Break
Current Status Phase I – habitat data (Bob and Roland?)
Current Status Phase II –impacts on biota (Mike, Kathryn)
Lunch
Current Status and thoughts Phase III – risk analysis (Roland)
Coffee
Current Status and thoughts Phase IV – impacts of productivity and broader ecosystem (Adriaan,
Ricky)
Current Status and thoughts Phase V –alternative best practices (Bob)
Tuesday 9 September
9 am: Discussion of formats/papers for presentation of results
Review of data sets: current and potential applied to all phases.
Rest of day spent in individual groups working on outlining of different papers, ideally
identifying
(1) Title and target journal
(2) Key figures and tables (which do we have, which do we expect)
28

(3) Key points to be made
(4) Responsibility for completion
Wednesday 10 September
9 am: Report back from each group on papers
Lunch
Identification of further data sets and people to contact
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APPENDIX II. COMPARING TRAWL FOOTPRINTS AMONG REGIONS
Aims of the analyses are to:
1. Describe footprints and concentration of fishing activity with towed bottom gears in
different regions
2. Show consequences of estimating footprints using different strata (sub-regions) and
different scales of analysis
3. Compare concentration of fishing activity among regions
4. Show consequences of assuming underlying uniform or more clustered (e.g. Poisson)
distribution of activity within cells
The focus of the analyses is on estimating compiled footprint for trawling activity in the
sub-region, with effort data used to compile the footprint accounting for as much of the total
recorded effort, catch or catch value as possible. If effort, catch and catch value cannot all be
mapped to the sub-region then the entries in Table A1 (below) will reflect this. The resulting
information on the distribution and intensity of trawling analysis will be used in the risk analysis
(Phase III) and elements of the analysis will support the identification of best practices (Phase
V).
The basic geographical unit of analysis is the ‘region’. Each region is divided into
subregions. Sub-regions will be defined in at least 3 ways within regions to account for different
perceptions/ interests in trawl footprints in sub-regions of biogeographic or management
relevance. For example: sub-regions defined by depth 0-200m= continental shelf, 200-1000m=
slope; sub-regions defined by management areas e.g. groups of NAFO areas; sub-regions defined
by extent of fishery e.g. polygons based on N, S, E and westernmost extent of recorded fishing
activity excluding land.
For each region and sub-region the TBP project is collating and calculating the
information shown in Table A1. This information will be needed to emphasize that the estimates
of footprint are not for odd fleets but are a good reflection of the footprint of total trawl effort in
the sub-region. Entries to be added to the Table are shown in the notes below the table.
Table A1. Mapped trawling effort and associated catch and catch value in the region and subregion as a proportion of total trawling effort in the sub-region.
Region

Sub-region

Bering Sea

0-200m

Total
effort1

Footprint
effort as
proportion2

Total
catch3

Footprint
catch as
proportion4

Total catch
value5

Footprint
value as
proportion6

Fisheries7

200-1000m
Etc.

Notes:
1

Total effort 2008-2010 inclusive (as annual mean) for towed bottom impacting gears

2

Proportion of total effort 2008-2010 inclusive (as annual mean) for towed bottom impacting
gears contributing to footprint calculation
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3

Total catch 2008-2010 inclusive (as annual mean) taken with towed bottom impacting gears

4

Proportion of total catch 2008-2010 inclusive (as annual mean) taken with towed bottom
impacting gears contributing to footprint calculation
5

Total catch value 2008-2010 inclusive (as annual mean) for towed bottom impacting gears

6

Proportion of total catch value 2008-2010 inclusive (as annual mean) taken with towed bottom
impacting gears contributing to footprint calculation
7

Examples of the main metiers contributing to the fishery footprint calculation e.g. mixed
groundfish trawl, scallop dredge

For each sub-region we are calculating the cumulative relationship between total activity
and frequency swept. We will also assess the effects of scale of analysis on this relationship, and
current analyses are intended to produce the output shown schematically in Figures A1 and
Figure A2. The analyses leading to Figure A1 focus on the area trawled while those leading to A2
will focus on the concentration of trawling activity.

Figure A1. Example of the relationship between resolution of analysis and the estimated
proportion of the sub-region trawled. Each line will have a width reflecting differences in
footprint based on the assumption of uniform to Poisson distribution of trawling activity in
grid cells. Footprint will be based on mean swept area ratio by cell for years 2008-2010.
Fitted lines will shift on the x-axis in each sub-region to reflect scale of analysis. When latlong grids are used grid cell area will be reported as mean area in that geographic location.
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Figure A2. Example of the relationship between resolution of analysis and the
concentration of trawling activity in sub-regions. Each line will have a width reflecting
differences in concentration based on the assumption of uniform to Poisson distribution of
trawling activity in grid cells. Concentration will be based on mean swept area ratio by cell
for years 2008-2010. Various statistics could be adopted to measure concentration, one
example is given. Fitted lines will shift on x-axis in each region to reflect scale of analysis.
When lat-long grids are used grid cell area will be reported as mean area in that geographic
location.
The project is also assessing the relationship between trawl footprint and total intensity of
trawling (or catch or catch value) in each region. Examples of the presentation of outputs from
this analysis are provided in Figures A3 and A4.

Figure A3. Example of the relationship between trawl footprint and total intensity of
trawling (or catch or catch value) in each region. Height of bars will indicate differences in
area of footprint when using uniform or random assumption of activity distribution in grid
cells. Colours in bars will show results for different sub-regions. Data will be for 2008-2010
combined. Footprint will be estimated for the same grid cell size in all regions, based on fits
to the relationship between resolution of analysis and the trawl footprint within regions.
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Figure A4. Example of the relationship between concentration of trawl activity and total
intensity of trawling (or catch or catch value) in each region. Height of bars will indicate
differences in concentration when using uniform or random assumption of activity
distribution in grid cells. Colours in bars will show results for different sub-regions. Data
will be for 2008-2010 combined. Concentration will be estimated for the same grid cell size
in all regions, based on fits to the relationship between resolution of analysis and the
concentration within regions.

In the final part of the Phase 1 analysis the footprint of trawling will be related to
temporal trends in fishing effort in the fisheries. An example of the outputs from this analysis is
provided in Figure A5.

Figure A5. Example of a time-series showing changes in the footprint of total bottom fishing
activity (left panel) and the relationship between effort and footprint (right panel).
For every region included in the analyses we are also documenting the analytical process
used, and will present this in a Table of the form shown in example table A2.
Table A1: Summary of properties of data-sets used in underlying analyses
Region

Method

Source

Grid
scale

Projection

Reference

Rationale

Confidentiality

e.g. point,
start-stop
linear
reconstructio
n,

e.g. VMS, logbook,
observer

e.g. 0.1,
lat-lon
or equal
area

e.g. UTM

e.g. papers or
technical
reports

e.g. choice
of grid scale

.. and consequences
for decisions/
analysis
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APPENDIX III ICES SCIENCE FUND
First Interim Report: Developing methods for determining a global footprint of
mobile bottom fishing using VMS data

ICES Science Fund
Dr. Kathryn Hughes & Dr. Ricky Amoroso
2nd September 2014
Overall the project has moved forward, specific targets have been reached and planning
for the next phase of the project is being made. The project aim is to run workshops as a
knowledge exchange platform between African and South American countries, giving expert
skills in cleaning and analysing VMS and logbook data in exchange for a spatially gridded
fishing effort product. The product would be used in the “Trawling Best Practice” project as part
of a global collation of fishing effort data. In addition the aim was to develop a protocol which
can be used for all countries that have not used VMS data before in order to clean and process
VMS data, and spatially grid the data to obtain a geo-referenced measure of fishing effort. Finally
there is the opportunity to publish a paper with the host countries that documents spatial effort
within their management region.
Communication has progressed with South African colleagues working for the
Department of Agriculture, Forestry and Fisheries. Specifically we have been told that data
should be available for the hake (Merluccius paradoxus and Merluccius capensis) deep sea (20-90m)
and inshore (15-35m) fisheries, potentially including VMS and logbook data. Specifically there
are 5 people who would be interested in some kind of workshop early 2015. Colleagues in
Namibia have also been contacted, the fisheries are the same as South Africa and in terms of
VMS, data should be available however we have not had collaboration confirmed.
Contacts with officers from the Argentine Fisheries Secretary have been initiated to
request authorization for the use of their VMS data to estimate the trawling footprint in the
Argentine EEZ. Authorization has been granted informally and paperwork has been initiated to
sign an agreement between the Argentina Council for Science and Technology (CONICET) and
the Fisheries Secretary for the use of the data. VMS data exist for groundfish trawl fisheries (the
most important of which is the hake Merluccius hubbsi fishery), an off-shore scallop
(Zygochlamys patagonica) trawl fishery and a large-scale shrimp (Pleoticus muelleri) fishery. An
exploratory analysis of the hake fishery data has been initiated involving staff from the Secretary
of Fisheries, and a PhD student from Argentina has been recruited to conduct the analysis of the
shrimp fishery. The plan is for Dr. Ricky Amoroso to lead a workshop to be held at a CONICET
laboratory in Puerto Madryn, Argentina, to provide training on the use of the programs and
advance data analysis. The possibility of inviting scientists from the Instituto de Fomento
Pesquero of Chile is also being considered. Fishery industry representatives from Chile have
expressed interest in collaborating with the trawling project and are sending letters to grant access
to the VMS and logbook data.
Dr. Kathryn Hughes and Dr. Ricky Amoroso have met with colleagues at CSIRO in
Brisbane, Australia. Specifically discussions with Dr. Roland Pitcher, Dr. Nick Ellis, Dr. Wayne
Rochester and Dr. Mick Haywood have enabled the composition of R code appropriate for the
analysis of VMS data. A re-development may be appropriate upon the receipt of some sample

35

data so that the code can be specifically tailored to the data for which it will be used to analyse.
Discussions during the meeting included:






What to look for from the fishery to set filtering options for cleaning the data
Logical order for processing data (flowchart)
Interpolation between pings (VMS) or logbook tow locations
Stratification of interpolated tracks, by distance and time interval
Assigning effort to a 0.1 by 0.1 lat/long grid

Currently the Trawling Best Practice group is meeting in Bangkok with regional fisheries
scientists from India, Indonesia, Malaysia, Philippines and Thailand. One of the primary
objectives of the meeting is realising the potential for determining the fishing footprint for the
south-east Asian regions. VMS and logbook data are available in some format for at least part of
these regions and there is potential to use this data for inclusion in the global footprint analysis of
the Trawling Best Practices group. At present, the data is not in a format that allows inclusion in
the analysis however the committee and regional scientists feel that inclusion might be possible if
a similar workshop were to be held in this region. Progress towards this goal will continue for the
Trawling Best Practices Project. Our aim is to hold a workshop in south-east Asia within the time
frame of the ICES Science Fund project, although we are not currently in a position to confirm
the details at this stage. We will continue to work with our colleagues to develop a means for
analysis of the fishing effort data in south-east Asia.

Future timeline for the project
Task

Deadline

Notes

Finalise logistics for the two workshops (South
Africa, Argentina)

December 23rd
2014

This includes date, programme,
workspace,
flights
and
accommodation and any extras
(refreshments, lunch etc.)

Obtain sample VMS and logbook data from South
Africa and Argentina, possible Namibia and Chile

1st November
2014

Confirm whether Namibia and Chile will also
collaborate

23rd December
2014

South Africa and Argentina are
90% sure – we are liaising with
Chile and Namibia, interest has
been shown

Argentinian workshop

Early Jan 2015

Led by Dr. Ricky Amoroso

South African workshop

February 2015

Led by Dr. Kathryn Hughes

Write a regional paper for the fishing effort, one
paper for South Africa and another for Argentina
for publication in ICES Journal of Marine Science

July 2015

Continue liaising with colleagues in SE Asia for
the possibility of a fisheries effort workshop

Ongoing

Led by Dr. Kathryn Hughes
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Workplan for contract extension:
Due to the contractual extension for Kathryn Hughes with Bangor University in the role of
Research Officer (Global Fisheries) in the school of Ocean Sciences, a workplan is presented to
define the duties of Kathryn Hughes for the extended period. The extension funding has come
from the original funding project “Trawling Best Practices” led by Prof Ray Hilborn, Prof. Mike
Kaiser and Prof. Simon Jennings.
Extension start: 1st November 2014
Extension end: 31st July 2015
During this period, Kathryn will complete the systematic review and meta-analysis which makes
up Phase II of the “Trawling Best Practices” research project. The resulting papers will include
one original research manuscript detailing main findings that come from examining experimental
fishing studies, and the same for comparative fishing studies. The target journals for these pieces
of work will be relatively high impact journals that are concerned with anthropogenically induced
modifications to marine benthic ecosystems such as Biological Conservation, Marine Ecology
Progress Series or Fish and Fisheries. The third paper will be a full systematic review and metaanalysis document, which will be published in Environmental Evidence journal. Kathryn will also
fulfil the commitments for the ICES Science Fund. This includes running a workshop in South
Africa and/or Namibia for the cleaning and processing of VMS data from these regions to assign
some level of bottom impact fishing effort to a geographically gridded area. The results from the
workshop will feed directly into phase I of the “Trawling Best Practices” group. A schedule of
expected progress is presented below which summarises the current workplan for the period of
extension.
Date
Oct ‘14

Task



Go through all review papers and bibliographies of all included papers
Complete all data extractions
Clean and process data for analysis
Complete critical appraisal of all studies

Nov ‘14



Data analysis

Dec ‘14




Completion of data analysis for the experimental studies
First draft of manuscript written for experimental studies

Jan ‘15



Submission of manuscript for experimental studies

Feb ‘15



Complete all data extractions for comparative studies

March ‘15



Data analysis for comparative studies
VMS data analysis in South Africa and/or Namibia







April ‘15



Data analysis for comparative studies
Work on the first draft of manuscript for comparative studies
Write the report for the ICES Science Fund

May ‘15



First draft of manuscript written for comparative studies

June ‘15



Submission of manuscript for comparative studies
First draft of systematic review and meta-analysis for Environmental Evidence
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July ‘15



Final submission of systematic review and meta-analysis for Environmental
Evidence

39

