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In tro d u c tio n
The ICES Sym posium “Fishing technology in the 21st century:
integrating fishing and ecosystem conservation”, was held in
Boston, 30 O c to b er-3 November 2006 at the Seaport Hotel, and
was hosted by the Gulf of Maine Research Institute (USA).
The m eeting centred on four interrelated themes: (i)
ecosystem-sensitive approaches to fishing; reconciling fisheries
with conservation through improvem ents in fishing technology,
(ii) the current status o f mobile and static sampling gears used
in resource surveys; (iii) fishers’ responses to m anagem ent
measures and their socio-economic effects; (iv) a fishery forum
on integrating fishing and ecosystem conservation: the way
forward.
This was a truly global event that attracted 289 attendees from
governm ent and non-governm ental organizations, scientists, aca
demics, students, industry representatives, and fishers from more
than 30 countries. In all, 146 papers were subm itted, o f which
63 were selected for verbal presentations and 83 were presented
as posters. Ultimately, 54 m anuscripts were subm itted for review.

O bjective a n d scope
The objectives o f the Symposium were to: (i) address biological
and socio-econom ic issues relating to bycatch and discards from
commercial fishing operations and the impact o f fishing gears
on sensitive habitats; and (ii) address the performance and effec
tiveness o f fishing gears used in fishery-independent resource
and ecosystem surveys. Collectively, these issues have not been
addressed in any international symposium. The need to do so
was m ade m ore urgent by the nature o f global fisheries, where
m any stocks have collapsed and there is a clear and pressing
need to protect biodiversity and improve on the ability to estimate
the state o f the resources. This sym posium took a fresh look at
m ethods to reduce bycatch and discarding in commercial fishing
operations, explored practical solutions to prevent destruction o f
sensitive habitat, and investigated new m ethods to increase the
perform ance and catching efficiency o f survey fishing gears used
to estimate resource abundance. Basic to understanding the
im pact o f com m ercial fishery operations is an understanding o f
industry perspectives on the effectiveness o f technical measures
such as m esh size, gear exclusion, and regulations and their role
in conservation, including socio-economic consequences o f intro
ducing new technical measures. A key issue that the sym posium

sought to address was how to obtain, quantify, and integrate
industry responses to declining stocks and increasing m anagem ent
regulations into fishery- and ecosystem-based managem ent advice.
The overarching goal of th e sym posium was to: (i) provide a
forum for global synthesis o f the scientific knowledge of
fishing technology and its effects on the ecosystem, including
bycatch reduction, ecosystem-sensitive fishing, sensitive habitat
impacts, and the precision o f resource surveys used in stock
assessment; (ii) review and discuss advances in technology
and analytical m ethods used to study or m itigate these effects;
and (iii) provide a forum for discussion on how perceptions and
decisions o f fishers and resource managers affect the success of
achieving sustainable use and successful m anagem ent o f fishery
resources.
Submissions were invited for the following four them e sessions
and associated subthemes.

Session 1: c u rre n t sta tu s o f m o b ile a n d sta tic
sam p lin g gears u sed in reso u rce surveys
Papers were encouraged on the following subthemes:
(i) Studies on survey gear design and use, including innovations
in m eeting ecosystem survey requirements;
(ii) Studies on fish behaviour, gear rigging, and fishing strategies
th at affect survey trawl catchability, including vertical and
horizontal herding and escapees, bridle angles, effect o f tow
duration, groundgear choice, bottom contact, and speed
over ground and through water;
(iii) Studies o f the effectiveness o f standardization and quality
control programmes, which focus on survey gear construc
tion, rigging, and repairs, in m inim izing variation in
catchability;
(iv) Studies th at use fish behaviour, and perform ance and geome
try/stability data from instrum entation, to estim ate catch
ability, raising catch per u n it effort (cpue) to abundance
estimation;
(v) Studies th at deal with the requirem ents for intercalibration
of survey gears and survey vessels, encouraging focus on
experimental design and statistical analysis o f data, including
precision o f intercalibration factors.
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Session 2: ecosystem -sensitive ap p ro ach es to fishing;
reconciling fisheries w ith co nservation th ro u g h
im p ro v em en ts in fishing technology
Papers were encouraged on the following subthemes:
(i) Studies that deal w ith the development o f effective and
acceptable fishing gear modifications to reduce unwanted
bycatch and discards, including minimizing gear interactions
w ith m arine m am m als and seabirds, while m aintaining
target catches;
(ii) Studies that docum ent alternative fishing strategies (fishing
behaviour, m anagem ent, o r gear design) that m itigate nega
tive im pacts o f fishing, while allowing continued access to
fisheries resources;
(iii) Studies th at estim ate survival and survivability o f aquatic
species following fishing gear encounters, including esti
m ation o f m ortality rates from current fishing gears and
studies that aim at reducing injury, m inim izing stress, and
im proving survival;
(iv) Studies o f new and developing fishing gears and technol
ogies, e.g. “sm art trawls” aimed at reducing environm ental
im pact, while m aintaining capture efficiency;
(v) Studies th at quantify the m agnitude of ghost fishing and that
address mechanisms to reduce its occurrence.

Session 3: fishers' resp o n ses to m a n a g e m en t m easu res
a n d th e ir so cio -eco n o m ic effects
Papers were encouraged on the following subthemes:
(i) Studies that examine the conditions under which measures
to reduce discards, including technical devices, can be suc
cessfully im plemented;
(ii) Studies that evaluate the success o f gear-based technical
m easures in improving the m anagem ent o f exploited
fisheries;
(iii) Studies that investigate and integrate the biological and
socio-econom ic perspectives o f fishers using modifications
in technology (technological creep) and fishing practices to
increase the capture efficiency o f their fishing gears;
(iv) Studies that evaluate perception and adaptation strategies o f
fishers to declining stocks and increasing m anagem ent regu
lations, including the transfer o f effort to under- a n d /o r
unexploited species and areas; factors influencing rule com 
pliance and socio-econom ic consequences to spatial and
tem poral regulatory control;
(v) Studies using analytical frameworks and m ethodological sol
utions to integrate fishers’ knowledge with resource assess
m ent and m anagem ent.

Session 4: fishery fo ru m o n in teg ratin g fishing an d
ecosystem co n se rv a tio n — th e way forw ard
The overarching goal o f this, the final session o f the sym posium ,
was to provide a forum for discussion on how perceptions and
decisions o f fishers and resource managers affect the success o f

achieving sustainable use a n d successful m anagem ent o f fishery
resources.
The rationale for such a session centred on attem pts by fishery
scientists to provide accurate annual estimates o f the state o f fish
resources and the m arine ecosystem. This inform ation is fed
into an advisory process, a n d fishery m anagers set total allowable
catches (TACs) and conservation-orientated m easures. Fishers
experience the state o f resources at sea daily and often perceive
changes in the resource differently. It is critical th at fishers’
detailed knowledge of the resource be incorporated into the scien
tific advice given to fishery managers. The forum had an invited
panel led by a m oderator. Its goal was to create dialogue w ith a
global perspective among leaders from the fishing industry, acade
m ia, and science and conservation organizations, and to set
the stage for a final plenary discussion about the way forward on
integrating fishing and ecosystem conservation, taking into con
sideration lessons learned a n d challenges and obstacles to im ple
m entation. The goal o f th e forum was to arrive at a consensus
on the future direction o f harm onizing fishing and ecosystem
conservation.

T he sym posium
O n Day 1, in his presentation “How can a survey gear catch reflect
the biological situation in th e sea?”, keynote presenter John-W illy
Valdemarsen (Institute for M arine Research, Bergen, Norway)
gave a detailed overview o f th e development o f survey trawls and
techniques, and highlighted areas where he felt m ore research
was needed. In addition, h e identified an assortm ent o f tools
and experimental protocols th a t he considered necessary for effec
tive survey in support o f stock assessment and population esti
m ation. M ost notably, h e identified the need for increased
emphasis on studies o f fish behaviour, which he considered essen
tial to the development o f survey trawls with th e desired characteri
stics o f m inim al escapement and non-selectivity.
O n Day 2, Simon Jennings, Lead Scientist for Ecosystem
Interactions at Cefas (Lowestoft, UK) provided an assessment o f
the extent to which gear technologists (who m ade up the largest
contingent o f participants at the sym posium ) could
contribute significantly to the developing field o f ecosystem
approaches to fishery m anagem ent. His presentation “W hen,
where, how and with w hom will gear technologists m ost effectively
support an ecosystem approach to fisheries?” issued a challenge to
researchers in this field to be m ore critical o f their research and
attem pt to make it m ore directly applicable to overall m anagem ent
needs.
O n Day 4, Poul Degnbol, Scientific Advisor, DirectorateGeneral for Fisheries and M aritime Affairs (European
Com m ission, Brussels Belgium), challenged the conventional
thinking o f the scientific com m unity and urged participants to
help end the “death spiral o f fisheries m icro-m anagem ent”, as
he term ed the current policy o f forever trying to catch up to
fishers’ adaptability in finding new and m ore efficient ways to
fish. Interestingly, he identified collaborative research involving
the scientific and fishing com m unities as potentially im portant
in helping break this cycle.
O n Day 5, Siri Ekmaharaj (SEAFDEC, Thailand), in his presen
tation “Responsible fishing technologies and sustainable coastal
fisheries m anagem ent in Southeast Asia”, provided an overview
o f the challenges facing the fishing and scientific com m unities in
Southeast Asia and how education, inform ation transfer, and
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collaborative research can prom ote better and m ore effective
fishing practices.
Posters were set up on the first day, grouped by the session
themes, and were available for viewing for the duration o f the
symposium. A small group o f steering com m ittee mem bers and
other invited scientists were asked to study the posters and to
provide critical sum m aries. These were integrated into the pro
ceedings by a volunteer participant in a form al presentation
during the proceedings o f the relevant session, outlining the high
lights o f each poster.

Discussion sessions
Note that papers presented at the symposium b u t n o t published in
these proceedings are available at the sym posium ’s website, h ttp ://
ices2006boston.org/schedule.php.
The single, m ost tangible m easure o f a symposium is the p u b 
lished proceedings, as presented here. However, this reflects only a
small proportion o f the papers presented, either verbally o r as
posters, and takes no account o f the extensive discussions and
comments o f participants, who included leading experts in the
field, particularly about individual presentations. Following the
example set by a small num ber o f other symposia [m ost notably
ICES Marine Science Symposia, “Fish behaviour in exploited
ecosystems”, Bergen, Norway, June 2003 (Fem o et al, 2004)],
the conveners noted that the ultim ate measure o f success o f such
a meeting is the extent of its reach, beyond the presentations or
these published proceedings. We believe th at the wealth o f
up-to-date inform ation, the exchange o f experience, and the inter
actions that to o k place during the sym posium will enrich future
work in the field, b u t m ore importantly, that attendees should
take more away from the sym posium than they brought to it.
The conveners were acutely aware th at the real substance o f an
issue is often exposed and solutions explored during discussions
between participants. To this end, participants were encouraged
to engage in vigorous discussion, because this is likely to have
the m ost profound im pact on the sym posium ’s success and on
the direction o f future research. A t the end o f each day’s proceed
ings, tim e was allocated for collective discussion o f the day’s p ro 
ceedings, b u t also o n the key issues and research areas that were
missing or, m ore im portantly, on topics for future research.
These discussion sessions form an invaluable record o f the state
o f our science and scientific thinking. Synopses o f the discussions
are presented in this volum e as four individual sum m aries pre
pared by the session Chairs and rapporteurs. Complete and
unabridged audio recordings o f the discussion sessions can be
downloaded at the symposium website http://www.ices2006boston.
org. A brief synthesis o f the main points is presented here in the form
o f general conclusions.

C onclusions
(i) The sym posium opened with a session on advances in
survey gear, survey technology, and techniques, and it was
generally concluded that m uch w ork remains to be done
in this field. In addition, it was concluded that survey
initiators are now being asked to answer a n ever-wider
range o f questions and this, in turn, poses significant chal
lenges to th e scientific com m unity. New tools and m ethod
ologies are currently under developm ent, and this will help
address gaps in o u r collective knowledge base.
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(ii) This 2006 sym posium focused largely on conservation
engineering/gear technology, gear selectivity, and bycatch
reduction studies, a n d the papers falling into this category
com prised alm ost 40% of all submissions.
(iii) Despite the num ber o f papers and considerable scientific
w ork in the field o f conservation engineering/gear technol
ogy, there was general concern over the lack o f take-up or
im plem entation o f new fishing gears and strategies in com 
m ercial fisheries. However, gear technology development
and im provem ent p lay im portant roles in sustainable har
vesting, and the future challenges are to see their effective
and widespread im plem entation in the commercial fisheries
and to encourage developm ent o f tools to evaluate their
performance,
(iv) Considerable effort has been directed towards developing
environm entally friendly fishing gears. M any issues
rem ain to be resolved, m ost notably partial loss o f target
species, and it is apparent th at solutions need to be tailored
to individual fisheries. It is also becom ing increasingly
obvious that expectations o f such gears’ structure and per
form ance need to be realistic and clearly definable.
(v) Although a num ber o f presentations described and docu
m ented new and m ore sustainable fishing gears or practices,
there is a widely held concern about the lack o f real and
tangible innovation on display. It is not clear if this
signals a lack o f innovative thinking w ithin the scientific
com m unity or m erely reflects the widely held belief
am ong managers and regulators th at simpler measures,
such as area closures o r other effort reduction strategies,
are better and m ore effective than so-called “endless tinker
ing” w ith gear types.
(vi) A recurring them e throughout the symposium was the need
for increased inform ation on fish behaviour, not only in
relation to fishing and survey gears, b u t also in response
to changing environm ental conditions. Although there
have been considerable advances in this area recently,
partially in response to recom m endations from other
symposia, m uch remains to be done, particularly about
fish sensory systems, life histories, and the factors affecting
variability in the behaviour o f individuals.
(vii) Considerable discussion focused on the need for better
com m unication, not only between partners involved in
research activities but also, perhaps m ore importantly, the
need for better com m unication o f positive fishing practices
to showcase sustainability efforts and successes. In this
regard, the W orld Wildlife Fund (WWF) Sm art Gear com 
petition is an exemplary initiative th at harnesses funding
from non-governm ental sources, prom otes innovative
thinking, provides financial incentives, and actively p ro 
m otes adoption o f new gears in commercial use.
(viii) M any presentations were based on the results o f collaborative
ventures between the fishing industry and the scientific com 
munity. Collaborative research has become a vital component
in fostering com m unication and has been instrum ental in
bringing together the unique problem-solving and creative
mindsets o f fishers and scientists. It was widely recognized
that such ventures should continue where they already exist
and be prom oted where they do not.
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(ix) Discussion concerning collaborative research identified the
need for greater industry involvement in surveys, for conti
nuing involvement o f industry in gathering baseline data in
support o f ecosystem approaches to managem ent, for real
tim e m onitoring at sea, and for participation o f industry in
auditing the effectiveness o f new fishing gears and strategies.
(x) The theme o f outcom e-based regulation or results-based
m anagem ent emerged from Poul Degnbol’s keynote address
and was reiterated often. This argues for management
approaches that delegate the burden of proof for achievement
o f policy objectives to industry and requires the industry to
assume greater responsibility for its own activities.
(xi) This sym posium attracted participants from more than 30
countries but, despite this impressive global representation,
there was a notable lack o f participation from areas such as
South America, Africa, India, Russia, and China, possibly
th e result o f funding constraints. There is, however, m uch
to be learned from scientists and industry from these
areas. Although the organizers here were extremely success
ful in attracting a broad and diverse participation, it is clear
that future symposia should redouble efforts to reach out to
those areas that were under-represented here.
(xii) A unique feature o f this sym posium was the participation of
a large contingent of fishers from the northeast US and from
other countries. Their contributions were undeniably valu
able to the discussions, particularly one presentation on the
collaborative progress being made by the fishers involved in
the research. The sym posium organizers welcome the con
tinuing involvement o f the fishing industry in meetings
such as this, and urge everyone involved in collaborative
research to facilitate and propagate this in the future.
(xiii) Conveners and participants identified the need for revisiting
the topic o f Integrating Fishing and Ecosystem Conservation
in Boston in 2016, 10 years on from this event

Sym posium aw ards
Several awards were presented at the conclusion of the symposium:
Best Oral Presentation was awarded to Michael Breen, FRS Marine
Laboratory, Aberdeen, and Best Poster Presentation was awarded
to Bram Couperus, Institute for M arine Resources and
Ecosystem Studies, IJmuiden. Best Student Oral Presentation
was awarded to Ingrid Bouwer Utae, Norwegian University of
Science and Technology, Trondheim , and Best Student Poster
was awarded to A nukorn Boutsen, Tokyo University o f Marine
Science and Technology, Tokyo, Japan.
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