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1  Project summary

Thirteen participants worked together to develop mears/fishing techniques that have a
lower impact on benthic habitats, quantify the potential reduction of the physicapact as
well as the negative effects on benthic communities weigh the socio-economic
consequences of these changes against those aofiatite management measuresg.
closing of areas.

They focused on the development of modified toweakrg. A generic approach was chosen in
which cases (e.g. North Sea, Mediterranean) canvdned out. The overall ecological
impact to benthic systems has been assessed byopiege physical/biological models
verified by tests at sea. This provides a tool ithdries managers to identify gear and
sediment type combinations which will minimise imp#&o the habitat. A group of experts
worked to appraise the socio-economic consequenfcite new gears and techniques. Gear
types under study involved: otter trawls, beam Bawulse beam trawls and dredges. The
project consisted cfix work packages, as follows:

WP 1 Management and co-ordination

WP 2 Modelling and quantification of benthic impact
WP 3 Otter trawl modifications

WP 4 Beam trawl and Dredge modifications

WP 5 Economics

WP 6 Dissemination and implementation

The duration of the project was 44 months, stain@1/02/2006, and ending on 30/09/2009.
Special emphasis was given to consultation withdiagemination of the results of the work
to the fishing industry through national Industriadison Groups and an adequate implem-
entation of alternative fishing gears and techréque

2  Project objective(s)

2.1 Main objectives
* To develop new gears/fishing techniques that hdweevar impact on benthic habitats,

* To quantify the potential reduction of the physitapact as well as the negative effects
on benthic communities,

* To weigh the socio-economic consequences of theseges.

Practical tests should focus on areas with semsitiabitats and with potential for
development of alternative and economically viaj®@ars/fishing techniques.
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2.2 Sub-objectives

To develop alternative otter trawl componergsg(doors and groundgear), modified
beam trawls (electric stimulation, benthic rele@gwices), and an alternative oyster
dredge design to avoid sensitive habitats.

To carry out flume tank tests on innovative designs

To carry out preliminary engineering feasibilitiats on commercial fishing vessels.

To involve the fishing industry in the developm@nbcess from the early phases of the
project through national industrial liaison groupg|uding a workshop.

To carry out trials on a fisheries research vessalcombined effort, and integrate where
practical the gear modifications into one trawl.

To develop a physical model and extend the bioklgitodel of gear impact on habitats
developed in project MAFCONS to a gear componerdlle

To measure and observe bottom impacts of conveitaord modified gears.

To verify the physical/biological models with theseasurements and observations.

To use these models to quantify the possible remucif the physical impact as well as
the negative effects on benthic communities arisfngm the new gears/fishing
techniques developed.

To compare the potential reduction of the physitgdact as well as the negative effects
on benthic communities of various existing convemi fishing gears and the innovative

gears developed in this project.

To appraise the economic performance possibilitwarious existing and innovative
fishing gears and gear type changes.

To disseminate the results to relevant sectordienfishing industry, and contribute to
implementation of the techniques developed above.

To publish the results in scientific peer-revieviistieries magazines.
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List of participants

Partner Organisation
No
1 Wageningen Institute for Marine Resources and Estesy Studies - Department
Fisheries
2 Centre for Environment, Fisheries and Aquacultuie®e, Lowestoft Laboratory
3 Fisheries Research Services - Marine Laboratory
5 Institut francais de recherche pour l'exploitatitenla mer
6 Institute of Marine Research - Norway
7 An Bord lascaigh Mhara
8 Vlaams Gewest
9 The Technical University of Denmark
10 University of Aberdeen
11 University of Portsmouth Higher Education Corparati- Centre for Economics and
Management of Aquatic Resources
12 National Research Council - Institute of Marinee®cies, Marine Fishery Section
13 University of Liverpool
3  Specific project information

Country/Geographical area: North Sea, North-East Atlantic, Irish Sea, Med#daean Sea.

Duration: 2006 — 2009.

Coordinating/Organisational body: Wageningen IMARES B.V. (former RIVO)

Funding instrument: EU STREP (Specific Targeted Research) under theBgiropean
Research Framework Programme.

Website: http://www.rivo.dlo.nl/sites/degree

Contact: Bob van MarlerBob.vanmarlen@wur.nl
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4  Problem description

4.1 Impact on benthic habitats

4.1.1 Nature of the problem

Concern over the possible effects of trawls ongbabed has existed almost as long as the
fishing method itself, with early concerns beindgcea by fishermen as far back as the 14th
century (Graham, 1955; Gordon and Swinghammer, ;19@8eboom and De Groot, 1998).
With the advance in technological developmentsraivling gears (i.e. weight and size),
particularly over the latter part of the 20-th agwi the increase in the number of fishing
vessels, engine power etc., these concerns areasiogly gaining international public and
political importance. To help illustrate the lewafleffort now being deployed with demersal
trawl gear, Figure 1 shows the extent of efforthiea North Sea for 1998.

Figure 1 Distribution of bottom trawl (black) and beam trawl (white) effort (hours per
year) for 1998 (data from Greenstreet, pers. command Zuhlke et al., 2001).
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International concern was formally voiced at théhS8eeting in Copenhagen in 1970 of the
International Council for the Exploration of theaS@CES). Information was requested with
regard to the possible impacts of trawls and dredgethe seabed and on the benthic fauna
(Lindeboom and De Groot, 1998). Following an initiurry of activity, member states
reported on these effects (Anon., 1973). Then @-0fbin interest followed until the middle
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of the 1980's. In 1988, the ICES Study Group on Hfiects of Bottom Trawling was
convened in response to Council Resolution 198M2:@ollect information available since
1972 and to report on the developments in bott@wling gear, existing literature, national
research and proposals for co-ordinated reseansbn(/A1988). The main conclusion related
to the fact that the heavier gears in use, in tbhetNSea in particular, would have a greater
impact on benthic communities (Anon., 1988). Neweaslations on the possible effects of
these gears on the seabed were therefore feltreeaii the time.

This led to renewed research interest with sevayahtries undertaking systematic national
studies €g. The Netherlands) into the direct effects of fighiactivities on the benthos
(Bergmanet al, 1990; Bergman and Hup, 1992). Following on frimase, multi-national
studies were undertaken (IMPACT | and IMPACT II)ieh underlined the development in
activities of the fishing industry within the pa&ipating states, but which also pinpointed a
number of direct and indirect effects of trawlingthe marine environment (see de Groot and
Lindeboom, 1994; Lindeboom and De Groot, 1998).iRstance the annual fishing mortality
in the larger-sized invertebrate populations vafieth 7 % to 48 % due to trawl fisheries in
the Dutch sector in 1994, with half the numberpg@es showing values of >25 %. The 12-m
beam trawl fisheries caused higher fishing moitaithan 4-m beam trawl and otter trawl
fisheries. Only in species restricted to the cdastae, where the 4-m beam trawl fishery was
much more intensive than in offshore areas, wesleirfg mortalities relatively higher and
might even exceed those due to 12-m beam trawdriisé (Lindeboom and de Groot, 1998, p.
371, ICES 2002).

Recommendations arising from such work indicateduagent need for the introduction of
management measures that centred on a reductitnavading effort, on spatial restriction
(e.g. zonation) of a particular trawling effort aod a reduction of the direct mortality rate
through modifications in trawl design (Lindeboonddbe Groot, 1998).

Although many studies were conducted for the N&#a, severe impacts of fishing occur
also in the Mediterranean (Tudela, 2004; Sala .e2809), but one should realise that this
statement also involves the effect on fish by didicg, and not only the effect on benthic
communities. The effects vary from local effectstba sea bottom caused by trawler gears
(Sala et al., 2009) to large-scale impacts on eeta@opulations driven by driftnet bycatch.
This variety — which makes the Mediterranean a wmiglobal model for the implementation
of the Ecosystem Approach to Fisheries — is dudeup main interrelated factors: i) the huge
diversity of fishing gears and practices; ii) therw high intensity of fishing; iii) a high
diversity of habitats distributed from the shallawters to the deep-sea; and iv) the oceanic
domain, and an important biological diversity.

The impact of fishing on the seabed concerns masdyuse of bottom-trawling gears: otter
trawls, beam trawls and dredges. Trawling impaats seagrass beds occur by both
suspending sediments and directly damaging thetakgess, thus have the most dramatic
consequences dPosidoniabeds.

Seagrasses are exceptional seabed bottoms. Themegstity of Mediterranean seabed
surfaces lack such a massive vegetal cover anthadely, sandy or, in some places, rocky.
These apparently modest habitats, far from befee8s, are inhabited by complex biological
communities, often part of fragile ecosystems. €nirfishing practices, notably trawling on
seabed sediments, profoundly disturb the physiggbart system and undermine the structure
and functioning of the benthic ecosystem.

Evidence shows that the effects of fishing in thediferranean go far beyond the isolated
impacts on overfished target species, vulnerabteaoanmercial groups or sensitive habitats.
The ecosystem effects of fishing in the Meditereanare also conspicuous at the systemic
level, as highlighted by the massive ecologicakgdat of fishing or the marked effects on
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the foodweb structure. A holistic approach shobktéfore be adopted if the overall changes
to the structure and the functioning of marine gstesns caused by fishing are to be
remedied.

Heavy fishing disturbs muddy and sandy bottomssicaudramatic changes in the structure
of both the physical support system and the relbigldgical assemblages. As synthesised by
Pranoviet al. (2000), “trawls and dredges scrape or plough #dabead, resuspend sediment,
change grain size and sediment texture, destrofobesd, and remove or scatter non-target
species”. The increase in the amount of suspendegémnts and organic matter can be added
to these effects (Jones, 1992). Highly impactingtdmo fishing (trawling, dredging, etc.)
mainly affects shelf areas. In the Mediterraneasirbaleep trawling fisheries targeting
Norway lobster or red shrimps also affects slopedagubottoms. In general, muddy
sediments, which form in high depositional areathvow external disturbance, are much
more sensitive to trawling disturbance than moneadyic coarser sediments.

Deep slope fisheries targeting high value crustacgzecies operate out of Spain, Italy,
Algeria and Tunisia, fishing down to a depth of @06 depth in the north-western
Mediterranean red shrimpAfisteus antennatusand Aristeomorpha foliacea fishery.
Although there is no information on the effectslegp sea trawling on muddy bottoms in the
Mediterranean (or anywhere else in the world),féve authors touching on the subject warn
of the extreme vulnerability of such sea beds tgsjual perturbations. It appears that
recovery rates are much slower and the impactsawfing may be very long lasting (many
years or even decades) in deep water, where the fadess adaptable to changes in sediment
regimes and external disturbances (Jones, 199R;eBall., 2000).

The ecosystem effects related to the use of bogeans may extend far beyond the direct,
straightforward impacts discussed above. Eutrophocesses may be enhanced leading to
hypoxia in sensitive soft bottom areas (as in thethern Adriatic) and the quantity of
hydrogen sulphide released from sediments may aser¢Caddy, 2000). The anthropic re-
suspension of sediment enriched in organic ma#er eliminate macrophyte, benthos and
demersal fish approaching their hypoxia tolerarig®t;l the changed ecosystem structure
favours species adapted or tolerant to hypoxic itiond. Trawling and dredging can also
play a role affecting the intensity and duratiomaturally occurring seasonal hypoxic crises
in some places. These fishing practices, carri¢dnoliypoxic conditions in the Adriatic Sea,
can exacerbate the summer killings of young skséllfiTrawling can also remove large-
bodied, long-lived macrobenthic species and sulesgtyureduce the bioturbation zone (Ball,
et al, 2000). This could increase the danger of euiogpion and result in longer recovery
rates (Rumohret al, 1996). On the other hand, studies carried ouhoddy seabeds showed
that otter trawling operations produce short-tetmanges in the biomass of taxa within the
trawled area (Tudela, 2004).

A workshop on the Effects of Fishing Gear on Marfiabitats off the Northeastern United
States was held in October 2001 in Boston, Massattsu(Anon., 2002d). A variety of
habitat characteristics were recognised, depenoingppography and variability over time
(Table 4-1). The impact of several gear types Wan tiscussed by a panel of esperts, giving
rise to a classification for otter trawl impactsdifferent habitats shown in Table 4-2. Several
conclusions were drawn from this evaluation. Fio$t all, gravel habitat was clearly
considered to be most at risk, followed by sand emd. Secondly, impacts to biological
structure were of greatest concern, particularhgravel habitat, followed by any physical
impact to gravel habitat. Impacts to physical sute ranked third and removal of major
physical features ranked fourth. Thirdly, otterwtt® and scallop dredges were of much
greater concern than other types of static geans as clam dredges, gill nets and longlines,
and pots and traps. Otter trawls and scallop diedgee judged to have the greatest impacts
on gravel habitat. Additionally, otter trawl effeatvere of concern in all three habitat types,
whereas scallop dredge effects limited to gravel sand, and clam dredging impacts limited
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to sandy bottoms. Bottom gill nets and longlinesemenly of concern in gravel. Overall the
panel stressed a theme throughout the workshopirthatder to protect habitat from gear
impacts three management measures deserve cofisidels effort reduction, as for many
overexploited species, resource management meastniel require reductions in fishing
effort to maximize yield would have the added b#nef protecting habitat, 2) spatial
closures seen as an important tool to minimize gegracts on habitat, and 3) gear
modification, which was mentioned as a possible teayduce the impact of certain gears on
critical or vulnerable habitats.

Table 4-1 Habitat Characteristics and Variability

HABITAT VARIABILITY
CHARACTER

TOPOGRAPHY FEATURELESS
FEATURES

SEDIMENT TEXTURE|[FINE COARSE

[and HARDNESS]  [|------enme--
[SOFT] [HARD]
VU] — Y- \[o J———— GRAVEL; SHELLS;
BEDROCK

SUBSTRATE SMOOTH

ROUGHNESS - ROUGH

[and SURFACE([[LOW]

AREA] - [HIGH]

- PHYSICAL MUD Y. N[ J——— SHELLS; GRAVEL;
BEDROCK

. BIOLOGICAL | ~-BURROWS-- | | ---xnnno- BEDFORMS ------

SUBSTRATE WEAK CURRENTS STRONG
DYNAMICS CURRENTS

TIDAL; STORM; OTHER -------mm-mmmmemee-

- PHYSICAL
mud, sand, shells STABLE SUBSTRATE UNSTABLE
SUBSTRATE
MUD ----mnnmmmmeeee- |
SAND | SAND and SHELL
ADAPTED TO STABLE ----------- and/or ------ MOVING
SEDIMENT----------—-
- PHYSICAL
hard bottom STABLE SUBSTRATE
. BIOLOGICAL GRAVEL MOUNDS, BEDROCK, GRAVEL PAVEMENT -------------

ADAPTED TO NON-MOVING SUBSTRATE

WATER COLUMN STRATIFIED
MIXED
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PRODUCTIVITY

WATER DEPTH

LOW
- HIGH

DEEP
SHALLOW

HABITAT USAGE

- by FAUNA

- by FISHERS

SPAWNING, JUVENILE SURVIVAL, ADULT POPULATION
ROUNDFISH, FLATFISH, BIVALVES (EPIFAUNAL, INFAUNAL)

TARGET SPECIES and/or HABITATS
using MOBILE GEAR, STATIONARY GEAR

FISHING IMPACTS

- PHYSICAL

- BIOLOGICAL

TOPOGRAPHIC FEATURES, TEXTURE, ROUGHNESS and
SURFACE AREA, SUBSTRATE DYNAMICS

ROUGHNESS and SURFACE AREA (TUBES and ATTACHED
EPIFAUNA), BIODIVERSITY

Table 4-2Impacts of Otter Trawls on Benthic Habitats

TYPE OF DEGREE |DURATION [TYPE OF COMMENTS
IMPACT OF EVIDENCE

IMPACT
'MUD
Removal of (XXX (H) Permanent |PJ (H) in Mud refers to
Major N/A (L) clay (i.e., tilefish
Physical burrows) in all cases
Features
Impactsto  |Unknown  |Months - Yrs |PJ (L) opinions ranged
Biological (H) from X-XXX
Structure XX (L)
Impactsto (XXX  (H) |Months - Yrs [PR, GL, PJ  |(L) opinions ranged
Physical XX (L) from XX-XXX and
Structure unknown
Changes in |Unknown
Benthic Prey
'SAND
Removal of |N/A N/A N/A
Major
Physical
Features
Impactsto [ XX" (H, L) |Months - PR, GL, PJ  |(H) opinion ranged
Biological Years from X-XXX
Structure (L) opinion ranged

from XX-XXX

Impactsto X (H) Days - PR, GL, PJ  |(H, L) opinion rangec
Physical XX (L) Months from X-XXX
Structure
Changesin XX (H,L) |Months-  |PR,PJ, GL |(H) opinions were

)

DEGREE Contract 022576 Final Publishable Activity R&épo



Benthic Prey Years XX or unknown
(L) ranged from X-
XXX and unknown

GRAVEL

Removal of (XXX (H, L) |Permanent |PR,GL, PJ
Major

Physical
Features
Impacts to XXX (H, L) |Months - PR, GL, PJ
Biological Years
Structure

Impacts to XXX (H, L) |Months - PR, GL, PJ Rocks altered or
Physical Years relocated
Structure

Changes in |Unknown
Benthic Prey

KEY: X = Effect can be present, but is rarely lar¥&X = Effect is present and moderate; XXX = Efféstoften
present and can be large; N/A = Effect is not preee not applicable; Unknown = effects are notently known;
(H) = High energy environment; (L) = Low energy gomment; PR = Peer reviewed literature; GL = Grey
literature; PJ = Professional judgement.

NOTE: Ongoing Canadian experiments will be ablprtavide additional information in the near future.

" This does not represent a consensus among the pane

Pursuant on these findings, it became clear thattioal methods of reducing the identified

effects of fishing gear on the benthos had to bedo While nets have been refined to reduce
the by-catch of non-target and undersized commiefisia species, attempts to reduce the
benthic by-catch or the potential damage of derhdis@ing gears on invertebrate benthic

species has only begun to emerge.

An example of such work is the REDUCE project (FATR97-3809), which aimed to
identify and test alternative gear technologiesciwhiad the potential to reduce a number of
direct and indirect effects of trawling on the maribenthic environment. Alternative
techniques that could reduce the adverse effectdeafiersal trawls on marine benthic
organisms were reviewed and those with most promigsefurther investigation were
identified, in co-operation with the fishing indostThe practical feasibility of the identified
alternative techniques was then investigated vaipect to the following criteria: reduction
of fish/benthos by-catch, effectiveness, economyl acceptability to the fishing /scientific
community. Selected alternatives were then furtbBned. At all times the selection process
was driven by the requirement that catch levelddcbe maintained with the emergent new
gear designs. In addition, the actual impact of nimdified gear was assessed by taking
representative benthos samples prior to and affiepdassage along accurately demarcated
transects. As a result, the REDUCE project idesdifia variety of alternative gear
technologies capable of reducing direct and intlisftects of demersal trawls on benthic
marine organisms. However, there it was conclutlatithere was a need for these techniques
and modifications to be further assessed as wedl aetermine the conditions under which
these techniques could be successfully and safgllemented in the fishing industryhese
techniques includecklectrical stimulation and/ordrop-out windows (beam trawling), and
adjusted foot-rope constructionwith roller balls in combination with drop-out windows
andmodified otter boards with reduced ground contact (otter trawling).
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In view of the development of an ‘eco-system appinb@n fisheries science, studies on the
impact of fishing on the eco-system were reviewgdQ@ES WGECO in 2002. A number of

mitigation measures were identified as a functibmabitat type. Gear modifications were
recognised as possibilities for reducing otter bedm trawl impacts for the sensitive habitat
types defined as ‘structural benthic epifauna’,nthéc infauna’ and ‘mollusc beds’ (ICES

2002, Table 4-3)

Table 4-3 Matrix of fishing gear/habitat type and mtigation measure (after ICES, 2000 ;
Gubbay, 2001).

Fishing Sensitive Habitat Type (from Gubbay, 2001)
Activity Deep- | Structural| Benthic| Mollusc | Nearshore | Intertidal | Mearl
water benthic | infauna| beds | communities] mudflats| beds
biogenic| epifauna
habitats
Otter AC AC, GM GM AC AC N/A AC
trawling
Beam N/A AC, GM GM AC, AC AC AC
trawling GM
Pelagic N/A N/A N/A N/A N/A N/A N/A
trawling
Drift/gill AC N/A N/A N/A N/A N/A N/A
netting
Bottom AC AC, GM N/A N/A N/A AC N/A
longlining
Pelagic N/A N/A N/A N/A N/A N/A N/A
longlining
Tangle AC? GM ? N/A N/A AC AC N/A
netting
Pot fisheries N/A AC, GM N/A N/A AC/R N/A N/A
Dredging N/A AC AC AC/R AC AC AC
(Epibenthic)
Dredging N/A AC AC AC/R AC AC N/A
(Hydraulic)
Key to mitigation measures :
AC Area Closure R Reseeding/restocking
GM Gear Madification N/A Fishing activities thought to have no effect

In a recent review Lgkkeborg (2005) stated that types of impact studies exisg. studies

in which experimental trawling is conducted and risgponses of the benthic community are
assessed, and studies in which historical effad dee used and fishing grounds subjected to
low and high fishing intensities compared. The adge of the first type is that this method
provides exact data on the disturbance regimetheutiisadvantage on the other hand is that
the temporal and spatial aspects of experimerdallimg do not truly reflect the large-scale
and long-term disturbances that occur in real fislse Consequently such studies, having no
replication at the appropriate spatial scale, hearisk of overestimating effects of trawling
disturbance. Impact studies based on historicartetfata reflect disturbances imposed by
commercial fishing, but the actual intensity oftdibance is not know and suitable control
sites seldom exist.

At this juncture it is also interesting to compdane work in Europe with work done in the
United States and Canada. A recent review of ingpafcten classes of fishing gears in US-
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waters rated bottom trawling as top of the listténms of severity and need for policy
response (Chuanpagdeieal, 2003, Table 4-4).

Table 4-4 Scale of relative severity of collaterampacts of ten fishing gears and possible
policy responses (Chuanpagdeet al, 2003)

Gear Type Impact rating Policy response
Trawl-bottom High Very stringent
Gillnet-bottom

Dredge

Gillnet-midwater

Pots&Traps Medium Moderately stringent

Longline-pelagic
Longline-bottom

Trawl-midwater Low Least stringent
Purse seine
Hook&Line

4.1.2 State of the art concerning physical and biol  ogical modelling of fishing gear
and quantification of benthic impact.

Impacts of towed fishing gears on benthic habaaid communities have been investigated in
many studies (reviewed k®.g. Jennings and Kaiser, 1998; Auster and Langton9;1Bill,
1999; Collie et al, 2000). However, a large proportion of these swidiave failed to
demonstrate the long-term ecological changes that lme unambiguously attributed to
trawling disturbance (Lgkkeborg, 2005). This issafbecause there has been a delay between
the trawling impact and subsequent sampling ofdisturbed benthos, allowing for other
drivers, which may include biologicaé.g. predation by scavengers), physical or climatic
factors €.g. Clark & Frid, 2001 & Bergfeld & Kroncke, 2001 foeviews of long-term
trends), to occur. Thus our knowledge of the lomgprt response of the benthos to impacts
from trawling is still rather rudimentary (Curri@c Parry, 1996; Frees al.,1999). If we
are to further our understanding of long-term clesngt is critical that we are first able to
guantify the immediate disturbance of fishing inme of mortality and change in habitat. We
must also be able to distinguish this from chantbasoccur due to other drivers (e.g. natural
mortality or habitat alteration due to a storm dyen

Based on a meta-analysis of those studies that hamatified mortality and injury post
impact (e.g. Bergman & Hup, 1992 ; Bergman & vantBank, 2000 ; Van Marlen, 2001) it
is possible to draw a number of conclusions ableatshort-term change in population and
community that results from trawling. Evidence fronese studies supports the theory that
there is a relationship between the living haleitg(position on or within the seabed),
morphology and mobility of an animal and its’ inbet vulnerability to towed gears. Reviews
of studies on the alteration of habitat that odouthe path of gear also allow a nhumber of
assumptions to be made about the likely changeeireric habitat typese(g. sand, mud,
gravel, coral) (e.g. Austat al, 1996; Auster & Langton, 1999; Johnstone, 2002)ny this
information, efforts are now being made to model iilmmediate ecological disturbance of
towed fishing gears to benthic systems (includimgeitebrates, habitats and demersal fish)
(Piet et al, 2000; Pietet al, 2004; work being undertaken in EC 5th framewpriject
MAFCONS (QSRS-2002-00856)).

In the MAFCONS model, benthic communities are sttieig to a particular number of hours
fishing over a specified time period and area. f@seiltant change in the community depends
on the vulnerability of the species making up theacted community. Generic “species” are
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assigned a level of vulnerability, which determirtbe proportion of the population that
would be killed by a single passage of a gear giwvan area. Communities may be made up
of invertebrates, fish or a combination of botht &upresent the most work has been done on
the invertebrates. Vulnerability depends on a nunafecharacteristics of the species based
on its’ ecology and morphology. At present vulndigbis assigned based on the meta-
analysis described above. It is clear from thedtigre that vulnerability varies with gear type
because of the different seabed/gear interactionsd. However, at this stage the available
literature does not enable us to resolve vulndtald individual gear types.

In this proposal we will study in greater detaiktphysical processes associated with the
interaction of the gear components and the sedlygsd.will permit a refinement of the input
data to the MAFCONS model and allow a quantifiaatid the ecological disturbance to the
benthos resulting from the passage of the diffecemiponents of any given towed fishing
gear. Ultimately, using spatially and temporallgaked information on fishing effort and
seabed sediment types, the ecological disturbantieetbenthos resulting from the physical
impact of towed gears for a given area will be diad. In this project one of the main
objectives is to develop new or modified gears tlate low impact on the benthos. Given
that the MAFCONS model updated in this project wik based on individual gear
components, it will be possible to predict ecolagidisturbance for any towed gear
combination and thus the new gears developed sptoject. The ultimate aim will be to
provide a management tool that can be used to aenliferent gear/seabed combinations in
order to make decisions on how to continue fishivith the minimal impact to benthic
systems.

In order to make a truly generic tool that can ppliad to any gear, it is essential that the
physical processes involved in the interaction edirg with the seabed be quantified for the
individual components that are in contact with theafloor. This will allow for the
development of physical models that can then bé bipi to represent any overall trawl
system. It is proposed that the physical modellisgects of this work be subdivided into two
main areas; the modelling of a tool, in this caseawl gear component, on the sea bed and
the modelling of the overall trawl system. To béeab fully model the trawling process and
use this as an input to the MAFCONS ecologicaludiEince model, it is necessary to be able
to predict the overall motion of the trawl gear asdnteraction with the seabed, the effect of
each trawl gear component on the seabed and teesothbined effect of the complete trawl
system.

A number of papers have been written on the madglif nets for trawling (Theret, 1993;
Makarenkoet al, 1998; Bessonneau and Marichal, 1998; Priour, 1888 commercial codes
for net design are available.§. DynamiT). However, even where these models take th
seabed into account for the deformed shape oféhdhey do not provide information on the
detailed interaction of the gear components and dbabed. Several researchers have
examined the interaction between a tool and a ¢manuaterial. Bohatier and Nouguier
(2000) looked at a problem related to cutting psses using numerical simulations where the
soil is modelled as a dry granular material anditiod was moved at a constant velocity. For
that purpose the Contact Dynamics (CD) method basediscrete elements was used. Two
different physical inclusions, inertia and graviyere considered where both parts were
shown to be dependent on the cutting constrainising height and shape of the tool. The
results from this model suggest that most of distoce of soil occurs along a line of sall
passing through the bottom of the tool. Furthedgtwas undertaken on sand with grains of
different diameters and statistical analysis of fibree supported by the tool around a mean
force is shown to be the same for all cases. Relsaandertaken by Zhao and Miedema
(2001) concentrated on the finite element methodravtihe cutting forces in saturated soils
were simulated.
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Laboratory based experiments were carried out énBb-funded study TRAPESE. These
focused on morphological changes in the upper sehléyers due to beam trawl gears
(Paschenet al, 2000). A series of tests using the laser measmertechnique were
undertaken on a purpose-built test bed where iga&in on the interference of the upper
sediment layers by towed elements of beam trawl. gasults show that with higher resting
pressures the penetration depths increases. Maxipamgtration depths, between 20-35mm
were found for the strongly digging trawl head mlode resting pressures higher than
1.03N/cm2. It was also shown that the sedimenthteig an indication of the vertical force
differs between Baltic and North Sea sediment. difference of 20% was explained to be
due to the difference in grain composition. Thegeaof penetration depths found from Box-
corer samples taken from the tracks of commercgflgd beam trawls varied from 10mm to
80mm depending on the gear weight, the towing speddhe type of substrate.

In this project the important physical processe®lwved in towing a fishing gear across the
seabed will be modelled. This will involve the dimgment of (i) a finite element model of
the gear components/sediment interface that wildiot the penetration depth, sediment
displacement and the pressure field associatedesith gear component and (i) a dynamic
lumped parameter model to predict the movement@fiear components. These two models
will be coupled to provide a dynamic model of théeraction between gear components and
the seabed. The finite element (FE) analysis véllused to provide detailed analysis of the
local deformation of the seabed around a componemte the dynamic rigid body model
will be used to predict the motion of the gear comgnts. The output of these models
combined will provide the depth of penetration @&ag components, the volume and the
behaviour of disturbed sediment and the pressungs stiresses during contact of the
components with the seabed. The development of phgbkical model component will be
underpinned by laboratory experiments and sea bafd. During the sea based trials
biological core samples will also be taken acrbssareas of gear/seabed interaction in order
to validate the inputs to the MAFCONS ecologicatdibance model. These will help to
assess the a priori predictions about which spegiltse vulnerable to particular physical
impacts based on their ecology and morphology.

The work described so far will all be undertakemiork Package 2 of this project. This will
allow an overall global assessment of the impa@nyfgear or gear combinations on benthic
habitats and communities. However, throughout tlogept the participants will also fully co-
operate with colleagues in Work Packages 3-4 sb dhaassessment can be made of the
benthic impact of the modified gears specificalfsiggned and tested in this project. In the
field, modified and existing gears will be assesaaith a number of easy to collect and
interpret physical and biological indicators. Sumtlicators should not be affected or masked
by the complexity and natural variability of bemtlsiystems. They will include measures such
as (i) the levels of sediment suspension; (iiwiseal alteration of relief and topography; (iii)
the pressure exerted on the bottom; (iv) the alteraf acoustic properties; (v) the bycatch,
and (vi) the damage to invertebrates. Methods eaéadle to collect these indicators such as
turbidity-meters, transmissometers, sediment trgpsh and core samples, side-scan sonar
and video recordings, pressure sensors and tems&tars mounted on the gear.

Based on the precautionary principle, a reductiothé physical and/or biological impact of
modified gears to those of existing gears shouldsbeght. In essence, the point of a
precautionary principle is to make decisions sd #wgy error in understanding or action is
likely to favour environmental well being (Undervweb@996). The quantification of the ‘easy
to measure’ indicators will, therefore, be usedaamethod of determining whether the
modified gear does have a reduced benthic impattth& same time, however, the
MAFCONS ecological disturbance model will be ruringsthe described dimensions of the
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modified gears to assess the overall ecologicalidiance caused. It will then be possible to
compare the conclusions drawn from each exercisally, the indicators will also act as
independent validation measures for the physical aiological model inputs to the
MAFCONS model. It should be possible to comparesuess such as the level of sediment
suspension for both modelled values and actual fistasurements from modified gear sea
trials.

4.1.3 Economic impacts of adopting new fishing gear s

Relatively few studies have been undertaken tosast#®e economic impact of adopting
environmentally friendly fishing gear. Previousdias have largely considered the additional
costs imposed on fishers through the introductibbyeatch reduction devices (e.g. Griffin
and Oliver, 1991; Hendrickson and Griffin, 1993; tlashita and Shida, 2001). These were
mostly reductions in catches as a result of udieggear. Ward (1994) and Pascoe and Reuvill
(2004) also considered the benefits to other fisbefrom reduced bycatch in a particular
fishery. The latter studies have employed bioecaaamodels to estimate the transfer of
benefits to the other fisheries.

A main feature of this study is that gear is alsimf developed that will lead to a reduction in
habitat damage. No previous studies have been takderto determine the economic impact
of such an environmental benefit in fisheries,@lih adoption of management strategies and
technologies to improve biodiversity in agricultiesg. Wynn, 2002) and protect endangered
species in forestrye(g. Marshallet al,, 2000) have been considered through the usestf co
effectiveness analysis. An implicit assumption wtls an analysis is that the environmental
benefits do outweigh the costs, and the emphasishés on achieving the greatest
environmental benefit (in terms of reduced impatthe lowest cost to the industry.

4.1.4 State of the art concerning gear types and mi  tigation of impact

Beam trawling - effects

Beam trawling, or the concept of opening a trawthvei boom or spar, has been in existence
since the 1400'’s. It became more important in tA80% as a replacement for otter trawls

where chains had been added between the two atteldbdo enhance flatfish catches. The
spreading force of the boards limited the numberciodins that could be used. In the

intervening years, beam trawl efficiency for catchflatfish has been enhanced with weight,

number of chains and size.increasing. However gsirf888 the beam width has been limited
to 12m.

The penetration depth of a beam trawl depends enméight of the gear and the towing
speed, but also on the type of substrate and ramgfeseen 1 and 8 cm (Paschen, Kopnich
and Richter, 2000).

Beam trawling reduces the biomass, production aiversity of benthic communities
(Lindeboom and de Groot, 1998; Kaiser and de Gr2@d0 Paschen, Richter and Képnick,
2000). Changes in communities following beam-trag/liresult from the direct mortality
caused by the trawl and also the indirect effeé¢tshis mortality on species interactions
(Ramsayet al, 1997; Jenningst al, 2002). Beam trawls cause direct mortality in tweys.
Firstly, the shoes, tickler chains or chain matactpon animals on the seabed (Bergman and
Van Santbrink, 2000) and secondly, animals are ldaugthe net and die from sustained
injuries, during hauling or when the catch is psss# and discarded (Lindeboom and De
Groot, 1998).
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The mortality caused by beam trawls hitting benthiertebrates was measured by Bergman
and van Santbrink (2000), who compared the dessitieanimals before and after trawling.
For gastropods, small and medium-sized crustad@guisally 5-40 mm length) and annelid
worms, direct mortalities following a single padsaol2m-beam trawl were typically 5 to
40%. For bivalve species, mortalities ranged froth t8 65%. The mortality rates of
invertebrates that are caught and discarded canm shigh, ranging from 26-88% for
bivalves, 25-67% for crustaceans and 11-21% fofisitain North Sea studies (Fonds, 1994;
Lindeboom and De Groot, 1998). However, since theett efficiency of beam trawls for
invertebrates is generally less than 10% (Lindebaach De Groot, 1998), the total mortality
caused by the trawl gear hitting animals is typycalto 10 times greater than the mortality of
invertebrates that are caught and discarded.

Beam trawling — mitigation of effects

Several potential mitigation measures have bedrehbat over the last 30 years to reduce the
impact of beam trawling on the benthic environménif the two that provide the best
potential solutions have undoubtedly been the dgweént of electric fishing techniques and
the use of benthic release panels.

Electric fishing

Research into the potential for electrical beamlirey began in shrimp fisheries where the
typical jumping behaviour of the animals to elegtistimulation was noted. Later similar
potential was identified for catching flatfish, esglly for catching sole, and a great deal of
research effort was dedicated to this techniqu&hia Netherlands, Germany, the United
Kingdom and Belgium in the 1970s and 1980s. Typical relatively large number of tickler
chains are used in conventional beam trawls tchcsade, in particular and the key objective
of the work was to decrease the gear drag by reglabe tickler chains by a system of
parallel electrodes, and thus improving the fuenemy of beam trawlers, an issue of great
importance in the early 1970s, but now again ameisiie to the steep rise in fuel prices. The
designed system, originally tested consisted afrdooard pulse generator, connected through
a cable to a capacitor discharge unit built insikdebeam and an array of electrodes placed in
front of the ground rope. In The Netherlands theettgppment was stopped in 1988 for
political reasonsj.e. the fear by public authorities of a further anddesired increase in
fishing capacity.

Similar electric tickler systems following the Dbtexample were developed in Germany
(Horn, 1976), Belgium (Vanden Broucke, 1973), ahd United Kingdom (Stewart, 1978-
1979; Van Marlen, 1985; Lart and Horton, 1996) @lifph the design philosophies in the
various systems diverged. All the research actisitvere carried out on a national basis, there
were no European research funds in the fisherie®rsat the time, but regular contacts
between the various research workers existed. Ry riid-eighties more elaborate co-
operation emerged, the performance of the DutchthrdGerman system was compared
during a trip on RV ISIS. An economic analysis skdwhat the effect of parameters such as
fuel price, principal investment, and catch leveltbe payback period for a complete electric
fishing system can be large, and that the systantdamly earn its investment in relatively
short time with increased catch rates (Van Marl&&8).

Since 1992, however, a private company (Verburdandl B.V. of Colijnsplaat, The
Netherlands) has developed a system after contidlcttihe Dutch Directorate of Fisheries.
IMARES became involved in this work in 1998 and siderable progress has been made in
the intervening period. Initially a prototype wighbeam length of 7 m was tested in 1998 and
1999 in EU-project REDUCE (FAIR-CT97-3809). Theuks showed a clear potential of the
electrified trawl to reduce the by-catch of bentlyssome 40%, while the median direct
mortality of invertebrates (15 taxa) dropped fro6¥@for the conventional tickler chain gear
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type to 24% with the electrified beam trajan Marlenet al., 2001; Van Marleret al,
submittegl. In 2000 the system was scaled up to 12 m (Sgar&i2 below), the most
commonly used beam width in the Dutch fleet. A g technical trials followed, and in
2004 a commercial beam trawler has been fully gmdpwith two electrified gears and
winches, with extensive field tests due to begir2005 under a Dutch national research
project. The biological and economic performancethio$ system will be monitored and
compared to vessels equipped with conventional kheamis. An extension of this work with
an increased number of vessels is foreseen, atieefuriological and economic monitoring is
proposed here, and is supported by the Dutch Mynist Agriculture, Nature Management
and Food Quality.

Figure 2 Prototype of a 12m pulse beam trawl testedn RV “Tridens” in 2004.

Benthos release panels

Benthos release panels (also known as drop-outlg)ahave the potential to reduce the
environmental impact of beam trawling. Consideratdgelopmental work has already been
undertaken on benthos release panels in a previmiesnational project (EU-project
REDUCE (FAIR-CT97-3809)) and more recently in a DEFRA funded research national
programme to develop more environmentally frierfiifiing gears. These works have shown
that commercially acceptable designs of benthaasel panel are close to fruition. Results to
date indicate that reductions in benthic invertebray-catch rates of 75-80% are readily
achievable without loss of commercial target spedieis estimated that benthic release
panels could potentially reduce the overdlironmental impact of beam trawling by around
10% without any commercial penalty for the fishemn{&evill and Jennings, 2005). This
figure is however a rather crude estimate usingtsdata and it may in fact (as suspected) be
an underestimate. Further work is required to $gatly quantify the overall reduction in
environmental impact of benthos release panels wised in beam trawls. Some further
developmental work is also required to ensure tiatrelease panel technology successfully
developed sofar, can be effectively transferred aoapted for use across the broad range of
seasonal conditions and fishing grounds associwitbdhe EU beam trawl fishing fleets.

While benthos release panels can potentially relemssubstantial majority of benthic

invertebrates caught in the beam trawl, they dke Itb release many of the small non-target
juvenile demersal fish species. Such fish are aegral feature of marine benthic

communities. Cod-ends / panels constructed from M@8h may offer a simple potential

solution which release substantial numbers of smalfi-target benthic fish species (see
following section). T90 mesh can also potentialy Wised in combination with a benthos
release panel to achieve a much greater overalctied in the environmental impact of that

fishing gear.

DEGREE Contract 022576 Final Publishable Activity Repo -20-



T90 cod-ends

Cod-ends / panels constructed from T90 mesh (mesied through 906) have a more open
mesh than conventional diamond mesh. Unlike diammoedh, the opening of a T90 mesh is
maintained under strain and can therefore allowlldish and invertebrates to escape through
the meshes throughout the complete towing cyclelirRinary trials conducted by Moderhak
(MIR), and Revill (CEFAS) have shown that T90 codie can potentially substantially
reduce the by-catch of non-target / undersizedviighout loss of commercial target species.
Provisional pilot trials with a T90 cod-end havesbaindertaken in the UK English Channel
beam trawl fishery (June 2004) and also the UK &ddreps Nephrops fishery (Oct 2004).
T90 cod-ends can potentially be used in combinatitth a benthos release panel in order to
greatly reduce the impact of many towed fishingrgagpon benthic communities. Further
testing and evaluation of T90 cod-ends /panelgdgsiired as studies to date in this field are
extremely promising, but limited.

Figure 3 T90 cod-end under pilot testing on a UK bem trawler
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Figure 4 Example of typical comparative catches fnm paired hauls during previous UK
twin beam trawl trials
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Otter trawls — effects

As described by Roset al., 200Q traditional otter trawls have several componentd th
contact or approach the seabed and variationseirdéisign of these components determine
their effect on the seabed. According to Brylinskal, 1994, up to 12% of the seabed in the
path of an otter trawl during tests carried outhia Bay of Fundy was noticeably changed.
The most prominent effect of otter trawls on tha bed is the furrows caused by the otter
boards, which may extent to about 20 cm depth {Bsl et al, 1994; Sancheet al., 2000;
Sala et al., 2009). Other components that havergaat are the sweeps, the groundrope,
especially when made of a heavy construction, sichobbins and these components can
leave narrow scrapes or compressions dependingmhtvand bottom type.

Trawl door marks are the most recognizable and rofteh observed effect of otter trawls
(Caddy 1973, Friedlandat al, 1999; Sala et al., 2009), producing narrow kariatheless
deep swaths. Doors travel across the seabed dedraan angle to the direction of tow with
the resulting marks consisting of an area of seabewoured by direct contact with
consequential sediment disturbance. The extenheset marks is directly related to the
downward force exerted on the seabed and the witdthat contact. Generally the vertical
attitude of the bottom trawl door is adjusted satthydrodynamic forces have a small
downward component, increasing the force of sealoedact (Seafisket al, 1993) but the
design of door can influence the degree of cordigictificantly.

Bridles and sweep arrangements that connect thes dodhe net may be in contact with the
seabed for part or all of their length. When usong bridles in fact to target herdable species
such as flatfish, the bridles contact more seahad tny other trawl component over the
duration of a tow. The force of contact of thesetisas with the seabed results from their
weight per length and unless heavy chain or supghéany weights are added, this limits the
action of bridles to skimming the surface of thelssd. Small scale vertical features,
particularly on soft substrates can be flattenedhixy action, while emergent organisms can
be vulnerable to penetration or undercutting bglbs.

Similarly footropes of trawls cover a large swepgaa with the proportion of that covered by
the footrope dependant on the relative length efattidles, Footrope effects on the seabed are
influenced by the contact force and the area ovdchwit is distributed. Allowing footrope
components to roll may reduce these effects, kst dbnerally only occurs in the centre
section. Some protective footrope designs i.e. Roggers are designed specifically not to
roll but rather to turn back under the belly negjtiand lift over an obstruction. The large
diameter of the rubber discs used in rockhoppetrdpe construction also produces a vortex
in their wake, contributing to sediment suspensi®ach footropes are less likely thus to
undercut emergent organisms or to penetrate thetratds, but more inclined to run over or
flatten them. The down force on the seabed exdrethe footrope is dependent on the
weight per unit length and the lift from the negtiand floats of the trawl to which it is
attached. Generally the overriding design critdoa footropes is to ensure that it has
sufficient positive restoring down force to maintaseabed contact when disturbed from
equilibrium by an obstruction or change in topogmap

Depending on fishing operation auxiliary weightsynmee added to trawl gear to increase
downward force at different points along the g&#eights installed at the lower wingends of
pelagic trawls, for instance, may contact the sgatdeen these are fished close to the bottom.
Similarly for demersal pair trawling operations glatis are used to sink the gear to the seabed
rather than doors. Clump weights are used to deftes centre bridles of a multi-rig. The
pressure that these exert on the seabed is theardsaf their weight in water and the upward
forces exerted on them by other gear components.
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The most serious effects of trawling have been detnated for hard-bottom habitats
dominated by large sessile fauna. Erected organssitis as sponges, anthozoans and corals
have been shown to decrease considerably in abcadanhe path of groundgear (Freese
al., 1999; Moran and Stephenson, 2000). Such hahitaty thus be severely affected by
fishing operations. A few studies have been coratlcio determine the impacts of
experimental trawling on sandy bottoms of offshéishing grounds (Prenat al, 1999).
These studies showed decline in the abundance ok dwenthic species, but trawling
disturbances did not produce large changes in ¢¢hbs communities. These habitats may
be resistant to trawling but because they are stdgjeto high degree of natural disturbances
such as strong currents and large temperatureuéitions. Several studies have been
conducted on the impacts of shrimp trawling on seftiments (Hanssat al. 2000; Drabsch

et al, 2001; Sparks-McConkey and Watling, 2001.) Howegkear and consistent effects of
trawling disturbances have not been demonstratedeise studies. On the other hand, soft-
bottom habitats show pronounced temporal changegsaumatural variability, and potential
changes attributed to trawling may be masked by vVariability and therefore difficult to
demonstrate.

Bottom trawling fleets predominate in many Mediéeean fisheries, being responsible for a
high share of total catches and, in many caselJiygethe highest earnings among all the
fishing sub-sectors. The high profitability of tHishing practice is largely due to its low

selectivity with respect to sizes and species chugihd to the high harvests generated.
Trawlers have dramatic effects on the ecosystetudimg physical damage to the seabed
(Sala et al., 2009) and the degradation of assgtim@mmunities, the overfishing of demersal
resources, and the changes in the structure aradidaoimg of marine ecosystems derived
from the depletion of populations and the huge arhofibycatches and associated discards.

The effect on marine communities is twofold: i) atsingle-species level, the population
dynamics of a species are altered, and ii) at tusystem level profound changes occur
because of the disruption of food webs. Ecosystemifications are triggered by the change
in the biomass and demographic structure of tHerefit species as well as by the increasing
food supply for scavenger and opportunistic spedieis worth noting that the latter can
result in the trophic connection of separate sudtesys (i.e. pelagic and benthic), making
ecosystem consequences even more dramatic.

Although bottom trawling is inherently rather uresgtive, bycatches and discards can be
minimized. Trawling can be limited and technicalaseres can be introduced to improve
selectivity. Trawl selectivity within an area degsron many factors, ranging from the depth
exploited or the kind of bottom, to the season. Mimpacting scenarios could be avoided by
restricting trawling both spatially and temporally.this context, current provisions banning

trawling in coastal waters less than 50 m deephret miles offshore should be enforced
effectively. Trawling gears could be made more cele by using higher mesh sizes or

incorporating special excluding devices, such amsdhbased on rigid grids. The former
solution may be difficult to apply in Mediterraneaaters for social and political reasons, but
the development and compulsory use of excludingcdsvincreasing selectivity (such as

those in use in some North Atlantic waters) desexttention. Alternatively, the use of a

square mesh can also improve selectivity. It isvearent to mention here that shorter
trawling hauls are known to reduce discard ratésr¢®uet al, 1998, Morantaet al, 2000).

Partial solutions and technical improvements ndistinding, the banning of bottom trawling
in large marine protected areas throughout the tdednean Basin appears to be the only
way of maintaining a sample set of demersal ecesystfree of the damage caused by this
widespread fishing practice. These areas would ovarebe very useful as a basic reference
guide to healthy bottom communities in the contéha future ecosystem-based management
of Mediterranean fisheries.
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Whilst the problems related to the capture of usided individuals, bycatches (and
subsequent discards) of particularly vulnerable cigge or groups by Mediterranean
unselective trawling fleets, there is compellingidemce that the physical impact of
Mediterranean bottom trawling on Posidonia bedssarftibottoms is significant: trawl doors
penetrate them more deeply than other sedimentts,peitentially greater effects on infaunal
species (Ballet al, 2000). The ecosystem effects of trawling on deegddy bottomsi.e. in
red shrimp or Norway lobster fisheries, also desergpecial attention given the high
vulnerability of deep muddy bottom communities xteenal perturbations.

Otter trawls — mitigation of effects

Gear modifications to otter trawls to reduce seabguhct have been reported by Carr and
Milliken 1998, Valdermarsen and Suuronen 2003, Rasa. 2000, CEFAS 2003 and Hx

al., 2004. These modifications include reducing thegivebf groundgear, reducing bottom

contact (e.g. semi-pelagic trawling), using “swespl trawls with drop chains and no or

limited groundgear and more novel approaches sadheause of kites, depressors or other
flexible devices and “Active” or “Auto” trawl systes. The following are some of the

mitigation measures developed:

Lighter Groundgear

In 1999, as reported by He and Foster, 2000, thleeFies and Marine Institute in St. John’s,
Newfoundland and Fishery Products International fddhtly initiated a project to evaluate
and to reduce seabed impact of offshore shrimpléraviris work involved model flume tank
testing as a well as sea trials and aimed to estewhether it was possible to reduce seabed
contact through a reduction in the number of fqmrbobbins, without significantly altering
the performance and catching efficiency of the géarumber of options were tested and the
results were positive in terms of geometry andistylof the experimental trawl, however,
reduced catch rates and gear damage were expetience

Other similar developments include research in Fheroes to reduce seabed impact by
replacing tickler chains with brushes (K. Zachas&s unpublishe)l and also replacing
rockhopper footropes with wheels or rolling geds4{achariassernynpublisheldl The object
was to develop modifications that could roll in ttweving direction. The most successful
configuration tested consisted of a single 22cmewigbber disc with a steel axle attached to
a bracket. The brackets were then attached toab&ope with a steel pin. Between the
wheels, there was a combination of discs and solleat were smaller in diameter than the
wheels. Each wheel rotated independently and maedaorientation in the tow direction.
This design seemed to be workable and practicalfamider work is planned in the Faeroes
and also in Norway. Similar research in Irelandl(®& al., 1999) tested whether the rubber
disc groundgear of an otter trawl could be replacgtti a series of weighted rollers. The
purpose of the design was to allow the trawl to enover, rather than plough the seabed.
Preliminary results were promising with the systawueloped.
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Semi-pelagic Trawls

Species such as shrimpéephropsand fish species such as monkfish are not hergdtieb
sand clouds generated by the bridles and doorsodpeor swimming ability and inability to
react to fast moving trawl components. The moutaasf the trawl designs used to target
these species therefore, determine to a large eléigeeamount caught. Taking this principle a
number of experiments have looked at using trandiygfem with the doors off the bottom to
reduce bottom impact whilst maintain commerciatbattes. As reported in H al., 2002;

He and Littlefield, 2003, Delouche and Legge, 2001 He and Delouche, 2004 two
experiments have been carried out in the Gulf ofinglaand in two locations off
Newfoundland. In both experiments, the primary omnof the door height was achieved
through the shortening of warps and monitored thinothe use of door height monitoring
devices. Results from the trials again showed piateior semi-pelagic trawling for shrimps
in this case, although it was concluded that furtherk was required to design a more robust
system to better control the doors.

Sweepless or Raised FootropeTrawls

The “raised” footrope trawl was developed for thelfGf Maine silver hakeVerluccius
bilinearis fishery to avoid catching flatfish and other battdwelling organisms by raising
the height of the fishing line 0.5m above the sdaff®l, 2003). The fishing line was raised
by the attachment of a sweep chain to the fishimglhy a number of drop chains. The raised
footrope trawl has been very successful and hasnbecmandatory in the fishery. The
sweepless trawl, however, represents several irepments being easier to rig and enforce as
well as having less impact on the seabed, becawrgaat is reduced to a limited number of
points, instead of from wingend to wingend. The ep¥ess trawl has no chain sweep and
additional weight to replace the weight of the sweeprovided either by increasing the link
size of the drop chains, or by hanging two chatreaah attachment point. Some fishermen in
the US have adopted the sweepless trawl voluntaglyause of its advantages, although
concerns have been raised about loss of targetespétforts are continuing to promote the
use of the sweepless trawl.

Kites, depressors and other flexible devices in trels

Goudey, 1999 has investigated the use of kiteso#mel flexible devices such as depressors.
A narrow fabric-depressing panel was installed eetwthe fishing line and groundgear,
along with kites installed at various locationgtie trawl. Parafoil doors instead of standard
doors were also tested. However, the devices walg tested in a flume tank and no
subsequent sea trials are reported. A more integesevelopment is the “self-spreading”
groundgear consisting of ‘sheering plates’ beingetiped by SINTEF and IMR, Norway
(SINTEF, 2004; Figure 5). In this design, a seoésubber plates were mounted under the
fishing line. Flume tank tests and half-scale fi#hls showed the new groundgear to
increase wingend spread by 10-15% and suggestediight could be reduced. In addition,
because the individual plates can flip horizontallyeaction to rocks and other obstructions,
this gear appears to react to obstructions momaaheally compared to standard rockhopper
gear.
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Figure 5 Sheering plates to replace rockhopper growd gear

2 e 0.

“Active Trawl” and “Auto-Traw!” Systems

The concept of the Active Trawl System was devedojpy Shenkar (1995, 1996) to
overcome difficulties in improving the performanaktrawl doors and active control of the
doors. The Active Trawl System developed spreagldrdiwl by using “variable thrust vector
devices” (VTDs) powered from the ship. The systendésigned to have a “bottom-contour”
mode in which the VTDs maintain light contact witie bottom or operate at a set height
above the seabed. Although this system is stilléwelopment stage, it does provide the
potential for a doorless otter trawl in certairhfisies, where herding is not a pre-requisite to
catch the target species. SCANMAR in Norway hasie@rout similar developments using
acoustic control of the trawl door’s vertical anaribontal positions. This is a part of more
comprehensive research and development work intatdArawl” systems, which is
ongoing. It is reported that acoustic manipulafdted onto the doors and fired by means of
an acoustic link can control the position of doors.

Proposed mitigation measures

Rationale of the approach
The approach adopted in the proposal is :

@ to develop towed gears with reduced impact, and
(i) to develop static gears or more targeted fishirty vaowed gears to direct effort
away from areas of sensitive habitat.

The majority of the area fished in EU waters is cmtsidered to be sensitive habitat, being
largely made up of soft sediments and gravel, ribetss, the ecological disturbance to the
benthos in these habitats is well documented. Weueaethat for these areas it is possible to
reduce the benthic impact of fishing by modifyifg tdesign of existing towed gears. At the
same time, valuable fisheries do exist in areaseobgnised sensitive habitat such as cold
water corals and maerl beds. To protect these aveabelieve it is necessary to prohibit

fishing with towed gears and to redirect efforstatic gears.

To assess the impact of these gears we employge &friready to use’ indicators measured
in the tow path that account for both physical hindogical effects of the gear.

We also assess the overall ecological impact tthizsystems by refining an existing model
of the disturbance of fisheries. Ultimately thidlvpirovide a tool to fisheries managers that
could be used to identify gear and sediment typebiations which will minimise impact to
the benthos.
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The core of the proposed work will be the developihod new fishing gears that have a lower
impact on benthic habitats and communities (WP @\a° 4). With generic models, based
on gear components, to be developed in WP 2 Maodelind quantification of benthic

impact, the effects both in physical sense, asemthic communities will be evaluated. In
addition the economic viability of using these ngears and the economic potential of
alternative tactics or gear types such as staticsgeill be investigated (WP 5).

Modifications to towed gears

Otter trawls

The most important components of otter trawls gaygmnpact on the sea bed are the otter
boards and the groundgear, which will be addregsetlVP 3 Otter trawl modifications. A
strong candidate is the replacement of rockhoppaurgigear with ‘self-spreading ground’,
which uses sheering plates arranged along thenfjslimie instead of rockhopper discs that,
particularly along the wings are rigged transvdrsehe towing direction and thus creates
significantly less drag and ground friction. Simlyaroller footropes, which have been the
subject of research in the Faeroes and Irelandaaeddesigned to move over, rather than
plough the seabed are also considered. Severataiitf configurations have been tested, with
the most promising incorporating pairs of rubbescdiwith steel axles, which can rotate
independently of each other and maintain oriematiche towing direction.

Trawl Doors

Many existing Trawl door designs can be rigged twvehless bottom impact through
alterations to warp:depth ratio or towing poing.eMorgére Polyfoil and Oval doors, while
other doors are specifically designed to have nahibottom contact with high lift-to-drag
ratios e.g. Faeroese Injector doors or Poly-Ice El Cazadorrslo€NR-ISMAR, in
collaboration with Grilli sas and Prosilas sastaly, has recently designed an experimental
“low impact” door which is designed to reduce hydimmamic drag coefficient and increase
spread. This prototype door design is based omibst advanced hydrodynamic concepts in
improving the water flux on the upper part of theaatl door to avoid vortices, which are the
cause of increased drag and cavitations. ThisteeBubetter efficiency in terms of reduced
fuel consumption but more importantly less groundtact. The initial review and modelling
work (using commercial software ‘Fluent’) will cader these alternatives as well as research
into developing hydrodynamic efficient trawl doowith less ground contact, or no ground
contact at all currently being undertaken in Fraogehe door manufacturer, Morgere and in
Iceland by Hampidjan using light “plastic” doord his objective can be reached through
mitigation of the excess reaction force of the domeabed, which can be achieved by weight
reduction, performance improvement and/or the usdydrodynamic devices that will
maintain the door off the bottom or with a low imé¢y contact on the bottom.

Beam trawls

The most successful modifications developed soafar the pulse trawl, and the benthic
release panel, which will be studied further in WBeam trawl and Dredge modifications. In
addition a square mesh codend will be studied lier Mediterranean. Prior research has
shown that the bycatch of benthic organisms casubstantially reduced, and in the case of
the pulse trawl the direct mortality of a rangebehthic invertebrate species was found to be
lower. Concerning the state of development of thisgptrawl and the benthic release panel, it
is expected, that these innovations can be suctgsghplemented. The proposed work
serves to support this objective.

Dredges
An alternative Danish oyster dredge design to reduonpact will be studied in WP 4 Beam

trawl and Dredge modifications.

DEGREE Contract 022576 Final Publishable Activity Repo -27-



Alternative gear types.

It is conceivable that changes in gear type (eanfa mobile to a stationary gear) will serve
to protect habitats and components of the eco4syste

Proposed gear replacements are:
* Replacing beam trawling for flatfish by gill-nefer which an economic study will be
done in WP 5.

5 WP2 - approach and results

5.1 Finite element (FE) modelling (Task 2.1)

Finite element (FE) modelling of both full scaledafab scale components has been
undertaken using the ABAQUS software package. Sitinris of the roller clump, the trawl
door and some rock hopper gear used during thérisésm of participant 3 have been run to
provide correlation with full scale trials, whilesaale model trawl door and roller clump have
been simulated to correlate with the lab testanésof this work has been published. [1, 2]

5.1.1 Full Scale Trawl Models

The first component simulated was a roller clungprfra twin trawl. This was simulated as a
rigid body penetrating/rolling over a deformablelsed. Figure 2.1 shows a diagram of the
seabed and roller clump prior to the start of iheutation.
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Figure 2.1 An FE model of the seabed and a roller clump

The simulations involve dropping the component dht seabed and then towing along the
seabed at constant velocity. After initial simwat it was found that the best results were
obtained with the use of adaptive meshing and am-blass effect available in ABAQUS.
The adaptive meshing feature updates the meshaaftember of time steps to ensure that the
mesh does not become too distorted as this redwoesacy. The hour-glass effect allows for
additional modes of deformation which allows theemal to “flow” better. This was used to
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permit the loose sediment to flow around the tragrhponent. This method initially proved
highly effective in producing penetration depthd &ench shapes very similar to those found
in the sea trials as is shown in Figure 2.2 [1§uFé 2.3 shows a typical result for this type of
simulation from FE simulation.

Figure 2.2 Image across the trench formed by towing a 1.2t roller clump over the mud
soil obtained from FE and sea trials. (blue line is from the FE simulations and red is from
the sea trials)
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Figure 2.3 An image from the FE simulation after towing a 1.2t roller clump over the
mud soil

Similarly, the results between the numerical modeld the sea trials compare well for the
case when the otter door was towed. These valitatése reported in (1) and (2) and a
typical comparison with the sea trials shown inuFég2.4.
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Trawl door on sandy mud
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Figure 2.41mage across the trench formed by towing a Moryég&trawl door over the mud
soil obtained from FE and sea trials (dashed laresfrom the FE simulations and the solid
one is from the sea trials)

During validation of the drag incurred during tloeving action, however, it was found that
the hour-glass effect appears to modify the consareisses, and so the drag force. As a
conseguence some simulations are now being run théhadaptive meshing feature but
without the hour-glass option. The FE simulationghvthis new approach produce higher
penetration depths than was the case with the qus\det up which included the hourglass
effect. Regardless, this approach is still deenadid ¥or sandy mud soil, which is believed to
experience more plastic deformation during the ngwaf the element.

Currently simulations have been run for the Morgéoer used by FRS for its sea trials.
These simulations were run with the adaptive mesfaature. Simulations were run for a
variety of downforce on the door and pitch anglé fou only one pitch angle, 35wvhich is
close to the nominal angle for the FRS sea trlalsliscussion with FRS it was decided that
the range of this angle would be small and sodace computational effort only the nominal
angle was chosen. The details of the simulatiodstlae parametric values are shown in Table
2.1

Table 2.1 Parameter values for the parametric study

Otter door
weight pitch angle ()
velocity 0.1m/s O'V?W 8 55 11(? For all combinations
le of attack L ) . )
angle of attack 35 1.5w 0,5,10 the following relationships are
: 0.5w 0,5, 10 required:
axellgg;ya?tfglg's w 0,5, 10 - penetration vs. vertical force
9 1.5w 0,5, 10 - penetration vs. velocity
locity 0.5m)/ 0.5w 0,5, 10 - drag force vs. displacement
ve|OC|fy tt. T<§5 w 0,5, 10 - drag force vs. velocity
angie ot aftac 15w 0,5, 10

The relationships of drag force to penetration aekbcity and contact force to penetration
and velocity could then be generated and are showigures 2.5 and 2.6 respectively. It
should be noted that the surfaces shown in thedgwere obtained using 0.5w, w and 1.5w
for the weight of the otter door, where w is thennmmal weight of 4.5kN and for three
different velocities of 0.1, 0.2 and 0.5 m/s. Itisar from both graphs that with an increase of
the weight the contact and drag forces increasg.iteresting to observe that the pitch angle
has an influence on the drag and contact forcesradt. It appears that when there is no pitch
angle the door performs more like a sledge andcefosr does not show a linear increase in
force with an increase in weight as is apparenthersurfaces corresponding to a pitch of 5
and 10 degrees.
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Penetration-velocity-drag force relationship
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Fig. 2.5Relationship between drag force and penetratielocity obtained from FE model

Further observations show that the penetrationymed by the door with a pitch angle of 5
degrees is less than when the door is kept hogkalotring the towing process. At the same
time the drag force is also smaller which may belared by the reduced surface in contact
with the seabed due to the pitch angle of the bo implies that a higher pressure will be
present towards the rear of the door. With a furtherease of the pitch angle the drag force
becomes higher as the heel of the door penetraies amd builds up the sand in front of the
door. The heave produced increases the force (anobemergy) needed for the trawl to be
towed. These results suggest that pitch angleseleei® and 5 degrees are sensitive. Either
the contact has not been fully established or ited gngle is not high enough to produce an
amount of soil in front of the door sufficient tacrease the resistance of the soil and therefore
drag force higher than for 0 degrees pitch angle.
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Penetration-velocity-contact force relationship
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Fig. 2.6 Relationship between contact force and penetratibocity obtained from FE model

Similar relationships are to be generated for ogear components such as the roller clump
and ground gear discs. All these components ardirgct contact with the seabed and
therefore important to be observed and any potatisturbance noted.

The results of the FE analysis will be used foryaaginic numerical model, which is able to
predict the dynamic behaviour of different trawlage and help assess the possible
disturbance they may cause to the seabed. In tod#efine the contact between the seabed
and gear components within the dynamic model (igur) the relationships defined in the
FE study will be used. A curve fitting method waed to establish a function which desribes
the relationship between penetration, velocity dragy force required for the dynamic model.

mg
. ld velocity K y Fcable J/
rawl door c Ftrawl Ftrawl
Sedm] = D
—~ Fdrag —— Fdrag

interaction
kiﬁc‘” /h: cont
soil

Fig. 2.7 Contact between the soil and the gear componerandie system and the free body
diagram

The relationship between these variables giveswagement that similar relationships can
be obtained for other gear components. Simulatemescurrently under way for the rock
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hopper gear used in the FRS sea trials and theirnmolidr the new plate gear proposed by
IMR as part of Work Package 3. A similar approaah be used for the scaled models used in
the laboratory allowing for different soil propedito be investigated.

5.1.2 Laboratory Scale Trawl Models

FE models have also been run for the scale modeéstigated in the lab. In particular a
roller clump and simplified model of a trawl dooave been investigated [2]. The main
purpose for the laboratory tests was to validaeeRE model which will then be able to be
used for modelling the sea trials. An FE imagehef displaced soil across the trench formed
by towing the scaled laboratory roller clump ovez soil is shown in Figure 2.8.

Figure 2.8.Image of the scaled roller clamp using the FE rhode

5.1.3 Laboratory Scale Testing

The lab tests were run in a purpose built chanmbich incorporates a frame and moving
trolley on which the component is mounted. The dedis 4.8m long, 50cm wide and 20cm
deep and the trolley which runs on the frame idgiesl in such way that different trawl
components can be easily attached and testedisT$ti®wn in Figure 2.9.

Figure 2.9. Laboratory sand tank

The channel was filled with a sand of similar paetisize to one of the tests run by FRS. The
trolley is pulled along the channel at constanbey by a winch system. The speed and
position of the trolley are monitored by a wirelidesplacement measurement device. The
component is free to move vertically relative te tholley and the drag force and depth of
penetration are monitored by a load cell and LV[@§pectively. Pressure transducers can
also be used to measure the pressure in the sedilmeng a test or in the case of the trawl
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door, on the front and lower surface of the trambrdshoe. A laser camera scanner has been
built specifically to measure the trench formeddwying a gear component through the sand.
This technique allows for the laser profile of ttiéference between the undisturbed and
disturbed sand bed to be obtained. The technique pewerful tool, allowing clear and
elegant measurement of the contour of the trentdr #ifie tow rather than using manual
measurements. The details of the laser and camerdeacribed comprehensively in OMAE
2009. A close up view of the camera and laserasvehin Figure 2.10.

Figure 2.1Q Close up view of the camera and the laser set up

A typical profile is shown in Figure 2.11.
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Figure 2.11 An image obtained from the camera and the lseseup.

An extensive series of tests were undertaken otraind door and the following conclusions
were drawn:
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* Over the range of velocity examined (0.1, 0.2 armds), the drag force does not
seem to depend on velocity. The fluid drag dua¢owater will however.

* The drag force increased with increasing attackeabm a certain point and then
decreased slightly. The peak was found for this tem at 20

* The depth of penetration of the trawl door is siresito the pitch angle. During
initial experiments a small negative pitch was pntgnose down). These negative
pitch angles produce deeper penetration than pesitigles (nose up). The shape of
the nose of the shoe was also found to be importahe small radius, 10mm, used
initially was found to produce deeper penetratitias a larger radius, 42mm, used in
later experiments. With this radius the scale rhader is effectively a 1/10 scale
model of the Morgere door in terms of geometry scaled mass.

A series of experiments have also been undertakérthe roller clump
* Over the range of velocity examined (0.1, 0.2 arwnds), the depth of penetration
starts with a rapid penetration and then levelstoua steady state within similar
distances from the start of the test. When the liesare compared with the
simulations undertaken by FE analysis it is showat the penetration obtained from
the experiments is higher which can be explainethbyfact that the surface layer of
sand is looser in the experiment than can be medieksily.

* The drag force becomes constant after 2.4 m shothiaga steady state has been
achieved. (See Figure 2.12) The results showbiit the drag force and penetration
increase with velocity. However, it should be wbthat relative increase in force
with increasing velocity is greater than the refatincrease in penetration with
velocity. This suggests that although the forcaffiected by the depth of penetration,
the velocity has a substantial additional effectvali over the speed range examined
for this component. This is an important aspederms of producing a model which
can be included in a full dynamic model of a traydtem interacting with the seabed.

Average Smoothed Force vs. Displacement for various velocities
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Figure 2.12Force vs. displacement obtained from the experiateet up for different
velocities

5.2 Dynamic models of complete trawl gear systems (Task
2.2)

5.2.1 Introduction

The aim of the dynamic modelling task of WP2 wagrimduce dynamic models of complete
trawl gear systems, which could be used to simutetemotion of the trawl as it was towed
over the seabed. The models should be able togbrbe depth of penetration and as well as
the volume of sediment disturbed at different depirhis data can be used by the biologists
in the team to predict the mortality of the infawaral epifauna and so estimate the ecological
impact of the trawl.

Although a number of models of trawling and nettimgve been developed previously by
researchers [4-16], most of these have been aitestimating the shape of various designs
of trawl net and particularly the cod end [10-1i8 shape and motion of which affects the
escape of fish [17-19]. One of the most comprelvensnodels, the DynamiT package

produced by IFREMER, provides net manufacturers @wimeans to check the geometry of a
proposed trawl design [20]. This includes spreathefnet, net shape, drag etc. Although the
package makes allowance for contact of the travd @mawl doors with the seabed as a
constraint, no quantification of the disturbancehaf benthos can be made.

To address these issues, two models have beerogdedelithin the project:

» Simple 3 mass model comprising 2 trawl doors aedwl

e Full multi-mass model of a complete trawl with dietd, warps, doors, sweeps,
bridles, ground gear and net.

The former of these has been completed and ther ligttin the final stage of development.
The two models are discussed in more detail ifdhewing sections.

5.2.1 Simply 3 Mass Model

Description

The aim of producing the simplified 3 mass modekwa prove the various modelling
principles before proceeding to the detailed madel full trawl system. A schematic of the
3 mass model is shown in Figure 2.13.

The coordinate system usedis forward along the trawl patiis vertical upwards with the
seabed as the datum anid lateral, with starboard as positive.

The motion of the system is driven by the motiorited vessel. This is assumed to have a
mean velocity in thex direction but heave and surge motion due to waazes also be
included to assess the effect of these on sealsadlsince. The trawl doors are connected to
the vessel by massless springs, which model thpavdhese are attached to the vessel at the
appropriate height above the sea level and at ¢dheeat width for the beam of the vessel.
Each trawl door has three degrees of freedom, alpuwotion in thex, y andz directions.
The trawl net is modelled as a separate mass aatthished to the two doors by sweeps and
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bridles, which again are assumed massless butdtifress. The length of the warps can be
increased or decreased with time to allow shoatimigauling of the trawl if this is needed.
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Figure 2.13Schematic of the 3 mass trawl model

The models of the trawl doors include buoyancy rbgignamic lift and drag and contact with
the seabed. The seabed contact model incorporaiespte linear Winkler type model of the
stiffness of the seabed and Coulomb friction betwt® trawl doors and the seabed. The
model was coded in Matlab and solved using thesodieer functions typically using odel5s
or ode45.

Supporting Work — Fluid Simulation

Although Morgére publish drag and lift coefficiemt1.3 and 0.9 for the WS door used in
the sea trials, the values used here for the deaglightly lower as they are solely due to the
fluid drag and lift while the published data talez@unt of bottom contact. Simulations were
run using the COSMOS FloWorks package to find thiéd fdrag, using a solid model
supplied by Morgére. Figure 2.14 shows the trawdrdoodel. Figures 2.15 and 2.16 show
the flow vector and dynamic pressure results fa ohthe simulations with an attack angle
of 40°. A wide range of simulations was undertaken taattarise the door. Other doors can
be treated in a similar manner.

The resulting data used in the model for the tidwdr are listed in Table 2.2.
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Figure 2.14Detail of the trawl door model

Figure 2.15Flow pattern around the Morgére door at d4@iack angle

Figure 2.16 Dynamic pressure around the Morgere door atdtack angle
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Table 2.2Parameters of the Morgére trawl door

Parameter Value
Trawl door mass (kg) 445
Submerged weight (kN) 3.8
Lift coefficient CL 1.3
Drag coefficient CD 0.8

Simulation Results

Simulations were run for the series of sea trialdentaken off the Moray coast and in the
Clyde for the DEGREE project. Table 2.3 shows thie@s of the main parameters used.

Table 2.3Parameters of the Alba/Clupea trawl simulation

Trawl Model Alba/Clupea
Warp Length (m) 75m
Sweep/bridle length (m) 62.5m
Water depth (m) 20m
Trawl/catch mass (kg) 1000kg
Ship beam (m) 6m

Net opening (m) 12m
Velocity (m/s) 1.5m/s (2.9kt)

A number of simulations have been run using theehdeigure 2.17 shows deployment of
the trawl doors. This was used to check whetherstiread of the doors was correct when
compared to the trials undertaken by Marine ScdtléiPreviously FRS Marine lab). The

measured spread was reported as 36-40m and tbjglicated accurately by the model.

20

Starboard Door
Port Door
Trawl

15

107r

Lateral pasition {m)
o

_3 4 ) 3 " X
-140 120 -100 —80 -&0 —40 —-20 o 20 40
Position along trawl path {m}

Figure 2.17Trawl door deployment over a smooth seabed.
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Figures 2.18 - 2.20 show the results of simulatitmosn the model for different seabed
conditions. In all three cases the seabed soilnpeters, the trawl velocity and the masses of
all components are held constant, the only variabléhe seabed profile. The blue line
represents the motion of the trawl door and thelires depict the seabed surface and layers
5cm, 10cm and 15cm below the surface. These aleded to show more clearly the
penetration.

Figure 2.6 shows the penetration of the trawl doothe case of a smooth seabed with steady
motion of the vessel. It can be seen that the patieet into the seabed is small, of the order
of 2cm. Figure 2.7 shows the effect of small seaiples on the penetration. The ripples are
50mm high and have a wavelength of 250mm. Thiseskabndition is similar to that found
in the Nairn/Lossiemouth sea trials. It can be gbahthe trawl door cuts through the ripples
and penetrates to depths of about 2cm below the seabed surface.
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50mm deep

100mm deep
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Figure 2.18Penetration of the trawl door into a flat seabgdalculate by the 3 mass model.
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Figure 2.19Penetration of the trawl door into a seabed wimi high ripples of 250mm
wavelength, as calculate by the 3 mass model.

Figure 2.8 shows the effect of large, long wavellersgabed ripples on the penetration. The
ripples are 0.2m high and have a wavelength of 3ims seabed condition was not
encountered during the sea trials, but is included as a possible scenario for comparison.
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In this case, the trawl door impacts the leadirag faf the ripple, ploughs into it but then
rises, exits the ripple and slides down the reee faefore impacting the front of the next

ripple.
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Figure 2.20Penetration of the trawl door into a seabed wat@r@m high ripples of 5m
wavelength, as calculate by the 3 mass model.

For completeness Figures 2.21 and 2.22 show tkeetadf vessel surge motion on motion of
the trawl door and its penetration into the sealié motion simulates approximately, the
effect of a 1m 10 sec period wave on the vessaltieg in heave motion and variation of the
vessel's speed.

20

15 | Starboard Door
Port Door
10+ Trawl
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-140 120 -100 —80 -&0 —-40 —20 o] 20 40
Position along trawl path {m}

Figure 2.21Trawl door penetration over a smooth seabed.

Figure 2.9 shows lateral motion of the doors astduthe wave motion. Figure 2.10 shows
the penetration due to this motion. It is cleat tha penetration is less than for the cases with
ripples despite the door lifting off the seabed #reh making contact again.
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Figure 2.22Trawl door penetration over a smooth seabed vadsel surge/heave motion.

Tables 2.3 and 2.4 show the relative effect of finer scenarios in terms of sediment
disturbed. It can be seen that trawling over rippiesults in more sediment disturbed and
deeper peak penetrations.

Scenario Average Relative

Penetration Volume
Depth Displaced

Smooth Seabed 0.26cm 1

50mm ripples  with 2.1cm 8.1

250mm wavelength

200mm ripples of 5n 5.8cm 22.3

wavelength

Smooth Seabed with 0.2cm 0.8

vessel surge motion

Table 2.4Comparative results of simulations.

Scenario Relative Relative Relative
Volume Volume Volume

Displaced in Displaced in Displaced in
range 0-5cm range 5-10cm | range 10-15cm

Smooth Seabed 1 0 0

50mm ripples with 8.1 0 0

250mm wavelength

200mm ripples of 5m 115 7.6 3.2

wavelength

Smooth Seabed with 0.76 0 0

vessel surge motion

Table 2.5Comparative results of simulations.
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5.2.1 Full Dynamic Model

The full dynamic model was developed from the san@B mass model. The aim was to
produce a model, which allowed the effects of aligcomponents, not just the trawl doors to
be assessed. This requires that the door, swedghksband ground gear are modelled in
detail. Although the net itself does not need tontedelled in detail, the net model must
reproduce the correct drag, opening and foot ropefgl gear geometry for the model to be
useful. This was therefore the objective of theoadanodel.

Description

The model is a lumped parameter model, i.e. anyirnopus component like a warp rope, is
subdivided into a number of discrete elements, witlss, damping and stiffness properties,
which are interconnected. Discrete components tbgj.trawl doors and ground gear are
modelled individually. The model comprises theduling:

*  Ship motion
e Variable length warps

e Variable position connection point to the front thie trawl door. 2 or 3 point
connection is possible

e Trawl door with 6 degrees of freedoryy, z motion and pitch roll and yaw angles.

e Variable position connection point to the rear bé ttrawl door. 2 or 3 point
connection is possible

e Variable length sweeps and bridles
e Variable number and type of ground gear

e Variable net geometry

The preliminary version of this model has beenwiih the geometry of the trawl gear used
on the sea trails undertaken by FRS Marine LabhenGlupea and Alba na Mara research
vessels but with a simplified trawl net. Figure 2 ghows the initial position of the entire

trawl system at the start of the simulation. FigAr24 shows the relative positions of the
trawl region and trawl doors in more detail. In Uig 2.24 the group of circles in the upper
right corner of the figure represent the trawl dabe connection points to the warp and
sweeps and the sweeps themselves which is thisacasery short, about 7.5 m.
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Figure 2.23Initial position of the Clupea trawl at the staftsimulation
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Figure 2.24Detail of the position of the Clupea trawl at #tart of simulation

The model contains a more complex bottom contaateinwith nonlinear stiffness and drag

terms. The parameters for this are being extraftted the series of parametric simulations
run on the various gear components, which contaztseabed as described earlier in this
report. Once these functions are derived theyemdapsulate in the dynamic model.

Supporting Work — Fluid Simulation

One of the new trawl gear components proposed wibiEtGREE is a plate gear set up
instead of the more usual rock-hoppers. Becautieedairger frontal area of these plates, fluid
simulations were also undertaken on these to ah@m to be included in the model at a later
date. Because the angle of attack of the platesgeisaaround the footrope as shown in Figure
2.25, simulations were run for the four groupinigeven. Figures 2.26 and 2.27 show the flow
patterns in the horizontal (seabed) plane and ticakplane around the segment of the new
gear closest to the centre line of the trawl (grdufn Figure 2.25). The high level of
turbulence seen in Figure 2.27 behind the plateg mault in sediment disturbance in
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softer/looser sediments. Simulations of the indigidyroupings of plates and the entire group
of plates have been run.

1 Group

3 Group

4 Group

8m

Figure 2.25Paositions of the plate groups simulated.

Figure 2.26Flow pattern around the centre section plate metre horizontal plane (Plan
view)
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Figure 2.27Flow pattern around the centre section plate mee vertical plane (Lateral
view)

Current Level of Development of the Full Trawl Mbde

The full model is currently being developed to irpmrate the data from the fluids models
presented in the section above and those genebgteitie FE modelling to produce a
comprehensive model including bottom contact amdgbtential for including novel items
e.g. plate gear. The forces induced on the plate ged trawl door from the fluid flow and
the forces induced on the ground gear and trawk dicom the bottom contact will be
formulated as functions and added to the currertely@eplacing the simpler models already
included. The net model is also being generaliseaasimpler interface introduced.
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5.3 Seatrials to verify models (Task 2.3)

5.3.1 Introduction

The aim of Task 2.3 was to verify the models ofka®.1 — 2.2 through two sets of sea trials.
In each case divers would measure the physicaldtmfethe gears and take biological core
samples, which would later be analysed to quartkify ecological effects of the modelled
gears. The field sampling methodology and resultthe analyses of physical effects are
described below in sections 5.3.2-5.3.3. The reswft the BACI (Before/After,
Control/Impact) study on ecological effects arecdbgd in section 5.3.4 (this work is
currently being prepared for publication). Somedlsroonclusions are given in section 5.3.5.
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5.3.2 Instrumentation development

The laser-camera sea bed profiler system develdpexdg the first 18 months was remounted
on a new frame for further ease of use (Figure)2.Z8e system has been shown to be
accurate to within 0.5mm and has been successfaiy to measure the physical impact of
the sea bed in the aftermath of a towed gear.Wbi& has been accepted for publication in a
peer reviewed journal (O'Neill et al., 2009) andogy of it is presented in Annex 2.5.

Figure 2.28.The underwater laser stripe seabed profiler usadeasure the physical impact of to
gear components on the seabed. Bivgosition the apparatus over area of interest. [Aker stripe
reflected off the mirror (top right in the figureh to the seabed and the divers take a picture tve
camera (top left in the figure)

The divers’ towed underwater vehicle (TUV) provigesafe working platform for divers to
be towed alongside and to work in close proximitydwed fishing gears (Figure 2.29). For
the trials described herein, the LISST 100X waachiktd to a ‘wing’ on the port side of the
TUV which allowed the TUV pilot to ‘fly’ it into tle sediment plume in the wake of the trawl
doors. The LISST 100X is an in situ particle sitteat uses the laser diffraction principle to
estimate particle size (Figure 2.30). The lasdratifion method determines size distribution
of an ensemble of particles, as opposed to coutyipg devices that size one particle at a
time. It emits a laser beam which scatters in akaions on encountering particles and
records the scattering intensity over a range ddlisangles using a specially constructed
multi-ring detector. At these small angles, ligbattering is determined almost entirely by
light diffracted by the particle and the multi-angle scattering t@nconverted to a size
distribution. The resulting concentration of pdesc (measured ipl/l) is presented in 32
logarithmically increasing size ranges betweera2d 500um (microns).
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Figure 2.30The LISST 100X on a frame extending from
divers towed underwater vehicle (TUV)

The high frequency loggers for the uni-axial lo&llscand the six-component door sensors
and the associated logging and downloading software completed.

5.3.3 Experiment to assess the immediate physical, ecological and
environmental impact of a demersal trawl gear.

Two experimental cruises were carried out durin@72@nd 2008 to assess the immediate
physical, ecological and environmental impact ofdemersal trawl gear. The first, in
September/October 2007, was carried out on boardRth Clupea at sites in Nairn Bay and
between Lossiemouth and Burghead in 18 — 22m oém@igure 2.31). And the second,
during October 2008, was carried out on the RV AtlzaMara along the south coast of Arran
in 20 — 24m of water (Figure 2.32). The sedimenthese sites were classified as being of
muddy sand (Nairn), fine — medium sand (LossiemdatiBurghead) and coarse gravelly
sand (South Arran). The particle size distributafhsediment samples from these sites is
shown below in Figure 2.33.
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Figure 2.33The particle size distributions of sediment samdken from the three experimental sites

At each experimental site a 300 hp whitefish traith a rockhopper ground gear, 2.36 m
Morgere WS doors, 55 m double bridles and 75m wargestowed. The following operations
took place and measurements were made at each site:

() infaunal core sampling for BACI experiment;

(i) measuring the physical impact to the seabedide the tow path and inside the impacted
area using the laser-camera profiler;
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(iif) measuring the large scale dimensions of theng from the TUV, the particle size of

suspended sediment using the LISST 100X, and takatgr samples in the plume behind the
trawl doors;

(iv) collecting high resolution engineering data the trawl gear’s performance using load
cells, force sensors and accelerometers.

Infaunal core sampling for BACI experiment
For the BACI (before-after, control-impact) expeeim three replicate trawls were conducted
in each substrate and the following sampling praite@s repeated each time.

Prior to each tow a 100m baseline transect waslediad perpendicularly across the planned
trawl path and marked with two buoys. Six samples®f sediment with inhabiting infauna
were collected by divers using SCUBA. The firstecaras taken 15m from the initial marker
buoy and the rest at 8m intervals along the tranSdwse acted as baseline samples (pre-
trawl) for the BACI comparison (Figure 2.34).

The trawl gear was then towed across the tranaadtas close to the initial marker buoy as
the skipper judged possible (Figure 2.34). Thisuests that on each occasion at least half of
the swept area of the trawl crossed the sampledgbehe transect. The door spread, the

wingend spread and the headline height of the geae monitored during each tow using
Scanmar sensors.

Q MarkerB A
I

Baseline

100m

‘Ground gear

Outside track

Q MarkerA
Figure 2.34.The infaunal sampling strate

Approximately 15 minutes after the trawl crossed transect, divers descended the initial
marker buoy, swam along the transect and identified distinctive door path. Using the
Scanmar measurements it was possible to calcthiatswept widths and the midpoints of the
sweep and the ground gear paths. Nine core sanmptetal were then taken from the trawl
path: three from the door path; three from the gpme&th; and three from the ground gear
path. A further three samples were taken outsidbetrawl path, adjacent to the door track
(Figure 2.34). Complete sampling from one replicae resulted in the collection of 18
sample cores - 6 pre-trawl (baseline) and 12 pastH(3 each for door path, sweep path,
ground gear path and outside track) (Figure 2.83&mples were sieved onboard over a
0.5mm mesh and the residue preserved in 4% bufferatlin in seawater.
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In the laboratory, animals were sorted and iderdifio the lowest possible taxonomic level.
In each of the cores collected, biomass and abuedper species were recorded, and total
abundance per species further separated into tteesge level categories: no damage,
moderate damage, and mortal damage. This informativ samples collected from the

baseline was used to check for background levetiofage, including those sustained in the
sampling process. Biomass and abundance of specessch core were standardised to the
volume of a core at 20cm depth (16.3tm

Measuring the physical impact to the seabed udirdaser-camera profiler.

Following the infaunal core sampling the laser-caar@rofiler was deployed to measure the
physical impact of the sea bed in the aftermath wiwed gear. Divers identified the tracks of
the trawl door, the sweeps and the groundgearaotdimages of each.

Figure 2.35 The physical impact of a trawl door on muddy sdim# to medium sand and coarse gravelly sand

Measuring the plume dimensions, the particle sizeugspended sediment and taking water
samples in the plume behind the trawl doors

Four tows took place where the divers in the TUlhested the large scale dimensions of the
plume at distances of approximately 4, 10, 15,180 %0m from the trawl door (Figure 2.36).
The results are presented in Figure 2.37 and demadmghat the plume height increases
quickly to about 2 m and then more gradually ubi#¢ about 4.5 m high 50 m from the door.
While these values must be treated with cautiath@plume is turbulent and variable and the
estimates have been made by different divers treeindicative.

During three of these tows the particle size oftttabilised sediment was measured using the
LISST 100X. As the TUV moved between these stafithes particle size distribution outside
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the plume was also measured. These results arenshokigure 2.38. The thin lines are the
measurements from the individual tows and the Bild is their average. The average
concentration increases from 22 at approximately 5m behind the door to a maximof
226 pl/l 10m behind and then deceases to a value of [ilé4at 50m. The background
sediment concentrations taken between stationgeutse sediment plume ranged between 2
and 7pl/l.

Figure 2.36 The Morgere trawl door on fine — medium sandy reexit

Some of the results of these trials have been predeat conferences (O’Neill et al, 2008;
O’Neill and Summerbell, 2009) and are included iméxes 2.6 and 2.7.

plume height

height (m)

%_(

distance from door (m)

Figure 2.37The plume height on fine — medium sand at diffedéstances behind the trawl door.
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Figure 2.38The plume concentration /I of sediment, on fine -medium sand, at different distances be
the trawl door.

High resolution engineering data

High resolution engineering data were collectedinguthe cruises using load cells, force
sensors and accelerometers. These data will betosextify the finite element models being
developed by Aberdeen University Engineering Depert.

5.3.4 Results of the BACI experiment

Background
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Ecological effects of fishing gears on seabed conitims have been extensively studied to
investigate the different types of impact, andeuese cases these have been likened to those
of forest clear cutting (Watling & Norse 1998). Boh fished gears and dredges are known to
impact communities in a number of ways (for revieseg e.g. Jennings and Kaiser, 1998;
Kaiser 1998; Collie et al., 2000; Thrush and Day@®02) and understanding the extent of
these impacts is required in order to be able ¢pgnty manage current and future levels of
effort within a more holistic ecosystem approacfigberies management (Gulland, 1986).

Impacts to the benthos are generally consideredhvolve direct physical disturbance

resulting in mortality to residing species (KaiserSpencer 1996, Gilkinson et al. 1998),
physical alteration of habitat (Schwinghamer et E98, Nilsson & Rosenberg 2003)

alterations to the nutrient dynamics of the sys(Bitskaln et al. 1998, Jennings et al. 2001,
Dounas et al. 2007) and modification of the funwiodiversity of the community due to

changes in abundance and composition of specieemréKaiser et al. 1998, Kaiser et al.
2002, Schratzberger & Jennings 2002, Tillin eR8D6). However, while the direct effects of
such an impact on benthic communities may appeéoos, their magnitude can be difficult

to evaluate.

The impacts listed have obvious implications foe thverall sustainability of benthic
communities, and this has led to high levels ofceon of the adverse effects that towed
fishing gears cause. To counter this there is grgvpressure to close considerable areas of
the sea to bottom trawling, but this has clear seconomic implications for fishing-
dependent communities and may not be necessarlf dases. Another alternative is the
development of fishing gears with a lower environtaéimpact, a proposal which has more
support in the fishing industry (Paramor et al. £0R2005). Much of the work to date on
modifying fishing gears has focused on methodsdducing bycatch of undersized target or
non target species by modifying trawl nets, inipatar altering mesh sizes (e.g. Kennelly &
Gray 2000; Sarda et al. 2006). Limited attentios baen paid to modifying the parts of the
gears that make contact with the seafloor. Howeweergear modification to be an effective
solution for reducing benthic impacts, it is vitalunderstand the interaction of the different
components of fishing gears with the sea floor.

Most studies of the effects of fishing gears onthiercommunities have described changes in
the composition of species in terms of changes bondance and/or biomass between
before/after or control/impact (BACI design) stuahgas (Kaiser & Spencer 1996, Jennings et
al. 2002, Schratzberger & Jennings 2002, Tillimlet2006). However, no reference is made
to either the effects of the different gear compus®r levels of damage incurred to infaunal
species, and this questions what these changdsuimdance and/or biomass represent. Are
reductions in abundance and biomass in a BACI studlrect result of mortal damage to
individuals, or are they caused by the movemerdnifnals during an impact? Is it really a
fair assumption that a decrease in numbers of iithdals or biomass, actually equates to
mortality? Or have the animals simply been templgrdisplaced?

The work undertaken for WP2 Task 2.3 provided ajusiopportunity to examine this effect.
The aim of this work was to consider the individgalr components within an otter trawl,
namely, the trawl doors, the sweeps/bridles andytbend gear, and to assess their effect on
infaunal communities. The impact was first deterdirby changes in biodiversity indices
recorded, and then investigated through examiriegésultant observed damage. Data were
collected using the experimental design describe2i3.3 above, and the analysis and results
are described below.

Expectations

1. The physical footprint of the gear should be consiered in predicting the likely
effects seen in sampled fauna behind the gear comypnts
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As shown by the work undertaken in the previouk3¥asd sections of WP2, otter
trawl doors can plough the sediment leaving a furrothe path of the door, with the
top layers of the sediment displaced (either inplnene or to the side of the door).
This sort of physical footprint is most noticeableen otter trawl gear is towed in
fine muddy sediments.

When considering the effect of this on the infasampled post-trawling, this means
that directly behind the door, the individuals viié# sampled from a deeper layer of
the substrate than for any of the other areas sah{plg. the baseline samples,
behind the sweeps and groundgear) (see Figure 2.4);

It is generally accepted that fewer individuals apdcies live at depth in the
sediment and that those individuals that do liveegdth tend to be bigger biomass
individuals. Thus it should be expected that thveitebe lower diversity, lower
abundances and possibly elevated biomass perreaitahen compared to the rest of
the trawled area.

Based on this theory, we would expect higher nusibémdividuals of species
residing in the top layers, to be found in the amabject to displacement either from
the plume or to the side of the ploughed area. \WWigldwnot necessarily expect higher
species richness or diversity however, as theraldhost be more individuals of the
same species that were already there. We mighea|sect that in those areas of
displacement, biomass would be low relative to dances, because the displaced
sediment layer would be additional top layer, dffety meaning that the sample
would be more representative of small light indats.

2. Changes in actual numbers should not necessarilgflect actual mortality (impact)

Assessing the actual impact of the gear requiresaessment of damage as well as
numbers. Simply assuming that changes in numberstedo changes in effect (i.e.
lower numbers post-trawling = higher mortality; 8anor even higher numbers post-
trawling = no mortality) should not be the acceptedm. However, individuals may
also be damaged by the sampling procedure, andhfsusackground damage
somehow needs to be discounted from the damagedeztito individuals in the path
of the gear.

Animals that are smashed into very small piecethéyear interaction would not
show up in the post-trawl samples.

Many animals may be damaged by the gear interadiiarstill show up in the post-
trawl samples since the mesh size used to retdividuals for enumeration was
0.5mm.

We would expect that having removed the ambierdllef/7damage (i.e. that recorded
from individuals in the baseline samples) it wotkldn be possible to assess actual
mortality levels post-trawling.

Due to the physical footprint effect on the positaf samples taken (see ii-iv under
expectation 1. above) it is likely that when comesidlg whole gear effects on
densities and diversity indices (i.e. all samplestytirawling pooled compared with
all samples pre-trawling), there may be no ovelidfiérence, because displacement
of individuals might balance out lower numbers reed in the door path. If damage
were taken into account, however, this may nothbecase.

Data analysis

Differences in univariate and multivariate indicgsre examined at several different levels.
Initially differences between substrate types (the different surveys) were tested for, with
all samples pooled from within a substrate typeloMong this, effects of trawling were
investigated for samples pooled across gear conmp@r{pre-trawl = all baseline samples,
post-trawl = door path, sweep path and ground gaaples). This was further expanded by
testing for specific gear components (e.g. otterdground gear), within each substrate, for
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differences between samples taken behind the mhaiigear components with the baseline
samples.

The Primer statistical software package (Clarke and GorleyD620was used for the
calculation of the following univariate biodiversitndices from the standardised data per
core: total abundance (mean number of individuals qore), total biomass (mean mass of
individuals as grams per core), species richnasd,the Shannon-wiener diversity index.
Differences in biodiversity indices were testedngshon-parametric Mann-Whitney tests,
Kruskal Wallis tests or one-way ANOVA on Igh+1) transformed data. All analyses were
undertaken using the software package Minitab V.15.

Multivariate community analyses were performed gshrePrimer package on all abundance
data. A cluster analysis, using the Bray-Curtisilginty index was performed on square-root
transformed data. The resultant similarity matricgere used to perform non-metric
multidimensional scaling (MDS), identifying sepa&ratusters of samples. Where any distinct
clusters were found, these were tested for sigmifiadifferences using the ‘analysis of
similarities’ randomisation test (ANOSIM) (Clarke993). To establish which taxa
contributed most to the similarity or dissimilartigtween groupings of data, the ‘similarity of
percentages’ routine was carried out (SIMPER). Hleeecontribution of each species to the
Bray-Curtis measure was calculated after transfoomaand the species ranked in order of
their contribution to separating each group (Claflg93).

The damage incurred to infaunal species duringaaltwas investigated by analysing the
abundance data in separate damage categoriesweetaconverted to a proportion of the
total abundance in each of the three damage caésgoio-, moderate-, and mortal damage.
Total damage for each sample was also calculatesingdy the sum of the moderate- and
mortal damage categories. ANOVA tests for diffeemnen damage levels between gear
component positions and controls were performethenarcsine transformed data using the
Minitab V.15 statistical package. In each of thendge analyses, samples from the two
substrate types were examined separately.

Substrate variation

The initial analysis of the indices of biodiversitpnfirmed that the differences in infaunal
communities between the mud and sand substratgdeshmvere greater than any treatment
effect (Figure 2.39). Mud communities were moreedbe and productive in terms of numbers
and biomass (Table 2.6). As such, the samples thendifferent substrates were, from here
on, treated separately.

Table 2.6 Summary statistics for indices of biodiversityg¢akirom each sediment type, presented with
means and standard errors. Mann Whitney tests wsaé to test for differences between muddy and
sandy substrate, with p values given for all congoais where p<0.05 was used to identify significant
differences.

Muddy sediment Sandy sediment
p (+ SE) (+ SE)
Total abundance (no.core) 0.001 55.11 + 3.82 18.33+0.85
Total biomass (grams. core) 0.001 2.29+0.42 1.39+0.58
Species richness (S) 0.001 25.92+1.20 13.64 £ 0.59
Shannon-wiener diversity (H’) 0.001 2.80£0.08 2.36 £ 0.05
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Figure 2.39. MDS ordination of the similarity in species compios between samples from sandy
substrate @ ) and muddy substrate ( ), based onresqoat transformed species abundance data

(number per core).

Whole trawl impacts
Samples collected from the door path, sweep padhgasund gear were pooled as one post-

trawl treatment, and differences existing betweasa &nd the pre trawl (baseline) samples
were investigated. A significant difference in toldomass was detected in the muddy
substrate, with higher biomass recorded in preltsasnples when compared to post-trawl
samples (Mann Whitney tes/ = 446.0, p = 0.034). No other significant differeadetween

the pre trawl and pooled post trawl samples wenendoin either substrate type (see

Expectation 2.v).

Gear component impacts

The MDS ordination of the muddy site indicated tk#terences in species composition
occurred in the experimental area (Figure 2.40athiwthe trawl path significant differences
existed between the footprints of the gear compen@&NOSIM on abundanc® = 0.128, p

= 0.4) and pairwise tests indicated samples exposeithe door path were significantly
different to those of the other four gear composenwhich did not differ from each other and
grouped together. Furthermore, the high treatmaniakility that was seen in door path
samples is indicative of a disturbed system (Cla&k@&/arwick 2001) (Figure 2.40a). The
sandy site was not found to exhibit any differericespecies composition between any of the

treatments (Figure 2.40b).
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Figure 2.4Q0 MDS ordination of the similarity in species corsjimn between samples pooled from
substrates that were grouped according to whatgbdine trawl path they were collected from: baseli
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(a), outside track (+), door patlk ( ), sweep pathan) ground gear path (*). Based on square-root
transformed species abundance data from (a) mu@oarsand.

Mud

Post hoc tests indicated that the trawl door pathpdes displayed the lowest total abundance,
species richness, and Shannon-Weiner diversityegalof all samples (ANOVA: Total
abundancé& = 4.14,p = 0.006; Species richnebs= 4.71,p = 0.003; Shannon-Weiner index
F =5.80,p = 0.001) (Table 2.7). Samples taken from the datin pad, on average, less than
half the number of individuals and just over hdie tnumber of species recorded, when
compared to any of the other samples. The highadges in these three indices were sampled
in the sweep path and ground gear path. Valuespecies richness and Shannon’s diversity
were very similar from samples taken before thelteand after the trawl, anywhere but in the
door path. Biomass was greatest in the baselinglsanand, unlike the other indices, was
higher in the door path that in the sweep path graund gear path, although it was
noticeable that there was particularly high vaoiatin biomass in the door path samples
(Table 2.7) (see 2.3.4.2, Expectations 1. i-v).

Table 2.7 Summary statistics for biodiversity indices fongdes collected in mud and sand in the path
of parts of the trawl gear; 1 baseline, 2 outsidek, 3 door path, 4 sweep path, 5 ground gearndea
are presented with + standard error. Univariatts terere used to test for differences in indicesvben
gear components, only p values for significant ltesaare shown

Gear type (£SE)
p 1 2 3 4 5

Total abundance 0-006
57.86+4.28 56.86+8.03  24.5%10.2 66.21+7.70  64.7+10.7

Total biomass

g 3.11+0.56 2.34+1.14 2.22 +2.06 1.72+£0.44 1.53+0.31
= . .
Species richness 0.003
26.87+1.16 27.67£2.35 15.63 £4.70 28.90 + 2.00 28.75+1.94
Shannon-wiener 0.001
2.91+0.05 2.89 +0.06 2.10+0.37 2.95+0.07 2.99 +0.06
Total
abundance 19.80 +£+1.70 16.37 £1.32 15.27 £+ 1.37 21.34+1.88 17.46 £ 2.53
Total biomass
% 1.07 £ 0.83 1.53+1.35 2.78 £ 2.55 1.24 +0.58 0.58 £0.39
< .
[7p) Spec|es 0.021
richness 14.12 £+ 1.02 12.00 £0.91 10.78 £ 0.83 14.22 +1.22 17.00 £ 2.02
Shannon- 0.025
wiener 2.37 £0.08 2.21+0.12 2.17 £0.10 241 +£0.11 2.66 £0.10
Sand

Door path samples in sand were also lowest in tatalndance, species richness, and
Shannon-Weiner diversity values (Table 2.7), algiodifferences were not as pronounced as
they were for the mud comparison (Figure 2.41). Mighest values in species richness and
the Shannon-Wiener index were once again in theegvpath and ground gear path, and
although total abundance in the sweep path anchdrgear path was higher than that found
in the door path, the baseline results were highitrthan those found in the ground gear
path. Only two indices differed significantly; sperichness and Shannon-Weiner diversity
(ANOVA of species richnesk = 10.23, p = 0.037; ANOVA of Shannon-Weiner divigr$
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= 3.20p = 0.025), and post hoc analysis revealed theffigni difference occurred between
the door path samples and the ground gear pathiesmgboth indices.

Summary and potential explanations for patternsasho

If no effect of trawling occurred, the proportiohtbe total abundance present behind each of
the gear treatments should be on average abowsiathe and thus one fifth (0.2 or 20%). In
muddy substrate, the baseline and outside trackoptions of total abundance across the
gears were near to this value, where door path Isgnpad a reduced proportion and sweep
path and ground gear path samples were slightlyatdd. In sand, the baseline and ground
gear proportions were approximately a fifth, whasehe outside track and door path samples
were reduced, and the sweep path samples showedraease (Figure 2.41).

0.25 1

0.15 1

0.05 1

Proportion of total abundance
across gear treatments

Baseline
Qutside
track
Door path
Ground
gear

Sweep path

Figure 2.41 Proportion of total abundance across treatmemtseéch individual treatment, in mud
(solid line) and sand (dashed line). Expected walti@o effect of trawling occurs are also presdnte
(grey line).

Lower overall abundance (and corresponding highemass) of the door path samples,
compared to the sweep path and ground gear pathesgnoccurred in both substrate types.
SIMPER analyses of between group dissimilaritiesedeon abundance data indicated that in
mud, eight species accounted for 30% of the disaiityi between the door path and the
sweep path samples, and eight species account&D96rof the dissimilarity between door
path and the ground gear path samples. The fivetteat contributed most to differences in
abundance between the sweep and ground gear pagtlesa(where they were highest) and
the door path samples (where they were lowest) therdrittle stard\mphiura filiformisand
Ophiuroidea spp juvenile, the polychaet®holoe baltica, the amphipod Ampelisca
tenuicornisand the bivalvéMysella bidentatgdTable 2.8).
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Table 2.8. Species contributing to the top 30% of dissimijabietween door path, sweep path and
ground gear path samples, in mud and sand, asvie&st by SIMPER analyses based on square-root
transformed abundance data. — equals absent.

Door path Sweep path Ground gear
Av. abund. Av. abund. Av. abund.
per 16.34m per 16.34m per 16.34m
Amphiura filiformis 1.19 2.86 2.97
Ophiuroidea spp juv 1.48 2.67 2.61
Pholoe baltica 0.83 1.91 1.94
Ampelisca tenuicornis 0.67 1.88 1.54

O  Mysella bidentata 1.06 1.86 2.29

§ Peresiella clymenoides 0.70 1.73 -
Harpinia crenulata 0.22 1.21 1.03
Euclymene oerstedii 0.17 1.15 -
Levinsenia gracilis - 0.27 1.25
Abra nitia - 0.59 1.18
Bathyporeia spp 1.48 1.77 1.20
Perioculodes longimanus 0.52 1.32 0.68
Megaluropus agilis 0.14 0.93 0.60
Nemertea spp 0.59 1.01 -

A Spiophanes bombyx 1.27 0.69 -

<ZE Cochlodesma praetenue 0.79 0.36 -

) Magelona filiformis 0.94 - 0.59
Nephtys spp juv 0.85 - 0.78
Aricidea minuta 0.70 - 0.59
Phoronis spp 0.54 - 0.28
Peresiella clymenoides 0.00 - 0.57

In sand, the between-group dissimilarities basedlmmdance data indicated that six species
accounted for 30% of the dissimilarity between doer path and sweep path samples, and
that eight species accounted for 30% of the disaiity between the door path and the
ground gear path samples. The taxa that contritotélde differences in abundance between
the door path and the sweep path wdre amphipodsBathyporeiaspp, Perioculodes
longimanusandMegaluropus agilisaNemerteaspp, the polychaet8piophanes bombynd

the bivalveCochlodesma praeteny@able 2.8). The taxa that contributed to theedéhces

in abundance between the door path and the groeadwgere the amphipoderioculodes
longimanusand Megaluropus agilis the polychaeteMagelona filiformis, Aricidea minuta
andPeresiella clymenoides,Nephtysspp juvenile, andPhoronisspp (Table 2.8).Unlike the
samples from the mud substrate, differences in mbandance were not always consistently
higher inboththe sweep and ground gear path, when comparée wobr path in sand.

Not all species present in baseline samples wasept in those collected from the door path.
To further explore whether displacement had occdumethe plume produced by the trawl
door, lists were generated of those species prasdéime baseline and absent in the door path.
The change in abundance of these species betwedragieline and both the sweep path and
the ground gear was examined. It was considerddchthancrease from the baseline to either
component would suggest displacement may have i@xtur
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For mud samples, of the taxa recorded in basetimpkes but not behind the door, 68% had
higher abundances in the sweeps than the baselnples, and 74% had higher numbers in
the ground gear path when compared to the bas@ligares 2.42 a & b). Of these 23% had

greater than a 100% increase in abundance in teepsavhen compared to the baseline, and

43% did in the groundgear path when compared tbalseline samples.
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Figure 2.42 The percentage change in abundance in mud frpiingabaseline samples to the sweep
path samples of species which had zero abundartbe ithoor path, and (b) the baseline samples to the
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ground gear samples of species which had zero albgedn the door path. Abundance was recorded
as a proportion of the total abundance for thatigge and the mean total for species found behact e
gear treatment was calculated.

For sand samples, 74% of the taxa recorded inibassmples but not behind the doors, had
higher abundances in the sweeps than the basaimples, and 71% did in the groundgear
path when compared to the baseline (Figures 2.&3a Of these 47% had greater than a
100% increase in abundance in the sweeps when cethfmthe baseline, and 41% did in the
groundgear path when compared to the baseline sampl
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Pariambus typicus
Abludomelita obtusata
Eusyllis assimilis
Pontocrates arenarius
Pseudocuma longicornis
Corophium crassicorne
ASTEROIDEA sp juv
Edwardsia claparedii
Microprotopus maculatus
Ophelia borealis
Echinocardium cordatum
Peresiella clymenoides
Akanthophoreus gracilis I
Eudorellopsis deformis |
Eumida spp juv
Ampelisca typica
Amphiura chiajei i
Sigalion mathildae
OPHIUROIDEA spp juv
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Ophelia boreali
Scoloplos armiger |

Mysella bidentata [l
Pariambus typicus M
Sigalion mathildae

Edwardsia claparedii
Thracia phaseolina
Ampelisca typic

Echinocyamus pusillus
Peresiella clymenoides |

OPHIUROIDEA sppjuv [
Aonides paucibranchiata |

Akanthophoreus gracilis [l
Podarkeopsis capensis [l

Figure 2.43.The percentage change in abundance in sand fipthg@aseline samples to the sweep
path samples of species which had zero abundartbe ithoor path, and (b) the baseline samples to the
ground gear samples of species which had zero alpgedn the door path. Abundance was recorded
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as a proportion of the total abundance for thatigige and the mean total for species found betact e
gear treatment was calculated.

Damage to individuals sampled

In muddy assemblages, the number of mortally dathagdividuals was greatest in the
baseline samples (23.5% of all individuals sampledtjlst lowest levels were recorded in the
sweep path samples (9% of individuals sampled).tMatamage levels were significantly
less in the sweep path than in the baseline, autsmtk and ground gear path samples
(ANOVA, F = 2.94. p = 0.029) (Table 2.9). Conveyseh sand, the sweep path samples
exhibited significantly higher numbers of mortallamaged individuals (21.7% of all
individuals sampled) in comparison to all otheatneents (ANOVA, F = 4.65, p = 0.003).
The outside track samples demonstrated the lowastbers of individuals with mortal
damage; however this was not a statistically siggift result (Table 2.9). The distribution of
mortal damage across treatments in mud sampledrwadly found to be the inverse of that
recorded in sand (Figure 2.44).

Table 2.9.Mean proportion of total abundance of samplesrammbwith mortal and all damage at each
gear treatment, in mud and sand. Presented withdatd errors. ANOVA was used to test for
differences occurring at each level of damage withud and sand substrates

Baseline Outside track Door path  Sweep path Ground gear
p (£SE) (£SE) (£SE) (£SE) (£SE)
()
()]
£
3 Mud 0.029  0.235+0.03 0.203 +0.03 0.149+0.04 0.090 +0.03 0.201+0.03
s
S
p= Sand 0.003  0.087 +0.02 0.036 +0.02 0.118+0.03 0.217 +0.05 0.058 +0.01
o Mud 0.558 +0.02 0.515 +0.04 0.426 +0.09 0.477 +0.04 0.478 +0.02
©
IS
]
©
= Sand 0.335 +0.03 0.227 +0.04 0.369+0.03  0.418 +0.05 0.360 + 0.04

When considering all damage to individuals (whicbludes partially damaged animals that
may survive), for mud samples there were no sicguifi differences between gear treatments;
however, background damage levels were over 50%h wapproximately 55% of all
individuals in the baseline samples showing sonmeadge. The lowest numbers of damaged
individuals occurred in door path samples (42.6%). sand, total numbers of damaged
individuals were lower than those recorded for msachples overall (Figure 2.44). Highest
levels occurred in the sweep path samples, witB%lof individuals having some damage,
and the least in the outside track samples (22(T#)le 2.9).
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Figure 2.44 Proportion of total abundance of all invertebsaile each treatment that was mortally
damaged in mud (thin solid line) and sand (thirh@dsline), and all damage (including non-mortal) in
mud (thick solid line) and sand (thick dashed line)

The background damage levels in mud were much hitjfaan anticipated, therefore it was
postulated that species recorded as damaged ifineasamples would be destroyed in the
trawl and would not be present in the post-trawhgles (see Expectation 2.ii). This would
therefore explain lower levels of damage in ther geanponent paths. At an individual level
it was identified that the total abundance in tberdpath samples was significantly less than
that in the baseline samples (Mann Whitney W = 9851<0.001). At a species level, of the
29 taxa recorded in the baseline samples with dart@agnore than 10% of individuals, 26
species had lower numbers of individuals in therg@dh samples than the baseline samples,
and three species increased: the polychadteidea catherinag the sea potato
Echinocardium cordaturand the sea cucumblegeptosynapta inhaerer{§igure 2.45) These
are all species that live deeper than the top fentimetres in the sediment and thus would be
less likely to be sampled in the baseline samplerveompared to the door samples.
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Difference in mean total abundance (no.core)
between baseline and door path samples

Amphiura filiformis
OPHIUROIDEA spp juv
Levinsenia gracilis
Peresiella clymenoides
Pholoe baltica
Euclymene oerstedii
Rhodine gracilior
Tharyx killariensis
Pholoe pallida
Spiophanes kroyeri
Leptopentacta elongata
Diplocirrus glaucus
Sthenelais limicola
Tubulanus polymorphus
Labidoplax buski
Phoronis spp
Pariambus typicus
Ampharete falcata
Apistobranchus tullbergi
Mediomastus fragilis
Phtisica marina
Spio filicornis
Gammaropsis palmata
NEMERTEA spp
Clymenura johnstoni
Lanice conchilega
Avricidea catherinae |
Echinocardium cordatum |
Leptosynaptainhaerens 1

Figure 2.45.The difference in mean total abundance (numbecpes) between baseline and door path
samples in the species noted to have damage totharel 0% of individuals in baseline samples

5.3.5 Overall summary in relation to expectations

Expectations:
1. The physical footprint of the gear should be conskered in predicting the likely
effects seen in sampled fauna behind the gear comynts

i.  As shown by the work undertaken in the previouk3asd sections of WP2, otter
trawl doors can plough the sediment leaving a furirothe path of the door, with the
top layers of the sediment displaced (either inptlnene or to the side of the door).
This sort of physical footprint is most noticeablieen otter trawl gear is towed in
fine muddy sediments.

ii.  When considering the effect of this on the infasampled post-trawling, this means
that directly behind the door, the individuals viié sampled from a deeper layer of
the substrate than for any of the other areas sahfplg. the baseline samples,
behind the sweeps and groundgear) (see Figure 2.4);

Iii. It is generally accepted that fewer individuals apdcies live at depth in the
sediment and that those individuals that do livéegdth tend to be bigger biomass
individuals. Thus it should be expected that thvéitebe lower diversity, lower
abundances and possibly elevated biomass perreaitien compared to the rest of
the trawled area.

Findings:
This was found in both muddy and sandy substratdsugh effects were most pronounced
in muddy sediments.

iv.  Based on this theory, we would expect higher nusmb&mdividuals of species

residing in the top layers, to be found in the amabject to displacement either from
the plume or to the side of the ploughed area. \&@dwnot necessarily expect higher
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species richness or diversity however, as theraldhost be more individuals of the
same species that were already there. We mighea|sect that in those areas of
displacement, biomass would be low relative to dlances, because the displaced
sediment layer would be additional top layer, dffety meaning that the sample
would be more representative of small light indixatk.

Findings:

This was found in both muddy and sandy substratéspugh effects were most pronounced
in muddy sediments. Higher numbers of individuaiscertain species were found in the
sweeps and groundgear paths for the muddy sedimants the sweeps for the sandy
sediment. The species found to be in high numhadedive to the door paths did tend to be
near-surface dwelling light biomass species. T®vides some evidence to support the
theory suggested above.

2. Changes in actual numbers should not necessarilgflect actual mortality (impact)

i.  Assessing the actual impact of the gear requiresaessment of damage as well as
numbers. Simply assuming that changes in numberstedo changes in effect (i.e.
lower numbers post-trawling = higher mortality; 8anor even higher numbers post-
trawling = no mortality) should not be the acceptedm. However, individuals may
also be damaged by the sampling procedure, andhhulsackground damage
somehow needs to be discounted from the damagedeztito individuals in the path
of the gear.

Findings:

Very high levels of background damage were recofdsd the baseline samples taken in the
muddy sediments (>20% for mortal damage and 50%lfdypes of damage). Conversely, in
sand, the sweep path samples exhibited significdrifher numbers of mortally damaged
individuals (21.7% of all individuals sampled) iaraparison to all other treatments, and even
discounting background damage levels (based onenage of the baseline and outside track
samples) this would leave a mortal damage levelrofind 15% of individuals found in the
sweeps behind the gear towed in sandy sediment%rid the door path. The damage levels
in the groundgear path were around backgrounddevel

ii.  Animals that are smashed into very small piecethbygear interaction would not
show up in the post-trawl samples.

iii. Many animals may be damaged by the gear interadiiarstill show up in the post-
trawl samples since the mesh size used to retdividuals for enumeration was
0.5mm.

iv.  We would expect that having removed the ambiergllezdamage (i.e. that recorded
from individuals in the baseline samples) it wotlldn be possible to assess actual
mortality levels post-trawling.

v.  Due to the physical footprint effect on the positad samples taken (see ii-iv under
expectation 1. above) it is likely that when coesidg whole gear effects on
densities and diversity indices (i.e. all samplestyrawling pooled compared with
all samples pre-trawling), there may be no ovelifiérence, because displacement
of individuals might balance out lower numbers reled in the door path. If damage
were taken into account, however, this may notbectise.

Findings:

Mud

For the muddy site background levels of damage werg high (>50% of individuals has
some damage) suggesting that the fauna found idynsubstrates have fragile morphology.
If this is the case, it is possible to think thawer levels of damage might be seen in the areas
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sampled behind the trawl gear because the moskefiadividuals would have been smashed
by the gear interaction and would not show up latLawer proportions of individuals were
damaged in a comparison of all post-trawl sampliés all pre-trawl samples.

Taking into account the results from the damagdyaiza the findings suggest that the impact
in mud may actually be less than perceived by simgphantifying differences in numbers and
biomass before and after trawling. There is cirdamiial evidence (based on the analyses of
changes in species humbers between the differeasathat some individuals were displaced
into the path of the sweeps (and to a lesser extentgroundgear path). Damage data
suggested there to be lower than background I@felamage to the individuals in the sweep
path (which would include any displaced individQals

We only took samples from part of the area whespldcement of sediment behind the door
would occur; the area where the plume would sétilthe sweep path, and to a lesser extent,
the groundgear path). We did not take samples fhardisplaced sediment to the side of the
furrow formed by the door. The differences in agerabundances between the door path
samples when compared with all others for mud, ssigthat if the same proportion of the
individuals that were displaced to the sweeps wenglaced directly to the side of the furrow,
there would still be a loss of about 10% of induatk in the door path when compared to
background levels of abundance (Table 2.7). If weume (based on the findings of the
damage analysis) that those individuals displacgednat mortally damaged by the trawl
passing through, this would mean that the impatitédnfauna in mud would be reduced to a
mortality level of approximately10% of individudtgled overall.

Sand

Taking into account the results from the damagéyaisa the findings suggest that the impact
in sand is actually greater than perceived by singplantifying differences in numbers and
biomass before and after trawling. Discounting lgaocknd damage levels, 15% greater
mortality could be assumed for individuals in ttetpof the sweeps, and 6% for those in the
path of the doors (Table 2.9). Based on these pt&ges, this would reduce the number of
individuals left in the door path to approximatdlg, whilst the number in the sweep path
would be around 18 (see Table 2.7). Thus sweepmatibers would be more equivalent to
those recorded in the baseline samples, and a Iityotével of approximately 8% would be
assumed for the gear overall (based on the decbedm® ambient levels in the door path).

5.3.6 Development from here

The findings from this study suggest that the owmie® from previous BACI studies of
trawling should be considered with caution, sinemhers are simply compared for the whole
gear with no consideration of damage and an assompf change being equivalent to
mortality.

The conclusions from the study undertaken herenaialy based on suggested theories and a
collation of supporting evidence for these. Thegasged theories (expectations described
above) are driven by the physical modeling work ertaken in this WP and on an
understanding of the ecology and morphology of d@némals affected. In order to truly
validate the predictions made based on our expestatmodeling of the likely vulnerability

of species to the trawl was developed and testadhstgthe field data, and this is described
below under Task 2.4.

5.3.7 References
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5.4 Predict the ecological disturbance of fishing (Task 2.4)

5.4.1 Introduction

The aim of Task 2.4 was to update the modelling@gghes used to predict the ecological
disturbance of fishing; specifically the mortaltgused to benthos and demersal fish, and the
habitat damage incurred. For disturbance associeféd bottom trawling, the EU '
framework project MAFCONS had started the procdsdeweloping predictive models for
both benthos and fish (see Chapter 8 of the MAFCON@I report available at
http://www.mafcons.org/finalreport.phpBoth aspects have been taken further througk Tas
2.4 of DEGREE and the results for each are preddmglow (sections 5.4.2 and 5.4.3). Future
development is described in Section 5.4.4.

5.4.2 Modelling mortality to benthic invertebrates
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Background

The work published on the effects of trawling oe tienthos has to date focussed largely on
before/after, control/impact (or BACI) comparatistudies. This research has proven
important in terms of describing general trendsl, lams commonly identified the types of taxa
that suffer high levels of mortality, and the habitypes in which impact is greatest (e.g.
Sanchez et al. 2000, Schratzberger & Jennings 208i2er et al. 2006, Kenchington et al.
2006) (see Task 2.3 above). A limitation in thisnparative work is the lack of prediction-
based methodology. Hiddindt al. (2006) have developed a predictive model of chamges
assemblage level properties, such as total biomagsoduction, given particular levels of
fishing effort. Such an approach is useful for pdong advice on broad-scale changes in
important ecosystem functions, such as productiitg availability of food to the demersal
system, but it does not allow predictions to be enabout which species would be most
vulnerable.

The MAFCONS disturbance model made predictionbaphyla level based on the results of
the Kaiser et al. (2006) meta-analysis of BACI saadf experimental fishing (Greenstreet et
al., 2006; http://www.mafcons.org/finalreport.phpGiven the potential limitations of the
results from conventional BACI studies (see 2.34dr® 2.3.5) and the need to develop
predictions so that they can be species-speciticg@ar-component specific, further develop-
ment was required. In this task we explored thematl to develop a tool that would allow
predictions to be made at the species level, andadded in the ability to consider the
differential effects of the various components ishing gear (e.g. trawl ground gear, trawl
doors). Given that there are now readily availatdéabanks containing information on the
characteristics of species that may make them vaihe to trawling (e.g. the BIOTIC
database atww.marlin.ac.uk/biotiy it should be possible to make sensible predisti@bout
the likely level of risk to species from particulishing gears. Tyler-Walters et al. (2009)
have undertaken such an exercise for common betgsemblages found in temperate
waters, using a qualitative approach. Here, we thlkeforward to a quantitative approach
allowing for validation of the results against datalected in the controlled experimental
trawling trials of Task 2.3. We also increasedléwe| of precision making predictions for the
individual components of the fishing gear, whichaisnecessary requirement if we are to
provide advice on the potential benefits of geadifimations in minimising the broader
ecosystem effects of fishing.

The predictive tool explored here is based on thd@dmentals of vulnerability, which is
essentially a risk model, defined as the produdhefprobability of exposure to an impact
and the consequences of such an event (Zacharigse§r 2005). Associated with this
definition are a number of characteristics of benthvertebrates that relate to both the
likelihood of encounter with trawling gears, ane #ixpected deleterious consequences (such
as mortality) that would be associated with trag/limpact. These species characteristics
cover a range of biological traits including lifestory, morphological and ecological aspects
(Baird & Van den Brink 2007).

The descriptive work on trawling effects to the th@s has revealed that likelihood of a
particular species being killed by physical contadth fishing gear, will depend on its
position on/in the seafloor, its mobility and it®mphology (most notably how fragile it is and
how flexible it is) (see summaries in Collie et, &000; Kaiser et al., 2006). This can be
broken down into two elements: (1) likelihood ofcennter, which depends on the living
position of the species relative to the contachaned penetration depth of the gear, and the
mobility of the species, and; (2) probability of radity given an encounter, where flexibility
and fragility are the most important predictor tsaiFragility relates to how susceptible a
species will be to breaking up on contact withfieking gear, while flexibility relates to how
malleable an individual is, also affecting its likeod of being mortally damaged in the path
of the gear.
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The present study is unique because it devisesuatitative model based on these principles
allowing predictions of post-trawl abundance tonfiede which incorporate the vulnerability
of different species to trawling, using a traitséa approach. The predictions were validated
with field data which was sampled specific to geamponents between 15 and 60 minutes of
a passing trawl, therefore allowing for a high lesfecontrol. This was an important develop-
ment from previous work where general trends inctienges in abundance and/or biomass of
individuals are not explained relative to impacinfr specific gear components and post-trawl
measurements can be taken many hours or even fieytha trawling event (see comment in
Collie et al. 2000, Kaiser et al. 2006; and Task &ove). The aim of this work was to
improve the precision of predictions made on thaenability of a range of benthic species to
trawling gears.

Materials and methods

Physical and biological data were available frora #xperimental field trials that were
undertaken in two different sediment types; mud sadd, in the Moray Firth on the east
coast of Scotland in October 2007(see details sk TA3). For the analysis presented here,
only the faunal abundance data were used.

Physical footprint of the gear components

The physical footprint (area and depth of penetraihto the sediment) of the separate gear
components was calculated using data from the lpsafiling measurements that were
collected during the sea trials of Task 2.3 (O'Neil al, 2009; see Annex 2.5). These
measurements provided a cross sectional area ajueter for each gear component
separately, and this was further split into thetldlepnges 0-2cm, 2-5¢cm and 5-10cm below
the surface. This gave the area of sediment enemthby the gear within each of those depth
ranges.

Mortality model based on encounter probability

The mortality model tested initially assumed thaspecies that encounter a gear component
are killed (or removed). To calculate the prob&pitf encounter we took into account the
living range of the species and the depth of patietr of a particular gear component. For
each species the probability of mortality (or ahval) is defined to be the probability that
they are encountered and this is calculated basedeoprobability that they are present in a
given depth range multiplied by the proportion bétt depth range impacted by the gear.
Hence we have

P(mortality) = P(encounter)
=Y P(in range Ai)*(proportion of Ai encountered by thear)

where Ai is the cross-sectional surface area afdivange i and the living ranges are defined
as follows; (a) from the surface to 2cm below; fiimm 2 to 5cm below and (c) from 5 to
10cm below the surface.

Species measuring more than 100mm (core diametel®nigth were removed from the

species list. For as many as possible of the réngpigpecies, data were gathered from
scientific literature, online databases, and exppmion on the living ranges inhabited both
above and below the sediment surface. Where infiwman living range could not be found,

inferences were made based on the species’ livinden{i.e. surface dweller, burrower),

feeding mode (i.e. sub-surface deposit feederjymsaspension feeder), and size.

As an example, the burrow-dwelling bristle woBnpio filicornisis a surface deposit feeder,
growing to lengths of 3-10cm (Tamaki 1987). Basadhis information a living range from
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the sediment surface to 10cm depth was assigndu gnéater weighting for deeper dwelling
based on evidence from the literature that sugde$tevas not a continual feeder. This
equated to it being assigned as being presentisutface depth range (at the surface to 2cm
below the sediment surface) for a quarter of itetithe -2cm to -5cm depth range a quarter
of its time and the -5cm to -10cm range for halitetime.

Testing the model predictions

There was sufficient living range information teegict the encounter mortality for 55 species
in sand and 68 species in mud. Initially the avenagmber of each species per core sample
collected before (actual pre-trawl abundance) waplg compared with the average number
sampled in each of the gear component tracks &#eding (actual gear-specific post-trawl
abundance). Subsequently, the model predictionse wested separately for each gear
component in each habitat by comparing the actost-pawl abundance (mean of abundance
in the path of the gear component post-trawlinghwhe predictedabundance post-trawling
(actual pre-trawl abundance x 1- P(mortality)).e Setail in Task 2.3for how field data were
collected for pre and post trawling abundance Ilatien to the different components of the
trawl gear.

Results

Physical footprint of the gear components

The proportion of a living range (Ai) encountergdtbe gear components differed depending
on the component and the sediment type (Figure; Z2.4Ble 2.10). The sediment from the
muddy habitat (mean particle diameter = 0.07 todf®uh) was very fine and the divers
collecting infaunal samples noted it was easilyjuspended in the water column through
minor disturbances. The properties of this sofiraedt resulted in the greater encounter area
of the fishing gears of the two habitats sampldte $ediment from the sandy habitat (mean
particle diameter = 0.198 to 0.231mm) was more @mhpnd ‘rough’ in comparison to that
of mud and the resultant areas of encounter byy#ae components in sand was to a lesser
degree (Figure 2.46, Table 2.10).

Mud Sand

Unimpacted
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Door path

Sweep path

Ground gear
path

Figure 2.46. Images of unimpacted sediment, ancdategl sediment by each gear component, in mud
and sand. Laser profile is also displayed in eawdge

The trawl door exhibited the largest encounter éoeall gear components (Table 2.10). The
area was greatest in mud in the upper most deptieréd to 2cm below the surface) where
91% of the sediment in the door path was encouthtéfee door penetrated to a depth of
10cm in mud, the proportion of sediment encountelexteasing with depth range. The door
penetration in sand was not as great as in mudn fine surface to 2cm depth, 20% of the
sediment in the path of the door was encounteredetPation of the door in sand occurred to
a depth of 5cm in the sediment encountering algreeduced area at each depth range.

Table 2.10. The proportion of sediment in each ldephge encountered in the tow path of the doors,
sweeps or ground gear, for experimental trawls tallen in mud and sand habitats. No components
penetrated deeper than 10cm in either habitat type.

Gear component Depth range (cm) Proportion of sedim Proportion of sediment
encountered in mud encountered in sand
Door path Oto2 0.91 0.20
2to5 0.30 0.01
5to 10 0.05 0
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Sweep path Oto2 0 0.19

2to5 0 0
5to 10 0 0
Ground gear Oto2 0.20 0.12
2t05 0.20 0
5to 10 0.20 0

The sweeps had the least overall encounter arath @éar components (Table 2.10). In mud,
no penetration was observed. In the surface to &epth category for sand, the sweeps
encountered 20% of the pre-trawl un-impacted arba value is, surprisingly, very similar
to the encounter area of the trawl door at theesponding depth in sand and is a result of the
sweeps skimming the crests of the sand ripples.

The ground gear, much like the trawl door, hadematgr encounter area in mud than in sand
(Table 2.10). The component encountered 20% ofstdiment in its path at each depth

interval, down to 10cm. Due to the nature of theugd gear, only part of the component

impacts the sediment, whilst the remaining striectuns along at the surface of the sediment
(Figure 2.47) explaining why only a proportion tfetsediment was encountered at each
depth range. The ground gear had a more limitedwamier area in sand, only penetrating the
sediment in the upper depth range, encountering d2#te path of the ground gear from the

surface to 2cm depth.

Sedimentsurface

2cm

em — \___J \_

Figure 2.47. Schematic of a section of the grouedrgconsisting of two large disks separated by
several smaller discs. The proportion of area emtmvad was based on the assumption that the larger
disks took up approximately 20% of the total arkthe groundgear.

The living ranges of species from the sand and halztats covered species living entirely
within the top 2cm of the sediment (and extendibgve it in many of these cases), to several
that lived entirely as subsurface feeders withrthi¢ing ranges never extending above 5cm
below the surface. Most species in each habitatihag ranges that covered depths from the
surface down to 10cm depth (Table 2.11). Less 2 of the species explored in each
habitat had living ranges that extended belowdbisth.

Table 2.11. The percentage of species living fdeast some of their time in depth ranges from the
surface to 30cm below the surface in mud and sabddis based on the living range of each species

Depth range (cm) Percentage of species in mud Mage of species in sand
0to2 97 96
2t05 69 53
5to 10 49 44
10to 20 21 18
20to 30 4 2
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Based on this information it was possible to predibat proportion of individuals of each
species would be encountered by the different gemponents in the different habitats across
their entire depth range. Any individuals livingldae& 10cm would not be encountered by any
components of the gear tested for these habite¢sggtent of penetration of the different gear
components in Table 2.10).

Mud

In mud encounter rates were highly variable, batrlge30% of all species were predicted to
be subject to greater than 90% encounter rateseirpath of the doors (Table 2.12). If we
assume all individuals that are encountered aledkithis suggests mortality rates for species
in the path of the doors could be as high as 90%lldhdividuals. Nearly 50% of species
would have as high as a 60% encounter rate behenddors and only 4% of species would
have less than 20% of individuals killed. No mdrart 30% of individuals would be killed in
the path of the groundgear, but 75% of species avaulffer at least 20% mortality.
Individuals located in the area swept by the sweemsld not be encountered at all (Table
2.12).

Table 2.12 The number of species with differekellhoods of encounter (percentage of individuals
encountered) due to the individual gear componengach habitat type. In Mud the total number of
species was 68 and in Sand it was 55.Thus in M@d dfspecies were predicted to have an encounter
probability of between 20-30% of all individualsedto the Doors.

MUD SAND

Encounter

(% individuals) Doors Sweeps Groundgear Doors pweeGroundgear
0-10 1 0 0 47 51 55
11-20 3 0 25 7 49 45
21-30 10 0 75 45 0 0
31-40 15 0 0 0 0 0
41 -50 22 0 0 0 0 0
51-60 0 0 0 0 0 0
61-70 15 0 0 0 0 0
71-80 6 0 0 0 0 0
81-90 0 0 0 0 0 0
91 - 100 28 0 0 0 0 0

Sand

In sand, the model predicted that no species fdferore than a 30% encounter rate (Table
2.12). Encounters with the sweeps and groundgealdvadifect less than 20% of individuals
for all species and less than 10% for over 50%peties. Forty-five percent of species in the
path of the doors would have between 20-30% ofviddals killed, but 47% of species
would have an encounter rate of less than 10% €TahR).
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Testing predictions of the mortality model based omncounter probability
Mud

In mud, the linear regressions showed that theeanstrong one to one correlation between
the pre trawl abundance and the post trawl abuedaampled outside of the trawled area.
There appeared to be about a 65% reduction in thgbar of species sampled in the door
track and no (very little) reduction in the sweapgoound gear paths. A comparison of the
predicted and the observed values find suggests @haimple model based solely on
encounter probability (based on impacted sedimedtli@ing range information) is capable
of accounting for a large proportion of the obsdrieduction in numbers (figure 2.48).
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Figure 2.48 Relationships between the actual pwhand post-trawl control samples of abundance for
each species (a), and between the observed pasdtsaples and the predicted post-trawl abundances
of the model in the path of the doors (b), sweepsatid groundgear (d). Linear lines of best fit are

shown with the equation of the line and tHfevRlues given.

Sand

In sand, a comparison of the slopes of the linegression lines showed that there was a
strong one to one correlation between the pre ti@witrols and the post trawl controls
sampled outside of the door path. There appearbd tbout a 15% reduction in the number
of species sampled in the door track and no realudti the sweep path. There was a 22%
reduction in the ground gear path but this wasedriby just one species, which when
removed suggested that there was no differencerndparison of the model predictions again
shows that the model can account for a large ptigpoof the observed reduction in numbers
(figure 2.49).
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Figure 2.49 Relationships between the actual pnettand post-trawl control samples of abundance in
sand for each species (a), and between the obspostdrawl samples and the predicted post-trawl
abundances of the model in the path of the dogrssfkeeps (c) and groundgear (d). Linear lines of
best fit are shown with the equation of the lind #re R values given.

A problem with the analysis presented here is ithddes not take into account the binomial
nature of the data. Thus few species with relatiV@tge numbers are having a disproport-
ionate influence on the data (as can be seen igrthend gear — sand example). To address
this we are in the process of applying hierarchgereralised linear mixed models. These
models will then also be applied to the more sdjisised models incorporating life history
and biological traits (see Section 2.4.2.4 below).

5.4.3 Further development

There is a need to further develop the analysidsl isdest the predictions of the mortality
models as mentioned above. Having done so, weasskss the power of the predictions, and
where necessary explore the need to further imprtwe by accounting for other
characteristics of species such as their motiitge and fragility. All of these may in turn
affect whether we would expect a species to shownypost-trawl assemblages behind the
different components of the gear.
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5.4.5 Modelling mortality to fish

Background

Modifying fishing gears to reduce their impact safioor habitats and benthic invertebrate
species (mortality on the seafloor) has been onthe@fmain areas of investigation in this
project, and the modelling approach described iskTa4.2 above is closing the gap on our
ability to predict how much of a difference suchdifications could make to overall impacts
on benthic habitats and species.

Equally as important is the need to be able toiprdlle differences in catch mortality that
may result from modifying gears. Fishing gear d@tég studies have long been undertaken
in gear trials, but this has often been restridtea limited number of commercial species.
Two separate studies (Piet et al., 2000; Pope. e2@00), both using variants of a “swept-
area” approach, have suggested that rates of gishortality in different components of the
marine ecosystem might be modelled from data tipgragoriately quantify spatial and
temporal variation in the levels of fishing actyvifJennings and Cotter, 1999), along with
abundance of the biota in question obtained fromeys and stock assessments (Kunitzer et
al., 1992; Knijn et al., 1993). This work was depsd initially in the 5 framework project
MAFCONS (Piet et al., 2007) and was modified herdatermine the direct mortality caused
by fishing to members of the North Sea demersdi issemblage. Our modifications
involved, first, the use of “true” estimates of sahvariation in fish abundance that take
account of catchability in the gears used in theugdfish surveys (Fraser et al., 2007).
Second, we assumed gear-, species-, and size-daqteratiable catch efficiencies in the two
major fisheries, otter trawl and beam trawl, opagatin the area. We then performed a
sensitivity analysis to examine the extent to whocin mortality estimates were affected by
the various assumptions made. Finally, we validabedmodel by comparing model output
with estimates of landings and discards of the ntaimmercial demersal species derived
from sampling programmes. Those analyses not ordyigied best estimates of fishing-
induced mortality for the main fish species in tHerth Sea, but also insight as to which
factors influenced those estimates most and whiclild therefore be considered for further
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research. This work has now been published (Pietlgt 2009) and details of the
methodology, results and general implications carfdund in a pdf of the paper in Annex
2.8. The major findings relevant to DEGREE andfeitwork are summarised and discussed
below.

Findings

The model generally performed well in predicting tiuantities of each species landed by the
beam trawl and by the otter trawl. There was pestaafendency for roundfish landings in the
otter trawl to be slightly overestimated and flitfilandings in the beam trawl to be slightly
underestimated by the model. Generally, thouglditeys of species caught in gears where
they were not the principal targets of the fisheoycerned, e.g. flatfish in otter trawls and
roundfish in beam trawls, tended to be underestichdty the model. Although these
differences might have been quite high in termgetétive proportion, i.e. predicted sole
landings from otter trawls were only 40% of obseéniandings, in absolute terms (the
difference in tonnes), the discrepancy was smailvéier, more serious problems emerged
regarding some of the discard predictions provioke¢the model, particularly in respect of the
otter trawl data, where the model suggested levktnd, whiting, and plaice discards that
were considerably smaller than the actual leveldistarding suggested by sample data. For
all other species and gears, the model predictecart levels reasonably accurately. This
showed that depending on its configuration, theehoduld reproduce recorded landings and
discards of these species reasonably well. Thigesig that the model could be used to
simulate rates of fishing mortality for non-tardish species, for which few data are currently
available.

5.4.6  Further development and applications

Sensitivity analyses revealed that model outcomeswnost strongly influenced by the
estimates of gear catch efficiency and the extenthich the distributions of fishing effort
and each species overlapped. Better data for fhresesses would enhance the contribution
that this type of model could make in supportingkvon the ecosystem level effects of gear
modifications. In particular, as gear modificaticare most likely to affect catch efficiency,
the implications of the sensitivity analyses onyuay gear efficiency could be adapted to be
used to explore scenarios of effect level givefed#int modifications to the gear.
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5.5 Predict the ecological disturbance of fishing (Task 2.5)

5.5.1 Introduction

The aim of Task 2.5 was to predict the differentegcological disturbance of modified
versus standard gears from WPs 3 and 4 using tlaelimy approaches developed and
validated in Tasks 2.1-2.4.

5.5.2 Gears modified in WP

In WP3 the aim was to design gear that would redheempact of the otter doors and the
groundgear on a standard otter trawl. Unfortunatiélyvas not possible for the partners
involved in Tasks 3.5 - 3.8 to collect the full golement of physical and biological data
required to validate any predictions generatedgugie models developed in Tasks 2.2-2.4 of
WP2. Much of the time required for work in WP3 watated to development, testing and
flume tank trials of the newly designed gear congmis and due to weather constraints, it
was only possible to run limited sea trials. At t#zame time, the dynamic model required to
simulate the standard and modified otter trawlasyet complete (see Task 2.2.3.3) and so it
was not possible to make full gear predictions ahbitwe physical impact of the gear
components anyway. The biological models for praaticmortality to invertebrates on the
seafloor will need some further refinement too Kras4.2.4), in particular to account for
vulnerability on encounter given that this will mportant for many of the epifaunal species
likely to be encountered in areas where some obtiee trawl fleets operate.

5.5.3 Application of physical and biological models

Once the dynamic model and the biological mortafitydel are completed the partners of
Workpackage 2 will test a range of scenarios tessshe impact of commercial whitefish
fisheries on a range of sediment types and fomgeaaf gear designs. This will allow an
investigation of the extent to which commerciah@sges affects the benthic ecology. We will
be able to distinguish between heavy/light geaabjtats, sediment types and determine the
worth of gear design modifications.

For instance, the groundgear used in Task 2.4 mgg hn encounter rate of less than 20%
with infauna in sandy sediments, and less than BO#b6uddy sediments. Thus, modifying a
demersal trawl with this type of groundgear mayyondve benefits in terms of reducing
benthic mortality and damage to habitats in arelasrevthere is a lot of emergent epifauna
and/or complex biogenic habitats. (In these softhabitats, mortality and habitat damage
will occur unless the gears are towed above th#oseain many such areas the gear would
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need to be >30cm above the seafloor to avoid mdrtheo epifaunal animals and habitat
features which would then likely significantly dease the performance of the gear in
catching the target species). The ecological beneff modifying this type of light
groundgear are likely to be minimal for fleets @igrg in areas of fairly homogenous sands
dominated by infauna. On the other hand, the grgeas used by the medium to large
commercial whitefish boats in the north east Aflaare heavier and more closely packed.
The infaunal encounter rates are likely to be mbigher for these groundgears and
accordingly there may be real ecological benefintmlifying their design.

5.5.4 Gears modified in WP4

In WP4 modifications included those to the grouradgend netting of beam trawls, and also
work on a modified oyster dredge. Details of th#edences in ecological disturbance of
modified versus standard gears are summarised bmbalwcomment on how the modelling
work developed in WP2 could be used in relatioanyg further development is also given.

5.5.5 Beam trawl modifications (T90 cod ends and be  nthos release panels)

For the work done by partners on modificationshi® ¢od end and netting of the beam trawl
(ILVO and Cefas), it was assumed that the biggé8trdnce would be in catch mortality
(numbers retained in the catch) as the rate athwhiimals are caught (catch efficiency)
should not change, but the numbers that are retaimthe net will (i.e. less discards). As the
alterations to the gear affect the retention ofreahs in the net, but not the physical footprint
of the gear on the seafloor, any differences intafioy on the seafloor would be assumed to
be due to differences in assemblage types/halitdtgeen the areas fished. There would be
no difference in seafloor mortality/habitat chamgsulting from the gear modification.

Results are summarised under WP4 of this repordatalled under Annexes 4.1.3 and 4.1.2.
Overall, although there were some mixed resultenms of catchability of target species, the
modified gears generally reduce discards of comiaermnd non-commercial fish and
invertebrates and retain good catches of commesdald target species. It is planned that
once the dynamic model and the biological modetuilesd in Task 2.2 and 2.4 have been
updated, comparisons will be made to see how thHact®mn in mortality in the catch of
benthic invertebrates compares to the level of alioytcaused on the seafloor. This work will
be undertaken based on collaboration between ILMOWLIV with FRS and UNIABD and
outcomes will acknowledge the contribution of warldertaken through DEGREE.

5.5.6 Beam trawl modifications (groundgear)

Under DEGREE work has been furthered on the eteptrise beam trawl (Annex 4.2.1) and
on a light Mediterranean beam trawl (Annex 4.138th designed to reduce contact and thus
impact with benthic habitats and species. Neitharehproduced inputs for modelling the
differences in impact to benthic habitats and st this stage, but in both cases
preliminary results suggest an improvement frommiwglified gears. In both cases the level
of “improvement” could be quantified if measurentenf the gears could be used to predict
the physical footprints of modified and existingagge and this then used to predict mortality
rates for the benthic assemblages in areas whese tifteets operate. As yet, it is unknown
whether there is access to information on distidmst and densities of benthos in the areas
where the Mediterranean gears operate, but itbgilpossible to undertake a comparison for
the pulse gear in the southern North Sea, shoiddubrk progress. This would then enable a
comparison of the benefits associated with a réoluéh impact to the benthos and habitats
with any detrimental effects on other componentthefecosystem (e.g. levels of mortality of
bony fish in the path of the pulse trawl) or imterof economic and commercial viability.
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5.5.7 The low impact oyster dredge

The low impact oyster dredge was designed to redupacts to the benthic habitat and
species encountered on the seafloor, whilst retgiaicommercially viable catch of the target
species of oyster (Annex 4.1.7). It is clear frdre physical measurements produced in the
comparison of the low impact oyster dredge withdtadard dredge that the encounter rates
would be quite different for the two different gediFig.11, Annex 4.1.7). The standard
dredge has deeper penetration in the track ofréndge (although this is limited to <1cm) and
the modified low impact box dredge actually elesathe sediment behind the knife
(presumably because the net is no longer squashagediment behind the knife). The
physical profiles suggest that animals will onlydseountered if they live in the top 2cm of
the sediment or on the surface in either case.

Preliminary results from the catch comparisons sagghat the low impact oyster dredge
catches similar amounts of commercially sized iitligls, and is more selective in terms of
having lower catches of small undersized oysteebl@ 2, Annex 4.1.7). At the same time,
the drag of the low impact modified gear is great®iit is heavier (Table 1, Figure 13) and
this may affect commercial viability in terms ofelucosts. Once the biological model
described in Task 2.4.2 has been perfected, it bell possible to calculate the actual
difference in impact to the benthos. DTU Aqua hpr@vided WP2 partners (Partner 13) with
information on assemblage types in the areas whereyster dredges are used, and these can
be used to predict likely encounter and ultimatalyrtality rates for both the modified and
standard gears. There is no data from the study tarevalidate these predictions but the
model will be validated with data from other stuaheas first (as described in Task 2.4.2).
Having completed this it will be possible to cong#re difference in impact rates for the two
gears and to assess the significance of this ht b any differences in commercial catch
retention and economic viability.

6 WP3 - approach and results

6.1.1 Summary

The aim of this work package is to develop and watal modifications to trawl doors and
groundgears that reduce the physical reaction $oacting on the seabed. Traditional otter
trawl gear has several components i.e. the growandgefootrope, the bridle or sweeps, the
doors and/or the clump weight(s) (in the case oftirmygs) that contact or approach the
seabed to a lesser or greater degree. Variatiortheincomposition and design of these
components influence their effects on benthic estesys. There has, however, been few
studies specifically relating to benthic impact aifer trawls and such studies have been
sporadic in nature, concentrating only on one dreotcomponent and have not directly
identified the mechanisms by which gear interadth the substrate and organisms. Many
have had minimal industry input, resulting in geardifications that are unacceptable either
through reduced catches or the gear developed lbetngomplex. From various literature
reviews, it is also apparent that the methodologsesd to measure impact have been highly
variable and somewhat subjective in nature. Ihierided to redress these issues within this
work package.

Table 5 summarises the work completed in this pesidhich covers the period of months 19-

38 of this project. For this final period, initiplthe partners split into two groups with one
group continuing to look at trawl doors and theeottesting alternative groundgear designs.
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All partners then attended a project workshop heldthe flume tank in Hirtshals, in
preparation for the final cruise on the Norwegiesearch vessel “GO Sars”.

Partners 05 (IFREMER), Partner 07 (BIM) and Parth2r{CNR-ISMAR) have worked on
trawl doors. Partner 05 and 12 have developed rloor designs, while Partner 07 has
concentrated on identifying what features of ergstloor designs enable them to work lightly
on the seabed in a stable and acceptable way.

Partner 05 has tested a prototype trawl door wittoael arm system, firstly through flume
tank experimentation and then through sea trialbaard the research vessel “Gwen Drez”.
No measurement of the actual force or pressurb@gdabed were taken and thus these trials
were very much used as a proof of concept to veniéyresults from the earlier flume tank
testing and also to observe the performance andlihngnof the prototype. The overall
conclusion from this trial was that the prototypaswstable and efficient but that it would be
difficult or impossible to use these doors comnadlgi especially on small fishing vessels
due to their shape. Potential handling problemk e doors were observed in that the arms
had to stay outside the trawl gallows and could betstored as per standard doors. Also
concerns were expressed regarding the strengtiearims themselves. On the basis of these
trials and from the previous flume tank analydisyas therefore concluded that there was no
need to design a door with such an elaborate astersyas simple “standard” doors with a
high “height / width” ratio already exist. Takitigjs into consideration it was thus decided by
Partner 05 to look at an intermediate option betwaeéstandard optimised door” and a door
with an arm system. This led to the developmera pfototype door with a monolithic shape.
This was tested at sea on the “Gwen Drez” and is wancluded that with further
modification these “jumper” doors have potentiat haed further testing under commercial
conditions to assess performance in terms of sprgaahd stability as well as catch rates
given the lower impact and reduction in herding ttueeduced sand clouds.

Partner 07 has completed small-scale trials on 48th14m commercial vessels to verify the
results from earlier flume tank tests with differeloor designs completed in PARL. The
results showed that while it is easy to re-rig dogr design to operate lighter on the bottom,
when the warps are shortened or the vessel tower faperating with doors in this condition

requires a more stabilised and balanced door riogr @esigns need to focus on the weight
required for fishing and not just structural coesations as overweight doors are difficult to
fish optimally. These findings were demonstrateth® other project partners during a flume
tank workshop held in Hirtshals in March 2008.

Partner 12 has also developed a prototype doogmlgsrticularly to suit Mediterranean
bottom trawl fisheries. The new door design wasetesn the flume tank during PAR 1 in
conjunction with Partner 07. This has been folldg three separate research cruises on the
research vessel “G. DallaporteResults related to performance of trawl doors saghhe
drag, lift and pressure coefficients and the aoflattack were measured extensively with the
new door design, tested against a standard dodrinskee Mediterranean. As a main result of
this work, estimated values of attack, heel andhpéngle and the corresponding horizontal
door spread, drag, lift and efficiency-coefficient sea trials condition for different warp
attachment position to the doors have been catmil@ome conclusions of the door’s impact
on the seabed studying the reaction force have l@snm made. In the flume tank test the
reaction was measured and it was found that fovengangle of attack, it was smaller for the
prototype Clarck-Y door than the standardR door. For sea trials data, a prediction of
reaction force has been calculated consideringvatprit hydrodynamics for the flume tank
experiment. In sea trials the estimation of reacfarce was strongly dependent on towing
speed, in particular the reaction force decreadsehviowing speed increased. In particular,
the prototypeClarck-Y presented positive values of reaction force {he.door lifted off the
bottom) when towing speed was around 3.8 knots.
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Partner 06 (IMR) and Partner 09 (DIFRES, SINTEF &WA) have worked collectively on
developing low impact groundgear designs as a cepiant for standard rockhopper
footropes commonly used. The development of thierédtive design has been based on the
novel self-spreading groundgear concept origindiyeloped by IMR and SINTEF. The
basic idea behind the development has been toedtleacontact areas with the bottom of the
various gear components, and to introduce a rofiimgtion of the components in contact
with the bottomFollowing on from the work completed in PAR 1, whimvolved a series

of small-scale trials on a 15m vessel and fullsdakting on the IMR research vess8lO.
Sars, two sets of trials with full scale groundgearsres completed on commercial vessels.
The first of these trials concentrated on the riggdf the plate gear on a commercial trawl.
This was followed by a catch comparison trial cormgathe plate gear with a standard
rockhopper trawl. This trial was conducted using tihin trawl method and showed the plate
gear to be very sensitive to small changes in migigit was found that the angle of attack of
the plates relative to the tow direction varieceafteveral hauls, resulting in variations in
catches. To address these issues, different riggiremmgements for the plate gear as well as
modified bridle arrangements were tested durindltivee tank workshop in Hirtshals

The final research cruise on the research vesg@lS@rs” and coordinated by Partnengss
completed in December 2008. This cruise had the mhjective of comparing the physical
and biological impact of the bottom trawl modificats developed during the DEGREE
project to a standard bottom trawl used in the Bar&ea cod fisheries. The “new” trawl was
fitted with the last modification of the plate geaveloped during the project as well as trawl
doors rigged for minimal bottom contact. The coencial trawl used for comparison was
rigged with a conventional rockhopper ground gead #he doors were rigged to fish
normally with heavy bottom contact.

To find the optimal rigging of the doors and plagear a series of engineering trials were
completed at the start of the cruise with bothplee and rockhopper trawls. This was then
followed by a series of hauls to measure the physiad biological impact on the bottom
habitat of the two trawls. Only two valid impactutawere, completed with each trawl, both
on very soft sediments due to time constraints. él@r, all parameters measured indicated
that the plate gear trawl had a lower impact onhlibttom substrate and benthic organisms
than the conventional rockhopper trawl. The physiggact on the bottom was visually
inspected and measured using ROVs. In additionuttedity of the water volume above the
trawl tracks at different time steps after trawlimgs measured. A higher turbidity above the
rockhopper trawl path indicated that the rockhogear raised more sediments than the plate
gear trawl. This was probably both due to the hevadibors and the heavier gear on the
conventional trawl. The larger impact of the roghper trawl was also confirmed by the
ROV observations where the rockhopper trawl wasud@nted to have a larger impact on
the bottom sediments both horizontally and vetyctidan the plate gear. The difference in
door rigging added to the difference in sedimestwtbance.

Less data was obtained on biological impact. The od disturbance of bottom dwelling
species raised by the ground gears was assessgdwsi collecting bags mounted inside the
mouth of the trawl and at different distances beéhhre groundgear. Although the number of
hauls was low, the results indicated that the ropkler dug up more living material than the
plate gear. This tendency was confirmed by the R@X¢stigations. The bottom type, where
the experiments were conducted, had a low biodiyer§ube dwelling polychaetes
dominated the fauna. It was not possible from th@VRrecordings to classify benthic
organisms on the sea bed according to level of dannaflicted by the trawl components.
Earlier investigations on soft bottom have not dlealemonstrated long term effects of
trawling on benthic organisms (Badt al. 2000; Hanssort al. 2000; Drabsctet al. 2001),
but it is obvious that living organisms can only deemaged by a trawl if hit by one of its
components during towing. Acknowledging that theaaimpacted by the trawl components
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as well as the depth of their digging into the sedits is what decides the severity of the
impact on bottom living species (see e.g. He andudhe 2004, Roset al.2000), it must be
concluded that the new gear developed during th&REE project has the potential to
reduce the impact of bottom trawling if taken ios® by the fishing fleet.

The overall conclusions from Workpackage 3 are giatn the differences in the design of
trawls, trawl doors, sweep arrangements and afislahg operations and the characteristics
of the target species there is no universal saiutiaoreduce bottom impact of towed gears but
in many cases simple rigging changes to the traostsior groundgears can limit impacts. It
is also concluded that the cruise on the “GO Shas’ confirmed that it is difficult to assess
the physical and biological impacts of all compdsenf towed gears accurately. Biological
impacts are particularly hard to measure. The nliodetarried out in Workpackage 2 is thus
felt to be vital for further studies carried outdesess bottom impact. On the basis of the
information disseminated to the industry and feellbaeceived, it is also concluded that
acceptance by fishermen of gear modifications duece bottom impact will be dependent on
the modified gears maintaining catch rates at ewocally viable levels. Furthermore even
though there is a greater awareness amongst fisheomthe need to reduce bottom impact,
the main driver for using lighter or less impactgegrs is the need to reduce fuel costs.
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Table 5 Summary of completed trials by task and byartner

Task Partner(s) Trials Results
3.2 05 Flume Tank Tests — Trawl Doors Testing oflified doors with arms
Small-scale Engineering Trials on Testing and Verification of Alternative Rigging &tegies (3
3.3 07 . .
Commercial Vessel — Trawl Doors trials)
Sea Trials on Research vessel - Testing of Prototype Groundgear Designs & Initial
3.3 06 & 09 . .
Groundgears measurement of Physical Impact (1 trial)
34835 05.12 Sea Trials on Research vessel -  Testing and Quantlflcathn of Prototype Door Desi¢b
Trawl Doors trials)
Catch comparison trials on Catch comparison analysis with standard rockhoppér
3.4&35 06 & 09 ) .
commercial vessel - Groundgear prototype groundgears (1 trial)
Flume Tank Tests — Trawl Doors and , .
3.6 05,0 6, 07, 09 &12 Groundgears Demonstration of prototype door designs and groaacdy
37 05, 06, 07, 09 & 12 Final Research cruise Integration of gear modifications and measureméptgsical

and biological impacts (1 trial)
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6.2 Review of current rigging of doors and groundgears

Partner 07
Partner 07 has updated the gear inventory prodadedR 1. See Annex 3.1.1.
Partner 09

Partner 09 has carried out an extended analysieeajroundgear data collected as part of the iovgnThe
main purpose of this inventory was to give staté¢hefart information of trawl gear and trawl doorause
for the partners involved in the project and tossaas a platform for the following developmentalrkvaith
the low impact groundgears and trawl doors. Howetarving compiled a detailed and comprehensive
international inventory, it was speculated thatph&ed vessel and gear observations could seitcadhl
purposes. Specifically it was decided to allocatetto analyses targeting the quantification tHati@nship
between trawl size and vessel engine power. Suemtdigation was considered of interest in defining
fishing effort. Fishing effort is seen as a prory iimpact and this exercise was seen as a wayefaldping

a replacement for kilowatt days as a standard ghtsciof effort in trawl fisheries. This analysisasved that
there was a linear fit relationship between traindumference and horsepower. However, departumes fr
this linearity due to e.g. the introduction of highrformance netting or the presence of some fomaki
limitation of trawl size at higher engine powersswet ruled out. The definitions and parameterratf a
mechanistic model for the relationship between magiower and trawl size depending on target sp&ass
considered the next step in this analysis. A dadailescription of the findings from this analysiseported

in Annex 3.1.2.

6.3 Flume tank testing and DynamiT trawl simulation software

This task was largely completed during the firgtiqgukof the project and is reported in PAR1 withrtRars
05, 07 and 12 all completing flume tank tests dythre first period of the project.

Partner 05

Partner 05 has carried out further flume tank ngstvith a prototype door in the Lorient flume tark,
March 2008 following earlier testing and flow vi¢igation of this door design. A full report of tleesials is
given in Annex 3.2.1.

Partner 5 has completed numerical simulation tiialerder to assess mechanical impact of doorshen t
seabed. The method is detailed in Annex 3.2.2akié tadvantage of commercial trawl simulation soféwva
and door hydrodynamic coefficients measured in 8uank. Large range of door behaviour, trawl design
and deployment parameters can be taken into account

The prototype door model was a Morgére WV high esspgeor with a modified arm system. The key idea
behind this prototype design is to move the pasitibthe contact point with the seabed (which bexothe
new effective shoe) away outside from the doortgtreeof gravity. On the middle picture of Figureitécan

be seen that the position of the end of three ammder and beside the door shoe. The contact pdintthe
seabed is a new small shoe.
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Figure 6 : Scaled model of the door with its arm. ife view, front view and flume tank view.

When the shoe arrives on the seabed, the vertice¢ ftomponent applied by the seabed on the das sh
produces a momentum force. This momentum makeddbe roll inwards and thus the lift hydrodynamic
force is partly directed upward. The vertical fommmponent of the lift force then relieves the deeight
applied on the seabed.

This prototype was tested against standard Morgéredoors, which are designed for semi pelagic fighi
with a high ratio of height to width. The trawl meldused for the tests was a standard bottom trathl w
41.5m headrope at the scale of 1/20. The towingdpeas 3-4 knots full scale.

Figure 7 and Figure 8 below provide a comparidahe door behaviour with or without the arm system
different warp angles (measured just before the)dw for different towing speeds.

Case Normal door _ Door with arm
3.0 knots et
23°

3.0 knots
18°
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3.0 knots
11°

3.0 knots
60

Figure 7 Different views in Lorient flume tank comparing the effect on the roll angle of the added
arms for different warp angles at 3 knots.

Case Normal door Door with arm
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Figure 8 Different views in Lorient flume tank comparing the effect on the roll angle of the added
arms for different warp angles at 3 knots.

Generally, it was concluded from these tests thaefich configuration of towing speed & warp anthe,
prototype door with the arm system had a largéramjle than the standard door. This means thaadtngn
the seabed would be reduced at sea. This was warlycthe case for low warp angles and low towing
speeds.

In “normal” fishing configuration (i.e. warp angébout 23 degrees and 4 knots) the arm systemlissssas
the behaviour of the door is the same for bothigandition and the door sits vertically. The norrfmate on
the seabed is also the same although the pressueei$ different as the shoe surface of door amdae
not the same. The flume tank tests also suggebtdré-suspension would not be the same for the two
configurations as the door with arm system liftsthE bottom and would therefore produce almostaio
suspension at full-scale. In fact, the arm stastsa¢t when the vertical force on the seabed becomes
significant, as it applies a momentum proportidoghe lever arm. For the following configurations:

» warp length to big for considered depth,

» or warp angle too low at the door,

* ortowing speed too low

the arm system is useful as it rolls the door imemd the hydrodynamic force relieves the door tedgnd
reduces the force applied on the seabed.

Further testing of this concept was complete bytriear05 in December 2008. These tests attempted to
develop ways to use the high sensitivity of theitgwbracket (door arm) height to control the doolt r
better, as the earlier testing had demonstrateadtbagosition of the bracket had a big influenoettte door
stability and hence bottom impact. If the door kedavas a few centimetres too high the door wasveho

roll inwards, a few centimetres too low and therdmtled outwards. This was due to the moment exiely

the couple of forces constituted by the hydrodymrafimice and the warp force.
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In the prototype tested during these flume tardddras shown in Figure 9 the towing bracket pasitias
directly modified by having a “leg” lying under thimor shoe. The two parts were linked with an ddhle
chain and this leg was designed to act as a “sesdesbr’. When the leg was in contact with therfloicthe
flume tank (i.e. the seabed), the bracket pullecngbthe door rolled inwards. The hydrodynamic éonas
then partly directed upward and the intensity @f thntact on the flume tank floor decreased. Bygitine
opposite, the system could be adjusted to makeldioe sink faster when shooting the trawl. The rssul
obtained from this trial were, however, only coesetl preliminary and there were stability problesrtize
roll angle of the door directly modified the positiangle of the “seabed sensor. It was concludatdftinther
testing of this concept was required at sea orefasgale models given the limitations with flumaka
testing in simulating bottom contact.

Figure 9 Scale model of door where the articulatetracket is controlled by a “seabed sensor”

6.4 Small Scale Engineering Trials

Partner 07

Following flume tank testing carried out under T&sk and reported under PAR 1, Partner 07 carnigc o
series of small-scale engineering trials. The fafsthese was carried out in July 2007 and theimpneary
findings were reported under PAR 1.The objectivéhete trials were to examine practical riggingopgms
found during flume tank tests carried out underkTa® by Partner 07, as well as assessing how the
application of basic gear technology and trainiagld be used to help fishermen work existing ddatser,

with lower bottom impact. A full report of the tlerérials completed is given in Annex 3.3.1.

As these trials were not designed to measure thisiqai and biological impacts of trawl doors, miail
instrumentation was used so that the technicdl stafying out the trials only had the same infotiovaand
symptoms of how the doors were working as was abtglto fishermen operating them. This was impartan
in developing guidelines for fishermen as to howrigpdoors optimally. The only electronic instruntgen
brought aboard each trials vessel was a pair ofGdai DST pitch and roll sensors (self recording)ich
were used for the first time during these triala$sess their usefulness as practical sea trisisede The
sensor is about the size of a small finger and émburs a heavy duty protective case welded to ther de
shown below.

The roll and pitch sensor was set to start befoeditst tow of the day and recorded the roll (heeld pitch
angle every 10 seconds. The instruments were a@tsénto their housings on the doors then a califomat
routine carried out to mark zero degrees of heabi(tbp plate upright) and zero degrees of pitdof{dhoe
horizontal). The door was then heeled in and odtmtthed nose up and down to ensure the right\sam
applied to each sensor i.e. pitch nose up and devtine same for each door but heel in is the dfgpos
rotation for the port and starboard sensors. Ritede up is +ve and heel out is +ve in these expeaitisnas
seen in the tabulated results.
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The small size of the sensor can be seen in Fifukelow attached to a 1.5m vee door

Figure 10 Roll and pitch sensor welded to
back of vee door

GPS was used to measure speed over the groundrasthod was available to measure speed through the
water. To help counter this lack of water speedasuezment runs were conducted with and againgidibe
to obtain average results.

The warp divergence method was used to assess gpwead. The warp divergence method involves
measuring warp spread one fathom (or a fixed disfadown from a centre towing point then multiptyin
this distance by the warp length out to give a wated spread as shown in Figure 11 below. A small
nominal allowance (5% chosen in this case becaluskast warp lengths) can then added to this cated|
spread to allow for warp curvature and hence givessimated door spread.

Figure 11 Measuring door spread using warp
divergence

Each skipper of the trials vessels was asked tarigentral towing point to make it easier to measur
Although it is possible to use this method towiranf the trawl gallows, accuracy is generally poor.

Depth of water was measured using the vessel's sotnder. The reading taken was adjusted by thle kee
offset, gallows height etc. to give a fair assesdroéwarp length to depth ratio.
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Sea Trials 1: gear and procedure

The first sea trial as reported in PAR 1 was cdraet on the “Crystal Dawn” (WD201) based at Grestle
(Figure 12). This vessel targets mixed demershl (Bspecially flat fish) antlephrops The vessel is 9.5m
long and 127bhp fitted with a Kort nozzle.

Figure 12 “Crystal Dawn” WD 201

The trawl was a standard general purpose trawl @ttiathom fishing line and rigged with 30 fathom o
single sweep and 7 fathom bridles.

The vessel had two sets of vee doors, one pairmaliyil.5m long (Figure 13) and the other pair 36
(Figure 14). Both sets had hinged towing arms. Then doors weighed 144kg each and the 1.36m weighed
98kg each.

Figure 13 1.5m vee doors
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Figure 14 1.36m vee doors

Two tow areas were identified by the skipper aidgbdepths of 8-10 fathoms and 15-17 fathoms. ue
the relatively shallow water the skipper has toost&D fathoms of warp giving high warp/depth ratads
between 6 and 4 in order to get adequate doordprea

Extra brackets and lugs were welded onto each efstis of vee doors to allow for any combination of
bracket or chain warp attachment, and single twitnriple backstrop arrangement. However, in practic
these were not needed as the 1.5m doors were femdaly too heavy for the warp/depth ratio so other
solutions were sought. The twin backstrop fittimgtbe 1.36m set were used.

The holes on the tow arm were numbered 1-3 fromdént® outside (3 furthest out from door face), #mel
single backstrop holes numbered 1-3 from forwardftoFor both door sets the twin backstrop arraveye
only had one setting.

In order to examine the full range of performantéhe doors each set was towed at varying speetls, b
faster and slower than the normal towing speed bgdte skipper (2.2 to 2.3 knots, and occasiorfakyer
with the tide).

A run comprised up to six towing speed settingshwifie tide (first leg) then six speed settings on a
reciprocal course against the tide (second legks Was done to average out any effects of tidehendbor
performance.

Results - Trial 1

The first trials examined the performance of thenilvee doors in the shallow and deeper tows. Osethe
tows the skipper used the same warp out of 60 fashen 8-10 fathoms and 15-17 fathoms giving
warp/depth ratios of approximately 6 on the shallow and 4 on the deeper tow.

At the skipper's normal towing speed (2.2 knot®) lidle angle was only about 9° in the shallow towd

10° in the deeper tow (not validated with reciptdoav). As speed increased the bridle angle ineeas
the door stood more upright but it was found that skipper would have to tow above his requiredngw
speed to allow the gear to open properly.

In the deeper tow the 1.36m door gave a bridleeanfyB.5° and in the shallow tow 8.5°. When thelaru
attack was increased to maximum they still achie3,6@.

The results showed that for the smaller door, weigimot so detrimental. However, the bridle aagiee
still increasing and the door is gradually standimgre upright indicating that a lighter door costil be
used (i.e. it is falling in at lower speeds).

The final two runs showed the effect of adding $reatensions to the top of the 1.5m vee doorshin t
deeper tow the bridle angles are 12-13°. This wasrdostly to the door being more upright and keldiue
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to the extra door area when compared with the uifradddoor. This simulates the towing point being
lowered on the door which would be another wayaweart this excessive heeling in experienced.

The conclusions from these trials were that thenlddors were probably the correct weight for a ke
this power when towing with a warp/depth ratio bbat 3 but were too heavy in shallow water showing
tendency to heel in excessively and fall over. pheblem which this creates is that in shallowerenahe
gear does not open properly with warp/depth rati® as there would only be 30 fathoms of warp out0®
fathoms depth. The smaller doors worked bettehénshallow water but had a tendency to fall inoatdr
speeds. What trial 1 showed is that excess wemytaffects door performance, and leads to comiseun
gear performance, excess drag and increased bottotact.

Sea Trials 2: gear and procedure

These trials were again carried out on the “CryBtalvn” (WD201) based at Greencastle. As the 1.5en ve
doors used during sea trials 1 were deemed tooyheavhe shallow water tows, a new set of 1.5m vee
doors was commissioned from Blair of Dunbar (Figls¢. These new doors were specified to be nonginall
the same size as the old 1.5m set but have thpiatr to make them lighter. Instead of a tow arserges of
lugs was added so that any combination of tow clesigth and height could be used. Each lug hadésho
as shown in the photograph, one on mid door heigght 2 above and 2 below. Two ballast plates fahea
door were specified in case weight needed to beased.

Figure 15 1.5m light vee door

These doors weighed 82kg each without ballast pladenpared with 144kg for the old 1.5m set, a rédnc
of ~45%.

Results - Trials 2

The first comparison made was between the 1.5n ligh door and the 1.5m heavy door used in trial 1
towed in about 12 fathom depth. The 1.5m light gaee a bridle angle of 10.5° at 2.2 knots compavi¢ial
9.0° for the 1.5m heavy vee door. Also the bridigla of the heavier door dropped much more rapidly
below 2.2 knots. The reason for this can be seémeinloor heel graphs which show the heavy dobndai
rapidly as speed reduces. One problem this créatésat the heavy door may momentarily fall down
completely and then fail to stand up again wititouting faster.

Further tests showed that the 1.5m light door gpbtha gear in even shallower water giving 11.08lbri
angle in 8 fathom depth.

DEGREE Contract 022576 Final Publishable Activity Répo -95-



The tow chain was subsequently raised at the fahwad as the doors had previously been runningtklig
pitched up. However, the adjustment did not work aaused more heel in which in turn lead to npuiteh
nose up. This showed that as the door is lightel &nd pitch are linked.

Another method was tried to reduce pitch by adjigsthe towing chain attachment to give the saméeanfy
attack but be towed from further aft. Tow chainwla much greater range of adjustment than hinged
brackets as the link into which the warp is shatldan be changed and the length of the chain can be
shortened. However, adjusting more than one itemlead to confusion. This adjustment produced no
noticeable change in pitch compared with earliesru

Subsequently the chain towing bracket was adjustekle top position both fore and aft, effectivedysing
the towing point. This reduced the outward heetheotop plate was always heeling in compared witieo
runs at mid height. Having vertical adjustment loé warp bracket allows fine tuning of the door heel
Following this floats were attached to each doohilévthis did not produce much significant addiabgear
spread (13.0 bridle angle with floats and 12.5without), it changed the heel characteristicshef tloors

especially at lower speeds. Without floats the maxn heel was -58 and with the floats only -£4 This
demonstrates what happens with doors which aréeeligind have a lower centre of gravity.

Overall the conclusion from this trial was that tiee case of trial 1, the doors are so heavy fer th
warp:depth ratio that the reaction force on thébsdas very high. The excessive weight and hengk hi
reaction force creates a large moment which tigsdbor inwards. No amount of subtle re-rigging can
counter this large moment. It is necessary to lathertowing point drastically, reduce door weigbtyer
the centre of gravity or add flotation to the tdghe door as proved by the tests with the ligkiors in this
trial

Further it was proven that for doors which do nawé excessive reaction forces, there are two main
force/moment adjustments which can be made toaabala door which has excessive inward heel.

» Either lower the towing point. This effectively nmesathe top part of the door is providing a larger
moment than the bottom part, and so the net gffiesihes the door more upright.

or

* Move the lines of action of the warp and bridleatiee to the centre of gravity of the door. If the
lines are moved towards the face of the door aweam fthe centre of gravity this will apply an
additional moment to heel the door out. If the dirsme moved towards the back of the door away
from the centre of gravity this will apply an addlital moment to heel the door in.

Sea Trials 3: gear and procedure

The third sea trial was carried out on the “Kay BB/203) based at Castletownbere (Figure 16). Tassel
targets mixed demersal fish aNeéphrops The vessel is 14.9m registered length and h&yhhp engine. It
does not have a nozzle. The trawl was a standardrgepurpose trawl with 20 fathom fishing line and
rigged with 46 fathom of single sweep and one fattidles.
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Figure 16 “Kay BB” W203

The vessel normally uses a set of 1.5m vee dodhshiiged towing arms (Figure 17). These doorsvarg
similar to the original ones used in trial 1 at &reastle, except the tow arm had four attachmelatsho
instead of three. The skipper normally used holeuBfrom the door face. Twin backstrops were rigged
instead of the vessels normal single to give bedtability at lower towing speeds. The vee doorggive
157kg each.

Figure 17 1.5m vee doors

The skipper had just purchased a set of Bison Nimdss (Figure 18) and these were compared diregtty
the vee doors.

Figure 18 Bison No. 3 doors
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The Bison doors have ballast weights which coulddded to the bottom of the door to increase weiglt
lower the centre of gravity. The Bison doors weldtYkg with 5 ballast weights and 140kg with 7 bstlla
weights. The warp and bridle brackets have resit@ginhains which are attached to the door by skeackl
onto a vertical pin. The shackle height can be sidflion the pin to raise or lower the warp andldrid
attachment points. Because of the potential fdrieather at the time of year of the trials a nundbe¢ows
were selected to give a lee depending on the wediteztion.

Results - Trials 3

This trial was intended to help the skipper sehignew Bison doors to fish light on the bottomplgmg
the principles tested in trials 1 and 2. Due totthd@ure of the grounds fished little polish wagaited on
the doors to assess the performance in one run arechpwvith the next. For this reason the runs with
increasing speed were abandoned in favour of toatrapnstant speed at the skipper’'s normal towiegd.

This trial contrasted the two extremes of door hécdl performance. Vee doors have a low spreadingef
per unit area whereas the Bison doors have avehathigh spreading force per unit area. This mdhas
the Bison door area is much smaller than the vethtbbsame spreading force and gear opening. Thissa
the basic structure of the door to be lighter asdlis less plate area for the same plate thickness

If necessary, weight can be added to the Bisonsdwomake them the same weight as the larger @ea v
doors. The advantage that this has is twofoldilyithie Bison doors are initially lighter which nreathat
they can be used with greater warp/depth ratioasasl in shallow water tows, and secondly, when the
ballast weights are added to the bottom of the do®rcentre of gravity is lower. Lower centre ohgty
means the doors will stand up more quickly at loteering speeds and hence spread the gear moresa th
lower speeds with minimal bottom contact.

With the vee doors it was found that the bridlelemwgas only 10° with 75 fathom of warp out in 2@éhfam
depth, but 13° with 100 fathoms out in 35 fathorpteTo get adequate spread in shallower watelinegju
more warp out but was detrimental to the vee deofopmance as they heel in too much and fish heavy
the bottom.

This same experiment was conducted with the Bismrsdexcept the depth was kept constant. With 100
fathoms of warp shot in 35 fathoms depth a 11.8fldangle was found. With 125 fathoms of warp shot
the same depth (constant speed tow) the bridleeangleased to 14°. This was accompanied by mararth
heel because of greater door reaction loads titthild have been reduced by taking out some didhast
weights.

Further tests with the Bison doors, compared withvee doors illustrated the difference in perforosaand
stability of these two door types. Door anglesttdek were estimated for the Bison door as betvgef9°,
compared to 27°- 31° with the vee doors. At thesges both the Bison and vee doors were workirtheat
maximum point on the spreading force curve butvéedoors were quite unstable and had a tenderfaj to
down. Conversely the Bison door seemed to fisltieffitly with light bottom contact.

The main conclusion from this trial was that if do@re well balanced with the centre of gravityain
position where it neither tips the door, heelingnibr out excessively, it can be fished lightly the bottom
in a controlled manner. It also showed the beméfitoor designs in which the weight can be easignged
to match depth and environmental conditions.

Partners 06 & 09

Partners 06 & 09 carried out a set of small scafgneering trials in September 2007 with the neaugd
gear concept based on vertical rubber plates ldtsalve the sea bottom by rolling bobbins was deeslo
during the first part of the DEGREE project as mtga in PAR 1. The groundgear concept had firshbee
tested onboard the research vessel G.O.Sars ih 2087 (Valdemarsen, 2007). This test showed that t
bobbins near the center of the gear were rolling@in the towing direction as the trawl was tovi@uvard,
while the rolling of the bobbins on the wings wasnpered. Based on the assumption that the impact of
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bobbins rolling over the bottom impacts the botteediments and benthic life less than bobbins dichgge
sideways, a set of experiments with modified bobkiere conducted onboard the small research veSsel
“Fangst” (15m/49 feet) in September 2007. A fullise report is provided in Annex 3.3.2.

The groundgear that was tested in the experimeatssmounted on a small whitefish trawl with a fighin
line of 17 m. The groundgear used is shown in Ed® below. In theory the bobbins were designddtto
the plates a few cm above the bottom in order ttuge the bottom impact relative to the standard
rockhopper groundgear. The plates were mounted shightly lifting position in the middle sectionnd
were vertically mounted on the wings. The four kiobbplaced on the wings, two on each side, were
mounted in a special frame between the plates abtlie axis of these bobbins was’ @ the towing
direction in order to facilitate the rolling moventef the bobbins. The construction of the rollgpbins is
shown in Figure 20. Both steel bobbins with 9” déden and plastic bobbins with 11" diameter wergets
during the field trials.

Figure 20 9” steel bobbins monted in a circular st frame with a shaft as diameter

The experiments with the rolling bobbins were atfprmed on fishing grounds close to the small town
Kiberg in the outer Varanger Fjord, northern Norwdhe fishing depth was 60 m, and the towing speed
about 2.5 knots. Two self recording UW cameras vptaeed on the trawl to observe the behavior of the
bobbins and ground gear setup. When the camerasmaunted on the headline, as was tested inititléy,
pictures turned out to be blurred. Therefore thag ko be placed on the wings closer to the bobbins.
Consequently it was not an easy task to adjustcimeras to focus exactly on the critical pointsthaf
ground gear. Some trial and error was used tombtaits of acceptable quality.

In some experiments the bobbins frames were attidtchie chain of the ground gear in front of aetibd

the bulb in such a way that the shaft of the bu#ts werpendicular on the towing direction, whileother
experiments the lock in front of and behind thebbwbs loosened in order to let it rotate freely.nfake the
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bobbins roll with the shaft horizontally, a clanipoae the bulb was attached to the upper chaineoptite
gear.

The results from the experiments that were perfdrame summarised in Table 6. A total of 11 trawllba
were done with the different variants of rollingbtsins. A general observation was that the bobhdgek r
with shaft worked as assumed. The bobbins bulb® walting in the towing direction when these were
locked in front of and behind the steel frame whbargeshaft was attached. Without an attachmentt fikan
this, the bobbins were accidentally observed tategtso that the rolling direction was skewed caeghdo
the towing direction. The UW recordings showed thath the 9” and the 11" bobbins rolled as supppsed
but that the 11” bulb made of plastic had a tengeadift off from the bottom more often than thé Seel
bobbins, probably because of less weight. In agldito UW shots, the abrasion of the different paftthe
surface of the steel bobbins was a good indicatdraw the bulbs had been oriented during towing.

Table 6 Experimental setup with rolling bobbins andcamera posistion during the experiments. (att. =
attached)

Positioning of different bobbins and observastatus
Haul | Date STB mid STB front BB mid BB front
no
Bobbins | Obs. Bobbins Obs Bobbins  Obs. Bobbins s.0b
11 3.9 9", att. 9", loose| yes
12 3.9 9”, att. 9", loose| yes
13 3.9 9”, att. 9", loose| yes
14 3.9 9", att. 11", att. yes 117, att| vyes 9@
15 3.9 9", att. 117, att. 117, att.| yes 9”, loose
16 4.9 9", att. 117, att. yes 9" att. yes 111, at
17 4.9 9" att. 117, att. yes 9" att. yes 11%, at
18 4.9 9”, att. 117, att. yes 9" att. yes 11%, at
19 5.9 9", att. 117, att. yes 117, att. yes o1, at
20 5.9 9", att. 117, att. yes 117, att. yes o1, at
21 5.9 9", att. 117, att. yes 117, att. yes o1, at

The experiments showed that the principle withaftsis diameter in a steel frame is a possible towagake
the bobbins bulbs roll in the towing direction. lamp over the bulb, as tested in the experimertamed to
be useful for holding the bobbins upright. It wdanmed to assess the rigging further during thenéuank
workshop planned under Task 3.6.

6.5 Initial evaluation trials and analysis of physical impact and
biological impacts of doors and ground gears.
Partner 12

Partner 12 has completed testing and quantificaifditelian otterboard designs and rigging modiiizas.
A standard door type and a prototype door have testad in flume tank tests and at sea on boaedemrch
vessel. The initial work was reported in PARL. Cangpive sea trials have aimed to assess the pexfagn
of an existing and a new door designs (traditi@pdlli high efficiency“AR” door: 180x100cm, 270-360kg;
and experimental GrillfClark-Y” door: 180x100cm, 250-325kg) and also measure ffeeteof modified
rigging on both door types. Figure 21 shows the dwor designs.
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Figure 21 a) traditional Grilli high efficiency “AR” door (180x100cm, 270-360kg); and b)
experimental Grilli “Clark-Y” door (180x100cm, 250-325kg)

Both the full-scaleAR andClarck-Y otterboards were tested in the Adriatic Sea, utiegltalian Research
Vessel ‘G. Dallaportd. All rigging components of the gear were identiaéth those commonly adopted in
commercial practice in Mediterranean demersal tfeshkries.

Testing of the doors was conducted in the courdareke sea cruises on two different fishing grouwdh
depth ranges of 25-30 m and 60-70 m. The first gned third cruises (termed ST3.8[1] and ST3.8[3]
respectively) took place from 31/05/07 to 05/06(@&ported in PAR 1) and from 03/03/08 to 13/03/08
respectively at about 27 m of depth with a towipgexd of 3.8 knots. The second cruise (termed SZJ3.2[
was conducted from 16/10/07 to 18/10/07 at a depétbout 66 m with a towing speed of 3.2 knots.

The trials illustrated the performance and imparcthe seabed of the existing door and the new design
(Clarck-Y door) for demersal fisheries, discussing the difiees between engineering sea trials and flume
tank tests and also the differences between batil tfoors. For the purposes of the DEGREE projabt o
the first of these is described. A full descriptmfithese trials is contained in Annex 3.4.1.

Overall, 12 valid hauls of the first cruise, 9 bktsecond and 8 of the third were analysed. Inraime
determine the effects of the current (Fiorentinekt 2004), at least two tows on reciprocal cosinsere
made for each gear arrangement tested. The otterbmae used first was chosen randomly at thenioeag

of each trip, then the two otterboards were altechaon the same trawl. Adverse weather conditions
prevented the same number of hauls from being peeo with both otterboards. After the first two ises

it was realized that the prototy@arck-Y door had poor spreading and shooting behaviouthande were
felt unstable. Therefore, in the third cruise thachment of the chain backstrop brackets was m@gecin
forward attempting to give a larger spreading force

For all the hauls completed, a SCANBAS SGM-15 sys8CANMAR, Norway) was used to measure the
gear performance: door spread, horizontal net ogertieel and pitch angle of the doors. Moreoveg tw
MICREL (France) underwater force sensors were fadgust in front and in the backside of the partidto
measure the drag ahead and behind the otterbothttieAnstruments were linked by RS232/485 seyats

to a personal computer, which automatically colgtbldata acquisition and provided real time data
collection through an appropriately developdidrosoft Visual Basic 6.program.

In order to compare full and scaled otterboards,ftinces were balanced and then the spreading,adnag
down-force of the full-scale otterboards were ai#di These forces in the case of scaled door anerkas
a function of angle of attack and heel angle withozpitch angle, however angle of attack of thédohle
door was unknown, and a model was developed taletécthe angle of attack form the sea trials Gale
et al., 2009). For the calculation of forces andfftaents of drag, lift and down-force as welltas angle of
attack in sea trials refer to Sala et al. (2009).

Results
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6.5.1 Full-scale engineering tests of otterboards

The performance of each otterboard was ascertaived a range of angles of attack. These angles,
calculated on the basis of the model developedag &t al. (2009), were achieved by adjusting tlhepw
attachment position to the otterboard (HF) andhéndruise ST3.8[3] by also modifying the attachnudrihe
chain backstrop brackets which was moved 23 cmdmwT he testing procedure adopted gave accurdte an
consistent results defining the performance of ltdmors in sea trial conditions. Coefficients oagy lift and

down-force (CD, CL ancCZ respectively) for each cruise are showr-igure 17as a function of angle of

angle of attack. The confidence region is due &dsa cruise variability. Results for the cambenesslAR
door showed higher values of both drag and liftffa@ent than the experiment&larck-Y door (Figure 22
and Figure 23). The behaviour of the drag coefficie both doors presented some differences: igtAR
door it rose steeply with angle of attack whiletle Clarck-Y it increased steadily. The lift coefficient
tendency is different in both doors: it reachedaximum for theAR door but it increased with the angle of
attack for theClarck-Ydoor. Apparently, for a given angle of attack, @larck-Y showed an evident higher
efficiency (Figure 24), however, displayed corresting poor shooting behaviour and lower door spread
performance. Sometimes the otterboard tended tmbtble (heterogeneous measurements of door spread
and tensions). For this reason the drag ofGlarck-Y was very low compared to th&R door and had a
higher efficiency. Fine adjustment of the attachnwrthe chain backstrop brackets, and consequehtlye
angle of attack, carried out just before the thingdise proved to be necessary as the instabilggtieared
and the door spread improved, conversely in suctditons, theClarck-Y provided evidence of lower
performance than th&Rdoor.

In Figure 22, it can be seen as the down-forcefioieft C'Z is towing speed dependent and, for a any given

speed, it is similar for both door designs. Theohlis value ofC'Z ranges between 0.31-0.50 at the towing

speed of 3.8 knots, and it reaches higher abswhltees (0.60-0.93) at 3.2 knots. For each warlatbent
position (HF), estimated values of angle of attdudel and pitch-angle and corresponding dragalifd
efficiency-coefficient for both the doors have besmmarized in Figure 24. In both doors, the amgle
attack, heel and pitch increased as warp towingtp@iF) was moved aft. Moreover, the differences in
angles of attack between consecutives towing pangsnot constant and, in fact, these differences a
smaller as towing point moves aft (or as hole numereases). Comparing both doors, it was nottbedl

the Clarck-Yworked with bigger heel and pitch-angle than Aiedoor. In terms of performance of the full-
scale door spread, important for door manufactuaeic fishermen, the estimated values of door spread
calculated showed that the horizontal door sprédlecfull-scale traditionahR door was higher than that of
the experimentaClarck-Y door by up to 26%.
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Figure 22 Drag-force coefficient, (G); lift-force coefficient, C.; efficiency coefficient, Eff(C/Cp);
hydrodynamic down-force coefficient, G and down-force coefficient, C;, with attack angle, Alpha:
comparison between the experimental flume-tank (cale points and continuous lines) and full-scale
(cross points and dotted lines) obtained on the Camered veeAR (AR) and Clarck-Y (CY) otterboards.

In the last graph on the right, the hydrodynamic davn-force coefficient, G(FT2.2), obtained in the
flume-tank experiment at 2.2 kn has been reportedogether the C% data, C'z2(FT2.2). The C’; data
attained during the sea trials at towing speed of .2 (ST3.2) and 3.8 kn (ST3.8) have been also

underlined.
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Figure 23 Statistical models at 0° of heel for thdrag-force coefficient (), lift-force coefficient (C.),
efficiency coefficient (Eff(C./Cp)) and reaction force (R[kg]) with attack angle (Alpha): comparison
between the flume-tank (continuous line) and full-sale (dotted line) obtained on the Cambered ve&R
(AR) and Clarck-Y (CY) otterboards. The bold line represents the rab between the full-scale and the
flume-tank test. For R;[kg], the data of the flume-tank experiment carriedout at 2.2 kn (FT2.2) and
full-scale attained at towing speed of 3.2 (ST3.2nd 3.8 kn (ST3.8) have been underlined.
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Figure 24 Estimated values of traditional- (AR) and experitag€(CY) doors for the flume-tank, FT(0); sea cesist
0° of heel, ST(HO) and when heel is free to vai(H§. Heel angle of otterboar@); warp attachment position to the
otterboard (HF); attack angle of otterboasl pitch angle of otterboardd(; drag force coefficient (§); spreading force
coefficient (Q); efficiency of otterboard (Eff).

[ a 6 Co CL Eff
Door HF

[deg.] [deg.] [deg.] [-] [-] [-]

AR
Cumx  FT(O) 00 - 36.3 - 105 115 1.09
ST(HO) 0.0 2 29.3 8.6 1.12 2.30 2.05
STH) 47 3 342 112 105 210 2.00
C=Eff  FT(0) 0.0 - 34.1 - 100 114 114
ST(HO) 0.0 2 26.7 8.6 1.00 2.24 2.24
ST(H) 4.2 3 32.8 10.9 1.00 2.10 2.10
Effuax ~ FT(0) 0.0 - 28.5 - 089 106 1.20
ST(HO) 0.0 1 215 8.6 0.74 1.76 2.38
ST(H) 2.5 2 25.6 10.0 0.85 1.98 2.34

CY
Crvax FT(0) 0.0 - - - - - _
ST(HO) 0.0 3 39.7 11.0 0.45 1.55 3.44
ST(H) - - - - - - -
C =Eff FT(0) 0.0 - 39.3 - 1.00 0.93 0.93
ST(HO) 0.0 - ; ] ] ] .
ST(H) 16.5 6 * 47.4 19.2 1.00 1.48 1.48

Effyax FT(0) 0.0 - - - - - -
ST(HO) 0.0 2 315 110 040 141 356
STH) 7.2 258 128 037 1.05 2.88

N

CLuax : maximum spreading force coefficiei; =Eff: optimum condition at a given attack angle wig=Eff
and with different attack angles decrease oneefwlo; Eff,,x: maximum efficiency of the otterboard.

Note: (*) the warp attachment position to the diterrd, HF=6, does not exist. The statistical medémated, for
that attack angled), a backward attachment position to get largerchtangle.

Results related to performance of otterboards sscthe drag, lift and pressure coefficients andatiteck
angle have been measured. An accepted indicatitreaimpact of the otterboard on the seabed sutheas
reaction force has also been calculated. In flusmé tests both doors not only presented a siméaatiour
with angle of attack but also similar magnitudedodg, lift and efficiency coefficients. When comiparboth
doors in sea trials, however, there are importéfférdnces, for instance, th&R door works with a higher

drag and lift force as well as a larger spreaddwer efficiency C,/ C, ) thanClarck-Ydoor.
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As a main result of this work, estimated valuesatitick, heel and pitch-angle and the corresponding
horizontal door spread, drag, lift and efficien@efficient in sea trials condition for each warpaehment
position to the doors have been calculated. Thigsiful information both for door manufacturers and
fishermen: the maximum lift and the optimum behaviestimated for thé&R otterboard were for the third
attachment warp position. F@iarck-Y door, the estimated optimum condition might hagerbreached at a
fictitious aft warp attachment position (i.e. mayi®5 mm further backward from the existing last)one

Finally, some conclusions of the door’s impact lba $eabed studying the reaction force can be nhadlee
flume tank test the reaction was measured andstfaand that for a given angle of attack, it wasken for
the prototypeClarck-Y door than theAR door. For sea trials data, a prediction of reacfarce has been
calculated considering equivalent hydrodynamicgHerflume tank experiment. In sea trials the esiiom of
reaction force was strongly dependent on towingdpim particular the reaction force decreased vibeimg
speed increased. In particul@arck-Y presented positive values of reaction force {he.door lifted off the
bottom) when towing speed is around 3.8 knots, whidicated poor warp and backstrop rigging.

Partner 05

Partner 05 tested a door prototype, constructebrgere on the basis of new SPH doors resultinghfro
hydrodynamics optimisations previously reportedaritiask 3.2 of PAR 1. The prototype doors (surface
m?, weight about 330 kg) were equipped with différarm systems made of steel round bars (Figure 25)
Three configurations were tested. See Annex 3d.fufl details of these trials.

Figure 25 New SPH door resulting from optimisatiorstudy, with arms. Shoe is equipped with force
sensors

The door was tested on different soft sand andiesidy sediment types as shown in Figure 26 belowe. Th
stability of doors & arms were observed using tf@VREROC (towed submersible vehicle equipped with
video). The results were encouraging although swoedection in door spread with the prototype dooswa
noted.
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In this configuration, the door shoe is far frore geabed. Front view and view form above

In this configuration, the door shoe is almostantact with the seabed (sand clouds)
Figure 26 Different views of the prototype door wih arm system tried at sea

No trials where undertaken on hard bottoms andtaltiee novel design of the prototype it was notsjime to
measure the force or pressure on the seabed. fibsis trials were very much used as a proof of girtoe
verify the results from the earlier flume tank tegtand also to observe the performance and handfitthe
prototype.

The overall conclusion from this trial was that fh®totypes were stable and efficient but that duie be
difficult or impossible to use these doors comnahgj especially on small fishing vessels due &irtshape.
Potential handling problems with the doors wereeoled in that the arms had to stay outside theltraw
gallows and could not be stored as per standartsdo8lso concerns were expressed regarding teagtr

of the arms themselves.

On the basis of these trials and from the previtwee tank analysis, it was therefore concluded thare
was no need to design a door with such an elabaratesystem as simple “standard” doors (e.g. Mer§fé¥
door), with a high “height / width” ratio alreadyist. The pronounced V shape of such doors ensggeb
distances of L and D as shown in Figure 27 thandstal bottom trawl doors with very low “height /dih”
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ratio and so corresponding low distances L evehe§ have a pronounced V shape. The higher the idpor
with high centre of gravity (small distance betwé&2mand G), the better the door is from the pointietv of
impact. However, stability problem must be constdevhen putting the centre of gravity at higheelsv

Warp

Figure 27 : Forces, distances and angles considereddescribe the door balance.

Following these key concepts for a “low impact dodesign, high ratio height to width ratios willdé to
better hydrodynamic performances, lower impacth@endeabed and lower energy use but potentiallybill
much less stable, particularly at lower towing ®fsedt also must be noted that such doors woulaldev
only limited, small sand clouds leading to potdrdiidance by certain species that are sensiivetding.

Taking all of these factors into consideration @sathus decided by Partner 05 to look at an inteiate
option between a “standard optimised doors” asritest above and a door with an arm system. Thigded
the development of a design a door with monolifihiape but with high distance L and D created byimgak
the door with a very pronounced vee shape.

The main advantages of such a design were idahtifie

and:

A smooth and progressive shape in the lower dodrtpavoid hard bottoms;

An end-profile to give water flow recirculation lened by the progressive (possibly elliptic)
shape giving better hydrodynamic performance;

A high shape ratio for better hydrodynamic perfonocea

Almost no re-suspension;

Contact on the seabed reduced by approximatelyituaig of 10;

Reaction force on the seabed reduced by approxdyretaagnitude of 5 to 10;

Possibility to orient the shoe in the towing dirent so as to avoid deposit abutment; and
Possibility to add damper system between the Ipaerof the door and the upper profile to
make the action on hard bottom smoother.
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A prototype of the monolithic door has been desigaaed was trialled aboard the research vessel “Gwen
Drez” during an eight day cruise in May 2008. Unagter video was taken using EROC (Figure 28) ahd al
work was carried out on soft sediment (sand/mud).

Figure 28 : views of the new Jumper door (and EROGubmersible on the right view)

Again given the unique shape of the prototype domasurement of physical impact was not possibl¢éhe
trials concentrated on proof of concept and hagdiind performance.

The adjustment of the rigging (towing bracket aadKstrops) was found to be critical. It took sorneetto
find a suitable configuration as the centre of gyawentre of this door is rather high comparedtandard
doors and poor adjustment led to instability. Ojusitinent, however, from the extensive video footage
obtained, bottom impact was observed to be almegligible when warp:depth ratio was correctly $éhen
compared to the standard doors set in order to hemelow impact, the new “Jumper” doors were fouod
be less sensitive to towing speed variation (orumdrrents) and depth variation as they self aefLism order

to maintain low impact. In normal configuration thertical component of the warp is rather large trel
door weight is relieved by this force, so the foorethe seabed is not that large. This was verffieoh the
underwater footage which showed the shoes judlyigbuching the seabed (Figure 29).

mmer
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Figure 29 : EROC video of Jumper doors on sandy btam. In this configuration, impact is almost
negligible.

It was concluded from these trials that with furthgodification the “jumper” doors have potentialt meed
further testing under commercial conditions to asgeerformance in terms of spreading and stalaitityvell
as catch rates given the lower impact and reduatitverding through smaller sand clouds.

Partners 06 & 09

Partners 06 & 09 carried out a cruise to test #tehcefficiency of the new plate ground gear dgwetband
compare it against a conventional rockhopper geamuonly used by the Barents Sea demersal trawil flee
The full cruise report from these trials is given Appendix 3.4.2. The comparative fishing trialsreve
conducted onboard the commercial stern trawler GFa@3-VD (Loa 56, BT 1345) on fishing grounds s#o
to Bear Island and Hopen in October 2007. In alhdfIs were carried out with 22 hauls giving valata.
The other hauls were excluded from the analysistalgear rigging problems. The first nine haulsevaken
on grounds at Bear Island. On these fishing grotwdsof the target species, cod and haddock, wauglt
in suitable amounts, but only a few saithe werggbtiut was therefore decided to change grounddojen
after haul 10. However, on these fields only codegeeasonable catches. After haul 28 the fishimogigus
were again changed, this time to grounds west af B#and. Saithe were not found, but a good migauf
and haddock were caught.

The fishing trials were carried out as a twin traxatch comparison experiment. To minimise bias tand
avoid differences in location influencing the catdhta, the rockhopper and the plate gear trawlse wer
alternated between the port and starboard sidesvlifig speed was kept at around 4 knots and totiing
varied between 3 to 5 hours. The catch (or a supleaof the catch when the catches were large) s s
into species, and length measured and countedh @éferences were analyzed using a one way Anava o
log transformed data.

The trawl nets were modified Selstad 444 trawlsctvis standard trawl design used in the Barengs $2ne
trawl was rigged with a rockhopper ground gear@snally used by this fleet segment with the othgged
with the plate gear developed. It consisted ofieartrubber plates, which in the first 12 hauls eveivided
into eight sections by seven 16” bobbins, threee@ach wing and one on the mid-gear. This riggingaited
Rigging 1. As there seemed to be diminishing ca#tbs through these hauls, it was decided to chdmge
rigging of the experimental ground gear. Two haukre then done with nine 16” bobbins instead of 7
(Rigging 2), but this was soon changed to two 1@jkbins on the wings (one on each) and 14" on reakrg
the other bobbins replaced by plates (Rigging 38)s Tigging was maintained for the rest of the seu(9
hauls). The hauls taken with Rigging 2 are excluftedn the analyses because of the low number of
replicates. At the end of the cruise period a fawls were performed where the two outer bobbinghen
wings were specially designed to always roll in direction of the trawl path (Rigging 4). These Isauere
carried out primarily to test the functionality this setup, and the data is not included in thehcahalysis.
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Results

A summary of the catches of cod and haddock witgiRg 1 and Rigging 3 are given in Table 7 and &&bl
below. The catches from the two hauls with Riggih@re included in the total catches but not replorte
separately as the data is limited. The number cfhopper hauls is larger than plate gear haulsusecawo
hauls with Rigging 1 and one haul with Rigging 3eveaken with rockhopper gear on both trawls.

Table 7 Average catches of cod per haul taken durinthe experiments. hs means no significant
difference between plate gear and rockhopper trawl§One-way Anova on log transformed data).

Total Rigging 1 Rigging 3
N Mean Std N Mean Std N Mean Std
Plate gear 21 1952 2892 12 2660 3699 7 745 279
Rockhopper 25 1959 3309 14 2851 4241 9 585 252
Difference ns ns ns

Table 8 Average catches of haddock per haul takerudng the experiments. ns means no significant
difference between plate gear and rockhopper trawl§One-way Anova on log transformed data).

Total Rigging 1 Rigging 3
N Mean Std N Mean Std N Mean Std
Plate gear 21 3193 5017 12 2740 5337 7 4879 4957
Rockhopper |25 2366 4197 14 2253 4765 9 3067 3739
Difference ns ns ns

The variation in the amount of catch was considerads usually found in catch data, and statistoallyses
were therefore carried out on the log transformeseh.dNo significant differences were found betwtentwo
ground gear types tested. There was a tendencyhenglate gear caught more haddock than the rggédro
gear, but the difference was not statistically gigant. Figure 30 and Figure 31 shows the diffeesim catch
weight between the two types of ground gears ptedemaul by haul. Valid hauls are given in chrogado
order. Bars above the horizontal axis show thathcedtes are higher in plate gear than rockhopper.tBars
below show catch rates higher in rockhopper tr&mbm these charts it can be seen that there waeato
trend in relative catches over time.
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Figure 30 Catch differences of cod between the robkpper and the plate gear

Figure 31 Catch differences of haddock between theckhopper and the plate gear.

Figure 32 shows the length frequencies of the eatcti cod and haddock taken by the different tigaers.
This indicates there is a tendency for the platr gawl to catch caught larger cod than the ropkleo gear,
although the difference is marginal and not sfatlyy significant.
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Cod rigging 1 Cod rigging 3

Figure 32 Length distributions of cod and haddockn the catch experiments

Red curve is rockhopper gear and blue is plate gear

These experiments did not show any catch increasdecreases with the new plate ground gear. Thase
no apparent difference in cod catches between ¢ine and the old ground gear and although there was a
tendency for the new gear to catch more haddockdifierence was not statistically significant.

During the experiment it was observed that theilitalof the plate gear was not optimal. Angle sanss
placed on the gear showed that although the ple¢es rigged to keep certain angles relative tobibitom,
these angles were difficult to maintain during prged towing. It seemed that this instability loegithe
catch rates. This prompted further testing of tlaepgear in the flume tank to develop ways toiktabthe
plate gear rigging. These tests were carried optetsof Task 3.6 reported below.

6.6 Flume Tank Workshop

Partners 05, 06, 07, 09 and 12

A flume tank workshop was held in Hirtshals in Ma@008 with participation from all partners invalivin
WP3, as well as participants from WP2. The worksiag a number of objectives as follows:

1. To demonstrate the concepts tested during therisés completed by Partner 07. This is detailed in
Annex 3.6.1.

2. To demonstrate the prototype door developed bynBa@5. This is reported in Annex 3.2.1.
3.

To demonstrate the prototype groundgear and bsidk#p arrangements developed by Partners 06
and 09. This is reported in Annex 3.3.2.
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On the basis of this workshop a further planningting for the final research cruise on the “GO Samas
held immediately after the workshop. At this megtithe methodology, instrumentation, personnel and
provisional timetable for this cruise were discuasae length. This is summarised in the minutestlier 3
project meeting (Annex 1.1.1).

A further workshop was held by Partners 06 and ®®irtshals in September 2009 with Russian and
Norwegian fishermen and fishermen’s organizatiddsme tank demonstrations, video footage and oral
presentation were given about the Degree trawladswithe operation of trawl doors to fish with lanpact.
The details of this workshop are given in Annex3).6

6.7 Final research cruise integrating the gear modifications in to one
trawl, including measurements of physical and biological doors and
ground gears.

A final research cruise comparing the physical amogical impact of the bottom trawl modifications
developed during the DEGREE project to a standattbim trawl used in the Barents Sea cod fisherias w
completed in November/December 2008. This cruise eeaordinated by Partner 06 with participatiomfro
Partners 05, 07 and 09 as well as participants MdR2. The methodology employed and the results are
summarised below and a full cruise report is giveAnnex 3.6.1.

Main objectives

The main objective of the cruise was to comparesjgiay and biological bottom impact and relativecbat
rates from a bottom trawl rigging developed durthg DEGREE project (the “plate gear trawl”) with a
standard bottom trawl used for cod fisheries inBheents Sea (the “rockhopper trawl”).
» The “plate gear trawl” or “new trawl” was riggedttvia modified plate gear consisting of seven
specially designed bobbins and plates between tAedhwith trawl doors rigged to barely touch the
bottom

» The “rockhopper trawl!” or “old trawl!” consisted afconventional rockhopper gear with doors rigged
to go steady on the bottom.

Materials and methods

The experiments were carried out on board the relsesgessel RV “G.0O. Sars”, owned by Partner 06. The
vessel (LOA 77.5) is well suited for trawling, hagia 18 m wide trawl deck with four trawl winchesda
room for two sets of trawl doors. It is also suitesla platform for running ROVs, being equippechvidf
(Dynamic positioning system) and HIPAP (hydro adieysositioning system). Several grab systemst @xis
board for taking bottom grab samples, for measusiegwater condition (STD) and others. In additimn
normal echo sounders and sonar, it is equippeddtiled multi-beam mapping of the sea bed topdyrap
using an Olex system.

The area of operation was in the Varanger Fjoraheon Norway (Figure 33). This area with shalloaters
is well protected from most winds directions (excép easterly) and has almost no undercurrentchvhi
ensures good working conditions for carrying ougieeering trials with rather low variability in phigal
measurements. This also makes the area well doitesfudies of bottom impact, i.e. running ROV. Whag

in this area is prohibited, which enabled the s$rtal be carried out in an area with pristine sesobowithout
visible tracks from previous trawling activity.

DEGREE Contract 022576 Final Publishable Activity Repo -114-



X 70°40'N

Varangerfjord

e F70°20'N

F70°N

L)
%—69“40'N

AN

28°20'E 29°10E 30°E 30°50°E

Figure 33 The experiments were conducted in the irem part of the Varanger fiord in northern Norway
not far from the Russian border.

Trawl Design
Three days prior to the start of the cruise, a tehfive gear experts participating gathered inriisg to build

the trawl gears and to rig the trawls for the pthexperiments. The same trawl was used in allrérpats.
The trawl type was a modified “Selstad 444”. Thadime and fishing line length were 45.6 m and 25.4
respectively. The vertical opening was about 4.4The net material was 155 mm PET and 145 mm PET in
the codend. The sweep arrangement for both traatsidentical. The total length of sweeps was 10&nch
was divided into three main parts split by discblbos. Full details of the trawl, trawl doors, sywee
arrangement and groundgears are given in Anne.3.7.

Trawl Doors

The same Type 12 120" Thyborgn doors were also deedboth trawls although different rigging
arrangements were used for the rockhopper andiabe gear trawl. When trawling with the rockhoppear
the doors were rigged as standard for bottom tregih the Barents Sea, with good bottom contacrder to
make the trawl spread well, and to create mud adacherd fish. With the plate gear trawl the dooese
rigged with minimal bottom contact. The sweep lénghd attachment point of the doors for the twavltra
riggings to achieve these arrangements were vefifian a set of engineering trials.

Rockhopper Groundgear

The rockhopper groundgear was built up of rubbgksdimounted on chain. The discs were ~450mm (18") i
the mid sections and ~420mm (16") at the wing efitle distance between the discs was 21 cm (8eén t
middle and 42 cm (16”) at the wingends. Betweendises, rubber packers of 21cm (8”) were inserted.
Rockhopper groundgear is traditionally rigged tocto the bottom along its length. In addition thscdido
not roll, but are connected directly to the fishiimg of the trawl. This causes friction betweeea Hottom and
the ground gear along the whole cross sectional @réhe groundgear.

Plate Gear
The modified plate gear was constructed with rulphetes 500 mm x 540 mm. Seven specially desigtesd s
bobbins were inserted between the plates to Eirtlof the bottom. Three 406mm (16”) bobbins placeithe
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midsection of the groundgear were mounted diramtiya 19 mm chain between the plates. Four bobtvirs,
on each side, were mounted in a special frame leetwee plates. In theory the bobbins were desigmditt
the plates 70 mm above the bottom. The plates merented in a slightly raised position in the bosainthe
groundgear and vertically at the wingends. One Iprolwith the original plate gear was its sens#iti the
angle of attack of the plates relative to the tdveaion. With the original plate gear, a singledrrect
connection of the gear to the fishing line in thetup reduced fishing efficiency. For this cruiske t
groundgear was re-rigged by connecting the plaée tgea wire attached to the fishing line. Thisupemade
the gear self-adjusting and therefore not so seadsib changes in angle of attack. This had bemified
prior to the trials in the flume tank.

Modified danleno and sweep lifter

Experiments to reduce the bottom impact from_th@lede (the danlenas the bobbins on the aft end of the
sweeps) and the sweeps in front of the groundgemse wlso undertaken on the cruise. The new design
consisted of two bobbins mounted on an axle fast@@from the sweep direction. The rolling directioris o
these bobbins were design to better orientate tteethe towing direction than the conventional wdy o
rigging the_danlendlirectly onto the sweeps. On the basis of the eging tows, it was found though that
the new design did not act as expected, and tisigni@vas therefore not used subsequently duringrtpact
tows.

Documentation of trawl performance
The performance of the trawl was visually inspeatsithg the towed underwater vehicle FOCUS fittethai
lowlight SIT camera and scanning sonar. This waslue evaluate the bottom contact of doors andrgtou
gears as well as the trawl configuration. The traas equipped with different sensors in order $eeas
working parameters and behaviour.

* Geometry sensors were used to measure headling haampr to door distance, door depth, tilt and

pitch angles of doors and sensors to measure tile ahthe plates on the gear;

» Sounders also measure the seabed depth;
* Warp length and warp tension were measured;

* The speed over the ground was measured by anategnetic speed sensor placed on the headrope.
This speed was used as reference speed for akgeriments as it enables the integration of pssib
undercurrents, which can highly affect the travdrgeehaviour; and

* Atension meter was mounted between the doorshensieeps behind each trawl door to measure
the tension of the sweep. However, one did not vpooperly. Therefore tension was only measured
at one side at the time. In addition warp tensias wmeasuredfrom sensors mounted on the winches.

Data from the different sensors were logged anedtm a database onboard the vessel.

Engineering trials

A series of tows were performed prior to the experits of bottom impact to fine tune the plate s
danlencarrangement and to establish the correct settimgthé& doors for both the rockhopper and plate gear
trawls. For these trials the following methodolagys used:

= A door depth sensor was used to assess its haighttee seabed

= A headrope height sensor (vertical opening of thel) was used to assess the plate gear contact on
the seabed using the image provided by this settenseabed, the ground gear and the head rope
were represented on the screen which enablesémtat the moment at which the ground gear lifts
off the bottom. For instance, for some measuremémsvertical trawl opening was bigger than the
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standard opening (around 4.4 m for the trawl carsid). However, the plate gear could still be on
the seabed, which ensures a good fishing efficiéocthe plate gear.

The experimental protocol:
= Speeds over the ground were changed in order enabthe door lifting off the bottom. The

minimum speed was 2.5 knots to avoid the grounddigaing into the mud. The maximum speed
was around 3.3 knots, where the doors were cleddgrved off the bottom for a reasonable warp
length.

» The speed increase steps were chosen so as te@bsemoment when the doors lifted off the
bottom (series of measurements were done justdafut after they lifted off the bottom). Thus, the
speed step was reduced around this critical sgedr{d 0.1 knot).

» For the plate gear trawl the warp lengths were ehasich that they maintained the plate gear on the
bottom and enable the doors to lift off the bottdinis warp length parameter is particularly
important.

= For the rockhopper trawl, a warp:depth ratio olvds set, then towing speed was increased until the
trawl lifted from bottom. Thereafter towing speedsamatched so that the doors were stable on the
bottom. Finally the warp:depth ratio was decreag@d the doors lifted from bottom.

= Once a configuration was settled (speed and waigiti¢, a 5 minute stabilisation period was
observed.

» Thereafter the trawl geometry data were logged fominutes and the average values recorded.

Investigating impact of trawls

Codend catches

Fish catches were only collected and measured gitiie bottom impact tows and for the engineerirajstr
the trawls were towed with an open codend. Durirggliottom impact hauls, all catch from the codead w
identified to species level, counted and lengthsuezd.

Mapping of bottom impact
The purpose of the work was to assess the phyaiwhlbiological impact of the two trawl riggings atad
compare the relative impact of the two gears i.e:

1. The trawl with the plate gear as specified previpaad with lightly rigged doors as determined

during the engineering trials

2. The same trawl but with the rockhopper gear andhab(‘heavy”) rigged doors, also as specified
during the engineering trials

Multibeam mapping of seabed prior to trawling

Before starting trawling, a detailed bottom maph# inner Varanger fiord was made using the muatibbe
mapping system (Olex) (See Figure 34). A relatiiely and homogenous area, large enough for thenplth
impact trawl hauls was chosen. Engineering haul® wéen during night time, but outside the borderthe
impact haul area.
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Figure 34 Multibeam map of the investigation area rade before the trawl experiments begun

The ROV used for seabed mapping was a SUB-fighi&r, inade by SPERRE Ltd (See Figure 35). It was
equipped with seven 2000W thrusters enabling adspeer ground of about 3.5 knots. One HD camera for
high quality recordings as well as three other cas@sed for orientation and surveying were plamethe
ROV. It was also equipped with a scanning sonan&wigation, a depth sensor, compass, 4 x 250\Wykalo
lights and HMI gas lights 2 x 400W.

The ROV was fitted with a HIPAP positioning systerhich enabled communication between the ROV and
the DP (Dynamic Positioning) system of the vedSaling ROV surveys the vessel was set in “follovg&”
modus, so that the movements of the ROV contrdliednovements of the vessel. Navigation data fttoen t
vessel and ROV was stored using NaviPac format.

The HD video material was stored using Final Cut, Rrhile data from one of the other cameras wazgto
on conventional DVD format. Visual observations &éngged in a logging program developed at IMR,
Norway where events seen on the screen during sogvevere recorded and classified and stored tegeth
with navigation data from the vessel.

Figure 35 The ROV Subfighter 15K (left) used for bttom habitat mapping. The right picture shows the
surface control equipment and observation screens.

Impact trawl hauls and ROV survey
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Before trawling, the investigation area was surdeyih ROV in order to map possible existing trawelcks

or other footprints in the bottom substrate frorevaous activities. No traces from fishing gearsotner
human activity were observed, but the bottom wasenw less covered with footprints from king crab
(Paralithodes camtschati¢a

The original plan was to compare the two trawlstwo different bottom types, one soft and one harder
bottom, if time permitted. It was, however, decidedoncentrate on doing a proper investigatiorthensoft
sediment only due to time restrictions.

Two hauls with each trawl, each haul lasting fom3@utes, were carried out at a bottom depth otiaB80

m. A fifth haul was completed but during which tomich warp was shot for the plate gear trawl. As a
consequence the trawl doors were fished hard omattem and the haul was discarded from the arsalysi
Table 9 shows an overview of the bottom impact fiaampleted.

Table 9 Overview of bottom impact hauls

Station nr.  Trawl type Date Time (UTC) start Positgiart Position stop
354 Plate gear, light doors 27.11.2008 08:55 7@ERPO37.20E  7002.06N 2941.76E
355 Plate gear, heavy doors* 28.11.2008 02:19 BO0R2836.19E  7002.98N 2932.02E
362 Rockhopper gear, heavy doors 29.11.2008 06:00 002.24N 2937.23E  7001.65N 2941.87E
363 Rockhopper gear, heavy doors 29.11.2008 22:41 002.89N 2933.67E  7002.28N 2938.17E
364 Plate gear, light doors 30.11.2008 12:26 7002 3936.82E  7003.19N 2932.36E

*By mistake the tow was done with too long warmke(itical to rockhopper trawl)
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Figure 36 Location of trawl hauls (red lines), pretrawling ROV survey (red lines crossing the area at
four locations, after trawling ROV surveys (orangelines), CTD stations (yellow tags), and current
meter location (red triangle) in the investigationarea. ( Note that “legg Nr 1" equals haul 354, “lgg Nr
2" equals haul 355, “legg Nr 3" equals haul 3621egg Nr 4” equals haul 363, and “legg Nr 5" equa
haul 364).

Figure 36 shows the localization of the trawl haagswell as placement of CTD, grab samples ancesurr
meter localization. Figure 37 shows an idealizedvVRfDrvey track after trawling. First the trawl patlas
crossed twice with the ROV in order to trace, ikgible, the tracks of the different trawl composerit
turned out that this could be done fairly easy.epxdor the trawl doors on the plate gear trawt thd not
touch the seabed. When the tracks from the diftaremwl components were identified, the directidnthe
ROV was turned 90 and each individual track was followed for 15 migs. A CTD sample and a grab
sample were also taken close to each trawl track.
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Figure 37 Principal outline of ROV survey relativeto the bottom footprints of the different trawl
components.

Analysis of bottom impact data

The video material from the survey was analyzedgiine image processing and analyses program ImageJ
Two laser pointers, 10 cm apart horizontally, wesed to measure cross section, width and breadtieof
visible tracks where possible. Measurements ofltph of the tracks were more difficult, as thduypies only
gave a two dimensional view of the bottom.

In order to compare the amount and possible diffezse between the two groundgears in catches ohaent
and associated substrate, two collecting bags {lop&90 x 300 mm, mesh size 5 mm) were fitted imdtte
mouth of the trawl. One was placed just behindgifeeindgear on the middle of the trawl, while thieeotwas
placed 2.5 m further into the belly sheet of tlawtr After each impact haul, the species, humbespefies
and total weight of the samples was identified.

A grab sample was also taken at each impact trawl. A sediment sample was taken out. Thereafeer th
sediments were washed away, and the remainingrbatteelling specimens were identified and weighted.

A current meter was placed in the outskirts oflibtom impact study area and a turbidity meter {SAId)
was attached to one of the CTD rigs onboard theeleklowever, the frame could not be lowered cltsan
5 m off the bottom. Turbidity was measured 5, 1@aad 30 m off bottom. First measurement was ta&ken
min after trawling, and thereafter +1, +1% and 688 after the first measurement. One set of measemts
were taken at a plate gear track, one at a rocldrdpgck and one at a control site.

Results

Investigating trawl performance - Plate gear trbehaviour

The door to door distance is represented in Fi§8réelow. The distance increased until a speedofita3
knots and then decreased at higher speed. Th&uiged by the effect of doors lifting off the bottamd the
trawl drag increasing.
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Figure 38 Distance between doors against speed oweater for 2 warp length classes

The headrope height is represented is in FigurélB6re is no differentiation for warp length classe the
influence on headrope height of warp length, indeeth range [570 — 628m] is not very sensitivethie
speed range [2.5 — 3.0 knots], normal behaviouhéadrope height when the speed over the grouneaises
was observed in that the vertical opening of the/ltslightly decreased because of the net dragasing. At
higher speeds the headrope height increased dthetdoors and sweeps lifting off the bottom Thisswa
clearly observed on the headrope sensor screghddrighest towing speeds.
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Figure 39 Headrope height against speed over watéor different warp lengths
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Figure 40 shows the door to bottom distance (blugbkes) and headrope height (red bubbles). Theeale&m
of blue bubbles directly equal to the average doobottom distance. The diameter of the red bubldes
calculated in order to amplify the gap betweendterage headrope height in normal fishing condstifam
this trawl (4.4m), and the height of the headrapéhie case of high towing speed and/or warp:degtib r
being too short.

The “good combinations” can be seen in Figure 4@r@hve have a big blue bubble and no or almosedo r
bubble. These points are underlined in the Figurtaé green area. It can be concluded from théae that
light fishing with doors off the bottom and groum@g on the bottom can be achieved using speedwater

in the range 2.9 — 3.1 knots and warp length inrtdrege 570 — 630m. These combinations are only for
average depths in the range 200 — 230m.

Bottom / door distance and headrope height
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Figure 40 Door height and headrope height as a fution of warp length and speed over the water

Basic measurements in the investigation area

The water temperature in the upper water layer2§0-m) was +5&. At 260— 270 m there was a
thermocline with the temperature decreasing to &b4IC at the bottom. Likewise the salinity increaseshfr
just about 34.2 ppm in the upper layers to 34.@wehe thermocline. This pattern did not change muc
during the experiments. Current measurements shtvegdidal currents were dominating in the expenin
area, and that the currents were weak as may lecexpinside a sheltered fiord. This also meaatt tine
mud clouds made by trawling on the soft sedimestdua long time to disperse. This presented \itsibil
problems during the ROV surveys and meant that ¢oejyd not be run until several hours after traglimhis
slowed down operations and limite the number oficafes achieved.

Investigating biological impact

Only two valid hauls were taken with each trawldgypach one lasting for 30 minutes only. This kaithe
data collected and made it difficult to draw angmficonclusions as to whether there is a differeince
catchability of fish. Table 10 shows the weightlué catch of the two gear types. The variabilitytie few
hauls is more pronounced than difference in cag¢slell More hauls arre required in order to be able
compare the catchability of the two trawls. Thehfisatch was dominated by cqd@adus morhuajgnd
haddock Pollachius viren} with a few individual flatfish lippoglossoides platessoidaadGlyptocephalus
cynoglossusas bycatch.

Table 10 Total weight of fish catch in the four vatl bottom impact hauls, each lasting 30 min with a
towing speed of 3 knots.

Weight
Gear type Haul no. [ka]
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354 99.58

Plate gear

364 389.4
Rock 362 231.04
hopper 363 288.56

As for the fish catches, the low number of haulslena also impossible to draw any conclusion otistteal
differences between the two gears in the amourteathos caught in the collecting bags inside theltr
mouth. In both trawls the amount of catch was langé¢he hindmost bag as shown in Table 11.

Table 11 Total weight of catch in collecting bagsf benthos. Bag no 1 was placed immediately behind
the ground gear, while bag no 2 was 2.5 m furtherdhind in the trawl belly.

Weight Total
Gear type Haul no. Bag no. [ka] weight [kq]

1 0.039

Plate gear 354 2 1.263 1.73
1 0.023
364 2 0.406
1 0.406

Rock 362 2 0.693 214
hopper 1 0.145
363 2 0.896

Likewise, it was not possible to do any statisticainparison of the species composition betweerbéwe

samples from the two gear types because the nuofilieruls was too few. The samples were all domihate
by tubes from sedentamolycheatasLiving polychaetwere seldom seen. Figure 41 shows the number of

specimens of the different benthic groups fountha collecting bags. The numberifalvia, eupausiidae
andholothurioidaewere all more numerous in the bags on the rockiéiogpar than on the plate gear trawl.
This indicates that the rockhopper gear digs upenbanthic species than the plate gear. The differevas
particularly large in the bags placed right behimel groundgear.
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Figure 41 The number of specimens (sum of the twaahls of each trawl type) of benthic species caught
in the collecting bags of the two trawl in the vall impact hauls.

* Plate mid and Rock mid refer to the bags attadhetthe belly close to the ground gear, while PBé&hind and Rock
behind were placed 2.5 m further behind on the ubdHy.

ROV observations of biological impact on bottom ding species

The benthic fauna in the investigation area hadvwabiodiversity. The top substrate consisted ofyvaoft
clay with fine particles and the bottom was almezstipletely flat. This is a typical and favorablésuate for
polychaetas The tube dwelling sedentapplychaet- Spiochetopterus typicustally dominated the visible
benthic species. The tip of the tubes protrudedhfthe bottom, and after passage of the trawl iiccou
frequently be seen that the exposed part of thesthiad increased relative to the untouched grdtiradiso
looked like the tube ends were bent in the towimgation of the trawl. It is difficult to know thbiological
significance of these findings. Most tubes seemelet old and unoccupied, and it is not known whethe
polychaetsare able to dig down into the sediments at thegggesof the trawl.

In addition to theolychaetsbenthicamphipodesvere frequently observed together watlphausids, mysids
and shrimps r{atantig. Octocoralles bivalvesand a fewbrachiopodswere also observed. It was initially
planned to identify and quantify the fauna along ROV track, and quantify the damage inflicted bg t
different components of the trawl. As the speciesposition was so dominated by thelychaetetubes,
where the living organisms could not be observeid,ttirned out to be an impossible task.

With respect to the grab samples as on the tomroothyer, the infauna seen in the sediments ofgthe
samples was totally dominated by the empty tubeSpifochaetopterus typicuslot many living specimens
were found in any of the grab samples taken.

Investigating physical impact

The sediments in the investigation area consisteecery soft sediments with about 98 % of the péetc

smaller than 6@m (clay and silt). These were based on grab santplen at each of the bottom impact
hauls.
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Turbidity measurements were also made after twimboimpact hauls, one with each trawl type. Thedmo
sediments were extremely soft, and even small ttiahces of the sea bed (e.g. by a shrimp or figbhiag

the bottom) caused significant mud clouds. TablsHd@vs the development of the turbidity 1, 2, &n8 12
hours after towing. For the plate gear trawl theeems to be an increase in turbidity at the lower
measurement point 5m off bottom, decreasing witfe tafter towing. For the rockhopper trawl! the tdityi at

the lower measuring point was much more variabhés Thay be caused by drifting of the particles thue
currents, or they may be caused by artefacts ligh ldensities of plankton and other organisms. The
immediate impression was, however, that the rockbogear causes a higher turbidity, probably bygidig
more into the bottom sediments. More measureméwnisdd be done to verify these initial findings.
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Table 12 Measured turbidity (Formazin Turbidity Uni ts (FTU)) at one rockhopper and one plate gear trai\path. Measurements were done at
different distances from bottom as well as at diffeent times after trawling.

Control area 1 hour 2 hours 3 hours 5 hours 12 hours

Distance off
bottom (m) Average Std Average Std Average Std Average Std Average Std Average Std

5 159 124 077 014 219 029 093 0.07 084 0.08 355 0.37
Rock 10 066 019 092 0.14 065 0.07 0.72 0.0/ 081 0.07 224 0.19
hopper 20 059 012 051 009 051 009 053 011 053 0.10 0.84 0.13
30 0.55 0.07 043 0.07 046 0.05 0.52 0.05 057 0.18 0.53 0.14
5 159 124 179 037 110 0.0 101 0.10 115 0.11 098 0.07
Plate 10 066 019 145 0.15 106 014 099 013 129 0.11 092 0.09
gear 20 059 0.12 082 0.10 064 011 093 0.15 095 0.09 0.78 0.10
30 055 0.07 051 005 047 005 052 005 064 0.06 0.64 0.10
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Investigating physical impact using ROV

When towing with the rockhopper trawl the doors ade heavy contact with the bottom as
shown in Figure 42. Initially it was planned to toe plate gear with the doors having only
minimal bottom contact, in the belief that it woulet difficult to lift the doors while
simultaneously keeping the door spread. The inftalls inspected with the towed vehicle,
Focus, showed, however, that the doors were agttfgling” clear of the bottom whilst still
maintaining door spread. This lifting behaviour veasifirmed during the ROV observations
of the trawl paths. No tracks could be seen froorsiin the path of the valid plate gear hauls.
In the track where the plate gear trawl by mistats run with longer warps (700 m instead
of 600 m, i.e. as long as in rockhopper hauls)pdasgows from the doors were found.

Ay

7, : i

Figure 42 Tracks of door from the rockhopper trawl. The black bars shows
measurements done to size the track. The distancetween the red laser lights was 10
cm.

One interesting observation was that when the deers fished tight on the seabed they did
not seem to follow a steady track on the bottone d@iépth of the door path varied, as did the
amount of aggregated mud within the tow path. fesped that the mud aggregated in front
of the door while towed along until the pile of mughched a certain size/weight (See Figure
43). The door then seemed to flip over the sediméat and flew above the bottom for some

meters. It thereafter landed back on the bottoantesi to dig into the mud and build up a new
sediment pile. This appeared to be a cyclical gace

Figure 43 A pile of mud sediment deposited by a tkal door on the rockhopper trawl.
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With respect to the sweeps, on the Focus footagastobserved that the wire part (closest to
the door) did not touch the bottom. This was vedfiwith the ROV, where only limited tracks
were visible in the sediment. It seemed that the winly touched the bottom infrequently,
causing minor re-suspension or mud lumps to beteseat over the seabed. The chain
component of the sweeps had much more bottom dortathe tracks of both trawls the
chain made a regular undulating pattern on theoboivhere the dimensions of the waves
fitted perfectly to the size of the chain links ¢SEigure 44). Small piles of mud were
scattered irregularly over the bottom.

Figure 44 Track from chain part of the sweep. Smalpiles of mud can be seen scattered above the
chain tracks. The distance between the red laser sfs is 10 cm.

The different parts of the sweeps were linked \stéel bobbins or rubber discs, which made
clear tracks on the bottom as shown in Figure 46vibe These tracks had an average cross
sectional area of between 15 and 25 cm, and were andess identical for both trawls.

G

arhy

Figure 45 Two tracks from bobbins on the sweeps. Btk bars are used for measuring of tracks. The
distance between the red laser points is 10 cm.

The rockhopper gear

The rockhopper ground gear was observed to havajer impact on the sea bed sediments.
The ROV inspections revealed that it fished heawsiiybottom along its entire cross sectional
area. The tracks from each individual rubber dmdd be distinguished and the digging was
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so deep that even the spaces between the discstadpan the seabed gear. It is clear that the
rockhopper gear influenced the seabed acrosgéistath as shown in Figure 46.

Figure 46 Tracks from the rockhopper ground gear, Bowing major impact on the sea bed. Tubes from
tube dwelling polycheats have been stripped by thgear. Distance between the red laser pointers is 10
cm.

The Plate Gear

The track of the plate gear, consisting of 34 rulidates, strapped between 7 bobbins (16”)
was also discernable on the seabed. While crossiegthe path of the groundgear with the
ROV, each individual bobbin track could be ideuwtifias illustrated in Figure 47, but the plate
sections were more difficult to distinguish. Getligrahe plate closest to the bobbins made a
shallow track, while the other plates seemed taeeihot touch or barely touch the sediment
(Figure 48). It also seemed that the gear must hadea somewhat undulating movement, as
the depth and visibility of the plate tracks varielbwever, anticipating that only the bobbins
and the closest plates touched the bottom, a mawiofub0 % of the cross sectional area of
the plate gear influenced the bottom sediment,raontto the rockhopper where the whole
cross sectional area impacted on the seabed. liticadthe depth of the digging of the
rockhopper gear appeared much more severe.
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Figure 47 Tracks from the plate gear. One of the Habins may be seen, and on the left picture, also en
of the plates adjacent to the disc has made at trlaén the sea bed. The distance between the two red
laser pointers is 10 cm.

Figure 48 Tracks from plates on the sea bed.

In some areas the tubes$piochaetopterusould be seen protruding from the sea bed more
than in the control areas, obviously exposed byphssage of the groundgear as shown
in.Figure 48

Figure 49 Tracks from plates of the plate gear. Tubs from polychaets have been
exposed by removal of sediments.

Measurements of tracks
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Table 13 shows measurements of the tracks fronditferent trawl components taken from
the ROV pictures. The accuracy of the width measerds may be considered relatively
good, while the depth measurements are approxingtimsed on the vertical lines fitted
visually into the 2 dimensional photo frames.

Table 13 Average measurements of width and deptheofiifferent trawl components from
the ROV shots.
Note: The depth measurements have a low accuracy.

Width Depth
Component Trawl type N Mean (cm) SD N Mean (cm) = SD
Door Rockhopper trawl 2 (42.17)* 7 6.43 2.77
Plate gear trawl 0.00 0.00
Bobbins on
swee Rockhopper trawl 8 20.20 4.86 6 3.08 0.60
P Plate gear trawl 7 21.43 2.28 7 2.68 0.59
Sweep
chain part Rockhopper trawl 13 5.37 1.14 13 1.27 0.22
P Plate gear trawl 6 5.32 1.22 6 1.26 0.27
Rockhopper discs 6 14.59 4.34 6 2.80 1.26
Ground .
gear Rockhopper: space betw discs 6 4.75 0.69
Plate gear: plates 8 10.15 1.10 7 0.68 0.06
Plate gear: bobbins 12 19.20 4.27 12 3.46 0.77

The measurements of the width of the door tracksapproximate, as on most pictures only
parts of the track could be seen simultaneouslyh\ie plate gear trawl the doors did not
touch the bottom at all and the impact of the dowith the rockhopper trawl was
considerably more severe. As already mentioned stteeps were identical on both trawls
and measurements of the physical impact of the gsveiel not differ much in either width or
depth.

In addition to the doors, the impact of the growratg was what most distinguished between
the two gears. On the plate gear trawl, it was ipdime seven bobbins that made visible
tracks on the seabed, while only a few of the plaisuld be traced on bottom. On average
about 50% of the cross sectional area of the glate could be seen impacting the seabed,
and the depth of the plate tracks was small (leaa L cm as measured). The rockhopper
groundgear made visible tracks all along its entiass sectional area, and even the spacers
between the discs seem to impact on the seabecddition the digging depth was
significantly more severe.

6.8 Conclusions

6.8.1 General Conclusions

1. Given the differences in the design of trawls, trdaors, sweep arrangements and
actual fishing operations and the characteristicshe target species there is no
universal solution to reducing bottom impact of éaligears but in many cases simple
rigging changes can limit impacts.
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2. It remains difficult to assess the physical anddgjiwal impacts of all components of
towed gears accurately. Biological impacts arei@addrly hard to measure.

3. Acceptance by fishermen of gear modifications tduoe bottom impact will be
dependent on the modified gears maintaining casthsrat economically viable
levels.

4. Even though there is a greater awareness amosgetrinen of the need to reduce
bottom impact, the main driver for using lighterless impacting gears is potential
reductions in fuel consumption.

6.8.2 Trawl Doors

1. Most existing trawl door designs can be modifiefigb with light bottom contact but
better results are theoretically obtained with higltio (height/width) doors and
centre of gravity at a higher position. Such daescommercially available.

2. Working doors lighter on the bottom requires cleatruction on how to get a door to
work in a stable way. The main faults include usingrweight doors, not monitoring
door spread and poor adjustment of the warp attashpoints on the door itself.

3. Bottom impact of trawl doors can be controlled Bierang the warp/depth ratio
and/or towing speed.

4. Using pure pelagic trawl doors instead of tradiilolbbottom doors may be an option
for trawlers targeting specific species but may netessarily be an option for
targeting species that are herded by the sand £ldedeloped by the doors on the
seabed.

5. The prototype doors designed by Partner 05 andal2 Bhown that is feasible to
construct low impact doors that have minimal bottwontact but can maintain gear
efficiency in terms of door spread.

6. The main driver for adopting low impact trawl dat@signs will be reduced fuel costs
rather than solely a need to reduce bottom immaatrivironmental reasons.

6.8.3 Groundgears

1. Standard rockhopper groundgears have been shohavta major physical impact
on soft sediments. It has been shown that the itmjgaacross the whole cross-
sectional area of the footrope, while the rockhopijp®trope also created higher
sediment displacement.

2. The biological impact of rockhopper footropes ontsgediments is unclear as it has
been found difficult to assess biological impaasusately but the observations made
during this project strongly suggest that impacbenthic organisms can be severe.

3. With the plate gear, it was observed that maing/gbven bobbins that made visible
tracks on the seabed, while tracks from only a ééwhe plates could be observed.
On average about 50% of the cross sectional areéheoplate gear could be seen
impacting the seabed, and the depth of the platkdrwas small (less than 1 cm as
measured).

4. The prototype plate groundgear developed has pree@mically feasible and does
not appear to reduce catches of commercial spetiiesugh it can be sensitive to
small changes in rigging.

5. The rigging arrangement used on the final cruisetlmm “GO Sars” with the
groundgear connected to a wire attached directiyeofishing line makes the plate
gear less sensitive to changes.

6. Further work is needed to design an alternativded@narrangement as the rolling
bobbin concept tested on the “GO Sars did not work.
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7. The physical impact of sweep arrangements on tabesedepends very much on
their construction. Observations from the “GO Samliise suggest that sections of
chain seem to have more impact than wire.

7  WP4 — approach and results

7.1 Objectives

Task 4.1: To develop fully commercially acceptable designsbehthos release panels /
zones or cod-ends for beam trawls.

Task 4.2: To carry out laboratory experiments on the effeftslectrical stimuli on maring
biota, and to evaluate the biological performaraed(economic in WP 5) @
electrified pulse beam trawls on board of comméfighing vessels.

\U

="

Task 4.3: To develop and test a low impact oyster dredge.

Task 4.4: To quantify the environmental impact reductionasged with the technologies
developed in WP 4. Data from this task will feecedtly into WP2.

Task 4.1: To develop fully commercially acceptabl@esigns of benthos release
panels / zones or cod-ends for beam trawls.

(a)PARTNER ILVO (BELGIUM)

7.2 Overview

For ILVO, following tasks were laid out in the wopgtogramme related to a more selective
beam trawl:

i) Resolve the problem of weed build up in the pgoiaing meshes

i) Adapt the technology so that it can be useddnjunction with a stone release gap
iii) Adapt the technology for full commercial ugethe English Channel and Belgian
chain mat beam trawl fisheries

With the support of the DEGREE project and othetiomally financed projects, the
“Alternative Beam Trawl!” has been developed to angwrcially acceptable concept. The
fishing gear is a combination of different seleetigtevices in different parts of the trawl
aimed at different fish and invertebrate specidse ea to define a concept rather than a
trawl is based on the aim to motivate skipper amavdo carry out responsible fishing and to
have a voluntary uptake of the alternative beamlfrancluding a change in behaviour
towards handling the engine (reduced fuel conswmptiThe minimum requirements for this
concept have been defined in an “industry accegtamliment”, supported by the national
fisheries administration.

Details are given in DEGREE_PAR2_ Annex 4.1.1 Speaties Alternatieve boomkor-
_ILVO.pdf to this report.
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The experiments and the development of the conbapé been guided by an industry
working group, led by the producers organisatioed®&scentrale”, and called “Werkgroep
Alternatieve Boomkor” that met four times duringetproject. The meeting reports are given
in annex:

» DEGREE_PAR2_Annex 6.2.1 Report industry meeting7080 ILVO.pdf ;
» DEGREE_PAR2_Annex 6.2.2 Report industry meetingl031 ILVO.pdf ;
» DEGREE_PAR2_Annex 6.2.3 _Report industry meeting@08_ILVO.pdf and
» DEGREE_PAR2_Annex 6.2.4 _Report industry meetingl29 ILVO.pdf.

The Belgian fisheries administration is willinggopport the alternative beam trawl by giving
extra days at sea and/or quota to vessels thamtewlly adopt the concept. The project’s aims
of adding a stone release gap to the panel, toceethe weed problem and to develop the
technology to full commercial use have been metefd commercial trials have, however,
indicated that different operational, geographiead seasonal conditions may alter the
performance of the alternative trawl. It was therefdecided to define the alternative beam
trawl not too strictly in order to allow fishermen further develop the trawl and allow
adaptation to particular conditions. After a (nafided) trial period, a more strict definition
will be laid out.

A full overview of experiments on selectivity impting devices carried out by ILVO is
presented in a compilation report added in annethiw® report (DEGREE_PAR2 _Annex
4.1.2 Alternative beam trawl compilation_ILVO.pdA. selection of results partly financed
by the DEGREE project is presented hereafter.

7.3 Seatrials Brixham

A week of sea trials organised by PARTNER CEFAS Ui Brixham on a commercial
vessel was attended by two ILVO-Fishery techniciditee aim of the trials was to carry out
underwater-observations of the benthos releasd (BR®) and to attain the optimal rigging.

7.4 Longer term commercial use T90 & BRP

The BRP was tested in Belgium aboard several cowialeressels. A number of sea trips

were attended by a scientific crew to analyse thatehes. Furthermore, the trawls of a
commercial vessel were equipped with the BRP (tegetvith a T90-cod-end and large

meshes in the top panel) for longer term triale Vlassel has been fishing with the alternative
beam trawls for four full years with good succeEsonomic and operational data were
delivered to WP5 (CEMARE).

7.5 ILVO-T90 cod-end: RV trials

7.5.1 Introduction

The beam trawl fishery is a typical mixed fishefjthough they primarily target plaice and

sole, the beam trawlers catch and land a wide tyasfecommercial fish and shellfish species,
including rays, small sharks, gadoids, red multgirnards, flatfish, anglerfish, scallops,

whelk, cuttlefish, octopus, squids, Norway lobstdible crab, etc. Catch statistics indicate
that the total number of commercial species taketihé beam trawler fleet is around 40.

Discarding in the North Sea beam trawl fisheriesdgeneral) is considerable. A dedicated
STECF Sub-group, who was given the task of revigwall discard information collected

since the implementation of the EU Data Collectimyulation (2002), estimated the overall
discard rate of the beam trawlers (for both tasget non-target species, but exclusive of non-
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commercial species) to be between 40 and 60 % ightvé Anon., 2006). Discard rates
strongly differ between species, with the loweduga being observed for cod (5-10 % in
weight) and sole (10-15 %), and the highest foicplé45-55 %) and whiting (65-80 %).

The main cause of discarding in the flatfish-dieeicbeam trawl fishery is related to the use of
the 80 mm cod-end mesh in the sole-directed beawml fishery (Grift et al., 2004). This
mesh size is appropriate for sole, but too smadicmommodate the 50 % retention for plaice.
All plaice caught below the minimum landing size23f cm (mainly 1- and 2-year olds) are
discarded (Grift et al., 2004). Most discards @&%) do not survive, either because they are
damaged in the net during fishing or during thdisgrprocess on board. So far, data on the
non-commercial by-catches in the beam trawl figsehave mostly been collected within the
framework of short-term studies aiming at the intpafcbeam trawling on benthic and/or
demersal assemblages. These studies generallaiedicscarding in the flatfish beam trawl
fishery as problematic (Lindeboom and De Groot,899

Besides the mesh size in the beam trawl fishery,nlesh shape is also a cause of high
discard rates. Diamond meshes have the tendentdgpde when they are stretched. Stewart
and Robinson (1985) showed during underwater obtiens of trawls that diamond mesh
cod-ends get a bulbous shape by the drag fordeecdidcumulated catch in the cod-end. The
consequence is that only a few mesh rows in frbtiebulge are open and unobstructed. All
meshes in front of this zone are stretched and haegluced mesh opening. The number of
meshes through which fish can escape is thus styioeduced (Wileman et al., 1996).

Experimental work (Dahm, 2004) has indicated thatihg the diamond mesh netting by 90°
(T90) may increase L50, compared to a similar aodi+@ith normal netting orientation. The
shape of the knot makes a TO mesh close whentstend allows the T90 mesh to remain
open to a certain extent, even when strong forcesapplied (Figure 50). Herrman et al
(2006) made a simulation with both types of mesied showed that T90 meshes clearly
have better selective properties for roundfish. 4éan(2004) extrapolated from flume tank
tests that a T90 cod-end has better characteristitsrms of preservation of fish quality,
selectivity, survival rate of escapees, efficieaey strength. Based on the apparent positive
characteristics of the T90 mesh, it was decidestudy the performance of T90 cod-ends in
the beam trawl fishery.
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Figure 50 T90 and diamond meshes (top) and a T90 @&@nd with a posterior sheet of
netting (5 rows) with TO orientation.

7.5.2 Materials and methods
Vessel and gears

The sea trials were carried out on board of the*B&lgica” which has an overall length of
50.9 m, a GRT of 765 t and an engine power of IK&4 A commercial skipper was hired to
select the fish tracks and to guide the fishingrafens in order to match commercial
conditions as closely as possible. The towing speasl on average 4 knots and the warp
length was three times the water depth. The triglk place from 4 to 15 September 2006.

The gear studied was a commercial beam trawl witeam length of 4m and a vertical net
opening of 0.5 m. These gears are often used by-&ters, small double rig beam trawlers
allowed to fish within the 12-miles zone under agriconditions. The lengths of the headline
and the ground-rope were 3.7m and 9.4m respectiVélg ground-rope consisted of rubber
bobbins. The net was made of knotted polyethylestting with a nominal mesh size of
120mm. To reduce wear, the belly was constructedbable yarn netting and provided with
bottom chafers made of polyethylene ropes. The ledutaided cod-ends had a nominal mesh
opening of 80mm and a twine diameter of 4mm. Thé-@ad mesh sizes were regularly
measured with the OMEGA-gauge, according to theS@Ebtocol (Fonteyne, 2005).

In contrast with commercial beam trawlers, RV Bedgis not equipped with derrick booms
for towing two beam trawls at the same time. Tobémaimultaneous fishing with a standard
and an experimental cod-end, two 4m beam trawle w#ached next to each other to an 8m
beam with an extra trawl-head in the middle. The tyears were identical, except for the
cod-ends.
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The standard cod-end was constructed along comahgreictice. The experimental cod-end
was constructed in diamond meshes turned by 3°he so-called T90 mesh. A total of 14
and 21 valid hauls were carried out respectiveththe standard and the T90 cod-end.

Catch analysis

The catches of the standard and experimental cdsl-end covers were collected in baskets
and the total catch weights were recorded. All cemuial fish species were sorted out of the
catch. The fish were measured to the cm below. fEs¢ of the catch was weighed to

determine the non-commercial fraction of cod-end emver catches. Of a selection of hauls,
a sample was taken of the non-commercial fractwrurther analysis in the lab. There, each
species was counted and weighed.

The percentage “total catch” and “non-commerciatitareleased by both the standard and
the experimental cod-ends was calculated for each. fhe significance of the difference

was estimated by the Mann-Whitney test. For eadcheohon-commercial species of which at
least 50 animals were present in each cod-engyefeentage animals (in no’s) escaping from
both cod-ends was calculated.

The cod-end selectivity was investigated for fivenenercial and one non-commercial fish
species. The SELECT model was chosen to descrilke stiectivity. The standard
methodology for selectivity of fishing gears is ddised in Wileman et al. (1996). Based on
the deviance residuals obtained when calculatiegstlection curves, the logistic function
was chosen as a link function to fit the retentimmnts for each species and fitted the data
very well. This function is the cumulative distrtimn function of a logistic random variable
and is specified by the following equation:

RR(TL) = exp(a+beTL) / (1 +exp (a+dlk))

where RR(TL) is the probability that an animal efigth TL (Total Length) is retained in the
cod-end. a and b, which are the two parameters gsbmated, represent the intercept and the
slope, respectively, after a logit transformatidiese parameters were estimated with the
maximum likelihood method by the CC software (Cahsbenmark). L25, L50 and L75 are
the body lengths at which 25%, 50% and 75% of therps are retained in the cod-end. SF
is the selection factor and is the L50 divided iy tnesh size. SR is the selection range and is
equal to the difference between L75 and L25 ane@ggian idea of the slope of the curve.
Single hauls were combined by the variance compoaealysis method of Fryer (1991) by
the CC software. 95% confidence limits of the s@d@cparameters are given in brackets.

7.5.3 Results

A standard 80mm beam trawl cod-end releases ati8atd the total catch weight entering
the cod-end (Figure 51). For the non-commerciatiggethis is almost 35%. The T90 cod-
end releases about 45% and 60% of respectivelijotaband non-commercial catch weight.
The Mann-Whitney U-tests indicated a highly sigsafit difference (p < 0.001).

The selection ogives for both cod-ends, for solaicp, dab, lemon sole, poor cod and cod,
are given in Figure 52 and the selection parameteiBable 14. For sole, the L50 is not
significantly higher for the T90, but the selecti@mge is. For plaice, no selection at all was
observed for the standard cod-end. The T90 didwvaliaice to escape, with an L50 of
15.3cm. For lemon sole and dab, the L50 is the damieoth cod-ends. The selection range
shows the same pattern as for sole, although mafisent difference could be demonstrated.
For roundfish, the T90 cod-end clearly performs mbetter than the standard cod-end. For
cod, the L50 increases significantly from 14.7cn2B6cm. For poor cod, the increase goes
from 12.9cm to 19.6cm.
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Figure 53 gives the percentage of the total nurobanimals entering the cod-end that were
released through mesh selection and were colldntatie cod-end cover. The T90 cod-end
proves to be superior in releasing non-commerasdicfor all species observed. Due to the
low number of hauls sampled for non-commercial E®ecno significance could be

calculated.
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Figure 51 The percentage of “total catch”(top) amsh-commercial catch” (bottom)
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Table 14 The selectivity parameters for a standar@@0mm commercial cod-end and an
80mm T90 cod-end for five commercial and one non-oumercial species.

SF L50 SR
Sole Diamond mesh 80mm 0,27 21,3(20,7-21,9) 59 (5-6,8)
T90 mesh 80mm 0,28 22,3(21,6-23,1) 3,6(2,9-4,3)
Plaice Diamond mesh 80mm no selection - -
T90 mesh 80mm 0,19 15,3 1,9
Lemon sole Diamond mesh 80mm 0,20 15,9 (14,7 -17,1) 3,6 (2,8-4,5)
T90 mesh 80mm 0,19 15,7 1,6
dab Diamond mesh 80mm 0,19 15,1 (14,3 - 16) 2,8(1,7-4)
T90 mesh 80mm 0,19 15,4 (14,9-15,8) 1,8(1,3-2,2)
cod Diamond mesh 80mm 0,18 14,7 (13,9 -15,5) 2,3(1,5-3)
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SF L50 SR
T90 mesh 80mm 0,28 22,6 (19,8-25,3) 4,1(2,3-5,8)
poor cod Diamond mesh 80mm 0,16 12,9 29
T90 mesh 80mm 0,24 19,6 4,7
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Figure 52 — The selection ogives for a standardrB@ommercial cod-end and a 80mm T90
cod-end for five commercial and one non-commersf#cies. For each species the length
frequency distribution for the total catch (cod-endover) is given.
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Figure 53 The percentage of the total number of amals entering the cod-end that were
released through mesh selection and were collectby the cod-end cover

7.5.4 Discussion

Fonteyne and M’'Rabet (1992) and Walsh et al. (1982) shown that square meshes are
less selective for flatfish compared to diamond mess The rationale behind it was that
diamond meshes have a shape similar to the boghe sifahe flatfish, thus allowing an easier
passage through the mesh compared to the squate Aeamilar rationale could apply for
the T90 mesh because this mesh has less similaititythe flatfish body compared to the
diamond mesh. The present trials have, howeveicatet that the T90 mesh only leads to a
sharper selection ogive with the ogive’s centreadétion between L50 and L75. This is the
case for dab, lemon sole and sole. Particularlysfme, the most important commercial
species for the beam trawl, this centre of rotaties exactly on MLS. The consequence is
that the application of T90 leads to an increaségbse of undersized fish and increased catch
of fish just above MLS.

For roundfish there is no doubt that the T90 cod-eutperforms the standard cod-end. For
benthos, the success rate of T90 is species dememaefor each of the species more animals
escape through the T90 mesh. With a better reterdfothe most important commercial
species, sole, and the release of many understmachercial fish and many non-commercial
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animals, the T90 cod-end seems to be a good ditegrrfar the standard diamond mesh cod-
end.

It has to be noted, though, that these trials Hman carried out on a research vessel. The
results cannot as such be extrapolated to the cociahdishery. Commercial trials are
essential for further evaluation of this cod-entde Hisadvantage of commercial trials aboard
beam trawlers, however, is the difficulty to workthwa cod-end cover and the lack of
controlled conditions. Detailed catch measurengatso often problematic.

7.5.5 Conclusions

The T90 cod-end has interesting selective progerfiie the most important commercial

species for the beam trawl, i.e. sole. It allowsrenandersized fish to escape and more
marketable fish to be caught. Roundfish speciesramdcommercial fish and invertebrates
escape much more easily from a T90 mesh than frdimaraond mesh in a typical beam trawl

cod-end. It can thus be expected that the appicati a T90 cod-end will result in less

discards and cleaner catches.

7.6 ILVO-T90 & BRP: Commercial trials with observer

A short selection of results are shown below:

33) \ \
23) L[]
Trip3*(N=20) [ [ ]

-80% -60% -40% -20% 0% 20%

Trip 1 (N

Trip 2* (N

Figure 54 Percentage difference in non-commercialatch weight of the vessel N.58 (300
hp), experimental compared to standard cod-end (medn en quartiles); * = significant
diff. (Wilcoxon test); Trip 1: T-90; Trip 2: T-90 & BRP; Trip 3: BRP

This figure indicates a strong effect of the BRRlo®non-commercial catch weight. The T90
cod-end does not produce a significant lower cadbcih,the combination of the two gives a
good result.

Fluwelen zeemuis C T 11
Heremietkreeft T
Helmkrab | |
Wulk "]
Gewone zeester [

Slangster [ |

Zee-egel [ I ]

0% 25% 50% 75% 100%

Figure 55 Separation of invertebrates (% by numbersover experimental and standard
cod-end (median en quartiles)
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Fig. 55 shows that the effect of the BRP is strgpgcies dependent. The higher the density of
the animals, the stronger the release throughahelp
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Figure 56 Comparison of the commercial catch weightor the experimental (BRP &
T90) and standard gear for the vessel O.89 (1200 hp

Fig. 56 indicates similar commercial catches fothbgears. Fig. 57 and 58 show the length
frequency distributions for respectively haddock a@nagonetCallionymus lyra and show a
catch reduction of both species in the experimdrdall.
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Figure 57 Comparison of the haddock length frequenc distribution for the
experimental (BRP & T90) and standard gear for thevessel 0.89 (1200 hp)
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Figure 58 Comparison of the dragonet length frequery distribution for the
experimental (BRP & T90) and standard gear for thevessel 0.89 (1200 hp)

7.7 ILVO-benthos release panel: Commercial trials with
observers

An extensive series of sea trials with benthosasdepanels in beam trawls have been carried
out on board the commercial fishing vessels O 88877 121 and N 58. The focus of these
trials was on discard reduction.

7.7.1 Material and methods

During the sea trials, Z 121 was rigged with a bestrelease panel on one side. The panel is
constructed of doubly braided 120mm square medmgetnd inserted 10 meshes in front of
the cod-end. Total catches, weight and lengthildigion of commercial species and weight
and composition of the by-catch were recorded. Hpigroach allows a catch comparison
analysis to be made.

7.7.2 Results

Discards during the experimental sea trip consistied0 species of invertebrates and 40
species of fish. The benthos release panel appedarddive little effect on the discard
composition. Starfish made up the bulk of the itelerate discards and haddock, poor cod,
lemon sole made up the bulk of the fish discards.

Figure 59 shows the number of invertebrates ardifisthe discards, Table 15 shows the
discard reduction (in numbers) for individual sgaciFor three species of starfish and for the
total number of invertebrates, a significant regtrctin the number of discards could be
observed.

Figure 60 shows the total weight of discards comgbao the commercial catch weight, the
weight of different fractions in the non-commeratatch and the weight of selected species
(sole, scallops, gadoids) in the commercial cal@ble 16 shows the effect of the benthos
release panel on the weight of different commeiaia non-commercial species and fractions
in the total catch. Catch weights were significailwer for one species of starfish, inert
material, scallops and total commercial catch.dswestablished that loss of scallops occurred
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due to improper rigging of the benthos release Ighae caused a slack in the bottom panel of
the net in front of the panel. No significant calolsses were observed for sole or other
commercial species.

6000 T
O] Number of invertabrates in discards
T Number of fish in discards
5000 t
4000 |
3
3000 !
= |
c |
|
2000 | :
1000 | L L
O -t- |
T .
0 " I :
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Figure 59 — Number of fish and invertebrates in disards for the standard trawl and the
trawl with benthos release panel on board Z 121

Table 15 Effect of benthos release panel on discadnumbers) of different species (*
significant, Wilcoxon, p<0.05)

# hauls Wilc median # st median # hauls with reduction ~ median difference
p exp (%) (%)
Asterias rubens* 20 0.05 92.3 394 70 -70.4%
Astropecten irregularis* 20 0.05 157.0 52.9 75 -64.7%
Cancer pagurus 20 0.83 9.9 11.3 45 0.0%
Crossaster papposus* 20 0.02 16.3 7.3 65 -32.1%
Inachussp. 20 0.39 0.0 0.0 40 0.0%
Liocarcinus holsatus 20 0.53 25.7 45.6 35 17.6%
Luidia sp. (L. ciliaris + L. sarsi) 20 0.40 15.6 12.5 45 0.0%
Maja squinado 20 0.74 18.0 14.3 60 -18.9%
Marthasterias glacialis 20 0.09 263.8 239.1 65 -33.8%
Necora puber 20 0.40 26.2 13.0 55 -10.7%
Pecten maximus 20 0.11 34.2 15.4 60 -29.0%
Aspitrigla cuculus 20 0.16 14.7 29.8 25 40.5%
Buglossidium luteum 20 0.19 0.0 11.8 25 7.8%
Callionymus lyra 20 0.91 130.0 113.9 50 6.1%
Eutrigla gurnardus 20 0.57 11.8 125 30 2.0%
Glyptocephalus cynoglossus 20 0.69 9.7 6.3 35 0.0%
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# hauls Wilc median # st mes)i(?)n # hauls wiz%eduction median((;ioi)ﬁerence

Limanda limanda 20 0.72 153.9 95.4 50 -0.5%
Lophius piscatorius 20 0.84 121 13.0 45 0.0%
Melanogrammus aeglefinus 20 0.68 319.9 350.4 50 2.6%
Merlangius merlangus 20 0.26 159.4 189.3 35 19.0%
Microstomus kitt 20 0.63 198.7 239.1 55 -3.8%
Pleuronectes platessa 20 0.25 26.2 15.5 55 -18.1%
Raja brachyura 20 0.97 4.3 5.4 30 0.0%
Scyliorhinus canicula 20 0.31 170.7 148.8 60 -11.0%
Trisopterus luscus + T. minutus 20 0.50 201.3 155.3 55 -19.0%
[ota) number of invertebratesn 50 0.03 8325 542.8 85 -45.8%
Total number of fish in discards 20 0.79 1569.0 3187 50 4.1%
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Figure 60 Effect of benthos release panel on weight discards and commercial fraction
(top), weight of different fractions of the non-conmercial catch (center), weight of
selected commercial species (bottom)
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Table 16 — Effect of benthos release panel on weigbf different species (kg) and catch
fractions (* signigicant, Wilcoxon, p<0.05)

#hauls Wil p median weight st Wg]gﬁtia:xp hauls wiz&);eduction median(‘goi)fference

Asterias rubens 20 0.26 1.24 1.08 45.5% 0.0%
Astropecten irregularis* 20 0.01 2.47 1.07 63.6% -46.5%
Cancer pagurus 20 0.94 4.35 4.38 40.9% 0.0%
Crossaster papposus 20 0.14 0.00 0.00 31.8% 0.0%
Liocarcinus holsatus 20 0.60 0.00 0.00 13.6% 0.0%
Luidia sp. (L. ciliaris + L. sarsi) 20 0.46 0.00 0.00 13.6% 0.0%
Maja squinado 20 0.94 11.13 10.70 45.5% 0.0%
Marthasterias glacialis 20 0.56 21.64 20.01 54.5% -6.0%
Necora puber 20 0.22 1.08 0.00 36.4% 0.0%
Pecten maximus 20 0.12 3.66 0.25 45.5% 0.0%
Aspitrigla cuculus 20 0.08 1.47 2.26 18.2% 5.6%
Buglossidium luteum 20 0.17 0.00 0.00 13.6% 0.0%
Callyonimus lyra 20 0.74 8.85 9.45 45.5% 0.0%
Eutrigla gurnardus 20 0.41 2.18 1.47 22.7% 1.5%
Glyptocephalus cynoglossus 20 0.83 0.00 0.00 36.4% 0.0%
Limanda limanda 20 0.31 8.64 9.09 31.8% 3.1%
Lophius piscatorius 20 0.95 2.17 2.96 36.4% 0.0%
Melanogrammus aeglefinus 20 0.60 69.37 85.58 45.5% 0.0%
Merlangius merlangus 20 0.22 16.64 25.14 40.9% 5.3%
Microstomus kitt 20 0.82 24.34 28.59 50.0% -5.1%
Pleuronectes platessa 20 0.16 3.33 1.44 50.0% -4.7%
Raja brachyura 20 0.61 0.00 2.53 31.8% 0.0%
Scyliorhinus canicula 20 0.79 81.49 73.62 50.0% -2.2%
Trisopterus luscus + T. minutus 20 0.46 9.91 10.52 40.9% 0.7%
Inert fraction* 20 0.01 26.25 10.67 77.3% -48.6%
Total weight invertebrates 20 0.68 48.89 50.98 %0.0 -3.9%
Total weight fish in discards 20 0.71 275.45 302.39 50.0% -0.4%
Total weight discards 20 0.63 372.46 388.14 50.0% 0.4%
Solea solegcomm) 35 0.29 31.00 29.60 42.9% 3.4%
Pecten maximugcomm)* 35 <0.001 12.40 8.00 88.6% -44.6%
Gadidae sp. (comm) 35 0.83 24.30 28.00 45.7% 11.4%
Total weight commercial fraction* 35 0.02 90.90 880 68.6% -6.9%
Efficiency (comm/total) 20 0.79 25.3% 23.0% 55.0% 1.1%

DEGREE Contract 022576 Final Publishable Activity Repo -147-



7.8 Conclusion

RV trials and commercial trials have shown thatapelication of a benthos release panel in
front of the cod-end can drastically reduce bydcawf inert material and benthic
invertebrates. This may improve fish quality anduee catch handling time. The reduction of
benthic invertebrates appears to be strongly spesgecific, with relatively heavy and small
species and individuals yielding the best results.

The observations for commercial species give a dhigiEture. On euro-beamers, there
appears to be an unacceptable loss of commerdal(sinilar observations were made on
board the research vessel that is rigged with safvcomparable size). Whereas the benthos
release panel performs better on large beam trawldtis may be due to the length of the
trawl which is needed for the catch to settle afiter chain matrix or the tickler chains or it
may be due to the length of the panel in compariedhe length of the trawl.
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Task 4.1: To develop fully commercially acceptabl@esigns of benthos release

panels / zones or cod-end

(0)PARTNER CEFAS (UK)

s for beam trawls.

The funds from the EU DEGREE programme, togethei wational funding were used to
develop commercially acceptable beam trawl modifice which would release benthos and
other unwanted discards, such as juvenile fish.

The focus of the work was always to engage fullthwihe UK beam trawl industry sectors
and collaboratively develop the required solutibmshis issue (i.e. commercially acceptable
trawl modifications). We saw little point in devplag solutions if no-one would use them.
To this end, the following approaches were used:

Year

Event

Result

Industry uptake

2006

Underwater Filming

Some basic research was undertake
on a charter beam trawler to gain
underwater footage of various benth
release panels working in beam traw

Good footage obtained of
nseveral designs and
provided some insight on
okow effective benthos
Iselease zones can be fitteq
to beam trawls

Little interest from
industry

2007

National Competition

Monetary prize given to beam trawle
skipper who could design release
panel and demonstrate its efficacy fq
a continuous period of six-months

Successful prize winner
r (skipper Mike Sharp)

benthos and discards
rreduced by over 60%.

Good publicity obtained

Plenty of interest but
uptake by other
skippers negligible

2008

Demonstration trials

Two beam trawlers were chartered
(from Devon and Cornwall) and
rigged with benthos release
modifications. The idea being to
further publicise the efficacy of thesg
gear modifications

Both successfully reduced
discards and benthos by
over 60%. Good publicity
obtained. Results of work
published in scientific
journal (Fisheries
Research)

Uptake remained at
minimal levels

2009

Intensive third party industry
consultation (Social marketing
agency)

A specialist company was engaged
identify why uptake of gear
modifications was low, despite
solutions being available. A social
marketing approach was used, whic
identified the incentives and
disincentives that were affecting
uptake

Very interesting results
obtained including a broad
range of issues which werg
anfluencing uptake. Results
were published on Cefas
web site (see below) and
several feedback sessions
hwere given to industry and
stakeholders.

Industry expressed an
overall willingness to
> participate in a generig
5 discard and benthos
reduction programme.
Programme given the
name ‘PROJECT 50%

2009

Ten beam trawlers engaged in Projg
50% - each using there own designs
benthos and discard reduction trawl
modification.

b¢bood industry
@farticipation. Discard and
benthos reductions
achieved on each vessel o
over 60%.

Many of the issues
raised in the social
marketing consultation
f have been / are being
addressed, which has
greatly increased
industry take up and

participation.

DEGREE Contract 022576 Final Publishable Activity Répo

-149-



Summary information

CEFAS (UK) 2007- National Competition

12 BRIXHAM

www.fishingnews.co.uk

45 June 2007

(L-R) Michael Sharp, winner of

= CEFAS' clean fishing
ean Fishi oo
ohef Rick Stein and his wife
d b = Claire Sharp.
awardas oring ST
= using sguare mesh pancis is.
hn I no different to using
traditional diamond meshes,
it’s simply the same net hung
by the square so mending is
vances R
panel is just as strong, it
doesn’t wear out any faster
Westcountry beam  each of whom had put and 1 think the idea will
trawler fisherman work into become very popular; we
has developed an making their fishing less certainly won't go back to
ive way to to old method. Discards are
fish more ‘cleanly’ and a fraction of what they were
greatly improve the quality Dr Andrew Revill, senior before and the quality
of his catch. scientific officer at CEFAS improvement can be seenon
Michael Sharp, part owner  and key instigator of the the first use. We were
and skipper of one of competition said: “The -
Brixham's biggest beam ‘capture of ‘non-target’ marine Former Brixham beamer
trawlets, Lady T Emi species is a major fisheries. skipper and independent
received an award on 31 May  management problem evaluator John Hingley, who
from CEFAS after winning its. “Red! during six months of sea
Clean Fishing competition catch lessens the overall trials often sailed aboard
(FN& June}, which was environmental impact of the ‘each boat to. the
faunched in July last year to fishery on the supporting entrants’ ideas, said: “I think
South marine and ‘this is a worthwhile and
trawlermen to design novel to conserve precious stocks. positive ldea from CEFAS and
modifications to their fishing  Cleaner fishing methods. because fishermen were
gear, potentially result in highes irwolved and proactive, the
Presented by the world quality catches and better Newlyn Skipper Terry Bristow  similar, but stranger, panels in: mﬂsaidsmﬂhlrgmamg resuits of the triais have
famous chef Rick Stein, the prices paid at fi square mempﬂnuﬁba:kn! about our work. He opened-up a new world of
award celebrates a i Michael 3 mesh panels In his nets to the codends, we found a commented how his first possibilities.
modification in beam trawl ‘together with Lyme Regls aliow small fish and shelifish reduction in by-catch of aver choice has always been fish “Potentially, there may not
design that can reduce the skipper John to fall through, Sidpper 60% and a lot of that was from day-boats — those only be benefits for catch
by-catch of unwanted fishand  and Newlyn beam trawier Sharpe's trials of square undersized markstable fish, landing their catch within 24  quality, but also reduced wear
other benthos by 80% and skipper Terry Bristow (who Iy hhours of capture - but nowhe  and tear on the trawis and
also, Skipper Sharp says, WS8S diamond meshes hung by the duad.snﬂ-eusenfnam ‘has to think again because possibly even fuel savings. |
greatly Improve catch quality.  Twilight), heard how fisheries  square — has really paid mesh panels has to be the the quality of beam trawled am pleased ta be involved
Three South West skippers  minister Ben Bradshaw and eight other South West way fish o
were short-listed for the final, discarded fish “is  beam trawler skippers have "mawhyafuwcawh mlhplmkbmm
L s Sq uare mesh panels
- —_— _— | _— {
s 1
’ ake a di
/ m frerence
] a diff
Me—s o _ﬁ f “ here's  nothing both the discard rate and  Temry Bristow, was making
i ! special about the the quality of the fish ready to begin a trip on
Y C‘ { square mesh pan-  retained. Twilight Il when he told
| / els that were used, it's just “We also looked at similar  Fishing News: “We were all
\ = i f‘ \ 200mm diamond mesh data when using square pleased to have taken part
\ T ! L1 (made of single 6émm diame- mesh panels on both sides. in the competition and [ am
H ) fl \ 1B ter strand) hung square, Data from all of the Cleaner already making plans to use
b 7 I ! 4k each  bar  measuring Fishing trials on all boats the panels that proved theit
—_— 100mm,” said Skipper that took part will be so worth on Lady T Emiel. It’s
| iten Can Sharp, winner of CEFAS' important to the future of the way to go. improving
| " ene | Ny Clean Fishing competition.  beam trawling. the quaiuy of fish can only
B | Independent  assessor “I was very impressed beag
i John Hingley explained: with what [ saw with the Sk:pper Sha[gp added:
® 2 MERHES OF BELLY MET “On the times [ was present  square mesh panel trials and  “From the very first tow we
i NS OF Bt AT H 1 es o Souat Vs on Lady T Emiel we took will not be surprised if it could see a great reduction
H TAME R o ST e H éﬁﬁéﬁmﬁmwwnw data from using a tradition- sets a trend and many other in the amount of rubbish
H 5 MFSHES BETVIEEN PANEL AND €00 €MD - SR al net on one side and one  beamer skippers follow coming out of the codend,
:Tf:m:”" ot ont i s with square mesh panels on  ‘suit.” like shells, benthos of all
2803 o whes iving . bty et g st er, e o B, the other and immediately Runner-up in the compe- sorts, and a reduction of dis-
R 2 o e bl pelncprong dagtit sl saw clear differences in tition, Newlyn Skipper cards of about 60% is bound
to make a difference in the
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final quality of the fish.

“It took quite a lot of
work trying different types
of rigs and where best te put
the panels: and we may well
try different combinations at
a later date. I know that
eight more beam trawler
skippers in Brixham are now
| using square mesh panels.

“The Cleaner Fishing
| competition was a real
boost for the beam trawling
industry, which has had so
mach bad press for so long.

“Statements made by
people who are ill-informed
have done a lot fo hust to
what remains of the core of
the South West fishing
industry. Anything that
helps to bridge any gap
between the industry and
its opponents is always a

major step forward.”

For further information and more detail see FPAR ANNEX 4.1.3 and 4.1.5
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CEFAS (UK) 2008- Demonstration trials

Discards .ﬁ:_om st_ahdard trawl

v g a—

For further information and more detail see FPAR ANNEX 4.1.3. and 4.1.6

CEFAS (UK) 2009 — Social Marketing consultation wit industry

For further information and more detail see:

Project 50% on CEFAS web site INITIAL SCOPING STUDY
http://www.cefas.co.uk/data/fishing-gear-technologpat-cefas.aspx
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CEFAS (UK) 2009 — Project 50% Public newsletter

“Project Fifty Percent?

Giving smaller a fish a fighting chance

Trawlermen in Plymouth
and Brixham often go out
to sea for five days at a time
in all weathers to bring
back their favoured catch
of sole, plaice and turbot.

It can be a dangsrous
occupation and all these local
fishermen have stories to tell
about somecne close to them
who has been lost at sea. Many
hawve worked on beam trawlers
for decades and have followed
in the footsteps of other family
rmembers. Theyuse their local
knowledge and years of
experience to locate areas
which they hope will land a high
quality haul of fish and secure a
good price backon land.

An avoidable waste

Even with this knowledge
they cannot dictate what
fish or other sea creatures
end up being caught in their
nets. When these are hauled
onto deck, the catch is sifted
by hand, with fish that

can be sold being kept and
averything else discarded
over the side. The term
‘discard’ therefore means

any part of the catch that

is not kept for sale and
returned to the sea. This has
two important elements -
benthos and juvenile fish.

Identifying the problem
Beam trawler nets tend to have
amesh size of at least Scm,
so benthos typically includes
larger starfish, other seabed
creatures, decaying matter,
shells, plants and debris.
Benthos on deck is a real
nuisance to fishermen as it
takes so much time to sift it
out and return it over the side.
More important though is the
issue of juvenile fish, which
are too small to be sold
commercially or legislation
forbids their landing and =ale.
Thers is much debate whether
these smaller fish live to grow
bigger or die as aresult of being
landed on deck Even so, itis
claimed that they can make up
almost 50% of the total cateh.

Itis clear that no-one wants to
land juvenile fish, especially
environmentalists but also

the fishermen themselves who
want a sustainable industrv

for themselves and future
generations. Now ina
ground-breaking experiment,
trawlermen from Plymouth
and Brixham are voluntarily
working to reduce the amount
of juvenile fish that are
discarded. They aim to trial
different net configurations
and mesh sizes to reduce
discards by an impressive
50%. Henece the name ‘Project
Fifty Percent’ and the title of
our newsletter.

Meeting the target

The trawlermen are working
with expert scientists from
the Centre for Environment,
Fisheries and Aquaculture
Science (better known as
Cefas), who are painstakingly
tracking the catches. They
areworking on board in
patrtnership with the
fishermen, to understand the
best modifications to achisve
this selfimposed target,
including bigger mesh sizes
on their nets to let juvenile
fish escape. So far, ten crews
are participating and the final
results are expected by the end
of the year. Watch this space.

Cefas iz the Centre for Envircnment, Fisheries and Aquaculture Scienca, It iz the
UK ’s largest and most diverse applied marine science centrs, working in erizs
mansgemsnt, environmental protection and squaculture. www.cefas.couk
Ifyou have comments or questionz pleass call 020 7566 9415,

=(=Cefas

For further information and more detail see: FPAR ANNEX 4.1.4
Or go to Project 50% on CEFAS web site

http://www.cefas.co.uk/data/fishing-gear-technologat-cefas.aspx
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Task 4.1: To develop fully commercially acceptabl@esigns of benthos release
panels / zones or cod-ends for beam trawls.

(c)PARTNER CNR-ISMAR (IT)

Different types of beam trawl are currently usedhe Mediterranean Sea: Provencal (from
the Southeast of Franc&gangui’ and Catalan (NW Spairfganguils”, Greek“kankava”

for sponges, ItaliatRapido” for the sole and Sicilian-Sardinidgangamo” for prawns and
sea urchins are the most common examples.

The Rapido trawl (Figure 61) is commonly used indoh inshore areas in the Central

Adriatic Sea to fish for flatfish (common sdB®lea soleas the main target species) and in
the north Adriatic for scallops (the great scallGgsten jacobaeus the main target species).

Rapido trawl is a sort of beam trawl, which corssist a box dredge of 3 m wide and 170 kg
weight, rigged with teeth of 5-7 cm long and a loveading edge and net bag to collect the
catch. A single vessel may tow four and even sargaimultaneously. The towing speed is
about 6-7 knots.

CODEND

CHAINS

NET
WOODEN
N PLANK
“§§‘ TRAWL
AT S
QAT
.\\§§\§\§s§\\§§

N

S
NN
N “‘§‘§\‘\\§§\

IR

> CHAINS

TEETH

Figure 61 a) Commercial Rapido trawl used in GSAM)7particular of the inclined wooden
board fitted in front of the metallic frame act daspressor; c) teeth; d) scheme of Rapido
trawl.

In 2006, CNR-ISMAR (Participant 12) jointly collatated with ILVO (Participant 8) and

CEFAS (Participant 2) in the development of a chaatrix beam trawl and a tickler chain
beam trawl. Afterwards in 2007 the design of thstftickler chain beam trawl has been
changed to try to improve catch performance (sgargi62).
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The results of the trawling trials (both with Rapidnd beam trawl) carried out off Ancona
showed that a considerable fraction of the catch ezanposed of species of no commercial
value, either because they were undersized or bethay were unmarketable.

Beam and Rapido trawl catches reflected the matigs nature of the fishery in this area. In
terms of biomass and abundance, catches were dmahinay Molluscs, mainlyA.
pespelecaniA. demiri Scapharca inaequivalvis

Most of the Rapido trawl catch was discarded at(seae than 55% and 80% of the catch
respectively in the first and in the second cruis&hile for the beam trawl the catch
discarded at sea was around 50% (43% in the fist58% in the second cruise). In the same
way Pranoviet al, 2001 observed that Rapido trawl fisheries seetoedxert a strong
selective pressure on the macrobenthic commurgtipgoable to modify the epibenthic fauna
structure which, in heavily exploited fishing gralsh was dominated by bivalves, gastropods,
crabs, starfish and brittlestars.

Figure 62 Different prototypes of the light beamwils tested in the Adriatic Sea. a) Chain matriarhe
trawl (CMBTO06); b) tickler chain beam trawl (TCBTPGsted in 2006; c) tickler chain beam trawl
(TCBTO7) tested in 2007 (the number of chains wagessively reduced to one chain).

Rapido trawl catch was characterised by speciesgligtrictly associated to or within the
substratum whilst beam trawl hauls were charaeeris/ a wider array of species inhabiting
very different realms of the ecosystem (from bentbi demersal to pelagic). These differ-
ences were dependant both upon differences in epedoehaviour and differences in
selectivity with respect to different species.

Rapido trawl was more efficient also for commerasipécies even if the performances of the
light beam trawl improved during the second fishing. Recently some fishermen agreed to
use the light tickler chain beam trawl and they riowed their performance increasing the
vertical opening with the aim of catching demeimadl pelagic species. It can be notice that
the mean duration of Rapido haul is around 50 remwnd this leads to very hard work

shifts. Thus a reduction of the time for sorting ttatch represented a very good option for
fishermen. Moreover we noticed that the reductiérthe discarded portion of the catch

improved the quality of fish.

Finally the physical impact of light beam trawl tre sea bed was lower than that observed
with Rapido trawl. In fact Rapido trawl showed tiighest values of both total warp drag and

net drag resistance (recorded with the electrawac Icells). This means that Rapido trawl

highly impacted the seabed and it needs the higloegtr to be towed.
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The main results can be drawn:

the sea trials conducted so far evidenced thahén Adriatic Sea the Rapido trawl
targeting common sole was characterised by mudicigs catches;

although about 70% of the commercial catch wasadissl, the Rapido did not seem to
have a heavy impact on this fraction, as most efgecies were alive when returned to
the sea;

both in the Rapido and beam trawl, the catch ratewn-target benthic invertebrates in
the modified square-mesh codend were consistemtlgn;

the towing speed of the beam trawls were alway®itdivan Rapido as well as the towing
forces. A reasonable amount of fuel was saved lglsivg to beam trawl;

the first prototype of chain matrix beam trawl wasfficient and replaced by a tickler
chain beam trawl.

In light of the results obtained in the currentdstthe Italian door manufacture “Grilli” SAS
and the CNR-ISMAR patented the experimental beawltwhich is now used by several
fishing boats in the Adriatic Sea.
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Full details are contained in Annex 4.1.8
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Task 4.2: To carry out laboratory experiments on tle effects of electrical stimuli
on marine biota, and to evaluate the biological péormance (and
economic in WP 5) of electrified pulse beam trawlon board of
commercial fishing vessels.

(d)PARTNER IMARES (NETHERLANDS)
7.9 Research in relation to ICES Advice

In response to questions asked by ICES on thetsffe#ficpulse stimulation in commercial
beam trawling on components of the marine ecosyatenmmber of preliminary studies were
undertaken in the period between 31 May and 5 @ct2007.

These activities involved:

1. Measurements on the detailed stimulus applieddrptiise trawling system developed by

the company Verburg-Holland Ltd., i.e. the ampléugdulse width, rise and fall times,

repetition rate and field strength along the etet#s. These measurements were done
onboard of the commercial fishing vessel MFV “Luingr” (UK153), and in tank
facilities of the manufacturer of the pulse beaanvtr

Simulation of this stimulus in the recirculated aquiture system available at IMARES

3. Development of a protocol for keeping small-spottatsharks alive and well, including
dietary requirements.

4. The exposure of catsharlkSdyliorhinus caniculd..) to a simulated pulse under
laboratory conditions and observation of behavimaluding foraging, and monitoring
mortality

5. Investigation of possible spinal damage of cod babg a commercial vessel using pulse
beam trawls by X-ray photography.

n

The electric pulse characteristics were measurbdad MFV “Lub Senior” UK153 at sea.
Shortly after these measurements the completersyisiduding trawl winch became avail-
able for measurements in the Verburg-Holland L&ference basin with fixed salinity
(specific conductance). Based on this outcome sepsilmulator system was developed to be
used in the experiments on fish in tanks of IMAREBIs stimulus of this system was proven
to be electrically equivalent.

Measurements of the electrical stimulus focusethermain parameters:

. Amplitude;

. Pulse width;

. Rise and fall times;

. Repetition rate;

. Electric field strength measurements between thetreldes.

The analysis of X-ray scans revealed that 2 o@5dish had a dislocated spine. In addition 6
animals out of the group of 25 showed deformatishih can be attributed to natural causes.
Although the sample size is small any effect frém pulse stimulation can not be ruled out,
but it appears to be low in percentage, and stiflds to be compared to fish caught with the
conventional system. Therefore any definite conchgcan not be drawn at this stage.

Guidelines for husbandry and assessment of respanseehaviour, including foraging, to
exposure of the electric field were developed.ratfexperiment involved two single fish. An
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individual tagged catshark was exposed to the raefield and its behaviour was compared
to that of a control fish. No response in behaviatthis fish could be observed, and mortality
did not occur. Based on this preliminary trial atpcol was drafted to assess effects in
behaviour of groups of sharks to the electric fidldecond experiment was done later on two
groups of catsharks, one group exposed to an iekdcstimulus and the other not, thus
serving as a control group. From this it was fotimat transferring these fish from a holding
tank to a separate tank in which the stimulus campplied does affect feeding behaviour.
This finding will be used to improve the experim@mdesign. In addition no mortality was
seen in the two groups, indicating that the stimullid not have a noticeable immediate
effect.

The results obtained were of a preliminary natBgeactually carrying out these experiments
the researchers learned more about the difficuttidseeping fish alive in good condition and
inferring from their behaviour and mortality thdesdts of the electrical stimulation on these
species. It was then decided to use an adaptedrcésprotocol, in which individuals were
restricted in movement and placed in certain pmsstirelative to the electrodes, where the
field strength of the pulse could be measured thacdkfore the exposure known.

Further studies were done financed by the Dutchidtin of Agriculture, Nature and Food
Quality, again using the stimulus of the Verburgtited system, in 2008 on cat sharks and
cod Gadus morhud..), and in 2009 on _sikenthic invertebrate species: ragwonNeleis
virens L.), common prawn Ralaemon serratusL.), subtruncate surf clam(Spisula
subtruncatal.), European green cralCdrcinus maenad..), common starfish Asterias
rubensL.), and Atlantic razor clamEhsis directud..). This work is currently under review
by ICES.

7.10 Monitoring of sea trips on commercial vessel fishing
with pulse beam trawls

The catches in terms of landings and discards wemaitored onboard MFV TX68, fishing
with two pulse trawls using the Verburg-Holland teys during four weeks in June-August
2009. The average fishing speed was about 5 naatites per hour. The fishing area of the
four trips was east of the coast of England anldirfts depth was 36 m on average with a
minimum depth of 20 ms and a maximum depth of 46 m.

For this survey the standard sampling procedurettferyearly monitoring of discards of

conventional beam trawl fleet was applied (Helmaradl van Overzee, 2008). For each
sampled haul, a representative sub-sample of gaudis was taken from the conveyer belt.
All fish in the sub-sample were counted and lengththe fish were measured. Benthic
invertebrates were only counted. Total and sampt@dme of discards was recorded. In
addition, sub-samples of the landed fish were meadsuand total and sampled landings
weight were recorded. All data was entered int@mmputer program on haul-by-haul basis
and later transferred into a central database.

Sampled numbers of fish per haul were raised tobmusnat length, for both discards and
landings. Numbers at age landed and discardedchesedrto fleet level by effort-ratio: multi-
plying total numbers at age in the sampled tripth whe ratio of hp_effort (effort in days at
sea multiplied by the engine power of the vesséalpinof the fleet to hp_effort of the sampled
trips.

The four trips led to a total of 103 valid hauls &malysis, with a total fishing duration of 186
hours. The number of hauls per trip varied betwieéand 38.
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The average number of plaice landed per hour was 58 weight 19 kg plaice per hour. The
average number of plaice discarded per hour wa®,64 weight 18 kg plaice per hour. This
resulted in an average discard percentage forepti?4% in numbers and 49% in weight.

The average number of sole landed per hour waof08 weight 53 kg sole per hour. The
average number of sole discarded per hour was 5 aveight 5 kg sole per hour. This
resulted in an average discard percentage foro§@#% in numbers and 9% in weight.

Comparing the landings with that of conventionadrerawl! discard surveys in 2007 leads to
the general impression that with the pulse more s@s caught and less plaice than with a
conventional beam trawl. The range of numbers aicpl caught was 101 - 561 per hour on
the conventional beam trawls monitored in 2007 iihteld & van Overzee, 2008), whereas
during this survey between 14 — 106 plaice whergylsaper hour. The range of number of

sole caught was 45 - 149 per hour on the convedtioeam trawls that were monitored in

2007, whereas during this survey between 142 n5$her of sole where caught per hour.

However data from 2009 was not yet available, @dldas to be taken into account that area
has influence on fishing. The comparison of pulsarb trawling vs. conventional beam

trawling in 2006 showed that the pulse trawl caugks sole in kg per hour, i.e. 12.87 vs.
16.45 (ratio 78.2%), and fewer plaice, i.e. 29.8646.13 kg per hour (ratio 64.5%), see Van
Marlen et al., 2006.

The total discards per trip (trip 1 and 4) werehivitrange of the discards per trip in earlier
years, but the average discard percentages of laplaiee as sole were lower for the pulse
beamtrawl! than the average percentages in 2005, &t 2007 (Table 17).

Table 17 Comparison of discard percentages of plac and sole with those of
conventional beam trawls in the years 2005, 20067@& 2007

% D Plaice % D Sole
n w n w
BT 2005 83 52 23 11
BT 2006 86 54 29 13
BT 2007 77 46 23 10
TX68 56 34 17 7

In 2006 the workers found on the UK153 the averdigeard number/hour for sole 14.6
(pulse) vs. 19.4 (conventional), and the averag@giwein kg/hour: 1.4 (pulse) vs. 1.8
(conventional). For plaice these were in numbersfh®897 (pulse) vs. 948 (conventional),
and in weight: 68.1 vs. 66.9 kg/hour. The diffeemevere statistically significant for sole, but
not for plaice (Van Marlen et al., 2006).

It was concluded that the pulse trawl used on MEX68 showed lower percentages of

discards for plaice, i.e. 56% in numbers vs. 77-§6étiventional) over the years 2005-2007,
and 34% in weight vs. 46-54% (conventional). Fde ghese percentages were 17% (pulse)
vs. 23-29% (conventional), and 7% (pulse) vs. 1% 1@onventional). Compared to the

earlier version of pulse trawl used in 2006, mare svas caught and fewer plaice per unit of
time.
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Task 4.3: To develop and test a low impact oysteredge.

A prototype of a box dredge with an expected loywaet on the seabed has been developed
in national Danish programs. Its impact on benthod sediment as well as its fishing
properties were thoroughly tested in DEGREE.

The new box dredge (low impact) was tested in sgwdifferent ways during 8 days of
experimental fishery in July 2008. The choice shiing grounds was based on expected catch
of all size groups of oysters and the diversitgediment. Three areas; Nissum West, Nissum
East and Veng, all located in the Western pameiLimfjord,were chosen (Figure 63).
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Figure 63 Left: Map of Denmark with experimental fishing grounds indicated by blue
circles. Right: Density map of oysters from asses®nt in June 2008. The density of
oysters at the experimental fishing grounds was appximately 0.1 kg nr2

Box dredge tests

i.  The size selectivity of oyster®s¢trea eduliswas tested by use of the covered coded
technique. The abilities of different panels of thear to retain different length
classes of oysters were estimated by enclosinggda in fine meshed covers
designed to retain all oysters, in the selectivegea that are sorted out through the
gear.

ii.  The catchability of oysters and other epifaunahef box dredge were tested against
the standard dredge in a catch comparison setup. thlo gears were towed
simultaneously and the catches compared as dedgdiibgV/ileman et al. (1996). No
cover was used in this experiment.

iii. Input data for a model assessing the degree ofigdiydisturbance of the bottom
caused by the two dredges (WP2) was collected.€Timetuded measurements of the
track profiles after dredging and drag forces efglears throughout the tow.

iv.  Input data for a model assessing the impact orhbenif the two dredges (WP2) was
collected. Mega fauna was sorted and counted aightvaf shells and pebbles which
serve as attachment sites and refugees for sespeies, were weighted.
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Box dredge

The new design is a box dredge where the
catch is lifted into a collection box which has no
contact with the sea bed. The dredge has two 8 cm
wide runners and is towed in four points — two
points just in front of the knife and two points on
top of the rear end of the box (Fig. 64). The &ste
box is made of stainless steel.

The knife is relatively high and lifts the
catch 13.5 cm off the bottom and into a collection
bag / box. The knife has elongated holes that helps
sorting out mud at an early stage and reduce
pressure on the gear (Fig. 65A). _

The knife at the box dredge is attached
the box by links of chains at the centre of rotatic
of the knife (Fig. 65B). This design allows thg
knife to move independently of the box whic
ensures optimal bottom contact. The upper r¢
edge of the knife is attached to the inside of t
box with straps of rubber. The knife alone weig
12 kg.

Figure 64 Box dredge. Photo: Per Dolmer

Figure 65 Knife seen from front (A) and from side B). Photo: Per Dolmer.

Conclusions

i.  The box dredge catches more large oysters (>1Caaah)ess small oysters than the
standard dredge (catch comparison).

ii.  The selectivity of the box dredge? — results frawered cod end experiment are still
to be analyzed in detail, but simple catch compasgswith a standard dredge shows
improved selective properties.
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iii.  Track profile analyses indicate a lower impact lnd box dredge compared to the
standard dredge in terms of removing and comprgssdiment, but the drag force
measurements showed slightly higher values forshaith the box dredge.

iv.  The catch comparison experiment showed no markiéeretice, but indicated that
the box dredge catches less megafauna, stonesalsl s\pparently some variation
between species occurred.

Full details are contained in Annex 4.1.7

Task 4.4: To quantify the environmental impact redwctions associated with the
technologies developed in WP 4. Data from this taskill feed directly
into WP2.

This work was undertaken by Partner IVLO (Belgitaemy the data collected are presented in
WP4, Task 4.1 and in Annex “Alternative beam traanpilation DEGREE.pdf”.

7.11 Deviations from the project work-programme in WPA4,
and corrective actions taken/suggested

Partner 01

Due to the ICES advice on pulse trawling issued0@6 the plan of ten trips to be monitored
by IMARES was changed and money allocated to taplements of fish and invertebrates
under electrical stimuli after consultation withetlitU. An agreement to receive detailed
information of the stimulus used in these experit®enith the producing company was
reached after four months of debates and negotgtigleasurements on the electrical field
were conducted in 2007 in the lab and in situ at aad tank experiments were carried out on
small-spotted cat shark&dyliorhinus caniculd..) using a pulse simulator based on these
measurements. The occurrence of spinal damagedotaueght by a commercial vessel using
pulse beam trawls was studied by X-ray photographygonsultation with LEI some of the
original budget was reallocated to these tankstrishe Technical Annex of the project was
adjusted to these changes.
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8  WP5 — approach and results

Objectives
Task 5.1: To assess the economic feasibility of dfternative gears and gear
modifications developed in WP3, and WP4 from thespective of the fisher.

Task 5.2: To estimate the cost effectiveness efradtive gears
Task 5.3: To assess the wider economic implicatdrasloption of these gears.
Partner 01

A comparative assessment of performance betweeel#utric (pulse trawl/pulskor) beam
trawl and the existing conventional beam trawl ¢agrently employed by the Dutch fleet)
was completed by partner 01 (LEI) and is given in:.

The economic performance and the environmental impa of the Pulse trawl in
comparison to the conventional Beam trawl (WP 5.1rad WP 5.2.) by Ellen Hoefnagel
and Kees Taal. LEl/ Wageningen UR. September 2009

Abstract

The aim of this work package is to assess the enmnfeasibility of the alternative gear, the
pulse trawl, for the Dutch beam trawl. In a sepamdragraph the environmental impact of
the pulse trawl in comparison to the conventioredrb trawl will be assessed by looking at
the change in fuel consumption and the change tchasomposition, discards and benthos
impact. Next to this the cost effectiveness ofghkse trawl will be assessed.

1. The economic performance of the Pulse trawl inamnparison to the conventional
Beam trawl

1. 1. Introduction

The willingness of fishermen to adopt the pulsevknaill largely depend on the impact that

the gear will have on their own economic perfornreanGear that results in decrease of
revenues below costs would not be accepted by shgrfnan, while gear that enhances
profitability will be readily adopted. Gear thatstdts in lower levels of profitability than the

current beam trawl would also not easily be voltilytaadopted. Compliance with any

legislated gear restrictions would depend, at leagtart, with the degree by which profits

fell. It is therefore important to understand timspact when assessing the likelihood of
adoption and compliance with any legislated reqoéet to use the pulse trawl.

This paragraph presents estimates of the econanpadt of adoption of the pulse trawl
(PT) from the perspective of the fisherman. It préas a measure of the financial
profitability of an individual fisherman adoptingTPwhich can be compared with the
profitability of using the Beam trawl (BT). For mi@idations to existing gear, this involves
estimates of changes in the revenue and costsusimg the gear. The impact on revenue is
based on changes in catch rates and catch congposkiserved in the sea trials. In the case
of the pulse trawl change in fuel consumption h&s@e impact on costs. Estimates of gear
costs are derived based on the gear specificafidres economic results from the sea trials
are applied to cost and earnings data collecteoh fao sample of four similar vessels
operating in the same fishery as the sea trialelg$5T1), during the period 2004-2006.
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Next to this economic results of another pulsevitraessel (PT2) in 2009 has been
compared to the results of the same vessel (BTad) dberated in 2007 as a beam trawl
vessel. Cost data collected from the sea trial etealso provide an indication of the
relevance of the derived cost per day to the ater@ application of the gear. Catch and
revenue information are based on the sea trialseher the pulse trawl that operated in the
period 2004-2006, operated only in 2006 on a coroiakbasis. It is likely that the revenue
information obtained from the sea trials may ungimate the revenue that could be
achieved once fishers gained experience in theolilee gear. That is why the first three
guarters of 2006 are considered to deliver relialplé valuable data, since ‘growing pains’
in the experimental phase were conquered. Therfise of PT2 started in May 2009 with
the commercial exploitation of the pulse trawl, asata from the period 4 May till 2
October 2009 is compared to the data of BTx instiiee period in 2007.

1.2. General setting of Dutch fishery

The Dutch fleet fishes its coastal waters (12 nilese), the mid-distant waters (North Sea),
and the high seas. The cutter fleet fish mainlydemersals, like sole, plaice, cod, whiting,
and shrimps, and also pelagic fish, like herringede North Sea stocks are joined with some
of the European Union Member States bordering an Nworth Sea, namely Belgium,
Germany, Great Britain, and Denmark, and to a tedatent with the non-Member States
Norway, for plaice.

In 2005 the cutter fishery existed of 342 vessélstoch 242 were beam trawlers (large beam
trawlers and Euro cutters). Other vessels wereeetlotter trawlers, one round fish pair
trawlers, one herring pair trawlers, 47 shrimp eésand several other gear vessels (like twin
rig, Danish seine and fixed net fishing for langmes, red gurnard, red mullet, dab, plaice
and sole). Next to this Dutch fishery consists Bfhigh seas pelagic trawlers and 64 mussel
vessels. Total engine power of the Dutch fleet 8,800 HP. 2263 Fishermen find
employment on the Dutch fleet (Taal et al 2006)e hlumber of vessels in the active cutter
fleet in 2009 decreased to 308 cutters while thal tengine power declined by 36% to
268,000 HP (Taal et al. 2009).

In general the cutters are property of (extendetirfg families, on which father and sons
complemented with other fishermen, work. Togetlherytfish in a partnership in which the
owner(s) bring in their vessel(s) and ITQs, whie obther fishermen bring in their labour.
Together they agree on a division of the revenues.

1.3. Beam trawl cutter fleet

The beam trawl cutter fleet consisted in 2005 o2 1#rge beam trawlers and 140 Euro
cutters, also operating with a beam trawl, totd) Béam trawlers. Since then the number of
large beam trawlers decreased to 80 and the nuoifbEuro cutters (seasonally targeting
flatfish) to 70 in 2008. Cutters fish the coastalters (12 miles zone) and the mid-distant
waters in the North Sea: Dogger Bank, German Bahd, north of Friesland. Deeper parts of
the North Sea and parts with a lack of streamssatdom fished. “Although there are
relatively few restrictions on the areas that carfithed by beam trawlers, the distribution of
fishing activity is patchy on many scaldgjosdorp et al., 1998 For instance, more than half
the North Sea is not fished by the beam trawl feeed yet small areas in the south-eastern
part are trawled more than 10 times per y&inédorp et al., 1998 The cutter fleet fishes
mainly for demersals, like sole, plaice, cod, wigtiand shrimps, and also pelagic fish, like
herring. Total engine power of the Dutch beam tréest is estimated at a maximum of
181.000 HP. Revenues in the cutter fleet as a wHel@eased in 2008 by 7% to € 252
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million. The financial position of the cutter sects rather bad since the year 2002 (Taal et al
2009).

1.4. The evolution of the fishing techniques in thBletherlands

Dutch fishers used until circa 1960 the otter tré@ladrden trawl) to fish for flatfish. Dutch
shrimp fishermen from the Wadden sea imported lihienp beam trawl from Germany. They
improved the beam trawl and went for shrimp inkweth Sea from 1950 on. Because results
of this technique were very good, one tried to ltdlatfish as well with some extra features
added to the beam trawl. Before 1960 some fishetimsrused the otter trawl switched over
to beam trawling and from 1960 on the otter tragddme outmodéd

The beam trawl became very popular and successfDutch flatfish fishery. Catches were
high, however since introduction of the quota systeshermen have had to adapt learning
not to fish as much as possible, but to fish witthieir ITQ limits. The beam trawl's
reputation changed for the worse a number of yages The technique is now considered to
be environmentally unfriendly because the bentlmslamaged by the trawling and it
generates a lot of by catch. Some fishermen haeady switched over to twinrig, hydrorig,
Danish seine, otter trawl (again) and fixed ndtifig. A new technique, the pulse trawl, has
been tested on an experimental basis. Two vesaets riecently, respectively in 2006 and in
2009, been using this technique on a commercias lbal others would like to follow. Since
the pulse trawl is using electric pulses to statteeflatfish and electric fishing is forbidden in
Europe, every year a dispensation from this rukeesded. ICES is looking at the effects of
the pulses on the ecosystem. Whether the pulséwiliee allowed is still uncertain.

2. Pulse trawling compared to beam trawling
2.1. Two periods of comparison

The performance of two pulse trawl vessels (PT1RiR2) will be compared to the traditional
beam trawl in two ways:

1) PT1 will be compared to four reference vessBIEl( BT2, BT3 and BT4) and to the
average of these BTs in 2006 (paragraph 2.2).

2) The performance of PT2 in 2009 will be compatiethe performance of the same vessel
that operated in 2007 as a beam trawl (paragréph 2.

2.2. Main characteristics of the pulse trawl vess€PT1) and the four reference vessels
(BT1-4) 2004-2006

The PT1 was built in 1998, has a length of 42.4emanhd an engine of 2000 HP. The PT1
will be compared with the average of the four refee beam trawl vessels. The average of
the reference vessels differ slightly from the F3éde table 1).

Table 1: Characteristics of the vessels.

PT1 4 Reference Difference
Vessels in %
Length 42.40 41,44 +2
GT 508 466 +9
HP 2000 2224 -10

1 Source: de Vleet, Ecomare
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Year hull 1998 1991 -7 Years
Year engine 1999 1995 -4 Years

2.2.1. Pulse trawling 2004-2006

During the period 2004-2006 the pulse trawl (PT&gvin its experimental phase, it had to
overcome many growing pains. Various changes apdovements were made to the system
and in 2004 and 2005 pulse trawling did not perf@oonomically better than the beam
trawlers. However, costs for PT1 were lower thaB®$ due to a lower fuel consumption of
50%-60% next to high fuel prices. Savings wereaifd0,000 € in 2005. Fuel costs for BTs
increased in 2005. In this period the pulse trashhique was not yet fully developed. In fact
catches stayed behind the BT catches and as aqumms® revenues were low, no profits
were made, although fish prices were good.

Conventional beam trawling however has not been@uoical profitable for some years now.
Costs are high; in 2005 the BT fleet (on averagd#fesed losses weekly. High costs are
mainly caused by high fuel prices and the high ftegisumption of beam trawling. This is
why an alternative to beam trawling is economicalcessary. The costs of investing in
pulse trawl gear are high (circa 400,000 €), howes@me enterprises are confident that
revenues will improve and consequently investmemT will become feasible. In the middle
of 2006 PT1 started operating on a commercial beise.fishing enterprise using the pulse
trawl gear, was allowed to rent the gear from tlirgstry that owns the pulse trawl gear.

2.2.2. Pulse trawling on a commercial basis in 2006

In the third quarter of 2006 of the test phaseTf Pame to an end and the fishing enterprise
continued using the alternative gear on a commefmge. If we compare the average
revenues in the first three quarters of 2006 of Rith the third quarter of 2006 we see an
increase in revenues.

Table 2: revenues for first three quarters of 2006

PT1 Week 1 till 38 of 2006
(1 January till 30 September)
Per day Per week
Average revenues 5.772 23.087
Fuel costs 2.001 8.004
Revenue minus fuel costs 3.771€ 15.083€

Table 3: revenues®quarter of 2006: commercial base

PT1 Week 27 till 38 of 2006
(1 July till 30 September)
Per day Per week
Average revenues 7.264 29.057
Fuel costs 2.030 8.119
Revenue minus fuel costs 5.234€ 20.938€

In the third quarter of 2006 no technical probleotgurred. An increase in catches and
revenues of 25%, without an increase in costs rRddea competitor of the reference vessels
(see below). Profitability seems to be better is fferiod than average Dutch beam trawler,
especially in the sole fishery.
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Figure 1: Gross revenue and gross revenue mindgssts for first 3 quarters of 2006

€ PT1 —— Gross revenue
—=— Gross rev-fuel costs

45.000
40.000
35.000
30.000
25.000
20.000
15.000
10.000
5.000
0

1 2 3 4 5 7 8 9 10 11 16 17 18 19 20 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 38

weeks 2006

In next figures results of 2006 per day of PT1 cared to four reference BT vessels and
average of the reference vessels are presented.

Figure 2: Gross revenue per day in 2006

Gross revenue per day
2006

10,000
8,000
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4,000

2,000

BT1 BT2 BT3 BT4 average PT1

Catches and revenues of PT1 are lower than theef&fence vessels. Fuel costs, however are
much lower for PT1.
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Figure 3: Fuel costs per day in 2006
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If revenues minus fuel costs per day in 2006 afteutated, it shows that PT1 can compete
with beam trawlers.

Figure 4: Revenues minus fuel costs per day in 2006

Revenues minus fuel costs per day
2006

BT1 BT2 BT3 BT4 average PT1

In next graphs result of 2006 per week of PT1 cowgbdo four reference BT vessels and
average of the reference vessels are presentethalypia week consists of 4 fishing days.
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Figure 5: Gross revenue per week in 2006
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Figure 6: Fuel costs per week in 2006
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Figure 7: Revenues minus fuel costs per week i6 200
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2.2.3. Costs of the Pulse system 2004-2006

An indication of the purchasing costs of the pudgstem of 12 meter of Verburg for one
vessel.

The system consists of the following parts:

B On board system € 124.404,-
B Underwater system € 215.354,-
Total selling price VAT excl.: € 33988,-
Installation
System tests and on deck provision cable winches 100€00,-
Total € 439.758,-

Per vessel costs may vary. For instance, if a Veée®&s not possess sufficient electrical power
an extra generator would need to be installed,ariggssels will have sufficient electrical
power. Risks to the system are mainly externalh as; obstacles on the benthos, fishing in
too deep waters, inexpert operation, improper speed

Maximum yearly costs of operating a pulse trawteyswill be globally presented in table 4:
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Table 4: Maximum yearly costs of PT in €

adaptation purchase and
vessel costs Total
B Depreciation 10.000 66.400 76.400
B Interest 1.500 6.000 7.500
B Maintenance and 0 80.500 80.500
repair
Total 11.500 152.500 164.000

Minus: Saving of existing gear costs (circa 20%) -14.000

Extra costs per year subsidy excluded 150.000

In the following table it is assumed that grosgeraie of PT1 is on the basis of the number
of days at sea of the reference vessels (204 dagadn 2005) 1.578.000€ then the net result
of PT1 will be 56000 €.

Table 5: Nett revenues in € PT BT (av.2005)
B Gross revenue 1.578.000 1.578.000
B Total costs, inc. labour. 1.372.000 - 1.624.500
B result 206.000 -46.500

Extra costs pulse system 150.000 - 0

Nett result 56.000 -46.500

Since under this assumption there is no lower lef/grofitability this could stimulate certain
fishermen to adopt pulse trawling.

2.2.4 The main conclusions from the economic perforance of PT1 in 2006

The main conclusions from the economic performastady 2006 are:

Nett result is almost at the business economiaairaleevel

PT1 is competitive with the reference vessels

Profitability of PT better than of BT

Fuel costs of PT is remarkably lower than of BT

PT1 seems to be an alternative for BT that is palitected towards sole
Catches of plaice lack behind

Further development is necessary to improve results

2.3. Main characteristics of the pulse trawl ves$éPT2) 2009

In august 2007 the owner of PT1 sold the vesselptsk trawling consequently ended at
that time. However, pulse trawl fishing started inga the beginning of 2009. Another

fishing enterprise started to fish with a differ@uaise trawl on a commercial base in the first
week of May 2009. At that moment the fisherman wid have any experience with pulse
fishery, before he used the beam trawl as fishieghod to catch flatfish in the past thirty

years.

The vessel BTx was built in 1993 as a beam travildras a length of 41.15 meter and an
engine of 2.000 HP. In 2008 the beam trawl BTx Ibesn modified to a pulse trawl (PT2).
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Engine power has been limited to 1.300 HP. Theltesfi PT2 in 2009 are compared to the
results of the BTx in 2007. The year 2008 was eptesentative for this vessel because of a
long stay in dock for maintenance and refit.

Table 6: Characteristics of the vessel PT1/BTx

Length 41,15

GT 438

HP 2.000 (maximised to 1.300 HP in 2008)
Year hull 1993

Year engine 1993

2.3. 1. Pulse trawling on a commercial basis in 200
The vessel PT2 started fishing with pulse in that fiveek of May in 2009. If we compare the

average revenues in the period M8\ttt October 2 (21 weeks) with the same period of the
year 2007 we see an increase in revenues.

Table 7: revenues in 2009 (21 weeks):

Pulse trawl Beam trawl

Week 19 till 40 of 2009 Week 19 till 40 of 2@0

(4 May till 2 October) (4 May till 2 October)

Per day Per week Per day Per week
Average revenues 8.743 34.972 7.986 31.945
Fuel costs 1.498 5.993 3.182 12.730
Revenue minus fuel costs 7.245€ 28.979€ 4.804€ 9.21%€

During the 21 weeks period in 2009, several tinehiical problems occurred. Revenues
could have been higher because of inefficient effbthe vessel. Effective hours of fishing
were lower as a result of experiments done andkmsause of some cases of (small) damage
of the gear. Particularly in week 27 and week 38ulties caused low revenues. Despite
mentioned problems, catches and revenues raisetD¥y during the whole period. Fuel
consumption decreased by approximately 45%. Pbiliitawas much better in this period
than in the year 2007.
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Figure 8: Gross revenue and gross revenue mindscasts in 2007 and 2009 week 19-40 of
BTx
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In the next figures results of 2009 per day of R compared to BTx per day in 2007.

Figure 9: Gross revenue per day in 2007 and 2009

Gross revenue per da
P y @ 2007 BTx

m 2009 PT2

8.743

Revenues of PT2 were higher than with BTx whild fussts were much lower for PT2.

Figure 10: Fuel costs per day in 2007 and 2009

Fuel costs per day @ 2007 BTx
W\ 2009 PT2

4.000

3.431

If revenues minus fuel costs per day in 2007 &@PZare calculated, it shows that PT2 can
compete with beam trawl.
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Figure 11: Revenue minus fuel costs per day in 20072009
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In the next graphs results of 2007 and 2009 pekwé®T2 and BTx vessels are presented.
A week consists of 4 fishing days.

Figure 12: Gross revenues per week in 2007 and 2009
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2007 BTxI
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Figure 13: Fuel costs per week in 2007 and 2009
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Figure 14: Revenues minus fuel costs per week0i a6d 2009
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2.3.2. Costs of the Pulse system in 2009

An indication of the purchasing costs of the pudgstem of 12 meter of Verburg for one
vessel is assumed to be about the same as in 880&ly € 439.758. Extra costs per year
subsidy excluded will be 150.000 € (see par. 2.2.3)

In the following table it is assumed that grosgeraie of PT2 will be € 1.790.000 on basis of
the same number of days at sea (204 days in 20@Kjng into account all savings but also
all extra costs for pulse, on balance total coslisdecrease by € 200.000. The net result of
PT2 will then be € 140.000, which means a substhhgtter performance compared to the
year 2007 fishing with the beam trawl. It can beatoded that the vessel will operate much
more profitable by using the pulse trawl rathentttze beam trawl.

Table 8: Nett revenues PT2 BTx (2007)
[ | Gross revenue 1.790.000 2100
B Total costs, inc. labour *) 1.500.000 - 1.700.000
B result 290.000 22.000
Extra/less costs pulse system (balance) 150.000 - 0
Nett result 140.000 22.000

*) Total costs; fuel costs for PT 2 will be muchwier compared to BTx, on the other hand
labour costs will rather be higher. However, orahak, savings for PT2 will be positive
substantially. This result should stimulate beawtifishermen to adopt pulse trawling.

2.3.3.The main conclusions from the economic perforance of PT2 in 2009
The main conclusions from the economic performastady 2009 are:

PT2 is competitive with BTx in 2007

Nett result is better than in the year 2007

Profitability of PT2 is better than of BT

Fuel costs of PT in 2009 is circa 50% lower thaB®©k in 2007

PT2 is developed for sole fishery and is an altéreador BTx towards sole

Catches of plaice lack somehow

Further development is necessary to improve resed{secially towards the catch of
plaice

3. The environmental impact of the Pulse trawl in eamparison to the conventional Beam
trawl

3.1. Fuel consumption
Fuel consumption of beam trawlers is very high,rd&@00 litres a day. On average a beam
trawler > 1501 HP consumes 1,5 million litres oyearly basis. Current high oil prices are a

problem for conventional beam trawlers. Oil priaesnain high and volatile making it
necessary for BTs to consume oil efficiently. Amaasure of fuel efficiency the following
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variable has been constructed by LEI (Taal et @62 Fuel efficiency= value of the catch
(in Euro)/fuel costs (in Euro).

Figure 3.1 shows the frequency distribution of dfficiency measure for fuel of 49 beam
trawlers in 2005. On average the consumption of06d fuel yielded circa € 2.500 in catch
revenues. A relatively high number of vessels haveow degree of efficiency in fuel
consumption, fuel costs are relatively high withpect to the value of catch.

Azmtal
20—
15=
Mean= 25240
Std Dev= 0.8963
M= 40
101
5—
0 T | T | |
0 1 2 3 4 5 &

Figure 15: Distribution measure efficient fuel somption of beam trawlers, 2005 (weighted
with gross revenue)

Vessels with >1501 HP are less fuel efficient tearaller beam trawlers. The pulse trawler
consumes less fuel than a beam trawler.

3.1.2. Fuel consumption PT1 2006

Fuel consumption of PT1 in 2006 is remarkably lowem the oil consumption of the four
BTs:
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Figure 16: Fuel consumption per day, beam trawtspared to pulse trawl
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Fuel consumption per week:

Figure 17: Fuel consumption per week, beam trawermpared to pulse trawl
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The use of PT1 generates consequently less emis§i€O2 than the use of the beam
trawls.

3.1.3. Fuel consumption PT2 2009

Also the fuel consumption of PT2 in 2009 is remaikdower than the oil consumption of
BTx:
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Figure 18: Fuel consumption per day, beam trawl panad to pulse trawl
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Figure 19 : Fuel consumption per week beam trawhgared to pulse trawl
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Fuel consumption of PT2 in 2009 is 45-50% lowentb&BTx in 2007.
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It can be concluded from the oil consumption of R PT2 that the use of a pulse trawl
compared to the use of a beam trawl consequensiyahaositive effect on the emission of
CO2.

3.2. Change in catch composition, discards and béras’

A series of nine fishing trips with on board obsgs/were carried out by IMARES on the
same pulse trawl PT1 and two other beam trawlefa(BTb) of comparative engine power
and size to appraise the performance of pulse beamconventional tickler chain beam
trawls. Five comparative trips, carried out in fheriod between October 2005 and March
2006, were analysed for catch rates of marketaliegy(Pleuronectes platessa L.) and sole
(Solea vulgaris L.), undersized plaice and sole bedthic fauna. It has to be taken into
account that this IMARES research was conductedgariod previous to the period the pulse
trawl operated on a commercial basis. In this getie pulse was not yet as developed as in
the commercial period. The data of the economidopmance section (above) is from the
later period (3 quarters of 2006).

In paragraph 3.6 catch composition and discargdadée and sole in 2009 from an IMARES
survey onboard of PT2 will be presenited

Table 9: Vessels used and main particulars

Year built Loa GT kW

Vessel ID

BTa 2003 39.67 418 1471
BTb 1993 42.36 501 1467
PT1 1998 42.40508 1471

Effect on landings based on auction data

Except for the first trip, the pulse trawls caugbhsiderably less landings, about 60-70% of
that of the conventional trawls. When lumped togetfyear test 6) the overall ratio is 68%
(Table 10). These data were consistent with thevs/iexpressed by the skipper and the crew
on PTL1. ( gross revenue PT/BTav= 77%)

Table 10: Overall landings LpUE comparison

Geartest Trip  Pulse Conv Ratio
kg/hr  kg/hr

1 65.7 69.3 94.8%
2 57.8 87.8 65.8%
3 86.2 145.7 59.2%
4 50.2 75,5 66.5%
5
1

61.2 87.4 70.0%
to5 64.6 954 67.7%

OO~ WN -

Effect on summed landings of single species basediction data
The differences between the pulse trawl and coiaeat beam trawl were substantial for
various species. It appeared that the pulse travfbpned best for turbot and brill with ratios

2 This part is based oRerformance of pulse trawling compared to converideam trawlingd. van
Marlen, R. Grift, O. van Keeken, M.S. Ybema, R. ¥al , IMARES, 2006

% On board of PT2 were during four trips IMARES ofvses.
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ranging from 78% to 131% of the conventional lagdin while cod landings were

considerably lower, between 15% and 60% of thét@fbeam trawl.

Effect of gear type on market grades based on auctata

Only in a few market categories a significant difece could be found between the pulse and
the conventional gear type, i.e. for plaice cat®rehthe pulse trawl caught more, sole cat2
with the pulse trawl catching less, turbot cat2 i@pand cod cat2 (less) and cat4 (more). All
other differences were not statistically signifigdsut the number of observations was limited
with five trips analysed.

Sole landings based on paired hauls
The analysis of haul-based data showed that fdripl, except no 1, the pulse trawl landed
significantly less sole than the beam trawl, wahas ranging from 66.1% to 93.1%. For the
complete dataset of all five trips combined (gesst 16) the ratio pulse/conventional was
78.2% for sole landings (Table 11).

Table 11: Landings in kg/hr of sole based on paliraals

Gear Vessels WK, year No CPUE
test

kg/hour

mean stdev p-value

hauls PULSE CON PULSE/ PULSE CON
CON

1 PT1-BT2 41, 2005 34 19.30 20.74 93.1% 6.52 7.17 0.251
2 PT1-BT3 44, 2005 41 1752 21.74 80.6% 5.95 6.4 0.000
3 PT1-BT1 05, 2006 35 8.51 11.92 71.4% 2.76 3.94 0.000
4 PT1-BT2 09, 2006 38 7.93 11.66 68.0% 2.95 4.43 0.000
5 PT1-BT1 11, 2006 27 10.33 15.62 66.1% 2.86 3.03 0.000
6 PT1-Both All 175 12.87 16.45 78.2% 6.64 6.87 0.000

Plaice landings based on paired hauls
Similarly the plaice landings fell behind for thelge trawl, with ratios ranging from 52.8% to
89.5% of beam trawl! landings. For the completes#taf all five trips combined (gear test 6)
the ratio pulse/conventional was 64.5% (Table 12).

Table 12: Landings in kg/hr of plaice landings lohee paired hauls

Gear Vessels WKk, year No CPUE
test

kg/hour

mean stdev p-value

hauls PULSE CON PULSE/ PULSE CON
CON

1 PT1-BT2 41, 2005 34 2556 28.56 89.5% 13.8 8.97 0.047
2 PT1-BT3 44, 2005 41 2469 46.79 52.8% 10.91 15.37 0.000
3 PT1-BT1 05, 2006 35 56.02 93.43 60.0% 23.17 25.56 0.000
4 PT1-BT2 09, 2006 38 21.66 29.85 72.6% 13.64 11.18 0.000
5 PT1-BT1 11, 2006 27 20.09 28.87 69.6% 5.84 6.61 0.000
6 PT1-Both All 175 29.76  46.13 64.5% 19.75 29.07 0.000

3.3 Effect on discards of plaice and sole

In these analyses no significant difference wasdoim the number or in the weight of the
plaice discards between both gear types. On avetlhgeulse trawl and beam trawl caught
68 and 67 kg/hr of undersized plaice respectively.
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The pulse trawl caught significantly less undedizele than the conventional beam trawl
(2.4 kg/hr in comparison with 1.8 kg/hr for the berawl). For this analysis, only data from
the last three trips were used because it wasiorilyese trips that the numbers of discarded
sole were counted accurately

3.4. Impact on benthos

The main benthos species caught were: sandstaop&sten irregularis L.), common starfish
(Asterias rubens L.), and swimming crab (Liocarsirolsatus L.). These were caught in
almost all hauls. The analysis of variance for ¢hgigecies shows that the pulse trawl caught
significantly less humbers of these species. Oma@ee catch rates of sandstar in the pulse
trawl were 24% of that in the conventional beamvtrand of common starfish 75% and of
swimming crab 53%.

With regards to the benthos species there wasapaterest for quahogs (Arctica islandica
L.) and prickly cockles (Acanthocardia echinata Lhese species are slow growing and have
a low recruitment, because of this they are thresteby fishing methods disturbing the sea
bed. These species however only sporadically oedum the catch; therefore it was not
possible to use them in an analysis.

The extent of damage of plaice fluctuated with bigphercentages class A (in good shape)
and lower C for the pulse trawl, but unclear resuit class B and D (severely damaged).
Regarding the mean percentages there were morafishss A, about comparable numbers
in B, and less fish in C and D in the pulse travidlfle 22). When using these means with the
survival rates found in 2005 for the categoriesaAd B+C, the survival of undersized plaice
in the catch after 192 hrs of observation of a @ulawl is nearly doubled to 28% (Van
Marlen et al., 2005b).

Table 13: Estimated survival of plaice on experitaen 2005

Species plaice

Gear PULSE CONVENTIONA

Catergory % in catch % survival - % in catch % surviva
A 36.22% 13.61% 6.4 9% 1.84%
B+C 51.40% 14.47% 73.51% 13.04%

D 12.38% 0% 20.00% 0%

% overall survival in catch 28.09% 14.88%

The hypothesis concerning survival of discard fistthat the pulse trawl would catch less
debris and benthos and that this would positivéfigce the damage done to the fish species
and would increase the survival rate of the fishe Tnethod of classification however is

subjective and depends on judgement of the perssifying the damage. These persons
differed per trip, causing variability in resulfShe condition of the fish also depends on
handling on board and the lay-out of the proceskitgg which differed per ship. Taking fish

from the conveyor belt does not exclusively showveffect of the pulse or conventional beam
trawl, but includes effects caused by processingelk In spite of these caveats the results
show, not statistically tested, more lightly dandhdish in the discards of the pulse trawl.

When using the average percentages with the slimates found in 2005, the percentage
survival of plaice in the catch can be substaptinigher, meaning a smaller impact on the
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plaice population by fishing with pulse trawl, basa there is no difference in the number of
plaice discards. This is a finding justifying fugthstudy.

3.5. The main conclusions from the IMARES study fom 2006
The main conclusions from the IMARES study frond@@re:

1. The landings of plaice and sole were significarityver in the pulse trawl when
compared to the conventional beam trawl (in 200B20Both the auction data as the
haul-based data showed a reduction of LpUE of adily sole and plaice, contrary to
the findings of earlier paired experiments onbo&fdV (fishing research vessel)
“Tridens”. Over all species landed, the pulse trawbut 68% in kg/hr. (The economic
performance study showed an improvement in landings

2. There was no significant difference in the catctesaof undersized (discard) plaice
between the pulse trawl and the conventional trawl.

3. In the pulse trawl, the catch rates of undersiziscérd) sole were significantly lower
than in the conventional beam trawl.

4. Catch rates of benthic fauna (nrs/hr Astropectergularis, Asterias rubens, and
Liocarcinus holsatus) were significantly lower ihet pulse trawl compared to the
convent-ional beam trawl.

5. There are indications that undersized plaice areaded to a lesser degree in the pulse
trawl and will survive better in the pulse trawlad®d on previous research, these results
would indicate a survival rate of plaice in the gmikrawl that is twice as high as in a
conventional beam trawl. But since the method ¢émheining damage to fish by visual
observation is subjective, this conclusion shoddrbated with caution.

3.6 Catch composition and discards of plaice and goin 2009*

The catches in terms of landings and discards wemdtored onboard PT2, fishing with two
pulse trawls using the Verburg-Holland system dyfour weeks in June-August 2009. The
average fishing speed was about 5 knots. The fishiea of the four trips was east of the
coast of England and fishing depth was 36 m ona@eswith a minimum depth of 20 m and a
maximum depth of 46 m.

For this study the standard sampling proceduretlier yearly monitoring of discards of
conventional beam trawl fleet was applied (van Heldhand van Overzee, 2008). Sampled
numbers of fish per haul were raised to numbersvegight per hour, for both discards and
landings.

The four trips led to a total of 103 valid hauls &malysis, with a total fishing duration of 186
hours. The number of hauls per trip varied betwieéand 38.

4 Steenbergen, J. and Marlen, B. van, 2009. Landang$ discards on the pulse trawler MFV
“Vertrouwen” TX68 in 2009. IMARES Report C111/09) gp.
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The average number of plaice landed per hour was,58 weight 19 kg plaice per hour. The
average number of plaice discarded per hour wa®,64 weight 18 kg plaice per hour. This
resulted in an average discard percentage forgp&i@4% in numbers and 49% in weight.

The average number of sole landed per hour waoR08 weight 53 kg sole per hour. The
average number of sole discarded per hour was 5 aveight 5 kg sole per hour. This
resulted in an average discard percentage foro§@#% in numbers and 9% in weight.

Comparing the landings with that of conventionadrdrawl! discard surveys in 2007 leads to
the general impression that with the pulse trawrargole was caught and less plaice than
with conventional beam trawls. The range of numbédaice landed was 101 - 561 per hour
on the conventional beam trawls monitored in 200fereas during with the pulse trawl
between 14 — 106 numbers of plaice where landechper. The range of number of sole
landed was 45 - 149 per hour on the conventionambgawls that were monitored in 2007,
whereas during with the pulse trawl between 1459 umbers of sole where landed per
hour.

The total discards per trip were within range a thiscards per trip in earlier years. When
compared with conventional beam trawls in previgears it seems that with the pulse trawl
more sole in number and weights per unit of times wiliscarded and less plaice was
discarded. However, the average discard percentzfgas well plaice as sole for the pulse
trawl of this study were within range with the aage discard percentages of conventional
beam trawls in 2005, 2006 and 2007 (van Keekeng;208n Helmond and van Overzee,
2007; van Helmond and van Overzee, 2008) .

Data from 2009 was not yet available and year e Influence on the differences. Another
important factor is the fishing area, just easthef coast of England, which probably in this
case has influenced the catch composition andettetiat sole was more abundant in as well
the landings as the discards. The comparison @epokam trawling vs. conventional beam
trawling in 2006 showed that the pulse trawl caugks sole in kg per hour, i.e. 12.87 vs.
16.45 (ratio 78.2%), and fewer plaice, i.e. 29.8646.13 kg per hour (ratio 64.5%), see van
Marlen et al., 2006.

This study gives a general impression of the parémice in terms of catches of fishing with a
pulse trawl using the Verburg-Holland system. Hoereit is recommended to conduct a
comparative study on performance of a beam tradlapulse trawl, where the two vessels
of similar size fish simultaneously. This is to ke the effects of time and area of fishing.

4. Future

At the moment of writing just one vessel (PT2) vagerating with the pulse trawl. It is
expected that at least three other vessels wildagpped with pulse in the last quarter of the
year 2009. These three vessels intend to combifge gachnology with SumWing gear
instead of beam trawl gear.

It is expected to obtain higher prices for pulsevtrlandings through labelling in the future.

Research is done on the effects of pulse trawlimgad, shark and ray and other benthic
fauna. It is expected that results of the studididoe available in the end of 2009.
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5. The cost effectiveness of the pulse trawl in cqrarison to the beam trawl

The cost effectiveness of the pulse trawl in corigparto the beam trawl on the basis of two
periods of commercial trials of the pulse trawtngiout to be rather positive. The economic
performance of the pulse trawl can compete with manable beam trawls. This is especially
due to a decrease in oil consumption, which is gh hiost for beam trawlers. Fuel
consumption of the pulse trawl is some 45-50% talvan the beam trawl.

Environmental costs are also lower. When it coreeliscards, in the pulse trawl, the catch
rates of undersized (discard) sole were signifigalotver in 2006 than in the conventional
beam trawl, and also catch rates of benthic famns/Hr Astropecten irregularis, Asterias
rubens, and Liocarcinus holsatus) were signifigaloiiver. However, in 2009 with the pulse
trawl more sole in number and weights per unitioletwas discarded and less plaice was
discarded. There are indications that undersizaitelare damaged to a lesser degree in the
pulse trawl and will survive better in the pulsavit. Next to this the use of a pulse trawl
generates less emission of CO2 than the use aira bawl.

The pulse trawl seems to be an alternative for bieawlers that are mainly directed towards
sole, even sole catches are better, catches akepiik behind. Some concern exists on the
effects of pulse trawling on certain non targetcsge
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Partner 11

The empirical assessment of a modified beam traat ttilizes the measures developed
within WP4 was undertaken by partner 11 (UoP). dbserved performance of a vessel using
the modified beam trawl was compared to that of mamable vessels, employing the
conventional beam trawl, operating in the Belgengé beam trawl fleet.

Productivity Effects of a Modified Beam Trawl

1.0 Introduction

This section investigates the effects gear basetinieal modifications have on the
productivity of commercial fishing vessels. Typigathese are considerezk antevia sea
trials that examine the degree to which target isgecatchability is observed to differ
between ‘conventional’ and modified gears. This barundertaken on board either research
or commercial fishing vessels and such trials terige relatively short in nature (both in time
and number of tows) making the results somewhatatigde in nature. In the case of research
vessels, the vessel configuration is not necegsaptimal for commercial fishing, so
extrapolating the results to a commercial fleetdifficult. Basing productivity change
estimates upon gear trials at sea is also a palignartificial exercise as it assumes the
behaviour of fishers will not change as a resulthef using the modified gear. Fishers can be
expected to modify their behaviour in a way to @®the impact of the new gear on their
profitability. As a result, adverse productivityastges may ultimately be less than estimated
through sea trials. Conversely, productivity changeuld also be greater than estimated in
the sea trials if fishers do not use the new géactively due to their unfamiliarity with it.
Thus, the impact on the commercial fishery is |Brge empirical question, which can only
be resolved by examining productivity changes #uatially occur in the fleet when modified
gears are applied over time. Examples of assessntkeat consider the use of technical
measuregx postoperating in truly commercial conditions are &84 common. Assessing the
performance of vessels in this manner allows angants on performance to be more
realistically determined.

Here, impact reducing technical measures are ceresdidempirically at the vessel level in an
ex postassessment. The implications of changes in proadiiycand costs are then considered
with regard to the average vessels profitability.

1.1 Gear/Fleet Characteristics

The conventional gear used by Belgian large beawlérs is the chain mat beam trawl where
a lattice work of chains is towed from the backle# beam sloping down to the footrope of
the net. This is heavier than the alternative lackchain beam trawl but more robust and

suitable for fishing harder grounds. The mesh sizbe net is 150mm polyester (PE), double
braided in the belly, single in the top panel. Tod-end is 80mm double braided PE, twine
diameter 4mm. The cod-end is 80 open meshes rauhé@ meshes deep. The heavy chain
mat drags on the ground, ahead of the ground ek encourage demersal fish to rise into
the following net. In 2007, the average engine powfea large Belgian beam trawler was

1009kW with a gross tonnage (GT) of 315 (Vlaamse®=iel, 2007a).

These vessels can land up to 40 different commespicies but specialise in the capture of
benthic fin fish such as sole and plaice. The toed most important species landed by
Belgian vessels in terms of total value are typycable, plaice, and lemon sole. They
primarily operate in; the North Sea (IVa-c), Irifkea (Vlla), Celtic Sea (Vlig,h), Bristol

Channel (VIIf) and English Channel (Vlid,e) and awot for approximately two thirds of

sole landings from the Celtic Sea and Bristol CleufWllf & g) (ICES, 2008b). The latest

ICES advice indicates that both sole and plaicecareently considered overfished in terms
of potential yield in almost all these areas. Thiy @xceptions being in area VIlh where the
status of both species is unknown and Vlla wheegcel are considered to be underfished
(ICES, 2008a, b). The most recent Belgian anneeai fteport indicates return on investment
(ROI) figures for the large beam trawl fleet (TBB)essels 24m to 40m) have declined
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steadily over the period 2003 to 2006, and that tieese been negative since 2005 (European
Commission, 2007).

1.2 The *Alternative Beam Trawl’ - SpecificationdaAnticipated Effects of Uptake

The ‘modified beam trawl’ assessed here combirmasnaber of technical measures trialled in
Wp4, it is largely the product of over two decaddsBelgian research into the matter
(Fonteyneet al, 1997; Polet, 2003; Fonteymé¢ al, 2005) and partner 08 (ILVO) was closely
involved with the development of the setup. It imadified version of the conventional gear
described above and differs by having roller géange meshes in the top panel, a square
mesh benthos release panel (SMP), and a T90 code&ulissions with those involved in the
gears development and previous trials of similahmécal modifications were utilised to
guidea priori expectations with respect to their likely sigrdince. The anticipated impacts
are considered below.

Roller gear. Wheeled trawl shoefn place of conventional ‘ski’ type shoefhese are
designed to reduce the gears total resistance @rs¢h bed whilst maintaining adequate
contact to fish effectively. They are primarily fisaving devices as they reduce drag and are
not believed to affect the way gears fish.

Large meshes in the top panel (300mm meshedhis modification is designed to reduce
the level of finfish bycatch. It is primarily roufish such as gadoids (e.g. cod, haddock,
whiting) that tend to evade capture via this typenodification. Beam trawlers are currently
obliged to use short large mesh sections in thet fpart of the top panel, the section of large
meshes applied here extend further into the net.lattge meshes of 300mm in the top panel
coved the full area between the headline and tbéibs, i.e. somewhat more than the area of
the chain mat.

This modification was initially shown to be effeaiin otter trawls (Thomsen, 1993; Madsen
et al, 2006). In sea trials aboard large beam trawlslainmodifications (such as square
mesh panels and cutaway covers) have been searfoonp well for whiting and haddock
(Fonteyne, 1997) and whiting and cod (van Marl€93). Reduced drag, and consequently
fuel consumption, may also be achieved throughwioéold effects of more open netting and
less bycatch in the cod end. If present, any suehdaving was, however, anticipated to be
small.

A Benthos release panel (120mm square mesh) square mesh panel placed in the belly of
the trawl ahead of the cod end, this is designedetiuce the gears impact on benthic
communities generally. The meshes in the belly vigeatical to the traditional gear except
for a benthos release panel that was 120mm doudieédd polyethylene (PE). The panel was
20 meshes wide and 30 meshes long and attachédand316 diamond meshes in the belly,
respectively.

Trials aboard research vessels have reportedtstaltis significant reductions in the number
of whiting retained (23%) when using 200mm meshsédaon 6 hauls), the number of
whiting retained when using 150mm mesh also fetlwas not statistically significant (16
hauls) (Fonteyne and Polet, 2002). However, ther20&quare mesh was also seen to result
in large and significant reductions in the numblesae retained (45%) (Fonteyne and Polet,
2002). The same trials noted large but non sigmificeductions in the number of plaice and
dab being retained, respectively, at that size m&sdmm SMPs were also seen to result in
non statistically significant reductions in the rhers of sole and dab retained. These figures
are generally based on very low numbers of hauthsald be interpreted with some caution.

Sea trials aboard commercial vessels have showthdmeinelease panels to perform well at
reducing invertebrate and non-commercial finfisttdigh (e.g. Revill and Jennings, 2005).
Furthermore, a recepi-postanalysis of catch and discard information indidegesignificant
reduction in the level of bycatch for otter travesgels in the North Sea when using square
mesh panels (Enevet al, 2009). SMPs have also been observed to resuéiducing the
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number of undersize whiting and haddock retainetstvhaving no significant effect on the
retention of sole and plaice (Depesteleal, 2008). A later study based upon commercial
trials using observers showed decreases in thenotabers of invertebrates in the discards,
yet the overall weight of discarded fish and tatelcards did not change (Depesteteal,
2009). This last study also reported a 6.9% (skezaidy significant) reduction in the total
weight of the commercial fraction of catch retaivagen fished against gear without a SMP
(Depesteleet al, 2009).

A T90 cod-end.Traditional 80mm diamond mesh cod end net turhegugh 90 degrees to
prevent it closing up when weight loaded. This m®ther bycatch reducing modification
aimed at reducing the level of juvenile finfish bych. The T9O0 is also referred to as the
‘gentle’ cod end as it does not pull tight when entbad so can be less damaging to the
retained fish. The T90 cod-end considered here 9#adpen meshes round and was 70
meshes deep. The aft end was made of 5 rows didread diamond meshes.

T90 trials aboard demersal trawlers have shown taeybe an effective bycatch reducing
measure for juvenile fish (Moderhak, 1997). Subsegurials on large beam trawls aboard
research vessels have indicated the T90 can betieffeat releasing increased numbers of
non-commercial fish, undersize flatfish (such ab,damon sole, and sole) and undersize
commercial roundfish (Depesteé al, 2008). Similarly, trials aboard commercial vessel
indicated significant reductions in juvenile haddand commercial size hake retention (59%
and 10%, respectively) but also worryingly largerégases in the number of undersize sole
retained (226%) (Depestedt al, 2008). However, a larger scale assessment ot®8&nds
being used aboard commercially active vessels,rreghan Depestelest al. (2009) (177
tows), indicated no significant difference in theight of sole caught and a significant
reduction in the number of <MLS sole retained (irerease in the number of >MLS sole
retained). Yet, in this instance more undersiz&plavere reported as being retained. Should
this also be the case when using the modified beawl, the long term effect of discard
related mortality on plaice stocks and consequignti@andings may actually be even more
detrimental.

Lastly, less bycatch results in less time beingdedeto sort each haul. The magnitude of
these savings and the fact most vessels are nolingowith the minimum crew required to
operate safely mean this alone would not allow regevzibe achieved by reducing crew
numbers. In this case, and assuming it is notloeatied to other maintenance or operating
duties, individual crew members will accrue the smoonetary benefit of less time spent
sorting per shiftFurther, whilst a number of modifications have bagplied they primarily
relate the specification (i.e. size, shape andtipo$iof netting. Any differences between the
costs of purchasing, fitting or maintaining the rfied and conventional gears were believed
to be negligible (Hans Polet, ILVO, personal comioation, March 2008). Due to the nature
of the modifications, additional costs of adjustingmch as the re-training of crew in order to
work the gear were also not expected.

As indicated above all the modifications appliedhe alternative beam trawl have separately
undergone at least some level of performance testiloard either research (RV) or fishing
vessels (FV). The combined effect of employingsithultaneously is less well researched
and unknown interaction effects prevent the asswmpiat any expected benefits/costs
associated with employing gear modifications arditaet. The findings of these trials are

somewhat mixed and if anything serve to indicatd the application of technical measures
should be considered on a case by case basis.

2.0 Methodology

The approach adopted to examine these productolignges was the use of stochastic
production frontiers. These estimate the relatignbetween catch and the use of inputs, and
take into account differing levels of efficiency tife fishers. Changes in productivity as a
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result of the use of modified gear are estimatec a&ift in the production frontier. The
estimation of production frontiers also allows #stimation of the technical efficiency of the
vessels. The gears impact is assessed thoughp&siman the production function rather than
efficiency per se However, it is still appropriate to use a stoticgsroduction frontier model
rather than a traditional production function ttmal for underlying efficiency differences in
the vessels using the modified gear. Ignoring thesderlying efficiency differences may
confound the estimate of the effects of the altitraajears.

2.1 Stochastic Production Frontiers and EfficieBsyimation

Production functions use observed values to ddfieerelationship between levels of input
and the resultant levels of output (Schmidt, 1988y indicate the average level of output
as a function of a given level of input on the asgtion that all producers are equally as
efficient. Stochastic production frontiers differ that they estimate the maximum level of
output that can be produced from a given set ofitsipand consider deviations from this
maximum level a result of inefficiency of the preéus (as well as random error).

The basic stochastic production frontier is:
InY, = f(Inx)+v, —u,, i=L.N,t=21.T (5.1.1)

where IrY; is the production of firm in time periodt, x is a vector of explanatory variables,
Vi the stochastic error term anglis the estimate of technical inefficiency of fitmBoth v
anduy are assumed to be independent and identicallsitaigtd (iid) with variance o$?,and
6°, respectively.

In order to separate the stochastic and ineffigiegifects in the model, a distributional
assumption has to be made fgr Two main distributional assumptions that havenbee

proposed are a normal distribution truncated ab,a@f ~ [N (u, 0'5)] (Aigneret al, 1977),

and a half-normal distribution truncated at zerp,~ lN o, Juz)] (Jondrowet al, 1982). In

addition, the inefficiency can also be considemdave a time variant component, so that
U, =u, explp(T —t)] (Battese and Coelli, 1992), whefFes the terminal time period (i.e.,

U, =Uu;, whent =T). A further alternative is to define the ineffioiey as a function of the

firm specific factors such that = zo + w, wherez is the vector of firm-specific variables
which may influence the firms efficiencd,is the associated matrix of coefficients ant a
matrix of iid random error terms. The parameterghefinefficiency model are estimated in a
one-step procedure (Battese and Coelli, 1995) alaitig the parameters of the production
frontier. Little information on factors that mayfedt efficiency other than the use (or
otherwise) of the alternative gears was availadgehis approach was not pursued.

Stochastic production frontiers have been estimfitied wide variety of fisheries (Kirklegt

al., 1995; Kirkleyet al, 1998; Sharma and Leung, 1998; Pasebal, 2001; Pascoe and
Coglan, 2002; Herrero and Pascoe, 2003; Tinglegl, 2005). These studies have tended to
estimate the translog functional form of the moddie translog functional form is generally
preferred over other functional forms as it is @ptoally simple and imposes mopriori
restrictions on elasticities of substitution, protgon elasticities and returns to scale. The
general translog functional form can be expressed a

1
InY,, =B, +>.BInX,,;, +§Zzﬂi,k IN X, INX, —uj, +V, (5.1.2)
i i k

whereY is the revenue of vessglin periodt andX;;; are the vessel inputs,k) to the
production process.
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The Cobb-Douglas production function (Zellregral, 1966) is an alternate functional form
and is effectively a special case of the translbgne allg; = 0. Typically the translog form
is estimated first and then its validity testediagiathat of the Cobb-Douglas specification.
Implicit in the Cobb-Douglas production functionans elasticity of substitution of 1. Further,
production elasticities are constant and idenfimadll producers.

3.0 Data

3. 1 Catch and Effort Data

Data relating to 9 large commercially active Betglzeam trawlers were obtained from the
Flemish Institute for Agriculture and Fisheries Bash (ILVO) for the period January 2004

to December 2007. This included information on eaessels’ physical characteristics (e.g.

length, kW, GT), trip level effort (hours fishinf;ES rectangle) and landings (species, ICES
rectangle).

Initially (i.e. from January 2004) all 9 vesselsrei@perating with conventional beam trawl
gear. However, as of August 2005 one vessel (Mihahged gears and began to operate with
the previously described modified beam trawl. Thieeo 8 vessels (BT1-8) continued to
utilise their conventional beam gear for the rerdamof the observed period, serving as
points of reference.

The vessels in the data set ranged from 32.5 @2n8& length and 750 to 957kW in engine
power. MT1 was 33.5 meters in length, was built@82 and had a 850kW engine that had
last been replaced in 1998. The individual vessle#gacteristics are presented in Table 5.1.1
and the average reference vessel compared with MT1.

Table 5.1.1Vessel characteristics

Vessel Length (m) kW GRT (1) Hull Vintage
Experimental vessel
MT1 33.53 850 233 1982
Reference vessels
BT1 34.80 882 236 1975
BT2 32.50 750 247 1982
BT3 32.23 882 259 1985
BT4 36.01 875 329 1985
BT5 37.80 957 385 2000
BT6 38.20 957 384 1997
BT7 37.80 957 384 1998
BT8 37.80 937 389 2001
Average of BT 35.89 900 327 1990

Difference between MT1 &

Average BT -2.36 -50 -94 8 years older

Over the period observed, MT1 primarily fished thish Sea (Vlla), the Celtic Sea North
(VIig), the Bristol Channel (VIIf), and the Centrdlorth Sea (IVb). Of these areas the
majority of effort was exerted in the Irish Sea abdltic Sea North. A number of the
reference vessels had also spent some time fishtimgy areas so observations relating to
these landings were excluded from the analysisisore the productivity being assessed was
as directly comparable as possible. Furthermong paniod in which MT1 was not recorded
as operating were also excluded from the analyi$is resulted in a final data set of 737
fortnightly observations relating to 9 vessels. @igdive statistics are presented in Table
5.1.2.
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Table 5.1.2. Descriptive statistics for vessels Mihtl BT1 to 8 over the period January 2004
to December 2007.

Min. Max. Mean SD
All data (737 obs.)
Landings (kg) 24.00 58,517.00 8,471.66 7,323.06
Revenue (€) 60.17 160,100.30 34,256.54 25,323.49
Power (kW) 750.00 1176.00 884.66 84.25
Length (metres) 32.23 38.20 35.02 2.33
Effort (hours) 1.00 480 117.90 75.06
Experimental vessel only (127 obs.)
Landings (kg) 359.20 24,898.50 8,225.97 5,102.96
Revenue (€) 1,146.89 89,590.44 33,429.23 19,095.09
Power (kW) 850.00 850.00 850.00 0.00
Length (metres) 33.53 33.53 33.53 0.00
Effort (hours) 6.00 480.00 157.04 84.90
Reference vessels only (610 obs.)
Landings (kg) 24.00 58,517.00 7,707.64 7,707.64
Revenue (€) 60.17 160,100.30 34,428.78 26,446.15
Power (kW) 750.00 1176.00 891.89 90.97
Length (metres) 32.23 38.20 35.33 2.44
Effort (hours) 1.00 372.00 109.76 70.23

3.2 Treatment of Stock

As annual spawning stock biomass (SSB) estimates aeailable for the most important
species by ICES rectangle, a composite index Marias derived to account for temporal
and spatial variations in the level of stocks. Tihiduded species specific annual SSB based
indices for sole, plaice and cod; species speaificual CPUE indices for the 8 species that
(individually) accounted for more than 1% of reverhwt for which SSB estimates did not
exist; and an aggregate (annual) RPUE for the mngR4 minor commercial species landed
that account for less than 1% of revenue (and hegédess than 5%). The CPUE was a ‘fleet’
level measure derived from the aggregate landirfigal cvessels from the 9 present in that
time period. The 8 species were Brill, haddock larsole, megrim, monkfish nsp, ray nsp,
turbot, and other demersal fish. All these indieese constructed at the annual level and
specific to the ICES area a vessel was operatingt ithe time. The SSB index may be
represented as:

. SSB,, . .
SSBindex, =———-—, [J=L.N,i=L.N,t=1.T (5.1.3)
" SSB;,
where; SSB;, represents the estimated spawning stock biomésspeciesj in ICES
rectangld, in yeart. The species level CPUE index can be written as:

CPUEIndex;, =(§q;'i't j/[%qét] j=1.N,i=1l.N,t=1.T (5.1.4)
it it

whereq;,;; is the quantity (kg) of specigsanded from ICES rectangien yeart, ande; is the
effort applied in ICES rectangién the yeat.

Lastly, the aggregate RPUE index for the remairdfidess valuable species may be written
as:
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RPUEindex, =| '~ = ,

De, De. (5.1.5)

j=L.N,i=L.N,t=1.T

where;p;; is the average price of specjan yeart (all prices were inflated to 2007 equivalent
values).

All indices were constructed from species levehdatating to each individual landing within
the dataset. The relevant index number was thaohett to each individual observation (i.e.
by species, area, and year) and weighted by thee shat particular species contributed
towards a vessels revenue over that 2 week pafiben the species level landings data were
aggregated to total landings by vessel/area/pettied indices were likewise aggregated
providing a composite stock index value for eackeobation;

Compositeindex;; , =Zinde>§j xrevenuesh@,; ; ,
i

SSBindexfor j = sole plaice cod (5.1.6)
whereindex ;1 CPUEindexfor j =8 otherkey species
RPUEindexfor other species

wherev represents the specific vessel gnrepresents the 2 week periods (roughly akin to
typical trip length) the data was finally aggreghiteto.

On average, and over all years and areas, the fpeges for which SSB estimates were
available (sole, plaice and cod) jointly accountedd59.5% of total observed landings by
value (just over 15 million Euros). The remainingpi-SSB) stocks, incorporated using
individual CPUE and an aggregate RPUE indices, attea for 36.1% and 4.4% of landings
by value, respectively. Figure 5.1.1 illustrates tklative contribution of these ‘SSB’ and
‘non-SSB’ stocks to the total value of landingsIB¥S rectangle.

As such the derived composite index should be aorebly robust measure. However,
considering that proxy stock measure indices sgcGRUE (and therefore also RPUE) have
the potential to be biased (Alvarez, 2003) stodkat$ were also investigated using sets of
annual and area specific dummies.
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Figure 5.1.1. Value of landings (000’ Euros, 20@uiealent) total for all vessels in data set
2004-2007.

3.3 Additional Cost Data

Whilst data relating to the costs of production avapt a part of the productivity analysis,
attempts were made to collect information on amgtstikely to change as a result of using
the modified beam trawl. All costs other than thafefuel were indicated as remaining
constant across gears (Polet H, personal commuomcadarch 6, 2008).

Exact records of the fuel consumption associateld thie landings and effort values were not
available for any of the vessels being considerslvever, fuel consumption rates for all
vessels were initially believed to be at least 4©€s/24 hours. The trial vessel was reported
to have reduced its fuel consumption by 15% to @xprately 3400 litres/24 hours (Polet H,
personal communication, March 6, 2008) As fuel €asin account for between 30% and
50% of a beam trawlers gross revenue (Depestedd, 2007) such a reduction represents a
significant saving. However this reduction was aghd through a combination of fishing
with the modified gear (believed to take less bicltaand therefore create less drag, it also
has less drag due to larger meshes in certaing)lacel more responsible use of the engine
due to an econometer being installed around theestme. An econometer is a fuel
consumption meter. These provide skippers real assmessments of fuel consumption and
help them modify engine use behaviour to reduceecessary fuel consumption wherever
possible. Consequentially, the extent to which gisimodified gear, in itself, reduced fuel
consumption was difficult to accurately quantifyt buas indicated to be in the region of 5%
or less (Polet, 2008).

4.0 Model Estimation and Results

The models were estimated in FRONTIER 4.1 (Co&Mi96) using a single (aggregate)
dependent variable of landings weighted by revesii@re. These were assessed at the
fortnightly level, a period roughly comparable widverage trip lengths. Revenue share
weights were derived by applying annual averagegiBelprices (inflated to 2007 equivalent
values) to the observed, species level, landingspkcies level information was available for
each individual landing a multiple output approaas considered (such as those undertaken
by Fousekis, 2002; Kirklegt al, 2004; Pascoet al, 2007). However, even if the number of
individual species considered had been restricieohty the main target species accounting
for these by area would have required a prohibitivenber of explanatory variables relative
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to the number of observations available. This isabee when using a translog functional
form the number of square and cross terms requaiedecome problematic. For example the
primal multi-output distance function constructedPascoeet al. (2007) considered only 3
species and 1 ‘other’ category for beam trawlerh@North Sea (one sea area) yet required
27 explanatory variables.

Implicit in the use of a single aggregate outputhis assumption that outputs are separable
from inputs and production effectively forced to joat in input quantities (implying that
inputs are used in relatively fixed proportionsatele to output). Joining in production is
believed to be a reasonable assumption for thesseleas the relatively non-selective nature
of their gear limits, to a certain extent (vessels attempt to target certain species by altering
areas fished), the ability of these fishers touefice the composition of their catch. Further-
more, Pascoet al (2007) recently found production in the UK No8ha beam trawl fleet to
be joint in inputs, however the same study alsadoproduction to be non-separable from
inputs. Jensen (2002) demonstrated that sepayalditveen input and outputs is commonly
rejected in fisheries production studies (see Btaasekis, 2002; Oreet al, 2005) indicating
that the majority of fishing technologies should fedelled in a disaggregated context.
However, as discussed above, the necessary nurhbgplanatory variable in relation to the
number of observations meant doing so was not lplessi this instance.

Economic measures of capital (e.g. value of hullanengine) were not available and whilst
these are possibly more theoretically appropriada physical measures (e.g. length, kW) in
practice it has been demonstrated that both prasirddar estimates of efficiency (Pascee
al., 2003). Boat length (m) and engine power (kW) tngically key determinants of
productivity in trawl fisheries (Tinglegt al, 2005; Coglan and Pascoe, 2007; Pastad,
2007). The rationale is that a vessel with a laegggine can haul larger nets allowing it to
fish a greater area of ground in a given periodime. Additionally, vessels with larger
engines should also be faster allowing them to c@reater distances when not fishing,
increasing their range and flexibility in terms arfeas exploited. The extent to which this
applies may rest on quota held and other spatralgvant regulations. Vessel size, often
accounted for through length, is typically highbrielated with hold size and consequentially
the quantity of fish a vessel can retain (and sylosetly land) over the period of one trip. In
this respect the extent to which vessel size inftes productivity will also vary with stock
level; not being relevant when stock levels areoweh certain threshold but becoming
increasingly important once it is exceeded.

It is common for the key measures to be highlyelated so the simultaneous inclusion of
both risks problems of multicollinearity. On tesgfithe data this was confirmed to be the case
for kW and length (Pearsons coef. 0.84). A veryilaintevel of correlation (0.881) between
kW and length has been observed in the UK beanl fteet (Pascoe and Robinson, 1998).
With this in mind both inputs were considered ia #nalysis but separately and in alternative
models. Information on crew size was not availdigeever this has also been shown to be
highly correlated with boat size in similar travwgdHeries (Pascoe and Coglan, 2002).

The final set of inputs consisted of either engimmsver (kW) or length (m) as a physical
measure of capital, effort (hours fishing) as a snea of capital utilisation, and stock. All

variables were normalised to a mean of zero [n&,Iny =0) and all monetary values

inflated to 2007 equivalents. The more general twagant ¢ # 0) specification with a
truncated normal distributioqu@ 0) is a common starting point when estimatingftbatier.
However, as the MT vessel did not appear in everjod, the data were discontinuous. As a
result the assumption that efficiency did not vaith time (; = 0) had to be imposed from
the outset. Alternative forms were then estimated the best models selected following the
likelihood ratio (LR) method advocated by Coell®@6). The LR test results are presented in
Table 5.1.3.

DEGREE Contract 022576 Final Publishable Activity Repo -194-



Despite being only partially reliant on CPUE bas#&xtk indices, a further set of models were
subsequently estimated using sets of area andspeaific dummy variables in place of the
composite stock index. These cannot be considediteet stock measure substitute due to
the fact they will also pick up any other spatialhtemporally associated changes.

The impact of using modified gear on productivitgsaestimated through the use of dummy
variables. For MT1 these were specified to havalaevof zero (0) for landings associated
with fishing operations prior to August 2005 andedd) after that point. For the reference
vessels (BT1-8) the dummy was set to zero (0) fbperiods. The production frontier
including the dummy variable can again be given by;

1
InY,, =B, +>.BInX,;, +§Zzﬂi,k INX, N X + D —U;, +V;, (5.1.7)
i i k

whereD;; has a value of 1 if the vesgelvas using the modified beam gear in petiodr O
otherwise. The dummy variable effectively shifte ffroduction frontier up or down.
The translog production frontiers were thus ingigpecified as;

— 2
Iant =B, *+BiIn Xikwe ¥ B, In X; errorTy Tt BsIn Xstocke ¥ Bin Xikwe T
2 2
Bs1In Xj errorTy + BsIn Xstockt T B;In X kw,t In X; errorTe + (5.1.8)

188 In Xj,kW,t In XsTockt + l[”g In Xj,EFFORT,t In Xstockt + }'Dj,t + (\/j,t -U j,t)
for the stock-based model, and

— 2
Iant - ﬂo + ﬂl In ij,kw,t + /82 In Xj,EFFORT,t + ﬂ3 In Xj,kW,t +

2
B, In Xj errorTy + BsIn X s In X; errorte ¥ (5.1.9)

Z,Uli +Z(’~Ay +J'Dj,t +(\/j,t _Uj,t)

for the dummy variable based model, wh¥res the landings weighted by revenue share for
vesselj in time periodt, Xw,: engine power in KWxgerorr,;dS effort (hours fishing)Xsrock

the constructed composite stock index varialbleis a set of dummy variables each
representing one of the ICES rectangles fished, (W, VIIf, VIIg), A is a set of dummy
variables representing each year (2004-07) @rite previously described dummy variable
included to pick up the effect of using the modifieeam trawl gear. When using dummy
variables to represent seasonal patterns or chamgestime, one month or year must be
excluded as the base to avoid problems of collityeafhis is implicitly captured in the
constant term of the model. In this case, ICESareggle IVa was the base area and 2005 the
base year.
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Table 5.1.3. Specification tests.
Null HypothesisH: L(Ho) L(H,) A Deg. freedom p-value  Decision

Composite stock index
Model I- engine power (kW)

bix=0 -641.32  -619.14 44.36 6 0.00% reject b
y=0 -630.32  -619.14 22.36 2 0.009%  rejecth
H=0 -620.36  -619.14 2.44 1 11.82% acceptd

Model 2 - length (m)

bix=0 -640.60  -619.47 42.25 6 0.00% reject b
y=0 -628.26  -619.47 17.58 2 0.0096  rejecth
u=0 -619.52  -619.47 0.11 1 7456% acceptH

Dummy stock variables
Model 3 - engine power (kW)

fik=0 -530.49  -527.17 6.64 3 8.429, acceptH

y=0 -541.03  -530.49 21.08 2 0.009  rejecth

“=0 -531.75  -530.49 2.52 1 11.229% acceptH
Model 4 - length (m)

fix=0 -530.49  -524.86 11.26 3 1.04%  rejecth

y=0 -534.22  -524.86 18.72 2 0.009%  rejecth

“=0 -524.92  -524.86 0.12 1 73.21% acceptd

a3 = -2[In{L(H o)}-In{L(H 1)}], ° Using critical value of Kodde and Palm (1986)

The restricted Cobb-Douglass functional form wasete against the translogfi«= 0) and
rejected for all but the dummy kW model (model Bje presence of technical inefficiency
was confirmed for all models with the null hypotise@,: v = 0) being rejected at the 1%
level of significance in all cases (using the ored y” table of Kodde and Palm (1986)).
Rejection of the null indicating that productiorutibnot be just as well described through the
specification of a standard production functiomdtly, the assumption of a truncated normal
distributional (1 # 0) was tested and rejected for all models in fawgiuthe half-normal
distribution (1 = 0). The specification test results are presemdable 5.1.3 and coefficients
for the preferred stock-based and dummy modelspegsented in Tables 5.1.4 and 5.1.5,
respectively.

As all variables were normalised to a mean of {em InX,Iny =0) the coefficients of

non-squared or cross term variables can be diredtypreted as production elasticities. The
elasticities relating to capital utilisation (houished) were all close to the value expected
(approx. 1), highly significant, and demonstratedreater level of stability across models.
The effort elasticities in models 1 and 2 were sighificantly different from one suggesting
constant returns to hours fished, whereas in md&laisd 4, they indicate decreasing returns.
That is, a 10% increase in hours fished, for exampbuld increase output only by 7.5% and
8.1%, respectively. Constant returns with respetinte fished has previously been observed
in other beam trawl fisheries (e.g. Pasebal, 2007).
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Table 5.1.4. Production frontier results when usirgpmposite stock index.

Model 1 - engine power (kW) Model 2 - length (m)

coefficient t-ratio coefficient t-ratio
Constant 0.19 1.84* constant 0.299 2.830***
In kW 2.39 1.85* In length 2.993 3.663***
In effort 1.01 26.57*** In effort 1.006 26.766***
In stock 1.25 4,62 *** In stock 1.160 4.286***
In lew® 10,02 -2.38* In lengtff -62.660  -3.652%*
In effor12 0.10 5.02 *** In eff0r12 0.087 4.3871***
In stock 4.02 3.3 wk* In stock 4.222 3.496%*
In kW * In effort 0.43 1.45 In length * In effort 0.127 0.272
In kW * In stock 2.37 0.91 In length * In stock -0.011 -0.003
In effort * In stock -0.63 -2.76*** In effort * In stock -0.540 -2.459**
Gear dummy -0.21 -1.68* Gear dummy -0.235 -1.873*
o’ 0.45 4.63% o 0.393 7.192%**
r 0.31 2.08** r 0.217 2.058**
log likelihood -620.36 log likelihood -619.525

Significance at *10%, **5%, ***1%

Table 5.1.5. Production frontier results when ugiilignmy variables to account for spatial
and temporal variation.

Model 3 - Engine power (kW) Model 4 - Length (m)

coefficient t-ratio coefficient t-ratio
Constant 0.84 8.64 *** Constant 0.92 8.55***
In kKW 0.01 0.01 In length 1.31 1.80*
In effort 0.75 27.37** In effort 0.81 21.91%**
In kW? . - In lengtif -43.37 -2.61 %
In efforf ) i In efforf 0.03 1.84%
In kW * In effort _ _ In length * In effort 053 -1.33
Vila -0.54 -6.04***  Vlla -0.57 -6.17%**
VIIf -0.81 -10.38***  VIIf -0.80 -10.30***
Vllg -1.10 -17.10***  VIlig -1.08 -16.97***
2004 0.11 1.79* 2004 0.10 1.64
2006 0.19 2.93** 2006 0.18 2.75%**
2007 0.27 4,10** 2007 0.26 4,01 %
Gear dummy -0.19 -1.62* Gear dummy -0.20 -1.77*
o 0.35 478+ X7 0.31 6.57 **
r 0.32 2.22** r 0.23 2.05*
Log likelihood -531.75 Log likelihood -524.92

Significance at *10%, **5%, ***1%

The fixed capital input elasticities (i.e. thoses@sated with engine power (kW) or length
(m)) were considerably larger than expected in nsotl@nd 2, was high in model 4, and was
low and not significant in model 3. Elasticitiesegter than one imply increasing returns to
scale, so that an increase in kW or length woutditen a greater than proportional increase
in output. However, the unrealistic size of elasés estimated and high level of instability
across the various model forms clearly indicatesekistence of problems within all models
for this variable.
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Within models 3 and 4, all coefficients relatingl©ES rectangle fished were found to be
strongly significant at the <1% level and resullawer vessel productivity when compared to
the reference area IVb.

Across all models the coefficients relating to thedified gear dummy variable estimate the
impact of using the modified beam trawl to be bemwe-17.3% and -21.0%

(i.e(eﬁ Modfiedcer —1) *100) (Table 5.1.6). Whilst these coefficients are digant at only the
10% level the estimate gives a consistent resuitsaall the models.

Table 5.1.6. Estimated gear effect by model.

Fixed input used

Stock assumption used kw Length
Composite index -18.93%* -20.98%*
Dummy variables -17.34%* -18.33%*

Significance at *10%, **5%, ***1%

4.1 Theoretical Consistency

Whilst the most appropriate models were selectatjugelihood ratio tests each frontiers’
theoretically consistency still requiragposteriorivalidation. For theoretically consistency to
be satisfied a frontier should demonstrate bothataricity and quasi-concavity. It has been
shown that a number of flexible form stochasticceghcy assessments in the literature fail to
satisfy at least one of these requirements (Sauef, 2006). Hence, the regularity of the
estimated frontiers were checked for every obsiEmvdbllowing the method of Sauet al.
(2006). Monotonicity implies that at no point cam additional unit of input (x) result in a
decrease in output (y) and means all marginal mibdties are non-negative. Quasi-
concavity implies the diminishing marginal ratet@hnical substitution law holds.

Due to the number of hours fished (effort) beinmeasure of capital utilisation, and stock
being a non-discretionary input, the only factquuts considered for assessment were those
representing capital (either kW or length). Therefonly one input variable was assessed for
each model and further meant the sign of the aatmmtisquared term was sufficient to
confirm the curvature (When more than one inputalde must be considered the bordered
Hessian matrix as the Jacobian of the derivatbyés; with respect tog must be confirmed
as negative semi-definite.). These were negatiadlinases implying the existence of quasi-
concavity. The monotonicity test results for eaohdsl are presented in Table 5.1.7. Only
model 2 demonstrated positive marginal produces. diy/ox; >0) that were decreasing in
inputs ¢%y/ox? <0). Models 1 and 3 were positive in marginal prid and neither increasing
or decreasing in inputs. For modeb¥/ox°was very small, mixed, and on average equal to
0.01 so, given the previously acknowledged likedithofor uncertainty in the parameter
estimates, considered not significantly differemtzero. Model 3 was of a Cobb-Douglass
functional form sod’ylox? is effectively restricted to zero. Lastly, modelviblated the
requirement for monotonicity by demonstrating tyghiy negative marginal products (i.e.
oylox; <0) that were decreasing in inputs. As such, with exception of model 4 the
requirements for theoretical consistency were galyamet.
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Table 5.1.7. Monotonicity tests.
Theoretical requirement

Sylox, >0 5%yI5%2<0
Model 1 >0 6
Model 2 >0 <0
Model 3 (C-D) >0 N.A.
Model 4 <0 <0

%average 0.01

Where theoretical consistency is not satisfied Batal. (2006) recommend the imposition
of global regularitya priori. This was not undertaken in this instance aspall model 4
essentially satisfied the tests of theoretical m@scy; imposing such regularity results in a
significant loss of functional flexibility, and; ¢h coefficient of primary concern was
reasonably stable across all of the models predgente

5.0 Implications for Profitability

The overall negative effect of using the modifiedaim trawl indicates that uptake has
imposed an additional cost on the vessel utilighig gear (MT1) by reducing its level of
productivity in the order of 17 to 21%. The quanéfion of any reductions in fuel

consumption directly attributable to use of the ified gear have been somewhat
confounded by the simultaneous uptake of an ecotnadoard MT1. Of the estimated
reduction in overall fuel consumption (15%) it whslieved that 5% (or less) could be
attributed to the modified gear effect and 10% he tconometer (Polet H, personal
communication, March 6, 2008).

The implications of these changes in productivitg fuel consumption were considered with
regard to the profitability of an average vessell€ 5.1.8). All estimations were based on
the average reported costs and earnings for lagjgid® beam trawlers in 2007 (from
VlaamseOverheid, 2007b). To account for the fulige of productivity effects, estimated
reductions of 17.34% and 20.98% were consideredsethrepresenting minimum and
maximum estimated effects. Fuel costs were redbygeso, 0% and then 15% for each level
of productivity effect considered. This allowed #&imated effects on profitability of using
just the modified gear (5% and 0%) and then botHifieal gear and an econometer (15%) to
be considered. The reported figures indicated twak costs accounted for just under 30% of
revenue and were adjusted accordingly for eachasimeoonsidered. Following the belief that
gear purchase and maintenance costs were consmténtonventional gear, no change in
these costs was assumed. Furthermore, no chandiseén behaviour or other factors were
anticipated so all other costs were assumed toinecoastant.
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Table 5.1.8. Estimated effects of gear uptake andameter use for an average large Belgian beamtetran 2007.

Beam trawl vessels >662kW

Average days at sea: 248
Average PK: 1232
Average BT: 324
Average kW: 907 Average beam trawl 2007 Effects of changes in productivity and fuel consumigon

Per Per Revenue: -17.34% -20.98%

day kw

at sea Fuel: -5% -15% 0% -5% -15% 0%
A. REVENUE 1,536,600 1,270,154 1,214,221

6,195
COSTS
Remuneration costs 454,985 1,834 502 376,091 8716,0 376,091 359,529 359,529 359,529
Fuel 480,803 1,938 530 456,763 408,683 480,803 , 78636 408,683 480,803
Other costs* 379,667 1,531 419 379,667 379,667 9,657 379,667 379,667 379,667
B. Total costs 1,316,455 5,304 1,451 1,212,520 64,440 1,236,561 1,195,959 1,147,879 1,219,999
C. Gross company result (A-B) 221,145 892 180 57,633 105,713 33,593 18,262 66,343 -5,778
D. Depreciation 180,379 727 146 180,379 180,379 0,3 180,379 180,379 180,379
E. Nett company result (C-D) 40,767 -122,746 -74,666 -146,786 -162,117 -114,036 -186,15
F. Financial costs 48,028 194 39 48,028 48,028 0283, 48,028 48,028 48,028
G. Financial operating subsidies 21,506 21,506 1,506 21,506 21,506 21,506 21,506
H. Nett gains/losses for tax purposes (E-
F+G) 14,245 -149,268 -101,188 -173,308 -188,639 -140,558 -2 ,6
* '‘Other costs’ includes: insurance, maintenance, gas, salt, hire of equipment, and other costs.
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It is immediately apparent that both levels of mstl productivity would result in vessels
becoming unprofitable under current conditions. thar ‘best case’ scenario in which a 5%
reduction in fuel consumption (the maximum belieVigdly for gear alone) and the lowest
effect on productivity (-17.34%) annual profit félbm €14,245 to €-149,268, a total loss of
€163,513. When the assumptions were changed tectdfie ‘worst case’ scenario, so there
was no reduction in fuel consumption and produstiwas reduced by the largest level
estimated (-20.98%), annual profit fell by at ta&l€226,924 (from €14,245 to €-212,679).
Whilst the use of an econometer (Fuel -15%) dig H®t partially offsetting the financial
effects of reduced productivity, this was not suént to maintain financial profitability
(Figure 5.1.2).

Base case Fuel -5% Fuel -15% Fuel -0%
50

[ ]

-50 -

-100

Profit/loss € 000'

-150

-200

-250

‘ @ -17.34% reduction W -20.98% reduction ‘

Figure 5.1.2. Profitability implications for an aage Belgian large beam trawler under
alternative productivity and fuel consumption asptiams.

This is a static analysis and as such cannot at¢outhe possibility of increased (decreased)
landings over the long term if the condition ofckt® were to improve (deteriorate) or fishers
behaviour was to change.

6.0 Discussion and Conclusions

As all the data considered in this assessmenteelat vessels from the large beam trawl
sector (i.e. vessels >662kW) its findings are oapplicable within that context. Whilst a
number of the modified beam trawls adaptations relse been separately trialled aboard
smaller eurocutter vessels (Depestlial, 2008, 2009) underlying differences in behaviour
and typical fishing grounds prevent these resuttsifoeing considered as anything more than
indicative for the smaller segment.

The relatively small data sample (i.e. a total ofe3sels and 737 observations) is believed
responsible for observed instability in the coéffit associated with capital input. The
coefficients accounting for uptake of the altevetbeam trawl, however, proved to be
relatively stable and consistently negative acrabsmodels suggesting a higher level of
robustness in the estimates. As the objectiveisfatisessment was to estimate how using the
modified gear in place of conventional gear affdgieoductivity, the potential unreliability of
other coefficients was of less concern in thisanse.

DEGREE Contract 022576 Periodic Activity Report No 2 -201-



The findings of this study indicate that utilisitite ‘modified beam trawl’ has had a negative
effect on the productivity of MT1 when comparedotber vessels in the same fleet (circa -
20%). A finding that differs to that of similar &ts simultaneously testing a T90 cod end and
SMP aboard a commercial vessels (Section 7, Ddpeaxttal, 2008). It has also been shown
that even when reductions in associated varialbdéscand fuel consumption are accounted
for, the average Belgian large beam trawl vesselldvbecome unprofitable. A fact perhaps
worthy of note is that, in 2007, the average Beldaage beam trawl vessel could not afford
for revenue to fall by anything greater than 1.3B&6ore registering a loss (assuming all
other costs except for crew remained constant). Mmhgnitude of this figure gives some
indication of the difficulty involved with applyingechnical measures if they are likely to
negatively influence productivity. It also suggettiat internalising the externalities of these
beam trawl vessels in this manner is, under curcenditions, likely to render most (if not
all) unviable.

The indicated negative profitability is the produdft a static analysis and assumes no
compensatory price effects arising due to reduecedygtivity and consequentially landings.
Neither does it account for the possibility of ches in stock levels of important species. As
the analysis was restricted to using average peogsshort run price effect would not have
been picked up by the analysis. However, estimateswn-price elasticities for the most
important species indicate they are highly elagiie. inflexible), and as such any
compensatory price effects are thought unlikely. &mample, Jaffryet al. (1999) estimated
the long run ex-vessel own-price elasticity of sioléghe UK (Belgian vessels also land into
the UK) to be -4 and Barten and Bettendorf (1988)nfl the ex-vessel own-price elasticities
for sole and plaice in the Belgian market to b@9%nd -5.26, respectively.

A further assumption implicit in the profitabilitgssessment was that crew would be willing
to accept a circa 20% reduction in wages, somettiiagwill be influenced by the current
level of supply and demand for labour within theuatry. Should crew not be willing to
accept such a reduction vessels may have to irectbascrew share of revenue in order to
retain crew, operate with generally less experidrmew whom could be paid at a reduced
rate, or in the worst case cease operating. Howélwersecond of these options may have
additional detrimental safety and productivity imptions.

These findings represent more extensive and rieatisals of technical measures than the
simulated sea trials often performed by gear texitms. The modified gear was fished on a
day to day basis and under true commercial comditiex-postassessments such as this are
far more representative of the gears true effdwd® tcomparative trials as they measure
observed changes and account for adaptations lerfisbehaviour over time or other

unforeseen effects that can alter the way a measuferms.

The empirical assessments confirm that attemptingduce the impacts of fisheries via the
application of technical measures can also nedgtiafect vessels levels of productivity.
Furthermore, the magnitudes of the estimated affece broadly comparable with the
findings of a number of previowex antegear trials, arguably lending weight to both s#ts
results. Yet, this only serves to confirm the féoat technical measures can generate;
disincentives for rational forward-looking fishéosvoluntarily develop or take up such gears
(Abbott and Wilen, 2009), and; the incentive foerthto attempt impact minimisation or
circumvention should the measures be mandated. Erenintended management outcome
perspective this is a failure, as these undesirdiilers ultimately result in below potential
reductions in the levels of bycatch and restricianthe rate of technological development
(Abbott and Wilen, 2009).
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Task 5.2 To estimate the cost effectiveness of aitative gears.

Partner 11

1.0 Introduction

Modifying gear to reduce environmental impacts cerata cost to the industry, usually in
the form of reduced catch of the targeted spe€leasequently, determining an optimal gear
combination to minimise both habitat damage andatmyt at least cost to the industry
requires some common measure of environmental damBgrther, tradeoffs between
bycatch and habitat damage reduction are not éixgdbca gear that results in a substantial
reduction in habitat damage but little effect ordtgh better or worse than a gear that has the
opposite impacts, and if these gears have diffengpaicts on the profitability of the industry
which is the most cost effective? To answer thegestipns, the perceived value of a
reduction in one impact over another needs to bendlly determined. Calculating the
potential future economic value of commercial oigars saved by a reduction in discarding
has been done in a number of studies (HendrickaednGxiffin, 1993; Revillet al, 1999;
Pascoe and Revill, 2004; Machadral, 2008). However, determining the value of non-reark
benefits such as reductions in the level of halut@tnge or the mortality of infauna due to
gear passage across the seabed is not straightflorWiénilst directly measuring nonmarket
benefits is difficult and subjective, the analytierarchy process (AHP) (Saaty, 1977, 1980)
can indirectly measure nonmarket value to staketmaldoups by ranking the importance of
attributes. As these values are likely to be higbilpjective and hence may differ by
stakeholder group these variations also need tcbeunted for when developing mitigating
measures.

This section develops a means of comparing théivelaalue of a change in habitat damage
with a change in the level of bycatch. Such measare essential if alternative fishing gears
are to be directly compared as it allows not ohly overall level of environmental benefit to

be derived but also their relative cost effectismé he analytic hierarchy process (AHP), a
formal decision analysis framework used to claafd prioritise considerations in achieving

a goal, is applied to determine the relative sigaifce stakeholder groups attach to differing
impact reductions. These sets of group specifightsiallow the value of any changes in
impacts to be accounted for and aggregated toctefle total level of environmental benefit

derived from a gear modification. Further, by deti@ing relative priorities at the stakeholder

group level it is possible to gain an insight ititely areas of similarity and disagreement
with respect to the perceived effectiveness ofadtieves.

2.0 Method - The Analytic Hierarchy Process (AHP)

The AHP (Saaty, 1977, 1980) is a method that allmd#/idual preferences to be measured
and converted into ratio-scale weights (Forman @ads, 2001). It is one of several multi-
criteria decision making technigues (MCDM) avaitalbind provides a relatively simple yet
powerful means of deriving individuals’ preferencies one attribute over another (for

reviews and further information within the contexttfisheries see Leung (2006) and Mardle
and Pascoe (1999)). It is able to incorporate taible/value judgements and allows the
inclusion of any non-commercial benefits modifiedags may achieve. It is a flexible

methodology that enables either an individual augs of individuals to define a specific

problem based on their own experience of that prablAdditionally, as the AHP is not a

statistical exercise it does not require probaiglisassumptions about the decision
alternatives.

AHP has been widely used in fisheries where studaese largely determined the relative
importance of different management objectives (&4grdle et al, 2004; Nielsen and
Mathiesen, 2006) or preferences for different mansgnt options (e.g. Leurg al, 1998;
Soma, 2003). It has also been used to compareusitairsability of alternative fishing fleets
(Utne, 2008). In Task 5.2, the aim was to quarttiy relative importance different groups
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attach to reducing certain fishing related impdbtsugh deriving a set of relative weights
that these groups place on reducing in-situ impatsreducing discards.

The AHP has three basic principals (Saaty, 199d¢pdhposition, comparative judgement,
and hierarchic composition/synthesis of prioritiEsllowing previous studies (Leureg al,
1998; Mardleet al, 2004; Himes, 2007) the process was undertakéyuimmain steps;

1. develop a hierarchy of the factors important irt thecision;

2. survey the associated participants to elicit judgrei® based on pairwise comparisons

of the identified criteria;
3. calculate the individuals relative weights of thetbrs under consideration;
4. determine homogeneous group weights

2.1 Hierarchy of key objectives (step one)

The hierarchy of impacts (Figure 5.2.1) was dewetbpn consultation with DEGREE
participants (primarily Wp2) by identifying the oitial problem areas which problem areas
gear modifications were attempting to improve. Twie main areas of consideration were in-
situ impacts and bycatch. For the bycatch and digug impacts, it was considered
appropriate to treat commercial and non commesgiaties separately as each has a different
value to the different stakeholder groups. Simylaiish and invertebrates (which include key
crustacean species) were considered separatepeds groups occupy overlapping habitats
and positioning in the water column, an improvem@et reduction) in the bycatch of one
group could have a positive or negative impacthenttycatch of the other.

Main goal Reduce impact of mobil
demersal gears
Primary ) ( -
Impact [ Bycatch ] L In situimpacts ]
Discarding of commercial Mortality of infauna in the
fish ) seabed
Discarding of non- ) Mortality of epifauna on th
Sub impact commercial fish | seabed
Dlscar_dlng of commercia Habitat change ]
invertebrates )

Discarding of non-
commercial invertebrate

Figure 5.2.1. Key impacts related to the use ofitfadienthic gears.

Although infauna (which live within the seabed) ampifauna (which live on the seabed)
could potentially be considered non-commercial byftathey have an important linking role
between the physical habitat and productivity & #tcessible biomass. Further, unlike other
species that are caught and subsequently discardfadna and epifauna are generally not
caughtper se but are killed as a result of gear contact whth seabed. Consequently, they
were consideredh situ impacts, along with other habitat damage for theppses of the
study.

2.2 Survey of preferences (step two)

The database of ecologists, biologists, econongsts; technologists, industry representatives
and fisheries managers (compiled with the assistahall other project partners, following a
request at M2) was completed. Participant suitgbiias determined by knowledge of issues
surrounding environmental impacts associated wémetsal trawl fisheries. The database
was also developed on a referral basis, with knsuitable potential participants being asked
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to suggest other potential participants. As pathefsurvey, respondents were asked to make
a self assessment of their knowledge with regattieo understanding of the issues using a
10 point scale. The survey was primarily conduoted e-mail, although in a number of
instances the surveys were either conducted or leveapby telephone.

The scale of importance against which preferences@mpared must be consistent for each
pairwise choice. The most commonly applied scakenie point scale (Figure 5.2.2), which

has been validated for effectiveness through thieatecomparisons with a number of other

scales (Saaty, 1990). A value of 1 (middle of rarigdicates the respondent considers the
elements to be of equal importance (i.e. is ind#ifi¢). Choosing a higher value, from 2 to 9,

indicates that one element was believed to be inguertant than the other and indicates the
strength of that belief.

Reduce bycatch Reduce in situ impacts
9 8(7|6|5|4|3|2|1|2|3|4|5|6|7|8]|09
f { f
Absolute importance T I Absolute importance
Very strongly important Very strongly important
Strongly important Strongly important
Moderately important Moderately important

Equally important

Figure 5.2.2. Pair-wise comparison of objectives.

The hierarchy tree illustrated in Figure 5.2.1 hesliin three sets of pairwise comparisons;
one between the two primary objectives, then; théurtwo sets comparing the sub-objectives
within each objective. The number of pairwise corgmams is dependent on the number of
elements (say) to be compared on each occasion. The total nuafbeomparisons is then
(n/2) (Mardle and Pascoe, 2003). This resulted otal bf ten pairwise comparisons.

Calculating the relative weights (steps three amuat ¥

Three pairwise comparison matrices [A] were comséd for each participant’s responses;
one 2x2 in dimension, one 3x3, and one 4x4. Theescderived from the pairwise
comparisons (i.e. 1-9) form the elements in therimahatios and are considered reciprocal.
That is, if the score for impact B compared to iotp& is ags, then the score for impact A
compared with B igag=1/aga. The resultant matrix of scores can be given by:

a; Qp -
I R (5.2.1)
a, 4, ... A,

The scores are normalised by dividing through edement of the matrix by the sum of the
columnj (i.e. summed ovet, such thata; =& /Zaij ), and the weight associated with

each objective can be estimated as the averadee aiormalised scores across the rolhat

is, W, = zgﬂ /'n, wheren is the number of objectives being compared. Thights were

i
derived for each respondent using the widely agplspert Choice software (v11) that
utilises the right eigenvalue method of Saaty (19B80).
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The subjectivity of making pairwise choices medmeyé will naturally tend to be a certain
degree of inconsistency in respondents’ choicesekample; if a respondent indicates that B
is twice as important as A and C is three timesngsortant as B then, in order to be
consistent, C should be six times as important asré{, in practice it is common that
responses do not display such exact preferencedeandnstrate inconsistency in the relative
scale of importance between objectives, their ramiler or both. Such intransitive
relationships are not permissible in alternative DMC methods (such as Multi-Attribute
Utility Theory). However, within AHP, the inconsestcy within a set of comparisons can be
measured through a consistency index (Cl), given by

Cl = Amac =N (5.2.2)
n-1

where A is the maximum eigenvalue of the matrix A, givenA,,, = ZZaj W, . This
P

is compared to a random inddXl, to derive a consistency ratiGR, whereCR=CI/RI. The

RI values were obtained from Saaty (1980, p.56) ambid the consistency index shown in
equation (2) for a randomly generate# n reciprocal matrix from the scale 1 to 9 where the
reciprocals have been forced.

A consistency ratio (CRYJR = Cl/table value) of no more than 10% is generally meared
satisfactory. However, it has been observed thgheri levels of inconsistency are not
uncommon within fisheries studies and in such cas@emum ratios of 10% (Leungt al,
1998), 20% (Mardle and Pascoe, 1999) or more (Hin2897) have previously been
accepted. In this analysis if a ratio was deterohitee exceed 10% the areas of highest
inconsistency in a response were identified and réspondent asked to confirm these
choices. In cases where the consistency ratio veisreduced to 10% or below were
subsequently excluded from the later analysis. Vdrg small number of cases in which a
respondent marked 1 for every pairwise comparisendll impacts are equally important to
one another) were also omitted.

Within group coherence was assessed following tethod of Zahir (1999a, b) where the
angle of difference between individual group mersbayverall preference vectors are
calculated and averaged for each group. The cobepof a group (that must have more
than one member in it) is:

p=(v' )= (V' ]V!) (j= 1. N i %)) (5.2.3)

whereV, V! are the preference vectors of individuatsndj, and< > implies average. The

more coherent a group is the clopawill be to 1 and only when all preference vectimrsa
group are equal, indicating perfect coherence poaqual 1. Conversely, when the vectors are
orthogonal,p equals 0. However, with a limited range for thenparisons (i.e. a nine point
scale), purely orthogonal vectors cannot exist {Zat999b). From Zahir (1999b) a non-
parametric equivalent measure of significant dédfferes between vectors can be derived for
the nine point scale so thatpf < (n + 4)/(h + 8), wheren is the number of objectives
examined, opinions may be considered as equivoaaithogonal. For seven alternative (four
bycatch and three habitat impacts), a value of {8®.can be effectively considered
significantly different.

Respondents were grouped by area of expertisenfisated in the survey response i.e.
ecology, biology, economics, gear technology, itijuand fisheries management) and the
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arithmetic mean of the individual priorities withgach group was used to determined group
level priorities. Group level priorities can beadished as either the mean of the individual
priorities (as was done in this case), or derivednfthe mean of the individual judgements
(i.e. derive and average 1-9 score for each cosgaand derive the priority weightings from
these average judgments). Each approach has diffenderlying assumptions (Mardi¢ al,
2004). Aggregating judgements implies the groupemtsslly ‘thinks as one’; whereas,
aggregating priorities assumes increased autonoiieandividual level allowing for within
group differences of opinion (Forman and PeniwkEi98). As opinions relating to fisheries
management tend to demonstrate heterogeneity htthetgroup and individual level we
follow Mardle et al. (2004) in applying the latter method. When aggtiegapriorities either
the arithmetic or geometric mean can be used ds hmote been shown to satisfy the AHPs
reciprocal property requirement (Forman and Pemii868).

2.0 Results

The survey was undertaken during the last quaft20@7. A total of 150 survey forms were
distributed with 48 ultimately being consideredhleaDue to the non statistical nature of the
method it is not uncommon for AHP surveys to sblice opinions of relatively small groups
of experts or stakeholders. For example 18 respuade Mawapanga and Debertin (1996),
12 in Nielsen and Mathiesen (2006), 9 in Utne (3088 in Himes (2007), 31 in Mardle et al.
(2004). A response rate of 30% is considered reddenfor an unsolicited mail survey
Sekaran (2000), and rates as low as 17% have leeenirs previous mail based AHP surveys
soliciting opinions on environmental impacts (Whitish and Wattage, 2006). The usable
response rate of 32% achieved in this survey waethre considered acceptable for a study
of this kind.

As the aim of this survey was to solicit informegferences with regard to the reduction of
mobile benthic gear impact, the groups targetetesgmt the main disciplines that participate
directly in these fisheries or that are closelyoagged in some way. Of the 48 usable
responses 29% were ecologists, 8% biologists, 1@%amists, 17% gear technologists, 17%
industry, and 10% management. Surveying the opéioha wide range of stakeholder
groups allows any areas of similarity or disagresnrelating to impact reduction to be
formally identified. As expected the consistencijosafor a number of responses exceeded
10%. However the majority of these were not faexcess of the desired threshold and were
easily reduced by identifying the most inconsistddice/s and requesting respondents check
their responses.

The derived ratio-scale measures can be interprasefinal ranking priorities (weights).
Group priorities and the associated standard dewiatt every level are presented in Table
5.2.1, and illustrated in Figure 5.2.3. The impacticated to be of greatest concern overall
were commercial fish discards, habitat change, amimercial invertebrate discards. From
Figure 1, it is clear that, in general, the grotgrsd to follow two main patterns: one that
demonstrates significant concern for the reductiboommercial fish discards above all else
(industry, gear technologists), and the other wipgi@rities are more evenly distributed (all
others). The main points of disagreement betweerséits of groups are those of commercial
fish discards and habitat change. However, reducomgmercial fish discards ranked in the
top three of all groups and reducing habitat changde top three for all but industry and
gear technologists.
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Figure 3. Stakeholder group priorities for reduatian impacts.

2.1 Group level priorities

Two groups (industry and gear technologists) cansid the reduction of commercial fish

discards to be of highest priority while most oé ttemainder indicated a reduction in the
level of habitat change was of greatest importamzereducing commercial fish discards was
then the next greatest priority. Economists mamadi a mid-ground position, with the

reduction of both commercial fish discards and tabihange being of equal and highest
importance (both 0.193), closely followed by comamrinvertebrate discards (0.184).
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Table 5.2.1Group level priority scores.

Ecologists Biologists Economists Gear Technologists Industry Management
Obj. Sub obj. Overall Obj. Sub obj. OverallObj. Sub obj. Overall Obj. Subobj. Overall Obj. Subobj. Overall Obj. Sub obj. Overall
O  Sub obj.
bj
In situimpacts 0.452 0.495 0.376 0.266 0.192 0.474
Std. dev. 0.229 0.397 0.269 0.192 0.035 0.318
:\:\‘/’;";‘é'ty of infaunal 0182 0.082 0209 0.103 0195 0.073 0259 0.069 0363 0.070 0154 0073
Std. dev. 0.191 0.179 0.114 0.178 0.072 0.088
m\?;i'ty of epifaunal 0294 0133 0371 0.183 0296 0.111 0440 0.117 0287 0.055 0285 0.135
Std. dev. 0.171 0.189 0.132 0.244 0.057 0.095
Habitat change 0.524 0.237 0.421 0.208 0510 0.192 0.301 0.080 0.350 0.067 0.560 0.266
Std. dev. 0.215 0.342 0.205 0.202 0.061 0.104
Bycatch 0.548 0.505 0.624 0.734 0.808 0.526
Std. dev. 0.229 0.397 0.269 0.192 0.035 0.318
Comm. fish discards 0.337 0.185 0.395 0.200 0.315 0.196 0503 0.369 0561 0.453 0261 0.137
Std. dev. 0.189 0.211 0.165 0.138 0.064 0.202
g‘g’c‘acrgg‘m Hish 0.196 0.107 0.258  0.130 0.164 0.102 0.135 0.099 0.088 0.071 0224 0.118
Std. dev. 0.080 0.086 0.088 0.074 0.015 0.115
Comm. invert. Discards 0.231 0.127 0.223 0.113 0.312 0.194 0.231 0.170 0.251 0.203 0.259 0.136
Std. dev. 0.086 0.111 0.146 0.116 0.028 0.158
g‘g’c‘acrgg‘m nvert 0.236 0.130 0.124 0.063 0.210 0.131 0.131 0.096 0.100 0.081 0.256 0.134
Std. dex 0.17¢ 0.07¢ 0.18: 0.10¢ 0.03: 0.18:
No. of respondents: 14 4 9 8 8 5
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The fishing industry indicated a very strong prefexe for the overall objective of reducing
bycatch (0.808) over that of reduciimgsitu impacts (0.192). At the sub-impact level, industry
had specific preferences for reducing the discafdsommercial fish and invertebrates (with
weights of 0.455 and 0.202 respectively). In féug, reduction of commercial fish discards was
indicated to be over twice as important to indusidyen compared to any group other than
technologists. Gear technologists ranked all thevaimentioned impacts in the same relative
positions and order but the absolute priority valthey attached were more moderate; indicating
a preference for reducing bycatch (0.734) dwvesitu impacts (0.266). Economists also erred
more towards reducing bycatch (0.624) and withia teducing commercial discards, the main
impacts on revenue.

At the sub-impact level, the top two preferencegedr technologists were reducing commercial
fish (0.369) and then invertebrate (0.178) discami®logists, ecologists and management
attached more even priority to the main objectivégeducing bycatch and reducinig situ
impacts. Overall, habitat change and commercibldiscards were most important for biologists,
ecologists, economists and management and theutdsite of these priorities were not nearly
as large as those observed for industry and gelanadéogists. The priorities as indicated by the
first four groups were much more evenly spread terseven impacts than seen with industry
and gear technologists (Figure 5.2.3)

2.2 Within group coherence

Following Zahir (Zahir, 1999a, b) Group coherena@svassessed in order to gauge the diversity
of opinion within groups. Additionally, over one rdred additional groups were randomly
composed from the pooled survey data and theildescoherence tested (following Himes,
2007). The distribution of these random group cehee scores indicated a measure of <0.85
signified relatively low coherence, between 0.88 QrB88 relatively good coherence, and >0.88
high coherence for this data set. The coherencestibids were determined based on the
coherence score distribution for the randomly gateer groups. Following this, most group level
scores demonstrated relatively low coherence, ate good coherence (ecologists), and the
remaining two high coherence (industry and gedrtelpgists) (Table 5.2.2).

Table 5.2.2.Group means for coherence and perceived level dénstanding as indicated by
respondents.

Group No. Coherence Perceived Understanding
Ecologists 14 0.86 7.8

Biologists 4 0.73 7.5

Economists 9 0.84 6.7

Gear Techs 8 0.95 7.9

Industry 8 0.98 9.1

Management 5 0.82 8.2

All 48 0.85 7.8

The high priority industry and gear technologidtaeh to a reduction in the level of commercial
fish discards will have influenced the measureshefr coherence (Table 5.2.2). In placing so
much weight on only one of the seven impacts thesipdity for relatively large differences

between the remaining six is greatly reduced. Lolecence is symptomatic of diverse within
group opinion and somewhat typical of fisheriesjifig. been observed in a number of previous
studies (Mardleet al, 2004; Wattage and Mardle, 2005; Whitmarsh andt&gat 2006; Himes,

2007). When respondents preferences were treatbdiag from one large group (Table 5.2.2)
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half the groups demonstrated a higher level of e whilst half had lower within group
coherence.

In addition to the pairwise choices respondentsevessked to indicate on a scale of one to ten
(where 10 was very familiar/full understanding ahdvas unfamiliar/poor understanding) how
well they thought they understood the impacts aaseat with towed fishing gears. All groups
generally felt that they had a relatively high lewé understanding/familiarity with the subject
(Table 5.2.2). Industry believed that they hadhlghest level of understanding with an average
score of 9.1. In contrast, economists believedtti@t had the lowest level of understanding with
an average score of 6.7. There was a weak bufiymositrrelation between the self assessment of
understanding and coherence (r=0.58), with the pgowith higher coherence also having a
higher understanding score on average.

Further analysis was undertaken in which resposdstires were weighted by their indicated
level of understanding prior to the group scoremdealculated. This resulted in some small
changes in the absolute values of individual armhsequentially, group level scores for all
groups. The relative ranking of impacts was alsnge change a certain amount for all groups
other than the industry and gear technologistss Wais primarily due to the preference scores for
ecologists, biologists, economists and fisheriemagars having lower levels of within group
variability to begin with (as illustrated in Figuse2.3) so often only small changes in the absolute
values were required to result in reversals. Thistrates the fact that when preferences are
relatively evenly distributed over a number of imsaand do not focus strongly on one or two
(as is the case with industry and gear technoldistre) the overall rankings can be very
sensitive to small changes. However, whilst sometlhd be aware of, this was not considered to
be a significant issue as the priority values vgeren to change very little in absolute terms.

3.3 Overall coherence

When all respondents were treated as belongingédarge group the overall level of coherence
was 0.85. The distribution of individual coherersmmres between these respondents’ choices
(Figure 5.2.4) is skewed to the right with 83%ifajl above the value estimated as equivocal to
orthogonal (i.e. 0.73). Furthermore, 50% of congmars had coherence scores equal to or above
0.88 indicating a generally good level of commanadtietween individual respondents’ choices
irrespective of stakeholder group.
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Figure 5.2.4. Distribution of coherence scoresafbresponses as a whole.
3.0 Discussion and conclusions

This work demonstrates that measures of importdocenarine environmental damage vary
considerably depending on the motivations of tlaettolders. As preferences are subjective by
nature it is reasonable to expect respondents ifaityl with the specific issues under
consideration or personal perspectives to comaugfiran their responses (e.g. as seen in &iet
al., 2008). The fact fishers are primarily concerngddnd consequently attach high priority to,
reducing the level of commercial discards is ahsumerstandable. This is not necessarily to say
the industry is unconcerned by the other impactsasufinancially orientated operations, aspiring
to maximise profits by reducing any loss of potaintevenue is a natural priority. The level of
discard related mortality varies by species ankefig but can be high and is often significant
(Alversonet al, 1994; Jennings and Kaiser, 1998; Lindeboom an@rdet, 1998). When vessels
bring aboard commercial species that they canmat, [the subsequent discarding can impose
negatively on the resource upon which they (orrotisbers) depend without also contributing to
their income. Furthermore, one fisher surveyed esged a belief that the seabed was somewhat
akin to a field, benefiting from regular disturbandVhether representative of the group as a
whole or not this statement goes some way towargklighting how potentially significant
differences in viewpoint may influence impact reiitue priorities.

The similarity of opinion observed between the Btdy and gear technologists is a possible
artefact of the way Europe has concentrated onciegbycatch through the development of
technical measures. As a result, gear technolo@ists economists) tend to be very familiar with
the issues of bycatch whereas attempts to redieg ehvironmental impacts are a more recent
development. Furthermore, gear technologists corymmperate in close connection with the
industry so a certain similarity between perspestican be expected. The more moderate
priorities of ecologists, biologists and manageesteelieved to result from viewing the fishery in
a more holistic manner. Ecologists and biologists kkely to take more of an ecosystem
perspective where everything is interlinked andnges to both habitat and organism mortality
considered significant. Managers are typically megito consider the demands of all involved in
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the fishery and results in them also having a sdma¢vmore moderate and balanced set of
preferences. Managers are also cognisant of pulitisitives — potentially even more draconian
than current fisheries policies — that may devefagteps to reduce the broader environmental
damage are not undertaken.

Time preferences were not explicitly accounted iforthe survey but will also influence
preferences, i.e. the industry may be less condelogeimpacts such as habitat change because
the immediate benefits are less well understoodllemor harder to observe. Confidence that
investing in the long term health of the environineffiers a good chance of financial returns is
necessary if the benefits will not be felt in tiedatively short term. The situation currently fagin
many trawler fisheries is at best uncertain awfiflimited by stock constraints, sustained rises in
fuel prices have the potential to make these fiskegconomically unviable long before any of
the environmental impacts they may be generatiig Also, if impacts such as habitat change
do not (or at least are not perceived to) direaffect the species they target the mere existence
value is likely to be low when compared to potdmé&enue further discounting benefits of BRD
action.

The level of importance industry placed on bycatative to habitat damage has implications
for their incentives to voluntarily adopt environms&ly friendly technologies. While voluntary
adoption of environmentally friendly gears has galte been low (Hall and Mainprize, 2005),
there are numerous examples where fishers havateoily adopted gears to reduce bycatch of
commercial species, particularly in prawn and shrfisheries where bycatch rates are high (e.g.
Robinset al, 1999; Suuronen and Sarda, 2007; Innes and Paz@08). While this may be in
expectation of a subsequent mandatory regulatiaiso reflects recognition of the significance
of the impacts by the industry. Indeed, fishersldtowait for a mandatory regulation to be
introduced before incurring the costs associateith whanging gears (including the forgone
catch). Conversely, little incentive or motivatierists to adopt gears to reduce habitat impacts,
so mandatory regulations will be essential if sgelrs are considered desirable from a broader
social perspective.

As each stakeholder group attaches different lesfelmportance to the individual impacts, the

benefit of any modifications (each resulting infeling bundles of benefits) will be judged

accordingly. Furthermore, in instances where thliistry is having a significant impact on the

environment such differences, and therefore theeaperd effectiveness of any management
measures tend to be all the more pronounced. Fhemmianagement perspective the derived
measures of importance allow changes in the legelwhich the impacts are imposed to be
weighted and therefore appropriately accountedlfalso allows them to be aggregated to one
weighted benefit measure for each option and censitl against the expected costs of
application, deriving a ratio of costs incurredoenefit obtained (i.e. effectiveness). In doing so,
alternative options may then be ranked in termsth#ir perceived environmental cost

effectiveness. This all serves to aid the managemeress and allow more transparency with
regard to the tradeoffs associated with each manaigeoption.

When stakeholder groups believe measures arentegéiand tackle issues they deem to be of
importance there are likely to be higher levelsaoteptance, or compliance in the case of
legislation (Kuperan and Sutinen, 1998; Hatadtestl, 2000). An additional issue associated with
some technical measures is the ease with whichdheybe circumvented without a significant
risk of detection (Catchpolet al, 2008). If the likely level of acceptability cam ldetermined
prior to final policy decisions being made it isspible greater levels of compliance may be
achieved whilst also reducing the often non-triiatden of enforcement.
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Cost-EffectivenessCE) of Alternative Gears

In order to determine the relative cost-effectisnenf alternative gear configurations or
alternative management measures the total estintatstdof uptake for each, as determined in
Task 5.1, must be set against their expected lisnéii this instance the benefits, in terms of
changes in impact, are those expected to deriva frach configuration of modified gear (as
determined by outputs of Wp2) or management mea3ine individual changes (for each gear
/measure) are weighted using the priority measdeewed in Task 5.2. This allows the relative
importance of the changes to be accounted for anilithtes the aggregation of changes in
impact to one measure of overall benefit. The peeckecost-effectiveness of a gear/measkye,
at the stakeholder groug, level (Ck ¢ may therefore be represented as;

ZACLK
CE, = —(—)' 5.2.4
“ Z AOi,k |:pi,g ( )

whereAci is the change in cogtassociated with gear Kojx is the change in outcomethat
comes about as a result of using deand py is the priority (AHP) score associated with output
i for each groupg. The cost effectiveness score represents the €d$taeduction in overall
impact and allows alternatives to be ranked. Wpputs needed for this.

Task 5.3 To assess the wider economic implicationsadoption of these gears

Partner 08

The comparison of the Belgian beam trawl fishepjisip into three sub-fleets) with the Belgian
set net fishery has been carried out and a repsrbben added to interim report 1. A summary of
the updated results is presented hereafter.

The objective of this economic study is to comppegformance among Belgian sub fleets.
Although performance consists of many ‘dimensiofi€. financial, operational and overall
effectiveness) (Venkatramaat al, 1986), this study will only look at financial dmperational
measures. Financial performance measures aresisttidy based on the average gross operating
profit of a vessel (=revenues-operating costs takihg into account capital costs), starting with
its absolute value (i.e. GOP) followed by two rigatmeasures: (i) the average gross operating
profit of a vessel per fishing hour (GOP/fishinguhjp and (ii) the average gross operating profit
of a vessel per kilogram mixed fish landed (GOPfiglh). The operational dimension of
performance is measured through (i) the averagdiriga of a vessel (kg fish), and (ii) the
average landings of a vessel per fishing hour ityfishing hour). Significant differences among
sub fleets on these performance measurementssteg tdarough Kruskall Wallis tests (Coet

al., 1988) in combination with Mann-Whitney tests asstghoc test both with Bonferroni
adjustmentd¢’= 0.005 since k=5 where k equals the number atatyic groups).

Table 5.3.1 presents the averages of the diffgreriormance measures between the years 1997-
2006 for each strategic group. In addition, it adsmnmarizes which averages are significantly
different from each other through Kruskal-Wallistee and Mann-Whitney post hoc tests all
Bonferroni adjusted. When looking at the absolateies of GOP and landings these results show
that shrimp beam trawlers and set netters both pasfermed equally weak between 1997-2006.
As a result, these two specialized fisheries hawidd landings (respectively a mean yearly
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landings of 76244 and 44558 kilograms mixed fishjal results in low absolute financial profit
(respectively on average 55642 euro and 61469 .e0t®r trawlers and eurocutters have equally
high GOP’s and perform in absolute terms bettem gf@imp beam trawlers and set netters. They
have average yearly landings of approximately D@ tmixed fish and GOP of roughly 100000
euro which both are roughly twice that high compat@ shrimp beam trawlers and set netters.
Finally, large beam trawlers have on average tgbdst GOP’s of all strategic groups which is
twice that high compared to eurocutters and otewlers and almost four times that of shrimp
beam trawlers and set netters. When looking at rilative landings per fishing hour
approximately the same rank order emerges thoughrdtios between the strategic groups
change. Shrimp beam trawlers land the lowest amofummtixed fish in a fishing hour (only 32.1
kilograms). Eurocutters, otter trawlers and setemgtland slightly more (i.e. approximately 40
kg/fishing hour). Finally, large beam trawlers lathg most fish per fishing hour namely 75.36
kilograms.

In contrast, the relative measures of financiafgrarance tell a different story in which set
netters play an interesting role. Although setearstperform low in absolute values, its gross
operating profit per fishing hour is as high ag hfathe large beam trawlers (i.e. around 50 euro
per fishing hour) whereas its profit per landedgiam mixed fish even outperforms every other
strategic groups (i.e. respectively 1.28 euro \&eeqproximately 70 eurocent per kilogram mixed
fish). As a result, the financial attractivenesgh# large beam trawler fleet should be nuanced
because their GOP per fishing hour and certairdir t8OP per kilogram landed mixed fish does
not deviate strongly from other strategic groups.

Table 5.3.1. Performance indicators among theegfi@groups of the Belgian fishing fleet

Large beam trawler  Eurocutter ~ Shrimp beam Otter trawler Set netter  Sig.

Financial GOP 218243 109782.3 gggg?i 101849.8 61468.98 .000
GOP/fishing hour  52.60 30.68 22.08 29.63° 51.4p¢ .000

GOP/kg fish 0.69 0.74 0.67 0.66 1.2¢8 .000

Operational  Landings (kg fish)  329716°75 143281.18  76244.34 158703.38  44558.68 .000
Landings /fishing 75.36 4210 32.10 45.24 40.04 .000

hour (kg fish/h)
Different superscripts (a—b—c) indicate signifidgulifferent average means using Kruskal-Wallis &ehn-Whitney as post hoc test
both with Bonferroni adjustmeng'E 0.005 since k=5).

CONCLUSION

This study illustrates that the financial attraetiess of the beam trawlers and more specific the
large beam trawlers during the period 1997-200@iishbe nuanced by the results on the relative
performance indicators which clearly illustrateattthe large beam trawler do not have the best
“profit-effort”-ratio. Moreover, this study only iked at gross operating profit not taking into
account capital costs. Furthermore, conclusiongtunh sub fleet performs best is determined by
the stakeholder perspective and personal intdfestinstance if you are a fishermen who wants
to maximize his profits then the large beam travilsst stand out as best sub fleet (given a stable
fishing environment). However, if you are a fisharmooking for a good “profit-effort™-relation
you should look more toward (i) set netting andl large beam trawling. Finally, if you are a
policy maker and are aiming for sustainable figfgrione should start comparing the relative
financial and operational performance indicatorsctvlare more in favor of (i) set netting and (ii)
shrimp beam trawling.

For more details on this analysis see the doctdisgertation of Hendrik Stouten which is
forthcoming. For more descriptive details on thégm fleet see the interim report.
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8.1 Major findings of this study

8.1.1 General:

The project brought together the expertise of teldgy, biology and economy. A number of
alternative fishing gears and gear modificationgewdeveloped with the potential to lower
mortality of benthic invertebrates and non-targandrsal fish. Attempts were made to determine
the bottom impact of the new fishing gear designd gractices by modelling effects on
sediments, comparative fishing experiments, ancerebyy tracks made on the sea bed. The
economic consequences of using the new gear watgsad for some cases.

8.1.2 Work package 2:

The development and validation of a Finite Elemewdel of the of the physical impact that
different gear components make on soft sedimerits. validation of the model used experim-
ental data from small scale trials in the labonatord full-scale trials at sea.

The development of a sand channel with a trollegy drag mechanism that allows for the
alteration of the weight of the different comporger@omprehensive testing of a model door and
a roller clump have been undertaken.

The use of a computational fluid dynamic model (@od$-LOWorks) to obtain the values of the
hydrodynamic drag coefficients of different geampmnents. The estimates obtained are similar
to those found in the literature but without théttim drag effects.

The development of a simplified dynamic model dfaawl system integrating the results of the
FE model to incorporate correctly contact forcemngiration and drag on soft sediments. This
model has successfully replicated the spread ofdtms and drag found in the trials and a
number of case studies on rippled sea beds or sBelgewith surge are very promising.

The use of laser stripe technology to measure cifeofiles both underwater on the seabed and
in the laboratory sand channel. This approach gerthe accurate measurement of the seabed
after a gear component has passed.

The development of high resolution trawl force linstientation that can be used to accurately
describe dynamic processes and to validate dynamétel predictions.

The development of techniques to measure the satig@ncentration behind fishing gear
elements. The resulting data has demonstratedthieatoncentration of suspended sediment
depends on the gear element in question and thmesetdtype and that there is a relationship
between the hydrodynamic drag of the gear elemadtthe quantity of sediment put into
suspension.

The development of a simple model of benthic mitytéab predict broad changes in abundance,
species richness and biomass of soft sedimentatalidilowing trawling, based on the outputs of

the physical models of the gear/sediment interactiod tested with measurements taken in the
field. In all cases effects were more pronouncedhim muddy sediment than in the sandy

sediment sampled.
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The further development of this model to take iatzount the living range of the different
benthic species found in the area of interest,thed to predict what proportion of all individuals
would be encountered by the different gear compisn@aiter doors, groundgear etc.). No more
than 30% of all individuals would be encountereddny component of the gear in the sandy
habitat surveyed, whereas encounter rates grdaterd0% were found for some species in the
path of the otter trawl in the muddy habitat susaby

The further development of a fish mortality modelpredict landings and discards of a wide
range of fish species (target and non-target) to rtlajor beam and otter trawl gears. The
predictions were validated with real landings aistards data, and found to perform reasonably
well, although some suggestions are made for imgr@ant of these. Sensitivity analysis of the
fish mortality model revealed catch efficiency te bery important in determining overall

outcomes of the model and there is thus potentiatHis to be further developed to predict the
differences in landings and discards of fish as$agas for modified versus standard trawl gears.

8.1.3 Work package 3:

Alternative fishing gear developed range from semmblutions such as changes in the rigging of
doors or using new doors designed to reduce bottirodynamic drag and down-force
coefficients, replacing rockhopper ground geargplaye ground gears in otter trawls.

By properly rigging the downward force of trawl demn the sea bed and thus the extent of the
furrows made in the bottom can be substantiallyced. This would also lower fuel costs, often
a strong driver in the industry.

Another solution to reach this objective is to dmanthe design of the trawl door with a smaller
lower plate in contact with the sea floor. Sucogsdésigns were tested in France.

The plate gear showed potential in reducing botiompact compared to the conventional
rockhopper gear. Due to limitations in the sedgiitavas found difficult to quantify this effect.

The low impact oyster dredge (the box dredge) aged in Denmark showed improved
selective properties and an indication for lowea $®d impact. Sea bed impact and fuel
consumption can be reduced by replacing the ‘rapidw! in Italy by a light beam trawl.

8.1.4 Work package 4:

For beam trawls a suit of alternatives was studieng which inserting T90 sections, benthic
release panels in the net or enlarging mesh stzesel simple modifications can all significantly
reduce the catches of benthos and other unwantestialasuch as non-commercial fish species,
but in some cases there may be a noticeable lassrimercial catches.

A more complex alternative to reduce impact on hesis the pulse trawl in which tickler chains
are replaced by electrodes. Research into theteffquulse stimulation on various marine biota
(dogfish, cod, benthic invertebrates) showed tbatsbme species (e.g. cod) the effects are not
marginal, and more studies are needed. On the btrat it was shown that catches and direct
mortality of benthic invertebrates can be signifitya reduced, and an economically viable
operation is possible using pulse beam trawls.

The acceptance in the fishing industry depends waugh on maintaining the catch levels of
target fish, and many moves toward reducing impeedriven by the wish to save fuel and lower
operational costs. Creating proper incentives, byg.social marketing’ is needed to ensure
uptake.
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The Italian “Rapido” trawl can be replaced by ehtigpeam trawl causing lower impact whilst
maintaining commercial catch levels.

8.1.5 Work package 5:

When attempting to mitigate the environmental intpaxf a fishery there are typically multiple
criteria against which the performance of any messwean be assessed. If the gains are non-
commercial (i.e. non-market) in nature, formallytedenining how well measures perform
becomes more difficult. A method called the “anialytierarchy process (AHP)” was applied to
guantify the relative preferences of stakeholdeugs for one impact reduction objective over
another in the context of European mobile demdistadries. The advantage of this methodology
is that it allows for the inclusion of non-commeicbenefits. Preferences are quantified and
allow ranked group-specific weights relating to tleeluction of discarding and other in situ
impacts to be derived. The relative weights plasedhe sub-objectives within each of the two
objectives are also determined. Establishing a unedsorder of preference for individual criteria
allows the significance of changes in non-markepdois to be determined and alternative
measures that result in differing combinations lodrge to be directly compared. This should
facilitate a more targeted and efficient approazhthe process of forming impact alleviation
policies within these fisheries.

Economic analyses showed the earning potentialeof techniques such as pulse trawling. A
range of actors in fisheries were addressed and d¢ipnions on various issues concerning
ecosystem effects of fisheries and the developmeastistainable fishing practices were invent-
oried. Quantitative measures of preferences forréueiction of mobile benthic gear impacts
indicated those of greatest overall concern werangercial fish discards, habitat change, and
commercial invertebrate discards. In general, tag&eholder groups tend to follow two main
patterns: one that demonstrates significant confmerthe reduction of commercial fish discards
above all else (industry, gear technologists), andther where priorities are more evenly
distributed (biologists, ecologists, economistshéries managers). The main points of disagree-
ment between the sets of groups are those of cocrahéish discards and habitat change.

When comparing four Belgian trawl fleets (large toeauro-cutter, shrimp beam and otter) with
the set net fishery it was shown that the largerbawl fleet generated the highest level of gross
operating profit (GOP) in absolute terms, whilst get net fleet had the second from lowest. But
it was also found that the set net fleet outperfoawery other fleet in terms of profit per landed
kilogram mixed fish. Measures of relative finangirformance clearly illustrate that the large
beam trawlers do not have the best “profit-effodtio (not taking into account capital costs).

8.2 Recommendations

It is recommended to further work along the linéshis project on tools to evaluate the likely
ecosystem effects and economy of novel fishingggdasigned to decrease the impact on marine
ecosystems and contribute to sustainable fishdregarticular there is a need to subject these
new gears to the mathematical-physical models deeel, continue on the work to link this
physical information to effects on marine biotagl amprove the models to predict likely effects
of new gears on the marine ecosystem based on ¢hafacteristics and prior to their actual
introduction into fishing fleets at a larger scale.

More specifically as a result of the work carried im workpackage 2 we recommend that:
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» The soil models be further developed to tackle plagticulate nature of the soil and
potentially inclusion of water. The present modalksume that the soil behaves as a
continuum and as a result has difficulty modellihg displacement of the soil particles that
can be transported along the front or the edgéseofear components.

 Water is added to the sand channel to allow canditihat better reflect those close to the
seabed to be tested in the laboratory. Work hasadyr begun on this and a water proof
channel has been built. It has a metal frame S8sMlong, 80 cm wide and 30cm deep.

» An extended range of gear components includingsd{gcound gear), ropes and chains
should be tested in the sand channel.

e The full dynamic model should be completed — thik allow the overall behaviour of the
trawl system to be predicted and the governingrpatars that influence the physical impact
on the seabed to be determined.

* The computational fluid dynamic approach be used\estigate the suspension of sediment
in the wake behind different gear components.

» Independent field experiments should take pladeuty validate the predictions made by the
benthic mortality models developed here. These male based on the physical modelling
work and on an understanding of the ecology andohmogy of the animals affected, and
any experiments should be carried out with the skawel of precision in sampling as was
undertaken in the survey work of Task 2.3.

* A more sophisticated analysis (perhaps a genedalisrear mixed model) of the benthic
mortality model be carried out. Following thiswiill be possible to further refine the predict-
ions based on information on important ecologicatl anorphological traits of species
encountered.

e The benthic mortality model be used to compare likely impact levels of different
components of trawl gears in any area where infoonaon the species found there is
available. This would be a real advance on prevapmoaches to predict trawling impacts
(such as the MAFCONS model) and this sort of madalld be essential in being able to
provide advice on the overall pros or cons of geadifications in reducing impacts of trawl
gears to benthic habitats and species.

» The fish mortality model should be applied to explpredictions about differences in catch
mortality of whole fish assemblages for some of niadified gears from Work Packages 3
and 4. Where good survey catch data is availabige,will allow validation of the model’s
predictions.

e The modified gears developed in the case studiewask packages 3 and 4 should be
compared with the original standard gears. Thispanison should take into account the
results of the physical model and the models ofthierand fish mortality and compare
predictions with suitable experimental data whers available.
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Dissemination and communication

6.1 Project website

A website was made available attp://www.rivo.dlo.nl/degree/

In addition areRoomwas set up by SINTEF drttps://project.sintef.no/eRoom/fish/ DEGREE

ThiseRoomis used more and more for communications and esoathcts, as well as storage for

project documents. It functions well.

6.2 Consultations with and dissemination to fishinguisiay

Activities are listed below.

Meeting held or planned

Venue

Date(s)

Paper presented at Nor Fishing Technology ConferédNETC)
by UNIABDN

Trondheim, Norway

7-8 August 200

<))

Talk presented at ICES FTFBWG by FRS

Dublin, Irdlan

23-27 April 2007

CEFAS (UK) is to hold a meeting with representatioé the
South west beam trawls industry in May 2007. Theppse of the|
meeting is to review the results of the extendedr(®nth)
commercial fishing trials undertaken using modifiEhm trawls
(i.e.trawls fitted with benthos release panels).

CEFAS Laboratory
(Weymouth), United
Kingdom

30-31 May 2007,

Contacts with the industry about opinions and geats by
CEMARE and LEI

UK, Netherlands

Contacts with the industry by CNR and collaboratasts of a
light beam trawl

Ancona, Italy

27/06/2007

Inventory of doors and groundgears used in thestrgdu

Ireland

Meeting in the Boulogne flume tank (Task 3.6) tecdiss gear
designs

France

Workshop with industry in the SINTEF flume tank

tdirtals, Denmark

Feb 200

Presentations at fisheries organizations on ptdsd tbeam
trawl

Netherlands

February 200

~

Seminary “Technological innovations, energy sawngd
environmental sustainability in professional fisker
implementations and applications”. A. Sala (P12} wwited as
keynote speaker by the Italian National Associatibthe Fishing
Cooperatives “Lega Pesca”.

Mazara Del Vallo (Sicily,
TP)

02/07/2009

Seminary “Energy savings: results and perspectiv¢hie
professional fisheries”. A. Sala (P12) was invitackeynote
speaker by the Consorzio Mediterraneo s.c.a rédiidrranean
Consortium), which is the technical and sciensfizicture of the
Lega Pesca (Fishing Association).

Rome

11/03/2009

Multi-disciplinary training course for managers ahior staff
of fisheries and aquaculture of Venezuela “Realtmade una
planta fileteadora de pescado en la isla MargarEao. Nueva
Esparta” organised by Frigo Tecnica Internaziospke (MC)
held at the “Campus Margarita della Fundacion Li&eSke
Ciencias Naturales” (Venezuela)

Venezuela

06/07/2007
10/08/2007

The project is summarised in a DVD containing infation of the work in the various areas.

Where appropriate project results were publishédeer reviewed’ scientific journals.
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Summary of major conclusions

8.3 WP2 Modelling

A finite element model of the physical interactioindifferent gear components and different
soft sediments has been developed and successhllijated in a series of small scale
laboratory experiments and full scale sea trialbe Tso0il model relating drag force,

penetration and velocity, derived from the FE masledws that the drag force is relatively
linear with penetration and an increase of the tteid a trawl element results in an increase
in contact and drag forces. The models need touldbefr developed to fully account for

particulate nature of, in particular, the sandetisents.

A dynamic model of a trawl system that integrates ¢ontact force, penetration and drag

estimates of the gear components in contact wigthstrabed (using the FE model) has been
developed. This model has successfully replicatedibor spread and warp tension measured
in the experimental trials. Furthermore, a numkiecase studies on rippled sea beds or on
vessels with surge are very promising.

Experiments to investigate the sediment put ingpeasion in the wake of the elements of a
demersal trawl that are in contact with the seatime demonstrated that the concentration
of sediment suspended depends on the gear elemanieistion and the sediment type.

Furthermore there is a relationship between theduythamic drag of the gear element and
the quantity of sediment put into suspension.

Using the above physical models of the interactibrgear components with the seabed
sediments, and knowledge of the ecology of the alsirtiving in the area affected, it is
possible to predict broad changes in numbers, tBsraad species richness in the path of
trawl gears. An assumption that any decrease inbetsnor biomass post-trawling equates
directly with actual impact in the form of mortalitshould however be questioned. Further
field testing of our predictions about displacemeftindividuals and damage levels in
individuals affected will help to clarify the actuaxtent of any impacts caused by particular
gear designs in different habitats.

The combined physical and biological modelling aagh developed in this work package
shows great potential in being able to exploredifferent impacts of trawl gears for specific
species and habitats. Due to the need to finakseldpment of these it has not yet been
possible to fully quantify any differences in eagtml disturbance of standard versus
modified gears from work packages 3 and 4. Good de¢ available to do this for the beam
trawl net modification work and the oyster dredgwky The fish mortality model has already
been published and analysis of the predictionsheflienthic mortality model is currently
being refined with a plan to submit the findings thfs work for publication in a peer-
reviewed journal in the next six months.
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8.4 WP3 Otter trawls

8.4.1 General Conclusions

» Given the differences in the design of trawls, trawors, sweep arrangements and actual
fishing operations and the characteristics of &énget species there is no universal solution to
reducing bottom impact of towed gears but in maages simple rigging changes can limit
impacts.

» It remains difficult to assess the physical anddgial impacts of all components of towed
gears accurately. Biological impacts are partidylaard to measure.

» Acceptance by fishermen of gear modifications thuoe bottom impact will be dependent on
the modified gears maintaining catch rates at ewicedly viable levels.

» Even though there is a greater awareness amofstriien of the need to reduce bottom
impact, the main driver for using lighter or lesgpacting gears is potential reductions in fuel
consumption.

8.4.2 Trawl Doors

* Most existing trawl door designs can be modifiedigh with light bottom contact but better
results are theoretically obtained with high rgtieight/width) doors and centre of gravity at
a higher position. Such doors are commerciallylalb.

» Working doors lighter on the bottom requires cliestruction on how to get a door to work
in a stable way. The main faults include using wxght doors, not monitoring door spread
and poor adjustment of the warp attachment pointhe door itself.

e Bottom impact of trawl doors can be controlled Hiering the warp/depth ratio and/or
towing speed.

» Using pure pelagic trawl doors instead of tradiiohottom doors may be an option for
trawlers targeting specific species but may noessarily be an option for targeting species
that are herded by the sand clouds developed bydbies on the seabed.

» The prototype doors designed by Partner 05 anchétatt2 have shown that is feasible to
construct low impact doors that have minimal botteontact but can maintain gear
efficiency in terms of door spread.

e The main driver for adopting low impact trawl dat@signs will be reduced fuel costs rather
than solely a need to reduce bottom impact forrenmental reasons.

8.4.3 Groundgears

» Standard rockhopper groundgears have been shohawvta major physical impact on soft
sediments. It has been shown that the impact @sadhe whole cross-sectional area of the
footrope, while the rockhopper footrope also credtigher sediment displacement.
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The biological impact of rockhopper footropes orlssediments is unclear as it has been
found difficult to assess biological impacts actelsabut the observations made during this
project strongly suggest that impact on benthi@nigms can be severe.

With the plate gear, it was observed that maingysven bobbins that made visible tracks on
the seabed, while tracks from only a few of thegaacould be observed. On average about
50% of the cross sectional area of the plate gealdde seen impacting the seabed, and the
depth of the plate tracks was small (less than Asmeasured).

The prototype plate groundgear developed has préeennically feasible and does not
appear to reduce catches of commercial speciesuglthit can be sensitive to small changes

in rigging.

The rigging arrangement used on the final cruisetten“GO Sars” with the groundgear
connected to a wire attached directly to the figHine makes the plate gear less sensitive to
changes.

Further work is needed to design an alternativel@anarrangement as the rolling bobbin
concept tested on the “GO Sars” did not work.

The physical impact of sweep arrangements on thbesk depends very much on their
construction. Observations from the “GO Sars” @ssggest that sections of chain seem to
have more impact than wire.

8.5 WP4 Beam trawls and dredges

8.5.1 Flatfish beam trawl modifications to reduce d iscards of benthos and unwanted
fish

BELGIUM

The T90 cod-end has interesting selective propefibe the most important commercial

species for the beam trawl, i.e. sole. It allowsrenondersized fish to escape and more
marketable fish to be caught. Round-fish specigsrem-commercial fish and invertebrates
escape much more easily from a T90 mesh than frdiaraond mesh in a typical beam trawl

cod-end. It can thus be expected that the appicaif a T90 cod-end will result in less

discards and cleaner catches.

RV trials and commercial trials have shown thatdhplication of a benthos release panel in
front of the cod-end can drastically reduce by{tatf inert material and benthic
invertebrates. This may improve fish quality anduee catch handling time. The reduction
of benthic invertebrates appears to be stronglgispespecific, with relatively heavy and
small species and individuals yielding the bestltes

The observations for commercial species give a dhigeture. On euro-beamers, there
appears to be an unacceptable loss of commerd@&l(similar observations were made on
board the research vessel that is rigged with saiicomparable size), whereas the benthos
release panel performs better on large beam trawldris may be due to the length of the
trawl which is needed for the catch to settle attter chain matrix or the tickler chains or it
may be due to the length of the panel in comparisdhe length of the trawl.
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UNITED KINGDOM

Throughout this project, it has been very evidéiat simple modifications to beam trawls,
such as square mesh benthos release panels aatia@i®eto the cod ends (i.e. larger mesh,
square mesh, T90 mesh, etc.) can all significamttiuce the catches of benthos and other
unwanted material, such as non-commercial fishispec

By collaborating with industry in a meaningful mannseveral commercially acceptable
trawl modifications were jointly developed and exbd. These were demonstrated to be
effective in reducing benthos and other discards.

However, much of the industry appeared to be rahidb use these designs on a commercial
basis, even though some had been engaged in thaifogppment. What appears to be crucial
to facilitate commercial take up by industry of ghetools, is that a correct incentive
framework is formally established. We have foundttthe use of ‘Social Marketing’
principles appears to be an appropriate methoddémtifying and establishing such a
framework to facilitate desirable behavioural chaiimgthis respect.

NETHERLANDS

The preparatory studies carried out under DEGRERveH that replacing small-spotted cat
sharks Scyliorhinus caniculd..) caused reactions to offering food overrulihg effects of
the pulse stimulation. As a result the experimemadtocol was changed to treating
individuals separately under known stimuli. Latests on this species showed muscle
contractions during the stimulation, but no lastieffects. X-rays taken on codsédus
morhual..) landed by a commercial boat fishing with putsevls showed that the occurrence
of spinal damage could not be ruled out. This tdedl to further study which showed that
the pulse stimulation could indeed cause spinalaggnwhen cod was tested close to the
electrodes.

The data collected during four week trips on a camuial boat fishing with the pulse beam

trawls in June-August 2009 showed that with thes@ufawl more sole was caught and less
plaice than with conventional beam trawls. It adsemed that with the pulse trawl more sole
in number and weights per unit of time was discdréad less plaice was discarded.

However, the average discard percentages of agoleéte as sole for the pulse trawl of this

study were within range with the average discardg@ages of conventional beam trawls in
2005, 2006 and 2007. It should be noted, howetat, the comparison could not exclude

effects of time and area of fishing. To achieve enarecision it was recommended to conduct
a comparative study on performance of a beam @adla pulse trawl, where the two vessels
of similar size fish simultaneously, like was don€006.

8.5.2 Low impact oyster dredge

DENMARK

The developed low impact oyster dredge (the boxdghe showed improved selective
properties. The box dredge caught more large ay$tetO cm) and less small oysters when
compared to a standard dredge. Track profile aealysdicated a lower impact of the box
dredge compared to the standard dredge in termesmadving and compressing sediment, but
the drag force measurements showed slightly highkres for hauls with the box dredge.
Although the catch comparison experiments indicatemt the box dredge catches less
megafauna, stones and shells, these catch difiessemere not significant.
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The developmental and experimental work with the dh@dge had a high degree of industry
involvement from both oyster fishermen and oystargmanufacturers, which should ease
the implementation of the box dredge on a commkeisis.

8.5.3 Rapido and light beam trawl

ITALY

The results of the trawling trials (both with Rapidnd beam trawl) carried out off Ancona
showed that a considerable fraction of the catch ezmposed of species of no commercial
value, either because they were undersized or bectney were unmarketable. Beam and
Rapido trawl catches reflected the multispecieaneadf the fishery in this area. Between 55-
80% of the Rapido trawl catch was discarded atvelede for the beam trawl the catch
discarded at sea was around 50%.

The Rapido trawl seemed to exert a strong selegtiegsure on the macrobenthic comm-
unity, being able to modify the epibenthic faunaistiure which, in heavily exploited fishing
grounds, was dominated by bivalves, gastropodbscidarfish and brittlestars. Rapido trawl
catch was characterised by species living stractiyociated to or within the substratum whilst
beam trawl hauls were characterised by a widelyasfaspecies inhabiting very different
realms of the ecosystem (from benthic to demermsapdlagic). These differences were
dependant both upon differences in species behadnd differences in selectivity with
respect to different species.

The Rapido trawl was more efficient also for comei@rspecies even if the performances of
the light beam trawl improved during the last gidh 2009 some fishermen agreed to use the
light tickler chain beam trawl and they improveeithperformance increasing the vertical
opening with the aim of catching demersal and pelagecies. It can be noticed that the
mean duration of Rapido hauls is around 50 minatekthis leads to very hard work shifts.
Thus a reduction of the time for sorting the catepresented a very good option for
fishermen. Moreover we noticed that the reductiérthe discarded portion of the catch
improved the quality of fish. Finally the physidaipact of light beam trawl on the sea bed
was lower than that observed with Rapido trawlfdot Rapido trawl showed the highest
values of both total warp drag and net drag resistgrecorded with the electronic load
cells). This means that Rapido trawl highly impdctee seabed and it needs the highest
power to be towed.

The main results can be drawn: i) the sea trialglgoted so far gave evidence that in the
Adriatic Sea the Rapido trawl targeting common sebs characterised by multi-species
catches; ii) although about 70% of the commerdidtit was discarded, the Rapido did not
seem to have a heavy impact on this fraction, ast ofdhe species were alive when returned
to the sea; iii) both in the Rapido and beam tratw catch rates of non-target benthic
invertebrates in the modified square-mesh codene wensistently lower; iv) the towing
speed of the beam trawls were always lower tharideags well as the towing forces. A
reasonable amount of fuel was saved by switchingeam trawl; v) the first prototype of
chain matrix beam trawl was inefficient and repthbg a tickler chain beam trawl.

In light of the results obtained in the currentdstthe Italian door manufacture “Grilli” SAS
and the CNR-ISMAR patented the experimental beawltwhich is now used by several
fishing boats in the Adriatic Sea.
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8.6 WP5Economy

UNITED KINGDOM

» Productivity analysis indicated that the effectusfng a modified beam trawl (see above for
specification) is overall negative and that uptékgosed additional costs on the vessel
utilising this gear. All else constant, productpwtas determined to have fallen in the region
of 20% after uptake and when considered againspén®rmance of comparable vessels in
the same fleet. Even when fuel savings were assated result of reduced drag and then
also due to the use of an econometer) it was detedrthat this would result in an average
vessel becoming unprofitable under current comuktiolt is worth noting that, on 2007
figures, the average Belgian large beam trawl Vessdd not afford for revenue to fall by
anything greater than 1.32% before registeringsa @ssuming all other costs except for
crew remained constant). This gives some indicatiotine difficulty involved with applying
technical measures if they are likely to negativefluence productivity. It also suggests that
internalising the externalities of these beam traedsels in this manner is, under current
conditions, likely to render many vessels unviaBlerther, as the own-price elasticities for
the main target species of these vessels are hidgyic, the likelihood of any compensatory
price effect due to reductions in landings is low.

* Quantitative measures of preferences for the remtuadf mobile benthic gear impacts
indicated those of greatest overall concern wenangercial fish discards, habitat change, and
commercial invertebrate discards. In general, takeholder groups tend to follow two main
patterns: one that demonstrates significant conéarrthe reduction of commercial fish
discards above all else (industry, gear techndi®giand another where priorities are more
evenly distributed (biologists, ecologists, ecorgmjifisheries managers). The main points of
disagreement between the sets of groups are tHosenomercial fish discards and habitat
change. However, reducing commercial fish discatitilsanked in the top three of all groups
and reducing habitat change in the top three fbbali industry and gear technologists.
Stakeholder group level preference scores genataltyonstrated relatively low coherence, a
factor indicative of diverse within group opiniondasomewhat typical within fisheries.

» As each stakeholder group attaches different levelmportance to the individual impacts,
the benefit of any modifications (each resultingdiffering bundles of benefits) will be
judged accordingly. From the management perspethieederived measures of importance
allow changes in the levels at which the impacesiamposed to be weighted and therefore
appropriately accounted for in the decision malpnacess. The level of importance industry
placed on bycatch relative to habitat damage hadlidations for their incentives to
voluntarily adopt environmentally friendly techngles. As little incentive or motivation
exists to adopt gears to reduce habitat impactglatary regulations will be essential if such
gears are considered desirable from a broaderl szaispective. If measures are considered
legitimate and tackle issues stakeholders deere tf mportance (something made explicit
by the preference weights) there are likely to igiaér levels of acceptance, or compliance in
the case of legislation. If the likely level of aptability can be determined prior to final
policy decisions being made it is possible greégels of compliance may be achieved
whilst also reducing the often non-trivial burddrenforcement.
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NETHERLANDS

The cost effectiveness of the pulse trawl in consparto the beam trawl on the basis of two
periods of commercial trials of the pulse trawtngiout to be rather positive. The economic
performance of the pulse trawl can compete withpamaible beam trawls. This is especially
due to a decrease in oil consumption, which is gh hiost for beam trawlers. Fuel
consumption of the pulse trawl is some 45-50% Iativan the beam trawl.

Environmental costs are also lower. When it corgaliscards, in the pulse trawl, the catch
rates of undersized (discard) sole were signifigalawer than in the conventional beam
trawl, and also catch rates of benthic fauna (nr8&tropecten irregularis, Asterias rubens,
and Liocarcinus holsatus) were significantly low&€here are indications that undersized
plaice are damaged to a lesser degree in the palseand will survive better in the pulse
trawl. Next to this the use of a pulse trawl getesdess emission of CO2 than the use of a
beam trawl.

The pulse trawl seems to be an alternative for beawlers that are mainly directed towards
sole, even sole catches are better, catches akd&ik behind. Some concern exists on the
effects of pulse trawling on certain non targetcige

BELGIUM

When comparing the four Belgian trawl fleets (latggam, eurocutter, shrimp beam and
otter) with the set net fishery it was shown tHz targe beam trawl fleet generated the
highest level of gross operating profit (GOP) is@lhte terms, whilst the set net fleet had the
second from lowest. However when accounting fooreffhe GOP/hr was almost equal for
both sets of vessels and the set net fleet hadrdfisantly higher average GOP/kg fish
landed. In fact, the set net fleet outperforms wwher fleet in terms of profit per landed
kilogram mixed fish. As a result, the financialrattiveness of the large beam trawler fleet
should be reconsidered because their GOP per dishdiur and certainly their GOP per
kilogram landed mixed fish does not deviate strprdgdm other strategic groups. Measures
of relative financial performance clearly illusahat the large beam trawlers do not have the
best “profit-effort”-ratio (not taking into accounépital costs).

Furthermore, conclusions on which sub fleet perforivest are determined by the
stakeholders perspective and personal interestinstance if you are a fisher who wants to
maximize his absolute level of profit then the &tgeam trawler fleet stand out as best sub
fleet (given a stable fishing environment). Howevérou are a fisher looking for a good
“profit-effort”-relation you should look more towar(i) set netting and (ii) large beam
trawling. Finally, if you are a policy maker andeaaiming for sustainable fisheries, one
should start comparing the relative financial aperational performance indicators which
are more in favor of (i) set netting and (ii) shpitmeam trawling.
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