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1  Project summary

Thirteen participants worked together to develop mears/fishing techniques that have a
lower impact on benthic habitat®, 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 impéo the habitat. A group of experts
worked to appraise the socio-economic consequenfcit®e new gears and techniques. Gear
types under study involved: otter trawls, beam Bawulse beam trawls and dredges. The
project consisted dfix 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, starin@1/02/2006, and ending on 30/09/2009.
Special emphasis was given to consultation withdiegemination 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 physirapact as well as the negative effects
on benthic communities,

To weigh the socio-economic consequences of thesmeges.

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 group|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 conveaitaond modified gears.

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

To use these models to quantify the possible remudif 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 physitcglact 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 possibilitwariious 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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Partner Organisation
No
1 Wageningen Institute for Marine Resources and Estesy Studies - Department
Fisheries
2 Centre for Environment, Fisheries and Aquacultuier®e, Lowestoft Laboratory
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5 Institut francais de recherche pour l'exploitatitenla mer
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7 An Bord lascaigh Mhara
8 Vlaams Gewest
9 The Technical University of Denmark
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11 University of Portsmouth Higher Education Corparati- Centre for Economics and
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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 beingcea 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 developmentsraiviing gears (i.e. weight and size),
particularly over the latter part of the 20-th agwt 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).

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 @-dfbin interest followed until the middle
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of the 1980's. In 1988, the ICES Study Group on Hfikects of Bottom Trawling was
convened in response to Council Resolution 1987M2:@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 thetNSea 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 sevavahtries 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 reductitravaing 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 (Lindeboonddde 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 didicgg, 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 dudeuo 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 befegels, 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 shoblketéfore 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 #dabed, resuspend sediment,
change grain size and sediment texture, destrofobes, and remove or scatter non-target
species”. The increase in the amount of suspendegents 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 @0t 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 toethern 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 tolerarip®t;| 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 sulsdtyureduce 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-tetmarnges in the biomass of taxa within the
trawled area (Tudela, 2004).

A workshop on the Effects of Fishing Gear on Mariabitats off the Northeastern United
States was held in October 2001 in Boston, Massattsu(Anon., 2002d). A variety of
habitat characteristics were recognised, depenoingopography 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, particularhgriavel 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 bénef 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] ~ [|------emme-
[SOFT] [HARD]
VU] ——— Y. \[o J——— GRAVEL; SHELLS;
BEDROCK

SUBSTRATE SMOOTH

ROUGHNESS - ROUGH

[and SURFACE([[LOW]

AREA] - [HIGH]

- PHYSICAL MUD YA N[ J——— SHELLS; GRAVEL;
BEDROCK

. BIOLOGICAL | ~-BURROWS-- | | ----nnno- BEDFORMS ------

SUBSTRATE WEAK CURRENTS STRONG
DYNAMICS CURRENTS

TIDAL; STORM; OTHER --------m-mmmmemee-

- PHYSICAL
mud, sand, shells  ||STABLE SUBSTRATE UNSTABLE
SUBSTRATE
MUD ----mnmmmmmeeee- |
SAND | SAND and SHELL
- BIOLOGICAL MOVEMENT ----
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

)
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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 @omment; 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 b@do 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@ng 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 mmaribenthic environment. Alternative
techniques that could reduce the adverse effectdeafiersal trawls on marine benthic
organisms were reviewed and those with most promisefurther investigation were
identified, in co-operation with the fishing indostThe practical feasibility of the identified
alternative techniques was then investigated vapect 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 intlieftects of demersal trawls on benthic
marine organisms. However, there it was conclutatithere was a need for these techniques
and modifications to be further assessed as wdl 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 appio@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 adage of the first type is that this method
provides exact data on the disturbance regimethautiisadvantage 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, henrisk of overestimating effects of trawling
disturbance. Impact studies based on historicalrtetfata 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 compéane work in Europe with work done in the
United States and Canada. A recent review of ingpaften 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 ofdiséurbed 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 imme 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 famatified 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 ableaitshort-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’ inet vulnerability to towed gears. Reviews
of studies on the alteration of habitat that odouthe path of gear also allow a number of
assumptions to be made about the likely changeeireric habitat typese(g. sand, mud,
gravel, coral) (e.g. Austaat al, 1996; Auster & Langton, 1999; Johnstone, 2002)ny this
information, efforts are now being made to model iimmediate 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 givan 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 nunabecharacteristics of the species based
on its’ ecology and morphology. At present vulndigbis assigned based on the meta-
analysis described above. It is clear from thediigre 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 vulndtalbd 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 lbipi 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 teerothbined 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 oféhdhrey 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 gravigere considered where both parts were
shown to be dependent on the cutting constraintsing 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 filree 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 methodra/tthe 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. Maxipametration 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 diment 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 componemite 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 siresses 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 assesaatth a number of easy to collect and
interpret physical and biological indicators. Sutlicators 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 (Underwb®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 ecologicélidiance 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 tosasH®e economic impact of adopting
environmentally friendly fishing gear. Previousdis have largely considered the additional
costs imposed on fishers through the introductibbyeatch reduction devices (e.g. Griffin
and Oliver, 1991; Hendrickson and Griffin, 1993; telashita 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 fissefrom reduced bycatch in a particular
fishery. The latter studies have employed bioecaoamodels to estimate the transfer of
benefits to the other fisheries.

A main feature of this study is that gear is alsm 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 t880% as a replacement for otter trawls

where chains had been added between the two aiteldbdo enhance flatfish catches. The
spreading force of the boards limited the numberclodins 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 Koépnick,
2000). Changes in communities following beam-trag/liresult from the direct mortality
caused by the trawl and also the indirect effed¢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#l 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 crustac@gnisally 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 cam @shigh, ranging from 26-88% for
bivalves, 25-67% for crustaceans and 11-21% fafisitain North Sea studies (Fonds, 1994;
Lindeboom and De Groot, 1998). However, since theett efficiency of beam trawls for
invertebrates is generally less than 10% (Lindebaanh 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 environmdnif 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 eleztistimulation was noted. Later similar
potential was identified for catching flatfish, esgally 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 ingidebeam 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) alifph 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 (Verburdamal 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 tragan 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 begir2@05 under a Dutch national research
project. The biological and economic performancetto$ system will be monitored and
compared to vessels equipped with conventional beams. 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 frierfii{iing 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 overdvironmental 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 aotapted 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 aegml 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 overalttied in the environmental impact of that
fishing gear.
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T90 cod-ends

Cod-ends / panels constructed from T90 mesh (mesied through 9°§) 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 haveebeindertaken 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 /panelgdsiired 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

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 havergadt are the sweeps, the groundrope,
especially when made of a heavy construction, sichobbins and these components can
leave narrow scrapes or compressions dependingmitiand 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 kanatheless
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 widthat 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 udorg bridles in fact to target herdable species
such as flatfish, the bridles contact more seahad &ny 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 thealssd. Small scale vertical features,
particularly on soft substrates can be flattenedhixy action, while emergent organisms can
be vulnerable to penetration or undercutting bylbs.

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. Ropgers 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 abcadarnhe path of groundgear (Freese
al., 1999; Moran and Stephenson, 2000). Such hahitaty thus be severely affected by
fishing operations. A few studies have been coratucto 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 ¢l¢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 v¥ariability 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 arhotibycatches 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 spedieiss 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 uresgtlve, 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 ndtstanding, 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 contgha 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 bedssaritibottoms is significant: trawl doors
penetrate them more deeply than other sedimenits,petentially greater effects on infaunal
species (Ballet al, 2000). The ecosystem effects of trawling on deepddy 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 sadheuse 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 fadhtly initiated a project to evaluate
and to reduce seabed impact of offshore shrimpldérainis work involved model flume tank
testing as a well as sea trials and aimed to estawhether 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 andiktylof 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 unpublisheyl and also replacing
rockhopper footropes with wheels or rolling geds4{achariassernynpublisheldl The object
was to develop modifications that could roll in ttwaving 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 toabwope 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 practicalfanider 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 mouttaasf 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 trawdiygfem 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, 2(0#1 He and Delouche, 2004 two
experiments have been carried out in the Gulf ofinglaand in two locations off
Newfoundland. In both experiments, the primary ownof 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 thalfGf Maine silver hakeMerluccius
bilinearis fishery to avoid catching flatfish and other battdwelling organisms by raising
the height of the fishing line 0.5m above the sdaffl, 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, becawdaat 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 voluntagiyause of its advantages, although
concerns have been raised about loss of targetespé&dforts are continuing to promote the
use of the sweepless trawl.

Kites, depressors and other flexible devices in trals

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’ beingettped 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 graond gear

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

The concept of the Active Trawl System was devalopyy Shenkar (1995, 1996) to
overcome difficulties in improving the performanaktrawl doors and active control of the
doors. The Active Trawl System developed spreagdrdiwl 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 stiltléwelopment 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@drout similar developments using
acoustic control of the trawl door’s vertical anorihontal 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 fishinty ¥awed gears to direct effort
away from areas of sensitive habitat.

The majority of the area fished in EU waters is canisidered to be sensitive habitat, being
largely made up of soft sediments and gravel, ribglass, the ecological disturbance to the
benthos in these habitats is well documented. Weueethat 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 tthiaystems by refining an existing model
of the disturbance of fisheries. Ultimately thidlvgirovide a tool to fisheries managers that
could be used to identify gear and sediment typebioations which will minimise impact to
the benthos.
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The core of the proposed work will be the developiod new fishing gears that have a lower
impact on benthic habitats and communities (WP @ \at° 4). With generic models, based
on gear components, to be developed in WP 2 Maodekind 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 gaygnpact 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 thenfjsimie 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 Irelandaa@ddesigned to move over, rather than
plough the seabed are also considered. Severafeaiitf 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 #@wvehless bottom impact through
alterations to warp:depth ratio or towing poing.eMorgére Polyfoil and Oval doors, while
other doors are specifically designed to have mahibottom 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 sastaily, 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 theeatl 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 uséyalrodynamic 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 thisgtrawl and the benthic release panel, it
is expected, that these innovations can be sucdgsshplemented. 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.
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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. Sitinnis 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 deformablealsed. Figure 2.1 shows a diagram of the
seabed and roller clump prior to the start of inautation.

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 tramhponent. This method initially proved
highly effective in producing penetration depths &ench shapes very similar to those found
in the sea trials as is shown in Figure 2.2 [1§uFe 2.3 shows a typical result for this type of
simulation from FE simulation.

Similarly, the results between the numerical mo@eid the sea trials compare well for the
case when the otter door was towed. These valitataze reported in (1) and (2) and a
typical comparison with the sea trials shown inurég2.4.
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Trawl door on sandy mud

Depth (mm)
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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\gdet 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 mesfgature. Simulations were run for a
variety of downforce on the door and pitch anglé fou only one pitch angle, 35vhich 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 55 118 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:
axellg%;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(;S 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 thennmal 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 forcesradut. 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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Fig. 2.5Relationship between drag force and penetratielocity obtained from FE model

Further observations show that the penetrationymred by the door with a pitch angle of 5
degrees is less than when the door is kept hodkalotring 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 bors 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 (anobenergy) needed for the trawl to be
towed. These results suggest that pitch angleselesi® 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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Fig. 2.6 Relationship between contact force and penetratbocity 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 potatisurbance 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 (igui) the relationships defined in the
FE study will be used. A curve fitting method wa®d 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
Sodm] 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. Simulatamescurrently under way for the rock
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hopper gear used in the FRS sea trials and theirmlidr 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 prope&sito 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 validageRE 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 chanmkich incorporates a frame and moving
trolley on which the component is mounted. The dehirs 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 testedisI$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 sddilmeng 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 formedidying a gear component through the sand.
This technique allows for the laser profile of thiéference 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 camer@eacribed comprehensively in OMAE
2009. A close up view of the camera and laserasvahin 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.

Figure 2.11 An image obtained from the camera and the lsestenp.

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

The drag force increased with increasing attackeatq 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 giresito 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 undertakérihe roller clump
- Over the range of velocity examined (0.1, 0.2 arkings), 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 showaiit 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 trayétem interacting with the seabed.

Average Smoothed Force vs. Displacement for various velocities
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DEGREE Contract 022576 Final Publishable Activity Repo -35-



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 comprelensnodels, the DynamiT package

produced by IFREMER, provides net manufacturert @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 @awl 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 ardridwl

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 thpavdihese 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 incorporaiegpte linear Winkler type model of the
stiffness of the seabed and Coulomb friction betwte trawl doors and the seabed. The
model was coded in Matlab and solved using thesotieer functions typically using odel5s
or ode45.

Supporting Work — Fluid Simulation

Although Morgére publish drag and lift coefficiemt 1.3 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 tale@unt of bottom contact. Simulations were
run using the COSMOS FloWorks package to find theéd 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 trdwdr are listed in Table 2.2.
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Figure 2.14Detail of the trawl door model

Figure 2.15Flow pattern around the Morgere door at 48ack angle

Figure 2.16 Dynamic pressure around the Morgere door atdtaick 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 tkjglisated accurately by the model.

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 soilnpetexs, 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 aldeded 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 seaimales on the penetration. The ripples are
50mm high and have a wavelength of 250mm. Thisestabndition 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.

Figure 2.18Penetration of the trawl door into a flat seabgdalculate by the 3 mass model.

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 5ins 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.

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 teetaff 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.

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 tbg.trawl doors and ground gear are
modelled individually. The model comprises theduling:

Ship motion
Variable length warps

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

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

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

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

Variable net geometry

The preliminary version of this model has beenwith 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

Figure 2.24Detail of the position of the Clupea trawl at #tart of simulation

The model contains a more complex bottom contaateihwith 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. Becautieedirger frontal area of these plates, fluid
simulations were also undertaken on these to al@m to be included in the model at a later
date. Because the angle of attack of the platesgelsaaround 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 meault 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.

Figure 2.25Positions of the plate groups simulated.

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

Current Level of Development of the Full Trawl Mdde

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 plade ged trawl door from the fluid flow and
the forces induced on the ground gear and trawk disom 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 generalisedeasimpler interface introduced.

5.2.1 References

[1] Ivanovi A., Zhu J., Neilson R. D. and O’'Neill F. G., 200Bhysical impact of a roller
clump on the seabed”, paper presented at the @#mhtional Conference on Offshore
Mechanics and Arctic Engineering (OMAE 2008) Edtdtortugal 15-20 June 2008.

[2] O'NeillF.G, Ivanovi A., Neilson R. D, Breen M., Summerbell K. “Assegsithe
consequences of towing a trawl door on soft sedigiietNor-Fisheries Technology
Conference, Trondheim, Norway, August 2008.

[3] Ivanovi A., Neilson R. D., Chima-Okereke, C. and ., Zhu“lhfluence of a Roller
Clump on the Seabed” paper accepted for presemtatiothe 28th International
Conference on Offshore Mechanics and Arctic Enginge(OMAE 2009) Honolulu,
Hawaii, 31 May - 5 June 2009.

[4] Hu, F., Shiode, D., Wan, R. and Tokai, T., 208@&curacy evaluation of numerical
simulation of mid-water trawl nets. Contributions the theory of fishing gears and
related marine systems. Volume 4, editor Chun-Wee, IBusan, Korea.

[5] Lee, C-W,, Lee, J-H., Cha, B-J., Kim, H-Y. abde, J-H., 2005. Physical modeling for
underwater flexible systems dynamic simulation. &cEng., 32, 331 — 347.

[6] Takagi et al 2004. Validity and layout of ‘Nakta net configuration and loading
analysis system, Fisheries Research, 66.

[7] Bessonneau and Marichal 1998, Study of the dyos of submerged supple nets,
Ocean Engineering, 27, (7), 563-583

[8] Priour, D., 1999. Calculation of net shapesly finite element method with triangular
elements. Communications in Numerical Methods igi&sering, 15(10), 755-763.

DEGREE Contract 022576 Final Publishable Activity Repo -46-



[9] Niedzwiedz, G. and Hopp, M., 1998. Rope antaadculations applied to problems in
marine engineering and fisheries research, ArcbiiE@shery and Marine Research, 46,
125 -138.

[10] Le Dret, H., Priour, D., Lewandowski, R., a@hagneau, F. (2004). "Numerical
Simulation of a Cod End Net Part 1: Equilibrium anUniform Flow." Journal of
Elasticity, 76(2), 139-162.

[11] O'Neill F.G, 1997. Differential equations gawing the geometry of a diamond mesh
cod-end of a trawl net, Journal of applied mectgnidarch 1997, Vol. 64/7, 453, p.
1631-1648.

[12] O'Neill F.G., 1999. Axissymmetrical trawl caghhids made from netting of generalized
mesh shape. IMA Journal of Applied MathematicsZ%H-262

[13] O'Neill, F.G., McKay, S., Ward, J.N., Strickld, A, Kynoch R.J. and Zuur A., 2003.
An investigation of the relationship between sedesinduced vessel motion and cod-
end selection. Fisheries Research 60, 107-130.

[14] O'Neill, F G and Neilson R D, 2008. A dynamioodel of the deformation of a
diamond mesh cod-end of a trawl net. Journal oflidgdgvechanics, 75, 1, 011018 (9
pages).

[15] Priour, D., Herrmann, B., O'Neill F.G., 200Modelling axi-symmetric cod-ends made
of different mesh types. Proceedings of the 12tterivational Congress of the
International Maritme Association of the Mediterran (IMAM 22007) Varna,
Bulgaria, 2-6 September 2007. Taylor & Francis @rouondon, ISBN 978-0-415-
45523-7, 947-952

[16] O’'Neill, F.G. Neilson R.D., 2007. Cod-end dymias in response to a range of dynamic
pressure loadings. Proceedings of the 12th Intemat Congress of the International
Maritme Association of the Mediterranean (IMAM 2Z)0Varna, Bulgaria, 2-6
September 2007. Taylor & Francis Group, London NSH'8-0-415-45523-7, 941-946

[17] Herrmann, B., 2005. Effect of catch size ahdpe on the selectivity of diamond mesh
cod-ends. I. Model development. Fish. Res. 71,.1-13

[18] Herrmann, B., 2005. Effect of catch size ahdpe on the selectivity of diamond mesh
cod-ends. Il. Theoretical study of haddock selectiish. Res. 71, 15-26.

[19] Herrmann, B., O'Neill F.G., 2006. Theoretictlidy of the influence of twine thickness
on haddock selectivity in diamond mesh cod-endsh.RRes. 80, 221-229.

[20] http://www.ifremer.fr/dynamit/en{Accessed 6/11/09)

[21] Folch, A., Prat, J, and Sala, A et al, 208imulation of bottom trawl fishing gears. A
simplified physical model. Proceedings of the 1hthernational Congress of the
International Maritime Association of the Meditaremn (IMAM 22007) Varna,
Bulgaria, 2-6 September 2007. Taylor & Francis @rouondon, ISBN 978-0-415-
45523-7,921-928

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). Somedsroonclusions are given in section 5.3.5.
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5.3.2 Instrumentation development

The laser-camera sea bed profiler system develdpedg 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 successigiyg to measure the physical impact of
the sea bed in the aftermath of a towed gear. Wbk 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 usaddasure the physical impact of to
gear components on the seabed. Biygosition the apparatus over area of interese. [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) providesafe 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 waachitd 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 sizeat 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 akalions 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 inl/l) is presented in 32
logarithmically increasing size ranges betweerabd 500 m (microns).
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Figure 2.29The divers towed underwater vehicle (TUV)

Figure 2.30The LISST 100X on a frame extending from
divers towed underwater vehicle (TUV)

The high frequency loggers for the uni-axial loaflscand 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 boa&rdRth 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 sedimentthese sites were classified as being of
muddy sand (Nairn), fine — medium sand (LossiemdatiBurghead) and coarse gravelly
sand (South Arran). The particle size distributmfnsediment samples from these sites is
shown below in Figure 2.33.
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Figure 2.31The areas towed during the 2007 cruise

Figure 2.32The area towed during the 2008 cruise.
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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 wanrgsstowed. 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;

DEGREE Contract 022576 Final Publishable Activity Repo -50-



(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 pratte@s repeated each time.

Prior to each tow a 100m baseline transect wasledtad 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 tranaaedtas 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 calchiatswept 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 pme&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 pasit(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 thmesage 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 udiadaser-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, 8D %0m from the trawl door (Figure 2.36).
The results are presented in Figure 2.37 and demab@ghat 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 cautioth@plume is turbulent and variable and the
estimates have been made by different divers treeindicative.

During three of these tows the particle size ofrttbilised 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 bld is their average. The average
concentration increases from 221 at approximately 5m behind the door to a maximof
226 1/l 10m behind and then deceases to a value of 164at 50m. The background
sediment concentrations taken between stationgdeutse sediment plume ranged between 2
and 7 /.

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

Some of the results of these trials have been ptedeat 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.

plume concentration

concentration (ulll)

distance from door (m)

Figure 2.38 The plume concentration i/l of sediment, on fine -medium sand, at different distances be
the trawl door.

High resolution engineering data

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

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, andeunese 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 tpgny 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 funmiodiversity of the community due to

changes in abundance and composition of specisemréKaiser 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 grgwpressure to close considerable areas of
the sea to bottom trawling, but this has clear seconomic implications for fishing-
dependent communities and may not be necessarll gases. 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 studjrect 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 templgrdrsplaced?

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 examitiegésultant observed damage. Data were
collected using the experimental design describe?i3.3 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 comypmnts
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As shown by the work undertaken in the previouk¥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 noticeablen 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 viiéé 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 thetebe lower diversity, lower
abundances and possibly elevated biomass perreaitdhen 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. \Wigldwnot 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 dlamces, because the displaced
sediment layer would be additional top layer, dffety meaning that the sample
would be more representative of small light indat.

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 piecethéygear 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 comesidg 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 typeloWong this, effects of trawling were
investigated for samples pooled across gear conmpr{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. ottardground gear), within each substrate, for
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differences between samples taken behind the ohaibigear components with the baseline
samples.

The Primer statistical software package (Clarke and GorleyD620was used for the
calculation of the following univariate biodivergitndices from the standardised data per
core: total abundance (mean number of individuals qore), total biomass (mean mass of
individuals as grams per core), species richneasd,the Shannon-wiener diversity index.
Differences in biodiversity indices were testedngshon-parametric Mann-Whitney tests,
Kruskal Wallis tests or one-way ANOVA on Ig(h+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 céésgoio-, moderate-, and mortal damage.
Total damage for each sample was also calculateingdy the sum of the moderate- and
mortal damage categories. ANOVA tests for diffeemen 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 congoas 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 compion 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 2.40abhiwthe 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 2.40 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 patl ( ), sweep pathand 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 hdi 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. Valuespgecies richness and Shannon’s diversity
were very similar from samples taken before theltemnd 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 gralnd 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. Univariates tesre used to test for differences in indicesvben
gear components, only p values for significant ltesaare shown

Gear type (xSE)
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). ighest 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; spexrichness 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 pathlesmgboth 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 Isanipad a reduced proportion and sweep
path and ground gear path samples were slightlatdd. 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 showedraase (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 pathesnoccurred 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 pagtesa(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 dissimijatietween 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 contrittotélde 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 oor 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 considerddchthincrease 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 baseting@kes 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 teepsamvhen 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 frpringabaseline 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 thatigige and the mean total for species found betact 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 283 Of these 47% had greater than a
100% increase in abundance in the sweeps when cechfmthe baseline, and 41% did in the
groundgear path when compared to the baseline sampl

a)
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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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Pseudocuma longicornis [l
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Exogone naidina M
Amphiura chiajei

Ophelia boreali
Scoloplos armiger |

Echinocyamus pusillus
Peresiella clymenoides |
OPHIUROIDEA sppjuv [
Aonides paucibranchiata |
Akanthophoreus gracilis |l
Mysella bidentata [l
Podarkeopsis capensis [l
Pariambus typicus M
Sigalion mathildae
Edwardsia claparedii
Thracia phaseolina
Ampelisca typic

Figure 2.43.The percentage change in abundance in sand frpthg@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 behact 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 sampledijlst 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, autsimtk 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 mortaljamaged individuals (21.7% of all
individuals sampled) in comparison to all otheatreents (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 sigaift 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 samplesrdmmbwith 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 withiid 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%i). 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@asline), and all damage (including non-mortal) in
mud (thick solid line) and sand (thick dashed line)

The background damage levels in mud were much hitjtzgn 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-trawhglas (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 darm@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 samplesrveompared to the door samples.
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Difference in mean total abundance (no.core)
between baseline and door path samples

Phoronis spp

Pariambus typicus
Spio filicornis

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
Labidoplax buski
Ampharete falcata
Apistobranchus tullbergi
Mediomastus fragilis
Phtisica marina
Gammaropsis palmata
NEMERTEA spp
Clymenura johnstoni
Lanice conchilega
Avricidea catherinae |

Tubulanus polymorphus
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 tothamrel 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 consiered in predicting the likely
effects seen in sampled fauna behind the gear comyumts

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 noticeatleen 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 perreaitihen compared to the rest of
the trawled area.

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

iv.  Based on this theory, we would expect higher nusb&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. \&a@ldwnot 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 alances, 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 substraléspugh effects were most pronounced
in muddy sediments. Higher numbers of individualscertain 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 numtededive to the door paths did tend to be
near-surface dwelling light biomass species. Tin®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, andhtulsackground damage
somehow needs to be discounted from the damagedeztito individuals in the path
of the gear.

Findings:

Very high levels of background damage were recofdad 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 significdrijher numbers of mortally damaged
individuals (21.7% of all individuals sampled) iaraparison to all other treatments, and even
discounting background damage levels (based owenage of the baseline and outside track
samples) this would leave a mortal damage levalrofind 15% of individuals found in the
sweeps behind the gear towed in sandy sediment%id 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 ovetlidfiérence, 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 thawér 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 damagdyaisa 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 cirdamigal 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 l@felamage to the individuals in the sweep
path (which would include any displaced individjals

We only took samples from part of the area whespldcement of sediment behind the door
would occur; the area where the plume would sétil¢he 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 wsume (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 singpiantifying 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 ptges, 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 lityotével 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 mortaldgused to benthos and demersal fish, and the
habitat damage incurred. For disturbance associaféd 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 2082er 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 pong advice on broad-scale changes in
important ecosystem functions, such as productiitgt 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 saaf 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 vailte to trawling (e.g. the BIOTIC
database atww.marlin.ac.uk/biotiy it should be possible to make sensible predistiabout
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 thkeforward to a quantitative approach
allowing for validation of the results against datalected in the controlled experimental
trawling trials of Task 2.3. We also increasedl#we| of precision making predictions for the
individual components of the fishing gear, whichaisecessary 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 txpected 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 thes 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®rmphology (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 deviseguatitative 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 inctinges 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 theexability 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 l|psdfiling 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 dajueter for each gear component
separately, and this was further split into thetklepnges 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&pibf 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)
= 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 infioman 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 wo8pio 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 sugdes$tevas not a continual feeder. This
equated to it being assigned as being preseneisufface 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 averagmber of each species per core sample
collected before (actual pre-trawl abundance) waply 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-trawlinghe 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 latien to the different components of the
trawl gear.

Results

Physical footprint of the gear components

The