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Project summary

In project NECESSITY (contract 501605) twenty threstitutes and their respective sub-
contractors were working together in two Task Gsue.Nephrops andCetaceansto develop
alternative gear modifications and fishing tactiescollaboration with the fishing industry to
reduce by-catches in the relevant Nephrops andjigelisheries, without reducing the catch of
target species significantly.

The project consists of ten work packages, asv@io

WP1: Management and co-ordination

WP2: Statistical planning, modelling and analysis
WP3: Species selective Nephrops gears

WP4: Alternative tactics Nephrops fisheries

WP5: Biological effects Nephrops fisheries

WP6: Cetacean by-catch and alternative tactics
WP7: Gear modifications pelagic trawls - Cetaceans
WP8: Impact on Cetacean stocks

WP9: Socio-economic repercussions

WP10: Dissemination and implementation

The duration of the project was 38 months. Speemphasis was given to disseminating the
results of the work to the fishing industry andamenending proper implementation of altern-
ative gears and fishing tactics, as well as knogdetlansfer between partners from North-West
Europe and the Mediterranean. Biological and secimromic effects were also evaluated.

The main objectives were:

» To develop effective and acceptable gear modifiati(by-catch reduction devices) and
alternative fishing tactics in co-operation witle thishing industry to reduce the by-catch
and mortality of non-target fish species in EurapBlaphrops fisheries, and determine
the biological effects and socio-economic repetioussof using these.

« To develop effective and acceptable gear modificati(by-catch reduction devices and
acoustical deterrents) and alternative fishingitacin co-operation with the fishing
industry to reduce the by-catch and mortality dhceans in European pelagic fisheries,
and determine the biological effects and socio-enua repercussions of using these.
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Specific project information

Country/Geographical area: North Sea, North-East Atlantic, Irish Sea, Med#eean Sea.
Duration: 2004 — 2007.
Coordinating/Organisational body: Wageningen IMARES B.V. (former RIVO)

Funding instrument; EU STREP (Specific Targeted Research) under th&8topean Research
Framework Programme.

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

Contact: Bob van MarlerBob.vanmarlen@wur.nl

Problem description

Nephrops fisheries

Depending on the fisheriedlephrops are either targeted directly or form a valuabld-su
component of the catch. The incidental captureanfid numbers of young fish species is a
common feature of all Europe#&tephrops trawl fisheries. Despite the varied regulation$oirce,
high levels of discarding prevail. The spawningck# of these discarded fish are below
biological safe limits and, in some cases, shough hsk of stock collapse.

Pelagic fisheries - cetaceans

Since the late 1980s, the annual stranding of lawgabers of dead dolphins has been noted
during the winter months on the French Atlantic &mdjlish Channel coasts. Forensic pathology
confirmed that a large proportion of these anintase died in fishing operations and pelagic
trawlers have been implicated in many cases. THagjgetrawl fisheries of this region are
complex and varied, with over twelve target speeied six nations involved and at least three
major gear types. It became clear that some ottfisBeries have relatively low or non-existent
cetacean by-catch rates, while one or two othearlgl have higher by-catch rates. However, for
the majority there was insufficient informationassess by-catch rates.

Task-Group aims

Nephrops fisheries

» To develop novel species-selective gear prototgmesalternative fishing tactics in co-
operation with the fishing industry for use in teropearNephrops fisheries.

 To evaluate the potential biological and econonmtpacts of the technologies and
strategies developed above.
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» To distribute the results to relevant sectors m fiehing industry and contribute to the
implementation of the technologies and strategés®bped above.

Pelagic fisheries -cetaceans

« To review the current status of knowledge of cedacby-catches in pelagic fisheries
using existing data sources and oncoming datactimie programmes. Furthermore, to
collect additional biological data (age, year oftunity, causes of death) of landed
cetaceans.

» To develop new species-selective gear prototypdsafiarnative fishing strategies in co-
operation with the fishing industry for pelagicwiafisheries where cetaceans by-catch
may occur.

* To compare the effectiveness of commercially abglacoustic deterrents (‘pingers’) on
cetaceans.

* To adapt or develop acoustic deterrents systenhgdimg an interactive acoustic ‘pinger’
in co-operation with a manufacturer.

 To evaluate the potential biological and econommypacts of the technologies and
strategies developed above.

» To distribute the results to relevant sectors m fiehing industry and contribute to the
implementation of the technologies and strategés®bped above.

Nephrops fisheries — approach and results

Potential mitigation measures studied

A range of gear modifications to diminish by-catehie the Nephrops fishery in the various
nations participating was studied in this proj@dte problem is that in many fisheries usually a
mixture of species is caught, some of which arget@d (e.gNephrops), whilst others are not
wanted, or subject to restrictions to avoid stocdlapse (e.g. cod and hake). As gears and
practices vary among fleets targeted solutions weuoght for each case.

The selection devices were based on two principdéfer escape opportunities to non-target
species without blocking their passage, or bloekghssage of non-target species and guide these
out of the net. Examples of the first principle :azat-away top panels, large mesh top panels,
square mesh windows, and of the second principlén@ined separator panel, and a rigid sorting
grid.

Apart from modifying existing towed gears a groujhim the project investigated the by-catch
reducing potential of changing gear type, e.g. ftomed gear to passive gears.
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The gear development work consisted of designirey geodifications in cooperation with the
fishing industry, testing these at model scale flume tank, and selecting the best options for
further testing and development at sea. Underwabservation equipment was used where
possible.

As results and potential solutions vary among diffe fisheries a range of options are described
below.

Major findings concerning modified Nephrops gears

Sorting Grids - Kattegat/Skagerak

A clean Nephrops fishery in Swedish waters canrbated using a grid with 35 mm bar spacing
and a 70 mm square mesh codend (Figure 1 , Figuiiéh is acceptable because it would allow
for extra days at sea and access to closed areasMihimum Landing Size (MLS) for Nephrops

is 40 mm in this area. This only works becauseMi& matches the selectivity of the codend.
The mixed element of the Nephrops fishery requénesther device.g. a 120 mm square mesh

panel.

Figure 1: Grid used in Swedish Nephrops fishery — Figure 2: Grid used in Swedish Nephrops
with codend fishery — on the netdrum

For the Danish Case a similar grid was tried astiferSwedish fishery, but with no guiding panel,

and with a bar spacing in the upper section ofghd of 80 mm and with a diamond mesh

codend (Figure 3, Figure 4). The Danish resultsewdifferent with a higher loss of marketable

Nephrops. Another reason may have been the ineqeriof the fishermen using grids. The

MLS for Nephrops is also 40 mm. There are diffeianentives within the Danish and Swedish

days at sea bills. Generally fishermen need theéxtome from landed bycatch. By legislation

Swedish fishermen have to use grids in order taageéss to valuable Nephrops grounds, which
is not the case for Danish fishermen. Consequdinglse is more flexibility in the use of gears in

Sweden.
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model
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Figure 4: Grid used in Danish Nephrops
fishery — dimensions

Sorting Grids — North Sea

The set up of the grid was the same as used in Swaith 35 mm bar spacing, 70 mm square
mesh and 80 mm diamond mesh. There was an unabt=efmas of small Nephrops above MLS
(here 25 mm). There is potential for the use of dhid, but it needs to be combined with an
appropriate codend mesh size. With the 80 mm digmemall fish (undersized) were still
retained.

Sorting Grids — Bay of Biscay

The French grid in the lower panel of the extengaytindrical bars, spacing 13 mm) is useful in
reducing Nephrops discards in the mixed fisherngFé 5, Figure 6, Figure 7, and Figure 8).
There were no practical problems when using the. driis unclear if it improves the selectivity
for fish. Additional work was carried out on a gmdth 20 mm bar spacing, and the results
included very high commercial loss of Nephrops,sidering the MLS of 28 mm (cephalothorax
length) in the Bay of Biscay, with no improvememtselectivity on hake. However, combining a
13mm bar spacing grid with the square mesh panahappropriate mesh size may improve the
selectivity for fish. Further work is necessaryof@imise the square mesh panel. The efficiency
observed on the SMP (blue whiting, horse mackardlteke) should be improved by extending
it on the top of the extension. During the projéwt French MLS (total length) was increased
from 85 mm to 90 mm.
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Square mesh panel Extension

i

Figure 6: SMP (100 mm mesh size) used in the Bay ofFigure 7: Flexible “Evaflex” grid used in the
Biscay Bay of Biscay

Figure 8: Underwater footage - French trials - hore mackerel swimming along with the gear in a
collecting bag above the SMP
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Sorting Grids — Portuguese waters

The MLS for Nephrops is 20 mm (carapace lengthj,tae length at 50% maturation is about 30
mm in these waters. The commercial value of rosamghin the catch can be more important
than that of Nephrops. Three different designsoofirsg grids were tested (Figure 9 - Figure 13),
corresponding to three different fishing option€CRBJST1 was designed to exclude fish by-
catch, GCRUST?2 to separate crustaceans from fishatwh in two different cod-ends, and
GCRUST3 to sort out immature Nephrops.

A square mesh cod-end 60 mm mesh size was al®wtaghing at sorting Nephrops by size.
GCRUST1 was effective mainly in excluding largénfismall individuals could pass through grid
bars being retained in the cod-end. There was dosseof commercial-sized Nephrops through
the top opening. The objective of GCRUST2, to safgabetween target species and by-catch,
was not fully achieved, and thus commercial testives not carried out. With GCRUSTS3,
immature Nephrops and shrimp were well sorted whije immature fish such as hake was
almost entirely retained. Grid designs tested ortbazommercial vessels (GCRUST1 and
GCRUSTZ3), although efficient, were perceived adidlift to be adopted by fishers due to
clogging (GCRUST3) and the escape of commercihlldigcatch (GCRUST1).

A full square mesh codend (SMC) would be a bettel simpler option to exclude undersized
fish and Nephrops (although a 60 mm mesh size prdwebe too large). It was extremely
efficient in sorting out blue whiting and undersizieake, with no loss of marketable fish This
mesh configuration proved to be efficient in thenagement of both crustacean and fish species.
Further work should include a smaller mesh siztaénsquare mesh codend.
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Figure 10: Grids (GCRUST2 and GCRUST3) tested in Rtuguese Nephrops fishery - alternative
designs
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Figure 11: Photo of GCRUST1 - Portuguese sea  Figure 12: Photo of GCRUST2 — Portuguese

trials sea trials

Figure 13: Underwater footage of GCRUST3 —
Portuguese trials
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Sorting Grids — Catalan Sea (Mediterranean)

A flexible grid with 20 mm spacing was tested ire thnultispecies fishery in the Catalan Sea
(Figure 14). It resulted in escapement of Nephrajis L50 of about 20 mm CL, being equal to
the Mediterranean MLS. This grid would apply wedl the upper slope waters. The current
diamond mesh of 40 mm used in codends is not setemhd the grid improves the selectivity for
all species. In general there is 40% discardingeddimg on season and depth. A 40 mm square
mesh codend would be a better solution compardletagrid for the fishery in shallow waters,
because it reduces the selection range for allispelt also would reduce discards for the main
target species. More work is needed on the griginfwrove the rigging which could reduce the
selection range. The economic loss in shallow gateas 30%, but only 5% in deeper water.
Where there is a reliance on fish by-catch, the gives an economic penalty of reducing the by-
catch.

Square Mesh Panels - Kattegat/Skagerak

Selectivity characteristics comparable to a cornieeat codend were achieved with a square
mesh escape panel SMP (6-9 m from the rear ofaderd with 120 mm mesh, and a length of 3
m and a width of 1 m) added (Figure 15, Figure I8)e effect of installing the SMP is a
reduction in bycatch of cod and haddock, but alsinarease for plaice, Nephrops and hake, but
also a loss of marketable whiting and haddock. pheel has been implemented into the
legislation (extra days per month if using the pane

Dizrnond mesh cowver Cizrnond e sh Extersion

Dizrmond resh code nd
Flexible =orting grid (42 mm)
(20 mm bar spacing,
lowe st part -20°% of total
grid ared- openad’)

Figure 14: Sorting grid with guiding funnel used inthe Catalan Sea
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Square Mesh Panels — North Sea

The conclusions for the Skagerrak/North Sea werglai to those found in Denmark, but the
L50 for cod was higher. Different joining ratios iaused.

Square Mesh Panels - Kattegat/Skagerak

Selectivity characteristics comparable to a corieeat codend were achieved with a square
mesh escape panel SMP (6-9 m from the rear ofddere with 120 mm mesh, and a length of 3
m and a width of 1 m) added (Figure 15, Figure I8)e effect of installing the SMP is a
reduction in bycatch of cod and haddock, but atsinarease for plaice, Nephrops and hake, but
also a loss of marketable whiting and haddock. pheel has been implemented into the
legislation (extra days per month if using the pane

Zodend with 120 mm square mesh escape panel (SMP)

Comventional codend
¢ D
€
< >4 >4 >
6-9 meter 2-6 meter 0-2 meter

Figure 15: SMP and conventional codend used in Derark
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Figure 16: SMP model flume tank SEAFISH, Hull, UK

Square Mesh Panels — North Sea

Trials were done with a secondary SMP tested in pasitions and the effect of replacing an
existing SMP with one constructed of Dyneema™. $&éeondary SMP (at 20.6-23.6 m distance
from the rear) and the alternative Dyneema SMP9(ab 12 m) demonstrated improved
escapement of juvenile fish with 42% and 40% reiduactin discards in numbers respectively.
Dyneema is more expensive and may be more difftouthbtain than current twines. There is
potential for substantial improvements in effeatiees of SMPs. However, the relative import-
ance of twine thickness, twine colour and size MfPS is not yet clarified. This means that
selectivity can be improved with the SMP, but wa'tdknow the most important variables.

Square Mesh Panels — Bay of Biscay

The gear modification found was a 70 mm square rpaskls in the sides of the extension on top
of selvedge rope, panels 3 m long, 20 cm high (f€idiB). This configuration was relatively
efficient in releasing blue whiting, horse mackeaet hake. There was a surprising “efficiency”
on the selection of Nephrops, but commercial lossesirred (12% > 8.5 cm or 8% > 9 cm). This
configuration might be used for Celtic Sea Nephnefik a higher MLS (L50 = 35mm). Further
development of this gear design is needed (e.ch wisquare mesh panel on the top of the
extension and codend).

Square Mesh Panels — Scottish West Coast

A 3 m long square mesh panel (SMP) with an incligailing panel was used in a standard 80
mm diamond mesh codenBidure 13. The SMP was 14.3 to 17.3 m from the codline. frfesh
size of the SMP was chosen as 100 mm to suit theated size range of fish on the grounds. The
aim of the design was to improve the effectiver@sthe panel without moving it nearer to the
codline since there may be losses of marketabldidgs and whitefish if the SMP is too close to
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the codline. The whitefish should be lead towaitds $MP thereby improving their chance of
escape.

A possible improvement was found in the releasetifing but not of haddock. The retention of
Nephrops was unchanged in the new gear. Selecticaneters for whiting and hence the effect
on the whiting stock were estimated.

Trials of 15 days were not sufficient and furthewelopment of the four panel section with the
guiding panel is needed in order to optimize theigte Trials are also needed on other gear
designs and species, e.g. cod.

Figure 17: Diagram of experimental net with squaremesh panel (black) and an inclined guiding
panel (blue) underneath. A gap between the leadingdge of the inclined panel and the belly netting
allows prawns to pass under the guiding panel intthe codend.
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MODEL OF SIZE SQUARE MESHES PANELS SCALE 172

140 meshes
10 meshes fitted on

120 meshes ~
5 size square meshes

120 meshes

* |

50 meshes

extension
‘ 25 meshes 50 meshes I
baitings $4 size square meshes fitted cod end
on 42 meshes

12 mm*140 meshes = 1660 mm

20 mn/
« * mesh =35 mm
" 20mm’ 0.6 =12 mm

Figure 18: Model of SMP used in the Bay of Biscay

Inclined Separator Panel — Irish Sea (Smalls)

The panel developed here is applicable to a sisgézies Nephrops fishery (Figure 19, Figure
20). There are many different design alternatiid®e separation performance is sensitive to the
height of the panel above the bottom sheet. Thereurrent legislation for the Irish Sea
concerning their use.

A good separation of whiting and haddock was fo(lretween 70-90%), but also some loss of
marketable Nephrops (ranging from 30-35%). More dath are needed. A possible adaptation is
a large mesh retaining codend over the escapettiddeep larger fish (an idea proposed by the
industry). Irish fishermen prefer it to the Swedgid (which is more rigid). However, it is easy
to circumvent legislation
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Figure 19: Inclined Separator Panel — model showingiorking
principle. Light arrow is non-target species, darkblue is
target species

Figure 20: Underwater footage of Inclined SeparatoPanel

Beam trawl modifications — North Sea

A lowered headline (15 cm height instead of 70 any] a cod-end with square mesh window (80
mm mesh size) were tested in a Nephrops beam lyailVO.
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Figure 21: Lowered headline in Nephrops Beam Trawl

Finding for the lowered headline:

The catch separation is negligible.
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Square Mesh Window
80mm nominal mesh size,

25 meshes wide, 60 meshes deep,
PE single 4mm

Figure 22: Square Mesh Window in Nephrops Beam TraWw

Findings for the SMW:

The selection improves strongly for whiting andrgards, but slightly for flatfish. There was not
enough data for cod, due to lack of fish on thaugds.
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Codend modifications — North Sea

Work was undertaken on codends with different twiaed mesh size. Experiments were done on
small vessels in the wintertime.

The configurations tested were: codend of 120 mmhriemean mesh size 123 mm stretched),
double twine 5 mm thick, against 80 mm mesh (meashsize 81mm stretched) with single 4
mm twine. This trial demonstrated that if the mege increase is large enough, attempts to
circumvent its usefulness as an unwanted fish epaeiduction device will be unsuccessful. The
configurations tested in this trial were: codendl6® mm (mean mesh size 102mm stretched)
with single 4 mm twine, against 80 mm (mean megk 8ilmm stretched) using single 4 mm
twine.

The combined effect of increasing mesh size amullstiing single twine construction can be
effective. Both resulted in significant reductionsdiscards of cod, haddock, plaice and whiting.

In both trials large numbers of commercially si2éebhrops were lost when the mesh size was
increased, whether the mesh was constructed oflelbunime or single. The catches and earnings
of smaller vessels in particular are very vulnezatd mesh size increases even in moderate
weather conditions.

Codend modifications — Mediterranean

Turkey - Selectivity of commercial and five new eods in the Aegean Sea

To reduce the fish and crustacean juvenile bycatdine Aegean Sea demersal trawl fisheries
Ege University Fisheries Faculty tested five difer types of codend (narrow, square panels,
larger diamond mesh, larger square mesh top padelatal square mesh codend) and compared
with the current commercial trawl codend (40 mmmubad mesh).

The Fisheries Faculty conducted two 15 day sebs tiiaAugust 2004 and August 2005. A total
of 67 hauls was carried out aboard commercial gailiyazi Reis’. Discard and selectivity data
were collected for two crustacean (Norway lobsted eose shrimp) and five fish species (hake,
blue whiting, greater forkbeard, blackbelly rosefiand fourspotted megrim) in commercial and
five new design codends.

Results show that the presently used commerciamb@0 mm, PE material, diamond mesh) is
rather unselective to release sufficient amounjugéniles. The narrow codend, square mesh
netting and larger mesh size all provide relativestter selectivity for most of the species,
however, with some loss of marketable catch.

There is not a single codend that can be suggéstibis highly mixed fishery. Although the full
square mesh codend shows significant improvemeselectivity for many species with only less
than 3.5% loss in marketable catch, attention nemtte paid to the reduction in the selection of
flatfish. There is a need for more detailed ingatibn on the biological and economic impacts of
the gear changes in this fishery.
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Figure 23: Codends tried in Turkey - August Figure 24: Codends tried in Turkey - August
2004 2005

Italy (Adriatic Sea)

Three types of codend were tested with the samgnge(40 mm mesh opening): larger
circumference than commercial (diamond), squarehngesiend and traditional commercial (40
mm diamond).

Emphasis should be put on the importance of thgihgrratios in the joining round of square to
diamond mesh. Improvements were found in the deigcobf some of the main commercial
species.

Cut-away trawl — North Sea

This alternative consists of simple technology amdparticularly good for a single species
Nephrops fishery, but not so attractive for mixisthéries (Figure 25).

A reduction was found in all size ranges of haddoekiting and hake (with no change in
selectivity). However, no reduction was observedcod, or flatfish. There was no loss of
marketable Nephrops, and possible gains were exardf

The design is attractive to fishermen due to imptbeatch quality. It is difficult to circumvent

legislation, as the design is straightforward aaslyeto check. It was tested over a full size range
of vessels (<10, 10-23 m)
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Figure 25: Cut-away trawl (© FRS Aberdeen)
Coverless trawl — North Sea

The results from the first trials on MFV “Margaretary” were quite positive (reductions for
whiting and hake), but the results from the secwipdwere totally contradictory. The design is
most suited to single species fisheries. Unknovenaar area/depth effect and a gear/vessel effect,
and problems were indicated at greater fishinghdept

Fishermen considered the coverless trawl to be msilde approach (Figure 26), and
circumvention is not an issue, as the gear modifinacan be easily recognised.

Figure 26: Scale models of a coverless trawl
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DynamiT™ software development by IFREMER

A new release of this software with improvementsswieveloped during the project. A
mechanical simulation of grids, square mesh paaets separator panels in trawls can now be
made (Figure 27). A demo version is available.

-
Ifremer

ifremer

1 I,[]l'l l”!lll
i

Figure 27: DynamiT™ output examples by IFREMER

BehavioRis™ software development by IFREMER

The development of the BehavioRis Bbftware has been undertaken to simulate the bmivaof
hake and Nephrops in the trawl and around diffedentces (grids, etc., see Figure 28 and Figure
29). The software can be used as a starting pmirdredicting selectivity.
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Figure 28: Simulation of Nephrops meeting Figure 29: Simulation of hake facing the
and passing through the grid grid

Statistical planning, modelling and analysis

A data recording tool in Microsoft EXCEL™ was coraf@dd and adapted. A power analysis
program iPower™ was completed, which runs on theriet, and is publicly available. It is
useful for planning selectivity experiments. The IUR: www.constat.dk/iPowerAdditional
bootstrap methods (in R) for sparse data and iddalihauls were developed, although not fully
validated yet. Two project workshops on selectidtalysis were held (one in Izmir and one in
Copenhagen). Coherent methods have been develapedatch comparison and selectivity
analyses. Predictive models were made for an SMBdrMediterranean, and a 120 mm SMP in
the North Sea.

Major findings concerning biological effects of mod ified Nephrops
gears

In various nations the biological effects of intuethg more selective gears were evaluated.

For theNorth Seathe conclusions were:

Using FLR Model and ICES parameters, forecasts niaddifferent devices (Dyneema panel,
grid and SMC, double SMP, Cut-away trawl, 100 mamtthnd mesh codend, sEgure 30). If
discarding were eliminated in all North Sea fishsristocks would increase by 41% cod, 14%
haddock and 29% whiting in 10 years. Eliminatingcdrding in the Nephrops fishery would
increase stocks by 2% cod, 1% haddock and 13%nghiteflecting the relative proportion of
catches. For cod and haddock, the introductiongridawith a square-mesh codend was the only
scenario in which it gave notable increase in staokber. For whiting, stock numbers increased
under all scenarios, but landings were highegtén'io discarding in any fishery’ scenario owing
to limit of somatic growthi(e. whiting do not grow large enough to be caught).

For Portuguese waters
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The use of sorting grids or square mesh panelsahesnsequence for male Nephrops stocks.
Forecasts were made concerning catches, SSB, changeecan weight (revenue proxy). If the
exploitation pattern is to be altered, the adoptadnsquare mesh codends seems to be an
appropriate choice. Improving selectivity is nobagh, by itself, to rebuild SSB. A relatively fast
increase in the mean weight of catches may compeif@aa short-term decrease in landings in
numbers. The impact on other crustaceans, namelsoie shrimp, has to be taken into account.

For theBay of Biscay

The consequence of introducing any one of threecdse\(SMP and 13 mm grid, 20 mm grid, two
SMPs) on Nephrops biomass, landings and discardewauated.

For all devices the results were (with slight elifnces between devices):
* Anincrease in Nephrops biomass.
« Aninitial decrease, followed by a gradual incremskndings.
* Alarge decrease in discards.

Discards of hake are reduced by using the squash p&nel on the top of the baitings. Around
25% of under-sized hake are spared by this de@oeen the current assumption on the growth
pattern for this species and the estimate (recatled) total amount of discards, the estimate
fishing mortality for the younger ages are very knamd well below the assumed natural

mortality. Consequently the impact of the testdletive device appears to be quite low. Thus
these results must be dealt cautiously and a fontlasion cannot be drawn before achieving
further investigations of the assumptions used.ifrgtance, the ICES WGHMM (2005) showed

that when using a higher growth pattern (deducedhftagging experiments) the impact of a
reduction in discards would be more significant.

For theCatalan Sea

A mass-balance ecological model in the ECOPATH/EDO®odelling environment with
pelagic and demersal habitats, and various trofgviels was used to evaluate the effects of
changing selectivity of square mesh codends anuyusisorting grid on the ecosystem under
three scenarios. A time span of 5 years running negsired for the model to reach stability. A
total of 20 years running time span after reachstapility produced the model outputs. Four
fleets fishing in the Catalan Sea were studied.
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Figure 30: North Sea case. Model output for forecasstock (number 1) and
landings (weight) of North Sea cod, haddock and wting comparing the
baseline run (black) with the scenarios of no diseding in any fishery (brown),
no discarding in Nephropsfisheries (green) and the following trawl designén
Nephrops fisheries: Dyneema SMP (pink), grid and SMC (red),two SMPs
(turquoise), Cutaway trawl (yellow) and 100 mm coded (blue).

The major findings were that an improvement of traelectivity has noticeable and complex
(direct and indirect) effects on target and nogdademersal species (and the whole ecosystem),
the biomass and catch of various commercial spdaigglerfish, adult hake) would increase. In
addition the biomass and catch of invertebrateprésbenthos, Norway lobster), juveniles and
small-sized fish species (juvenile hake, blue wgitiwould decrease. However, these measures
improving selectivity are not sufficient to recoveverexploited stocks. A larger reduction of
fishing effort is needed.
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Gear replacement studies

Studies were carried out on the potential replacenoé towed gear with static gear in Italy
(creels or traps) and Greece (creels and gill nets)

Theltalian findings were:

Three trap designs were tested: a Croatian, arartglAdriatic), and a Scottish one. The
performance was also compared with a trawl and mvater observations were made. The work
was carried out at 200 m depth in the Adriatic Sea.

: I e S~

Figure 31: Croatian creel Figure 32: Italian creel Figure 33: Scottish creel

Biologically, the use of baited traps to harvesphteps in the Adriatic Sea is a sound alternative
to bottom trawling, as:
e By-catch and discards are dramatically reduced.
e The size-selection of creels with respect to Nepéitie greater.
« The sex-composition of Nephrops catches was venilasi between the two gears within
the same size-range, thus ruling out the problenragfs catching too many females,
especially ovigerous ones.

However, economically, the use of baited trapsaiwést Nephrops was nfgasible. A very high
scavenger activity was present in the area. Thespite there being a high density of Nephrops,
relatively few actually were attracted to or entetiee creels. Further work needs to be done on
reducing scavenger activity.

The most efficient creel type was the Scottish type

Findings inGreece

Monitoring of commercial Nephrops trap fishery (€kdrap, metal frame, 28 mm plastic square
mesh) and mixed gillnet fishery (48 & 52 mm meskgasionally targeting Nephrops were
carried out along with underwater behaviour obgfoua of the traps and trawling (40 mm
diamond mesh). In addition, selectivity studiesevearried out using mesh sizes of 17, 22, and
28 mm diagonal fixed plastic square mesh with tihee® trap type and gillnets with 48, 52, 56
and 60 mm diamond mesh nets.

The trap catch is seasonally variable, catcheslaminated by Nephrops (54-83%, mean CPUE
100 Nephrops per 100 traps), discarding is low bydatch is very limited. Traps are highly

selective for Nephrops. The selectivity experimestiswed that the large mesh (commercial size)
is much more selective than small and medium mésdd draps (there were no differences
between small and medium mesh size). In the lagges talmost all Nephrops caught were above
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30 mm CL (and above size at maturity SOM), whiléhie small and medium mesh size traps up
to 15% of Nephrops were below 30 mm CL. The esthdt50 for the large mesh sized traps
was well above MLS and SOM and for the medium e above MLS but below SOM. The
estimated Lo for gillnets were above SOM. The Nephkrproportion in gillnet and trawl catches
was low (17% and 12% respectively) with 10% and 2¥%lephrops caught below 30 mm CL.
In addition, traps do not seem to attract berriddles out of their burrows with trawl catches
having higher percentages of berried females ttagst

Behaviour observations using the commercial trajicated a 30% catch rate, but 100% inter-
action of Nephrops with the trap. Nephrops go id ant of the trap. Other species in the trap
may disturb Nephrops from entering the trap.

Although the current legal mesh size, along withuanber of precautionary measures (closed
season, maximum number of traps per day per vessa$ set with no strong science back-
ground, the current legislation is backed-up byfihdings of the selectivity experiments.

Out of area trials (in a deep ground off Mytilisiand) further backed up the Pagasitikos Bay
trials with similar results for Nephrops while higjting the possibilities for extending the

Nephrops trap fishery into deeper waters wheredgmmhy or closures prevent trawling (Figure
34).

Figure 34: Out of area trials. Creel bycatch (mos# deep water rose
shrimp, and blackbelly rosefish) (left) and Nephrog Catch (right) for
small (bottom), medium (middle) and large (top) mds traps in Mytilini.

NECESSITY Contract 501605 Final Publishable Acjivieport -29-



Alternative tactics

For a number of cases the potential of reducingatoyes by changing fishing tactics has been
studied.

Data on the Nephrops fishery were collected forBag of Biscay, and analysed statistically to
identify the key factors that play a role in thglhidiscards of hake and Nephrops in this area
(Figure 35).
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Figure 35: Example of mapping Nephrops trawling advities related to target sizes (Bay of Biscay)

The conclusions that were drawn from statisticallysis are given hereunder :
* For hake, a seasonal closure located in the cerdred (and near the coast) may be a good
management decision :

o In May or June because young hake join the coastakries at that period, while at this
time of the year the Nephrops trawlers have a heatiyity.

o Or between December and February because the disespressed in weight by haul are
at their highest, and less trawlers fish Nephrdphkat time (thus this measure should not
have a heavy impact on the fishermen’s turnover).

* Regarding Nephrops, the central zone is also wtierehigher discards occur. The higher
discard rates occurring in June, July and Augst,simulations should bear on closures at
that time of the year.

The model (ISISFISH) used to test these new manegernales did not permit to close so precise
zones. Thus the zones investigated are the ICESngles 24E5 and 24E6 (see Figure 36) which
are the most worked by the Nephrops fleet. Theodesihich seems to be the most interesting for
Nephrops anthake is June. Closures could be decided for toistim
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Thus three scenarios was tested :
1. Closure 1 : 24E5 in June
2. Closure 2 : 24E6 in June
3. Closure 3 : 24E5 and 24E6 in June

It should be noted that the simulations take intooant the effort transfer, in other words, the
position of the fishermen in view of such a measwilk be to work another zone. This is of
course a strong assumption since most vesselsraiev@ssels which could hardly go elsewhere
than in the rectangles just off their home portughthe results of this simulation should be
treated with caution.
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Figure 36: Scheme of the areas tested for seasochisures

The simulation shows that a closure of one or t®&3 rectangles would have no significant
impact on the biomass and landings of Nephropsa&e hThis may be due to the fact that the
fishery occurs in many other rectangles and thpbnte of fishing effort on others areas are
assumed by the model. This is probably a strongnagBon given the size of the vessels
concerned by the closure tested. Anyway, such asuneahould also be assessed by economic
simulations which should take into account the gaind losses for the whole fleets together with
the gain for the stocks and biodiversity.

Evaluation of economic repercussions

Method

Vital for success in any new innovation is to obtabmmercial acceptance by the users (the
fishing industry). This called for an economic esslon of the newly developed gears and
practices. A group in the project worked on definitne proper methodology for doing this

through Cost Benefit Analyses and Cost Effectivensalyses, and was fed with technical and
biological data resulting from experiments.

Cost Benefit Analysis is a method to weigh the pabflity of investments taking into account
future income and expenses and using discount, ridiies taking into account the time value of
money. Discounting benefits and costs take int@actthat present production and consumption
is valued higher than future production and condionp The discount rate takes this into
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account. Execution of a CBA requires that differprajects are compared with the aim to find

the best project in economic terms. The methodires|ithat the various effects concerning a
project are expressed in monetary terms, and thig go beyond closely linked earnings and
income. Some external effects can be the willingnespay for whale survival, or to reduce

discards. The criterion calculated is called Netsent Value (NPV), and the concept is explained
in more detail below.

Formally, the problem is expressed as in (1). Ettenwf a CBA requires that different projects

are compared with the aim to find the best progactnomically. The most limited case is where
one project (the base line) continues as hithena, the other project comprises implemented
changes. Formula (1) is showing the model for #eeHine:

|
T Z Hi(,)t* pi(?t _Cto _Gto +Vt0 _Uto

NPV ==
(1) J ; (1+ d )t

_10
IJ’

Where index is speciesj is fleet segment; aris time.NP\? is net present value (profitability
of investment) in the base casejs landings (harvestP is fish price;C is variable costss is
fixed costs;V is external effects (net) for example willingndespay for whale survival, or is
discard is considered ecological harmfll. is management costs (information gathering,
administration, monitoring, control and enforcemehinally, | is investments costs in gear, and
d is the discount rate.

For a project with changes the formula looks:

|
r 2 HLFRI-CI -Gl V=L

NPV =Y 0=
(2’ 2 (1+d)

1
! ]

The variables in (2) are the same as for (1) bifierdint data inputs will be used for different
projects. Therefore, the decision rules as to wdrethe new project should be accepted or
rejected is the difference betweB®?V for the whole fleet, compared for projects of g@me
duration, as shown in (3) and (4):

J J
(3) D NPV >> NPV/;accept

i= i=1

J J
(4) Z NPV} < Z NPV ; reject
=1

=1

This decision rules means that if a change in gedds higher net present value for the whole
fishery i.e. all pertinent fleet segments the proghould be accepted, ande versa. That means
on the other hand that some fleet segments mayobseveff by the gear change while others may
come better off.

The calculation that is accomplished by using eqnat(1)-(4) requires information about all the

variablesH, P, C, V, M, |, andd. Information about landingdi, is derived from biological
models in which catches (landings including distam estimated. In age structured models the
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number of fish for example at age 1 in year 1 duoed to the number of fish at age 2 in year 2
and so forth. This decay is caused by natural dityrend by fishing mortality. The share that is
caught is the proportion between fishing mortalityd total morality (natural and fishing).
Further, only the fish caught above minimum size landed. The rest is either discarded or
landed illegally and will, therefore, not appeattie recorded landings of a vessel.

Major findings concerning economic repercussions of modified Nephrops gears

A Cost Benefit Analysis (CBA) was carried out fomamber of cases. Results from the most
data-rich case from Kattegat/Skagerrak are pregddogtow.

The model has been applied to a number of othexctaty trials some of which concern
Nephrops and the “by-catches” of demersal fish igsecSome of the trials concern pelagic
trawling and the opportunities to avoid by-catchéporpoises by using various devices fitted on
the trawl.

A number of species are subject to stock assessm@fftcially published data from ICES are
used. In general, no assessment is published fphidps in terms of age or length composition.
For cod, haddock, whiting, hake and plaice infoiarats published. Stock assessments in terms
of age composition, fishing mortality rates, anduna mortality is used as input in the stock
projections that form basis for the estimationgfudtire landings in the base line case and the
cases with gear changes. The following Map of mamamt areas for Nephrops shows where the
trials have taken place (Figure 37).
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Figure 37: Management areas for Nephrops
Source: ICES, WGNSSK Report 2006, Figure 3.1.1

The considered case in Skagerrak and Kattegat ¢eespthe economic repercussions for Danish
fleet segments.

The investigated cases are one with 90 mm meslasz@ne with 90 mm mesh size including a
120 mm window in the upper part of the cod endhef trawl. The design of the trawl and the
placing of the panel is aiming at being neutrahwispect to Nephrops i.e. no catch changes are
assumed for this species. Further it is assumeddahdings of all other species except cod and
plaice (and Nephrops) are constant. This latteuraption is made because of lack of data for
other species either with respect to publishedksioformation (assessment) from ICES or
selectivity information from the trials.

The cost benefit model applied to these casewisnibst extensive one including economics and
stock dynamics. Base year is chosen to be 2003k rhiological assessments publish in report
from ICES, and economics fit together in a yeaminich gear changes in term of panels or
windows were not yet implemented.

The Danish fleet with vessel lengths below 24 m beasn subdivided into three segments to

make up a total of four segments. Danish vessdtswbg2 metres and above 40 metres do not
target Nephrops. For these segments costs anchgardata are available and shown in table 1.
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The landing value comprises all species caught.vEniable costs comprise fuel, ice, provisions,

landings and sales costs. Gross margin is calcllasethe difference between the two items:

landings and variable cost, and this measures fdrases for the net present value in the cost
benefit analysis.

Table 1: Cost and earnings for Danish vessels atagel level. Base year 2003. Values x1000 €

Landings Variable Gross Labour Margin

Length value costs )  margin costs **)
12-15m 144 65 79 89 -10
15-18m 213 100 113 111 2

18-24m 404 191 213 186 27
24-40m 691 374 317 253 64

*) Variable cost before remuneration of labour and capital
**) Before remuneration of capital

Source: Cost and earnings statistics, Institute of Food and Resource Economics

Nephrops, cod, and plaice are less important ingesf weight while they are very important in
terms of value not least for the smaller vesselss Picture is influenced by the fishery for
“industrial” species (for fishmeal and —oil) thatéxecuted by the larger vessels as part of their
yearly fishing pattern. Other important specieshia catch composition are sole, anglerfish and
haddock. There are no recorded selectivity meadorethese species, however, from the trials.
Therefore, they are kept constant in the subsegaditlations

To apply the selectivity model as part of the CBAseries of biological data are required in terms
of stock composition on age groups in the base, yedural mortality, fishing mortality, length
and weight of the fish. The data used are extrafttad ICES’ reports (ICES WGBFAS 2006 for
cod, and ICES WGNSSK 2005 for plaice).

Recruitment for cod is taken as the average revanit 1980-2004 at age one, which is 9.864
millions with a maximum at 20.984 millions and animium at 0.894 millions. Natural mortality
for all age groups is assumed to be 0.2.

Recruitment for plaice is taken as the averagauitecent 1978-2004 at age two, which is 51.008
millions. The estimated maximum recruitment was .&3tillions and estimated minimum
recruitment was 25.7 millions. Natural mortality fdl age groups is 0.1.

Cod, plaice (and other species) are caught by sbeotidifferent gear types in particular gill net
and trawl. It is assumed the fishing mortality indd by gill net is unchanged, and the impact on
fishing mortality caused by changes in the trawhéry is partitioned according to the trawler
share of the total landings of these species inelgat/Skagerrak. The trawlers’ share appears
from Table 1, and the figures for Kattegat are ehndsr the CBA calculations.

Selection estimates are obtained for Nephrops, gladie, whiting, and witch. Estimates are used
for cod and plaice but disregarded for Nephropsitimd) and witch. For Nephrops no stock
estimates based on age structures are availalleharsame goes for whiting and witch, which
are of less importance.

Selectivity ogives are calculated and presentddgare 38. The ogives are shown for age groups
1 (average length 35 cm) and upwards for cod aed®a@verage length 27 cm) and upwards for
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plaice. This implies that the effect of the geaargye on the 0-age group for cod and 0-1 age
groups for plaice are disregarded. As no infornmatsorecorded for younger age groups inclusion
of these would require estimating a growth equakiorall age groups.
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Figure 38: Selectivity curves for the Kattegat/Skagrrak trial ( Source: the Danish
NECESSITY trial team )

Applying the change in selectivity to the biolodigeiojection model, the changes between the
base line and case with 120 mm panel in landingsshown in Figure 39 for cod and plaice in
value and in weight. For example when the landingge become stable from 2011 the landing
value of cod is nearly 2% higher as compared tdtwe line.
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Figure 39: Projected changes in landings of cod anglaice with 120 mm square mesh panel

It is noted that the change in value is strongemntthe change in weight for both species
reflecting that the unit price increases in theglonn due to a change in landing composition
towards older and larger fish that fetch a high@rep There is a small fluctuating decrease in cod
landings in the beginning of the period, and argjrdecrease in plaice landings. The calculations
are based on ICES stock assessments which elhiailthe age composition in 2003 is “uneven”.

This is reflected in the beginning of the projentiperiod. After seven year the system goes
towards “equilibrium” i.e. no change in “the chasge

The comparison of the base case, i.e. without geange, and the case with gear change has
been performed by use of equations (1-4). A nunabeimplifying assumptions have been used
and are summarized below:

H: landings are constant for all species except coldpaice

P: fish prices are constant for all species except @ad plaice, where price is a function of
grade

C: variable costs are kept constant

G: fixed costs are kept constant

V: external effects (net) are disregarded i.e. fangxe discard is not considered ecologically or
ethically harmful.

U: management costs (information gathering, admatisin, monitoring, control and

enforcement) are kept constant
I: investments costs in gear is assumed to be the witmand without gear change
D: the discount rate is fixed at 5 %
T. the time horizon is fixed at 10, 20, and 30 years
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Results from this run are shown in Figure 40 asmgthe difference in gross revenue between
the gear change case and the base case. The iompidiet larger trawlers of the gear change is the
strongest. This is caused by the relatively higiteare of cod and plaice in landings by these
trawlers. The projection is shown for 10 years.sTperiod is long enough to make the stock
reach a biological equilibrium, as constant reaneitit and mortality rates are assumed.

2.0

——12-15m
—=-15-18m
——18-24m
—=—24-40m

1000 €

-2.5

-3.0

Figure 40: Increase in gross revenue at vessels éév

As a consequence of the assumptions about the testsdicator used to calculate net present
value is the gross margin defined as gross revemnes variable cost exclusive of crew share. In
fact the decision rule would come out with the satmeice of case even if NPV of gross revenue
was used. The result is presented in Table 2.

The fishermen will put emphasize on the short merb 10 years, and probably even shorter,
while society will put emphasize on 20-30 yearse Tésult shows that should not (would not) be
accepted by the fishermen in total. On fleet sedresel, the smaller vessels will benefit over 10
years while the larger would not. Over a long timeeizon 20-30 years all segments will benefit.

The direction in which the NPV would move as a hestichanges in the assumptions is shown

in Table 3. It is to bee expected that the fisherm#él execute their fishery at the lowest possible
costs. Consequently, a gear change would leadstarmzreases for the fishermen.
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Table 2: Net present value (NPV) over 10; 20; and®Byears

Vessel level Segment level
No. of
Length 10 20 30 Length vessels 10 20 30
000 € 000 €
12-15m 05 25 338 12-15m 39 217 326 39
15-18m 0.7 24 35 15-18m 55 203 294 55
18-24m -04 18 3.2 18-24m -42 172 304 -42
24-40m -1.7 04 1.7 24-40m -106 24 104  -106

NPV=gross revenue minus variable costs (before remuneration of labour and capital)

Table 3: Impact of assumptions

NPV increase NPV decrease

C: variable costs increase X
G: fixed costs increase X
V: external effects (net) positive X
U: management costs increase X
I: investments costs in gear increase X
D: the discount rate increase X
Broader design of analysis to include gill net and

X

seine

As all costs are kept constant, cost increasedemstl to lower net present value and therefore to
less incentives to acceptance. External effectefdittle interest to the fishermen, but they afe
interest to society. If a higher value is placeceh¢éhe NPV will increase from society’s point of
view.

The used discount rate at 5% is used in many pybbfects, but considered high for example
compared to the HM Treasury’s (United Kingdom) maceendation at 3.5%. On the other hand
surveys indicated that the private discount ratdccbe as high as 20%.

The general conclusion is that from society’s paihtsiew the positive effect of introducing a

120 mm panel in Nephrops trawls cannot be rejedibdre is a positive net present value for a
period longer than 10 years, and below ten yegssitive effect arises for the small vessels
while a negative effect results for the larger eésdt has to be noted, however, that it is asslme
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that landings of Nephrops will remain unchangedilevfor cod and plaice together a positive
effect will occur. Other demersal species are assuto remain unchanged between the base line
and the case with gear changes.

The effect is small and most sensitivity analysegarding trawls will tend to impact the net
present value negatively. An instant positive dffgitl occur for gill netters and seiners that are
very dependant on cod and plaice. This effect isemaluated in the project.
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Pelagic fisheries - cetaceans - approach and results

General

The main objective of the cetacean work is to dgvelffective and acceptable gear modifications
(bycatch reduction devices or acoustic deterretdsyeduce the bycatch and mortality of
cetaceans in pelagic trawl fisheries. In develomfigctive mitigation measures and assessing the
effects of such measures it is recognised thatéssential to gain a better understanding into the
biology of cetaceans, stock sizes, incidental gepand relationship with fisheries, and behaviour
in the vicinity of pelagic trawls. To date acouddieterrent devices and excluder devices such as
rigid sorting grids and rope barriers have beeteteswhile limited behavioural work on the
reaction of cetaceans to the mitigation devicesdtss been attempted. Given the frequency of
interactions of cetaceans with trawls appears siimranost testing has concentrated on fisheries
where bycatch is highest to increase the likelihobgroviding statistically significant results.
Several of the partners, collectively have alsenesl to carrying out experiments with acoustic
deterrent devices in more controlled environmemlise¢t playback/bow riding), where the
presence of cetaceans is well known and the freyueh encounter is high. A standardised
methodology for carrying out these experiments tbeen developed that provides a quick and
cost-effective way of testing acoustic deterreghals on wild animals.

Biological studies

In order to understand the magnitude and complexitthe problem it is essential to collect
information on bycatches of cetaceans in variolagie fisheries, and to find out the significance
of these bycatches in relation to the size of pajiuts. To this end, various existing schemes of
bycatch data collection were used by UCC, USTAN @RMM.

Biological samples from cetaceans caught in trawksre used to determine population
characteristics, and to investigate whether angtioriship exists between bycatch and fish
discarded from trawlers at sea, or whether dolplires feeding on the trawl target species
(stomach analyses).

Bycatch rates and distribution

Bycatch occurs in several pelagic trawls and vegyHvertical-opening (VHVO) trawl fisheries
having demersal, small pelagic or large pelagigabaspecies. The cetacean bycatch is a sporadic
phenomena (usually less than 10% of tows have blytathe highest rates are found in the sea
bass fishery. Maps were produced showing the bigidn of stranded animals and bycatches
related to various fisheries (Figure 42, Figure 43)

Common dolphins Oelphinus delphis) are the most common bycatch species (>95%), but

although season and area are thought to be impdeetors in determining bycatch rates, no
simple co-incidence of high areas of fishing effeith high areas of dolphin density was evident.
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Furthermore, information on dolphin distribution the winter time, when bycatch rates are
highest, is very poor.

Population identity, size of the population & popul ation dynamic
parameters

Biological samples were used from stranded cetacdmgnosed as having died in fishing gear
and from animals taken directly from tuna and beets to determine population characteristics
and to investigate whether any relationship eximsveen bycatch and fish discarded from
trawlers at sea (stomach analyses).

Extensive genetic analyses showed no evidence fédrelices in population structure for
common dolphins between areas in the Northeastn#itlavhich suggests that all common
dolphins in the eastern Atlantic north of Portugallong to the same biological population.

More is now known about the common dolphin bioldlggin three years ago at the start of the
project. A number of biological parameters wereedetned for this species. The pregnancy rates
have been found to be 28% and the calving inteh\@myears, which compares well with previous
findings. The life-time output may reach about Jves per female, with 3-4 as an average
estimate. It has also been established that ddrig not feeding on sea bass in the bass fishery,
as no sea bass have been found in any of the stereaamined.

The total summer abundance of dolphins in the Erangshelf area has been recalculated by re-
examining several previously conducted abundanoeegs, and has been put at about 250,000
animals in a total area of 1.8 M kfiCES Sub-areas VI,VII and VIII, or 48 to 60N and as far
west as 18V). The total documented bycatch of common dolphingelagic trawls is most
likely to be at least 1000 per year, though bycatstimates are still very uncertain in many
fisheries. Defining what a sustainable level isaisomplex task, and depends critically on what
the conservation objectives are and how conseevatine wishes to be. The project has provided
a number of different possible outcomes for suchiye®s based on examples used in cetacean
conservation frameworks from around the world.
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Figure 41: Distribution of stranded dolphins
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Figure 42: Distribution of sampled bycaught animals Yellow = UK bass pelagic trawl fishery, red =
French bass pelagic trawl fishery, pink = French tana pelagic trawl fishery, blue = Irish tuna driftnet
fishery
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The frequency of interactions of cetaceans withvisappears sporadic, and this greatly impedes
any attempt to develop solutions (such as chamgdishing tactics, use of exclusion devices,
acoustic deterrents).

Changes in fishing tactics

Relationship of bycatch incidences with fish discar ds

The hypothesis that Atlantic white-sided dolphihsgenorhynchus acutus) may scavenge for
discarded fishes in the wake of freezer trawler tind become more vulnerable to bycatch when
the net is being hauled is under study in the Dgtelagic fishery with data from 1993 to 1998.
However such an hypothesis of a “discards effecttie Dutch mackerel fishery cannot be
generalised to all the pelagic trawl fisheries tplain the cetacean bycatch. It must be pointed
out that both the sea bass and tuna pair trawlgigefies are well known to have a very small
discard rate, and very different discard practiges, these fisheries have amongst the highest
cetacean bycatch in the investigated pair trawfisigeries, although their main cetacean bycatch
is common dolphin rather than white-sided dolphins.

Operational factors

The occurrence of common dolphin bycatch was apdlys relation to a range of operational
variables in the pelagic fisheries e.g.: targetc|se nationality, area, depth, vessel size (hp),
fishing gear type, maximum mesh size, codend mésh §ish detection system used, tow
duration, tow speed, main fish bycatch rate, ddiogr practices, deck lights being switched
on/off. No strong correlation was found with anyecgtional variable however, indicating
alternative tactics may not be of primary impor&nthe statistical analysis showed that the most
important factors explaining bycatch were fishimgas and months but these variables explained
only a small part of the observed variability of tthata.

Spatial or temporal closures

Spatial and temporal closures of fisheries are efilgctive if the spatial or temporal frame is
large enough to encompass a suitably high propodfdoycatch events. It is therefore necessary
to know something about the spatial and temporaggnal) distribution of bycatch events.
Information on bycatch and on the seasonal digidhuof cetacean populations in ICES
Divisions VIl and VIII were collated to enable aaych closures to be evaluated. However, there
is limited information on the distribution of dolipls during the critical winter months, and
although high bycatch rates have been observed leasat two separate areas, it is not known
whether this is entirely due to higher animal déesiin those places compared with other places,
nor is it known whether these areas are likelyetaain areas of high bycatch rates in the future.

Diurnal patterns

Some reports state that bycatches occur mostlight, ror at dawn and dusk. While this is not the
case in all fisheries it is possible that it is fmme and, if confirmed, this information could be
used in promulgating a mitigation strategy. Durihg project more data were analysed revealing
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the circumstances of bycatch events. In the bakery, where bycatch rates appear to be highest,
trawl tows operate over many hours often includiogrs of darkness and daylight. It is therefore
hard to be sure exactly how important the hourdaskness are, and bycatches certainly do also
occur in daylight hours. The diurnal pattern mafeetfthe fish catch and in the tuna fishery all
the tows are made at night.

Fishing behaviour

There have been several other suggestions thatbhakl procedure, headline height, offal
discarding practices, deck lighting arrangementsthe use of certain sonar equipment may all
contribute to increasing cetacean bycatch prokigbiNone of these suggestions have been tested
rigorously anywhere.

Exclusion devices

Following evaluation of a variety of gear modificets at a workshop held at the flume tank in

Boulogne-Sur-Mer (France) and selection of the nagpgiropriate devices in consultation with

fishermen and netmakers, several partners havedtestcluder devices in different fisheries,

although most effort has been in the bass fishEngse devices were mainly panels or ropes in
front part of net and exclusion devices such aisgri the rear part of the net.

Barriers in front part of net

Such barriers are made or ropes or net barrierenvphaced inside the nets the barrier has to be
associated with escapement devices.

The first configuration designed by IMARES congistaf a series of ropes hung within the
pelagic trawl net to determine if such ropes waquidvent the entry of dolphins further into the
net. Sea trials with BFAFi on FRV “Walther HerwiglIH” in 2005 showed that such an
arrangement of ropes could successfully be riggeilé the net, but this arrangement has
adverse effects on fish catches.

Given the observations of fish escaping with tfeside it was decided following initial trials that
this design should not be further tested. Seastiging a tunnel barrier installed in the mid-
section of a trawl showed, that this configuratihd not affect fish catches, but as no reactions
were directly observed from cetaceans, the effenttgs as a release or scaring device is still
unknown (Figure 43).

NECESSITY Contract 501605 Final Publishable AcjivReport -45-



HHTR
Ny

y
M

AR

Figure 43: Tunnel barrier designed by IMARES and MARITIEM, tested on FRV “Walther Herwig -
1" in 2006.

Different types of barriers and escape holes westetl by IFREMER on research and
commercial vessels in February 2006. The two devtested are described on Figure 44 and
Figure 45. One of the square mesh panels testedalsasfitted with stainless steel studs to
reinforce the acoustic reflectivity of the barrierdolphin echolocation.

The conclusions were that the first one (400 mrmasguneshes barrier, fitted at the level of the
200 mm meshes, with two escape holes equipped witlyee cords on the top) was not fully

effective, even though 2 dolphins were observe@dmng (Figure 33). The second one (large
barrier fitted far forward at the junction betwettre 800mm side meshes and the first 4m side
meshes —“shark teeth”-) may be efficient, but #til remains to be proved. Nevertheless due to
its large size (42.40 m x 16 m), this device magréase drag to unacceptable levels from a
commercial fishing perspective or cause net damage.
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Figure 46: A dolphin on the upper part escaping though the bungee cords (©IFREMER)

AZTI made trials for testing of the escapement devdesign agreed with industry under
commercial fishing conditions (Figure 47, Figure).48he underwater recording provided

confirmation of the previous results on the phyisprformance of the escaping device and its
apparent non-effect on target and non-target fishabiour. Unfortunately encounters with

dolphins were limited during the trials. The net thie control vessel, fishing without the

escapement device, did catch a common dolphin erponasion and during the following tow a

group of dolphins was sighted on the surface mobieigveen the two vessels whilst towing but
no animals were subsequently caught. No other dsimare caught or observed. The main
output of the trials was confirmation of the beshfiguration of the escapement device with
different combinations of two netting cover matkrian terms of hydrodynamic performance.

The second important result was that target andtaiget fish behaviour records showed that no
fish escaped through the device and that the ddinctuding the vertical rope barrier) did not

affect the behaviour of fish.
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Figure 47: Escape holes designed by AZTI — model Figure 48: Escape holes designed by AZTI —
tests sea trials

USTAN also tested a rope exclusion panel and Dyaeeetting panel unsuccessfully. A rope
exclusion curtain between the large mesh sectioth@et and the small mesh section readily
became entangled preventing fish capture, whilargel mesh panel in the same area caused
unacceptably high levels of gear drag, and agaifishovere caught.

Exclusion grids in the rear part of the net

Rigid exclusion grids have been used successfoljdct three other species of marine mammal
from hoki and squid trawls in New Zealand and Aal&r Using this technology an exclusion
grid was tried out in the Scottish and French paiwl fishery for bass, after design studies at
model scale were carried out in the flume tank FREMER, Boulogne, France (Figure 49,
Figure 50) and with the active participation oftistty.

Observations by USTAN and IFREMER have shown commbolphins on separate occasions
escaping through various escape hatches at thef tiye trawl. Several others have been seen to
approach the exclusion device but did not appeaetognise the escape hatch as a potential
escape route. Some of these were reported to bansing weakly or possibly in a catatonic
state. Escaping animals appeared in good healthwame swimming strongly. One was seen
swimming clear apparently towards the surface (feidil). Importantly no problems were found
with handling a flexible grid and it could be egdilandled on board commercial fishing vessels.
Loss of commercial catch could be avoided by apss design of the escape hatch, although
blocking of one grid design was observed in ca$egny large bass catches.

i
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Figure 49: Grid configurations tested in the Figure 50: Grid configurations tested in the
flume tank of Boulogne, France by IFREMER -  flume tank of Boulogne, France by IFREMER -
flexible version rigid version

The critical issue that remains to be resolved wittexclusion devices is not so much the
barrier design, but the escape mechanisms. Theseaukto be obvious enough and possibly
numerous enough, that dolphins will use them (whiclwe now know they are able to do),
while at the same time designed so as to keep fisiside the net.

Figure 51: A common dolphin escaping then escaped front of a grid system inside a pelagic trawl
(© USTAN)

Acoustic deterrents

Acoustic deterrents are small self-contained batteperated devices that emit regular or
randomised acoustic signals, at a range of freqegnand typically loud enough to alert or deter
animals from the immediate vicinity of fishing ge@he first commercial pingers were designed
to keep harbour porpoises from demersal gillnatd, several devices have also proven effective
in deterring dolphins from entanglement in both desal and surface gillnets with no significant
reduction in fish catch. A trawling operation geates increased noise levels emitted by the
vessel and the trawl itself, which may mask eclmadion signals of cetaceans. In order to be
effective acoustic deterrents used on trawls shdaddetectable by cetaceans, and therefore
produce sound levels above the ambient noise lextele at the same time not interfering with
dolphin echo-location signals.

The development of an interactive device was imatetli started and also trials were made by
several partners with some of the existing acoudtterrent devices. Most recently two

somewhat louder acoustic devices appear to showipeoin reducing bycatch of common

dolphins in pelagic trawls while having no effeatthe fish catch.

NECESSITY Contract 501605 Final Publishable AcyiReport -49-



Development of an inter-active device

BIM in Ireland sub-contracted the UK-based acosstizmpany, Aquatec Subsea Ltd., to develop
an interactive acoustic deterrent device (AQ636)pratotype of this device was delivered in
February 2005 with sound characteristics consistin@broadband) sound levels around 157 dB
rms re 1pPa at 1m, a variety of swept frequencyutaded signals between 10kHz and 80kHz
with significant harmonic energy above this up &KHz, 300ms signals and randomised signal
intervals not greater than 15s. The device wagdesticcessfully at a dolphinarium at the Kol-
marden wild animal park in Sweden (March 2005) veiiptive bottlenose dolphins and again in
direct playback experiments with bow riding bottdea dolphins in the Shannon Estuary in July
2005 with significant evasive behaviour observedwever, subsequent similar experiments with
wild common dolphins carried out by BIM in conjuitet with DIFRES in the Celtic Sea off the
south coast of Ireland and in the Alboran Sea pHi® gave no significant deterrent effect with
the device. Thus it was concluded that the interaaievice works as designed and responds
consistently to common dolphin vocalisations. Tisidesirable from a “noise pollution” per-
spective and may also delay potential habituatiéece However, the signal produced by this
device currently does not have a significant detdreffect on common dolphins. An effective
deterrent signal i.e. a noise which will displageaot as an acoustic barrier towards common
dolphins, is required if the interactive deterretiich responds to vocalisations from the animals
is to work.

Effectivity of deterrent signals

Numerous signal types are used by the various Enge the market. It is now clear that these
signals are to some extent species specific, anik ssignals appear to be more effective in
deterring groups of common dolphins. A specificusatce is needed to evoke a reaction. More
research is needed to find species and contexifispdifferences, and we still do not know
enough about why some pingers work and some ddSoote systems are more directional than
others and may have the advantage of creating ensaid more focused exclusion areas rather
than widespread exclusion of animals from a fiskarep.

Several behavioural trials were performed to asesseaction of dolphins to a variety of sound
sources and sound levels, and more recently these heen focused entirely on common
dolphins. Experiments were done on bow-riding atsmander various acoustical deterrent
signals from a sailing vessel in the Alboran SeaDlyRES. Two different set-ups were used
(Figure 52, Figure 53). The results were not vanyatusive, but the testing system and protocol
developed proved to be useful for developing furtheeriments.
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Figure 52: Tests on dolphin behaviour under deterret  Figure 53: Tests on dolphin behaviour
signals by DIFRES in Alboran Sea — experimental set under deterrent signals by DIFRES in
up 1 Alboran Sea — experimental set-up 2

Effectivity of deterrent systems

IFREMER worked with the French iXTrawl Company withe idea of adapting existing gear
monitoring equipment to produce a directional detarsignal. A device called “CETASAVER”
was produced in several versions. The most updatdion (Cetasaver_3) has sound
characteristics consisting of (broadband) soungléearound 178 dB rms re 1uPa at 1m, a
variety of swept frequency modulated signals anduise sounds between 30kHz and 150kHz
with significant harmonic energy above this up @984z, 100-1000ms signals and randomised
signal intervals not greater than 4s. During Septm?2005 and August-September 2006,
IFREMER & CRMM conducted a series of experimentsctompare the effects of deterrent
devices (commercial pingers and prototypes Cetasanecommon dolphins. These experiments
took place in South Brittany area (near Les GleAarhipelago). Apart from the STM-DDD
device, which was designed to prevent depredatjobditlenose dolphins around fish farms, no
other types of commercially available acoustic det& devices were found to be effective at
deterring common dolphins and therefore were nosicered to have any potential for use in
pelagic fisheries. The trials, however, did provgtene evidence that specific acoustic signals,
produced by the Cetasaver device and the STM-DDiiceewere found to have a deterrent
effect on common dolphins (Figure 54).

However, no strong deterrent effect or evasive Wiela was later observed in trials carried out
using the device and more or less similar methagolp the Alboran Sea or in the Celtic Sea off
Ireland. No definitive reasons for these contragstiesults can be put forward, although it should
be noted the tests in the Alboran and Celtic Seee wth foraging animals, while the Glenan

experiments were with travelling groups of animélés clear, though, that major inter and intra-
specific differences exist among cetacean specidsgeoups of animals. For instance acoustic
signals that had a strong effect on bottlenosetiiadpmay have no effect on common dolphins
and vice-versa.

NECESSITY Contract 501605 Final Publishable AcjivReport -51-



Figure 54: Common dolphins surfacing exposed to DDiSignal in the Bay of Biscay

Following the Glenan experiments, USTAN and IFREMBBserved reductions in common
dolphin bycatch in the bass fishery with DDD02F &ZETASAVER_7 devices in trials in the
bass fishery on board commercial vessels. Data fhawe trials are limited, however, and more
observations of hauls using these devices willdmpiired in order to obtain unequivocal results
but reductions of 50-80 % have been observed. réfidts of these trials largely concur to show
that the device seems to have a mitigation effetiith less than 100 % success.

Following these trials, in April 2007 it was deaiti® test the Cetasaver on common dolphins in
the wild off the south coast of Ireland where tHe[Dhad failed to induce any evasive behaviour.
During these later trials no deterrent effect o group of wild common dolphins was observed
with this device when tested in frontal conditiohd definitive reasons for these contrasting
results can be put forward, although it should b&ed the tests in the Alboran and Celtic Sea
were with foraging animals, while the Glenan expemts were with travelling groups of
animals. But it seems that the device is not dffeatn all groups of animals.

The results suggest that the Cetasaver_7 doesotailyteliminate the bycatch of common
dolphins but there is some evidence on the bastheofl08 tows observed that it decreases the
bycatch rate. Due to the sporadic nature of bycabdwever, this result is not statistically
significant and more hauls are required. A possixglanation, however, could be that although
acoustic devices may not have a deterrent effepelagic trawls, they alert or permit animals to
associate the signal from these devices with thatimof the trawl. Perhaps an acoustic signal
could assist in locating an escape route for dakahi

The results from limited trials by USTAN using tB®D-02F in the UK bass pair trawl fishery
were encouraging. Two pairs of boats used the dsyiand both reported that they were
effective, though not 100% so. Only 20 hauls wdrgseoved by independent monitors, and in two
of these the devices were not working and bothgiméycatch event was recorded. In 18 other
tows with the devices working no bycatch was reedrd~urther independently monitored trials
will be required to be surer of the effectivenekthese devices.

Experiments in the wild suggests that (1) pingers loe effective, (2) the receiving beam pattern
is directional for the high frequency signals proeldi by pingers, (3) a variability in the reaction
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behaviour is observed between groups (or areasotivational states). This suggests that the
efficiency is unlikely to be 100% with either of ethtwo systems currently being tested
(CETASAVER, DDD).

Sea trial experiments showed that DDD and Cetagaagrhave a mitigation effect. However the
guantification of this effect is not finished asetBignificant level is difficult to get through
statistical analysis when the mitigation effedeiss than 100%.

Effect of deterrent signals on echolocation

Experiments were done by IMARES in the dolphinariafrBrughes, Belgium to determine if
particular sounds could negatively affect the eabafion abilities of bottlenose dolphins
(Tursiops truncatus). An animal in captivity was trained to echolocaibjects at a certain

distance undisturbed and then confronted with geaf possibly interfering signals (Figure 55,
Figure 56).

7

Figure 55: Tests on dolphin behaviour under Figure 56: Tests on dolphin behaviour under
deterrent signals in Brughes, Belgium — exper- deterrent signals in Brughes, Belgium — Live test
imental set-up with animal

The results so far showed that the animal produggder amplitudes in echolocation signals
when noise was applied. This study confirms thatldrmose dolphins increase their sound level
in noisy environments.

Behavioural Work

Unfortunately, the low frequency of dolphin encarstduring the experimental fishing trials has
meant that only limited underwater filming of doiphbehaviour inside trawls equipped with
escapement devices or acoustic deterrents has dxeaeved. IFREMER and USTAN have
recorded some observations of reaction to escapesegites but behaviour does not seem to be
uniform. Observations have been limited to in aralad the vicinity of escapement devices and
there is still little information on behaviour oktaceans around the mouth of trawls. The
observations of animals actively escaping from Isavave indicated that dolphins are quite able
to use escape hatches and other exits and thavaluiw likely to be very high. Some animals,
however, have been observed in an exhausted stefterit of excluder devices and if such
animals are subsequently passively released frentrétwl (i.e. washed out of the net through
escape holes) then survival of such animals wolniehst certainly be very low. This would be a
source of unaccounted cetacean mortality that wioutatactice be difficult to estimate.
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Similarly apart from the preliminary trials carriedit with the DIDSON system by DIFRES, no
other acoustic detection equipment has been suatlgsdeployed or tested on pelagic trawls.
Devices such as TPOD'’s have proved to be of limitelde and in many cases unreliable. The
trials with the DIDSON showed this to be a techijcteasible solution and the system is able to
distinguish common dolphins at a range exceeding, 3wever, the fact that this is normally a
cabled system means deployment in pelagic trawlsgrablematical. Costs are also a limiting
factor although such technology is constantly ewgivand could be adapted in the future
specifically for this purpose.

The critical issue that remains to be resolved witlacoustic deterrents is to identify better

the signal characteristics of the two deterrent syems. These need to make further
experiments on common dolphins in the wild. Develapents of the systems should be aimed
at optimising the exclusion area and producing anniteractive system efficient on common

dolphins. More trials in the sea bass fisheries arsequired to be sure that the two acoustic

systems are having a significant deterrent effechithe fisheries.

Major findings of this study

Given the differences in the design of the vesdedsyls, fishing operations and the charact-
eristics and behaviour of the target species tiseme universal solution for all pelagic fisherias
which cetacean bycatch is an issue. The sporatlicenaf bycatch occurrences in fisheries makes
the provision of statistically significant resulte the effectiveness of any device (excluder or
acoustic deterrent) difficult and the bass fishisryhe only fishery where this may be possible.
There are still only limited information/observatof the behaviour of cetaceans in and around
pelagic trawls. Any information gathered stronglyggests behaviour is not uniform, making the
development of mitigation devices still extremel§ficult. The observations made of animals
actively escaping from trawls fitted with excludivices have indicated survival is likely to be
very high and this is encouraging. Animals, howgJeave been observed in an apparently
exhausted state in front of excluder devices asddh animals are washed out of the net through
escape holes then survival of such animals woultbst certainly be very low.

Excluder Devices

None of the excluder devices tested have provée tolly effective. At best, based on the results
of trials completed, reductions in bycatch of am@0% have been achieved. Positioning of the
device within the trawl remains critical and undater observations suggest that, as far forward
in the trawl as is practically possible is the bessition. Rigging and handling of some devices
remains a limiting factor and some devices teseaghncreased net drag to unacceptable levels
from a commercial fishing perspective. Some ofdheices tested have also given unacceptably
high losses of commercial fish catch. This remainwe-requisite for fishermen, although many
of the trials carried out have suggested thatdaps holes are covered then marketable fish losses
can be kept to a minimum. The overall conclusiamfithis work with excluder devices is that at
present they provide a means to reduce ratherdhiginate cetacean bycatch but in designing
such devices factors such as net design and thevioein and characteristics of the target fish
species need to be taken into account.
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Acoustic Deterrents

From the work completed with acoustic deterrentiakssthere is some evidence that specific
acoustic signals are effective at deterring cetagdaowever, it is clear that major inter and intra
specific differences exist among cetacean spe€msinstance acoustic devices that had a strong
effect on bottlenose dolphins had no effect on comrdolphins. The CETASAVER device
developed by iXtrawl and IFREMER and the STM-DDDride (commercial device) were found
to have a deterrent effect on common dolphinsénBhy of Biscay but no strong deterrent effect
or evasive behaviour was observed in trials camwigidn the Alboran Sea or in the Celtic Sea off
Ireland using this device and similar methodologlge reasons for these contrasting results are
unclear, although it should be noted the testshan Alboran Sea and Celtic Sea were with
foraging animals, while the French experimentshim Bay of Biscay were with travelling groups
of animals.

USTAN and IFREMER have observed reductions in commolphin bycatch with STM-DDD
and CETASAVER devices in trials in the bass fishebata from these trials are limited,
however, and more observations of hauls using thes&es will be required in order to obtain
definitive results. The observed reductions in oedd bycatch in the bass fishery are at odds with
some of the results of observational experimenisguthe same devices with free swimming
common dolphins, which showed no significant deterreffect with these same devices. One
possible explanation, however, could be that afylhoacoustic devices do not have a deterrent
effect in pelagic trawls, they may alert or permitimals to associate the signal from these
devices with the mouth of the trawl. It is alsa tblat the background noise associated with large
pelagic vessels and trawls used in e.g. Dutch pefeieries make the use of acoustic deterrents
an unlikely solution to reduce bycatch effectively such vessels. The noise of the gear and
vessel would appear to mask the deterrent signalduped by the device based on noise
recordings carried out by IMARES.

Recommendations

It is recommended from the work completed thatirigsbf excluder devices in fisheries where
acoustic devices are identified as not being ampatesolution, e.g. Dutch pelagic fisheries,
should continue to fine-tune these devices. Irefigs where acoustic devices are seen as a viable
option, e.g. bass, Albacore tuna and hake fishetiether research to resolve the issues regarding
appropriate acoustic signals for different cetacgaecties should also be continued, given that the
methodology developed for carrying out these expenis is now well developed and cost
effective (though continued work with exclusion @@ should not be ruled out in those fisheries
where it may also work). Investigation as to whettiee theory concerning acoustic devices
acting as alerts rather than deterrents should X¥pdored, although in practice this may be
difficult to prove conclusively. Given the contirtldeficit in knowledge of cetacean behaviour in
and around trawls, the future use of underwaterecarand novel acoustic detection systems like
e.g. DIDSON should be further explored as this tdlessential to fully understanding the causes
of cetacean bycatch and the further developmeptaaftical solutions to reducing bycatch.

Sea trials were conducted in the sea bass fishsiiegishermen from France and UK during the

last months of this study. In these trials redudiof 40-80 % were observed but the exact level
of effectiveness cannot be quantified without farthea trials.
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Dissemination and communication

It is important to develop new practices in clogmtact with end users (fishermen) to gain
acceptance, and therefore a range of communicatemhanisms were created within the project,
ranging from a website, personal contacts, indugirgon groups, and the production of suitable
dissemination material. All the development phasese carried out in consultation, e.g. model
tests in a flume tank were often accompanied byathestnation to and discussion with the fishing
industry. These communications served to give guidato further development, and avoided
following dead end tracks.

The project is summarised in an inter-active DVIDhtaining information of the work in the
various areas for both Task Groups.

Where appropriate project results were publisheédearr reviewed’ scientific journals.

Summary of major conclusions

Nephrops fisheries

Effective gear modifications that can reduce byleas in Nephrops trawling without affecting
the target species catch were developed. Howegeh sector requires a specific design. The
introduction of such techniques is hampered wheorire losses of fishermen from by-catches
that are now released at sea are not compensated.

Pelagic fisheries - cetaceans

It is difficult to completely avoid the bycatch oétaceans in pelagic trawls. Excluder devices in
nets can offer escape opportunities for these dsjrat they do not always make use of these in
the designs that have been tested so far. Theitethmeans of observing and recording the
behaviour of animals in the net were produced astet. Several exclusion device ideas were
tested and we have learned a lot, but there drenstie ideas that we can test. But testing takes a
long time with seasonal fisheries, and in the mddlewthe acoustic solution seem to be more
likely to produce a faster result. Effective acaudeterrents are a tantalising possibility, and tw
deterrent systems have been identified as beimgtafé on dolphins in the wild. These are now
being tested on trawls and observed accordinglthénUK and French sea bass fisheries, and
preliminary results from recent sea trials conddidtg USTAN and IFREMER are encouraging.
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