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1. TERMS OF REFERENCE

According to the ICES resolution (C Res 1997/ 17
Conference, the Study Group on Gnid (Grate) Sorti
Seine Nets (SGGRID) (Chairman: B. Isaksen

19 April 1998 to:

) adopted at the 1997 Annual Science
ng Svstems in Trawls, Beam Trawls and
Chairman: n, Norway) will meet in La Coruna, Spain from 18-

a) complete the review of grid selectivity and usage and prepare a final report containing:
i. - selectivity parameters for nets with and without grids, and relevant associated data
or finfish and shellfish, '
ii. estimates of the impact of actual and potential grid usage on dlscards levels for non-
target species in different fisheries
iii. a‘comprehensive .blbhography on grids.

C‘{"_F'l':l TT

GRID will report to WG TEB and to the Fisheries Technology Lomxmttee at the 1998

Annual Science Conference.

Partlcmants at the meetir

Boye,J.
Brothers, G.
Dahm, E.
Engas, A,

Galbraith, R. D.

Graham, N.
Isaksen, B.
Kvalsvik, K.

Revill, A.

Ulmestrand, M.
West, C, W,

Zachariassen, K. -

inLa Coruna, qpah. 18-19 April {in alphabetic order)
‘Denmark ©  (Greenland Institute of Natural Resources)
- Canada (DFO, North-West Atlantic Fisheries Centre )

Germany (Institute for Fisheries Technology)
Norway {(Institute of Marine Research)

- United Kingdom (FRS Marine Laboratory, Aberdeen

United Kingdom (Marine Laboratory, Aberdeen)

Norway = (Institute of Marine Research)
Norway . (Institute of Marine Research)
USA (University of Washingion. School of Fisheries)

. The Nethetlands (Netheriands Institute for Fisheries Research)
Belgium (Sea Fisheries Department)
France . (IFREMER Fishing Gear Technology)
Spain (AZTI Fisheries and Food Technological Institute)
United Kingdom (University of Linconshire and Humberside)
Sweden (Institute of Marine Rescarch) '
UUSA (FRAM Div., NWFSC, NMFS)

Faroe Island (Fishery Laboratory of The Faroese)
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At the 1995 Annual Science Conference held in Aalborg in September 1995, a resolution to
establish a Study Group on Grid (Grates) Sorting Systems in Trawls, Beam trawls and %tne
was adopted (C.Res.1995/2:17). : :

The Study Group was given the following Terms of Reference:

a) review current research on grid (grate) sorting system for different fisheries;

b) identif y upportumuea for further application of grid (grate) dev1ces to 1mprove selectlwty n
single and mixed species fisheries; :

c) assess the advantages and disadvantages of grids as selecnve devices in comparison with
“other techniques;

d) report its findings and recommendations to the Workmg Group on Fishing Technology and
Fish Behaviour, the Advisory Committee on the Fishery management and the Advisory

Committee on the Marine Environmeni.

[

The first session of the Study Group on Grids (Grates) was held in Woods Hole, Massachusetts
on April 13 and 14, 1996 under the chairmanship of John Willy Valdemarsen.

During the two days meeting, the group of 28 participant from 13 countries discussed relevant
grid (grate) research up to that date, and reported its findings to the Working Group on Fishing

Technology and Fish Behaviour (WGFTFB}. Both the report and recomimendations from th
Study Group was revised and later presented at the ICES Annual Science Conferenc '
Reyk]avtk Iceland, September 1996 (Anon 19964, in Blbhography list}.

[¢]
-
=1

The recommendations given by the btudy Group was adopted at the 1996 Annual Sc1ence B
ConIerence with the following terms of reference (C.Res. 1996/'2 20)

«The Study Group on Gr1d (Grate) Sorting Systems in Trawls Beam Trawls and Seine Nets'
(SGGRID) (Chairman: Mr B .Isaksen, Norway) will work by correspondence in 1997 to:

a) con
-5 - -

: “u:‘t without grids and relevant associated data

b) estimate the impact of actual and potential- gnd usage on discards levels for nontarget
species in various fisheries; -

¢) compile a comprehenswe b1bt110,<g;1‘5:11:)h3,r on grids;-

d) plan for a meeting in 1998 to complete the report.

The Study Group will 'r_eport to the A.pr_il.1'997.mee"ting of the WGFTFB, and to the 1997
Annual Science Conference».

The recommendations for a last meeting in 1998 was given at the 1997 Annual Science
Conference (as above).

oruna to f'}.ll}: the assignments set up
996, and later given as terms of reference. In addition to
the given objectives, the Stud),r Group spent some time to update recent research and also to
update the list of grid usage around the world.

On April 18 and 1
durino the Woods
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SELECTIVITY PARAMETERS T OR NETS WITH AND

WITHOUT GRIDS AND RELEVANT ASSOCIATED DATA FOR
FINFISH AND SHELLFISH

31 introduciion

The sections below give selectivity estimates for several species for both codends and for grids.
There is very little information enabling a comparison of selectivity parameters of gears with

and without grids installed and much of work undertaken has investigated percentage levels
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by-catch reduction rather than size selectivity parameters. Grid
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species separation and later on applied to size separation.

Care should be taken when interpreting resuits since selectivity estimates with retaining bags

- will only consider grid selectivity. Selectivity estimates by catch comparison consider whole
codend selectivity as do retaining bags and codend covers combined. Differences in selectivity
may occur within codends due to effects such as catch size and composition.

rimp (Crangon crangon L.)

:Pdlct, 1998 describes the retention curves for brown shrimp (Crangon crangen L.) in a beam
trawl codend (mesh size 20mm). Table 1 shows the codend. selectivity data derived on RV
BELGICA for the Crangon trawl. Installation of the grid improved the size selection for the
ta:get_ species due to cleaner catches within the codend. Non target species size selectivity was
shown to be poor. _ o SR '

Table 1: Codend and grid selectivity data, RV BELGICA

Species Gear/Device L50(cm) SR{cm)

Brown Shrimp  Cod-End, No Grid . 36 1.4
s - Cod-End With Grid 4.4 1.6

Dab : L 4.0 1.0
Sole . " . 8.0 1.5
Dab . Grid Only 8.6 11.6
Plaice . 9.4 8.7
Sale " 1.1 12.3
Whiting ' 12.5 i7.8
Cod . 12.5 17.8

No difference in fish selectivity was observed with the grid fitted. Loss of marketable shrimp
was shown to be size dependent, with the smaller length classes showing the highest losses

(30mm: 80% losses, 43mm (MLS). 15% loss). Approximately 10-15% of marketable shnmp
were lost.

retention never reaches 100%, which would suggest a behav:our
Oppos d 1o size dependent.
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(Table 2). With the inclusion of a plastic grid with an inter bar spacing of 12rnm 1.50’s for
plaice and whiting were estimated using the Fryer between haul variation model (Fryer, 1992).
Although codend selectivity data was collected for Crangon, no grid selectivity data for this
apcut:b was observed.

“Graham, 1997 observed L50's for whiting and plaice retained in a brown shrimp trawl codend

Table 2: Data from Graham, 1997.

‘Species = Gear - L50(cm) -SR (cm)
-Whiting. Cod-End 69 - 0.8
- Dab - Cod-End 458 0.6
Whiting GridOnly  10.5 3.6

Plaice GridOnly 9.3 4.8
33 Nephrops norvegicus

In: the Nephrops fishery in the Skagerak and North Sea Valdemarsen et al., 1996 Gbsgp‘:ad a
range of selectivity parameters for several grid designs (table 3.), diamond mesh and square
meshes (table 4.) using both a twin and a triple trawl system. The values are given below and
are depend on the analysis method (cover or triple trawl) and grid position (in roof or in
bottom). In the triple trawl method a grid was inserted in a small mesh codend and small mesh
collecting bag placed at the outlet. The second and third trawl were fitted with experimental
codends and the trawl with the grid was also used as the small mesh trawl (codend and
collecting bag). In the Swedish experiment (Ulmestrand, 1996} it was shown that the L50’s

were significantly lower estimated with cover method compared to the same cod-end w1th twin
trawl method, and it was also depending on the niimber of meshes around. L50’s increased

with increagine meshes aroun

L5 AT LA KL LA LL

Table 3: Grid Selectivity data from Valdemarsen et al. 1'996".

Grid Type Bar Spacing (mm) Position Method 'LSO(c:m) SR (em) |

Metal 22.4 Top Cover 37.2 12.8
Metal 22.4 Bottom Cover 348 8.4
Metal 22.4 Bottom Triple 40.4 11.2
Metal 22.4 Bottom Triple = 385 7.8
Composite 21.7 - Bottom Cover  33.7 13.9
Composite 21.7 Bottom Cover 31.4 8.4
Composite 21.7 Bottoim Tripie 36.9 14.5
Composite 21.7 Botiom Tripie 339 7.8

Table 4: Cod-end selectivity data fr_om Ulmestrand, 1_996.

e

Cod-End Type  Mesh Size  Mesh Round Method L50(cm) SR (cm

_ - {nomimal) : -

Square 60 100 . Cover 246 16.9
Square 60 100 Twin 32.3 11.9
Square - 60 -~ . - 80 ~ Twin 400 145
quE‘xi’G _ 60 . 80 - Triple  35.7 16.9
Square 50 - 70 Twin 27.4 15.4
Diarnond 70 100 Cover 18.6 15.9
Diamond 70 100 Twin 19.8 13.5
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Considerable improvement in size selectivity has been recorded in the Barents Sea with the use
of the Sort-X system in groundfish trawls.

During the development and testing period of the Sort-X grid svstem, no experiments were
carried out with the direct aim of comparing selectivity parameters of nets with and without
grids. The main effort was rather put on the comparison of catch (or intermixture) of fish below
the minimum landing size (MLS), as fishing grounds were opened c.q. closed when the
inteimixiure was less c.q. more than 15% in number (due to the Norwegian management
regulation). The comparisons of nets with and without grids during the early development
period of the Sort-X systems were therefore solely based on the data from a joint Norwegian-
Russian selectivity cruise in 1989 (Isaksen, B. et. al., 1989) during which both used codends

representative for their national ﬂeets For small catches (less than 500kg) the L30 for 135mm

codend is higher than the 1.50 obtained with the Sort- e using 55mm bar spacing, while the

selection range is a

With increasing catch rates the codend shows tendencies of ‘decreasing 150 and increasing
selection range, a phenomenon not normally found for the Sort-X system, at least for catch
rates up to 5 tons/hour (Figure 1).

Figuré I LSO for Sort-X and Slngle grid as funcuon of catch rate (Derived from Isaksen
et. al. 1998) :
54
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There is, however, some evidence that the Sort-X suffers some capac1ty problems at extremely
high. catch rates (more.than 10 tons/hour).

To assess the selectivity of a square mesh codend fitted with a selectio
experiments (Tait and Tait, 1996} with a divided trawl have shown no signi

in selectivity for winter flounder with increased bar spacing. Cod showed a 51gmﬁcant
improvement in selectivity with an increase in bar spacing. However, the selection range was
shown to be variable (Table 5).

Table 5: Data Tait, 1996

Species Gear device ‘ L-50 SR
S cm cm
Cod 135mm square, 65mm grid - 54.1 5.31
Cod 135min square, 85mumn grid 62.56 10.23
3.5  Conclusions
Apparently few selectivity data sets exist from which a direct comparison can

clther for thc grid system alone (i.e. measured with a retaining bag attached to the escape hole),
or for the complete codend system, where the selectivity of the grid and codend is estimated as
one entity (i.e. measured with the parallel haul or twin trawl technique). It is possible that
codend selection parameters change when a grid is added. This may be due to a decrease in the
total catch weight in the codend or to changes in the composition of the catch. However, it
should be concluded that any benefit in terms of selectivity can only be determined when the
selectivity parameters of the original gear are also known, and a direct comparison can thus be
made. In most experiments with new selection devices such data are not derived.
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4.1 Intmduct-ion.

The phenomenon of by-catch has long been recognised in fisheries. In many instances the by-

catches are unwanted and- dlscarded The reasons for discarding can often be attributed to one
or more of the following factors:

Lack of market value,
Quota restrictions,. :
Below minimum landing.‘size elc.

It has been esurnated that up to 30% of the total weight of ﬁsh"caught globally are currently
sC

carded. The small meshed shrimp ﬁShp11CS around the world coniribute significantly to this

4.2 Pandalus.spp

There are demersal otter trawl fisheries for Pandalus species in m
Greenland, Iceland, Canada, Faroe Islands, Norway, Sweden, Russia, Spain, Latvia, Lithuania

St Vincent, Denmark and the USA.

It is estimated that an.unwanted by-catch of around 15% (by weight) was common in the
Pandalus fisheries before the introduction of the Nordmgre grid. Around 125 differerit species,
notably including gadoids, redfish, turbot, sharks, Greenland halibut and capelin are discarded.

4.2, 1 . The use of sortmg grids /. gratas in the Pandalus fisherles

. Tbe Flnrrl_nh an 7
, the Flemish Cap (NAFO Division 3M) Pandalus fishery has been exploited by around
50 vessc—,lb from Canada, Denmark, Faroe Islands, Spain, Greenland, Iceland, Norway, R_us;sia,
Latwa, Lithuania and St Vincent. Landings of Pandalus were reported to be between 24,000 —
35,000 tonnes per year (1993-1995). Since 1995 NAFO have made it mandatory that a
Nordmgre sorting grate (max. bar spacing 22mm) be used in thiq fishery.

422 -Can-adiarll -.East coast

Nordmgre sorting grids/grates are mandatory within the Canadian East Coast pandalus fisheries

(within the 200 mile EEZ). Bar spacing varies between 25mm and 28mm depending upon the
area.

4.2.3 Barents Sea and Spitzbergen

Nordmgre grid/grates has been mandatory in the Norwegian and Rijss’f” EEC since 1991. The
bar spacing Jsed in the Pandalus fishery of the Barenis Sea and around Spitzbergen is 19 mim.
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Nordmgre grids/grates have been mandatoring in the Icelandic EEC since 1995 Thr bar
spacing used in the offshore Dandalus fishery is 22 mm.

_4.2.5 Case Stﬂ&y’ The Impact of the Nordmﬂre ‘Grate on the ‘Atlantic’ Canadlan
Pandalus Fishery

Otter trawl fishiery for northern shrimp (Pandaius borealis) began in Atlantic Canada in 1965.
The smail codend mesh (minimum 40-mm size is used) often resulted in high by-catches of
many other species. In 1990 there was a total catch of 60,000 metric tonnes of shrimp with
approximately 15% by-catch (by welght) The Nordmere grate was tested in the carly 1990 S
and became mandatory in 1994. :

L00 metric tons Gf s‘u“'rp harvesied off Canada’s east

In 1997 there were approximately 100,00 metric tons of shrimp harves off Canad
coast with only a 2% by-catch (by weight), a reduction of 85 %. The grate has resuited in

between 10,000 and 15,000 metric tonnes of by-catch (mostly juvenile fish) remaining
uncaught in these waters each year since its adoption by the industry in 1994. (For further
information see Appendix II .)

43  Crangon crangon

The fishery for North Sea Crangon crangon occurs in shallow coastal waters off Denmark, The

ncmcnanas UK, rrance beiglum and Uerma.ny The vessels are almost all twm beam

It was estimated that in 1996 these vessels discarded over 920 million juvenile plaice.
Similarly high numbers of dab, sole, whiting, cod ‘and other species were also discarded. In the

UK. only around 15 millien juvenile plaice were discarded. However th., impact of the UK.
discard data has been modelled and it is estimated that if a Nordingre grate or'oiher similar by-
catch reduction. measure (veil net / seive net) were to be used inthe U K it would yield around

440 tonnes.in additional white fish landings every year. Modelling of the total European
Crangon related discard data is. ongomg with results expected early in 1999

These calculations assume a good funcnomn,cz El‘ld The technologv however, is still not
advanced enough to allow for a commercial introduction. Extensive research will most
probably improve the existing technology. co '

At present, no vessels within this fishery use any type of gnd / grate system but ve11 nets are

Ubt!(.l m SCVCI’&I IJCCIS

4.4 Fin-fishes

gatr-h an

nvwnlu AL

grids have been introduced. Details are as ollows:

10



aercese lemon sole and piaice fishery.

_ Grids were made mandatory in 1997 for the Faeroese inshore fishery inside the 12-mile limit.
‘These vessels target lemon sole, plaice and monkfish. They are allowed to land by-catches of
25% cod and 10% haddock. The system developed by the Faeroese fisheries laboratory uses a
grid with bar spacing of 40mm. Fish. passing through the grid enter a cod-end of 120-mm
mesh; those deflected by the grid enter a-large mesh codend (200-mm). The aim of this system
is to catch all the sole and small plaice in the lower cod-end, whilst all other fish enter the
upper.cod-end and are selected by the 200 mm mesh. Use of this system results in a reduction
catch of cod from 44% of the total caich to 22%, and exclusion of almost all of the

% of the 1otai carch). All of the large plaice and monkﬁsh are retamed in the upper

14 vessels participate in the fishery annually, catching approximately 1500 ns total catch
Using the grid system will avoid by-catches of approximately 330 tons o d I
haddock.

=N

4.4.2 Case Study: Barents.Sea |

Up to.the early 1980’s the main management of the traw! fisherics in the Barents Sea was
based on mesh size regulations and the obligation not to land fish below the minimum legal
size. The fishery took place everywhere outside the 4 -12 nm zone and no restrictions were
given with respect to the amount of by-catch brought on board and discarded. This led to an

unavoidable discard level of both undersized fish of target species and non-target species.

New regulations introduced during the 1980’s stated that as a starting innt" it was illegal to
catch fish below the minimum legal size and a surveillance program established during 1983-

84 quickly showed that substantial areas needed to be closed for short or longer penods due to
high proportions of undersized cod and haddock in the catch.

Areas of particular interest were feeding grounds for young gadoids, such as Bear Island and
parts of the south-eastern Barents sea. Typical catches in these areas could contain 30-50%
juveniles of target species (by number). The closure of fishing grounds where the catch
contained 15% or more fish under MLS by number led to a less efficient fishery as the fleet had

222 Y L 18]

to search for other-areas. The need for an efficient selective device was evident.

With the development of grid systems for bottom trawling, the intermixture of undersized fish
was reduced substantially. Normally these grid systems (e.g. the multi-grid system “Sort-X”
and single grid “Sort-V”) would reduce the catch of undersized fish by 50-70% compared to

the standard irawl without a grid.

Due¢ to the management rules applied to the Norwegianl EEZ, the introduction of the grid
system has not necessarily reduced the overall by-catch. However it has significantly improved

the performance and’ economics of the fishery since a much greater area can remain open for
substantial parts of the year.-

bt
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4.5 Penaeid shrimps

There are various turtle exclusion devices (TEDs) and sortmg gnds A grates in use in this
_ dwerse group of fisheries.

In the United States, grids have been used by all prawn fishermen in the South-eastern U. S.
from North Carolina on the East coast to Texas on the Golf coast. Grids have been reqmred by
law since: 1982 and compliance exceeds 97%. There has been no detectable impact on prawn
productlon or economic return- from the ﬁshery with the use of grids, although some vessels

laft tha ficharm: wha P

ALl u.n, Lol y Wil Lub 5uu 1c5umuuu wWClG llllplCI.[lC[ll.CU

Due to the United States Pubiic Law 101-162 (scction 609) it is a requirement that nations that
will export wild-caught shrimp to the U.S., do protect sea turtle populations from incidental
mortahty in shrimp trawl operations. The law prohibits the importation of shnmp harvested 1n
ways harmful to the sea turtle unless the Department of Stat
either has a sea turtle protection program comparable to t..e ‘_]_S )

LI 1._—--.---...-‘ ot =} ALRpS

w\ [ A L TT O oD
that does not pose a threat ¢ sea turtles. The chief t of the U.S sea turtle

conservation program is a requirement that commercial shrimp boats use sea Turtle Excluder
devices (TEDs) to prevent the accidental drowning of sea turtle in shrimp trawls. Currently the
following sixteen nations meet this standard: Mexico, Guatemala, Belize, Honduras,
Nicaragua, El Salvador, Costa Rica, Panama, Columbia, Ecuador Guyana, Suriname, Trinidad
and Tobago, Indonesia, China and Thailand.- Due to the import restriction in U.S., several - -
other nations are currently evaluating TEDs for use in their shrimp fishery. -

certifies t
oy

The Canadian industrial fishery for silver hake has in the past had a by-catch of miscellaneous
gadoxds of up to 30% by weight. The mandatory use of a rigid sorting grate with 40 mm bar
spacing since 1994 has reduced these by-catches to less than 10%. Landmgs of silver hake in
the fishery exceed of 50,000 metric tonnes per vear,

4.7 Update estimate of Gnd / grate uség’é:._ |

.r-r

jy Group LdIHt‘. up with a total of over one thousands-
commercial vessel world-wide that presentiy are using grids/grates. New estimates give a
substantial higher number. By the end of 1998 more than one thousands vessel will use the
Nordmgre grid/grate in the Pandalus trawl fishery alone, and in addition several hundreds -
using different grid /grate systems n ﬁnﬁsh/mdustnal trawl fishery in the Northern
Hemisphere.

Looking on the general use of grid to get rid of bycatch/prevent incidental catch of
unwanted/protected species, the use of gndfgrate in the Penneaid trawl fishery is by no doubt
the main bulk of grid usage today, and this fleet may consist of several of thousands vessels:
Many of the countries meeting the standards of the US Turtle Excluder program are not .
included in the table, due to lack of numbers of boats using grids.

12



Tabie 6: Update estimates of grid usage.

Country No. of shrimp No. of finfish No. of vessels No. of vessels
vessels using vessels using using grids in using gnds for
grids grids: industrial other species

fisheries (e.g. sea turtles)

Argentina 75

Australia = 100

Canada 117t wupto 100 50
mere in 1998)

Faeroe Islands - | 9 distant water 8 distant water

14 domestic

Greenland Sio0 10 2or3

Iceland 100 60 ‘

Norway 450 112

Russia >100 330 )

Spain 18

Sweden | 13 (voluntary) _

uxm}aﬂd | 1: . : - . ) 3000

United States | 150 | | 36.000

of America :

T — | .
1Y

iew technical regulation promuigated by the European Union will require the use
r grids in the Crangon tishery by the year 2000.
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5.1 Shrimp trawl

Althouch grlds are extenswelv used to exclude large animals such as turt] n Gulf of Mexico
penneaid shrlmp fishery, their potential to reduce by-catch of fish has not yet been fully
assessed. The problem is often that the range of sizes of by-catch species of fish overlaps that
of the range of the large penneaids. Purely mechanical sorting will not give good separauon‘
withoui risking excessive loss of target catch. Efficient separation will have to rely on
behavioural differences between fish and shrimp in these ﬁshenes It is not known if these are
sufficiently distinct to permit this. '

In other less mdustrlahse

I:!..Q-

fisheries world- wide, muc hof the fish taken i nc1dentally y vessels

sh_rlmp ﬁshery.

52 Industrial traw] fisherv

Both a Faeroese and a Norwegian grid system developed for use in the mixed industrial fishery
have shown that it is possible to reduce bycatch of haddock and whiting substantially. The
Faeroes experimenis in 1996 in their local waters, and west of Scotland in 1997 gave both a
reduction in consumption fish below minimum landing size (MLS) of 80% using a grid with-a
bar distance of 25 mm. The Norwegian experiment in the Norwegian Trench carried out with a
bar distance of 22 mm gave a reduction of fish below MLS of well above 90%, but on the
expense of a slightly higher loss of target fish.

53 Mok trawl

shiery

Fi
I

Both in the French and Namibian monk trawl fishery, the catches contain small low value
fish/fish below minimum landing size. Grid experiments performed by IFREMER have given
positive results, with a substantial reduction of small monk and other hbenthic fish species.

Namibia is currently one of the major exporters of monk-tails. Up to this date there have been
few regulation on size, resulting in landings of very small fish. Namibia is currently planning
grid experiments to reduce the catch of small low-value monk.

5.4  Hake trawl fishery

Experiments with grid sortin
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ake trawl fishery

have shown that grids are superior to sqL._r., mesh windows, with respect te reducing by-catch
of small and juvenile hake. Underwater observations of hake inside trawl codends has revealed
an almost total lack of escape response of this species. Improved selectivity will have to rely on

passive filtration.

14



Both Argentina and Namibia are currently working on the possibilities of introducing grids in

their respective .hak trawl f 1sheries on a mandatory:basis. . -

15



6  BIBLIOGRAPHY ON THE USE OF GRID(GRATE) SELECTION

Ahmed Ali, 1997, Experiment on the use of Turile Excluder Device (TEDs} in Malaysian waters. Regional
Workshop on Respoensibel Fishing, 24-27 June 1957, Bangkok. Thailand.

Angell,S., Bertelsen,B., and Maurstad, E. 1998, Utprpving av systemer for wiskilling av smd reker, fiskeyngel og
annen smifisk under fiske etter reker {(Pandalus borealis) ved Svalbard. Forsgk med F/F «Jan
Mayen» ved Svalbard i perieden 24.11-15.12.1997. (Experiments with different grid systems Lo sort
out small shrimp, juvenile fish and ohter small fish species during shrimp rawling. Cruise r
from R/V «Jan Mayen» 24.11-15.12.1997, Svalbard)_ Norges Fiskerihggskole. Universitetet
Tromsg/Selfi A/S, Tromsp.

Anon. 1991. Nordmore Grate Experiment in the Gulf Region. Biorex Atlantic Inc. for DFC Gulf Reg.

Anon. 1991. Nordmore Grate Experiments on Quebec Shrimp Vessels. DFO Quebec Reg. Final report # 3005,
Anon. 1992 Toktrapport. F/F «Michael Sars». 24. mai - 6, juni 1992, Rist i reke- og sjgkrepstréi. (Cruise report -
Using grids in shrimp and Nephros trawl.} Report FS 20-92. Havforskningsinstituttet, Bergcn.

13.1.1992.
nion. 1993a.Fish Capuure Research- Fishing Gear lnvestigations. Marine Laboratory Aberdeen Annual Review
1552-1993.,p.10-11
Anon. 1993b. Flounder/sod separation experiment June 1993, Dept. of Fisheries and Oceans ,Internal report.
Anon. 1993c. Selective fishing proves ‘valuable'- says Norwegian Directorate, Fishing News International
December 1993, p. 52-53

Anon. 1994. Nordmore and Soft Grate Experiments. Flume iank tesiing. Marine Institute for DFO. Nfld. Reg.
Fishing Tech. Unit. Rep, No. 3/94,
Anon. 1996a. Constructlon and Testing of a 1:2 Model 1168 Terra Nova Shrimop Traw! Codend with Seleciivity

Devices. Marine Instuute for DFQ. Nfld. Reg. Fishing Tech. Umt Rep. No. 6/96.
Anocn. 1996b. "Manual of methods of measuring the selectivity of towed fishin g gears". ICES Cooperative
Research Report, No. 215,
Anon. 1996¢. Tests of an Experimental Size-Selective Shrimp Grate in a Skjervoy Shrimp Trawl. Flume Tank
Testing. Marine Institute for DFO. Nfld. Reg. Fishing Tech. Unit. Rep. No. 5/96.
Ancn 1996d. Report of the Study Group on Grid (Grate) sorting Devices in trawls, Beam Trawls and Seine Nets.
ICES CM 1996/B: 1.
Anon. 1997, Toktrapport fra enkelristtoktet 1 august, (Survey report from single grid experiment in august 1997).
Inst. Of marine Research, Bergen, internal report.
Anon. 1998. Mengdemaling og seleksjonsiorsgk av makrell. Forsgk utf@rt ombord i leigefartgyet M/S "Gunnar
Lar .Em", 03. - 12. desember 1997 (Biomass measurement and selectivity experiments). Tokt
! viorskningsinstituitet, Bergen, januar 1998,
03. Ristsonicring av markell 1 noi og irdl (Grid sorting of mackerel in purse
seine and trawl) F1skenHav 1993(8).
Beltestad, A.K. and Misund, O.A. 1994. Effektiv sortering av markell i not {Effective size sorting of mackerel in
purse seine). Haviorskningsnytt 1994(11).
Beltestad, A. and Misund, Q.A_, 1996a. Size Selection in Purse Seines. Alaska Sea Grant Colle
No. 96-3.
Beliestad, A. and Misund, O.A.. 1996b. Survival of mackere] and saithe escaping through sorting grids in purse
seines. ICES Fish Capture Commitiee. C.M. 1996/B:24. 3
Beltestad, A.K. 1993. Seleksjon av sei i merd med fleksibel rist (Size selection of saithe in cages usmg a flexible
grid). Rapport fra Senter for marine ressurser nr. 15-1993, Havforskningsinstitutiet, Bergen, juli
1993.
cliestad, AK., Misund, O.A. and Misund, R. 1995. Seleksjon og overleving av makrell ved bruk av rist i
makrelliiot {Selectivity and survival of mackerel when using a sorting grid in purse seines). Forsgk
utfprt i 1993-94, Interne notater 1995(5), Havforskningsinstituttet, Bergen. 15 s.
Bertelsen, B., Engds,A., Jgrgensen, T., and Misund, R. 1998, Trials with grid in the commercial trawl fishery for
saith in the northern Noth Sea, ICES FTFB WG meeting, La Coruna, Spain, 20-23 April 1998,
Blott, A.l., Kenney, ].F. and Nulk, V.E., 1992: Experiments with a Nordmére grate in the Gulf of Maine shrimp
fishery. NMFS report.
Boje, I. 1993, Trials with a sorting grid and mesh selection in shrimp traw! at West Greenland September 1553
with M/Tr «Pamiut». Reporl from Greenland Fisheries Research Institute. (In Danish),
Boudreau, M. 1998. Performance of a Modified Nordmore Grate. DFO. Laurentian Region.

-
E

16



Boudreau, M., 1993; Industrial shrimpn by-catch selectivity ‘-xpénmcm MV ,.AQUIQ",1993 Noriiji&rn shrimp

' se]cc.twu}f workshop St. Johns Newfoundland, Ju]

Broadhurst, M.K., Barker, D.T. and 5.J: Kennelly, in press. Scale- oss and surnval of juvenile yellowfin bream,
Acanthopagrus australis, after.simulated escape from a Nordmore Grid guiding panel and release
from capture by hook and line. Bulletin of Marine Science.

- Broadhurst, M.K, Kennelly S, Walson LW, and LK. Workman 1996. Eva]uauom of the Nnrdmnrp-uqr'l and

Bulieun (m press}
Broadhurst, M.K., S.J. Kennelly and Isaksen, B., 1996. Assessments of modified codends that reduce the by-catch
of fish.in two estuarine prawr:. -trawl fisheries in New South Wales, Australia. Fisheries Research,
Voi 27, pp..89-111.
d 5. I\enneuy, 1996. Effccls of the circumference of codends and a new design of square-
anel in reducing unwanted by-catch in the New South Wales oceanic prawn trawl fishery,
ustralia. Fisheries Research, Vol. 27, pp: 203-214.
Broadhurst M K. and S.J. Kennelly, 1996. Rigid and flexible separator-panels in trawls that reduce the by-catch
of small fish in the Clarence River prawn-trawl fi shery, Australia. Marine and Freshwater Research
Vol. 47, pp. 991-998..

Broadhurst, M.K.. . Kennelly, 5.1, Watson, I. and Wer..man, I., 1097, Evaluations of the Nordingre-grid and
secondary bv-catch reducing devices {BRDs) inthe Hunter River prawn-traw! fishery, Ausiralia. US

Flshery Butletin, Vol. 95, pp. 209-218.

Broadhurst, M.K., 8.J. Kennelly and G. O'Doherty, 1997, Specifications for the construction and mstailatlon of
two by-catch reducing devices (BRDs) used in New South Wa]es prawn-trawl fisheries. Marine and
Freshwaler Research, Vol. 48, pp. 485-489.

Brothers G., 1991: Development of improved-size sorting tcchnology in biter trawls. Dept. of Fisheries and
Oceans. Project Summary No. 27.

Brothers, G. 1992, Shrimping with sorting panels and modified trawls In Jones, R.P., ed. International Conference
on Strimp Bycatch, May, 1992, Lake Buena Vistd, florida. Tallahassee, FL Southeastern Fisheries
Association, pp. 303-24.

Brothers, G. 1993. Shrimp Size Selectivity. DFO. Nfld. Reg. CAFID Proj. Summary No. 10

Brothers, G, 1997, Impact of Nordmore Grate Bar Spacmg on By-Calch Reduction in the Northern Shrimp

Flchpr}r DEO. Nfld. E{eg CAFID. Proi. Sum

Brothers, G. 1998, Shrimp Size Selectivity using :ai‘.I Tra'wl Scﬁmg Sysiem. DFO. Nil "'Reg CAF'lD Proj
. Summary No. 57
Brot.hérs. G_ and W. M. Hickey. 1998. An annotated b:bhography on gnd selectivity studies camed out in Canada
o ICES. FIFB WG, Working Doc., April 1998, .
Chokesanguan B. 1998, Introductjon of TEDs in Asia. International Expert Consultation on Sustainable Flshmg
Technologies-and Practices, St. John’s, Newfoundland, Canada, March 1-6,1998.

Christian, P. And Harrington, D. 1987. Loggerhead turtle, finfish and shrimp retention studies on fou
devices (TEDs)..In: Proceedings of the Nongame and Endamzcrecl Wildlife Symposium
September 1987, Georgia DNR, Social Circle, GA, pp. 114-27. '

Christian, P., Rivers, J. and Morrison, S. 1989. Morrison Soft TED instaliation instructions. Georgia Sea Grant
College __Program .University-of Georgia; Athens, 4 pp.

Cooper, C. 1991. Experimems with a Rigid Separator Grate in a Shrimp Trawl. DFO. Scotia Fundy Reg. Proj.

exchy
. 8-

10

Aar
der

...... P & -
er, C, 1992 Expenms.m with a Rigid
7

Proj. Summary No. 37

Cooper, C. 1993. Expeniments with Different Grate Desugns in a Silver Hake Trawl DFO. Scotia-Fundy Reg.
Proj. Summary. No. 45
Cooper, C.G. and Hickey, B.. 1991: Experiments wnh a rigid separator grate in a shrlmp trawl. Dept. of Flshencs
and Qceans . Prolect Summary No. 25.
Cooper, C.G. and Greencore. G.,-1993: Cuban silver hake separator grate tests aboard RIO MOA®, Dept. of
. Fisheries and Oceans. Project Report No. 181,
Cooper, C.G., Hickey. W.M. and Ryan, C.A., 1990: Experiments with a rigid separalor grid in a shrimp trawl.
Depl. of Fisheries and Oceans, project Report No. 168,
Cooper, C.G.,Greencore, G. and Matthews, D., 1993 Silver hake separator gratcs at various bar spacings and
angles ~ALFRED NEEDLER", May 1993, Dept. of Fisheries and Oceans Project Report No. 180.
Dept. of Fisheries and Oceans ,1993: Northern shrimp selectivity workshop- Summary of pro_]ects 1993 Northern
h; imp selecitvity workshop St. Johns Newfoundland, July 6- 7, 1993,
Dept. of Fisheries and Oceans, 1991, : The Nordmére grate- Adaptation and efficiency in the commercial fishery.
' DFO Advisory Leaflet

Dept. of Fisheries and Oceans. 1991: Nordmére separator grate on Quebec shrimp boats. Final Report # 3005,

Separator Grate in a Silver Hake Traw! DFO. Scotia Fundy. Reg.



Dickson, J. 1997. Study on Turtle Excluder and By-caich Reduction Devices in the Philippines. Regional
" Workshop on Responsibel Fishing, 24-27 June 1997. Bangkok, Thailand.

Dupouy H., Meiltat M. and Kergoat B.. 1997. Une solution a la mesexploitation des especes benthiques: Le
chalut selectif a grllle (The solution to the mlsexp]onauon aof benthic species: trawl fitted with a
selective’ grid).

Duthie, A. 1992. Lake Eric Selectivity Tnals DFO. Ouawa PTO_] Summary

Ercoli, R. and Garcia. J. 1998 The Argentinean procedure an experience with intreduction and acceptance of
new sustainable technolocry International Expert Consultation on Sustainable Flshmg Technologles
and Practices. St. John's, Newfoundland, Canada, March 1-6,1998.

Ercoh R.. Garcia JI., Salvini L., Izzo A, and Bartozetti J. 1997, Manual del dlsposmvo de selectividad de langostino

" ‘con doble gnlia (Manua[ for a double grid selective devnce in the nephrops ﬁshery) INIDEP Inf

L T\.«\. Interno Uul)‘ 199 f,l
Ercoli R., Salvini L., Izzo A., Garc;" J.and Dartozetli J. 1957, « ExpcnenClas de selectividad sobre merfuza comiin
" {Merluccius kubbsi) mediante el 450 S¢ un dispositivo con una sola grilla para el escape de Juveniles

de peces en las redes de arastre (Selectmty experiments in the trawl fishery for hake (Meérluccius
hubbsi) using a smgle grid to release juvenile fish) (DEJUPA). ICES CM 1997/HH: 23.

Flynn, D. J. and Cooper, C.G.: 1992: Expenmenl with a rigid separator in a silver hake trawl Cape Verde June
1992. Dept. of Fisheries and Oceans Proiect:Report No. 172,

Flynn,: D. J and C.G. Cooper 1992, Sllvcr Hake Separator Grate Exnenment RIOMOA. DF 0. Scotia-Fundy
Reg. Proj. Rep. No. 173.

Gibson, D. and Isaksen, B. 1998. At sea testing of a Marine Mammal Exclusion Gl'ld Pl’O]CCt CSL 96/3070.
Department of Conservauon Wellington, New Zealand.

Grahain N., 1997, By-Caich reduction in the brown shrimp, Crangon crangon fisheries of the Wash and Humber
Estuares. Ph.D. Thesis, University of Lincolnshere and Humberside.

Hamukuaya, H., Olsen, 5., Linde Lossius,L., Danielsen, A. And Lesch, H 1998. ResponSIb]e Exploitation S1ze of
Namibian Hake. Mmlsuy of Fisheries and Marine Resources. Swakopmund, Namibia.

Hamington, D.L., Watson, J.W. and L. Parker. 1987, Shrimp Trawi Design and Performance. Georgia Sea Grant

' * College Program, Marine Extension Bulletin No. 12. _ ‘

Harrington, D. 1992. A sea grant perspective on reducing bycatch. In Jones, R.P., ed. International Conference on
Shrimp Bycatch, May, 1992, Lake Buena Vista, Florida. Ta[laha_ssee FL: Southeastern Fisheries
Assaciation, pp. 201.302.

Harrington, D. And Vendem R A 1995, ‘ihﬂmn trﬂ“ﬂ byeaa.:.. reduct‘.cn in the Scutheastern United Siates.
Solving Bycatch: Considerations fnr Today and Tomorrow, September, 1995, Scattle, Washington.
Alaska Sea Grant College Program Report No; 96-03, University of Aldska Fairbanks, pp. 129-36.

Harrington, D)., 1992: ,, Looking for Solutions®. Proceedmgs of the National Industry Bycatch Workshop February
4-6 1992, p.117-128.

Hickey, W. M., Brothers, G. and Boulos, DL 1993: By-catch reducuon in the Northern shrimp fishery. Canadl_a_n
Techmcal Report of Fisheries and Aquatic Sciences No. 1964, 41 pp.

Hickey, W.M. and Brothers, G. 1993: Flsh‘by -catch selectivity experiment conducted on the MV ,, Newfoundland

- Otter”, 1993 Northern shrimp selectivity workshop St. Johns Newfoundland, July 6-7, 1993,

I-hckey, W.M., Brothers, G. and Boulos. D.L., 1993: A study of selective fishing methods for the Northern cod
‘otter trawl fishery. Canadian Technical Report of Fisheries and Agquatic Sciences No, 1934.

Hickey, W.M.. G. Brothers, and D.L. Boulos, 1993. By-Catch Reduction in the Ndrthern Shrimp Fishery. Can.
Tech. Rep. Aguat. Sci. 1964: vi + 41

Hickey, W M., G. Brothers, and D.L. Boulos, 1993, A
“Otter Trawl thew Can. Tech. Re p. Fi

Qs T
JLPULL

D(D

Seleciive rmmng Methods ror the Northern Cod

3 04,
Ci. ly.wr vi+ 32

Hickey, W.M., G. Brothers, and D.L. Boulos. 1995 Study of Cod/Flatﬁsh Separation in Otter Trawls with theé
use of Rigid Grates. Can. Tech. Rep. FISh Aquat. Sci. 2027: vi+ 36 :
Hlliestad H.0., Richardson, J. ., McVea, C. and J.W. Watson. 1979. Worldwide incidental capture of sea turtles.
World Conference on Sea Turtle Conservation. Nov.1979.
Huse, L, Belestad, A K., Chruickshank, O., Gamst, K., Nygérd, I.E. and Zachariassen, K. 1997. Sclékn’vt :
industritrilfiske i Nordsjeen (Grid selection in the industriat fi ishery in the North Sea). Rapport fra
. tokt med F/F "Michael Sars” 06.-16.06.97..Rapport, Havforskningsinstitutiet, juni 1997, ' '
Isaksen, B. 1990. Grid sorting system to reduce bycatch of fish in shrlmp rawl. ICES FTFB Workmg Group
Meeting, Rostock, April 23-24 1990. :
Isaksen; B. 1990 Referat fra mpte ombord 1 M/Tr. "Vilnius”, Tromsﬂ, 23. mai 1990, angdende norske og russiske
' mrsc:k med sorteringsrist i reketrai (Report from a meeting onboard M/Tr «Vllmus» - Norwegian
and Russian trials using gnid in shrimp trawi). FTFI-notat 29.05.90,
Isaksen, B., Valdemarsen, J.W. and Larsen, R.B. 1990: Reduction of fish by-catch in shrimp trawl using a solid
separator grid in the aft belly ICES C.M. 199G/ B:47.

18



Isaksen, B. and Larsen, R.; 1991, Sorleringsrist i havraketril {Gnd selection in the offshore shrimp fishery). Ii

Rapport, Feb. 1991.

Isaksen, B. and Q. Chruickshank,:1991. Trials with sorting grid in prawntrawls, Tanzania, 2 l Sept =11 Oct 1991,

‘Report. Institute of Marine. Research, Bergen. Norway .

Isaksen, B., 1991. A brief review of codend selectivity experifments -performed in Norway 1985-1991. EC

workshop on codend selectivily., Aberdeen, 4-6 June.; 1991.
, 1991. Sorteringsrist i havreketral III (Gnd selection in: the offshore shrimp ﬁshcrv) Rapport, mai
1991.

Isaksen, B., J.W. Valdeﬁmsen, ancl R. B Larsen, 1991. Reduction of fish bycatch in shrimp trawl using a sohd

separator grid in the.aft belly. Fish.Res., xx: 000-000.

Isaksen B. and Schultz; B. 1992. Sonenngsnsl i havreketrdl IV. Forspk med standard og stor havrekerist i farvann

unr{ e nn.-,l a-. S..

C
<

{Grid seleciion in the ofishore shrimp.fishery - trials using a standard and
nortii of Svalbard). Hav mrsncmngsmsututtet Bergen, Rapport FS 04-92,

Isaksen, B, Valdemérsen 1.W,, Larsen, R.B. and Karlsen, L. 1992 Reduction of fish by—calch in shrimp traw]

using a rlgld separator grid-in the aft belly, Fish Res. 13: 335-352.

Isaksen, B. 1993. I. Kort oppsummering av-forspk med rist i snurrevad. I, Monteringsbeskrivelse (A brief

summary from trials using grid in-Danish seine). Rapport fra Senter for marine ressurscr nr. 8-1953,
Havforskningsinstituttet, Bergen, januar 1993. ‘ :

Isaksen B. é.nd Larsen R.B. 1993, Size selectivity for shallow water shrimps by using a rigid metal arid ip the aft

SLAN A WA

and top:section of the trawl. Experiments performed along the Mocamblquan coast 9- 24 February
1993, on board the commercial shrimp trawler "Arpem IV". Report from Institute of Marine

. Research, Fish Capture Division, Bergen and The Co!lege of Fishery Science, University of Tromsg,
September 1993

isaksen, B. and Valdemarsen, J.W, 1994'Bycalch reductton in trawls by utilizing behaviour differences, pp. 69-81.

Jn: A, Fern® and §. Oisen (eds.) Marine fish behaviour in capture and abundance estimation. Fishing
MNews Books, Oxford, 1994, ISBN 0-85238-211-1.

Isaksen, B., Lisovsky, S. Larsen, R.B. and Sakhnov V. 1995. Results from joint russian-norwegian selectivity

~ experiments on cod (Gadus morhua 1) in the Barents Sea with 55 mm sortmg grid systems 15- 26
September 1995, Institute of Marine Research; Bergen.

Isaksen B. 1996. The Norwegian Anproach to Reduce Bycatch and Avoid Discards. FAG Technical
g ‘
1

i s
Consultation on Reducunn of Wastage in Fisheries. Tokyo, Japan, 28 Oci -

Isaksen, B. 1996, The Norwegian Approach to Rcduce Rycatch and Aveid Discards. FAQ Techinical Consuliation

-on Reducuon of Wastage in Fisheries. Tokyo, Japan, 28 Oct - 1 Nov 1996,

Isaksen, B. and Soldal, A.V. 1997. Selection and survival in the Norwegian shrimp traw] fisheries. Joint Russian-

Norwegian Symposium on Gear Selection and Sampling Gears, Murmansk, 23-27 June 1997/

Isaksen. B. and Gamst K..1997. Forspk med 1:2,5 modell av enkeltrist i torsketral. Forsgk utfert i gjennom-

strmnnmgsstank ved IFREMER, Lonent, Frankrike (Tank cxpenments usmg al: 2 5 model of a
single grid.}. Intern rapport. Bergen, mai. 1997:

Isaksen, B., Gamst, K, and Misund, R. 1997. Sammenligning av bruks- og seleksjonsegenskaper hos

sortenngsnstcr og kvadratmaskeposer for snurrevad (Comparisons of user- and selectivity properties
using serting grids and square mesh. panels in Dan:sh seme) Havforskmngsmsmuttﬁt Intern rappon
januar 1997..

, Gamst, K., Hamakuaya,H. and Olsen,5. Soriing grid experiments in the
Namihian hake trawl fishery. IMR/NATMIRC, Swakopmund, Namibia, February i998.
Isaksen, B. 1998. The Nnrweman procedure and experience concerning accepiance of new seiectivity technology

by the industry. Intemauonal Expert Consultation on Sustainable FlShlIlg Technologles and’
. Practices, St. John’s, Newfoundland; Canada, March 1-6.1998.

Isaksen, B. 1998. The Norweglan procedure and experience concerning acceptance of new selectivity technology

_ by the industry. Imemat.lo_na] Expert Consultation.on Sustainable: Fishing Technologies and
Practices, St..John's, Newfoundland. Canada, March 1-6.1998.

lsaksen, B., Gamst K., Kvalsvik, K. and Axelsen B., 1998. Comparison of seléctivity- and user properties between

Sort-X and single grid for two-pane] bottom trawl for cod (Gadus morhua). ICES Working Group
. on Fishing Technology and Fish Behaviour (FTFB). La Coruna, 20 - 23 Aprit 1998

Karlsen, L. 19893 Pn:hmma.r} results from fishing trials with a new shrimp sorting device. ICES Fish Capture

Commitlee, Workmg Group meeting. Dublin, 24 - 27 Apnl, 1989.
sorieringsrist pa kysirekefelter 1 Nord-Norge véren 1989. (Initial trials with

orting grid hrimpgrounds in Nothern Norway spring 1989}, Notat, Insututt for marin
pros_]eklenng.NTH Jum 1989,

Karlsen, L. 1989¢: Toktrapport M/s “Remifisk”, Forspk med sunenngsnsu 1800 maskers havreketral pé

Mehamnleira 22-25 Mai 1989. (Cruise report M/S «Remifisk. Experiments with sorting grid in a

19



1800 meshes.shrimptraw] on Mehamnleira 22-25 Mai 1989.) Institun for marin Frgsjn!.-ltéﬁn’g, NTH,
Juni 1989

Karlsen, L.1989d: Toktrapport F/F Johan Ruud 5-8/6-89. Utprgving av «Nordmersrista» i reketrdl i
sammenligning med skillenett med ledenett foran. { Cruise report R/V Johan Ruud 5-8/6-89.
Comparison of «Normare Grid» and sorting panel eqmpped with gu:dmg panel ) Institutt for marin
prosjektering. NTH, juni 1989

. Karisen, L. 1989e: Toktrapport M/s “Svenn Ame”. Forsak med Nordm@rsnst 1 kystreketral pa fjordfelter med 0-
gruppe torskeyngel 23-27 okiober, 1989, Experiments with Nordmere grid in shnmptrawl in coastal

. areas with D-group cod, 23-27 October 1989: )Institut for marin proslektermg NTH. nov. 1989
Karlsen L.1989f: Forspk med ulike utforminger av 16.5 mm “Nordmgrsrist” p4 fjordfelter p& Lyngen med stor
N mnblandmg av O-gruppe torsk med M/s “Heidi Vibeke™, november 1989. (Ekspenmenl with'

Y |re

. different shape of a 16:5 mm Nordmere gn':'i in coasial areas with great abundance of O-group cod,

M/S «Heidi ‘v’xbekei I‘wm'emuer 1589 Instituit for marin pros_]euermg Jan IHHU
" TW
]

14
Karlsen, L. og Valdemarsen,

. “Andgytind”, august 1989 (Expenmems with: sotting grld in shrimptraw] in the Barent Sea and
outside Spitsbergen, M/S «Andgytind», August 1989) Forspksrapport FTFVIMP des. 1989
Karlsen, L.1990a: Pilotforsgk med «IMP-Planrist stemelsesseleksjonssystem for fisketrd! med «Svenn Ames pa
“Ahafjord 13. Mars 1990. ( Pilot studies with the TMP-Plane grid for size sorting in groundfish rawls,
- M/S «Svein Ame», Altafjorden. 13 March 199Q.) = Notat, Institutt for marin pm‘qiekmn‘na NTH,
Karlsen, L. 1990b: Forsgk med “Spilerjst” for stgrrelsesseleksjon av reke med M/S “Aslegutt” p4 Kornstadfjorden
den 15. Mars 1990. (Experiments with «Bar-grid» for size sorting of shrimp, M/S- «Aslcgutt»,
Kornstadfjorden, 15. March 1990.) Toktnotat, Institutt for marin prosjektering, NTH. 1990.
Karlsen, L. 1990c: Forsgk med IMP-Planrist 1 reke- og torsketral med F/f «Johan Ruud» pa Lyngen-fjord 9-10
april 1990. (Experiments with IMP-Planegrate in shrimp and bottom trawl onboard R/V «Johan
_ Ruud», Lyngenfjorden-9-10-April 1990.} Toktnotat, Institutt for marin prosjektering, NTH
Karisen, L. 1990d: Filot Experiments -with the «IMP-Plangrate» Fish Trawl Selection Teclinique ICES, Fish
Capture Commitee, W.G. Meetings, Rostock, 22-25 April 1990
Karlsen, L. 1990e: Arts- og sigrrelsesseleksjon i reketrél, (Species- and size selectivity in shrimp trawl.)
: Sluttrapport, Norges Fiskeriforskningsrid,. Institutt for marin prosjektering, mat, 1990, pp 13
Karlsen, L. 1990f: “Nordmgrsrista”-Sparer fiskeyngel og berger kystrekeﬁsket ( «Nordmegre grid- Saves small fish
- and maintain the coastal shrimp fishery). B.u“}"'e Morges Fi °kcmorsh‘ungsrau
Rannnrtqammendrao nr. 9 1990
Karlsen, L. 1991: Forsﬁk med 50 mm IMP-Planrist i torsketrdt med M/Tr «Skjervayficks, i angust 1991,
Experiments with a 50 mm IMP-Plane grate in bottom traw! onboard M/TR «Skjervayfisks, Augqst.
_ 1991) Toktrapport, Institutt for marin prosjektering, NTH - o
Karlsen, L. 1992: Forspk med Planrist seleksjonssystem i fisketral. (Experiment with Planegrate system in botto:n
trawl.) Prosjekt rapport. Institutt for marin prosjektering, NTH, November 1992 :
Karlsen, L. 1995 Planrist seleksjonssystem.i fisketril. (Plane grate selection systém in fish trawl.) Sluttrapport til
Norges Forskningsrad, Effektiviseringsmidlene, Prosjekt E 8041-8585.007
Kenney, LE., Blott, A.J; and Nulk, V.E. 1992a. Experiments with a Nordmiore grate in the Gulf of Maine shnmp
fishery. A report of the New-England Fishery Management Council to the National Oceanic and
. Atmospheric. Administration pursuant to NOAA Award no, NAS7EA-H-00052. '
Kenney, 1.E.,, Blott, A.J. and Nulk, V.E. 1992b. Preliminary Report. Nordmore grate catch comparisons

B ] el [ .V o g

cApenmonts int LIIE Gulf o aine Slululp LESNETY. I'CPUH o [IIC New Englanﬂ I."lSﬂEI'y Manaﬂement
1 e s e i
a1 [+¥

Council to the Nationa! Oceanic and Atmospheric' Adminisiration piirsuani o
NAR7EA-H-00052 .

Kennelly, 5.J., 1994, Development of by- calch reducmg trawl gears in NSW's prawn trawl fisheries. In, By-catch
in fisheries and their impact on theiecosystem.’ University of British 'Columbia Flshenes Centre

 Research Report 1994 Vol. 2 Ne. 1. ISSN 1198-6727, pp. 33-38.

Kennelly, $.1. and M K. Broadhurst, 1996.. Fishermen and scientists selving by-catch problems: Examples from
Australia and possibilities for New England:: Solving By-catch: Considerations for Todav and
Tomorrow.. Alaska Sea Grant College Program chort No.-96-03, Umversny of Alaska Fairbanks,

. p 121-128. ISBN 1-56612-038-1.

Kcnneliy, S.J., 1997. . The Australian procedure and éxperience with the intréduction and acceptance of new

.sustainable fishing technologies. International Expert Consultation on Sustainable Fishing

echnu!ogles and Practices. St. John's Newfoundland, Canada, March 1-6, 1968.

, 1397, A framework-for seiving by-catch problems: examples from New South Wales, Aust.raha
the easiern Pacific and the northwest Atiantic. in, Developing and sustaining world fisheries
resources: the state of science and management: 2nd World Fisheries Congress proceedings. Ediled
by D.A. Hancock, D.C. Smith, A Grant and J.P. Beumer. ISBN o 643 05985 7 CSIRO Press. pp.
544- 550. :

r .

™ _

1 [
Rennelly, 5.J

r

20



Kennelly. 5.J., 1998, Reducing wastage in fisheries through the developmen: of sustainable fishing iechnologies.
Commodity Markets and Resource Management, Proceedings of the National Agricultural and
Resources Qutlook Conference, ISBN () 642.26617 4, ABARE, Canberra. Vol. 1, pp. 211-217.

Kennelly. $.J. and T. Tokai, 1998. Solving by-eatch-issues in the prawn traw] fisheries of New South Wales,
Australia: observer programmes and selective gear research. NIDDDH Suisan Gakkaishi. Vol. 64

: pp. 317.(in Japanese): -

Kvalsvik, K., Misund O.A., Gamst. K.. Skeide, R.. Svellingen, 1., and Vetrhus, H., 1998 Size selectivity
experiment using sorting grid in pelagic mackerel (Scomber scombrus)trawl. ICES Working Group
on Fishing Technology and Fish Behaviour (FTEFB), La Coruna, 20 - 23 April 1998,

Lange, K., 1992, Selektionsversuche mit Trennginem (Selectivity trials with sorting grids}, Infn Fischw. 39, 4,
164- 165
3. Einsaiz von renngutem { sortmg grids) bei belcknonsvcrsuchen {Use of sorting grids in

elecnvﬁy investigations). Inin Fischw. 40,4,161-164

Larsen, Roger B, 1089: Pilot experiments with a new device in bottom trawis 1o avoid bycatch of juvenile fish.
Report, Norwegian Fisheries Highschool, 10 pp. (in Norwegian).

Larsen, Roger B. 1989: Experiments with different fish-shrimp-separators on board the R/V "Johan Ruud" June
. 1989. Report Norwegian Fisheries Highschool. (in Norwegian).

Larsen, Rozcr B. 1989: Norwegian selective shrimp trawl designs-and the results obtained. Joint meeting, PINR o,
Murmansk, April 1989,

Larsen, Roger B. 1989: Selectivity experiments and experiences with the "Nordmére” shrimp traw! gnd. Repor,
the Norwegian College of Fishery Science, University of Tromsé (Norwegian Fisheries Highschool)
{in Norwegian).

Larsen, Roger B. 1990: A new approach of size selectivity in commercial codfish trawls using the "trollex” system.
ICES W.G. Meeting, Rostock, April 1990.

Larsen, Roger B. 1991: Progress in the development of the Sort-X system for size selectivity of fish. Norwegian
Fisheries Highschool.

Larsen, Roger B. 1991: Selectivity experiments using a2 55 mm sorting grid in bottom fish trawls. EEC Workshop

. on Codend Selectivity, DAFS; Marine Lab., Aberdeen, June 1991.

Larsen, Roger B. 1991: The trollex project 1990. Experiments on sortmu grids'in f" sh trawls. Project report.

Norwegian Fisheries Highschool. (in Norwegian).

Larsen, RBE, , Bakrie, Z. and Yahya, M.A. 1991: Experiments with selective shrimp trawi usmgme *Nordmbre-
grid”. Report, Norwegian Fisheries Highschool

Larsen. R.B., Karlv.en L. Isaksen, B. and Valdemarsen, ] W. 1001: ZSG'rﬁ'i'g "rid i shrimyp trawis 1951, Technicai
manual. Flsherles Directorate. (in Norwegian). o

Larsen, R. B , Lisovsky, S, Isaksen, B., Sakhno, V.A. and Marteinsson, J.E. 1992 Expcnments with Sortmg Grid
(Sort-X} made by Russian and Norwegian Trawlers in July ]992 Report to the Mlxcd Norwegian-
Russian Fishery Commission, 21th Session.

Larsen, Roger B. 1992: A short history on the development of the Sort-X system for size selectivity of fish.
Newfoundland and Nova Scotia Mobile Gear Selectivity Workshop, Canada ADI‘II 1992 Technical
report, Fisheries and Oceans. Ottawa. pp 41-69.

Larsen, Roger B. 1992: New technologies - Size selectivity in trawls and Danish seines. Presentation at Nor-fishing
'02, Trondhein. (in Norwegian).

Larsen, Roger B. 1993: Techmcal manual on the Sort-X system for size selective fishing with bottom lrawls
Norwegian Fisheries nlgnbLﬂOOb‘t‘lSl‘lEl‘lES Directorate. pp 1-12. {in Norwegian}.

Larsen R B, and Isaksen B 1993. Size selectivity of ngid sorting gnas in bottom trawls for atlantic cod (Gadus
morhya) and haddock {Melanogrammiis aeglefinus). YCES mar. Sci. Symp., 196: 178-182.

Larsen, R.B. 1993. Selectivity experiments with 50 mm Sort-X for red-fish, Greenland halibut and saithe. Trials
with R/V "Jan Mayen" August 1993. Norwegian Fisheries Highschool. (in Norwegian).

Larsen R.B. and Isaksen B. 1993. Trials with the Nordmére grid on fishing grounds along Svalbard islands during
November and December 1992 (in Norwegian).

Larsen, R.B. and Schuliz, B. 1993. Sorting grid in bottom trawls (50 mm Sort-X) combined with’ T(}Q mm codend.
Norwegian Fisheries Highschool/Fisheries Directorate. (in Norwegian).

Larsen, R.B. 1995. Development of bycatch reducing devices for trawls, Infofish int. 3/95, pp 55-39.

Larsen, R.B. and Gamst, K. 1995. Experiments on saithe (Pollackius virens) with 530 mm sorting gids (Sort-X)
combined with 100 mm codend. Norwegian Fisheries Highschool. (in Norwegian).

Larsen, R.B. and Gamst, K.-1995. Selectivity -experiments on Greenland halibut (Reinkardtius hippoglossoides)
and red-fish {.)ebafses spp.) with sorting grids (Sort- X) in bottom trawls. Norwegian Fisheries
HIEIISCIIUUI {in 1‘uurwcglan)

La.rsen R.B. 1996. Results with 55, 80 and 100 mm Sort-X on cod and haddock during 1995 and 1996 on fishing
grounds along northern Norway. Norwegian Fisheries Highschool. (in Norwegian).

21



Larsen, R.B.. Misund. R., Gamst, K. and Maurstad, E. 1996, Selectivity experiments with sorting grids in botom
_ trawls.for saite. Norwegian Fisheries Highschool/ FlShe!‘lBS Directorate. (Ini Norweglan)
Larsen, Roger B. 1996. Construction and descriptions of Sort-X and top-cover used during selectivity trials &
examples of results obtained during 1994-1996 on different specu’:s of bottom ﬁ‘;h ICES FTFB
W.G. Meeling. Woods Hole, April 1996.
Larsen, Roger B. 1996. Experiments with a new, larger type of fish/shrimp separator grid with comparisons to the
_standard Nordmére grid. ICES FTFB W.G. Meeting. Woods Hole, April 1996.
Larsen. Roger B. 1996. Selective traw! fisheries - a useful investment for tomorrow’s fisheries? Presentation at
NorFishing96. Trondheim. (In Norwegian). :
Larsen, R.B., Gamst, K., Langedal, G. and Jensvoll, T. 1997. Selectivity trials and comparisons of two types of by-
' catch reducing 19.0 mm grids in shnmp trawls. Norwegian Fisheries Highschool. (In Norwegian).

Larsen, Roger B. 19%7: An introduction io uy catch reducing trawis in the northeast Atiantic fisheries. Presentation
at FishAfrica97, Cape Town, 23-25 Ociober 1557, :

ith a double-grid system and mesh selection in shrimp trawi ai West Greeniand, July
991 w:th M/T r «Pamiut»..Report from Greenland Fisheries Research Institute. (In Danizh).
Lehmann, K. 1994. Trials with a sorting grid and mesh:selection in shrimp trawl. West Greenland July 1994 with
M/Tr «Pamiut». Cruise report July 1994, Greenland Fisheries Research Institute (in ‘Danish). _
Lisovsky, S. F., Sakhno Y.A., Gorchmskv K V. 1996 Prehmma_rv Results from Rplpr-hmm of ,,Sgrg Vs Sorting

- hippoglossoides) in the NAFO Regulaturv Area { Dw 3L). NAFO SCR Dnc 96/%7 N 27122
IOpp .

Llsovsky, S. F., Sakhno, V.A., Sadokhin, M.K. and Kondrats_luk Y.A. 1996. On new Lechnology of selective
f ishery on Arcto-Norwegian cod./Materials from Report Session by results from PINRO research'in
1995, - Murmansk, PINRO 1996. Pp.203-210 (m Russia).

Lisovsky, 5. F. 1991. Recommendations for using the sorting grid system based on & single-grid dunng shrimp

fishery in the Barents Sea. - Murmansk, PINRQ, 1991. -16 pp. (in Russia).

Lisovsky, 5. F., Kondratsjuk, T.A., .Sakhno, V.A. and Sadokhin, M.K. 1993. Recommendations for using the

sorting grid systems based on rigid grid during.trawl fishery on Arcto-Norwegian cod. - Murmansk
. PINRO, 1993, - I5 pp. (in Russia).
Lisovsky, S. F., Sakhno, V.A. and Kondratsjuk, Y.A. 1996. Recommendahons for using the «Sort-V» sortmg

- A

systam based on a ‘"‘“"‘ erid duning traw! fishe nu.tu-uu:wcgldu cod. - Murmansk, PINRG,

1S-gNG SUnng was Oery On

]996 -14 pp. {in Rugsga) .

LlSOVSkY, S. F 1997. PINRO lnvequgannnq in the field of sgl_t:_-guv:h; of Fcl—mn- on manne c-rg":‘.‘.sms Materials uf .
the All-Russia meeting on development of ﬁshery St. Petersburg, 17-19 April, 1997. (Russia, in
press). .

Maurslad E. and Larsen, R. B. 1995 Initial experiments w:th anew and large type of fish/shrimp separator grid.
Norwegian Fisheries Highschool. (in Norwegian).

Maurstad, E. 1997.Selective trawlfishery for-pink shrimp (Pandalus borealis). Established technology compared o
“anew type sorting grid. Thesis in Fishing Gear Technology. Noregs ﬁskenhagskole Universitet i
' Tromsg, January 1997,

Matsuoka T and Kan, T. T. 1991. Passive exclusion of ﬁnﬁsh by trawl efficiency devnce (TED) in prawn trawling
in Gulf of Papua, Papua New Guines. Nippon Suisan Gakkaishi 57 (7}, 1321-29. '

Meillat, M..Dupoy, H., Bavouzet, G., George 1.P., Vacherot, ].P., Morandeau, F., and Kergoat, B. 1993:Compte’

pandin Aa mmioinas s s TIIMTT r-.rrr-rn-rn.

rendu de mission cooperation DRV/RH-DITI/NP J_,oncm L,ampagne lccrmologle 95 bssal d un

o
a buudi‘{}!\, (\..1 Uil

is
14!”6!01 au 7/07/91 IFREMER DTI/OOMNPA QNI

Y AN ey ‘.u—d"‘.E‘\ LA LASANIAIND My TIULL,

Melllat M. and Dupoy, H. et al 1994. Preliminary results of a trawl fitted with a selection rid for the fishery of :
benthic species from Celtic Sea and Bay of Blscay ICES Fish Capture Committee C. M 1994 B: 23

.. Ref.G.

Misund, O:A. and Skeide, R. 1992, Grid- sortmg of penned salthe ICES C.M. 1992/B:11.

Misund, O.A. 1994. Fangstregulering og seleksjon i notfisket (Catch regulation and selectivity in the- nurse ‘seine
fishery) . Sluttrapport til -Norges Forskningsrad, prosjekt 1902-701 393, Havforskningsinstituttet,
Bergen. Lo

Misund, O.A. and Beltestad A:K. 1994,  Size selection of mackerel and ‘saithe in purse seine. ICES CM
1994/B:28, Ref. G.H. 9 pp + 4 figs. ‘

Mlsund O.A. 1995, Seleks_]on i notfisket .(Selection in-the purse seine i shery) Sluttrappon til “Norges

- Fors mngbrdu, I’TOS_]ehl 104614/110. Bergen; 1. januar 1995,
Mitchell, I.F., Watson, J.W ., Foster, D. and R. Caylor. 1995, The turtie excluder device (“ED} Aguldc 1o better

b
ais
performance. NOAA Tech. Mem. NMFS- SEFSC~366 33 PP

22



Mitchell, J.F., Lohoefener. R. and ].W. Watson. 1989. A method for evaluating the exclusion of juvenile sea
turtles from turtle excluder devices {TEDs). Ninth Annual Workshop n Sea TUrlle Conservatiori
and Biology. Jekyll Island. GA. February 1989. :

Mitchell, J.F., Watson, J.W., Seidel. W.R. and A. Shah. 1990.. An aliernate prmoco] for the qualification of new
turtle excluder devices. Proc. 10th Annual Workshop Sea Turtles Conser. Biol. NOAA Tech. Mem.
NMFS-SEFC. 1950.

Mounsey, R. P., Baulch. G. A.. and Buekworth, R. C. (1995). Development of a traw] effictency device (TED fur

" Austraiian prawn fisheries I: The AusTED Design. Fisheries Research. 22, 99-105.

Mounsey R.P., Baulch G.A, and Buckworth R.C. 1995. "Development of a trawl efficiency device (TED) for
Australian prawn fisheries. 1. The AusTED design”. Fisheries Research, 22: 99-105.

“Ogren, LH., Watson J.W.and D.A. Wickham.-1977. Loggerhead sea turtles (Caretta caretta) encountering shrimp

trawls. Mar, Fish. Rev. 1270, Vol 39, No.i1, ppj: 17.Radcliffe, C. and Graham, N., 1994: By-catch
reduction in the Crangon crangon fishery of ihe Humber estuary 1992-1993. MAFF Internal Report.
Pndadni . Aosomboen, P. and Chokesanguan, B. 1936, Preliminary study on the Efficiency of Shrimp Trawl

‘Net. wnh Turtle Excluder Device. Tecnical paper No. 1. Marine Fisheries Division Department of
FlSheﬂES Mmlstl}' of Agriculture and Cooperatives, Bangkok, Thailand Renaud, M., Gitschlag, G.,
Klu:na, E., Shah A., Koi, D. and Nance, I. 1993. Loss of stirimp by turtle excluder devices (TEDs)
‘in coastal waters of the United States, North Carolina to Tgy‘nc March 1088 - Auguast 1990. Fish.
Bull. 91, 129-37, ' '
Polet H. 1998, Expenrnems with sorting grids in the Belman brown shrimn (Crangon crangon} fishery. ICES
FTFB WG Meeting, La Coruna, Spain, April 1998.
Revill, A.S. 1997. The Biological and Economical Impacts of discarding in the U.K. (East coast) Crangon
crangon fisheries. University of Lincolnshire and Humberside, Grimsby, UK. Report for M. AFF.
nget F. and Boje, 1. 1992, Trials with a sorting grid in shrimp trawl. Greenland July 1992, Report from Greenland
Fisheries Research Institute. (In Danish}.
,H,B., and Shanks A.M., 1997. Experiments with rigid grids in the Nephrops and Whlteﬁsh fishery.
Yarine Laboratory, Aberdeen, Report no. 4/97.
Robins- Troeger, 1. B. ,1994, Evaluation of the Morrison soft TED: prawn and bycatch vananon in Moreton Bay,
Quccnsland Flshenes Research. 19, 205-217.
Robms Troeger 1.B., Buckworth R.C. and Dredge M.C.L. 1995. "Developmem of a traw] efficiency device (TED)
for Australian prawn fisheries. IL. Fleld eva!da:.su of the AusTED". Fisheries Research, 22: 107-
117.
"Rogers DR B. D Rogers, JA. deSﬂva V L. anht and I W, Watson, 1997, Evaluation F
equlpped with bycatch reduction devices in mshore waters of Louisiana. Fisheries Research 33
(1997)55-72.
Rulifson, R.'A., Murray, J. D. and Bahen, J. J 199"J Finfi sh catch reduction in South atlantic shrimp trawls using
three desagns of by-catch reduction devices. Fisheries 17 (1), 9-19.
Ry'an, C., and Cooper, C., 1991. Experiments with a rigid separator grate in a shrimp trawl. Fisheries
Uevelopemcnt and Fishermen'’s Services Div. Project report NO 168, Dept of Fisheries and Oceans,

-----

™ T

Robertson J

~F ool
Uf R

Skeide, R. and Beltestad A K. 1994 Selcks;on av sei med fleksibel rist i snurpenotﬁsket (Selection of salthe using

‘ a flexible grid in purse seine). Interne notat 1994(16), Havforskningsinstituttet, Bergen.
Soldal, A.V. and Isaksen, B. 1994. Selcksjon og bidgdelighet i torskefiskericne (Selection and mortality in the cod
fishery), Sluttrapport il ;Iﬁrges Forskningsrad, prosjekt 1902-2100.049. Havforskningsinstituttet,

Soldal, AV., 1996 Bldmdehrrhm i nord_i.s.l.e tralfiskerier {{naccounted mott uy m ocanumawan u"awl fisheries.).
Vol. 1: Feltforsgk, Nord 1996:36.

Suuronen, P., Lehtonen, E. and Tschernij, V., 1993, Possibilities to increase the size-seic'ctivity of a herring trawl
by using a rigid sorting grid. Symposium on gear selectivity/ Technical interactions in mixed species
fisheries Dartmouth, Nova Scotia, 13-15 September 1993. NAFO SCR Doc. 83/119,

Suuronen, P., Lehtonen, E., Tschernij, V. and Orrensalo, A. 1993: Survival of Baltic herring ( Clupea harengus L.)
escaping from a trawl codend and through a rigid sorting grid. ICES C.:M. 1993/B.14.

Suuronen P., Perez-Comas J.A., Lehtonen and Vesa-Tschemnij. 1996. Size-related mortality of herring (Clupea
harengus L.) escaping through a rigid sorting grid and trawl codend meshes. ICES J. of Marine
Science, 53: 691 -700.

Tait, D, W. 1995, Report on Selecuvlty Expenmenls for the Separation of Cod: from Flounder - Trawlmg Nordsea
Lid, For DFA. Prov . and DFG, Ottawa

Thiele, W., 1994: Einsatz vo Gr" rg.ttem {(Use of somng grids). Infn Fischw. 41,1, 41-46.

Thorsteinsson, G. 1991. Rigid grids in shrimp trawls, Cruise chort D-11-91. Marine Rescarch Institute,
Reykjavik.

Thorsteinsson, G. 1992 Underwaler TV observatlons on 1400.M shnmp trawl with' grid. Cruise report D-10-92.

:1:
C

I3
w



Maring Research Institute, Reykiavik, . : :

Tokai T Omolo S., Sato R, and Matuda A K. 1996. "A method of determmlg selectivity curve of separator grid”.
Fisheries Research, 27 (1-3): 51-60.

v. Mar]en B., Lange. K., Wardle, C.5...Glass, G.W. and AShCroft B. 1994 Intermediate results in EC pro_]ect “TE-
3-613 lmproved species and size selectivity. of midwater trawls (SELMITRA) ICES CM. 1994/
B:13

Valdemarsen, J.W_and Isaksen.B. 1986: Further experiments with Radial Escape: Secuon {RES) as fish-shrimp
separator in trawl. ICES C.M. 1986 /B:29. 7 pp.

Valdemarsen, J.W. 1989. Forbedrel stprrelsesseleksjon av reke. Seleks_jonsforspk med Nordmersrlsta i 1400

- Combi Reketrdl med M/S "Fjordfangst” (Improved size selection'of shrimp - selectivity expenmems
_ usmg the Nordmore grid in 1400 Combi shrimp trawl). FTFI-arbeidsnotat 09.06.89.

‘;’aldemarsen, JW.and B. Isaksen. 1990 a meroveu size sélection of shrimp, Two gnds’ to sort out fish and
.. undcr-sized shrimp in trawl. FTF1 report tpan) 02-90. (In Norweglan}
* Valdemarsen, J.W. and B. Isaksen. 1990 b. Improved size selection of shrimp. Trials with shrimp and fish gnd m

_ _trouser trawls with M/S. «Fjordfangst» in February 1990. FTFI report (part) 04-90. (In Norwegian).
Valdemarscn W and B. Isaksen, 1990. Forbedret stgrrelsesseleksjon av reke. To rister for 4 sortere ut fisk og
underméls reke i tral (Improved size sélection of shrimp. Two grids to sort out fish and undersized
shrimp). FTFI-delrapport 02-90, 18.01.90. .
Valdemarsen, J.W. and B. Isaksen, 1990. Forbedret smrrelsesse]ekqmn ay reke. Forsgk med r
- delt reketrdl med M/S "Fjordfangst” i-februar 1990 (Improved size selection o
" shrimp- and fish grid in a shrimp trouser trawl). FTFI-delrapport 04-90.
Valdemarsen, J.W. and J.T. @Dvredal, 1990.-Motstand av og vannstrgm gjennom seleksjonsrist i reketrél
(Hydrodynamlc drag and waterflow through a‘'selection gnd in shnmp trawl). FTFI-delrapport 04-
90, 14.05.90.
vaidemarsen J.W., B. [saksen and 1.T. Q’Jvredal 1990. Malmg av vinkel til sortenngsnst i reketral (AHEIB
‘ _ measurements of a shrimp trawl grid). ‘FTFI-notat, 09.01.90.
Valdemarsen, .W., B. Isaksen and R.B. Larsen, 1990: Observasjoner av atferd il fisk og reke og seleksjons-
innretninger i reketral med M/S."Fjordfangst™ i juni-juli 1989 (Behaviour observations on fish,
shrimp and selection devices in a shrimp trawl). FTFI- -delrapport 01-90, 11.01. 89,

Valdemarsen, I W, and L. Mikaelsen, 199}. Préliminary tests with grid arrangcments to select sizes of shfimp in’
 trawls ICES FTFB WG Working Doc. Apr.! 1907
Valdemarsen LW, and L Mlka]qen 1991, P‘rPhrrung_ry tests ‘-‘v’ith a s . np. in
trawls. ICES Fishing ‘“Technology and Fish Behaviol...r Working Group Meeting, Ancona, 22-24
" April, 1991, '
Valdemarsen, J.W. 1992, Separator gnd in :he aft be]iy nf shrimp trawls reduces bycatch of ﬁsh Contnbutmn to
o Trawl Gear Selectivity Workship, Vancouver, 27 Nov 1992.
Valdemarscn, T W. 1993, Grid devices to size select shrlmp in LraWIs FCES FTFB WG Meeting, Gothenburg 19-
20 April 1993.
Valdemarsen, J.W. 1993 Seleksjon i rekeﬁsket (Selecnon in'the shrimp fishery). Sluttrapport NFFR-prosjekt
1701-2100.061. Rapport fra Senter for MArine ressurser nr. 13 1993, Havforskmngsmsmuttet
. Bergen, april 1993.
Valdemarsen, J,W. 1993. Seleksjonsforsgk med rist i reke- og’ smkrepstral {Selectivity experiments using a gnd in
. shrimp and Nephrops trawl}, Rappon fra Senter for marine ressurser nr. 2- 1993,

amparentadacttar Ta_—- o Ia_iion 100
. Ha‘-fo. .uunuE.:i ISTITUiS
o

‘3

LCL, b
Valdemarsen, LW, 1993 V-rist - en .JM nativ 1";'1761'11"@ for sei‘ku’v’ reketraling (V- gna an auernatwe devnce Ior
T » 10T MATIne Te3surser nr- 1 w:u,
Havforskmngsmsmutlet Bergen anuar 1993, '
Valdemarsen, J.W., Lehmann, K., Riget, F.-and Boje, J 1993 Grid devmes to selecl shnmp size in trawls ICES
© C.M. 1993/B:35, Ref. K,
Valdernarsen IW. 1994, Glassﬁbre selection grids in shnmmrawl Internal report; Marm_e Res
. Bergen.(In Norwegian). : ' B
Valdcmarsen. J. W, 1996. A review of Norwegian research with. grld sortmg devlces in towed fishing gears. ICES
, FI'FB WG Meeting, Woods Hole, 1996.-
Valdemarsen, J.W., Thorsteinsson, G., Boje, J.. Lehmann, K. and ].A. Jakobsen. 1996, Selecnon in shrimp trawl.
' Trlals with grid technology and square meshes 10 improve size selection of shnmp in the trawl,
: ﬁshery Report to the:Nordic Minister Council. TemaNotd 1996:520. (In Scandinavian).
Valdemarsen, J.W., Ulmestrand, M. and West, C.W., 1996. Experiments on size-selectivity for Norway lobster
using sorting grids in ihe afi trawi belly: ICES Grid (Grate) btudy Group Woods Hole, '
Massachusetts April 1996.
Watson, J.W. and C. McVea. 1977. Development of a selective shrimp trawl for the southeast ern Umted States
. penaetd shrimp fisheries. Mar. Fish. Rev. 1267 Vol. 39, No.10, pp 18- 24. '

arch Institut

24



Watson, J.W. and W_.R. Seidel. 1980. Evaluation of technigue
southeastern United States shrimp fishery. ICE ,

Watson. J.W. 1982, Construction. installation and handling pr rés for the National Marine Fisheries Services's
sea turtle excluder device. NOAA Technical Memorandum, NMFS-SEFC-71.

Waltson. J.W., Workman, LK., Taylor, C.W. and A F. Serra. 1984. Fishing configurations of comman shrimp
trawl desmns employed in Southeastern Uniled States waters, NOAA Technical Memorandum R
NMhb 3

Watson. J.W. Miicheli. J.F. and A K. Shah. 1986, Trawling Efficiency device, a new concept for selective shrimp
lrawling gear. Mar. Fish. Rev. 48(1).

Watson, L W. and C.W. Taylor. 1986. Research on selective shrimp trawl designs for penaeid shrimp in the

United States. FAO expert consultation on selective shrimp trawl development. Mazatlan, Mexico,
LAY 1086.

Watson, I W, 1988, Southeast TED Experience. Conference Pr Ucecumgs Gear Seleciivity as a Management
Tool., MIT Sea Grant Publication MITSG-86-18

aga (erant FubDifalion Miaioswu-oU-10, JI P
Watson, J.W. 1988, Observations of Gulf of Mexico Pelagics. Conference Proceedings. Gear Selectivity as
Management Tool. MIT Sea Grant Publication MITSG-86-18, 57 p.
Watson. I.W. 1988.. Marine, fisheries engineering and technology in-the United States--1987. Marine Fisheries
Commitlee Marine Technology Society.

Watson, J.W. 1989. Fish behavior and trawl design: Potential for selectwe trawl development, ‘World 1d Symposiam
on Fishing Gear and Fishing Vessel Design Proceedings. Marine Inst ,ute St, John's, Newfoundland,
Canada.

Watson, J.W. 1989, Marine fisheries and engineering and technology annual review. Marine Technology Society.

Watson, J.W. and C. W. Taylor. 1990. Research on selective shrnmp trawl designs for penaid shrimp in the United
States. Proceedings of the Fisheries Conservation Englneenng Woarkshop. Apr. 1990, Rhode Island
Sea Grant, Univ. of Rhode Isiand Publication NO. P1202.

Watson, L.W., Workman, LK. and B.D Halaway 1992. 'The behavior of fish and shrimp encountering trawls in
the Southeasiern U.S 'pcudc:u shrimp fishery. M T5'92 Procecdmgs October 19-21, Washington

Watson, J.W. 1992, Status of, know]edge in the United States. reiaung fish behavior to the reduction of bycatch.
Proceedings of the International Conference on Bycatch in the Shrimp Industry. May 24 -27, Lake
Buena Vista, FL.. Southieastern Fisheries Assoc

Watson, I.W. 1992, Trawl] gear modifications to redice byr_;a i
MTS '92. Proceedings, October, 19-21, Washing

Watson, J.W., Workman, 1.K., Foster, D., Taylor, C. W Shah, A Barbour, J. and D. Hataway. 1993. Status
report on.the potential of gear modifications to reducé finfish bycatch in shrimp trawls in the
Southeastern United States. NOAA Technical Memorandum, NMF5-SEFC-327, 131 pp..

Watson, J.W. 1995, A Cooperative research program addressing finfish bycatch in the Gulf of Mexico and South
Atlantic shrimp fishery. Proceedings of Bycatch Conference, University of Rhode Island, Ann]
1995,

Watson, J.W. 1958 The :Southeastern United States _procedure ar_ld cxpenencc with the mtroducnon and
acceptance of new sustainable technologies. Intérnational Expert Consultation on Sustainable.
Fishing Technologies and Practices, FAQ, St: John's Newfoundland, Canada, March 1-6, 1998.

Wienbeck, H, 1997: First trials on the selection of a sorting grid in the commercial fishery for brown shnmps
I(‘FQ A Q C. 100'7}1:'1: 08

Wienbeck, H:,1993: Trenngitter - eing Alternative Z chiemetzen in der Garneienfischerei {Sorting grids -

. an alternative io sievenelts in the brown shamp fishery). Infn Fischiw. 42,1,36-41.

Workman, LK., Watson, J.W. and J.F. Miichell. 1986. Underwater methods and equipment used by fishing gear
researchers in the southeastern United States to study and evaluate trawling gear. FAQ expert
consultation on selective shrimp trawl development. Mazatlan, Mexico, Nov. 1986.

Zachariassen, K. and Jakupsstovy, S.H. 1997a. Experiments with grid sorting in a mixed industrial fishery at the
Faroes. Working Doc., FTFB WG April 1997.

Zacharntassen, K_-and Jakupsstovu, SH. 1997h. Grid somnu in a trawl fishery for lemon sole. Working Doc., FTFB
WG April 1997, >

e Sauthcastem United states snrlmp fishery.

L
Iy

T
CNn A Tic

[+

25



Appendix I.

1.0
¥a)
oo
I.’li
0
Q
o |
St
50

Minutes of the Studv Group Meetmq 18 &_ 19 April,
Sp in

April 18, 1998

Chairman: Bjérnar Isaksen
Rapporteur: Bill West

1. Opening remarks and appoihtfnent of Rapporteur — Chairman Bjornar Isaksen

2. General arrangements ~ Sr. Pablo Carrera.
3.. Introduction of Study Group pa.rtieipants N
4. Review of Study Group’s prior activities and Terms of Reference
5. New Te’rms of Reference for this meeting .
Complete the review of grid selectlwtv and uqage and prepare a final report containing:
1. I selectlvnv nammererc for nets with and without grids, and relevant
associated data for finfish and shellfish; o
i. .. estimates of the impact of actual and potential grid usage on discard
_ levels for non-target species in various fisheries;
1il. and a comprehensive bibliography on grids.
6. Contributions on general issues '

Gerald Brothers, Canada — Brief update on efforts ineastern Canada (p'aper)

Kurt Kvalsvik, Norway SIZC selectlon expenment using sortmg grld in’ pelaglc mackerel

traw} {paper).

A high exploitation rate makes it necessary to us ive fishing gear to maximise

the growth potential of the resource. There is also a strong price differential according to
fish size that also favours the selective harvest of larger fish, especially fish weighing 600
gm or more. Experiments were carried out on the west coast of Norway with a single grid
insialied in a pelagic trawl. The grid was 3 m long by 2 m wide with.an aluminium frame
and. GRP bars spaced 42 mm apart. A guiding ramp was installed in front of the grid, which
was held at a 30-degree angle within the extension piece. The grid was attached at its
leading edge to the top of the extension and sloped down and aft, with a gap between its
bottom edge and the floor of the extension allowing passage of retamed ﬁsh into the
codend. Towing speeds were aw"nd 4.5 knots, and flows through the grid were about the
same except when there werc large fish conceniraiions in the grid section: The first trials
yielded 48% selection, with smaller fish escaping through the grid into a collection bag. In
the second trial 40% of the fish were selected out, again with reasonable size selection. The
L50’s in both trials were about 37 cm, with a wider selection range on the first trial where
more small fish were encountered. It appears that reductions in the bar spacing may be

aprdi2lls

needed in order to optinmuse selectivity. A Scanmar grid sensor proved useful for detec;:r g

when fish were passing through the grid and indicated when fish were schooling too
heavily in front of it. No escapee survival studies were carried out, but results from tests on
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survival of mackeiel escaping froim a purbt‘. seine tnrougn a grid sucgest that survival
should be high.

The grid was large relative to the deck space ti/pically available on this class of vessel,
causing some handling problems. A new version has been developed, articulated in four

sections to-roll up onthe net drum and employing 38-mm bar spacing, but no trials have
been carried out yet.

Unlike other studies with similar gear and species, no cases were observed with very
pulses of fish accumulating in front of the grid and blowing out the trawl before they co
pass through the grid. There are no plans at the present time for focused escapee survival
~ studies, but video observations during upcoming experiments should indicate likelihood of
" “injury rates. High catch rates in this fishery are problematic for present survival research
methodologies.

lar
r_'ll

...l:..

- Bjornar Isaksen, Norway — Development and mtroductxon of grid sorung systems for
bottom trawl —“Sort-X"" (paper)

Grid use became mandatory in 1997 in the B.a.re'n'ts_ Sea groundfish bottom trawl fisheries.

T Mlha S0 et WY Sl S o

The “Sort-X" grid (see paper for description) was specified for Nerwegian and EU trawlers,
while a simpier, smailer, and cheaper design employing a single grid was certified for use
by Kussmn vessels.

Prior to the mandate many Norweg1an vessels used Sort-X grids on a voluntary basis,
¢mploymg very large bar spacings.in order to high-grade the fish. After grid use became
; maﬁdatory'complaints were made about risk factors during bad weather, resulting in a
dispensation from the Norwegian Fisheries Directorate, leading in turn to abuses by some
vessels. There also were complaints that the use of Sort-X grids increased the wear & tear
on the extension piece & codend. Apparently the fabric guiding panel behind the grid acted

as a rudder;; guiding the codend and extension against the bottom. Finally, there were
COHIPI&II‘I[S that these Q’n(‘k were to0 exnensive,

2% PN elapreddsa

- Initial trials with the Russian single-panel grid gave poor results in two-paneltraivls as used

‘by Norwegian vessels, but further work with a lifting panel to direct the fish against the top
_ front of the grid gave better results. Recent results have yielded comparable L50 values for
- the Sort-X and the single grid systems, but the selection range and variability were greater

for the single grid. Upcoming sfforts will test the use of supporting ropes or chains to
stabilise the single grid’s angle of attack io see if it'can be made to perform as well as the
Sort-X. If these are successful, the Directorate will allow its use as an option but will also

take a away the bad-weather dispensation. Single grid systems- are also being considered for
use in Namibian fisheries.

Daniel Priour, France — Tests of a grid for monkfish in the Bay of Biscay (paper)

. Estimates of discards in the Celtic Sea and the Bay of Biscay indicate that about 60 million
individuals of.benthic species (monkfish, megrim, rays, etc.) are dlscardcd annually by
European Community fishing vessels. Most of these fish do not survive.

An experiment was carricd out on a 15-day cruise on a rrcncn trawler using twin trawls to
" test a systemn for separatmg under31zed fish from marketable fish. One of the trawls was
- ﬁtted with a rigid gr1d with vertlcal bars spaced 110 mm apart and horizontal bars 50 mm
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apart. Small fish passing throug
directed up into a collection ba ag. The other trawl remained uncha.nged or comparison.

No short-term losses of commerciai fish were observed during the survey, while 60% of the
unuersuea fish escapea through the grid. If all the intemational fleets targeting these
Dcntmc species were to adopt the selective grid, a long term gain ranging between 20% and
30% in weight should be observed. Recent tests have been made with a flexible articulated
grid, with springs between the sections and designed to wrap up onto a net. drum.

Selectlwtv results were mmllar a_nd the pra_t ical results were very positiy ve.

Mats Ulmestrand chden The use of Nordmere grld for spcmes selection in the Swedxsh
inshore shrimp trawl fishery (paper) -
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There are concerns in Sweden
community as well as target

finfi . Trials were conducied with the
ducing by-catch of small fish. Tests were conducted in a

marine preserve area that was closed to trawling in 1989 and set aside as a test area: There
was no significant loss of shrimp, but 85% of the ﬁnfish were sorted out. The principal
finfish by-catch’ species was Norway pout, Wthh was considerably reduced by use of the
grid, while by-catches of commercial spemes were reduced even more. Only the very
smallest cod failed to escape when the grid was used. These results show that gr "f-r‘ use can
be very effective and regulations are being prepared to require their use. Sorne voluntary
use is already taking place. Angle of attack was not measured since the design is the same
used in Norway, Wthh has been well documented. Some problems were seen when

towing along steep.contouss. It was important: to ensure that the angle of attack was nclther

+h + +
Nerdm,@re "nd with the intent o

Craig Rose, USA - Imt]a.l tests of a ﬂemble grate for size selecuon of trawl caught fish
- (paper) -

T +nlea

T'o take advantage of the fish selection features of grate devices for trawls, while avoiding
nancumg probiems, a grate was designed for installation in a trawl intermediate’ that was
" flexible enough to bend around a net reel, but rigid enough to maintain consistent, long,

" rectangular openings for fish size selection during trawling. This grate was tested for size

selection of walleye pollock (Theragra chalcogramma) in the Bering Sea. A grate with 44-
t
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min spacing had an 1.50 of 37 cm and a selection range esumalw at 10 cm. Very few fish
" longer than 44 cm Pﬂr‘ﬂfw* This, lsng’ corresponded to a pollock wiih a head width equal
to the 44-mm bar spacing. The grate as easily deployed d retrieved from -a* net reel,

without any special procedures.

Ruben Ercoli, Argentina—.. -

There are problems with. by—catch of hake in the Argentinean red shrimp fishery.' Recent
" efforts have gone into a loca] refinement of the Nordmgre grid, the Disela II, which uses
two grids in tandem to can'y out two-stage fish sorting. There is a guiding funnel in front of
the first grid directing all organisms to its lower edge. This first grid with its large bar
spacing excludes large fish, WHile reduced watér flows in front of the second, more closely-
spaced grid facilitate the escape of small fish. 75 double-rigged shrimp trawlers are now
using this design on a mandatory basis, with good results. The “Dejupa” single-grid system
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is used to reduce

Norway.

Derek Gaibraith, Scotiand — Grids have been tested for size-sorting whiting. haddock and
flattish. but results were highly variable and not very promising with the 40-mm spacing
tested. A cylindrical grid with 20 mm bar spacing was tested for Nephrops, and it showed
that about two thirds of the undersized Nephrops were sorted out but losses of marketable
animals were unacceptably high.

Erdmann Dahm, Germany — Experiments have been conducied to use grids to reduce
juvenile finfish by-catch in the brown shrimp (Crangon) fishery. Similar in concept to the
Nordmgre grid, the grids were made of stainless steel and were mounted within a metal
cage to maintain a constant angle of attack. Towmg speeds were around 2.5 kn. Bar
spacings of 18, 20, 22, 26 mm bar spacing were evaluated. Results are still being analysed,
“but finfish by-catches were reduced 34 to 56% at different spacings. Shrimp loss rates were
10% or more, which is unacceptably high for the commercial fishery. New trials are
- underway employing 30-mm bar spacing, and tests or 34-mm grids are being considered.
**'Sieve nets sulI show superior performance compared to grids.

.Hans Polet, Belgium — Nordmgre-type grids with 14-mm bar spacing were tested for the
. brown shrimp beam trawl fishery. On the research vessel, good results were obtained in
_terms of excluding undersized and non-commercial finfish, with about 10-15% reduction of

shrimp, especially small. shrimp. Similar trials on a commercial vessel were not so
successful due to heavy clogging with starfish. Comin i

ng with starfish. Coming efforts w}ll focus on pre-sorting
4 1 valto Alitatmad S S L YTIF
 starfish, Thcrf: is m"ch interest in the inconsistent tesults obtained in Germany, the UK,

" and Belgmm since all three countries efforts examined similar gear types in pursuit of the
same species, Perhaps different conditions and features relating to such factors as grid

position, gear d851gn details, water ﬂow regimes, or debris could explam these differing
-results

~ Kristian Zachariassen, Faeroe Islands — Results from industry indicate key importance of
understanding -& managing water flow in and around the grids. Excessively fast or

turbulent flows impede small fish escape efforts. In their research they have observed
Nephrops clogging the erids (22-mm bar spa cmg ) used in the pa‘ ut fishery, but ihis may be
explained by the gnid angle of 55 degrees, which 1s so mgh the Nephrops cannot slide

7. Discussion of new efforts to estimate selecnv;ty parameters - No comments on this topic
were offered.

8. Presentations & discussion of impacts of grid usage

Gerald Brothers, Canada — Estimates of the impact of actual and potential grid usage: on
discard levels for non-target species in various fisheries in Canada (paper).
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Grids are mandatory in silver hake and shrimp fisheries taking place in Canadian waters,
for both Canadian and foreign-registered vessels. The shnmp resource off Newfoundland is
growing although cod stocks are not yet coming back. In the Gulf of St. Lawrence there are
131 shnmp vessels. Most shrimp are caught by vessels < 20 m. Shrimp must be landed

Tests in 1991 with Nordmegre grids showed 2% shrimp loss with 97% finfish sorting. Since

1994 the fleet has switched almost exclusively to plastic grids. Several grid spacings have

been tried in the commercial fishery but efforts are underwa

spacing of 22 mm. Observers on commercial vessels found an
]

of less than 4% over a shrimp catch of over 18,000 tons.

to rationalj

- The northern: shnmp stock which includes the Davis Strates, of the coast of Labrador the
north-east coast of New Foundland and the Flemish Cap was harvested by factory freezer
trawlefs up to 1997. Prior to grid usage this fishery had around 16% finfish b by-caich. Grids
became mandatory in 1994 on a contingent basis dependent on by-caich, fully mandatory in
1997, Now finfish by-catch r i wn to 2.4%. Turbot by-catch, espemally for
refatively small fish, is still a bit too l'ugh in'some areas so efforts continue 1o reduce this
by-catch. Comparison of 22-mm vs. 28-mm grates showed negligible differences in shrimp
catch but a big reduction in turbot by-catch with the smaller grid spacing. Over 270 vessels
are expected to fish shrimp in 1998, an increase of around 100 vessels over 1997,

Work has been done to develop a size-sorting grate for shrimp. Larger-mesh and square

mesh_codends ‘have had marginal success. Premium prices are paid- for large shrimp
(> 6 gr.) while the smallest (< 2 gr.) have no commercial value but are still counted against
the quota. They have tested a tandem system, with the: front grate excluding fish and a
second grate used to size-sort the shrimp. Wa

retarded, and sorting success has been poor. Tf:
twin trawls. Testing continues.

The silver hake fishery requires use of a 40-mm grate to exclude cod, haddock and pollock.
Many of the-excluded cod and haddock are small enough ta pass through the grate with the
hake, but do not because of behavioural differences c ate use has becn very successful
with no complaints from industry.

Another effort has been directed towards separating roundfish from flatfish. A single grid
with vemcal bars at 127 -mm spacmg and 65 degree ang}e of attack was nearly 90%

Tests were conducted with the Sort-X grid but at high catch rates small cod were not.able
‘to-escape, also the selection range was unacceptably broad. Recent efforts with the Sort-V
single grid have been more promising, especially with 55-mm bar spacing vs. 60-mm. By-
catch performance is monitored by fisheries observers, with about 10% coverage.

In the small-boat fleet plastic is preferred over stainless steel because it is lighter and does
not require so many floats. Now about 90% of the vessels use plastic and the rest use
aluminium. The situation is different with the larger factory traw]ers which almost
exclusively use stainless steel. ,

No' survival s 'u:eo han, bbuu CGHuuu.c:u on bnrnnp or Imnsn escapees, but video
observations suggest that there is little mechanical contact that could lead to injury.
Norwegian studies on survival of finfish escaping through a Nordmgre grid showed that
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shrifnp escaping through
eck-sorted shrimp.

: mic impacts of discardi
Andy Revill, England — The biological and economic impacts of discarding by the U
crvarm ohaanm Fok i o Flo oo fo o
{East Coast) brown shrir 1p Hsnng icel (paper)

Crangon grounds also are usually nursery areas for finfish. Crangon are mostly fished with
beam trawls, with 20-mm codend mesh sizes. Juvenile finfish by -catches are quite high,

commonly around 50%. Typically the vessels are sinall, 300 HP or less. There are many
more vessels involved in this fishery in Germany and the Netheriands than in France,
| P | TYYr

- Denimnark, - and-.the UK. Studies showed ‘large numbers of finfish discards, but no
evaluations had been made on the biological or economic significance of these discards.

Revill applied various models to evaluate economic for the UK fleet. He estimated discard
reductions attributable to grids and sieve (veil) nets, converted to reductions at age for the
finfish species, then used these as input values in various biological and economic models.

The models also included discards by other fleets, natural mortality, and economic value.

fleet used sieve nets would be nf:.a.rly 1 million pounds, and this should be a bit higher if
grids are used instead of sieve nets. The model shows that it is important to look at final
biological and economic parameters, not just initial discard quantities. The model did not
consider such economic costs of using selectivity devices as loss of target species, which
seem to be around 10%. Revill also pointed out that economic benefits (e.g. increased value
of piaice catches) will not necessarily fall to the Crangon vessels operators who incur the
costs of reducing by-catch. Since these were single-species models, effects of ecosystem
responses could not be evaluated.

Hans Polet, Belgium - More on the Crangon beam trawl] fishery — Comparison of
selectivity with and without grids. Wave heights and the presence or absence of hydrozooan

fouling organisms, together with catch size, explained about 70% of the variability in the
selectivity results when testing without grids. Grids yielded L50 values near the upper end
of the range observed for nets fished without grids. Finfish selectivity was -very poor with
the 20-mm codends used in this fishery.

Whole-traw! selectivity for shrimp was also observed by means of coliection bags attached
to the trawl body. For commercial sized shrimp, about 80% remain in the codend, but for
undersized shrimp much more selection occurred in the trawl body than in the codend.
With the grid installed, about 1/3 of the shrimp escaped from the codend perhaps because

the catches were cleaner and there was no mesh blockage.

In terms of catch composition there were 25 non-commercial species caught (and
discarded) vs. one species of shrimp and 9 species of valuabie fish.

The grids were made of plastic pipe and had bar spacings of 12 mm initially, then 14 mm

during the remainder of the study. By-catch rates were evaluated by means of collection
bags just covering the grid ouilet during triais made using a research vessel, while a

different collection bag surrounding the entire codend was used during trials aboard
commercial vessels.
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be entramed in thc water flowing out the grid outlet so they were not caught at-all, while
around 10-15% of commercial sized shrimp were lost.

There was a strong size-selective effect with the 14-mm spacing Small shrimp seemed to

The opposite effect was seen for flatfish: small fish were not sorted out very well, but larger
fish escaped. Very few whiting were retained, while cod followed a pattern similar to the
flatfish. When trials were conducted on a commercial vessel, the finfish patterns were
similar but overall catch rates were at 2 lower level. This may be due to mghcr waterﬂow
throueh the fish outlet since these experiments were carried o ;
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Meeting adjourned for the day.
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Appendix II

Gerald Brothers, 1998: Estimates of the impact of actual and potential grid
- I : “yignoa i J SRR, JRE B B

usage on discarded levels for non-target species in various
fisheries in Canada. La Coruiia, Spain, April 18-19, 1998.
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I.. Introduction

Declining fish stocks in Canada and a growing concern for conservation has given
rise to pro-active efforts by the fishing industry in co-operation with government
agencies to deveiopand adopt sustainable fish harvesting technologies.

In the 1980'* the fishing industry began using square mesh codends and larger
diamond mesh to reduce the catch of juvenile fish. However, the by-catch of other
species in the shrimp and silver hake fishery resulted in some areas being closed.

Followmg the development of the nordmore grate bv a fisherman in northern
Norway in the 1980’s, Canada was guick to transfer thn echno!cgy.

This paper will highlight the adopting and implementa_tion of the nordmore grate
into the Canadian shrimp fishery. {t will also dis'cuss modifications to-the original
grate which has been commercially used in some fisheries. Further developments
to the orlgmal system are contmual ly belne tested to resolve outstanding by-catch
problems.-

Il ‘Impact of the nordmore grate on the Canadian shrimp fishery

:-h

in Canada there are four separate stacks of shrimp; three on the Atlantic Coast and
one on the Pacific Coast. The three stocks on Canada’s east coast are: Gulf of St.
Lawrence Northern'Shrimp Fishery and off Nova Scotla Shnmp fishers on the west
anada harvested 5,000 mt of sh muunp in 1357. Some fishers on the Pacific
nord n a voluntary basis, however, many do not.

The impact of the nordmore grate on the Canadian shrimp fishery will describe |
developments and adopting only on the Atlantic coast.

The shrimp fishery began in the Gulf of St. Lawrence in 1965. It is being persrled
by fishers from Quebec, New Brunswick and Newfoundland. Catch and effort has
gradually increased over the years. In'1997, 131 vessels, 35 between 20 and 30
meters and 96 < 20 meters, harvested 20,031 mt of shrimp. Between 1990 and

1996 the catches ranged as follows:

YEARS 1990 1991 1992 1993 1994 | 1995 1996

SHRIMP
CATCH MT | 15,372 | 16,279 | 12,757 15,461 | 16,210 16,634 | 18,111
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While by-catch data is not avaiiable for aii years, there was some data collected in

1991 (Hurtubtse 1 992)

)
Oj.

SHRIMP.

SPECIES REDFISH |~ TURBOT
CATCH (M 3,793 2,235 777 16,279
% DiISCARDED 64 67 .32

In 1991 nordmore grate ex
Traditional :h”mp tran

e s AT e

P

eriments were carried out on six Quebec shrimp boats.
Al Ic LASIY

VY i ¥Y u"% equlppcu VVILII nUIUl”UIE Erale§ Wlln l:’mm Dar
s over the fish reiease opemng During 126 sets, 93 mt of

shrimp were caught in the codend and only one mt in the retainer bag. The by-
catch of groundfish amounted to 1.9 mt in the codend and 27 mt in the retainer.

bag. The nordmore grate resulted in a 96.6% reduction in. groundflsh by-catch
WIth Onlv a 2% c.hrlrnn Inq: t'TahIp 1.

Experiments with the nordmore gl'ale resulted in the mandatory use of the grate in
the Gulf of St. Lawrence in 1993,

In 1995 observers went to sea for 63 days in the norther

different vessels. The catch observed was 123 mt of chri

hnrr‘l e Y 200

PN 0/ .
:normc in the h\r.r:\h:h were: herring 0.3%, Capc!

in 3.4 o d |d C,C!d 0..-2'!9.
Durlng the Iast two years there has been lncreased catch rates of turbot and atlantic
hallbut in the Gulf of St. Lawrence ThIS may be attributed to the nordmore grate.

TABLE 1
NORDMORE GRATE EXPERIMENT
QUEBEC 1991

NO. OF VESSELS - 6 TOTAL # OF SETS - 126
CATCH CODEND RETAINER | % REDUCTION
SHRIMP - - r
| 208,821 4,218 2,0
GROUNDFISH (BY-CATCH) - | B
2,167 60,811 96.6
_TOTAL
210,988 65,092

[#%]
0




2. - Northern :hrlmp rlsnery

The northem shrlmp f:shlng area extends from NAFO Division 3K off the northeast
coast of Newfoundland in the south to NAFO Division 0 in the Davis Straits in the

H L.
north (Figure 1). Fnllnwmc exploratory surveys in the mid 1970's which showed
od

M
AW
2

-<
<
F

...,}t

s,.er'y begar. in 1977. Until 1997 this fishery was persued by

13 faciory freezer trawlers which are owned by 17 licence hoiders. This fleet also -
fishes shrimp in NAFO Division 3M when their individual shrimp quota inside |
Canada'’s 200 nm economic zone is taken. Table 2 gives a breakdown of the
shrimp catch and:by-catch species most commonly caught by this fleet from 1987 to

1994 (Kuika 199'5] Table 3is fhp same data nvnrn::nrl as a nercontaoe ~Af tha 1o LI'JII

e Le g ie ) .J\.-I Ldiuagc ol <

of those five species; cod, american plaice, rcdf.ah, turbot, and shrimp. The by-

catch for most years averaged 14%. However, following the voluntarily use of the
- nordmore grate in 1993 and the mandatory use in 1994 in areas where by-catch
‘exceeded 300 kelos per day, the by-catch dropped to less than 3%. In 1997 the
-grate with 28 mm bar spacings became mandatory in all northern shrimp fishing
areas except outside the 200 mile limit where NAFO requires that a 22mm grate be

FAWLS LLIHIIE
used. .
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Table 4 shows the catch composmon of shrlmp and by-catch in the Davis Straits
during one trip in 1990.

Table 5 shows the shrimp catch-and by-catch of redfish, turbot and other species in |
northern shrimp fishing areas 1 to 6 in 1997 Over 30,000 mt of shnmp were
caught with < 3% by-catch.

In 1997 there was a 57% increase in the northern shrimp fishery (Table 6) and

much of that increase went to vessels < 20 meters long. This influx of 80 smaller
vessels using nordmore grates with 28mm bar spacings had unacceptable by-catch
of turbot in some areas (Table 7). Very few of those turbot were < 33cm (Table 8).
government ageincies to conduci an experiment to reduce

A < 20m shrimp twin trawler was rigged with a 22mm grate in one traw! and a

28mm grate in the second trawl.. Ten sets were completed during 43 fishing hours.
The by—catch of turbot and lantern fish was law during the experiment.
the catch of turbot was 56% less and the catch of lantern fish was 30% less in the
traw! with the 22mm grate. The shnmp catch and shrimp size were similar in both

trawls (Table 9).(Brothers 1997).

[P
i |uw=::vr:|,

1998 for vessels < 20m flshmg northern shrimp.



.

. emn Shrimp
Fi as with Quotas
!FW K péche da
Ia crevErenardigue avec les quotas

1 % ‘. Greenland
| % .
Tl

. Groenland

: '1__}‘_:5?1:?&; ._-\Fr? }'i J

e £

40

NORTHERN SHRIMP FISHING AREAS INDICATING 1987



BY-CATCH IN THE NORTHERN SHRIMP FISHERY

. 1987-1992
CATCH MT -

YEAR CoD PLAICE | REDFISH | TURBOT SHRIMP

1987 659 194 2,542 837 25,573

1988 3121 549 | 2,841 1561 53.578

1989 1119 531 3,848 | 2,028 " 57,667

1990 835 384 3,296 72,348 34818

1991 1,286 444 3988 | 2572 46,038

1992 553 247 5,034 1,291 47,511

1993 177 132 2,009 867 13,8678

1994 48 188 2,149 809 53,748
TABLE 3

BY-CATCH IN THE NORTHERN SHRIMP FISHERY |
1987-1992
% OF TOTAL CATCH

YEAR coD PLAICE | REDFISH | TURBOT SHRIMP

T987 | 2 | 06 | 77 2.7 87
~1988 | . 5.1 09 | 46 25 86.9

1989 1.7 0.8 5.9 3.1 885
1990 1 | %5 86.7

1961 | 24 0.3 74 a7 84.7

1992 1.0 0.5 “95 | 24 86.6

1993 | 02 | 03 | 43 1.8 93.4

1994 | . 0.1 | 03 38 | 14 | 944




ABLE 4

CATCH COMPOSITION OF COMMERCIAL SHRIMP TRIPS FOR THE
DAVIS STRAITS (CANADIAN SIDE) DURING OCTOBER AND NOVEMBER, 1990

SPECIES - CATCH (kgs) % OF TOTAL CATCH
Shrimp 1,383,400 84.36
Redfish 105,727 L 6,45
Greenland Halibut 24,665 - 1.51
Shark ' 67,130 4.09
Arctic Cod 12,995 0.79
Skate 7,976 0.49
Atlantic Cod 2,272 0.14
Wolfish' 1,573 0.10
Eeipouts 1,551 - 0.09
Sculpins 12,634 - 0.77
Others 19,866 1.21
TOTAL 1,639,790 100
TABLE 5
OBSERVED SHRIMP AND BY-CATCH (KG) INFORMATION BY
NORTHERN SHRIMP FISHING AREAS (SFA’S) 1997
SFA'S | #SETS | SHRIMP | % | REDFISH | % | TURBOT | % | OTHERS | %
1 187 499,771| 89.0| 44,820| 8.0 3,906| 07| 13151 2.3
2 | 2190| 6042,354| 96.6| 80660 13| 26269| 04| 108,759 1.7
3 121 373,963 | 95.2 2812 07 1,209 0.3 14871| 38
4 1,020 3,396,879 | 986] - 29,291| - 08| 5298| 02| 14910 04
-5 2,786 9,782,934 | 97.1 '.'33‘,086 03| 110,749 | 1.1 145736 1.5
6 2,078 | 10,497,797 | 98.8 9127 01| 488361 05| 69224] 06
TOTAL | 9,282 ] 30,593,698 | 97.6| 199,796| 06| 196,267 | 0.6| 366,681 1.2
AVG




NORTHERN SHRIMP -
TOTAL ALLOWABLE CATCH (TAC)

SHRIMP FISHING | TOTAL ALLOWABLE CATCH (TAC) INCREASE iN TAC
AREA (SFA)
1996 1997

SFA 0 500 500 0
SFA 1 8,500 8,500 0
SFA 2 3,500 5,250 1,750
SFA 3 1,200 | 1,200 0
SFA 4 5,200 5,200 0
SFA 5 7,650 15,300 7 650
SFA 6 11,050 23,100 12,050
TOTAL 37,600 59,050 | 21,450

'OBSERVED INDIVIDUAL TRIP HIGH BY-CATCH OCCURRENCES
SHRIMP FISHING 3K 3K 3K 3K 4R
AREA T : = -
DAYS FISHED 4 2 3 E 1
 TIMEFRAME- ' [.OCT.14-18 NOV.1-6 | OCT.21-24° }OCT.25-28 | NOV.7
OBS. DIR. CATCH | 7,880 - 4,890 19738 13,864 2,250
(KGS) , . B
-OBS. TURBOT | 2,060 1 340 405 - 1835 19
: BY-CATCH (KGS 1 _ o
1% TURBOT | 26% 7% 4.2% 6% 0.8%
BY-CATCH
OBS. REDFISH- -~ | NEG1 - NEG 6 12 NEG
BY-CATCH '
{%REDFISH - - |NEG - ~[NEG e "] 12 NEG
| BY-CATCH _
OBS TOTAL 2,347 | 560 960 948 110
BY-CATCH (KGS) . : :
% TOTAL BY-CATCH | 29.8% - 11.5% 9.99, 6.8% 4.9%

o
[F]




AVERAGE SIZE OF TURBOT
RETAINED BY THE GEAR

15-17 CM: 25%

o 21-23 CM: 46%

e > 23CM:29%

e " VERY FFW FISH > 33 CM RETA!
TABLE 9

SHRIMP TWIN TRAWLING PROJECT

DIFFERENCE IN CATCH BETWEEN A SHRIMP TRA WL WITH 22MM NORDMORE
. GRATE AND ONE WITHA 28MM GRATE

DATE:

Ma nner’f. 'j

Nov.8-14, 1997 - :  “Cape.

LOCATION: 2} NO. OF SETS: 10 ;

WATER DEPTH: 167-228 Fathoms TOTAL FISHING TIME: 43 His.. .
CATCH 22MM GRATE 28MM GRATE | % DIFFERENCE
" | TOTAL SHRIMP (lbs) __ 21,866 20,852 5
% SMALL SHRIMP (< 20mm - 5 gms) 15.07. 19.05 29
SHRIMP COUNT PER LB. 56 | 55.9 0.2
TOTAL TURBOT (Ibs) 89 200 56
- | NUMBER OF TURBOT 448 | 969 .54
TOTAL LANTERN FISH (Ibs) 194 276 | 30




The shrimp fishery off Nova Scotia is primarily concentrated in holes with water
depths greater than 200 meters. In recent years a fleet of 26 vessels from Nova
Scotia, all <20m, and 7 vessels from New Brunswick between 20m and 30m
harvested approximately 3,000 :mt annually,

SCOTIAN SHELF SHRIMP LANDINGS (MT)

1990 - 1997
" YEARS [ 1990 [ 1991 1992 1993 1994 ; 1995 | 15%6 | 1997
SHRIMP
CATCH MT 50 810 1,850 | 2,044 | 3,073 | 3,171 | 3,171 | 3,574

Prior to 1990 little effort was given to harvesting shrimp on the eastern Scotian
shelf. This was mainly because the by-catch of groundﬂsh exceeded the maximum
limit of 10%. Table 10 shows the catch composition of commercial shrimp trips off
- Nova Scotia between 1984 and 1990. Over 30% of the catch consisted of
groundnsh by—catch

Several experlments with the nordmore grate system were carried out off Nova -

© _.Scotia in.1990 on both research vessels and commercial shrimp vessels. Results -

showed a reductlon in by—catch to < 3% with little or no loss of shrimp (Tables 11°
The grate was voluntaruy used by hshers in 1991 and 1992
and mandatory in- 1993

TABLE 10

CATCH COMPOSITION OF COMMERCTIA AL SHRIMP TRiPS
rROM THE EASTERN SCOTIAN SHELF FROM 1984 TO 1990
SPECIES CATCH (LBS) % OF TOTAL CATCH
Shrimp 718,022 66
Cod 119,669 i1
Redfish 209,967 19.3
Flatfish 26,109 2.4
Hake 1,087 0.1
Halibut 4,352 0.4
Haddack 3,263 0.3
Pollock 5,439 0.5
TOTAL 1,087,908 100
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EASTER "SCOTIAN SHELF

Vi - LADY 'nAMMUNU jJULY, 1990

SPECIES CAUGHT |

CODEND WITH CODE REDLICTION IN
GRATE (KGS) | WITHOUTG R,.TE CATCH WITH
KGS) GRATE %
Shrimp 1949 1994 23
Plaice 36 380 90.5
Cod 2 341 99.4
Redfish 9 28 6£7.9
Haddock 0 17 100
Others 34 184 81.5 -
TABLE 12

CODEND WITH'

SPECIES CAUGHT CODEND REDUCTION IN
' GRATE (KGS) WITHOUT GRATE | CATCH WITH
(KCS) PDATE o/
Shrimp - 3211 2922 (9) increase .
Plaice - 20 615 96.7
Cod © _ 0_ 179 100
Redfish 11 202 a4 6
Haddock 0 & 106
Others 23 140 83.6

ll. Size Sorting Shrimp With Rigid Grates

- Shrimp fishers.in Canada are paid based on shrimp counts/Ib on inshore vessels and
. countstkg on the offshore factory freezer trawlers. Fishers can substantially increase
~_the value of their catch by i increasing the percentage of large shrimp in their catch
- In 1995 shrimp fishers in 4R’ only received 64¢/lb. ThIS cou!d have been 97¢/Ib for
all large shrimp (Fig. 2). B

- :To increase the value of our shrimp resource, industry and government agencies
have been experimenting with in-trawl shrimp size sorting systems. Experim'ents'
-have included larger diamond mesh, square mesh, modified nordmore grates, and
.a second size sorting grate in the traw! behind the nordmore grate. - !
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In 1995 a nordmore grate was’ mod:tled to 5|ze-sort shrlmp and also to reduce by-
catch. This grate (Fig. 3) had’ 12mm bar spacings.in the: bottom ¥4 of the grate and
25mm bar spacings in the top %5 of the. grate was, tested in the Gulf of St. Lawrence.
Shrimp and by-catch were gmded to:the bottom of the grate where the small shrimp
ed between l']c 12mm bar apacmgs and exited the trawl. The large shrimp

guid p %s-of the grate and passecl into the codend between the
25mm bar spacmgs The by—catch exlted the trawl through an opemng in the top in
front of the grate S : .

The by-catch block d h

e grate and resulted. in poor shrimp size selectivity, The’
evnprlmnnt wacg r-a CEI.I“AE'.-; afow ﬁsl.'i”g

The next devicé‘- testedwas an i_ﬂr"i_-t.rawl' shrimp' size sorting grate 'i_nstafled_ into thé_ _
shrimp traw! behind the nordmore grate (Fig. 4). This system was tested with both
guiding funnels and panels of netting in front of the grate to guide the shrimp to the

bottom of the grate.: Small thlmn wgu!d nass between the bars'anuexit _the trawl
\A.rhlla Inrgn :hrn—qr\_ \A.rer g lded g tha g te to a !al_ge GF}E'_‘I'II_I' ‘i1 the ton fhe _

po
grate which !ed to the d nd.-,. :

Between 1995 and 1997 size sortlng grates have been tested on-offshore factorv _
freezer trawlers and inshore <20 m vessels.’ Bar spacings from 7mm to 14mm
were tested. Observatnons made in the flume tank at thn Marine Instittte, St. John's,

and underwater gbs_e_-_rvat-_rpns wgt_hwdeo cameras have led to many modifications.’ R

In 1997 a 60 meter factory freezer trawler tested size sorting grates with 10mm,
11mm, 12mm, 13mm and 14mm bar spacings (Table 13} installed into: the shrimp’
trawl behind.the nordmore grate with 28mm bar spacings. The grate was installed
at an angle of 30¢ in one leg of a trouser trawl codend. The other leg had no size
sorting grate. Results showed that the 12mm grate had 8.3% less smail shrimp
(Brothers 1998). This vessel has been using a size sorting grate in areas w:th high

PRI, iy L

catch of smali :.m“unp for the past iwo years.

During the sumr_ner of 1997 a < 20 m shrimp twin trawler tested a 12mm bar
spacing size sorting grate in one traw! and no size sorting grate in the other. Results

showed that the trawl with the size sorting grate had 22% less shr’imp (Table 14).

The size of shrimp in both codends were large {95/%g). A smaller bar spacing may

- Development of an effective shrimp size sorting technology will continue in Canada

.7 in"1998. Plans are to test grates with 8mm bar spacings.
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PERCENTAGE OF SHRIMP 21MM LONG AND UNDER
i (3 GRAMS AND UNDER) o

GRATE BAR % OF SHRIMP 21MM AND UNDER
SPACING | |
. EXPERIMENT REGULAR | % DIFFERENCE
1OMM GRATE | 28.8 | 31.5 e 27
TIMM GRATE | 40.2 47.0 6.8
112MM GRATE ~ | 36.1 44.4
13MM-GRATE - |~ 427 50.1 7.4
14MM GRATE | 523 57.2 4.9
TABLE 14

bHR!MP TWIN TRA WUNG PROJECT

DIFFERENCE IN CATCH BETWEEN A SHRIMP TRA wiL WITH 40MM DIAMOND
MESH CODEND AND ONE WITH A 12MM SORTING GRATE

DATE: Oct. 31-Nov. 03, M/V: - " “Cape Mariner”

1997 NO. OF SETS: 4
LOCATION: 2} - TOTAL FISHING TIME: 15.3 hrs.
WATER DEPTH: 171-225 Fathoms | B '
' ~ CATCH 20MM " 12MM "% DIFFERENCE

DIAMOND SORTING

GRATE .

TOTAL SHRIMP (lbs) 5,694 4446 - -22
% SMALL SHRIMP (< 20mm) | ol 0 )
SHRIMP COUNT PER LB. 43 ol +2
TOTAL TURBOT (lbs) o 11 14 -27
TOTAL LANTERN FISH (tbs) 12 7 + 42




o : =~ var halie hveratcl
IV. Reducing the silver hake by-caich witl rigid gra

The by-catch of cod, haddock, and pollock in the silver hake fishery prevented this
specie from being commercially harvested for many years. Silver hake range in size
from 15-40cm, which is considerably smaller than other m'nll_nr'lflch species :urh ac

h::r'lrlnrlz { IR LNrMY :nH cnr\l and nnllnr—l,— mn 1 1nr~m'\

A R R WALA A

~ In 1992 National Sea Products, in co-operation with. DFO, experimented with a
rigid grate similar to the shrimp nord more grate,in the silver hake fishery; to reduce
- the groundfish by-catch. The grate measured 1.4 meters x 2.3 meters and had
vertical bars spaced 40mm apart (Figure 5). It was constructed of mild stael :anr'l

- was installed into the silver hake trawl at a 450 angle. The traw! had a codend with
45mm mesh and a retainer bag also with 45mmi mesh was attached over the
opening above the grate to retain any fish that would norma!ly escape. This
 allowed the personnel onboard to monitor the species and sizes of fish being sorted

by the grate.

Results from the experiment clearly demonstrated that a rigid grate can effectively
separate and release cod, haddock and pollack from silver hake. For the 32 valid
sets made during the experiment, only 5% of the pollock and haddock, and only
1% of the cod entered the codend with the silver hake (Table 15) (Cooper 1992).
Ninety-five percent of the silver hake passed between the bars and were collected
in.the codend. There was no difference in‘the size of silver hake which escaped or
caught. However, it was interesting to find that 50% of the pollock and haddock
whrch escaped were small enough to pass through the grate This would indi lcate
l.lld.l. :-uvt:r hake behaves d uulerenl.iy [nan pOIIOCK or haddock. S

Further éxperiments weré carried out in 1993 on grates with horizontal vrs. Vertical

bars with 40 to 50mm bar spacings. However the vertical bars wrth 40mm spacings
installed at a 450 angle proved most effectlve

' In 1994 the use: of a 40mm sortrng grate became mandatory for all vessels frshmg

~ silver hake inside Canada’s 200 mile economic zone.

" The total 1997 silver hake quota for Canadian and foreign vessels on the Scotian
_ Shelf was 50,000 mt. That was lower than previous years.

i
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IADLE 15

SILVER HAKE EXPERIMENT 1992 - NUMBER OF SETS - 32

SPECIES TOP CODEND BOTTOM % IN BOTTOM
L | CODEND ' CODEND

Silver Hake 2,021 37,363 95
Cod 92 8 1
Haddock 781 38 5
Pollock 3,298 166 4
Herring =~ S 608 993 , 62
Others 3 | 2,696 1,396 34
TOTAE B - 9449 | 39,960 81
* All numbers - weights.in kgs

The low t atlantic cod on the Grand Banks in 1993 made it necessary for
shery Products Intemational, in co-operation with DFC, to develop ways to

harvest flatfish species (american plaice and yellowtail) without exhausting their

limited cod quotas '

A 48 meter stern trawler carrled out two ex Derlmenta[ trips to investigate the

PffP(‘TIVPnESS of steel rlgld grates to reduce the catch of roundfish, in nan;cu!ar cod,

‘v“v’h-!“ A"'"""*""g for F!c:.‘lthS!"- american p!aice and 3 cuuvv'tall i lsdi'e 6). Priorio the

" experiment, the by-catch of cod was up to 70% of the catch. The objective of the
study was to reduce the catch of cod to approximately 20%.

During the two 10-day trip, steel: grates measuring 1.5 x 1.5 meters were tested with
horizontal bars spaced 76, 102, and 150mm - apart, and vertical bars spaced 127,
163, and 152mm apart. Grateangles of 50, 58 and 67° were tested. The grate was
installed into the trawl similar to nordmore grates. The codend had a mesh size of |
140mm mesh. A retainer bag also 140mm was attached over the grate to catch the
- fish which would have escaped. Each grate contained 18 floats to neutralize 1ts
' welght in the water, ey

A total of 72 sets were made during the two trips. Grates with vertical bars
performed much better than grates with horizontal bars. ‘The grate with 127mm_

—_ —

VEIlILdI Uar Spacmgs Illhldllt‘u at a 65° dllglt! gave l[lE UES[ I'ESUIIS it EXC|UUEU

84.4% of the cod with only a 7.9% ioss of plaice (Table 16) (Hickey 1995).
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Foliowing the experimentai trips, FPI rigged eight of the stern trawlers with rigid -

grates and commercially harvested plaice

TABLE 15
FLOUNDER/COD SEPARATION EXPERIMENT
NEWFOUNDLAND REGION
1993/94
GRATE ORIENTATION HORIZONTAL VERTICAL
BAR SPACING (MM) 102 76 165 | 127
NUMBER OF SETS 7 1 4 7
GRATE ANGLE | 540 650 650 650
CcOD | CODEND 7| 3 1057 270
RETAINER 1125 | 61 1161 1994
% EXCLUSION 99.4 | 953 | 52.3 88
PLAICE | CODEND 1107 363 1544 4180
RETAINER 537 - 301 . 68 346
% LOSS 32.7 453 4.2 7.6
YELLOWTAIL | CODEND 658 227 331 1709
. . | RETAINER 425 215 12 151
_— 1 % LOSS 39.2 48.6 3.8 8.1
WITCH. CODEND 322 165 673 1059
RETAINER 164 121 17 65
% LOSS 33.7 423 2.5 5.8

Lh
Lh
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V1. Sort-V Grate

An experiment began in the Gulf of St. Lawrence in 1997 to test the effectiveness of
the sort-v grate to reduce the catch of small cod onboard < 20 meter vessels. The
objective of the experiment was.to reduce the catch of cod: < 43cm caught in otter
trawls to below 15%. Four vessels participated in the experiment. Two used
traditional trawls with 145mm diamond mesh codends: The third vessel used a
traw| with-a 60mm bar spacing sort-v grate, and the fourth vessel used a sort-v grate
with 55mm bar spacing (Figure 7). ' o

There was very few cod in the area during the experlment Preliminary resuits
showed that the percentage of cod caught < 43cm with the 60mm sort-v grate was
8.2 and the percentage caught < 43cm with the 55mm sort-v grate was 10%. One

of the vessels usirig 145mm diamond mesh codend had 36.8% smalli fish, while the
other vessel had 9% small fish (T:ahla 17\ Furfhnr studies ucin

udies using sort-v grates are
planned for 1998,
TABLE 17
MOBILE GEAR SELECTIVITY EXPERIMENT - 1997
REDUCING THE CATCH OF SMALI. COD
USING QﬂRT.V CVCTFMC .
VESSEL NAME | GEAR USED .~ | NO. OF SETS | TOTAL % < 43CM
- | s | CATCH (LBS)
Cape Harrigan | 55mm grate 7 .| 4,300 10.04
Ladv jennifer | 145mm dia grate 19 10,500 36 81
Gallant Lady | 60mm grate 12 119,700 3.20
Ocean Joy: 145mm dia mesh | 12 7,811 9.05
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Vil.Sori-X G rate

Two experimental trips were carried out onboard a 52 meter stern trawler to

determine if the sort-x system could significantly reduce the capture of 1mmature
cod fish. One 10-dav trin took place in

and tha carnand 1Ay teie s
o H" LLRS o (S (39 rl L= L L ol

the second vu-aay rip was

e
LY

o
—t

t

carried out in 1993. The sorni-x system tested had 50mm bar spacings and a 45mm
mesh.retainer bag over the grate (Figure 8). The codend in the 1991 experiment
had 140mm mesh with a 45mm mesh cover. During the 1993 experiment the

codend had 45mm m_esh.
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sOrt-x’ system W|th few modification
to the fishing industry. -
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in 1993 8 successful sets were comnleted The tota catch was 138,964 kgs. The
cod length ranged from 27 to 57cm in the retainer bag and from 31 to 75cm |
codend. The percent of fish below 43cm in the codend was 19.54, as compared to
48.57.in the retainer. The L50 varied from 36.5 to 41.5 cm for individual sets
(Figure 9). The selectivity factor varied from 9.1 to 15cm (Hickey 1993). High
catch rates may have influenced the selectivity of the sort-x system.
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FIGURE 8
The Sort-X system with a retainer bag over the grid system.
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1. Sort-X System with 50mm Bar Spacings
Set 10 Setll ~ Setl2 Set 13 Set 14 Set 16 Set 17 Set 18 Sets Combined
s -5.33(0.18) -5.31(0.28) -5.15(0.34} -2.09{0.19) -8.08(0.16) -5.54{0.26) .90 13} -9.57(0.15)  -7.88(0.06)
® 0.15(0.01) 0.23(0.01} 0.22{0.01) 0.22{0.01} 0.22{0.0% 0.15(0.01) O0.1840.01) 0.24{0.01) 0.20(0.01)
L50 36.5 40.7 41.2 41.5 40.3 37.2 s 39.8 39.5
L25 29.0 35.9 36.3 36.5 35.3 293 328 35.2 34.0
L75 44.0 45.5 45.2 46.5 45.4 44.8 44.9 44.3 45.1
S.R 15.0 9.8 9.9 10.0 10.1 12.8 12.3 3.1 1.0

FIGURED : Atlantic cod selectivity curves and parameter estimates for separate and combined
sets using the Sort-X System with 50mm bar spacings.
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