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Preface

¢tKS LatS 2F alyQa [[dzSSy aolfft2L) FAAKSNE Kla o6SS
past 20 years. Due to the limitations of available data the report du#sprovide an exact total

allowable catch. However, advice is provideédsed on lanohgs and survey data, which aims to

prevent biomass being severely depleted aadeduce the dependence of the fisheop S OK & S ND a
recruitment. The report is intended to provide guidance to the fishing industry and the Isle of Man
Government.
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mmary

A fishery for queen scallop8equipecten operculariias been prosecuted in and around the Isle of

al yQa GSNNAG2NAIE &SI aiyOS (KS mppnaz 6S02YAy13
recently queen scallops were targeted almost entirely with either toothed dredges or skid dredges.
However most Manx vessels now fish for queen scallops with otter trawls, while UK vaseally

use toothless dredgeJhe trawl fishery commences in June each ymaus the queen scallop fishing

year is taken to run from June to May the following year.

ApSOl dziA2yFNE YIylF3aSYSyd aidNraGaS3e F2N GKS LatsS 2
and reviewed by a Marine Stewardship Council (MSC) assessment team. The trawl fishery was MSC
certified in May 2011, while the dredge fishery failed to meet tiezessary standard due to the

negative impact of dredging on benthic habitats. A key aspect of ensuring the sustainability of the
fishery is that management responds to stock status and that the impact of the fishery on the seabed
remains limitedFollowng a decline in stock status in 201adaan estimated mean biomabglow the
recommended minimum threshold of 130Q@inderwhich recruitment is considered to be impaired,

the MSC certification for this fishery was suspended on L@4y2014.

Queenscall LJ | 6dzy R yOS Ay ONBlFIaSR &KFINLX & Ay (GKS Lat$sS ;
This increase, combined with strong market demand, led to increased fishing effort and landings of
gueen scallop between 2010 and 20bh8wever, following a declinen stock status landings declined

in 2014 Across ICES rectangl86E5 and 37E8 2014 approximately 8%0f landings wereaken by

dredgers and 1% by dter trawlers (Jan. to Deg. By comparison, \lin the territorial seaotter

trawlers caughtL00% oftotal landingg(Jan. to Dec.)

The first formal stock assessment of the Isle of Man queen scallop stock was undertake2usigg1

the CatchSurvey Analysis (CSA) methddthe CSA method estimates stock size using abundance

indices and igenerallywelld dzA § SR (G2 GKS RFGF FT@FAEfF0ES F2NJ 0K
The stock assessment shesthat the biomass oboth recruits andpostrecruits declinedetween

2010 and2013, while postecruits continued to decline betwee2014 and2015, biomas of recruits

increased slightly in 2014 and declined again in 20b%al biomassvas estimated to have declined

by over45481 between2010 and2015. Landings in 204 were lowerthan in 20B, at684& (Jan. to

Dec.)

Biomass is very likely to be depleted leading to the fishery becoming recruitiegendent where
>40% of biomass is removed annuallg.minimise the risk of queen scallop biomass depletion it has
beenrecommendedhat no more than 3@ of biomass is remad in any year In addition biomass

of the stockwithin the stock assessment urghould bemaintained & » 13000t (preferably higher).
Given recent biomass depletipra TACcould not be advisedof the 2014/2015seasonfor ICES
Rectangle86E5 and37E5 However, an actual TAC oddQx was setby the Queenie Managemeén
Board for the territorial sea. Recordéahdingsfor 2014 (from 36E5 and 37ES5) indicatbdt around
87% of totalestimatedbiomasswasremovedfrom the stock assessment urfit*' June to 31 May).

This has letb substantialdepletion of the stock biomass
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1. Background

1.1 The fishery

A fishery for queen scallop8gequipecten operculatifias been prosecuted in and around the Isle of

al yQa GSNNAG2NAIE aSF airAyOS (KS wmppnaz 6S02YA
recently queen scallops were targeted almost entirely with either toothed dredgeskid dredges.
However, most Manx vessels now fish for queen scallops with otter trawls, while UK vessels use
toothless dredges. The fishery within the territorial sea is governed by several management measures
For the 2014 fishing season these included:

Four temporary closed areas where fishing for queen scallops by any means was prohibited.
Queenie conservation zonagere dredgindgor queen scallopsasprohibited.

Spawning protection closureX®April to 3F May)

Weekend ban

Daily airfew (06:00¢ 18:00)

Daily bag limitfmaximum of 1650 kg per vessel per day)

Minimum landing siz€55 mm)

Limited days (4 days a week)

Limited TAC (1000 t)

= =4 4 A& -8 -8 -8 -2 -9

These maagement measurew/ere covered bythe Fisheries Act 2012he Isle of Man Se&isheries
(queen scallop fiking) byelaws 2013 $tatutory document No. 0160/20)&nd through restrictive
licencing conditions

Outside of the territorial sealthough a minimum landings size of #n is enforcedhe fisheryhas
no closed seasons arglsubject to very few managememeasures

1.2 Marine Stewardship Council certification

I LINBOIFdziA2Yy I NE YIFylFr3SYSyd &GNy GS3e F2N GKS L
and reviewed by a Marine Stewardship Council (MSC) assessment team (Aatedw2010). The

trawl fishery was MSC certified in May 2011, while the dredge fishery failed to meet the necessary
standard due to the negative impact of dredging on benthic habitats @tiakz, 2011). A key aspect

of ensuring the sustainability of the lfiery is that management responds to stock status and that the
impact of the fishery on the seabed remains limited. Certification of the fishery was made on the basis
of nine conditions being met over various timescales and the actions required to meet thes
conditions were set out in an action plan (Bangor University/DEFA, 2011). These conditions include
developing a habitat management strategy and undertaking a formal stock asses#menit19th

ale wnmn GKS a{/ OSNIATAOIlsaalbRtsawl isReNd wasks@spehdad S
following a decline in stock statuwith an estimated mean biomast®r 2014 atlevelsbelow the
threshold at which recruitment is considered to be impaired.

1.3 Recent increases in fishing effort

An increase in theemand for queen scallops in 2010 prompted discussions about the management
of the fishery. A meeting between relevant attendees of the UK National Scallop Group was held on
29" June 2011 in Manchester to discuss concerns over high fishing pressureemsmpagiops in the
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Irish Sea. The possibility of a need for voluntary measures to manage the fishery was raised. A second
meeting, held between the Seafish Industry Authority (Seafish) and several scallop processors in
Preston on 2% July 2011, identifiechn increase in demand for queen scallops combined with
increased catching capacity. In July 2013 a meeting of the Scallop Association was convened to discuss
the lack of management in Irish Seaegn scallop stocks and requested action by the UK andfisle

Man fisheries administrations, specifically that the UK increase minimum landing size to 50mm and
that closed seasons between Janud&igbruary and Junduly were introduced.

In August 2014, and partly in response to the decreased stock assessmentifonslieers, the Isle of

aly D2@SNYYSyiQa 5SLINILGYSYyld 2F 9YyPBANRBYYSYy(GI C22R
relevant UK administrations to develop a Aash Sea Management strategy for queen scallops. The
first discussions of this group were Ieon the 18 August 2014, and monthly communications,
including a formal meeting on the Isle of Man, have continued into 2015. In March 2015 the first
meeting with the scallop fishing industry was held dinBurgh, and a joint Industry anfdsheries
AdministrationsWorking Group was established to determine which management measures should
be adopted and how this could be achieved. Changes to minimum landing size and seasonal closures
remain the primaryshortterm options with entry restriction consider as a potential longerm
objective This process continues, with the first meeting of the Working Group scheduled™tta80

2015

1.4 Stock assessment

An annualstock assessment of the Isle of Man queen scallop staskbeenundertaken using the
CatchSurvey Analysis (CSA) method, first developed by Collie and Sissenwineqih883)012. e

results of which are presenteoly Murray and Kaiser (20120128, Murray (2013) and Bloaat al.,

(2014) The CSA method estimatdeck size using abundance indices angaserallywell-suited to

GKS RFGF FT@FATLFIO0ES F2NJGKS LatS 2F alyQa 1jdzSSy a
of Maine shrimp fishery (Cadriet al., 1999; Idoine, 2006). Comparisons of CSA waitburplus
production model (ASPIC) were favourable although particular care is needed in correctly identifying
recruits and postecruits (Cadrin, 2000). CSA has been advocated as a valuable method to support
management advice wherage data is not availdd (Mesnil, 2003). Absolute estimates of stock size
and fishing mortality derived from CSA are sensitive to input parameters, although trends over time
are more robust to changes in these input parameters (Mesnil, 20032014 the estimated mean
biomassdeclinedto well below the 1800t precautionary thresholdas such it was not possible to
recommend a scientifically advised TAC for the 2014/2015 queen scallop fisherger to reduce

the risk of biomass being further depleted and, preferably, to promote successful recruitment and an
increase in biomas#, was recommended that no fishing occurredthin the stock assessment unit
(ICES rectangles 36E5 and 3{B%oret al.,2014)

1.5 Scientific steering committee

Following feedback from industry after the results of the 2014 stosgessment survey were
presented, a scientific steering committee was set up by DEFA044 which encompasse@
representative selectiorof members of the Manx fishing industry. geallop subgoup of this
committee metin February 2015 to discuss the survey methodgterannual stock assessment.

Theoutcomes of this meetingin terms of queen scallops)cludedrecommendations to:
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1 Incaporate into thestock assessmerdurvey sites outside of the 12nm selected using local
industry knowledge by members of the scientific steering committee subgroup.

1 Extend the coverage of the current survey to include additional survey stations within the
12n$m which local industry felt representeidhportant fishing groundnot covered by the
current stations.

1 Undertake a gear comparison trial with a local fishing vessel at a selection of sites within the
stock assessment survey to enable industry to undertadtditiona) comparable sampling in
the future.

These recommendations were all addressed by Bangor University during the April 2015 stock
assessment survey.
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2. Methods

2.1 Scallop surveys and abundance index

5SaLIAGS adaNBSea 2F GKS LatS 2F alyQa aolffz2L) Lkl
in June or October) since 1992 (BeukStewartet al., 2003)at a range of 11 historical survey stations,

most surveystationshaveonly been visited inérmittently, although latterly with increased sampling

effort (Figure2 and Appendix ). In 2014 the autumn survey ceased and effort was concentrated in a

single annual survey, to take place in April each yEhe abbreviations for these historicalrsey

station name are: Bradda Inshore (BRI), Bradda Offshore (BR@},St. Mary (PSM), Ckens (CHI),

South East of Douglas (SED), East of Douglas (EDG), Laxey (LAX), Ramsege{RREDRoint of

Ayre (POMand Targets (TARFigure2). In 2012,2013 2014and 2015sampling effort was increased

to include stations across the extent of the queen scallop stock within the territorigFegarel and

Figure2). In 2015, following advice from the scallop subgroup of the scientific steering committee
additional stations werd dzNIS & SR 2 dzii & A RS rridrial séafEi§ureR).at S 2F al yQa

70 -
60 -
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Survey Year

Figurel: Sampling frequency for survey stations within the annual spring scallop stock abundance sungigating the
substantial increase in survey sampling effort from 2012 onwards.

Sations that have been sampled over at least two yd&c4, 5, 6,8, 9,14,16, 17, 1820, 21, 2223,
24, 25, 29,30, 32,33,34, 35 38and 39), in addition to the standatustorical queen scallopurvey
stations(BRICHI, EDG, LAX, PSMM,SED and TARYere included in the stock assessméFigure
3). Stations in ICESatistical rectangle 38E5 (and landings from this aveae notincluded in the
mainstockassessmengincethis area was ot surveyed before 2008 arahly a single statin has been
sampledn most years since themlthoughat least threestations (P@, 10, 4% have beersampled in
2014 and 2015 (Appendix ). However, separate stock assessment moslelvere run which
incorporated $ations (and landings) fromlCES statistical rectangle 38Hb order to provide an
estimate of the biomass for alhtee ICES rectangles (Appendix 3 dpdAll dations weresurveyed
using the protocol described by Hiez al. (2009) and Murragt al. (2009).This year the RV IAde
Madog conducted the stockssessment surveys in April 2015

Page |4
Verson Control: Final Report (V1.22/05/2015



Bangor University Fisheseind Conservation Report N&8

5°O'|0"W 490.9..W
38E4
38E6
54°30'0"N+
@® Survey Stations|
| 1oM N
3 nm limit
6 nm limit w — L
12 nm limit
54°20'0"N- S
37E4
37E6
54°10'0"N+
54°0'0"N-
36E4
36E6
53°50'0"N—~ . 20
N T N 0

Figure2: Map showing all stations surveyed during the 2015 stock abundance survey and in previous annual stock abundance SLmMeysISNB FAESR 6AGK Ly WwWCQ FNB &
08 20t FTAAKAY3I AYRdzZZAGNE NBLINBaSydl dAgSasz adl dAa2y sityidhilofing & $H&dedsity bifuebh{séa®dpsavithiBlosédOA Sy G A T A C
areas. Named stations werfirst surveyed from 1992 whilst numbered stations were first surveyed from 2012.
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Failing to dowrnweight isolated highdensity patches of scallops would increase the risk of -over
estimating population size (Hutchings, 1996). Efi@re, the geometric mean, calculated across survey
stations, was usetb derive theabundance indices. This wpgecautionary and necessary to obtain
meaningfil stock assessment results.

The dredges used in the surveys have a belly ring internal diarmes mm and thus undesample

smaller queen scallops. To assess the gear selectivity of dredges a 2 m beam trawl, with cod end mesh
size of 4 mm and an outer net with a 10 mm mesh, was used at RAM and LAX stations in May 2011.
Five tows were made at elctation with the beam trawl alongside three tows at each station with

the queen scallop dredges. The proportion of scallops in each size class caught in the dredge relative
to the beam trawl was used to estimate the gear selectivity of recruits rel&iymmstrecruits. The

mean proportion of recruits (<55 mm) retained relative to the proportion of fully recruited animals
was used in the stock assessment. A gear selectivity curve was also calculated. l)emaghp(otted

against log((1-P)/P) to deternine the constantr, where log((1-P)/P) =rLc ¢ rLandP= 1/(1 + er9)

allowing the proportion retained?, in each size class to be estimated.

Work undertaken in 2008 and 2011 revealed discard mortality to be low at between 3% and 9% of
catches by trawler and two dredgers fishing around EDG and SED stations (Nall, 2011). Duncan (2009)
estimated discards of 21% from 11 different trawlers. The quantity of discards will be a function of the
number of undessized scallops in the population but impantly discard mortality was found to be

low (Montgomery, 2008; Nall, 2011). Montgomery (2008) recorded no mortality in queen scallops
maintained in aquaria for twaveeks after trawling, although there was a reduction in escape
response suggesting a highask of predator induced mortality. Boyle (2012) showed considerable
predation by dabslLimanda limandaon discarded queen scallgphis could be the result of an
increase in stress and a decreasescapeaesponseg causing the scallops to gape and lagem by fish

in this way. Nall (2011) recorded mortality rates of 10 to 19% in queen scallops maintained in shrimp
creels at sea for 10 days. Based on these figures we assumed a mean discard mortality rate equivalent
to 5% of the weight landed. Howeven, situmortality resulting from interaction with fishing gear is
unknown.
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Figure3: A map displayingnlythe actual srvey stationswithin the Isle of Man territorial seased in the2015 queen scallop stock assessment modamed stations were first sampled
from 1992 onwards, whilstumbered stations werdirst sampled from 2012 onwardBor 2015, the stock assessm@mnésented in the main section of this repavas urdertaken for the
area ofthe two ICES rectangles 36E5 &1&S
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2.2 Stock assessment

The stock assessment was implementgging CSA3r1.1 (NOAA, 2008) [for comparison a stock
assessment using the latest model version (CSA v4.3; NOAA, 2014) can be fqppehitix 2 Data

from the springsurveyswas usedsince this is when temperature is lower and dredges are a more
effective means of sampling queen scallops (Jerddirad, 2003) and before the main queen scallop
fishing seasorThe stock assessmeunnit isdefined aghe area covered by ICES statistical rectangles
36E5and 37E5(Figure3), whichincludesthe majority of queen scallop fishing grounds witththe
territorial seaP CdzNI KSNY 2NBX KAAUG2NROIf I yRAy3Ia RIEGLF
sea and landings data from the Uniteth¢gddom up to the end of 2010 wemvailable to us for these
ICES statistical rectargl only.A third ICES rectangle (38E5) also covers one of the main fishing
grounds within the territorial sea and models that include landings and stations from within this area
can be found in Appendix 3 and Appendix 4.

Abundance indices were derived from survey datanfrd993to 2015 Data from 1992 was not
includedin the assessment since only thretations were surveyed irhis year, one of which was
surveyedonly until 1997 (Appendix ). The geometric mean across survey statisetected for the
modelwas used to obtain abundandedicesof recruits and postecruits (fullyrecruited individuals)

A geometric mean was used in order to dewright stations with very high abundance and is a more
precautionary index thathe arithmetic mean.

In the CSAnodel, the population dynamics of the fishery are described by a process equation using
the population size of two size classes of queen scallops: fully recrbitemd recruitsR

0 6 YQ 60Q 1)

wheret is an annual fishing year ai@is the catch in numbers;is the proportion of the year over
which landings are taken amd is natural mortalityPopulation estimates of posecruits and recruits
are derived from survey relative abundance indices:

¢ niQ 2

and

i [YQ 3

wheren; andr; are abundance indices of fully recruited queen scallops and recouigsid gr are the
catchability coefficients of the queen scallop dredges used in the annual surveysriiset’and ¢ ¢

are lognormal random measurement error€atchability of recruits was defined as a proportisn,
of fully recruited queen scallops:

= (4)

Fully recruited queen scallops were considered to be thosg6fmm length; thus, catches were
assumed to consist of scallop§5 mm with sizes in proportion to survey average size frequency
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distributions. Average individual weights of recruits were derived from the relationship between
length and weight measurementsf 600 queen scallops from stations across the territorial sea.
Historically, 50 to 55 mm has been considered the minimum commercially viable size (Brand, 2006).
At present, dredgers typically use beliggs of 60 mm internal diameter while trawteusea codend

with mesh of 8%t0 90 mm. Therefore, catches of queen scallops <55 mm are likely to be low, and
these smaller scallops remain commercially less desirable. Recent research found almost no landings
<55 mm in either dredgers or trawlers (Nall, 2D1Allison (1993) fitted Von Bertalanffy Growth
Functions (VBGF) to length at age data of queen scallops from around the Isle of Man. Mean growth
rate expressed as VBGF parameters were=175.91, k = 0.59 and, t= -0.88. This equates to
approximately 30 mm growth for a scallop of 27.5 mm during 1 year. Therefore, recruits were
considered to be queen scallops 25 to 54 mm length. However, the smallest size of scallops caught
were 25 mm and these were rare; therefore, the recruitment index was in effecopsdiletween

30mm and 55mm. Allison (1993) used six different methods to estimate natural mortdlitgll
yielding different results ranging from 0.037 to 1.88 but identified values of 0.2 to 0.5 as most
appropriate. The effects of using valuedvbbetween 0.2 and 0.4 were examinedan earlier report
(Murray and Kaiser, 2012nd repeated inAppendix 10Based on thesarlier workof Murray and

Kaiser (2012)his present stock assessment uses M = 0.2 and 85z 10.is important to note that
biomass andnortality estimates relate only to recruits and fuligcruited scallops not to scallops <25

mm.

The harvest rateh) was calculated using the equation:

o Ju— (5)

Fishing mortality was then estimated Bs -In(1-h) following Collie and Kruse (1998). However, there
is no advantage in using this estimateFifstead of the harvest rate to set management thresholds
and both show the same patterns with time (Mesnil, 2805 he harvest rate is calculated bdson
population estimates in numberg CSA version 3.1.1 therdidence intervals of harvest rate, fishing
mortality, biomass and abundance were derived using a-pemametric bootstrapping procedure.
Randomly drawn residuals were applied to surveydesli Since 5% and 95% confidence intervals may
not be reliably estimated with this method (Patterset al., 2001,Mesnil, 2003, 10% and 90%
confidencdimits were used (see Cadrat al., 1999; Mesnil, 2003).

Surplus production was calculated as follows
SR=B1 (B +CRB

where,

SR= surplus production in year t

Bi+1 = biomass in year t+1

B = biomass in year in t
CB= catch biomass in year t.
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2.3 Closed areas

In May 2014 the QMB met to dis@uthe scientific advicbasedon the biology andustainability of

the stockthat recommended no fishin{Blooret al.,2014) Mnsideiing the socieeconomicimpacts

of such a close alimited economic TAC of0D0t for the territorial sea wasecommendedby the
Board andsubsequently enactetly the Minster for DEFAFishing was conditional on the fattat

strict monitoring and enforcement dhe TAC was undertaken aadditional conservation measures
put in place to try and limit the negative impacts of fishing onareadydepleted stock. These
measures included the introduction of small, temporary closed areas within which fishing for queen
scallops would be prohibited.

Queen scallops arsimultaneoushermaphrodites (i.e. an individual has both male and female
reproductive organs) and become sexyahature at 12 yearqapproximately 40mm). Queen scallops
are broadcast spawners (i.e. they release eggs and sperms into the seagrasigawn in both spring
and summer(Duggan, 1987 When one individual spawngheromonescontained in theeggs and
spems which argeleased into the water columsignal toneighbouring scallops to release their own
eggs and germs ensuring synchronous spawni(®-BIl, 2012 Thus, in order for spawning (and
subsequently recruitment) to successfully occur queen scallepsl to be present at relatively high
densities. Idow density population there is a risk thathe spawning stock magot be present at
high enough densitisto successfully reproducg.e. there are too few individuals around to come
into contact forfertilisation), a phenomenon known as the Allee efféaFBI, 201R

The decline in stock status evident in 2014 meant that large areas t¢éttirial seacontained low
densities of queen scallogsor the 2014/2015 fishing season four areas that éeubited sufficiently

high abundances in the April 2014 stock survey wérategically closed around thesland These
areas were intendetb ensure that some high densities of queen scallops remained during both the
spring and autumn spawningpods topromote successful spawningiven the simulations of scallop
larval connectivity that have been produced for the Isle of Ban (1 S NNWeiil & Kaiskrf2008 S |
a single area was closed within each of the four main fishing grounds to try and #émsbesst chance

of recruitment around the entire Islan@Figured).

As the mai purpose of the closed areas svéo promote successful spawning and spat delivery to

areas around the entire Island, the effects of thesesures willneed to be monitored over several

years to assess whethenypositive impacbn recruitmenthas occurredMonitoring of these closed

areas including dredge and camera tows at additionaivey stations{ G I G A 2 ya FigueSft f SR
2), wastherefore initiated during the 2015 stock abundance survey.
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Figure4: Four temporary queen scallop closed areas that were put in place for the 2014/2015 fishing season. Of these
closed areas, Closed Area Il, lll & IV remained in place for the duration of the 2014/2015 king scallop fishing sedson as wel
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3. Results
3.1 Alundance

3.1.1 Whole Stock

Mean abundance of recruits has declined each yemam 2009to 2013, there was a slight increase in
2014 with a decrease observed again in 2(igure5). From 2006 to 2010 there were year on year
increases in the mean abundance of postruits, with abundance reaching the highest levels on
record in 2010. Howeverhe meanabundance of postecruitsdeclined sharply betweef012 and
2015(Figureb).
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Figure5: Abundance indicegbased on geometric mearidr recruits andpostrecruits used in the catch survey analysis
model This is calculated using ddtam only the stations used ithhe 2015stock assessment model. Zero datdueshave

been treated as 0.01 in order to calculate the geometric mean.

3.1.2 Territorial Se

Whilst the biomass of the whole stock has declined annually since 2@hsijties vary significantly
among the four main fishing groundsast DouglassDG, ChickengCHI), Targets (TARhd Point of
Ayre POA (Figure6). In addition due to the aggregating nature of queen scallops some areas of
relatively high densities are evident witheach ofthese fishing grounds.

The average density of qee scallops (of all sizes caught) per 1G&mong historical survey stations
around the Isle of Man can be seenFigure7. The historical stations the north and west of the
Island (TAR and POA) have the highest densities of queen scallops petibilstrsites tothe east
of the Island (SED, EDG & LAX) have the lowest deiBiteset6 and Figure?).
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Figure6: Map showing the approximate locations of the four main queen scallop fishing gr¢nadees underlined and in
bold for clarity)within the territorial seaThe four main fishing grounds are known as EDG (East Douglas), CHI (Chickens),
TAR (Targets) and R@Point of Ayre)The historical stations within these sites are also labelled on the map.

Variation in the average density of queen scallops (of all sizes caught) pef a0 raries temporally

as can be seen ifrigure8 where the survey densities from 2009 and 2015 are compared. This graph
indicates a large decrease in scallop density since 2009, whem wees a large recruitment eveat
historical stations on the south and east of the Island.

30 -
m 2015

QSC per 100 m2
= N N
(6] o 6]

[EEN
o
1

5_
o N .—- , ,

EDG CHI SED PSM LAX POA TAR
Historical Survey Site

Figure7: Average density of queen scallops (number of scallops per #Dthmueen scallop dredges from historical
survey stations during the 2015 stock assessment survey
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Figure8: Acomparison of merage density of queercallops (number of scallops per 109 queen scallop dredges from
historical survey stations during the 2009 (grey) and 2015 (black) stock assessment survey.

In addition the proportion of recruits and postecruits at each station also varies around the Island.
Whilst some sites (e.g. SED) were composed entirely ofrpoatits (over 55 mm) other stations (e.g
TAR) were composed of equal proportions of recruitsZ8 mm)and postrecruits (over 55 mm)
(Figure9). In addition to the historial station & SED, Stations 5, 7, 31 and-3ghich are all located
within closed areas around the Islafféigure6 and Figure2) - were alsocomposed entirely of post
recruits. In addition to the historical station at TABtations 35, 38, 32, 34 and 38| located within
the fishing ground at Chickens in the south of the Isldfiguie6) - were composed of over 86
recruits.
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Figure9: Proportion of recruits to postecruits in the queen scallop dredges for historical stations in 2015

3.2 Landings and fishing effort
Landings of queen scallops are referenced to ICES statistical rectangles only. Landings from rectangles
36E5and 37E5adzda SR a4 GKS ySINB&ald FLILINRBEAYILIGAZ2Y G2 f1
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sea. tis important to note, howevethat 36E5 extends south to near Anglesey and that total landings
from these two rectangles will be substantially higher than from theittanial sea alone. Landings

from Manx vessels in previous years have been spatially referenced to the territorial sea using VMS
and logbook data. Logbook data from UK vessels has only recently become available to the Isle of Man
for those vessels fishing ICES rectangles 36E5 and 37ES5.

Queen scallop landings from 36E5 and 37ES5 totalled 6848t in 2014 (Jan. to Dec.), with an additional
256t caught in 38E5 (Jan. to Dec.). This was a substantial decreashdra2801t landed 12013

(Jan. to Dec(Figurel0). This decline in landings occurred acragear types, for both Kland IOM
vesselgFigurell). Of the total taken a@ss the twarectangleq36E5 and 37E5), 560®&as caught by
dredgers, 1240t by otter trawlers, andtty Nephropdrawls. Landings taken from 36E5 and 37E5 by
Manx trawkers represented 1% and UK trawlers represented 4®§ total landingsin 2014 UK
dredgers represented 80% alhanxdredgers represente@%of total landinggn 2014 Landings of

gueen scallops from within the territorial semere approximately 1000in 2014 (Figure 12); this
represents only 1% of total landingsrdm 36E5 and 37H3an. to Dec.)lhe origin of landingwithin

the territorial seachanged substantiallin 2013 & 2014compared to previous yeamss a result of
changes to the management of the dredge fishérny2013 spatiatestrictions for dredgingvere
introducedi.e. dredging was restricted to a limited area (drethge) and a specifitAC of 1,000was
allocated to the dredge fishery. In 2014 the same spatial restrictions were in place howewspecific

TAC was allocated to the dredge fishery with landings instead considered as part of the overall TAC
for the territorial sea As the dredge fishery dicohopen until £ October 2014 and the overall TAC

was reached on"™ October 2014 the 2014 fishery was closed with no reported dredge landksgs

such, vithin the territorial sea in 2014he proportion of landings caught by otter trawlers increased

to 100% of total landingsFishing effort(days spent fishingwithin the three ICES rectangles 36ES5,
37E5 and 38E5ncreased shrply in 20102011and2013but, following a decline in stock stathas
substantially decreased again, forthdvlanx and UK vesss, in 2014Kigurel3).

For the stock assessmenandings were estimated from June to May up to 2008, and calculated
thereafter, to allow a TAC to be advised from June each year (as is required by the Isle of Man
Government). Only annual landings data were available up to 2008. Due to the consistriflev
landings over the period from 2000 to 20@Blurray and Kaiser, 2012here was little effect of
defining the fishing year as running from June to May, rather than January to December. However, in
recent years this definition has a greater relevarmagticularly between 2009 and 2010. Fortunately,
monthly landings are available from 2009 onwards. Where monthly landings were not available
landings were allocated to each fishing year in proportion to time i.e. 7 months in($8&6) and 5
months in year1(42%).
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FigurelO: Landings (live weight) of queen scallops to the UK and Isle offdasomparison, the lorterm averagdandings
(1983¢ 2015) of 5068is marked on the graph by a dottaed line.Landings are referenced to ICES statistical rectangles
36E5 and 37E5 (as a proxy for territorial sea landings) where podsiMever, Isle of Man landings before 1994 are total
landings to the Isle of Man, which are likely to be predomindindgn these two statistical rectangleBata are for calendar
years (Jan. to Dedata source: Isle of Man Government, DBRA FISH
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Figure1l: Landings from 36E5 and 37E5 by UK and Isle of Man (IOM) dredgers (DRB), queen scallop trawlers (OTB) and

Nephropgrawlers (BN). Data are derived from thEIEH database and DEFA and are for calendar years (Jan. to Dec.) rather
than fishing years.
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Figure 12: Estimated landings from the Isle of Man's territorial sea. These estimates are derived from VMS data combined
with logbook data and include only data where matches were found between logbooks and VMS records. Data are for
calendar years (Jan. to Dec.)hrat than fishing years.
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Figurel3: Landings from ICES statistical rectangles 36E5, 37E5 and 38E5 and days spent fishing for queen scallops by UK and
IOM vessels. Days spent fishing by Isle of Man vessels are shown only frodu2@ddifficulty in accessing these data for
earlier yearsData are derived from the iFISH database and are for calendar years (Jan. to Dec.) rather than fishing years

Page |12
Verson Control: Final Report (V1.22/05/2015



Bangor University Fishedeand Conservation Report Ng8

3.3 Stock assessment

The results of the Catch Survey Analysis showed consistentstiarat time in fishing mortality and
biomass estimates over a range of input détéurray and Kaiser, 2012{lowever, the magnitude of
the parameters did vary with changes in the allocation of recruits andneastits, natural mortality
estimates and rewit selectivity.The greatest effect on the recruit and pestcruit indices resulted
from changing the threshold size from 50 to 55mvtufray and Kaiser, 20}2The stock assessment
revealed sharp increases in fishing mortality in 2010 and 20dile fishing mortalityremained
relatively stable ir2012, ithasincreasedagainin 2013and declined in 2014~igurel4). Abundance
of both recruits andpostrecruits decreasedbetween 2010 and 2013(Figure 16 and Figure 17).
Abundanceof postrecruitscontinued to decreasbetween 2013 and 2018-igurel?), while recruit
abundance showed a slightcirease from 2013 to 2014 and declined agaire@i5 (Figure 16).
Following fiveyearsof increasing biomass (20910, total biomass has decreased dugi each of
the past fiveyears(Figurel5andFigurel8), aslandingshave remained high despinnual decreases
in biomass As landings exceeded surplus production in each of these five years a corresponding
decline inbiomass is evident for 2011 to 201&durel8).
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Figure14: Fishing mortalityfor the stock assessment urifCES Rectangles 36E5 and 3yES&timated from harvest rate
Values are for fishing years (June to May).
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Figurel7: Estimatedpostrecruit abundance from the stock assessment unit (number of individuals).
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Figurel8: A graph showing annual changetatal biomasgdelta biomassjor the stock assessment urfit000s tonnes)A
negative delta biomass indicates that landings exceeded surplus production.

3.4 Closed Areas

Four closed areasere established adeparatelocations around the Islandrigured) with the primary
purpose of ensuring that some areas of queen scallagsigh enough densities to spawn successfully
(i.e. source areasyere safeguarded during the 2014/2015 fishing seadbe veliger larvae produced
from any successfdertilisation events will be transportetb different locations around the Isle of
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al yQa (S NNRoutgidedbflthe 12anSlimit) (.ésiyikRareasvithin the planktoric layerfor a

period of approximately 3 to 4 weeksrd®ecting these interconneted areas which contaihigh

densities of larger, postrecruits should result in higher levels duccessfulfertilisation, and
subsequent spat deliveryptsurrounding fishing grounds. However, given the difficulties associated
with sampling the abundancand origin of preNBE ONXzA G &4 OF f £ 21LJ&a 66X Hp YYOT
will be required to give an indication of whether recruitment around the Island is improving.

In order for closed areas to be effective for managing short lived species like goakwops (which
rarely live longer than % years or grow more than 90mnit)is important to monitor the annual
distribution (e.g. size frequency) of the populatsaithin them. For exampldgn Closed Area | which
is situated to the west of the Islanéifure4), the population sampledn 2014was almost entirely
composed of individuals of a single size ctd€s0¢ 60mm (shell height) which are lge, postrecruit
individuals whichwill produce greater quantities of eggs padividual than smaller scallofBigure
19). By closing these areasidse scallops Wihave had the opportunity to spawn during spring and
I dzidzYy wWnmn YR &aK2dZ R &L} gy F3IFAY Ay akINAy3
population sampled in 2015 haddcreased in both siz@Figure19) and yield(Tablel) compared to
2014 and wacomposed almost entirely of a single size claisg0 ¢ 70mm (shell heightwhich are
nearing the end of their natural life cydEigurel9). In addition,since the closuréhe abundance of
gueen scatlips within this closed areas hathown an initial increase from 2014 (average of 48.9
scallops per 1008 to 2015 (average of 73.5 scallops per 160m

In Closed Area ll, situated to the south of the Isldfigure4), the populationsampled in 2014 and
2015 both showed a good size range of individualth the largest proprtion within the two size
classes 560mm and 6670mm; providing an ongoing source of large, postruits for spawning
(Figurel9). In addition, the abundance of queeaadiops within this closed area hatso shown an
initial increase from 2014 (average of 7.6 scallops per £p8mn2015 (average of 13.2 scallops per
100n7).

In Closed Area |V, situated to the north of the Isldrid\fre4), the population sampled in 20lahd
2015showed a good size range of indivithjavith the largest proportion withithe two size tasses
50-60mm and 6670mm;providing a source of large, pestcruits for spawningHigurel9). However,
althoughthe overall abundance of queen slogis within this closed area hatbt shown any initial
increase from 2014 (average of 24.2 scallops per Fp@m2015 (average of 16.7 scallops per 180m
the proportion of recruits within this closed area himdreasel from 2% (2014) to 6% (2015).

In Closed Area lll, situated to the east of the Isldfidure4), the population sampled in 2014 and
2015 was composed predominately of larger, pastruits from50 ¢ 80mm; providing a source of
large, post recruits for spawningigurel9). Closed £ealll was however, the onlyclosed aredhat
did not show an increase in either total overall abundance or proportion of recruits ovewaltiance
The population sampled in 2015 factshowed a decrease in the proportion of sogh in the latter
size classes (7©90mm) Figurel9), which were near the end of their natural life cydit no new
recruits have coméhrough to replenish the stk in this area.
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Figure19: A comparison of size frequengy@portion) of scallops surveylin the 2014 and 2015pring scallogurvey
within closed areas.

Tablel: Isle d Man data indicating thaverage no. of queen scallop meats and queen scallop meats plus roe per kilogram.
The data was collected during 2011 and 2013mgpaind autumn scallop abundance surveys.

Size class 10 mm (shell height Av. Meats kg Av. Meats + Roe kY
40¢ 50 455 398
50¢60 229 181
60¢ 70 142 112
70¢ 80 119 97
80¢ 90 93 73

3.5 Stations outside of the territorial sea

5dz2NAy3 (GKAAa FANRG 2SFNJ 2F alYLXAy3 2dziaARS 27
should be interpreted with caution. Howevdfjgure20 provides a general indication of the stock
abundance at sites surveyed inside and outside of the territorial sea for three of the main fishing
grounds. At stations at POA and TAR observed densities were higher inside the territorial sea
compared to outside, whit at EDG densities were simildidyv both inside and outsidéhe territorial

sea.
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Figure20: A summary of the average abundance of queen scallops (from queen scallop dredges) from stations surveyed
inside and outside theerritorial sea for each of the three main fishing grounds. During this first year of initial surveying

a limited number of sites were sampled outside of the 12nm limit (POA: n = 2; EDG: n = 3; TAR: n= 2) compared to inside
the territorial sea (POA: n = £DG: n = 18; TAR: n= 6).
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4. Discussion

4.1 Abundance indices

When scallop surveys commenced around the Isle of Man in 1992 queen scallop abundance was
around seven times lower than in May 2011 and remained at this low level until 1999. Landings
declinad steadily between 1983 and 1996lowever, relatively low exploitatiolevels during the
period 2000 to2010allowed abundance to increase from the low levels observed in the past. The
reason for the long period of low abundance is unclear but one pdsgilisl that successful
reproduction is dependent on the presence of queen scallops at a particular density as a result of Allee
effects (Gascoignet al., 2009). Scallop egg fertilisation success is likely to be higher when adults are
present at higher desities (Stokesbury and Himmelman, 1993; Claereboudt, 1999). Therefore,
maintaining sufficient densities in at least some areas may be important to the fertilization,
recruitment and longerm viability of the fishery.

The apparent increase in abundancepoktrecruits between 2011 and 20XEigure5) needs to be
interpreted with caution as this increase is driven largely by increases at Laxey and Ramsey, which are
not major fishing grounds. Furthermore, landings from outside of thetteral sea will not be
reflected in the survey indices over the shtetm. Consequently, CSA model estimates show declines

in biomass and abundance in contrast to the survey indices.

4.2 Impact on benthic habitats

In addition to the direct impact on theatget species there are secondary effects that could lead to
reduced larval settlement in the future. Trawling is generally considered to be less damaging to
benthic habitats than dredging (Kaisatral,, 2006). Consequently, the queen scallop dredgesfish

failed to achieve MSC certification (Andreetsal., 2010). Of particular relevance to the fishery is the
fact that the habitats that support queen scallops may be damaged by excessive fishing activity. For
example, there is a positive relationship iveten the presence of macroalgae and maerl and the
abundance of juvenile scallops (Howasehal., 2011) andAequipecten opercularizave been found

to settle on bryozoans and hydrozoans (Lamigral, 2011). Within the territorial sea the greatest
proportion of effort is undertaken using ottetrawls, while over the wideistock assessmerdrea
dredging constitutes a much greater proportion of the area of seabed swept and landings. At fishing
intensities prior to 2010 benthic conditions were clearly suiafor allowinglarge settlement of

gueen scallop larvae, as evidenced by the increase in abundance. Therefore, this level of fishing
activity may provide an indicator of an appropriate, sustainable, level of fishing in relation to benthic
habitats.

4.3 Sock assessment

The CSA model was robust to changes in paramstansli M in terms of the trends in biomass and
fishing mortality However, the absolute values of the model outputs were susceptible to different
values of the input parameters. Increasigesulted in much higher total biomass estimatbhifray

and Kaiser, 2032This would suggest that there has been a large standing stock sincdH200éver,

the dependence of the fishery upon scallops recruiting to the fishery in their second year of growth
(Vauseet al, 2007) indicates that this is not the case unl¥bkss unusually high for queen scallops
over 2 years old?ecten maximukave been found todccome increasingly resistant @ancer pagurus
predation with increasing shell size, particularly once they reach 60 mm shell lengtte(leak&987);

a similar relationship is likely to occur fAr opercularieand its predators. Discardedl. operculais
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were also found to have high survival rates following fishing (Montgomery, 2008; Nall, 2011).
Increasings had a similar effect to increasing, with higher biomass estimates, while decreassng
resulted in lower biomass estimates; these lower estimad¢esl to very high estimates &f(Murray

and Kaiser, 2012)rrespective of values dfl or sused the trends of biomass are consistent between
models. It is on these trends that recommendations for TACs are based.

Whentotal biomasshas been maintainedt around13000tor higherand around25%of biomassas
beenremoved annuallythe fishery has experienced both increases and decreases in total biomass,
NBFfSOGAY3I G4KS FA&KSNE QA& THe HugiStinerSaged i bi@dndss beyuyfett £  NE
where biomass was 3000t. Therefore, 13000t is recommended as a critical minimuhreshold for

biomass. Furthermore, there is no evidence that the population reached carrying cagiagzitynass

of 49000t, so there is a strong case for maintaining biomasa flaigher level. In terms of setting an
appropriateharvest rateit is clear that when biomass is above the recommended minimenitical

threshold(i.e. 13000t) removingmore than30%of queen scallofpiomassincreases the risk thahe

stockwill be depletedMurray, 2013)By comparison, in the Patagonian scallop fishery the TAC is set

at 40% of biomass (Morsat al., 2012).In the Isle of Man queen scallop fishery, where 40% or more

of biomass has mn removed there has been no majannualincrease in biomas@urray, 2013)

The melian estimated biomass in 2015 856t (witha 10% and 9% confidence interval range of

2164t to 5777t respectively. The inclusion of each additional year of data can lead to a slight
retrospective change in the biomass estimate for the years prior. For example, the estimate for 2014
biomass has increased from 4708t to 6429t; this adjustment remains within the 10990%6d
O2yFARSYOS AyiGSNBIta F2NJ 0KS LINBOA2dza & SIKNRA  LINI
8286t respectively.

Landings from within the territorial sea were greatly reduced during the 2014/2015 fishing season due
to the implementation, monitoing and enbrcement of management measurdésat were introduced

during the fishing season aridcluded alimited TAC of 1000tHowever, landings across the entire
a0201 aasSaayvySyld dzAidzr 6KAOK AyOf dzRSawherk& I NBI
present the only management measure in place is a minimum landing size of 40 mm,alsove
substantially reduced from 2013 thegtill far exceeded surplus productionausing a decline in
biomass Figurel8), and remain above thiongterm average (19832013) which has contributedo

the further declinein estimated biomass for 2019 he median population biomass (36§6s now
estimated tobe at its lowest level since scientific surveys began in 1992. When it was last at a similarly
low level in 1999 (5114t), it took a further 3 years before the population size increased to above
13000t. This means that the present low biomass situation naystart to improve for a number of
years.The depletion of biomaskeyond the recommended itical minimumthreshold forbiomass of
1300a means thathe stock is now considered to lbelow the level at which future recruitment will

be impaired Given that the principles of the MSC certification scheme promote sustainable stock
status it isnot possible to recommend scientifically advisedAC for ICES Raogles 36E5 and 37E5

in the 2015/2016fishing seasp. In order to promote the earliest retmn of the stock to above the
minimum biomass limit it is recommended that no fishing occurs within the stock assessment unit.
Fshery closuresiow TAC®r other management optionmay therefore need to be conside for
several consecutive years.

Theserecommendedhresholdg(e.qg.critical minimumthreshold forbiomass of 130008re subjective
and can be used by fisheries managers as a guide in implementing nrarageneasures for the

Page |20
Verson Control: Final Report (V1.22/05/2015



Bangor University Fishedeand Conservation Report Ng8

fishery. Howeverthe combination of low total biomass and the remowdla high proportion of
biomass must be interpreted as a high risk strategy for the fishery and will sustain only low annual
landings. Biomass was still relatively high in May 2011 but high landings in thesirearseverely
depleted biomass Furthermore, the queen scallop fishifiget has the capacity to increase fishing
effort very quickly as evidenced by the increase in fishing effort between 2002Git however,
following a public consultation ilate 2014/earl015 the issue of latergffort capacitywithin the

fleet has nowlargelybeen addressed (see Section4Despite its dependence on scallops recruiting

in their second year of growth, the fishery has béestoricallyresilient to collapse.

Table2: A comparison of scientific advice dmctual TAC/landings (202D15). Landings here are represented seasonally

(215t June to 3% May), with landings for 2014/2016nly available from st June to 3@ April. BM = biomasg*The
recommended scientific TAC is proposed for two ICES squares (36E5 and 37E5), historically around 50% of landings have
come from within the territorial sea and 50% from outside the territorial sea, therefore a TAC of 5000t for both ICES squares
equates to a TAC of 2500t for the territorial sea].

Estimated | Scientifically| Scientifically] Actual Actual | Estimated E)rtc;?g::gi?]o;
Year BM advised TAQ implied TAC TAC landings BM taken fron’?
(36E5 & (36E5 & (territorial | (territorial | (36E5 & | Removed within
0,
37E5) 37ED) seaf sea) 37ED) (%) territorial sea
2011/2012| 40792t - - - 15457t 38% -
2012/2013| 25244t 5000t 2500t 3500¢ 9798t 39% 41%
4000t
2013/2014| 16249t 5000t 2500t 5000t 11940t 73% 42%
2014/2015 6429t None None 1000t 5626t 87% 18%
2015/2016 3656t None None

It is important to note thdargeincrease in biomaghat was observed fror2006to 2011 (Figurel5)
occurred following a period of three yeaf8002 ¢ 2004 when landingsslightly exceeded surplus
production (Figure 18). Therefore, there are clearlyariables other than fishing effort that will
influence the success of the fisheryhese include environmental parameters, particularly
temperature,and fishing activity outside of the stock assessment unit. We have not attempted to
identify reasons forhis period of strong recruitment in this report

There are several areas where further work can help to verify or improve data quality. Aspscts

can be refined with additional work includatural mortality,gear selectivity and recruit abundance.
Theabundance index could also be improved by including additional sampling statitside of the
territorial seato ensure the index is truly representative of the stock sites may become particularly
important given the changes in management withie tierritorial sea Further work to establish the
appropriate stock assessment unit is a priority. Queen scallops within the Irish Sea are generally
thought to consist of a single stock (Beaumont, 1982; Macktaoal., 1985). Therefore, ideally, the

Irish &a fishery would be managed as a single stock with management advice provided based on data
collected across the Irish Sda.2014 DEFA initiated a p#ish Sea working group and strategy to
work towards future management of queen scallops at a levdliti@rporates the boundaries of the
actualbiological stock and not arbitrary management bounda(see Section 1.3)
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4.3.1CSA Version Updates

To date all stock assessments have been tagten using CSA version 3.1(NOAA, 2008). However,

as of2014 an updated version of the stock assessment software, CSA version 4.3 (NOAA, 2014)
became available. The main differences in these two package versiotisabthe new model uses
maximum likelihood rather than weighted sums of squares to estimatarpaters andalso uses
N y20804a OF GOK Sljdzr A2y SEOf dza A drfadditioniugers &ak Y dzf | (i §
now supply the modeewith multiple surveys and survey types and specify the time of year that each
survey occurred (NOAA, 2015). Withhe appendices of this report the ouits of the two model
versions aredetailed (Appendix, 2, 3 and 4A comparison of these outputs reveals that whilst the
new model (version 4.3) consistently estimates biomass at a slightly higher value than thedst
(version 3.1.1.), these values remain within the 10% and 90% confidence interval predictions for the
old model and more importantly the trends in biomass remain constant between the two models.

4.4 Recruitment

The purpose of maintaining the lm@assof queen scallops above l@omass reference poinis to
reduce the dependence of the fishery on annual recruitméyst.biomass is now estimated to have
fallen well below the recommendebiomass reference poimf 13000t the stock (and associated
fishery) islikely to be highly dependent orannualrecruitment succesgo replenish the catchable
biomassRecruitment of queen sallops canhowever, be highly variablend isaffected by a range of
complex and interacting faots including but not limited to temperature (Dickie, 1955; Fogarty,
1988; Mackenzie and Kdster, 2004), food availability (Jacksalhy 1995), indirect fishing mortality
(Shepard and Auster, 1991), currents, salinity (Nell and Holliday, 1988; LG02), Rprawning stock
biomass, predation, substratum ty8tokesbury and Himmelman, 1995), predation and competition
(Thouzeau, 1991 Annual variations in these factaran resilt in large fluctuations in recruitment and
thus inthe stockbiomassand assoiated landings. In order to ensure that the stock and fishery is
robust to such fluctuations in recruitment it is essential that the stock is rebuilt and maintained at a
level above theecommendedbiomass reference point.

4.5 Stock assessment unit

In order to help redressthe fundamental mismatch between the management unit (Isle of Man
territorial sea), the stock assessment ufdurrently ICES rectangles 36E5 and 37E5; but also looking
to extend it out to 38Epand the biological stock (Irish Seag highlight threeapproaches (short,
medium and longerm) that will helpto enable the stock assessment to badertaken at the
appropriate geographic, biological and managensggle in the future.

Short Term: fie first approach is to increase the extt of the current stock assessment model to all
GKNBES L/ 9{ NBOllIy3atSa 0GKI G Oz@bruitotkkassestniert 8nit2 F al
incorporates the tw ICES rectangles 36E5 and 3TB%ever, ICES rectangle 38E5 also extends into

the Ide of Man territorial sea and so work has begun to incorporate data from survey stations and
landings from this ICES rectangle into the stock assessment model (Appendix 3 and 4). Surveys were
first undertakenm 38E5n 2008 and so we now have 8 years wfvgy data that can be incorporated

into the model. Although only a single station (Historical Station POA) has been surveyed in most
years, in both 2014 and 2015 three survey stations (Station POA, 10 and 45) were all surveyed. For the
stock assessmentamhdings for 38E5 were estimated from June to May up to 2008 and calculated
thereafter as has been the case for landings from both 36E5 and 37ES5 for the existing model. A stock
assessment model (Revision 1) was run that incorporated ICES rectangle 38&& auwent model
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for 36E5 and 37ES5, using both versions of CSA (v3.1.1 and 4.3), (Appendix 3). In all mueeld the
in biomass remains the sambeut the biomassestimate increased by an averagel®00t when ICES
rectangle 38E5 was incorporated inteetstock assessment model.

Medium Term: €mporal, financial and administrative restrictions have meant that the stock
abundarce survey has traditionallyeen conducteanly within the areas of the ICES Rectangles that
fall within the Isle of Man territodl sea and not in the areas that fall outside it (i.e. outside the Isle of
Man 12 nm limit). However, additional survey time during the 2015 stock abundance sas/ay
result of the cessation of the autumn surveyeant that it was possible to apply fpermission from

the relevant UK jurisdictions to undertake survey tows outside of the Isle of Man 12 nm limit. Following
a scallop subgroup meeting of the Isle of Man scientific steering committee a list of potential survey
sites, for both king and queertallop stocks, was provided by local industfiggre2). As wehave

only one year of data for the sites outside of the 12nm limit it is yetfeasible to run an acgate

stock assessment model that incorporates this new dataaddition, as the suggested sites were
locations indicated by fishermen of high density fishing areas it would not be appropriate to
incorporate or directly compare these with the stationshiit the territorial sea thatire based on a
standardised gridHowever, they dprovide ageneral indication ofjueen scallop densitiesutside of

the territorial sea comparedto inside (Section 3.5) Going forward, in order to enable the
incorporation ofsurvey stations outside of the 12nm into the stock assessment matiath willhelp
ensure the abundance index is truly representative of the stock isim@mportant that sites outside

2F GKS LatsS 27 alyQa wmuHyY fiddatk daniehgdédiofluzdodalz 06 S
However, the stations selected for surveying will need to be selected in a similar mérmer
standardised grid) in order for them to be incorporated into the modaladdition since July 2013,

the AgriFood and Biosences Institute (ABl) in Northern Ireland hadso begun undertaking surveys

of queen scallop within areas of the Irish Sess such coordinating survey effovith AFBmay enable

a better coverage of the wider stock to be achieved.

Long TermFinaly, as discussed alagly in this report a longeterm objective for the management of
the fishey isto develop an approach that will enable the stock assessment and managemertbunits
be matched to the area encompassed by the actual biological stock [iish Sea) through
development of a Pairish Seamanagementapproach. Work towards thisinvolves multiple
management jurisdictionéSection 1.3)

4.6 Spatial managemenand closed areas

As discussed in Section 4.1, because scallops are broadcast spasuteessful reproduction is likely

to be higher when adults are present at higher densitigth fertilisation success limited if local
densities drop below some threshold level as a resilllee effects Therefore, spatial management
(e.g. closed areas) may be particularly important as a mechanism by which to maintain sufficient
densities, in at least some areas, to ensure successful fertilization, recruitment arkiongiability

of the fishery. In ddition, closed areas could also provide effective control of fishing effort in habitats
that are easily damaged by fishing activity and that may be important for spat settlement and
recruitment as discussed in Section 412.order to inform management agsions on lie siting of
closed areas an idepth understanding of scallop recruitment mechanisms is essential to ensure the
protection of recruitment sources rather than sinks.
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As discussed in Secti@rBit will likely take several years before the ingpaf the closed areas can be
properlyassessed. However, initial results from monitoring during the 2g8adop abundancsurvey

have indicated a generally positive response with the total abundance, or abundance of recruits
increasing from 2014 to 2016 three out of the four closed areas. There was no initial increase (total
abundance or recruit abundance) observed in the remaining closed area (Closed Area lll) gituated
the east of the IslandFigure4). There are two possible explanations for the decline in abundance
within this closed area. Firstly, the survey sites which indicated relatively higidaboes during the
2014 spring scallopurvey were locatedtahe edge of the closed area. During the 2014/2015 fishing
season the edge of the closed area was fished intensively. As queen scallops are known to swim and
move in response to physical disturbance it is possible that the queen scallops moved toutsetes o

of the closed area and ave subsequently removed Hyshing activity. Secondly, no increase was
observed in thgroportion of recruitswithin the closedareawhich may mean that there has not been
sufficient recruitment coming into the area over tipeevious two or three years to replenish the
stocksas older scallops die off (at the end of their natural life cydie) discussed in Section 4.5
recruitment can be negatively impacted by a range of variables including environmental conditions,
indirectfishing mortality and direct fishing mortality. In additi@s the sources of recruitment for the
fishing grounds at the east of the Island #reught to beoutside of the territorial se@Neill & Kaiser,
2008) recruitment may also be negatively impadtby the large amount of fishing activity that occurs
within these source areas

4.7 Fishing effort

On the recommendation of the QMBEFA undertook a public consultation between December 2014
and February 2015 to try and resolve the issue of exces#fiwe within the fishery (in particular latent

effort). The main purpose wds protect stock levels and to aid the rebuilding strategy for the queen
scallop stock thatsi currently in place t@chieve the recertification of this fishery within the MSC
process. Based on the analysis of the public consultation reQHE42015 the QMBrecommended

to the Minister that eligibility for a queen scallop fishing licence within the Isle of Man territorial sea
should be based on a track record of 20 days withn2010¢ 2012 (inclusive) queen scallop fishing
seasons. This has in effect reduced the number of licenced vessels from 138 (2014) to 42 (2015),
although at this time several pipeline cases are still under review.

4.8 Wider-scale issues

As well as nun@us environmental variables that may affect the reproductive success and mortality

of queen scallops there have been many changes in the fishery itself. The fishing gear used to target
gueen scallops has changed over time and dredgers and trawlers azatjadly targeting different

sizes of scallops. The impact of the various fishing gears on benthic habitats is different and catchability
of queen scallops varies between gears (Hihal, 2009). Catchability of queen scallops is also
temperature dependat (Jenkingt al., 2003). Management of the fishery has changed substantially
during the pasthree years. The introduction of closed areas, incs@g@ minimum landing size (to 55

mm) and a closed season will all impacttbe queen scallop population. h& accuracy of historical
landings data is unknown but is almost certainly subject to large errors. Therefore, a great deal more
research over many years is needddeverthelessthere is sufficient informatioravailableto allow

the fishery to be manageib sustain or increase yields.
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5. Conclusions

o Following a decline in stock status in 2014, and an estimated biomass below the level at which
recruitment is considered to hienpaired;the MSC certification for this fishery was suspended
on May 19'2014.

0 The issue of latent effort within the fishery has now been partially addressed with a reduction
in the number of eligible licenced vessels from 138 for the 2014/2015 fishing season to 42 for
the 2015/2016 fishing season, following the introduction of akraecord period (although
several pipeline cases are currently under review).

o Given that the principles of the MSC certification scheme promote sustainable stock &tatus
is not possible to recommend a scientifically advised TAC for ICES Rectanglan@B8EES
in the 20132016 fishing seasonnlorder to promote the earliest return of the stock to above
the minimum biomass limit it is recommended that no fishing occurs within the stock
assessment unit.

o0 Whilst landings have substantially decrease®@i4, particularly within the territorial sea
(1000t) where management measures were in place, landings from the entire stock
assessment unit (6429t) still exceeded surplus production

0 Biomass idikely to be depleted leading to the fishery becoming réonent-dependent
where >40% of biomass is removed annually. The 2014 fishery removed 87% of the
estimated mean biomass for 2014, leading to a furttiecline in estimated biomass 2015.

o Four small areas that had exhibited sufficiently high abundsumtéhe April 2014 survey were
strategically closed around theland. This was done to ensure that some scallops existed in
high enough densities to spawn successfully and to try and promote improved recruitment to
the fishery the following year.

0 The2015 estimatedmedianpopulation bomass 865&) is at its lowest level since scientific
surveys began in 199t 1999when biomass was estimated at a similarly low €&t 4t)
it took a further 3 years before the populationsimcreased to above 13000 his indicates
that the present low biomass situation may not start to improve for a namdf years. Fishery
closures,low TACsr other management measuramay need to be in placdor several
consecutive years iarder to let the biomass increase

0 Biomassdepletion hasrendered the fishery heavily dependent on annual recruitment
Management promotinguccessful spawning and recruitmersingclosed areass essential.
However, the siting, size and access status of closures should be consideredyannual

0 Low abundance of recrgtat several survey stationsquire plans to increase sampliegfort
of queen scallop recruits during the spring scientific survey to be developed. Beam trawl
sampling (which better targets recruitshould be regularly undéaken across the range of
survey stations in parallel to the traditional stock assessment survey using dredges.

0 Continuing to build on the additional survey work undertaken in April 2015, it will be essential
that future annual scientific abundance survesgmples at additional stations outside of the
12nm limit, within ICES rectangles 36E5, 37E5 and 38ED5, to help ensure the abundance index
is truly representative of the stock size.

o The Irish Sea queeartallop fishery shoulde managed as a singdlogicd stock withadvice
provided based on data collected across the Irish Sea. An initiative to achievdrisha®ea
management approach for the queen scallop fishery was started by DEFA in 2014. It is vital
that this important work, to achieve a collabonat management approach for queen scallop
stockswithin the Irish Sea, continues.
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