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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 providédsed on landingsnd survey data, which aims to

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

A fishery for queen scallop8equipecten operculariias been prosecuted in and around the Isle of
alyQa GSNNAG2NAIf &SI aAyO0OS (KS moppnaz MABtO2YAy3
Manxvessels now fish for queen scallops with otter trawls, while UK vesselsoth otter trawls and

toothless dredgesTraditionally therawl fisherycommences in June each ygthus the queen scallop

fishing year is taken to run from June to May the foilogvyear.

I LINBOlIdziA2y I NE YIylF3aSYSyd aiGNI GS3& F2NJ GKS Laft ¢
and reviewed by a Marine Stewardship Council (MSC) assessment team. The trawl fishery was MSC
certified in May 2011, while the dredge fisherylddi to meet the necessary 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 imited. Following a decline in stock status in 2014l an estimated mean biomabglow the
recommeanded minimum thresholdunderwhich recruitment is considered to be impaired, the MSC
certification for this fishery was suspended on M&f' 2014and remais in suspension at present

vdzSSy aOlftf2L) FodzyRFyOS AyONBIFaSR akKlFINLX e Ay GKS
This increase, combined with strong market demand, led to increased fishing effort and landings of
gueen scallop between 20 and 2013however, following a decline in stock status landirgigrply

declined in 2014and 2015 Across ICES rectangIl86E5 and 37E%n 2015 approximately 8% of

landings werdaken by dredgers and ¥ by dter trawlers (in the year from January tbecember

2015. By comparison, whin the territorial seaapproximately 16% of landings were taken by dredges

and 84% bytter trawlers(in the year 2015 from January to Decemper

The first formal stock assessment of the Isle of Man queen scallopw#sckndertaken in 2Qusing

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

indices and igienerallywelld dzA § SR (G2 GKS RFGF FT@FAETF0fS F2NJ 0K
The stock assessmeimidicatesthat the biomass opostrecruits declinedbetween2010 and2016,

while recruit biomasddeclinad sharplybetween2009 and 2011 and has been variable between 2012

and 2016.Total biomasswithin the territorial sea isestimated to have declined bgver 2100a

between2010 and2016 with the median estimi&@d biomass for 2016 of 4776tm®w back within the

bounds of historic averagelsandinggrom the territorial sea were higher in 2016 (1240t) tHar2015

(1000t) despite a continued decline in estimated &tbomass

The MSC process requires that a minimum and maximum biomass threshold is calculated for the stock
(minimum biomass threshold calculated as approximate002 for ICES rectangles 36E5 and 37E5)

In terms of setting an appropriate harvest ra@nalysis of the historic data indicates that when the
stock is above the minimum biomass threshold removing more than 30% of queen scallop biomass
increases the risk that the stock will be depleted (Murray, 208®)en biomass is lower than this
minimumthreshold recruitment may be impaired and it is recommended that fishing should severely
reduce or cease, in order to promote the earliest possible return of the stock to levels above the
minimum biomass thresholdShould fishingoccur for socieeconomic pirposes at bbmass levels

Page |ii
Version Control: Final Report (V2)/G0/2016



Bangor University Fishesend ConservatioReport No. 66

below the recommended minimum biomass threshdlés recommended that a very precautionary
harvest strategy is adopte@.g. 20% or lower)

Given recent biomass depletion, a scientifically advised TAC wasavidedfor the 201L5/16 season

for ICES Rectangles 36E5 and 37E5. Contrary to scientific advice, a TAC of 1240t was set by the Queenie
Management Board for the territorial sea. This was a secimnomic measure to ensure shaerm

job security in the scallop processing aradching sectors.
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A 2 4 A ~

Fy wcQ FINB adldrzys &8t SO0GSR o8 201t TFA&AKAYSD

surveyed from 1992 whilst numbered stations were first surveyed frOd22 The full set of sample
sites was not achieved in 2016 due to adverse weather conditions which limited the number of
sampling days available during the survey periad...............ccccco i 5

Figure 2: A map siblaying the actual survey stations within the Isle of Man territorial sea used in the
2016 queen scallop stock assessment model and the primary reason why the remaining stations were
excluded from the analysis. Named stations were first sampled from a9@2rds, whilst numbered
stations were first sampled from 2012 onwards. For 2016, the stock assessment presented in the main
section of this report was undertaken for the Isle of Man territorial sea. Categories: Included in model
¢ Stations used to calcale the abundance indices for input into the current model; Historically
limited\No QSEStations that have consistently recorded no (or very minimal) queen scallop density
during the survey; Insufficient data Stations that have been surveyed for 2 ygar less and
therefore do not have a long enough time series of data to allow inclusion in the model; Spatial
duplication¢ New stations that have been created in a grid but that overlap with historic stations and
so have been excluded to avoid AUPHIGALI............ccoiiiiriiiiie e A

Figure 3: A map indicating the different spatial extents of the two main data sets that have previously
been input into the stock assessment model. The abundance index from the tedrited is at the
spatial extent of the Isle of Man territorial sea whilst landings data are from ICES rectangles 36 and
37E5. The management unit is also at the spatial extent of the territorial.sea......................... 9

Figure 4: A graph illustrating the differences in confidence in the landings data obtained from different
GAYS LISNA2Ra® C2NJ KS Yz2aid NBOSyld &SIFNAQ RIFGL
a daily level. Green = Tow by towasipl data within TS plus logbook and VMS data; Blue = DEFA
monitored landings within TS and logbook and VMS data; Grey = landings from logbook and VMS data;
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survey analysis model. This is calculated using data frogntbal stations used in the 2016 stock
assessment model. Zero data values have been treated as 0.01 in order to calculate the geometric

Figure 7: Map showing the approximate locatiarfsthe four main queen scallop fishing grounds
(names underlined and in bold for clarity) within the territorial sea. The four main fishing grounds are
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Figure 18: Estimated biomass for the territorial sea as predicted from thé 2@bck assessment
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the Median; red dotted line denotes the 90% Confidence Interval and blue dotted line denotes the
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1. Background

1.1 The fishery

A fishery for queen scallop8gquipecten operculati$as been prosecuted in and around the Isle of
alyQa GSNNRARG2NALFE &SI aAyOS (GKS mppnaz MSBtO2YAy3
Manx vessels now fish for queen scallops with otter trawls, while UK vessdlsthsster trawls and

toothless dredges. The fishery within the territorial sea is governed by several management measures

For the 20132016 fishing season these included:

Four temporary closed areas where fishing for queen scallops by any means was prohibited.
Queenie conservatioroneswhere dredgingor queen scallops/asprohibited.

Spawning protection closure{April to 3F'May 2016

Weekend ban

Daily eirfew (06:00¢ 18:00)

WeeMldy catchlimits (maximum of 4200 kg for trawl and 10500 kg for drédge

Minimum landingsize(55 mn)

Limited TAC (12xt)

= =4 4 48 -8 -8 - -2

These maagement measureserecovered bythe Fisheries Act 201@ndthroughrestrictive licencing
conditions

On the recommendation of the QMB, DEFA undertook a public consultation between December 2014
and February 2015 to try an@solve the issue of excessive effort withinthea £ S 2 NJ al yQa |
scallopfishery (in particular latent effort). The main purpose was to protect stock levels and to aid the
rebuilding strategy for the queen scallop stock that is currently in placeheae the recertification

of this fishery within the MSC process. Based onrdseiltsof the public consultation results (DEFA,
2015) the QMB recommended to the Minister that eligibility for a queen scallop fishing licence within
the Isle of Man territoial sea should be based on a track record of 20 days within the 2002
(inclusive) queen scallop fishing seasdrss has in effect reduced the number vessels licenced to fish
for queen scallops within the tetdrial sea from 138 (2014) to 42015) although at this time two of

these licences areurrently inactive addressing the issue of unrestricted latent effort within the
fishery. Of the 49vessels licenced to fish for queen scallops during the 2015/16 fishing season only 35
prosecuted the fisary.

Outside of the territorial sealthough a minimum landingize of 40mm is enforcedhe fisheryis
subject to very fevadditionalmanagement measureglowever, in May 206 industry hagor the first
time implemented a vaintary closure for ICES arédl and VIldo protect the fishery during one of
its spawning periods

1.2 Marine Stewardship Council certification

I LINBOIFdziA2Yy I NE YIFyFr3SYSyid aGN)rGS3e F2NJ GKS Laft S
and reviewed by a Marine Stewardshipudoil (MSC) assessment team (Andrewvsl., 2010). 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 @lia, 2011). A key aspect

of ensuring the sustainability of the fishery is that management responds to stock status and that the

Page |1
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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 timakxs and the actions required to meet these
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 assesgmehid May

2014the MSCENJI A TA OF G A2y T2 NcalépSrawl fisHerg wad Jusperidigdiwing lj dzS Sy
a decline in stock statusvith an estimated mean biomas®r 2014 atlevelsbelow thethreshold at

which recruitment is considered to be impaired:he MSC certificatio remains in suspension at

present.

1.3 Recent increases in fishing effahd measures to address management needs

An increase in the demand for queen scallops in 2010 prompiddstry discussions about the
management of the fishery. In July 2013 a megtof the UKScallop Association was convened to
discuss the lack of management in Irish Sea queen scallop stocks and requested action by the UK and
Isle of Man fisheries administrations, specifically that the UK increase minimum landing size to 50mm
and that closed seasons between Janui&gbruary and Junduly were introduced.

In August 2014, and partly in response to {redicted reduction in biomass based on the stock
assessmenF 2 NJ al YE 6 GSNAYX GKS L&atS 2F al y odam@dSNyYSy
Agriculture (DEFA) began working with the relevant UK administrations to develop-lashaBea
Management strategy for queen scallops. The first discussions of this group were held on the 18th
August 2014, and monthly communications, includindoamal meeting on the Isle of Man in

December 2014, were continued into 2015.

In March 2015 Marine Scotland began coordinating the project, and the first meeting with the scallop
fishing industry was held in Edinburgh. A joint industry and fisheries astnaitions Working Group

was then established to determine which management measures should be adopted and how this
could be achieved. Changesth® minimum landing size and seasonal closures remained the primary
shortterm objectives; although a range pbtential longerterm management measures were also
considered.

This process continued during 2015, with meetings in May, August and October, during which a public
consultation document was developed by the working group. The document was finally agezsetyi

2016 but was not released due to a request from the Welsh Government to avoid potential conflict
with their consultation on scallop management in Cardigan Bay. Subsequent delays have also occurred
and the consultation is now likely for release imd or July 2016. A Business Regulatory Impact
Assessment for the proposed measures will also accompany the consultation document.

The consultation will seek views on;

Changes to minimum landing size.

Statutory fishery closure for spawning purposes.

Entryrestrictions for the fishery.

Potential future management options for the fishery including; input and output controls,
spatial management and technical measures.

= =4 =4 =4
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In the meantime, a voluntary closure of the queen scallop fishery during May 2016 was agiteed
industry in Areas Vla and Vlla, which appears to have been observed.

1.4 Stock assessment

An annualstock assessment of the Isle of Man queen scallop dtaskbeenundertaken using the
CatchSurvey Analysis (CSA) method, first developed by ColliS@senwine (1983ince 2012. e

results of which are presentday Murray and Kaiser (204220120, Murray (2013) and Bloaet al.,

(2014 2015. CSA has been advocated as a valuable method to support management advice where
age data is not availab(Mesnil, 2003)The CSA method estimates stock size using abundance indices
and isgenerallywell-a dzA G SR G2 GKS RFGF F@F At 06fS AbSNik (KS
estimates of stock size and fishing mortality derived from CSA are igentitinput parameters,
although trends over time are more robust to changes in these input parameters (Mesnil, 2003).
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2. Methods

2.1 Scallop surveys and abundance index

QringaNSea 27F GKS L Fpll&ions ave ddey Ddertaiemhubly ir? spdindsidce

1992 (BeukersStewartet al., 2003) The original survey4992¢ 2006) conducted by Port Erin Marine
Laboratory sampled scallops acr@ssange of 11 historical survey statiordthough not all stations

were sampled every yeaihe abloeviations for these historicalusvey station nams are: Bradda
Inshore (BRI), Bradda Offshore (BRROJt St. Mary (PSM), Chickens (CHI), South East of Douglas (SED),
East of Douglas (EDG), Laxey (LAX), Ramsey FREVPELRoint of Ayre (PO#and Targets (TAR)
(Figurel). The recent surveys (20@72016 conducted by Bangor University continued sampling of
these historical stations and increased sampling effort fRihi2onwards including additional fixed
surveystations across the extent of the queen scallop stock within the territoria{Bigarel).

Sations that have been sampled over at least two yg&r<, 5,9, 10,14,17,20, 21, 2223, 24, 25,
32,35, 36, 38, 39 and 43, in addition to the standarthistorical queen scallopurvey stationgCHI,

EDG, LAXROAPSM,RAM,SED and TARWJere included irthe currentstock assessmergFigure2).

For the first timethe model for 2016 ws run at the smallespatial scale of the territorial sea in
comparison to the largespatialscaleof ICES Rectangles 36E5 and 37E5 that has previously been used.
By using landingsrad survey data exclusive to the Isle of Man territorial ,shés hasalso enabled
survey data from stations in ICES statistical rectangle 38HESb léadings from this area) tbe
incorporated into the modefor the first time However, it is important to note that this area was not
surveyed before 2008 and only a single stathas been sampled in most years since ti&ince 2014

at least three station§POA, 10, 45) have been sampledth five stations surveyed in 2015 and 2016
(POA, 10, 11, 13, 45) (Appendix Ih)addition,data for historical landings (e.g 19¢2006) were
compiled from multiple sources and are only attributable to the level of ICES Rectangle. For years that
VMS data are availabl@007- 2013 landings data attributable to ICES Rectangle can be combined
with spatial data from VMS to enable a finer scafmtial resolution (e.g. inside or outside the
territorial sea) Landings data from the most recent years in the model (22(BL6) has been collated

at a finer resolution and so can be accurately resolved to the territorial sea. As such the partitioning
of landings originating from inside and outside the territorial sea is malest for recent yearand

less robust the further back the data set originafEgjure4).

All gations weresurveyedusing the protocol described tjinzet al. (2009) and Murragt al. (2009).
The stock assessment survey was undertaken ubie@®V Fince Madogfrom 25" April ¢ 8" May
2016
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The full set of sample sites was not achieved in 2016 due to adverse weather conditions which limited the number of sadgygvailable during the survey period.
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The geometric mean of queen scallop density was tatled across survey stations and was used to
derive the abundance indices. This was precautionary and necessary to obtain meaningful stock
assessment results. A failure to use the geometric mean wdieim-weights isolated highdensity
patches of scallopsould increase the risk of ov@stimating population size (Hutchings, 1996y

would provide a misleading oveptimistic estimate of scallop abundance.

The dredges used in the surveys have a belly ring internal diameter of 55 mm and thusamgée

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 each station with the beam trawhgkide 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 relative torpoatits. The

mean propotion 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) engshp(otted

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

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 a trawler and two dredgers figjpiaround 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 importantly discard mortality was fdartae

low, particularly when compared to fish spec{®&ontgomery, 2008; Nall, 2011). Montgomery (2008)
recorded no mortality in queen scallops maintained in aquaria foriweeks after trawling, although

there was a reduction in escape response sugge#tia potential fora higher risk of predator induced
mortality. Boyle (2012) showed considerable predation by dalimagnda limandp on discarded
gueen scallopghis could be the result of dncrease irphysiologicastress andesulting ina decrease

in escapeaesponse causing the scallops to gape and be eaten 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 moytaéite equivalent to 5% of the weight landed
(e.g.if 21% of landings ardiscarded as they undéviLSand 19% of those are estimated suiffer
mortality, this then equatedo a discard mortality ofaround 5% of the original landed weight
However,in situmortality resulting from interaction with fishing gear is unknown.
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Figure2: Amap displayinghe actual arvey stationswithin the Isle of Man territorial seased in the 201@ueen scallop stock assessment maaiedl the prinary reason why the remaining
stations wereexcluded from the analysiblamed stations were first sampled from 1992 onwards, whishbered stations weréirst sampled from 2012 onwardBor 2016 the stock
assessmenpresented in the main section of thisport was urdertaken for thelsle of Man territorial seaCategories: Included in modelStations used tealculate the abundance indices
for input into thecurrentmodel; Historially limited No QSEStations thathave consistently recorded no (or vaninimal) queen scallop densitiuring the survey Insufficient datag
Sations that have been surveyed for 2 years or less and therefore do not have a long enough time serietoddlttateinclusion in the model; Spatial duplicatipNew gations that have
been created in a grid but that overlap with historic statiamsl so have beeaxcluded to avoid duplication.
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2.2 Stock assessment

The stock assessment was implementesing CSA3v1.1 (NOAA, 2008) [fanore details on these
versions see Sectiof.3.1; forcomparison a stock assessment using the latest model version (CSA
v4.3; NOAA, 2014) can be foundAppendix 2. Data from thespringsurveyswas usedsince this is

when temperature is lower and dredges are a more effective means of sampligngscallops
(Jenkinset al., 2003) and before themain queen scallop fishing seasdrme stock assessmeunhit
previouslyhasbeendefined asthe area covered by ICES statistical rectangles a6E37E5(Figure

3). Althoughthis areaincludesthe majority ofqueen scallop fishing grounds within the territorial sea

it causes a spatial mismatch between the main data sets that input into the stock assessment model.
This is because thgurvey area usetb create the abundance indeg at the spatial extent of the Isle

of Man territorial sea, while tharea from whth landings data are collated is the wider spatial extent

of ICES RectanglesB® and 3E5 Figure3). Due to the limited spatial resolution alaile for older
landings data set ICES rectangles 36E5 and 3fi&ke been used as the nearest approximation to
flryRAYy3Ia FNRY (GKS LatS 2F alyQa GSNNRARG2NRLFE &SE o
to near Anglesey and that total landje from these two rectangles will be substantially higher than
from the territorial sea alone.

A wide range of management regulatiorecently haved SSy A YL SYSYGSR gAGKAY |
fisheries. There remain minimal management measures in placfmn scallop fisheries within the
wider Irish SeaVMS and Logbook data analysis has indicated that genenadlynd 50% othe
landings from theséCES rectangldmve come from within the territorial sea and 50%rnr outside
However, in mor@ecent yeas, due to restrictive management measurst have been put in place
for the queen scallop fishery withithe territorial sea there has been a sidgigant shift in these
proportions. For 2014 and 2015 it wastimated that only around X ofthe landingsfrom these two
ICES rectanglesroa from inside the territorial sea and 85% from outsid@ibisshift means that the
landings dataused to input into the model arbecoming less applicable to the current situatiamd
highlights theneedto move towardgealigning the spatial extents of thtatasets that input into the
model to the spatial extent 6 the management unifterritorial sea)rather than theextent ofthe
wider stock unit(Irish Sea or ICES rectangles 36, 37 and 38BH}t accurate data fdandings from
the territorial sea are available from 20bRwards for allé S | pNdi t@ 201 2the data is only resolved
to ICES statistical rectangla.order to apportion part of the older landings data to the territorial sea
an assumption thab0% ofqueen scallogandings from ICES rectangles 36EAE S8 and 38E5 have
come from inside theerritorial seaand 50% from outside in order pproximate landings from the
territorial sea during these years.

Therefore, althouglthe data for recent years hdmen accurately collated at the level of the territorial

sea, confidence in historical landings data resolved from the level of ICES Rectangle to territorial sea
is lower (Figure4). This will build in a level of uncertainty anda into the historic predictions of
biomass that will be resolved as the time series of data increases and the older data can be
incrementally discarded from inclusion in the stock assessment model.
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20 Nautical Miles

Figure3: A map indicatingtte different spatial extents of the two main data sets that have previously been input into the
stock assessment model. The abundance index from the territorial sea is at the spatial extent of the Isle of Man territorial
sea whilst landings data are fro@ES rectangles 36 and 37E5. The management unit is also at the spatial extent of the
territorial sea.
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Figure4: A graph illustrating the differences in confidence in the landings data obtained from different time periodse For th
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within TS plus logbook and VMS data; Blue = DEFA monitored landings within TS and logbook and VMS data; Grey = landings

from logbook and VMS data; Black = logbook and VMS data; Red = logbook data only at ICES rectangles level.
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Abundance indices were derived from survey data frb893 to 2016 Data from 1992 was not
includedin the assessment since only thretations were swreyed in his year, one of which was
surveyedonly until 1997 (Appendix ). Thegeometric mean across survey statiselected for the
modelwas used to obtain abundanaedicesof recruits and postecruits (fullyrecruited individuals)

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

In the CSA modelhé population dynamics of the fishery are described by a process equation using
the population size of twoize classes of queen scallops: fully recruitédand recruitsR

0 0 Y Q 0Q 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:

3 noa (2)
and
i n'yYQ 3)

wheren; andr; are abundance indices of fully recruited queen scallops and recquigsid gr are the

catchability coefficients of the queen scallop dredges used in the annual surveys. The'témolsee!
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
distributions. Average individualeights of recruits were derived from the relationship between
length and weight measurements of 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 bellggs of 60 mm internal diameter while trawieuse a cognd

with mesh of 850 90 mm. Therefore, catches of queen scallops <55 mm are likely to be low, and
these smaller scallops remain commercially less desiraBbsearch found almost no landings <55

mm foreither dredgers or trawlers (Nall, 2011). Allison (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 VB@Barameters were . =75.91, k = 0.59 and +-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 nimesand
were rare; therefore, the recruitment index was in effect scallops between 30mm and 55mm. Allison
(1993) used six different methods to estimate natural mortalM, all yielding different results
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ranging from 0.037 to 1.88 but identified valueda? to 0.5 as most appropriate. The effects of using
values ofM between 0.2 and 0.4 were examinedan earlier report (Murray and Kaiser, 2@)and
repeated inAppendix 10Based on thesarlier workof Murray and Kaiser (20&a2this present stock
assessent uses M = 0.2 and s =3B. It is important to note thatbiomass andnortality estimates
relate only to recruits and fullyecruited scallops not to scallops <25 mm.

The harvest rateh) was calculated using the equation:

Q0 — (5)

Fishing mortality was then estimated &s -In(1-h) following Collie and Kruse (1998). However, there

is no advantage in using this estimateFahstead of the harvest rate to set management thresholds

and both show the same pattesnwith time (Mesnil, 2005). The harvest rate is calculated based on
population estimates in numberf CSA version 3.1.1 therdfidence intervals of harvest rate, fishing
mortality, biomass and abundance were derived using a-panametric bootstrapping qocedure.
Randomly drawn residuals were applied to survey indices. 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 Cadret al., 1999 Mesnil, 2003).

Surplus production was calculated as follows:
SR=Ba¢B+CB
where,

SR = surplus production in year t
B.1 = biomass in year t+1

B = biomass in year in t

CB= catch biomass in year t.

2.3 Closed areas

In May 2015he QMB metto discus the scientific advicbasedon the biology and sustainability of

the stockthat recommended no fishingBlooret al.,2015. Mnsideing the socieeconomicimpacts

of such a closwe alimited economic TAC o2 for the territorial sea wasecommendedby the

Board andsubsequently enactetly the Minister for DEEAFishing was conditional on the fatitat

strict monitoring and enforcement dhe TAC was undertaken aadditional conservation measures

put in place to try and limit the negativienpacts of fishing onraalreadydepleted 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 hd®th male and female
reproductive organs) and become sexually mature-atyearqapproximately 40mm). Queen scallops
are broadcast spawners (i.e. they release eggs and sperms into the seagrasawn in both spring
and summer(Duggan, 198 When oneindividual spawnspheromonescontained in theeggs and
sperms which areeleased into the water columsignal toneighbouring scallops to release their own
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eggs and germs ensuring synchronous spawni(-BIl, 201 Thus, in order for spawning (and
subsejuently recruitment) to successfully occur queen scallops need to be present at relatively high
densities. Idow density population there is a risk thathe spawning stock mamot be present at

high enough densgisto successfully reproducg.e. thereare too few individuals around to come

into contact for fertilisation)a phenomenon known as the Allee efféaFBl, 201

The decline in stock status evident in 20&42015 meant that large areas of theerritorial sea
contained low densities of queescallops.For the 2015/2016ishing season four areas that had
exhibited sufficiently high abundances in the April 28fiock survey weretsategically closed around

the Island These areas were intended ensure that some high densities of queen scallogmained
during both the spring and autumn spawningripds to promotesuccessful spawninghere is also
evidence from within areas protected from towed bottefishing gear that adult scallop®écten
maximug had heavier adductor muscle tissue and gimthat were 19%24% heavier than those of
scallops in fished areas potentially as a result of lower stress levels from reduced contact with fishing
gear (Kaiseet al.,, 2007) Given the simulations of scallop larval connectivity that have been produced
for the Isle of Ma & (i S NINWNdill & Kaiserf 2008 &dingle area was closed within each of the
four main fishing grounds to try and ensure the best chance of recruitment arounenie Island
(Figureb).

As the mai purpose of the closed areas svéo promote successful spawning and spat delivery to
areas around the entire Island,will be difficult to separate any direct impacts from thl®sures of
these area®n the recruitmentsucces®f the stok as a whole.
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3. Results
3.1 Abundance

3.1.1 Whole Stock
The abundance index showsdecliningrend in the mean abundance of recruits from 2009 to 2016

with slight increases observed in both 2012 and 2FHigure6). From 2006 to 2010 there were year
on year increases in the mean abundance of pestuits, reachinghe highest levels on record in
2010. However, e meanabundance of postecruits has shown a declining trend sin@910
recoveringto alevelsimilarto that recordedprior to 2007(Figure6).
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Figure6: Abundance indicegbased on geometric mearidr recruits and postecruits used in the catch survey analysis
model This is daulated using datérom only the stations used ithe 2016stock assessment model. Zero dagdueshave

been treated as 0.01 in order talculate the geometric mean.

3.1.2 Territorial Sea
Whilst the biomass of the whole stock has declined annuallses?®11 densities vary significantly

among the four main fishing groundsast DouglassDG, ChickengCHI), Targets (TARhd Point of

Ayre POA (Figure7 andFigure8). In addition due to the aggregating nature of queen scallops some
areas of relatively high densities are evideuithin each ofthese fishing ground®uring the 2015/16

fishing season the highest density area was found within the fishing ground attS argéhe west

coast, where 65% of landings were removed. The queen scallops within this area were generally large

postrecruits of a similar size class ¢60 mm).

The average density of queen scallops (of all sizes caught) per2ddong historicalsrvey stations
around the Isle of Mapan be seen ifigure8 for both 2015 and 2018n 2016 he historical stations
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to the north and west of the Island (TAR and POA) have the highest densities of queen seallops p
100 nt whilst sites tothe east of the Island (SED, EDG & LAX) have the lowest de(Hijig®8).
Variation in the average density of queen scallops (of all sizes caught) per ¢@fles temporally as

can be seernn Figure8 where the survey densities from 2009 and 2016 are compared. This graph
indicates a large decrease in scalttgnsity since 2008t historical stations onhie south and east of

the Island, which had experiencedarge recruitment event.
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Figure7: Map showing the approximate locations of the four main queen scallop fishing gréoanes underlined and in
bold for clarity)within the territorial seaThe four main fishing grounds aredwn as EDG (East Douglas), CHI (Chickens),
TAR (Targets) and P@2oint of Ayre)The historical stations within these sites are also labelled on the map.
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from historical survey stationduring the2009 (grey patterned015(grey solidand 2016black solidstock assessment
survey
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In addition, the proportion of recruits and peetcruits at each station b varies around the Island.
Whilst some sites (e.g. TAR, 39) were composed entirely ofrpostits (over 55 mm) other stations
(e.g 36, 21) were composed ofer 606 recruits (25 54 mm) andess than 40%ess postrecruits
(over 55 mm).

3.2 Landinggnd fishing effort

Queen scallop landingsom 36E5 and 37ES5 totalled 8033t in 20L&. from January to December
2015, with an additional 58caught in 38E5r{ the year 2015 from January to Decembé@¥the total
taken acoss the tworectangles(36E5 and 37E5)6483 was caught by dredgerd,55Q by otter
trawlers. Landings taken from 36E5 and 37E5 by Manx @esmtepresented 1% and UK trawlers
represented 56 of total landingsin 2015 UK dredgers represented %% and Manx dredgers
represented5% of total landingsin 2015 {.e. from January to December 201kandings of queen
scallops from within the territorial seaere approximately 1240in 2015(Figure 11); this represents

only 18% of total landingsrbm 36E5 and 37Efn the year 2015 from January to Decembdéifie
proportion of landings from 36E5 and 37ES5 that originated from within and outside the territorial sea
has changed substantially since 2014 as a result of changes to the management of the queen scallop
fisheryg AGKAY (GKS LatsS 2F alyQa GSNNRARG2NARIE aSlk o

Landings from within the territorialesa have also changed substantially in respect of gear simee
2013 as a result of changes in managemémt2013 spatiatestrictions for dredgingvere introduced
i.e. dredging was restricted to a limited area (dredgex) and a specifitAC of 1,000was allocated

to the dredge fishery. In 2014 the same spatial restrictions were in place hoymevspecific TAC was
allocated to the dredge fishery with landings instead sidared as part of the overall TAG the
territorial seawith no landings reported from dredges prior to the closure of the figl@r2" October
2014.In 2015 a poportion of the overall TAC (R was allocated to the dredge fishery which opened
on 2" October and closed on 4ctober 2015. Entry into the dredge fishery was open to any vessel
licenced to fish for queen scallops within the territorial sewl a total of 12 unique vessels took part
landing approximately 16% of total landings from tlegritorial sea. In contrast 31 unique vessels
prosecuted the trawl fishery i8015landing approximately 84%f total landings from the territorial
sea.

Fishing effort(days spent fishing)within the three ICES rectangles 36E5, 37E5 and 8E&ased
sharply in 20102011and2013but, following a decline in stock statgsbstantially decreased again,

for both Manx and UK vessels, in 2014 2015 this decline continued for Manx vessels whilst days at
sea increased for UK vessels (both situations oomywith a small corresponding increase in landings)
(Figurel0). For Manx vessels KS Yl 22NA (& 2F I yRAy3Ia 2NAIAAYI GS ¢
and this increase in landings with a decrease in daysea can be explained by the isolated high
density fishery that occurredff the west coast of the Island\ high density bed of large (§@0 mm)

gueen scallops had been identified in the 2015 annual Spring Scallop Surveyicat S situated

within aclosed area during the 2014/2015 fishing season and which was subsequently opened during
the 2015/2016 fishing season to allow the fishery to target this afée density and large size of
gueen scallops from within this area created a very efficienefiglwith above average product prices.

For UK vessels the proportion of landings coming from inside and outside the territorial sea is more
varied. As seen iRigurel0, the majority of UK landings are from dredge rather than tragssels,

whilst the majority of these trawl landings will onigite within the territorial seand for these vessels

the same pattern is evident as for Manx vessels with a slight reduction in the number of days at sea
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and a small corresponding increaselandings. De to the limited quota in place for dredge fishing
within the territorial sea the majority of dredge landings originate from outside the territorialRaa.
UK dredge vessels the pattern shows an increase in both landings and days atlsd¢he Warger

increase corresponding to days at sea.

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 consistent level of
landings over the period from 2000 to 20Q8lurray and Kaiser, 20&pthere was little effect of
defining the fishing year as running from June to May, rather than Jatu@&gcember. However, in
recent years this definition has a greater relevance, particularly between 2009 and 2010. Fortunately,
monthly landings are available from 2009 onwards. Where monthly landings were not available
landings were allocated to each fiey year in proportion to time i.e. 7 months in ye@8%) and 5

months in yeat:1(42%).
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Figure9: Landings (live weight) of queen scallops to the UK and Isle ofdaromparison, the lonterm averagdandings
(1983¢ 2016 of 5158 is marked on the graph by a dotted red lineandings are referenced to ICES statistical rectangles
36ES5 and 37ES5 (as a proxy for territorial sea landings) where podsisever, Isle of Man landings before 1994 are total
landings to the Islef Man, which are likely to be predominantly from these two statistical rectanfGlata are for calendar
years {.e.from January to Decembéor each yeay. Data source: Isle of Man Government, DBRA FISH
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Figurel0: Landirgs from 36E5 and 37E5 by UK asid bf Man (IOM) dredgers (DRB) auen scallop trawlers (OTB)ata
are derived from theRISH database and DEFA and are for calendar §iearfom January to December for each year),
rather than fishing years.
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Figure 11: Estimated landings from the Isle of Man's territorial @a2010- 2015 For 201@Q; 2013 hesevalues areestimates

are derived from VMS data combined with logbook data and include only data where matches were founerbletymoks

and VMS records-or 2014 and 2015 the data was collected at the level of the territorial sea and are therefore actual values.
Data are for calendar yearsq. from January to Decembéor each year)rather than fishing years.
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Figurel2: 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 from 2009 due to difficulty in accessirig fbese da
earlier yearsData are derived from the iFISH database and are for calendar(yeafi®m January to Decembesach year),

rather than fishing years

3.3 Stock assessment

2 AGKAY GKS aid201 | aaSaayYs ytie mdaélauiput indicatés$hatzh@re a I y Q &
was ageneral increasa fishing mortality between 2009 and 2013, while fishing mortality declined in
2014 and moderately increased again in 20/ig{rel3). Abundance of recruits has shown a general
downward trend since 2009 and is now at a similar level to that seen historically (e.g. prior to 2007)
(Figurel5). Abundance of postecruits has also shown a general downward trenctesi@011 and
stabilising in 2015 and016 atthe levels of biomass similar to those observed prior to 2F0gute

16). Following five years of increasing biomass (22080), total biomass has decreased during each

of the subsequentsix yearg2011¢2016), with landings reaininghigh despite annual decreases in
biomasgFigurel4 andFigurel?2). As landings exceeded surplus production in each of these six years
a corresponding decline in biomass is evident for 2011 to 2Bibfirel?).
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Figure13: Fishing mortalityfor the stock assessment ur{isle of Man Territorial S@astimated from harvest ratevValues
are for fishing years (June to May).

35000
Median  seeseeees 10% Cl seeeeeeee 90% CI
30000
E
n 25000
“
©
=
© 20000
i)
%
= 15000
@
=
£ 10000
L
5000
0
SN SN O 000 AN N OO0 AN N W
AR R AR -E=-E=-E=-E=-E=-E=-E-E=-E-E-E-E=-E=-E=E=E—
OO OO OO0 O0O0O0000 00000 0O
e e e B B B T B B o R R o I o I o B o o o I R Y R Y R S A S A S
Spring Survey Year
Figurel4: Totalestimatedbiomasdor the stock assessment urflsle of Man territorial seabootstrapresults
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Figurel5: Estimated recruibiomassfrom the stock assessment ur{isle of Man territorial sea) bootstrap nalss.

Figurel6: Estimated Postecruit biomass from the stock assessment unit (Isle of Man territorial sea) bootstrap results.
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