
Bangor University Fisheries and Conservation Report No. 58 

 
Version Control: Final Report (V1.1) 21/05/2015 

 

 

 

The Isle of Man Aequipecten opercularis fishery 

stock assessment 2015 

 

Final Report 
 

May 2015 

 
 

 

 

 I.S.M. Bloor, L.G. Murray, S.P. Dignan & M.J. Kaiser  
 

Contact. i.bloor@bangor.ac.uk 

 

Web. http://fisheries-conservation.bangor.ac.uk 

 

 

 

To cite this report: Bloor, I.S.M., Murray, L.G., Dignan, S.P. and Kaiser, M.J. (2015). The Isle of Man 

Aequipecten opercularis stock assessment 2015. Fisheries and Conservation Report No. 58, Bangor 

University. pp. 55. 

mailto:i.bloor@bangor.ac.uk
http://fisheries-conservation.bangor.ac.uk/


Bangor University Fisheries and Conservation Report No. 58 
 

Page | i  
Version Control: Final Report (V1.1) 21/05/2015 

Preface 

 

¢ƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǉǳŜŜƴ ǎŎŀƭƭƻǇ ŦƛǎƘŜǊȅ Ƙŀǎ ōŜŜƴ ŘŜǇŜƴŘŜƴǘ ƭŀǊƎŜƭȅ ƻƴ ŀƴƴǳŀƭ ǊŜŎǊǳƛǘƳŜƴǘ ƻǾŜǊ ǘƘŜ 

past 20 years. Due to the limitations of available data the report does not provide an exact total 

allowable catch. However, advice is provided, based on landings and survey data, which aims to 

prevent biomass being severely depleted and to reduce the dependence of the fishery on ŜŀŎƘ ȅŜŀǊΩǎ 

recruitment. The report is intended to provide guidance to the fishing industry and the Isle of Man 

Government. 
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Summary 

 

A fishery for queen scallops, Aequipecten opercularis, has been prosecuted in and around the Isle of 

aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀ ǎƛƴŎŜ ǘƘŜ мфрлǎΣ ōŜŎƻƳƛƴƎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ƛƳǇƻǊǘŀƴŎŜ ŘǳǊƛƴƎ ǘƘŜ ƭŀǘŜ мфслǎΦ ¦ƴǘƛƭ 

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 vessels usually 

use toothless dredges. The trawl fishery commences in June each year, thus the queen scallop fishing 

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

 

A prŜŎŀǳǘƛƻƴŀǊȅ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ŦƻǊ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǉǳŜŜƴ ǎŎŀƭƭƻǇ ŦƛǎƘŜǊȅ ǿŀǎ ǎŜǘ ƻǳǘ ƛƴ нлмл 

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 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 limited. Following a decline in stock status in 2014 and an estimated mean biomass below the 

recommended minimum threshold of 13000t, under which recruitment is considered to be impaired, 

the MSC certification for this fishery was suspended on May 19th 2014.  

 

Queen scallƻǇ ŀōǳƴŘŀƴŎŜ ƛƴŎǊŜŀǎŜŘ ǎƘŀǊǇƭȅ ƛƴ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀ ōŜǘǿŜŜƴ нллт ŀƴŘ нлмлΦ 

This increase, combined with strong market demand, led to increased fishing effort and landings of 

queen scallop between 2010 and 2013; however, following a decline in stock status landings declined 

in 2014. Across ICES rectangles 36E5 and 37E5, in 2014, approximately 82% of landings were taken by 

dredgers and 18% by otter trawlers (Jan. to Dec.). By comparison, within the territorial sea otter 

trawlers caught 100% of total landings (Jan. to Dec.). 

 

The first formal stock assessment of the Isle of Man queen scallop stock was undertaken in 2012 using 

the Catch-Survey Analysis (CSA) method. The CSA method estimates stock size using abundance 

indices and is generally well-ǎǳƛǘŜŘ ǘƻ ǘƘŜ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǉǳŜŜƴ ǎŎŀƭƭƻǇ ŦƛǎƘŜǊȅΦ 

The stock assessment showed that the biomass of both recruits and post-recruits declined between 

2010 and 2013, while post-recruits continued to decline between 2014 and 2015, biomass of recruits 

increased slightly in 2014 and declined again in 2015. Total biomass was estimated to have declined 

by over 45481t between 2010 and 2015. Landings in 2014 were lower than in 2013, at 6848t (Jan. to 

Dec.). 

 

Biomass is very likely to be depleted leading to the fishery becoming recruitment-dependent where 

>40% of biomass is removed annually. To minimise the risk of queen scallop biomass depletion it has 

been recommended that no more than 30% of biomass is removed in any year. In addition, biomass 

of the stock within the stock assessment unit should be maintained at җ 13000t (preferably higher). 

Given recent biomass depletion, a TAC could not be advised for the 2014/2015 season for ICES 

Rectangles 36E5 and 37E5. However, an actual TAC of 1000t was set by the Queenie Management 

Board for the territorial sea. Recorded landings for 2014 (from 36E5 and 37E5) indicated that around 

87% of total estimated biomass was removed from the stock assessment unit (1st June to 31st May). 

This has led to substantial depletion of the stock biomass.   
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1. Background 

1.1 The fishery  
A fishery for queen scallops, Aequipecten opercularis, has been prosecuted in and around the Isle of 

aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀ ǎƛƴŎŜ ǘƘŜ мфрлǎΣ ōŜŎƻƳƛƴƎ ƻŦ ƛƴŎǊŜŀǎƛƴƎ ƛƳǇƻǊǘŀƴŎŜ ŘǳǊƛƴƎ ǘƘŜ ƭŀǘŜ мфслǎΦ ¦ƴǘƛƭ 

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 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 zones where dredging for queen scallops was prohibited. 

¶ Spawning protection closure (1st April to 31st May) 

¶ Weekend ban  

¶ Daily curfew (06:00 ς 18:00) 

¶ Daily bag limits (maximum of 1650 kg per vessel per day) 

¶ Minimum landing size (55 mm) 

¶ Limited days (4 days a week) 

¶ Limited TAC (1000 t) 

These management measures were covered by the Fisheries Act 2012, the Isle of Man Sea-Fisheries 

(queen scallop fishing) bye-laws 2013 (Statutory document No. 0160/2013) and through restrictive 

licencing conditions.  

Outside of the territorial sea although a minimum landings size of 40 mm is enforced the fishery has 

no closed seasons and is subject to very few management measures. 

1.2 Marine Stewardship Council certification 

! ǇǊŜŎŀǳǘƛƻƴŀǊȅ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎȅ ŦƻǊ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǉǳŜŜƴ ǎŎŀƭƭƻǇ ŦƛǎƘŜǊȅ ǿŀǎ ǎŜǘ ƻǳǘ ƛƴ нлмл 

and reviewed by a Marine Stewardship Council (MSC) assessment team (Andrews et al., 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 (Hinz et al., 2011). 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 limited. Certification of the fishery was made on the basis 

of nine conditions being met over various timescales 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 assessment. As of 19th 

aŀȅ нлмп ǘƘŜ a{/ ŎŜǊǘƛŦƛŎŀǘƛƻƴ ŦƻǊ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǉǳŜŜƴ scallop trawl fishery was suspended 

following a decline in stock status, with an estimated mean biomass for 2014 at levels below the 

threshold at which recruitment is considered to be impaired.   

1.3 Recent increases in fishing effort 

An increase in the demand 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 

29th June 2011 in Manchester to discuss concerns over high fishing pressure on queen scallops 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 21st July 2011, identified an 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 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 January-February and June-July were introduced. 

In August 2014, and partly in response to the decreased stock assessment for Manx waters, the Isle of 

aŀƴ DƻǾŜǊƴƳŜƴǘΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴǾƛǊƻƴƳŜƴǘΣ CƻƻŘ ŀƴŘ !ƎǊƛŎǳƭǘǳǊŜ ό59C!ύ ōŜƎŀƴ ǿƻǊƪƛƴƎ ǿƛǘƘ ǘƘŜ 

relevant UK administrations to develop a Pan-Irish Sea Management strategy for queen scallops. The 

first discussions of this group were held on the 18th 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 in Edinburgh, and a joint Industry and Fisheries 

Administrations Working 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 primary short-term options with entry restriction considered as a potential long-term 

objective.  This process continues, with the first meeting of the Working Group scheduled for 20th May 

2015. 

1.4 Stock assessment 

An annual stock assessment of the Isle of Man queen scallop stock has been undertaken using the 

Catch-Survey Analysis (CSA) method, first developed by Collie and Sissenwine (1983), since 2012. The 

results of which are presented by Murray and Kaiser (2012, 2012b), Murray (2013) and Bloor et al., 

(2014).  The CSA method estimates stock size using abundance indices and is generally well-suited to 

ǘƘŜ Řŀǘŀ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǉǳŜŜƴ ǎŎŀƭƭƻǇ ŦƛǎƘŜǊȅΦ ¢ƘŜ ƳŜǘƘƻŘ ƛǎ ŎǳǊǊŜƴǘƭȅ ǳǎŜŘ ƛƴ ǘƘŜ DǳƭŦ 

of Maine shrimp fishery (Cadrin et al., 1999; Idoine, 2006). Comparisons of CSA with a surplus 

production model (ASPIC) were favourable although particular care is needed in correctly identifying 

recruits and post-recruits (Cadrin, 2000). CSA has been advocated as a valuable method to support 

management advice where age data is not available (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, 2003). In 2014, the estimated mean 

biomass declined to well below the 13000t precautionary threshold; as such it was not possible to 

recommend a scientifically advised TAC for the 2014/2015 queen scallop fishery. In order to reduce 

the risk of biomass being further depleted and, preferably, to promote successful recruitment and an 

increase in biomass, it was recommended that no fishing occurred within the stock assessment unit 

(ICES rectangles 36E5 and 37E5) (Bloor et al., 2014).  

1.5 Scientific steering committee 

Following feedback from industry after the results of the 2014 stock assessment survey were 

presented, a scientific steering committee was set up by DEFA in 2014 which encompassed a 

representative selection of members of the Manx fishing industry. A scallop subgroup of this 

committee met in February 2015 to discuss the survey methods for the annual stock assessment.  

 

The outcomes of this meeting, in terms of queen scallops, included recommendations to: 
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¶ Incorporate into the stock assessment survey sites outside of the 12nm selected using local 

industry knowledge by members of the scientific steering committee subgroup. 

¶ Extend the coverage of the current survey to include additional survey stations within the 

12nm which local industry felt represented important fishing ground not covered by the 

current stations. 

¶ Undertake a gear comparison trial with a local fishing vessel at a selection of sites within the 

stock assessment survey to enable industry to undertake additional, 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 

5ŜǎǇƛǘŜ ǎǳǊǾŜȅǎ ƻŦ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǎŎŀƭƭƻǇ ǇƻǇǳƭŀǘƛƻƴǎ ƘŀǾƛƴƎ ōŜŜƴ ǳƴŘŜǊǘŀƪŜƴ ōƛŀƴƴǳŀƭƭȅ όǘȅǇƛŎŀƭƭȅ 

in June or October) since 1992 (Beukers-Stewart et al., 2003) at a range of 11 historical survey stations, 

most survey stations have only been visited intermittently, although latterly with increased sampling 

effort (Figure 2 and Appendix 1). In 2014 the autumn survey ceased and effort was concentrated in a 

single annual survey, to take place in April each year. The abbreviations for these historical survey 

station names are: Bradda Inshore (BRI), Bradda Offshore (BRO), Port St. Mary (PSM), Chickens (CHI), 

South East of Douglas (SED), East of Douglas (EDG), Laxey (LAX), Ramsey (RAM), Peel (PEL), Point of 

Ayre (POA) and Targets (TAR) (Figure 2). In 2012, 2013, 2014 and 2015 sampling effort was increased 

to include stations across the extent of the queen scallop stock within the territorial sea (Figure 1 and 

Figure 2). In 2015, following advice from the scallop subgroup of the scientific steering committee, 

additional stations were ǎǳǊǾŜȅŜŘ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǘŜrritorial sea (Figure 2).   

 

Figure 1: Sampling frequency for survey stations within the annual spring scallop stock abundance surveys indicating the 
substantial increase in survey sampling effort from 2012 onwards. 

Stations that have been sampled over at least two years (3, 4, 5, 6, 8, 9, 14, 16, 17, 18, 20, 21, 22, 23, 

24, 25,  29, 30, 32, 33, 34, 35, 38 and 39), in addition to the standard historical queen scallop survey 

stations (BRI, CHI, EDG, LAX, PSM, RAM, SED and TAR), were included in the stock assessment (Figure 

3). Stations in ICES statistical rectangle 38E5 (and landings from this area) were not included in the 

main stock assessment since this area was not surveyed before 2008 and only a single station has been 

sampled in most years since then; although at least three stations (POA, 10, 45) have been sampled in 

2014 and 2015 (Appendix 1). However, separate stock assessment models were run which 

incorporated stations (and landings) from ICES statistical rectangle 38E5, in order to provide an 

estimate of the biomass for all three ICES rectangles (Appendix 3 and 4).  All stations were surveyed 

using the protocol described by Hinz et al. (2009) and Murray et al. (2009). This year the RV Prince 

Madog conducted the stock assessment surveys in April 2015. 
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Figure 2: Map showing all stations surveyed during the 2015 stock abundance survey and in previous annual stock abundance surveys. Stations ǇǊŜŦƛȄŜŘ ǿƛǘƘ ŀƴ ΨCΩ ŀǊŜ ǎǘŀǘƛƻƴǎ ǎŜƭŜŎǘŜŘ 
ōȅ ƭƻŎŀƭ ŦƛǎƘƛƴƎ ƛƴŘǳǎǘǊȅ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜǎΣ ǎǘŀǘƛƻƴǎ ǇǊŜŦƛȄŜŘ ǿƛǘƘ Ψ{/Ω ǿŜǊŜ ǎŎƛŜƴǘƛŦƛŎ ǎǘŀǘƛƻƴǎ ŀŘŘŜŘ ǘƻ ǇǊƻǾƛŘŜ ƘƛƎƘŜǊ ƛƴǘŜƴsity monitoring of the density of queen scallops within closed 
areas. Named stations were first surveyed from 1992 whilst numbered stations were first surveyed from 2012. 
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Failing to down-weight isolated high-density patches of scallops would increase the risk of over-

estimating population size (Hutchings, 1996). Therefore, the geometric mean, calculated across survey 

stations, was used to derive the abundance indices. This was precautionary and necessary to obtain 

meaningful stock assessment results.   

The dredges used in the surveys have a belly ring internal diameter of 55 mm and thus under-sample 

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 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 relative to post-recruits. 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. Length (L) was plotted 

against loge((1-P)/P) to determine the constant ςr, where loge((1-P)/P) = rLc ς rL and P = 1/(1 + e-r(L-Lc)) 

allowing the proportion retained, P, 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 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 under-sized scallops in the population but importantly discard mortality was found to be 

low (Montgomery, 2008; Nall, 2011). Montgomery (2008) recorded no mortality in queen scallops 

maintained in aquaria for two-weeks after trawling, although there was a reduction in escape 

response suggesting a higher risk of predator induced mortality. Boyle (2012) showed considerable 

predation by dabs (Limanda limanda) on discarded queen scallops, this could be the result of an 

increase in stress and a decrease in escape response, 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 mortality rate equivalent 

to 5% of the weight landed. However, in situ mortality resulting from interaction with fishing gear is 

unknown. 
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Figure 3:  A map displaying only the actual survey stations within the Isle of Man territorial sea used in the 2015 queen scallop stock assessment model. Named stations were first sampled 
from 1992 onwards, whilst numbered stations were first sampled from 2012 onwards. For 2015, the stock assessment presented in the main section of this report was undertaken for the 
area of the two ICES rectangles 36E5 and 37E5. 
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2.2 Stock assessment 

The stock assessment was implemented using CSA v3.1.1 (NOAA, 2008) [for comparison a stock 

assessment using the latest model version (CSA v4.3; NOAA, 2014) can be found in Appendix 2].  Data 

from the spring surveys was used since this is when temperature is lower and dredges are a more 

effective means of sampling queen scallops (Jenkins et al., 2003), and before the main queen scallop 

fishing season. The stock assessment unit is defined as the area covered by ICES statistical rectangles 

36E5 and 37E5 (Figure 3), which includes the majority of queen scallop fishing grounds within the 

territorial seaΦ CǳǊǘƘŜǊƳƻǊŜΣ ƘƛǎǘƻǊƛŎŀƭ ƭŀƴŘƛƴƎǎ Řŀǘŀ Ŏŀƴƴƻǘ ōŜ ǊŜǎƻƭǾŜŘ ǘƻ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ 

sea and landings data from the United Kingdom up to the end of 2010 were available to us for these 

ICES statistical rectangles 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 data from 1993 to 2015. Data from 1992 was not 

included in the assessment since only three stations were surveyed in this year, one of which was 

surveyed only until 1997 (Appendix 1). The geometric mean across survey stations selected for the 

model was used to obtain abundance indices of recruits and post-recruits (fully-recruited individuals). 

A geometric mean was used in order to down-weight stations with very high abundance and is a more 

precautionary index than the arithmetic mean.  

 

In the CSA model, the population dynamics of the fishery are described by a process equation using 

the population size of two size classes of queen scallops: fully recruited, N, and recruits, R: 

 

ὔ ὔ Ὑ Ὡ ὅὩ      (1) 

 

where t is an annual fishing year and C is the catch in numbers; ̱ is the proportion of the year over 

which landings are taken and M is natural mortality. Population estimates of post-recruits and recruits 

are derived from survey relative abundance indices: 

 

ὲ ήὔὩ         (2) 

 

and 

 

ὶ ήὙὩ         (3) 

 

where nt and rt are abundance indices of fully recruited queen scallops and recruits; qn and qr are the 

catchability coefficients of the queen scallop dredges used in the annual surveys. The terms eʹǘ and eʵǘ 

are log-normal random measurement errors. Catchability of recruits was defined as a proportion, s, 

of fully recruited queen scallops: 

 

ί           (4) 

 

Fully recruited queen scallops were considered to be those of җ55 mm length; thus, catches were 

assumed to consist of scallops җ55 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 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 belly-rings of 60 mm internal diameter while trawlers use a cod-end 

with mesh of 85 to 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, 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 VBGF parameters were Lқ = 75.91, k = 0.59 and t0 = -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 effect scallops between 

30mm and 55mm. Allison (1993) used six different methods to estimate natural mortality, M, all 

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 values of M between 0.2 and 0.4 were examined in an earlier report 

(Murray and Kaiser, 2012) and repeated in Appendix 10. Based on the earlier work of Murray and 

Kaiser (2012) this present stock assessment uses M = 0.2 and s = 0.35. It is important to note that 

biomass and mortality estimates relate only to recruits and fully-recruited scallops not to scallops <25 

mm. 

 

The harvest rate (h) was calculated using the equation: 

 

Ὤ
 

        (5) 

 

Fishing mortality was then estimated as F = -ln(1-h) following Collie and Kruse (1998). However, there 

is no advantage in using this estimate of F instead of the harvest rate to set management thresholds 

and both show the same patterns with time (Mesnil, 2005a). The harvest rate is calculated based on 

population estimates in numbers. In CSA version 3.1.1 the confidence intervals of harvest rate, fishing 

mortality, biomass and abundance were derived using a non-parametric bootstrapping procedure. 

Randomly drawn residuals were applied to survey indices. Since 5% and 95% confidence intervals may 

not be reliably estimated with this method (Patterson et al., 2001, Mesnil, 2003), 10% and 90% 

confidence limits were used (see Cadrin et al., 1999; Mesnil, 2003). 

 

Surplus production was calculated as follows: 

 

SPt = Bt+1 ς Bt + CBt 

 

where, 

 

 SPt = surplus production in year t 

Bt+1 = biomass in year t+1 

Bt = biomass in year in t 

CBt = catch biomass in year t. 
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2.3 Closed areas 

In May 2014 the QMB met to discuss the scientific advice based on the biology and sustainability of 

the stock that recommended no fishing (Bloor et al., 2014). Considering the socio-economic impacts 

of such a closure a limited economic TAC of 1000t for the territorial sea was recommended by the 

Board and subsequently enacted by the Minister for DEFA.  Fishing was conditional on the fact that 

strict monitoring and enforcement of the TAC was undertaken and additional conservation measures 

put in place to try and limit the negative impacts of fishing on an already depleted stock. These 

measures included the introduction of small, temporary closed areas within which fishing for queen 

scallops would be prohibited.  

Queen scallops are simultaneous hermaphrodites (i.e. an individual has both male and female 

reproductive organs) and become sexually mature at 1-2 years (approximately 40mm). Queen scallops 

are broadcast spawners (i.e. they release eggs and sperms into the sea) and can spawn in both spring 

and summer (Duggan, 1987). When one individual spawns, pheromones contained in the eggs and 

sperms which are released into the water column, signal to neighbouring scallops to release their own 

eggs and sperms ensuring synchronous spawning (AFBI, 2012). Thus, in order for spawning (and 

subsequently recruitment) to successfully occur queen scallops need to be present at relatively high 

densities.  In low density populations there is a risk that the spawning stock may not be present at 

high enough densities to successfully reproduce (i.e. there are too few individuals around to come 

into contact for fertilisation), a phenomenon known as the Allee effect (AFBI, 2012).  

The decline in stock status evident in 2014 meant that large areas of the territorial sea contained low 

densities of queen scallops. For the 2014/2015 fishing season four areas that had exhibited sufficiently 

high abundances in the April 2014 stock survey were strategically closed around the Island. These 

areas were intended to ensure that some high densities of queen scallops remained during both the 

spring and autumn spawning periods to promote successful spawning. Given the simulations of scallop 

larval connectivity that have been produced for the Isle of ManΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀ (Neill & Kaiser, 2008), 

a single area was closed within each of the four main fishing grounds to try and ensure the best chance 

of recruitment around the entire Island (Figure 4).  

As the main purpose of the closed areas was to promote successful spawning and spat delivery to 

areas around the entire Island, the effects of these closures will need to be monitored over several 

years to assess whether any positive impact on recruitment has occurred. Monitoring of these closed 

areas, including dredge and camera tows at additional survey stations ({ǘŀǘƛƻƴǎ ƭŀōŜƭƭŜŘ Ψ{/ΩΤ Figure 

2), was therefore initiated during the 2015 stock abundance survey.  
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Figure 4: Four temporary queen scallop closed areas that were put in place for the 2014/2015 fishing season. Of these 
closed areas, Closed Area II, III & IV remained in place for the duration of the 2014/2015 king scallop fishing season as well.



Bangor University Fisheries and Conservation Report No. 58 
 

Page | 7  
Version Control: Final Report (V1.1) 21/05/2015 

3. Results 

3.1 Abundance 

3.1.1 Whole Stock 

Mean abundance of recruits has declined each year from 2009 to 2013, there was a slight increase in 

2014 with a decrease observed again in 2015 (Figure 5). From 2006 to 2010 there were year on year 

increases in the mean abundance of post-recruits, with abundance reaching the highest levels on 

record in 2010. However, the mean abundance of post-recruits declined sharply between 2012 and 

2015 (Figure 5). 

 

Figure 5: Abundance indices (based on geometric mean) for recruits and post-recruits used in the catch survey analysis 
model. This is calculated using data from only the stations used in the 2015 stock assessment model.  Zero data values have 
been treated as 0.01 in order to calculate the geometric mean.  

3.1.2 Territorial Sea 

Whilst the biomass of the whole stock has declined annually since 2011, densities vary significantly 

among the four main fishing grounds: East Douglas (EDG), Chickens (CHI), Targets (TAR) and Point of 

Ayre (POA) (Figure 6). In addition, due to the aggregating nature of queen scallops some areas of 

relatively high densities are evident within each of these fishing grounds. 

The average density of queen scallops (of all sizes caught) per 100 m2 among historical survey stations 

around the Isle of Man can be seen in Figure 7. The historical stations to the north and west of the 

Island (TAR and POA) have the highest densities of queen scallops per 100 m2 whilst sites to the east 

of the Island (SED, EDG & LAX) have the lowest densities (Figure 6 and Figure 7).   
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Figure 6: Map showing the approximate locations of the four main queen scallop fishing grounds (names underlined and in 
bold for clarity) within the territorial sea. The four main fishing grounds are known as EDG (East Douglas), CHI (Chickens), 
TAR (Targets) and POA (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) per 100 m2 also varies temporally 

as can be seen in Figure 8 where the survey densities from 2009 and 2015 are compared. This graph 

indicates a large decrease in scallop density since 2009, when there was a large recruitment event at 

historical stations on the south and east of the Island.  

 

Figure 7: Average density of queen scallops (number of scallops per 100 m2) in queen scallop dredges from historical 
survey stations during the 2015 stock assessment survey 
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Figure 8: A comparison of average density of queen scallops (number of scallops per 100m2) in queen scallop dredges from 
historical survey stations during the 2009 (grey) and 2015 (black) stock assessment survey.   

In addition, the proportion of recruits and post-recruits at each station also varies around the Island. 

Whilst some sites (e.g. SED) were composed entirely of post-recruits (over 55 mm) other stations (e.g 

TAR) were composed of equal proportions of recruits (25 ς 54 mm) and post-recruits (over 55 mm) 

(Figure 9). In addition to the historical station at SED, Stations 5, 7, 31 and 36 - which are all located 

within closed areas around the Island (Figure 6 and Figure 2) - were also composed entirely of post-

recruits.  In addition to the historical station at TAR, Stations 35, 38, 32, 34 and 33 -all located within 

the fishing ground at Chickens in the south of the Island (Figure 6) - were composed of over 50% 

recruits.  

 

Figure 9: Proportion of recruits to post-recruits 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 

36E5 and 37E5 are ǳǎŜŘ ŀǎ ǘƘŜ ƴŜŀǊŜǎǘ ŀǇǇǊƻȄƛƳŀǘƛƻƴ ǘƻ ƭŀƴŘƛƴƎǎ ŦǊƻƳ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ 
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sea. It is important to note, however that 36E5 extends south to near Anglesey and that total landings 

from these two rectangles will be substantially higher than from the territorial 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 in ICES rectangles 36E5 and 37E5. 

Queen scallop landings from 36E5 and 37E5 totalled 6848t in 2014 (Jan. to Dec.), with an additional 

256t caught in 38E5 (Jan. to Dec.).  This was a substantial decrease from the 12301t landed in 2013 

(Jan. to Dec.) (Figure 10). This decline in landings occurred across all gear types, for both UK and IOM 

vessels (Figure 11). Of the total taken across the two rectangles (36E5 and 37E5), 5608t was caught by 

dredgers, 1240t by otter trawlers, and 0t by Nephrops trawls. Landings taken from 36E5 and 37E5 by 

Manx trawlers represented 14% and UK trawlers represented 4% of total landings in 2014. UK 

dredgers represented 80% and Manx dredgers represented 2% of total landings in 2014. Landings of 

queen scallops from within the territorial sea were approximately 1000t in 2014 (Figure 12); this 

represents only 15% of total landings from 36E5 and 37E5 (Jan. to Dec.). The origin of landings within 

the territorial sea changed substantially in 2013 & 2014 compared to previous years as a result of 

changes to the management of the dredge fishery. In 2013 spatial restrictions for dredging were 

introduced i.e. dredging was restricted to a limited area (dredge box) and a specific TAC of 1,000t was 

allocated to the dredge fishery. In 2014 the same spatial restrictions were in place however, no specific 

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 did not open until 1st October 2014 and the overall TAC 

was reached on 2nd October 2014 the 2014 fishery was closed with no reported dredge landings. As 

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

to 100% of total landings. Fishing effort (days spent fishing), within the three ICES rectangles 36E5, 

37E5 and 38E5,  increased sharply in 2010, 2011 and 2013 but, following a decline in stock status has 

substantially decreased again, for both Manx and UK vessels, in 2014 (Figure 13). 

For the stock assessment, landings 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 2008 (Murray and Kaiser, 2012) there 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 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 fishing year in proportion to time i.e. 7 months in yeari (58%) and 5 

months in yeari+1 (42%). 

 



Bangor University Fisheries and Conservation Report No. 58 
 

Page | 11  
Version Control: Final Report (V1.1) 21/05/2015 

 

Figure 10: Landings (live weight) of queen scallops to the UK and Isle of Man. For comparison, the long-term average landings 
(1983 ς 2015) of 5068t is marked on the graph by a dotted red line. Landings are referenced to ICES statistical rectangles 
36E5 and 37E5 (as a proxy for territorial sea landings) where possible. However, Isle of Man landings before 1994 are total 
landings to the Isle of Man, which are likely to be predominantly from these two statistical rectangles. Data are for calendar 
years (Jan. to Dec.) Data source: Isle of Man Government, DEFA and iFISH. 

 

Figure 11: Landings from 36E5 and 37E5 by UK and Isle of Man (IOM) dredgers (DRB), queen scallop trawlers (OTB) and 
Nephrops trawlers (TBN). Data are derived from the iFISH database and DEFA and are for calendar years (Jan. to Dec.) rather 
than fishing years.  

Year 
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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.) rather than fishing years. 

 

Figure 13: 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 accessing these data for 
earlier years. Data are derived from the iFISH database and are for calendar years (Jan. to Dec.) rather than fishing years. 
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3.3 Stock assessment 

The results of the Catch Survey Analysis showed consistent trends over time in fishing mortality and 

biomass estimates over a range of input data (Murray and Kaiser, 2012). However, the magnitude of 

the parameters did vary with changes in the allocation of recruits and post-recruits, natural mortality 

estimates and recruit selectivity. The greatest effect on the recruit and post-recruit indices resulted 

from changing the threshold size from 50 to 55mm (Murray and Kaiser, 2012). The stock assessment 

revealed sharp increases in fishing mortality in 2010 and 2011, while fishing mortality remained 

relatively stable in 2012, it has increased again in 2013 and declined in 2014 (Figure 14). Abundance 

of both recruits and post-recruits decreased between 2010 and 2013 (Figure 16 and Figure 17). 

Abundance of post-recruits continued to decrease between 2013 and 2015 (Figure 17), while recruit 

abundance showed a slight increase from 2013 to 2014 and declined again in 2015 (Figure 16). 

Following five years of increasing biomass (2006-2010), total biomass has decreased during each of 

the past five years (Figure 15 and Figure 18), as landings have remained high despite annual decreases 

in biomass. As landings exceeded surplus production in each of these five years a corresponding 

decline in biomass is evident for 2011 to 2015 (Figure 18).  

 

Figure 14: Fishing mortality for the stock assessment unit (ICES Rectangles 36E5 and 37E5) estimated from harvest rate. 
Values are for fishing years (June to May). 
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Figure 15: Total estimated biomass for the stock assessment unit (ICES Rectangles 36E5 and 37E5) bootstrap results. 

 

 

Figure 16: Estimated recruit abundance from the stock assessment unit (number of individuals). 
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Figure 17: Estimated post-recruit abundance from the stock assessment unit (number of individuals). 

 

Figure 18: A graph showing annual change in total biomass (delta biomass) for the stock assessment unit (1000s tonnes). A 
negative delta biomass indicates that landings exceeded surplus production.  

3.4 Closed Areas 

Four closed areas were established at separate locations around the Island (Figure 4) with the primary 

purpose of ensuring that some areas of queen scallops, at high enough densities to spawn successfully 

(i.e. source areas) were safeguarded during the 2014/2015 fishing season. The veliger larvae produced 

from any successful fertilisation events will be transported to different locations around the Isle of 
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aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀ όŀƴŘ outside of the 12nm limit) (i.e. sink areas) within the planktonic layer for a 

period of approximately 3 to 4 weeks. Protecting these interconnected areas which contain high 

densities of larger, post-recruits should result in higher levels of successful fertilisation, and 

subsequent spat delivery to surrounding fishing grounds. However, given the difficulties associated 

with sampling the abundance and origin of pre-ǊŜŎǊǳƛǘ ǎŎŀƭƭƻǇǎ όҖ нр ƳƳύΤ ǎŜǾŜǊŀƭ ȅŜŀǊǎ ƻŦ ƳƻƴƛǘƻǊƛƴƎ 

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 queen scallops (which 

rarely live longer than 5-6 years or grow more than 90mm) it is important to monitor the annual 

distribution (e.g. size frequency) of the populations within them. For example, in Closed Area I which 

is situated to the west of the Island (Figure 4), the population sampled in 2014 was almost entirely 

composed of individuals of a single size class of 50 ς 60mm (shell height) which are large, post-recruit 

individuals which will produce greater quantities of eggs per individual than smaller scallops (Figure 

19). By closing these areas, these scallops will have had the opportunity to spawn during spring and 

ŀǳǘǳƳƴ нлмп ŀƴŘ ǎƘƻǳƭŘ ǎǇŀǿƴ ŀƎŀƛƴ ƛƴ ǎǇǊƛƴƎ нлмрΦ CƻƭƭƻǿƛƴƎ ŀ ȅŜŀǊΩǎ ŀŘŘƛǘƛƻƴŀƭ ƎǊƻǿǘƘ ǘƘe 

population sampled in 2015 had increased in both size (Figure 19) and yield (Table 1) compared to 

2014 and was composed almost entirely of a single size class of 60 ς 70mm (shell height) which are 

nearing the end of their natural life cycle (Figure 19). In addition, since the closure the abundance of 

queen scallops within this closed areas had shown an initial increase from 2014 (average of 48.9 

scallops per 100m2) to 2015 (average of 73.5 scallops per 100m2). 

In Closed Area II, situated to the south of the Island (Figure 4), the population sampled in 2014 and 

2015 both showed a good size range of individuals, with the largest proportion within the two size 

classes 50-60mm and 60-70mm; providing an ongoing source of large, post-recruits for spawning 

(Figure 19). In addition, the abundance of queen scallops within this closed area had also shown an 

initial increase from 2014 (average of 7.6 scallops per 100m2) to 2015 (average of 13.2 scallops per 

100m2). 

In Closed Area IV, situated to the north of the Island (Figure 4), the population sampled in 2014 and 

2015 showed a good size range of individuals, with the largest proportion within the two size classes 

50-60mm and 60-70mm; providing a source of large, post-recruits for spawning (Figure 19). However, 

although the overall abundance of queen scallops within this closed area had not shown any initial 

increase from 2014 (average of 24.2 scallops per 100m2) to 2015 (average of 16.7 scallops per 100m2); 

the proportion of recruits within this closed area had increased from 2% (2014) to 6% (2015).  

In Closed Area III, situated to the east of the Island (Figure 4), the population sampled in 2014 and 

2015 was composed predominately of larger, post-recruits from 50 ς 80mm; providing a source of 

large, post recruits for spawning (Figure 19). Closed Area III was, however, the only closed area that 

did not show an increase in either total overall abundance or proportion of recruits overall abundance. 

The population sampled in 2015 in fact showed a decrease in the proportion of scallops in the latter 

size classes (70 ς 90mm) (Figure 19), which were near the end of their natural life cycle, but no new 

recruits have come through to replenish the stock in this area.  
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Figure 19: A comparison of size frequency (proportion) of scallops surveyed in the 2014 and 2015 spring scallop survey 
within closed areas.  

 

Table 1: Isle of Man data indicating the average no. of queen scallop meats and queen scallop meats plus roe per kilogram. 
The data was collected during 2011 and 2013 spring and autumn scallop abundance surveys. 

Size class 10 mm (shell height) Av. Meats kg-1 Av. Meats + Roe kg-1 

40 ς 50 455 398 

50 ς 60 229 181 

60 ς 70 142 112 

70 ς 80 119 97 

80 ς 90 93 73 
 

3.5 Stations outside of the territorial sea 

5ǳǊƛƴƎ ǘƘƛǎ ŦƛǊǎǘ ȅŜŀǊ ƻŦ ǎŀƳǇƭƛƴƎ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀΣ Řŀǘŀ ǊŜƳŀƛƴǎ ƭƛƳƛǘŜŘ ŀƴŘ 

should be interpreted with caution. However, Figure 20 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, whilst at EDG densities were similarly low both inside and outside the territorial 

sea.  
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Figure 20: A summary of the average abundance of queen scallops (from queen scallop dredges) from stations surveyed 
inside and outside the territorial 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 = 4; EDG: 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 

declined steadily between 1983 and 1995. However, relatively low exploitation levels during the 

period 2000 to 2010 allowed abundance to increase from the low levels observed in the past. The 

reason for the long period of low abundance is unclear but one possibility is that successful 

reproduction is dependent on the presence of queen scallops at a particular density as a result of Allee 

effects (Gascoigne et al., 2009). Scallop egg fertilisation success is likely to be higher when adults are 

present at higher densities (Stokesbury and Himmelman, 1993; Claereboudt, 1999). Therefore, 

maintaining sufficient densities in at least some areas may be important to the fertilization, 

recruitment and long-term viability of the fishery. 

The apparent increase in abundance of post-recruits between 2011 and 2012 (Figure 5) 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 the territorial sea will not be 

reflected in the survey indices over the short-term. 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 the target 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 (Kaiser et al., 2006).  Consequently, the queen scallop dredge fishery 

failed to achieve MSC certification (Andrews et al., 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 between the presence of macroalgae and maerl and the 

abundance of juvenile scallops (Howarth et al., 2011) and Aequipecten opercularis have been found 

to settle on bryozoans and hydrozoans (Lambert et al., 2011). Within the territorial sea the greatest 

proportion of effort is undertaken using otter trawls, while over the wider stock assessment area 

dredging constitutes a much greater proportion of the area of seabed swept and landings. At fishing 

intensities prior to 2010 benthic conditions were clearly suitable for allowing large settlement of 

queen 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 Stock assessment 

The CSA model was robust to changes in parameters s and 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. Increasing M resulted in much higher total biomass estimates (Murray 

and Kaiser, 2012). This would suggest that there has been a large standing stock since 2000. However, 

the dependence of the fishery upon scallops recruiting to the fishery in their second year of growth 

(Vause et al., 2007) indicates that this is not the case unless M is unusually high for queen scallops 

over 2 years old. Pecten maximus have been found to become increasingly resistant to Cancer pagurus 

predation with increasing shell size, particularly once they reach 60 mm shell length (Lake et al., 1987); 

a similar relationship is likely to occur for A. opercularis and its predators. Discarded A. opercularis 
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were also found to have high survival rates following fishing (Montgomery, 2008; Nall, 2011). 

Increasing s had a similar effect to increasing M, with higher biomass estimates, while decreasing s 

resulted in lower biomass estimates; these lower estimates lead to very high estimates of F (Murray 

and Kaiser, 2012). Irrespective of values of M or s used the trends of biomass are consistent between 

models. It is on these trends that recommendations for TACs are based.  

 

When total biomass has been maintained at around 13000t or higher and around 25% of biomass has 

been removed annually the fishery has experienced both increases and decreases in total biomass, 

ǊŜŦƭŜŎǘƛƴƎ ǘƘŜ ŦƛǎƘŜǊȅΩǎ ŘŜǇŜƴŘŜƴŎŜ ƻƴ ŀƴƴǳŀƭ ǊŜŎǊǳƛǘƳŜƴǘΦ The largest increases in biomass occurred 

where biomass was >13000t. Therefore, 13000t is recommended as a critical minimum threshold for 

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

of 49000t, so there is a strong case for maintaining biomass at a higher level. In terms of setting an 

appropriate harvest rate it is clear that, when biomass is above the recommended minimum critical 

threshold (i.e. 13000t), removing more than 30% of queen scallop biomass increases the risk that the 

stock will be depleted (Murray, 2013). By comparison, in the Patagonian scallop fishery the TAC is set 

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

of biomass has been removed there has been no major annual increase in biomass (Murray, 2013). 

The median estimated biomass in 2015 is 3656t (with a 10% and 90% 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 10% and 90% 

ŎƻƴŦƛŘŜƴŎŜ ƛƴǘŜǊǾŀƭǎ ŦƻǊ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǇǊŜŘƛŎǘƛƻƴǎ ƻŦ ǎǘƻŎƪ ōƛƻƳŀǎǎ ǿƘƛŎƘ ǊŀƴƎŜŘ ŦǊƻƳ нслпǘ ς 

8286t respectively.  

Landings from within the territorial sea were greatly reduced during the 2014/2015 fishing season due 

to the implementation, monitoring and enforcement of management measures that were introduced 

during the fishing season and included a limited TAC of 1000t.  However, landings across the entire 

ǎǘƻŎƪ ŀǎǎŜǎǎƳŜƴǘ ǳƴƛǘΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ ǘƘŜ ŀǊŜŀ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀ where at 

present the only management measure in place is a minimum landing size of 40 mm, have  also 

substantially reduced from 2013 they still far exceeded surplus production causing a decline in 

biomass (Figure 18), and remain above the long-term average (1983 - 2013), which has contributed to 

the further decline in estimated biomass for 2015. The median population biomass (3656t) is now 

estimated to be 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 may not start to improve for a number of 

years. The depletion of biomass beyond the recommended critical minimum threshold for biomass of 

13000t means that the stock is now considered to be below the level at which future recruitment will 

be impaired. Given that the principles of the MSC certification scheme promote sustainable stock 

status it is not possible to recommend a scientifically advised TAC for ICES Rectangles 36E5 and 37E5 

in the 2015/2016 fishing season. In order 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. 

Fishery closures, low TACs or other management options may therefore need to be considered for 

several consecutive years. 

These recommended thresholds (e.g. critical minimum threshold for biomass of 13000t) are subjective 

and can be used by fisheries managers as a guide in implementing management measures for the 
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fishery. However, the combination of low total biomass and the removal of a 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 the years since severely 

depleted biomass. Furthermore, the queen scallop fishing fleet has the capacity to increase fishing 

effort very quickly as evidenced by the increase in fishing effort between 2009 and 2011; however, 

following a public consultation in late 2014/early2015 the issue of latent effort capacity within the 

fleet has now largely been addressed (see Section 4.7). Despite its dependence on scallops recruiting 

in their second year of growth, the fishery has been historically resilient to collapse.    

Table 2: A comparison of scientific advice and actual TAC/landings (2011-2015). Landings here are represented seasonally 
(1st June to 31st May), with landings for 2014/2015 only available from 1st June to 30th April. BM = biomass. [*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]. 

Year 

Estimated 
BM 

(36E5 & 
37E5) 

Scientifically 
advised TAC 

(36E5 & 
37E5) 

Scientifically 
implied TAC 
(territorial 

sea)*  

Actual 
TAC 

(territorial 
sea) 

Actual 
landings 
(36E5 & 
37E5) 

Estimated 
BM 

Removed 
(%) 

Proportion of 
total landings 
taken from 

within 
territorial sea 

2011/2012 40792t - - - 15457t 38% - 

2012/2013 25244t 5000t 2500t 3500 ς 
4000t  

9798t 39% 41% 

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 the large increase in biomass that was observed from 2006 to 2011 (Figure 15) 

occurred following a period of three years (2002 ς 2004) when landings slightly exceeded surplus 

production (Figure 18). Therefore, there are clearly variables other than fishing effort that will 

influence the success of the fishery; these include environmental parameters, particularly 

temperature, and fishing activity outside of the stock assessment unit. We have not attempted to 

identify reasons for this period of strong recruitment in this report.  

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

can be refined with additional work include natural mortality, gear selectivity and recruit abundance. 

The abundance index could also be improved by including additional sampling stations outside of the 

territorial sea to ensure the index is truly representative of the stock size. This may become particularly 

important given the changes in management within the territorial 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; Macleod et al., 1985). Therefore, ideally, the 

Irish Sea fishery would be managed as a single stock with management advice provided based on data 

collected across the Irish Sea. In 2014 DEFA initiated a pan-Irish Sea working group and strategy to 

work towards future management of queen scallops at a level that incorporates the boundaries of the 

actual biological stock and not arbitrary management boundaries (see Section 1.3).     



Bangor University Fisheries and Conservation Report No. 58 
 

Page | 22  
Version Control: Final Report (V1.1) 21/05/2015 

4.3.1 CSA Version Updates 

To date all stock assessments have been undertaken using CSA version 3.1.1. (NOAA, 2008). However, 

as of 2014 an updated version of the stock assessment software, CSA version 4.3 (NOAA, 2014), 

became available. The main differences in these two package versions are that the new model uses 

maximum likelihood rather than weighted sums of squares to estimate parameters and also uses 

.ŀǊŀƴƻǾΩǎ ŎŀǘŎƘ Ŝǉǳŀǘƛƻƴ ŜȄŎƭǳǎƛǾŜƭȅ ǘƻ ǎƛƳǳƭŀǘŜ ǘƘŜ ǇƻǇǳƭŀǘƛƻƴ όbh!!Σ нлмрύΦ  In addition users can 

now supply the model with multiple surveys and survey types and specify the time of year that each 

survey occurred (NOAA, 2015). Within the appendices of this report the outputs of the two model 

versions are detailed (Appendix, 2, 3 and 4). A comparison of these outputs reveals that whilst the 

new model (version 4.3) consistently estimates biomass at a slightly higher value than the old model 

(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 biomass of queen scallops above a biomass reference point is to 

reduce the dependence of the fishery on annual recruitment. As biomass is now estimated to have 

fallen well below the recommended biomass reference point of 13000t, the stock (and associated 

fishery) is likely to be highly dependent on annual recruitment success to replenish the catchable 

biomass. Recruitment of queen scallops can, however, be highly variable and is affected by a range of 

complex and interacting factors including, but not limited to, temperature (Dickie, 1955; Fogarty, 

1988; Mackenzie and Köster, 2004), food availability (Jackson et al., 1995), indirect fishing mortality 

(Shepard and Auster, 1991), currents, salinity (Nell and Holliday, 1988; Laing, 2002), spawning stock 

biomass, predation, substratum type (Stokesbury and Himmelman, 1995), predation and competition 

(Thouzeau, 1991). Annual variations in these factors can result in large fluctuations in recruitment and 

thus in the stock biomass and associated 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 the recommended biomass reference point.   

4.5 Stock assessment unit 

In order to help redress the fundamental mismatch between the management unit (Isle of Man 

territorial sea), the stock assessment unit (currently ICES rectangles 36E5 and 37E5; but also looking 

to extend it out to 38E5) and the biological stock (Irish Sea), we highlight three approaches (short, 

medium and long-term) that will help to enable the stock assessment to be undertaken at the 

appropriate geographic, biological and management scale in the future.  

Short Term: The first approach is to increase the extent of the current stock assessment model to all 

ǘƘǊŜŜ L/9{ ǊŜŎǘŀƴƎƭŜǎ ǘƘŀǘ ŎƻǾŜǊ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ ǘŜǊǊƛǘƻǊƛŀƭ ǎŜŀΦ ¢ƘŜ current stock assessment unit 

incorporates the two ICES rectangles 36E5 and 37E5; however, ICES rectangle 38E5 also extends into 

the Isle 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 undertaken in 38E5 in 2008 and so we now have 8 years of survey 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 assessment, landings 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 37E5 for the existing model. A stock 

assessment model (Revision 1) was run that incorporated ICES rectangle 38E5 into the current model 
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for 36E5 and 37E5, using both versions of CSA (v3.1.1 and 4.3), (Appendix 3). In all models the trend 

in biomass remains the same, but the biomass estimate increased by an average of 1300t when ICES 

rectangle 38E5 was incorporated into the stock assessment model.  

Medium Term: Temporal, financial and administrative restrictions have meant that the stock 

abundance survey has traditionally been conducted only within the areas of the ICES Rectangles that 

fall within the Isle of Man territorial 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 survey, as a 

result of the cessation of the autumn survey, meant that it was possible to apply for permission 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 queen scallop stocks, was provided by local industry (Figure 2). As we have 

only one year of data for the sites outside of the 12nm limit it is not yet feasible to run an accurate 

stock assessment model that incorporates this new data. In addition, 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 stations within the territorial sea that are based on a 

standardised grid. However, they do provide a general indication of queen scallop densities outside of 

the territorial sea compared to inside (Section 3.5). Going forward, in order to enable the 

incorporation of survey stations outside of the 12nm into the stock assessment model, which will help 

ensure the abundance index is truly representative of the stock size, it is important that sites outside 

ƻŦ ǘƘŜ LǎƭŜ ƻŦ aŀƴΩǎ мнƴƳ ƭƛƳƛǘ ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ǎǳǊǾŜȅŜŘ ǎƻ ǘƘŀǘ ǘƘis data can be added to the model. 

However, the stations selected for surveying will need to be selected in a similar manner (i.e. 

standardised grid) in order for them to be incorporated into the model.  In addition since July 2013, 

the Agri-Food and Biosciences Institute (AFBI) in Northern Ireland has also begun undertaking surveys 

of queen scallops within areas of the Irish Sea, as such coordinating survey effort with AFBI may enable 

a better coverage of the wider stock to be achieved.   

Long Term: Finally, as discussed already in this report a longer-term objective for the management of 

the fishery is to develop an approach that will enable the stock assessment and management units to 

be matched to the area encompassed by the actual biological stock (i.e. Irish Sea), through 

development of a Pan-Irish Sea management approach. Work towards this involves multiple 

management jurisdictions (Section 1.3).  

4.6 Spatial management and closed areas 

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

to be higher when adults are present at higher densities with fertilisation success limited if local 

densities drop below some threshold level as a result of Allee 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 and long-term viability 

of the fishery. In addition, 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 4.2. In order to inform management decisions on the siting of 

closed areas an in-depth understanding of scallop recruitment mechanisms is essential to ensure the 

protection of recruitment sources rather than sinks.  
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As discussed in Section 2.3 it will likely take several years before the impact of the closed areas can be 

properly assessed. However, initial results from monitoring during the 2015 scallop abundance survey 

have indicated a generally positive response with the total abundance, or abundance of recruits 

increasing from 2014 to 2015 in 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 III) situated to 

the east of the Island (Figure 4). There are two possible explanations for the decline in abundance 

within this closed area. Firstly, the survey sites which indicated relatively high abundances during the 

2014 spring scallop survey were located at the 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 to areas outside 

of the closed area and were subsequently removed by fishing activity. Secondly, no increase was 

observed in the proportion of recruits within the closed area which may mean that there has not been 

sufficient recruitment coming into the area over the previous two or three years to replenish the 

stocks as older scallops die off (at the end of their natural life cycle). As discussed in Section 4.5, 

recruitment can be negatively impacted by a range of variables including environmental conditions, 

indirect fishing mortality and direct fishing mortality. In addition, as the sources of recruitment for the 

fishing grounds at the east of the Island are thought to be outside of the territorial sea (Neill & Kaiser, 

2008), recruitment may also be negatively impacted by the large amount of fishing activity that occurs 

within these source areas.  

4.7 Fishing effort 

On the recommendation of the QMB, DEFA undertook a public consultation between December 2014 

and February 2015 to try and resolve the issue of excessive effort within the fishery (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 place to achieve the recertification of this fishery within the MSC 

process. Based on the analysis of 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 territorial sea 

should be based on a track record of 20 days within the 2010 ς 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 numerous 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 

queen scallops has changed over time and dredgers and trawlers are potentially 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 (Hinz et al., 2009). Catchability of queen scallops is also 

temperature dependent (Jenkins et al., 2003). Management of the fishery has changed substantially 

during the past three years. The introduction of closed areas, increasing minimum landing size (to 55 

mm) and a closed season will all impact on the queen scallop population.  The 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 needed.  Nevertheless, there is sufficient information available to allow 

the fishery to be managed to 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 be impaired; the MSC certification for this fishery was suspended 

on May 19th 2014.  

o 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 a track record period (although 

several pipeline cases are currently under review).  

o Given that the principles of the MSC certification scheme promote sustainable stock status, it 

is not possible to recommend a scientifically advised TAC for ICES Rectangles 36E5 and 37E5 

in the 2015/2016 fishing season. In order 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.  

o Whilst landings have substantially decreased in 2014, particularly within the territorial sea 

(1000t) where management measures were in place, landings from the entire stock 

assessment unit (6429t) still exceeded surplus production.  

o Biomass is likely to be depleted leading to the fishery becoming recruitment-dependent 

where >40% of biomass is removed annually. The 2014/2015 fishery removed 87% of the 

estimated mean biomass for 2014, leading to a further decline in estimated biomass in 2015. 

o Four small areas that had exhibited sufficiently high abundances in the April 2014 survey were 

strategically closed around the Island. 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.  

o The 2015 estimated median population biomass (3656t) is at its lowest level since scientific 

surveys began in 1992. In 1999 when biomass was estimated at a similarly low level (5114t), 

it took a further 3 years before the population size increased to above 13000t. This indicates 

that the present low biomass situation may not start to improve for a number of years. Fishery 

closures, low TACs or other management measures may need to be in place for several 

consecutive years in order to let the biomass increase. 

o Biomass depletion has rendered the fishery heavily dependent on annual recruitment. 

Management promoting successful spawning and recruitment using closed areas is essential. 

However, the siting, size and access status of closures should be considered annually.  

o Low abundance of recruits at several survey stations require plans to increase sampling effort 

of queen scallop recruits during the spring scientific survey to be developed. Beam trawl 

sampling (which better targets recruits) should be regularly undertaken across the range of 

survey stations in parallel to the traditional stock assessment survey using dredges. 

o Continuing to build on the additional survey work undertaken in April 2015, it will be essential 

that future annual scientific abundance surveys samples at additional stations outside of the 

12nm limit, within ICES rectangles 36E5, 37E5 and 38E5, to help ensure the abundance index 

is truly representative of the stock size. 

o The Irish Sea queen scallop fishery should be managed as a single biological stock with advice 

provided based on data collected across the Irish Sea. An initiative to achieve a pan-Irish Sea 

management approach for the queen scallop fishery was started by DEFA in 2014. It is vital 

that this important work, to achieve a collaborative management approach for queen scallop 

stocks within the Irish Sea, continues.  
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