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SUMMARY 2011
INTRODUCTION

The edible mussel (Mytilus edulis) is one of the most common shore animals and can be found on most rocky shores in Europe.  They also form vast beds on sand and mudflats and in estuaries.  Mussels attach themselves to rocks, pebbles and other mussels by secreting silky threads known as byssus threads.  They filter feed on plankton and organic matter in the water column. 

A survey of the natural population of mussels (Mytilus edulis) on the large bed located on Fenham Flats, adjacent to Holy Island, was undertaken in order to estimate the size of the mussel stock.  The objective of this stock assessment was to inform fishery managers of the size of the stock in order to allow any potential fishery to be managed in a sustainable way.

METHOD

The mussel bed on Fenham Flats was visited at low water (between 09:00 and 11:30) on a spring tide on 8th March 2011 (previous surveys having been carried out on 3rd March 2010, 11th March 2009, 10th March 2008, 22nd March 2007, and 30th March 2006).  The outer edges of the bed were mapped using the tracking facility of a hand-held GPS. 

The percentage cover of mussels on the bed (i.e. the proportion of the bed covered by patches of mussels) was estimated using the method developed by DEFRA (Walker and Nicholson, 1986).  Percentage cover was determined by pacing over the beds in zigzag lines and recording the proportion of footsteps that landed on mussels as opposed to bare sediment.  The length of each transect line was determined and varied from 200 paces to 386 paces.  The direction of each transect line was chosen in the field to satisfy three criteria: that the transect should remain within the constraints of the bed, the zigzag pattern should effectively cover all of the bed and within these two constraints the direction should be random. 

At the end of each transect a 0.1m2 sampling quadrat was placed at random on the nearest patch of mussels.  All material within this tenth of a metre patch was gathered and sieved through 5 mm mesh to remove sediment.  After sieving and the removal of stones and debris, the contents of each quadrat was transferred to a bag and taken back to the lab for measurement and further analysis.  Ten quadrat samples were taken from the mussel bed at Fenham Flats in total. 

The samples were processed back at the lab as soon as practical after collection to ensure as little weight loss from the mussel shells as possible.  The samples were first sorted to separate any stones, debris or dead shells from the living mussels, before being weighed to the nearest gram.  The shell lengths of all the living mussels in each sample were recorded to the nearest millimetre. 

The proportion and weight of total commercially sized mussels in each sample were also recorded. At present no minimum landing size exists for mussels on the Northumberland coast. In order to estimate the size of the commercial stock, estimates were based on two different minimum landing sizes; 55 mm and 45 mm.  (The minimum landing size being defined as all mussels over 45 mm, or over 55 mm). 

The information on the GPS was down loaded onto GPSU software and this software was used to calculate the area of the mussel bed (in hectares and square metres). 

The density (number of mussels/m2) and biomass per square metre (or biomass/m2 as it will be referred to from hereafter) of all mussels on the bed, and the commercial sized mussels was then calculated by raising the number and weight of mussels in the sample by 10 and then by the mean percentage cover of the bed.  The total biomass and commercial biomass (in tonnes) was then calculated by multiplying the biomass/m2 by the areas covered by the mussel bed. 

The maximum sustainable yield (maximum tonnage of mussels that should be removed) or total allowable catch (TAC) was also calculated.  The maximum sustainable yield usually chosen is 33% of the exploitable stock (above minimum landing sizes) which is the typical proportion used in most UK bivalve fisheries (CEFAS per. com.). The TAC was calculated for a MLS of both 45 mm and 55 mm.

RESULTS

The Fenham Flats mussel bed was found to occupy an area of 45.65 hectares (which is the largest size to date) significantly up from previous years with 36.28 hectares recorded in 2010, 34.43 hectares in 2009, 36.72 hectares in 2009, 37.18 hectares in 2007 and even the 41.52 hectares in 2006.  Within this mussel bed mussels were found to occupy 60.51% down from the 78.41% in 2010, 72.1% in 2009, 78.58% 2008, 79.81% of the ground in 2007 but similar to the 60.44% in 2006. (Appendix 1 tables 1-6)
The mean biomass per square metre was 8.47kg/m2 again significantly down on recent years, 12.72kg/m2 in 2010, 12.51kg/m2 in 2009, 16.41kg/m2 in 2008, 10.52kg/m2 in 2007 but again similar to the 7.467 kg/m2 in 2006. The mean density per square metre was 822 mussels/m2 again down from the 1323 mussels/m2  in 2010, 1162 mussels/m2 in 2009, 1173 mussels in 2008 but significantly above the 651 mussels/m2 in 2007 and 536 mussels/m2 in 2006. (Appendix 1)
From these figures the total tonnage of mussel biomass was calculated to be 3864 tonnes, down from the 4614 tonnes in 2010, 4307 tonnes in 2009, 6022 tonnes in 2008,3911 tonnes in 2007 but above the low of 3101 tonnes in 2006, The total population estimated at 375 million, down from the 486 million in 2010, 396 million in 2009, 431 million in 2008, but significantly above the estimates for 2007 and 2006 being 242 million mussels and 222 million mussels respectively. (Appendix 1).
DISCUSSION

This stock assessment has revealed that as at March 2011 there was an estimated 3863 tonnes of mussel biomass within this 45.65 hectare mussel bed. This is the largest bed size since the start of the surveys in 2006 yet has one of the smallest estimates of biomass. The reason for the increase in the size of the bed is unclear but it is likely that it is the result of commencing the survey before full low water thereby giving the surveyor’s greater time to navigate the bed. (previously those tracking the edge of the bed have commented that they have struggled to complete the full circumference of the bed due to the flooding tide). 

Therefore the previous estimate of bed size; 36.28 hectare mussel bed the size in 2010, 34.43 hectare mussel bed in 2009, 36.72 hectare mussel bed in 2008, 37.18 hectare bed in 2007 and the 41.52 bed size in 2006 should be treated cautiously. Future surveys will ensure that they begin at least 1 hour prior to low water.
As there is now a degree of uncertainty regarding the size of previous beds the overall tonnage also needs to be considered. With it being likely that the bed size has been under estimated; the estimate of 4614 tonnes of mussel biomass in 2010, the estimated 4307 tonnes of mussel biomass in 2009, the estimated 6022 tonnes of mussel biomass in 2008, the estimated 3718 tonnes of biomass in 2007 and the 3101 tonnes biomass in 2006 needs to be re-examined. It is likely that if the bed size is stable and about 45 hectares estimates of biomass could be out by up to 20% (underestimate). This issue will only be resolved with the completion of several further surveys.
With the overall size of the site and therefore the biomass in doubt it is more important to consider the other 2 main issues; that of the present coverage and the quantities and weight per meter squared. While randomly sampled these quantities are known to be accurate. The % coverage of the bed was significantly down on previous year being only 60.51%, in 2010 it was 78.41%, 2009 72.1%, 2008 78.58%, 2007 79.81% and 2006 60.44%. Based on these figures it would appear that there has been a significant reduction in the amount of mussels on the bed, one reason for this could be a mortality event that has occurred within the last 12 month, possibly the most likely being the extremely cold weather experienced at the end of 2010. However prior to this there were indications that the health of the mussels was compromised, this was observed in samples of mussels examined after the 2010 survey were noted to have a relatively poor meat yield. This ultimately resulted in the one commercial harvester ceasing his gathering during 2010. It may well be then that as a result of already struggling mussels being subjected to another cold event sub come to overwhelming conditions.

Not only was there a fall in the 5 cover but also a fall in the quantities and weight per m2 and. In 2011 these were 822 mussels for 8.46kg, 2010 1323 mussels for 12.72kg, 2009 1162 mussels for 12.51kg, 2008 1173 mussels for 16.41kg, 2007 651 mussels for 10.52 and 2006 536 mussels for 7.46kg (appendix 1 tables 1-6). From these figures it can be seen that there has be a significant fall in the overall numbers and weight of mussels from recent years. Equally it can be observed that in 2006 these results were at an even lower level and recovered effectively within one to two years. It is therefore hoped that subject to more average weather conditions that the population will again increase in size. As the % coverage is currently at a relative low greater availability of nutrients should be available together clearer areas for spat settlement which again should boost the heath of the population and numbers of mussels. 
While the of biomass has reduced in 2011 there was a significant proportion of mussels in the commercial size rage of 45mm - 54mm this had been predicted for the last 2 years, as had the sharp reduction of mussels in excess of 55mm. This strongly indicates that mussels reach a commercial harvestable size within 3 – 4 years. Based on the size distribution observed it is believed that in 2012 there should a noticeable quantity of mussels in the 54mm + range, while there will be a slight fall in numbers in the 45mm-54mm size range. Then in 2013 there should be an again an increase in the 45mm-54mm size range. (Appendix 2 figures 1-6)
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Appendix 1
Table 1

Physical parameters of the mussel bed

2011

	Area (Ha)
	

	Percentage cover
	

	Biomass per square metre (kg/m2)
	

	Density (mussels/m2)
	

	Total biomass (tonnes)
	

	Number of mussels (millions)
	


Table 2
Physical parameters of the mussel bed

2010

	Area (Ha)
	36.28

	Percentage cover
	78.41%

	Biomass per square metre (kg/m2)
	12.72 kg/m2

	Density (mussels/m2)
	1323 mussels/m2 

	Total biomass (tonnes)
	4614 tonnes

	Number of mussels (millions)
	486 million


Table 3
Physical parameters of the mussel bed

2009

	Area (Ha)
	34.43

	Percentage cover
	72.10%

	Biomass per square metre (kg/m2)
	12.51 kg/m2

	Density (mussels/m2)
	1162 mussels/m2 

	Total biomass (tonnes)
	4307 tonnes

	Number of mussels (millions)
	396 million


2009: The size of the mussels found in the sample ranged from 3 mm to 76 mm (Figure 1) with a mean length of 34.5 mm (Table 4).  The length distribution graph (Figure 1) revealed 2 main peaks in size frequency the first between 16 mm and 32 mm and the second between 51 mm and 63 mm.  Also notable is the significant trough between 30 mm and 42 mm. 

Table 4
Physical parameters of the mussel bed

2008

	Area (Ha)
	36.72

	Percentage cover
	78.58%

	Biomass per square metre (kg/m2)
	16.41 kg/m2

	Density (mussels/m2)
	1173 mussels/m2 

	Total biomass (tonnes)
	6022 tonnes

	Number of mussels (millions)
	431 million


2008: The size of the mussels found in the sample ranged from 3 mm to 73 mm (Figure 1)  with a mean length of 40 (Table 4).  The length distribution graph (Figure 1) revealed 2 main peaks in size frequency the first between 16 mm and 26 mm and the second between 46 mm and 60 mm.  Each of these peaks also shows some additional peaks.  Also notable is the significant trough between 30 mm and 42 mm. 

Table 5
Physical parameters of the mussel bed

2007

	Area (Ha)
	37.18

	Percentage cover
	79.81%

	Biomass per square metre (kg/m2)
	10.52kg/m2

	Density (mussels/m2)
	651 mussels/m2 

	Total biomass (tonnes)
	3911 tonnes

	Number of mussels (millions)
	242 million mussels


2007: The size of mussels found in the samples ranged from 11 mm to 70 mm (Figure 2), with a mean length of 45 mm (Table 5).  The length distribution graph (Figure 2) revealed several peaks in size frequency, with peaks of mussel shell length at between 12 and 29 mm; 30 and 41 mm; 42 and 50 mm and the final peak between 51 and 70 mm.  The majority of mussels were between the sizes of 19 mm – 27 mm and particularly 42 mm – 63 mm.

Table 6
Physical parameters of the mussel bed

2006

	Area (Ha)
	41.52ha

	Percentage cover
	60.44%

	Biomass per square metre (kg/m2)
	7.467 kg/m2

	Density (mussels/m2)
	536 mussels/m2

	Total biomass (tonnes)
	3101 tonnes

	Number of mussels (millions)
	222 million mussels


2006: The size of mussels found in the samples ranged from 12 mm to 73 mm (Figure 3), with a mean length of 41 (Table 6).  The length distribution graph (Figure 3) revealed several peaks in size frequency, with peaks of mussel shell length at between 12 and 32 mm; 33 and 44 mm; 45 and 55 and the final peak between 56 and 73 mm.  The majority of mussels were between the sizes of 20 mm – 28 mm and 39 mm – 63 mm.

Appendix 2

Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Appendix 3
Table 7
Mean length of mussels and percentage above minimum landing size (MLS)

         2011

	Parameter
	

	Mean shell length (mm)
	36

	Percentage of commercial sized mussels using MLS 45 mm
	32

	Percentage of commercial sized mussels using MLS 55 mm
	9


Table 8

Mean length of mussels and percentage above minimum landing size (MLS)

         2010

	Parameter
	

	Mean shell length (mm)
	34.7 mm

	Percentage of commercial sized mussels using MLS 45 mm
	27%

	Percentage of commercial sized mussels using MLS 55 mm
	12%


Table 9
Mean length of mussels and percentage above minimum landing size (MLS)

         2009
	Parameter
	

	Mean shell length (mm)
	34.5 mm

	Percentage of commercial sized mussels using MLS 45 mm
	32%

	Percentage of commercial sized mussels using MLS 55 mm
	20%


Table 10
Mean length of mussels and percentage above minimum landing size (MLS)

         2008

	Parameter
	

	Mean shell length (mm)
	40 mm

	Percentage of commercial sized mussels using MLS 45 mm
	52%

	Percentage of commercial sized mussels using MLS 55 mm
	25%


Table 11
 Mean length of mussels and percentage above minimum landing size (MLS)
        2007

	Parameter
	

	Mean shell length (mm)
	45 mm

	Percentage of commercial sized mussels using MLS 45 mm
	61%

	Percentage of commercial sized mussels using MLS 55 mm
	24%


Table 12
Mean length of mussels and percentage above minimum landing size (MLS)

           2006

	Parameter
	

	Mean shell length (mm)
	41 mm

	Percentage of commercial sized mussels using MLS 45 mm
	47%

	Percentage of commercial sized mussels using MLS 55 mm
	22%


Appendix 4
Physical parameters of the mussel bed

Table 13

Commercial biomass of mussel bed with different minimum landing sizes

2011: By using these two MLS’s it was estimated that there were 2623 tonnes or 1023 tonnes of commercially sized mussels on this bed.  This gives a total allowable catch (TAC) of either 341 tonnes or 874 tonnes depending on the minimum landing size used.

2011
	Parameter
	MLS 45 mm
	MLS 55 mm

	Commercial biomass (g/m2)
	5748
	2242

	Commercial density (mussels/m2)
	265
	78

	Commercial tonnage (tonnes)
	2623
	1023

	Commercial number (millions of mussels)
	120
	35

	TAC (33% of exploitable stock)
	874
	341


Table 14
Commercial biomass of mussel bed with different minimum landing sizes

2010: By using these two MLS’s it was estimated that there were 3222 tonnes or 2005 tonnes of commercially sized mussels on this bed.  This gives a total allowable catch (TAC) of either 688 tonnes or 1074 tonnes depending on the minimum landing size used.

2010

	Parameter
	MLS 45 mm
	MLS 55 mm

	Commercial biomass (g/m2)
	8883
	5449

	Commercial density (mussels/m2)
	361
	171

	Commercial tonnage (tonnes)
	3222
	2005

	Commercial number (millions of mussels)
	101
	62

	TAC (33% of exploitable stock)
	1074
	668


Table 15
Commercial biomass of mussel bed with different minimum landing sizes

2009: By using these two MLS’s it was estimated that there were 3546 tonnes or 2466 tonnes of commercially sized mussels on this bed.  This gives a total allowable catch (TAC) of either 822 tonnes or 1182 tonnes depending on the minimum landing size used.

2009
	Parameter
	MLS 45 mm
	MLS 55 mm

	Commercial biomass (g/m2)
	10302
	7162

	Commercial density (mussels/m2)
	366
	238

	Commercial tonnage (tonnes)
	3546
	2466

	Commercial number (millions of mussels)
	126
	82

	TAC (33% of exploitable stock)
	1182
	822


.

Table 16
Commercial biomass of mussel bed with different minimum landing sizes

2008: By using these two MLS’s it was estimated that there were 5329 tonnes or 3149 tonnes of commercially sized mussels on this bed.  This gives a total allowable catch (TAC) of either 1049 tonnes or 1776 tonnes depending on the minimum landing size used
2008

	Parameter
	MLS 45 mm
	MLS 55 mm

	Commercial biomass (g/m2)
	14514
	8578

	Commercial density (mussels/m2)
	614
	295

	Commercial tonnage (tonnes)
	5329
	3149

	Commercial number (millions of mussels)
	225
	108

	TAC (33% of exploitable stock)
	1776
	1049


Table 17
Commercial biomass of mussel bed with different minimum landing sizes

2007: By using these two MLS’s it was estimated that there were 1546 tonnes or 3318 tonnes of commercially sized mussels on this bed.  This gives a total allowable catch (TAC) of either 515 tonnes or 1106 tonnes depending on the minimum landing size used
2007

	Parameter
	MLS 45 mm
	MLS 55 mm

	Commercial biomass (g/m2)
	8266
	4211

	Commercial density (mussels/m2)
	398
	159

	Commercial tonnage (tonnes)
	3318
	1546

	Commercial number (millions of mussels)
	148
	59

	TAC (33% of exploitable stock)
	1106
	515


Table 18
Commercial biomass of mussel bed with different minimum landing sizes

2006: By using these two MLS’s it was estimated that there were 1400 tonnes or 2270 tonnes of commercially sized mussels on this bed.  This gives a total allowable catch (TAC) of either 461 tonnes or 749 tonnes depending on the minimum landing size used.
2006

	Parameter
	MLS 45 mm
	MLS 55 mm

	Commercial biomass (g/m2)
	5468
	3369

	Commercial density (mussels/m2)
	263
	127

	Commercial tonnage (tonnes)
	2271
	1399

	Commercial number (millions of mussels)
	109
	52

	TAC (33% of exploitable stock)
	749
	461
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