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1. Abstract

In 1991 and 1993, the Forest and Nature ‘Agency and Danish Insutute for Fisheries
Research performed an aerop]ane photo survey of all the gulhes in the Danish Wadden Sea,
to 1denufy areas with mussels (M. edulis). The main areas with mussels were found in Ho
Bxght in the northern part of the Danish Wadden Sea. From 1991 to 1993 a decrease of mussel
bed areas were observed. The total area with mussel beds reglstered in 1991 in the Wadden Sea
was 10.92 km?, and in 1993 only 8.67 km®. The subtidal areas increased from 1 8 km? in
1991, to 2.5 km? in 1993, and the intertidal area decreased from 9.1 km? in 1991, to 6.2 km?
in 1993,

To verify the aeroplane observation, samples of mussels were collected in the beds in
1991, 1992 and 1993. The densities (no. /m?) of mussels in Ho Bight varied con51derably
throughout the mvestlgatxon between 0 and 3 800 mussels/m?, and the biomass varied between
0 kg and 63.9 kg per m’. The biomass in the samples was in 1991 in average 7,1 +6,0 kg per
m? (mean +2 SE; n=14). The biomass in the samples in 1992 was m average 17 0 +10,3 kg
per m? (mean +2 SE) and in 1993 in average 19,5 + 7,8 kg per m? (mean +2 SE; n—-32) .

The total blomass of mussels in the Danish Wadden Sea increased over seven years
from 15 500 metric tonnes in 1988 to 90 000 metric tonnes in September 1993, In September
1994 the standing stock (subtidal and intertidal) in the Danish Wadden Sea was 117 000 metric
tonnes.

In the penod 1991-1994, 4 628 metric tonnes of mussels 5 cm in shell length) were
fished annually in the Danish Wadden Sea. ‘

Eiders, herring gulls and oystercatchers in the Danish Wadden Sea feed pnmanly on
mussels and may consume up to 16 000 metric tonnes of mussels annually (equal to ~ 17 » 10°
bird days). A

. The elimination of mussels (Z M+F) from 1991 to 1993 is estimated to be as high
* as 60 000 metric tonnes, or 20 000 metric tonnes annually. 3/4 consumed by the birds (M) and
1/4 catched by the fishermen (F).
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2. Introduction.

In 1961-65, Theisen (1968) performed an expenmental transplantahon of mussels in
the Damsh Wadden Sea, similar to what has been undertaken in the Dutch and German
Wadden Sea for decades. His 1nvesUgatmns did not result in culture of mussels in the Danish
Wadden Sea. So, today transplantatxon and culture of mussels or other marine bivalve species
is prohlbrted according to the legrslatxon for protection of the Danish Wadden Sea. Only fish-
ing on the natural stocks of mussels may take place in the Danish Wadden Sea.

The Danish Wadden Sea has been explmted by commercial fishing of mussels (Mynlus
edulis L.) for the last 16 years (Fig. 1). The landings from 1979- 1994 varied annually between
a few hundred tonnes (1979- 1982) to more than 27 000 metric tonnes in 1985. Unofficial
ﬁgures for the landings in 1985 indicated values of 75 000 metric tonnes (Kristensen, 1994,
information given by mussel fishermen). A total of 90 000 metnc tonnes of mussels were
landed from the Danish Wadden Sea between 1983 and 1987.

~ The intensive ﬁshery of mussels, and the destruction of a large number of intertidal
mussel beds during the i ice winter 1986/87 resulted in a collapse of the mussel stock in the
Danish Wadden Sea in spring 1987. During the summer and autumn 1987 a large spat-fall took
place in the Ho Bight (Munch-Petersen and Kristensen, 1987 and Munksgaard 1989). The 87-
cohort of mussels in the subtidal beds had reached the ﬁshmg size in the summer 1990 (shell
length > 5 cm; and >90% of the mussels suitable for fishing): .

The ﬁshery of mussels in the Danish Wadden Sea has all the years been secondary
compared to the main ﬁshmg area for mussels in Denmark, letjorden where the annual
landings the last five years have been around 100 000 metric tonnes (Kristensen, 1994)

The mussel stock in the Danish Wadden Sea was assessed for the first time in the
autumn 1986 (Munch—Petersen and Kristensen, 1987), followmg the comprehenswe ﬁshery in
theé years 1983-1986 (Fig. 1). The areas with mussel beds were identified by use of aerial
photos (black and white pictures). Since the photos were not taken with the purpose to dis-
nngursh mussel beds, problems with the interpretation arose (Munch-Petersen and Kristensen;
1987 and Munksgaard, 1989).

- In 1988, the Danish Institute for Fisheries and Marine Research mvesngated the use

* of acrial photos in colours to quanufy areas with intertidal mussel beds in the Danish Wadden
Sea (Munch-Petersen and Kristensen, 1989) The plctures were analysm, and the blomass
the grey tone Values, and the biomass of mussels in the investigated area. However, use of
aerial photos in colour to detect the mussel beds and their size was more useful, than the aerial
photos in black and white used in the assessment in 1986 (Munch-Petersen and Kristensen,
1989).
. " In the auturn 1990 it was decided to perform an mvestlgatmn of the mussel stock,

and to ascertain the 1mpact on the mussel stock from mussel fishing in Ho Bight (Hjerung
Stream only) The purpose was to find the size of the mussel beds by aenal photo surveys, and
to assess the biomass of mussels in the mussel beds. Secondly, to evaluate the annual
productlon ®) of mussels in the Damsh Wadden Sea, for which figures from the lrterature
(Asmus 1987) was used The estxmate was based on the estimated standing stock (B) in this
investigation. For the third, to evaluate the 1mportance of F (the ﬁshmg mortalxty) and M (the
bird predation, assumed to be 50% of the total mortality) for declines/increases in the standing
stock of mussels in the Danish Wadden Sea:



3. Material and methods.

In Ho Brght, with the two tidal gullies Hjerting Stream and Hobo Deep several mussel
spats settled in the summer 1987. (Munch-Petersen.and.Kristensen, .1987 and Munksgaard,
1989). - C e
In Hjerting Stream, the.rhussel.areas were divided into three sectors with a total
biomass of mussels of around 15 700 metric tonnes in the May. 1991 (Tab. 3). The three areas
were different in extent, and in size of the mixssel stocks (Fig.2 and Tab. 3).

Sector 1 O 8km? Fxshmg 1 October - 31. Apnl each year.
Sector2: 2 km? Fishing: 15. July - 1. October each year.

Sector 3: 7.3 km? Fishing: No ﬁshmg

3.1.  Estimating the size of the mussel beds.

All gullies in the Danish. Wadden Sea were photographed in 1991 and in 1993. The
intertidal mussel beds, which were farthest away from the gullies, were not photographed, be-
cause they are of no interest in the management of the fishery of mussels.

The aeroplane photo survey was carried out by a consultant company (Jan Kofod
Wmther Luftfoto). Photogxaphmg was only successful at low tide, when there were no wind,
no clouds, and only if the sun was hlgh on the sky, which only happens few times during the
summer time.

A Cessna 172 plane was used. The ﬂymg altitude was 4 500 feeds (~1 350 m). A
camera model 500 ELX Hasselblad was used (lens: 40 mm, Zeiss, distagon). The films used,
were kodak aerochrome or kodak ectochrome. Slides were made from the negatrves, 56 mm
x 56 mm. Afterwards, paper pictures were made of the slides, 200 mm x 200 mm. *

An overview picture was constructed by use of all the paper plcturcs to form a map
of the Wadden Sea , and to distinguish the potential mussel beds. Areas with mussel beds were
distinguished by their colour (dark areas), from areas with sand (light coloured). Sampling of
- mussels on the assumed mussel beds in the felt was conclusively used to verified the acroplane
observations.

Each aerial photo covered about one minute of arc =1 852 m. Each slide or paper
picture therefore covers 1 852 » 1852 m? = 3 429 904 m?, Both in 1991 and 1993 a building
of specific size could be distinguish on the paper pictures. From those, the scale in 1991 was

estimated to 1:10 000, and in 1993 to 1:9 481.
' From the map constructed from the paper pictures, the felt venﬁed areas wrth mussel
beds, were cut out in tracing paper. The pxeces representmg mussel beds were all weighed on
a Mettler PM 4600 Delta Range weight (accuracy 00lg equal to one hectare (10 000 m?).
Two cut pieces of tracmg paper (10 » 10 cm? for the 1991 pictures, and 9.5 * 9.5 cm? for the
pictures from 1993) were used to transform one m? of mussel bed to weight.



3.2.  Density and biomass of mussels (no./m’ and kg/mf).

. Mussels were sampled from 32 different samplmg stations regularly spaced and stra-
tified in the three sectors 1, 2 and 3 (Fig.2). Within a frame of 0.25 m? all mussels and shells
of mussels were collected by a diver. At samplmg, the diver judged the area covered with
mussels within the vicinity of the samplmg station (~ 100 x 100 m) in the mterudal mussel
beds. The samples were weighed on a steelyard weight (accuracy: 0.25 kg). A random
subsample around 3 kg (at least 150 live mussels) was taken from the gross sample and frozen
for later analysis. ~

In the laboratory the subsamples were sorted in fractlons of live mussels, and shel]s
of dxfferent bivalves and gastropods, and invertebrates. The fraction of live mussels in the sam-
ples was determined; and used to estimate the dcnsrty of mussels on the samplmg station; in

‘numbers, and the biomass of live wet weight of mussels/m?. The shell length of the mussels

was measured in mm. Data analysis was camed out in EXCEL 5. O and SAS (plot and’ GLM-
routines).

The sampling stations in the subtxdal mussel beds were spaced randomly and repre-
sented both areas with, and without mussels, and the average density of mussels was used

-~ directly, to estimate the biomass of mussels in the various beds.

‘ The density of mussels measured for the mussel beds in the Hjerting Stream have been
used to estimate the stock size in the three other tidal areas in the Danish Wadden Sea (Knude
Deep, Juvre Deep and Lister Deep).

3.3 Sampling by dredge. . ‘ . .

In September 1994 all mussel beds 1dent1ﬁed in the 1993 aeroplane photo survey in
the three tidal areas in the Damsh Wadden Sm were dredged by a commercial vessel to collect
samples of mussels. The purpose was to determine the biomass (kg/m?) of the mussel stocks
in the entire Danish Wadden Sea. Secondly, to compare the dredgmg technique with the diver
sampling techmque used in the stock survey the previous years in Hjerting Stream. Dredge
samples were taken at 79 different stations (Tab. 6). Fifty two samples were taken in Grey
Deep at Esbjerg, nine in Knude Deep, and twelve in Lister Deep. It was not possrble to take
dredge samples in Juvre Deep in September 1994.

The hauling speed was two knot, and the haulmg time varied between 4 and 159
seconds (Tab 6) The commerc1a1 dredge is 1. 8 m wide, and a haul could therefore be
estimated to cover between 7. 408 m*and 294. 47 m? The catch in each haul was Judged by the
sklpper and the research assistant (if there was dxsagreement between their two Judgements an
average ﬁgure was chosen). A subsample was taken from the gross catch and frozen to be

" analysed in the laboratory. The number of live mussels in the frozen subsample was measured.

By unfreezing, the mussels loose in average 20% of their wet weight, Wthh has to be added
to the mussel wcxght before the fractxon of live mussels in the catches can be estimated. The

~density (kg) of mussels in total wet weight per m? was estimated for each sample taken by

dredge.

~ The biomass of the standmg stock of mussels in each tidal area (4) was estimated by
multrplymg the average biomass of mussels (kg/m’) with the total area of mussel beds (m?) in
each tidal area determined on the aeroplane pictures from 1993. To estimate the standing stock



of mussels in Juvre Deep, the average density-estimateé for the mussel beds in Grey Deep,
Knude Deep and Lister Deep was used.

3.4. Estimafion of food demands of birds...

The mussel stock in the Danish Wadden Sea is consumed by a number of bird species.
The most characteristic mussel eating birds are the oystercatcher (Haematopus ostralegus), the
eider (Somateria mollissima), and the herring gull (Larus argentatus).

. Based on figures from the literature the three bird populations consumption of mussels
are estimated. The oystercatcher has a daily average energy demand of 833 kJ/day (Goss-
Custrad and Durell, 1987), which is equal to around 38 g AFDW mussel meat (22 kJ/g AFDW
of mussel meat; McLusky, 1989). The eider needs 2732 kJ/day (Swennen, 1976, Nystrdm and
Pehrsson, 1988), which is equal to 124 g AFDW of mussel meat. The herring gull has a daily
demand of energy of 1987 kJ/day (Faldborg et al, 1994), which is equal to 90 g AFDW of
mussel meat. The energy demands are used to calculate the number of birds (bird days), that
can be sustained on the annual production of mussels (50% of P) in the Danish Wadden Sea.

4, Results.
4.1. Estimating the area of the different mussel beds.

Estimates of the area of the different mussel beds in the Danish Wadden Sea detected
from the aerial photos are shown in Table 1.

In both 1991 and 1993 the largest areas with mussel beds were found in the Hjerting
Stream (the fishing sectors). The mussel beds respectively represented 38% in 1991, and 46%
in 1993 of the total area of mussels in the Danish Wadden Sea (Tab.1).

On the photos, the mussel beds are spaced in groups. The total area of mussel beds
in the Danish Wadden Sea is estimated to 10.92 km?in 1991. The intertidal beds covered 9.13
km?, and the subtidal beds 1.79 km?. The total area (8.67 km?) with mussel beds in 1993 was
smaller (21%) compared to 1991. The size of the intertidal beds was 6.19 km?, and 2.48 km?
were subtidal mussel beds. Conclusively, the total area of intertidal mussel beds declined from
9.13 km? in 1991 to 6.19 km?® in 1993, a chance of 32%. Simultaneously the subtidal beds
grow from 1.79 km? in 1991 to 2.48 km? in 1993, and with 38%. ~

The decline of mussel beds in the Danish Wadden Sea is masking over a large variety
of declines and increases in the different tidal areas, and over differences between the various
intertidal and subtidal mussel beds. The biggest chance was found in Juvre Deep among the
" intertidal mussel beds, which declined ca 64% from 2.69 km? in 1991 to only 0.96 km? in 1993
(Tab. 1). ,

In the fishing sectors in Hjerting Stream; the mussel beds covered 4.14 km? in 1991
(exclusive the beds in Hobo Deep west of Langli, 1.23 km?) of which 3.05 km? were intertidal
mussel beds, and 1.09 km? were subtidal mussel beds (Tab.1). From 1991 to 1993, the area
with intertidal mussel bed-decreased from 3.05 to 2.03 km? or 33%. Simultaneously, the
subtidal mussel beds increased from 1.09 to 1.98 km? or 82%. There were not detected any
intertidal mussel beds in fishing sector 3, neither in 1991 nor in 1993 (Tab. 1).



From 1991 to 1993 the total area with mussel beds in Ho Bight was reduced by 12%.
In the fishing sectors the reduction was only 3% from 4.14 km? to 4.01 km? (Tab.1). In sector
1, where the fishing from 1991 -1993 annually amounted to 25% of the annual estimated
standmg stock, the area with mussel beds increased 10%, from 2.78 km? in 1991 to 3.07 km?
in 1993 (Tab. 1). In sector 2 (fishing 10% of the annual standing stock) the area with mussels
decreased 58%, and in sector 3 (thhout ﬁshmg) the area with mussel beds increased 78%

(Tab 1).

e -

4.2,  Densities (no. /m’)
. In 1991 the densnty (range) of mussels, in the three ﬁshmg sectors in Hjertmg Stream

were between 0 and 1 000 per m%. The highest density (~ 3 800 mussels/m’) of mussels was
found in samplmg statmn 31 (an intertidal mussel bed) in fishing sector 1, and in sampling
station 13 in fishing sector 3 (a subtidal mussel bed). Both samplmg station 1 and 26 (sector
1, subtidal beds) showed a density of mussels of max 20007 per m?, In all other statxons the
maximum number of mussels was ca 1 500 per m?.

In sector 1, four sampling stations were without mussels and in sector 2 all samplmg '
stations had mussels. In sector 3, 4 sampling stations were without any mussels The smallest
number of mussels per m? was found in August 1992 and in July 1993 in sample Station 12
(sector 3), and in October 1991 in sampling station 22 (sector 1), where only 150 mussels per
~ m? were found. The density of mussels in the mussel beds varied, both from sector to sector,

and from samplmg station to samphng station, within the sectors. So, there was no dlstmct
- pattern for the variation, whether the mussel beds were intertidal or subtidal; fished or not
. fished.

4.3.  Biomass (total wet weight) (kg/'m");

_ To estimate the biomass of mussels, it was necessary to estimate the density (kg) of
mussels -+ shells per m*from all the sampling stations, and to estimate the fraction of mussels
in the samples. The biomass varied (range) between 0 kg and 63.9 kg/m? in the 1991, 1992 and
1993 samples. The largest biomass was found in sampling station 31 in fishing sector 1 in
September 1993 (63.9 kg/m?).

The average biomass estimated from each survey in the different ﬁshmg sectors are
shown in Table 2. From 1991 to 1993 there was an increase in the average biomass of mussels
in all three sectors. The annual average biomass in all three sectors was in 1991, 7.1 + 6.0
© kg/m? (mean +2 SE). In 1992 the estimated annual average biomass increased to 17.0 + 10.3
" kg/m? (mean # 2 SE); and in 1993 to ca 19. 54+17.8 kg/m? (mean +2 SE)

Table 6 show the biomass estimated from the dredge sampling in all four tidal areas
in the Danish Wadden Sea. An average biomass ﬁgure from Grey, Knude, and Lister Deeps
is used, to estimate the standmg stock of mussels in Juvre Deep The catch efﬁcxency of the
dredce is assumed to be 100% in the biomass estimations. The biomass in the four different
udal areas varied between ca 1.6 kg/m (m Grey Deep South of Esbjerg) and 14.2 kg/m (m
Ho Bxght North of Esbjerg, in the fishing sectors) (Tab. 6)



4.4.  Estimations of the standing stock.

: Estimates of the standing stock is achieved by rhultiplying the monthly average
biomass (kg/m2) for each fishing sector, with the estimated area (in m?) of each fishing sector
determmed from the aeroplane pictures, in Hjertmg Stream The estxmahons are shown in
Table 3.

The standing stock estxmanons are based on bxomass estlmatxons from between 1 and
16 observations in the different sectors in Ho Bight (not all sampling stations were visited at
each survey).. Monthly figures from the surveyed fishing sectors are used in the none surveyed
fishing sectors to estimate the biomass of mussels in those sectors (Tab. 3) :

The estimations of the standing stock are only valid if the sampling stations are
randomly distributed within the mussel beds detected from the aerial photos. This is the case
for the subtidal mussel beds. However, the assumption of randomized sampling can not be
validated for the intertidal beds. The coverage of mussels within beds in the intertidal mussel
beds varied between 5 and 100%. In average 65% of the beds were covered with mussels (65
+36%; mean +2 SE; n = 25) from 1991-1993.To compensate for the coverage of mussels
an average coverage figure of 0.65 was used in the estimate of the biomass in the intertidal
mussel beds, although zero sampling stations was observed. Consequently, the standing stock
in September 1993 may be reduced, from totally 93 296 metnc tonnes to totally 76 753 metnc
tonnes in all three sectors in I—Ijertmg Stream (Tab. 3). - o

In all three sectors an increase in the standing stock was observed from 1991 to 1993
In sector 1, the standing stock increased, as a year average, from 8 600 metric tonnes in 1991,
to 42 000 metric tonnes in 1992, and to 48 500 metric tonnes in 1993 (Tab. 3). The annual
standing stock was in 1993 10 700 metric tonnes in sector 2, and 7 000 metric tonnes in sector
3 (Tab. 3).

Estimations of the mussel stocks in the three fishing sectors in Hjerting Stream (exclu-
sive Hobo Deep) based on the dredge surveys in September 1994, and with an assumed catch
efficiency of 100%, indicate a standing stock of mussels of 56 857 +23 100 metric tonnes
(mean 2 SE) (Tab. 6).

The standing stock of mussels in the entire Danish Wadden Sea was estimated to 116
879 + 54 894 metric tonnes (mean +-2 SE) in September 1994 (Tab. 6).

5. Fishing of mussels, 1991-1994,

In 1991 and 1992 the annual gross catches in the two fishing sectors (1 and 2) were

respectively 6 905 metric tonnes and 6 344 metric tonnes. The net catches were respectively
5 539 metric tonnes and 5 040 metric tonnes (Tab. 4).

" A chance in the regulation in 1993, resulted in a smaller gross catch of only 5 031
metric tonnes, and a net catch of only 3 267 metric tonnes (Tab. 4), which only was 60% of
the annual net catches in 1991 and 1992. In 1994 the gross catches incréased compared to the
catches in 1993, with ca 1 337 metric tonnes to 6 368 metric tonnes (Tab. 4). The net catches
in 1994 were 4 635 metric tonnes, or 42% hlgher than in 1993.

The largest exploitation of the standing stock was in 1991, when 29% of the stock in
Hjerting Stream (sector 1, 2 and 3 combined) was fished (Tab. 4). The average exploitation
of the standing stock in 1992 amounted to only 8% in all three sectors, and in 1993 only 5%.



The annual average exploitation rate from 1991 to 1994 was 11% of the standmg stock in all
three sectors.

The exploitation rate from 1991 - 1994 did not result in a reduction in the standmg
stock of mussels in Hjerting Stream. Contrary, the standing stock increased more then 3 times,
from 16 000 metric tonnes in May 1991 to 57 000 metric tonnes in September 1994,

When an average production index (P/B) of 0.4 (Asmus, 1987) for both sub- and
intertidal mussel beds are used (cohort 1987), the standing stock in 1994 of 117 000 metric
tonnes in the entire Danish Wadden Sea produced around 36 500 metric tonnes of mussels.
This is eight times the amount of mussels fished (13% of le) in 1994, which leaves 16 000
metric tonnes of mussels for the birds (44% of P,994 ).

6. Estimates of bird predation of mussels in Danish Wadden Sea.

An accessxble bxomass of mussels of 16 OOO metnc tonnes wet wexght g1ves 1 440
metric tonnes of AFDW (9% the wet weight) of mussel meat for birds to feed on in 1994 (Tab.
5).

An oystercatcher has a daxly demand of consumptxon energy of 38 g AFDW of mussel
meat (see chapter 3.4). This gives a potential number of oystercatchers which may be
sustained by the mussel production of 38 » 10° bxrd days, or more then 100 000 oystercatchers
per day.

If eiders were the on]y mussel consuming bird spec1es in the Wadden Sea there would
be food enough for 11.6 « 10° eider days. Eiders have, a daily energy need, which is more then
. three times as high as for the oystercatcher, or 124 g AFDW of mussel meat. The number of
eiders which daily can nourish on mussels may be 32 000.

Hernng gulls feed on the intertidal mussel beds. They have a daily consumpnon ener-
gy need of 90 g of AFDW of mussel meat, which gives 16 * 10° bird days annually for
hemng gulls. The dally number of hemng gulls are 44 000 individuals.

The ﬁgures above are based on the assumptlon that the birds live on mussels alone,
whxch is not the case. Additional, all three species are present sxmultaneously in the Wadden
Sea. A separation in the feedmg niche can be observed comparing eiders, oystercatchers and
. herring gulls reducing the competition for mussels.

The omithologists have counted the number of all three species of birds i in the Danish
Wadden Sea. The latest counts observed, as a monthly mean, 19 500 oystercatchers and 22
411 eiders (only from August to March=8 month). The counts of herring gulls observed 13
428 individuals (Laursen et al, 1994 and DAFNA, 1993)

If, the oystercatcher had to nourish on mussels alone, a consumption of 270 metric
tonnes of AFDW of mussel meat could be expected annually, equal to 3 005 metric tonnes of
" live mussels (assumption: 9% of mussels are AFDW of meat). The eider stock (both sedentary
and rmgratory eiders) could consume (in 245 days/year) 681 metric tonnes of AFDW of mussel
meat, which is equal to 7 565 metric tonnes of live mussels. The hemng gulls could consume
441 metric tonnes of AFDW of mussel meat, equal to 4 901 metric tonnes of live mussels
(Tab. 5). If all three specxes of birds were living on mussels alone, they could consume 15 471
metric tonnes of live mussels.

Based on these calculations, the TAC=F=10 000 metric tonnes is an appropnate
amount of mussels to be fished in 1995 leaving enough food in form of mussels for birds in



the Danish Wadden Sea, and without a decrease in the size of the standing stock (B).

7. Drscussron and conclusrons. T . ‘ . "

.Not all mussel beds were photographed in'1991 in 1993. However, all beds important
for the fishery have been photographed-in both: years .The .observed chances in the areas
between 1991 and 1993 are based on the mussel beds 1mportant for the fishery, detected on the
photos...

The subtidal areas with mussels in the three ﬁshmg sectors mcreased from 1991 to
1993 by 82%. Additional, the intertidal area decreased by 33%. It is difficult, to interpret, if
the fishing had positive or negative impact on the size and distribution of beds in the ﬁshmg
sectors. Other factors, such as predation from different species of birds and invertebrates, and
ice winter destruction of especially the intertidal mussel beds, may be important too.

The large variation in density of mussels observed at the sampling stations, reflects
the variation in number of mussels in place and time, caused by variation in the fishery
intensity and variation in predation and settling of new spat. Spat fall was observed during the
three years of investigation. However, they "disappeared" shortly after settlement. The densi-
ties of mussels can very considerably even within relatively small areas. Laursen and Egerrup
(1992) found densities of mussels between 80 and 180 per square (20x20 cm) within an area
of 2 m?, which is equivalent to 2 000 and 4 500 mussels per m?, Their finding is in accordance
with the densities found in this investigation.©

The dredge survey technique of the mussel stock (swept area) is Just as useful, as using
a diver, sampling the mussels within a frame, and assessmg the coverage proportion of mussels
at each sampling station. There are sources of errors using both techniques.

Measuring the dredge length after four seconds of dredging introduce errors. No navi-
gation system to day can record such small distances. The biomass determinations used in this
investigation could be optimized welghmg the gross catch instead of Judgmg the weight.

The diver introduce errors in the determination of the coverage proportion, which is
assessed at each sampling station. The sampling has to be random, which may be difficult,
when sampling in the intertidal mussel beds. There is always a certain chance of being
subjective, when taking samples on scattered and exposed intertidal mussel beds.

The dredge survey technique is preferable, because it is less time consuming and less
expensive, compared to survey and sampling by use of a diver. Both techniques have although,
the same degree of precision.

From 1983-1987 the ﬁshermen landed 85 000 metric tonnes, or calculated as annual
average 17 000 metric tonnes, caught in the entire Danish Wadden Sea (no limitations on areas
or on TAC were enforced at that time). If the birds only fed on mussels, they would have eaten
" an estimated amount mussels of 75 000 metric tonnes in the same period of time (1983-1987).
Fishermen and birds have respectively fished and consumed (eliminated) 160 000 metric
tonnes, or annually 32 000 metric tonnes. % of the stock for the fishermen (F) and % for the
birds (M) ( Z=M+F > > P). The result was a collapse in the fishable stock of mussels
between 1988 and 1990. However, the 87-cohort of mussels settling in the autumn 1987 (15
500 tonnes; Munksgaard 1989) could provide sufﬁcrent food for eiders, herring gulls and
oytercatchers in the Danish Wadden Sea.

The mussel fishery is often criticized for eliminating the food supply for mussel eatmg



birds like eiders, oystercatchers, and herring gulls. Although, the estimations in this paper
reveal, that the determined regulation of the Danish mussel fishery (ca 11% of standing stock
as annual average), which has been implemented since 1990, has resulted in an increase of the
standing stock of mussels in the fishing areas in Hjerting Stream from 16 000 metric tonnes in
May 1991 (Tab. 3) to more than 57 000 metric tonnes in September 1994 (Tab. 6). The annual
production of mussels has obviously been larger than the fishery mortality (F), the mortality
by predation (M), and the natural mortality (MN) by other courses than predation (P > F +
M M=M, +My)).

It is not in'this mvestxgatlon possible to analyse, whether the fishery and bird pre-
dation, at the present level, have positive or negative impact on the mussel stocks in the Danish
Wadden Sea. Anyhow, the standing stock of mussels has increased more then three times
between 1991 and 1994. Most of the intertidal mussel beds have survived due to no appearance
of severe ice winters since 1986/87. _

. The regulation of the mussel fishery for 1995 in the Danish Wadden Sea has resulted
in a TAC=10 000 metric tonnes, which is twice as high as the annual TAC for the last three
years. A TAC,g; of 10 000 metric tonnes leaves 19 000 metric tonnes for the bird in 1995
(50% of the production P) before a reduction in the stock may occur. The regulation of the
mussel fishery has therefore the last five years been carried out in agreement with a wise
exploitation of the mussel stocks (F=TAC< the annual P), and to secure sufficient food for
the different bird stocks in the Wadden Sea.
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Table 1:

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Figure 1.

Figure 2.

The areas (in km?) of the mussel beds in each tidal area of the Danish Wad-

_den Sea. The area in km? of each fishing sector 1, 2 and 3, and the fraction

covered with mussel beds in Hjerting Stream are given as well.

. .The average biomass.(total wet weight) of mussels in kg/m2 of mussel bed.
- - no sampling.-(n): number of sampling stations.

The estimated standing stock of mussels (in tonnes) in the three fishing
sectors in Hjerting Stream, 1991-1993. ' X ': Figures between the apo-
strophes are extrapolated from the estimated monthly stock figures from the
other monthly estimations each particular year. The estimations for the inter-
tidal mussel beds have been corrected with a coverage factor of 0.65.

Catches and stock of mussels in the three sectors in Hjerting Stream, 1991-
1993, in tonnes. The annual average figures are from Table 3. The annual
exploitation rates are given. ' X ': The areas in 1992 and 1994 are assumed
equal to the areas the previous years (1991 and 1993 respectively). (*:
Figures from Munksgaard, 1989).

The annual food demands for oystercatchers, herring gulls and eiders in the
Danish Wadden Sea in form of mussel meat. (*: Figures from Laursen et al,
1994 and DAFNA, 1993).

Estimates of the mussel stock (in tonnes) after dredging in the four tidal areas
of the Danish Wadden Sea in 1994.

Estimates of Py, (production), F (fishery mortality) and M (mortality due to
other causes than fishery and predation in 1994) on basis of the standing
stock of mussels in 1994 (B,,). Three separate scenarios are given for F, 2xF
and 3xF (F: The average annual net catch between 1991 and 1994).

The landings, VPA and TAC of mussels (M. edulis L.) in tonnes for the
Danish Wadden Sea, 1979-1995. The figures from 1995 only covers the 1.
half year of 1995.

The investigation sector's 1, 2 and 3 in the gully, Hjerting Stream, in the Ho
Bight. All sampling stations are shown. '
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Table 1.

Areas with mussels Area with mussels
in 1991 in 1993
in km2 in km2
Tidal areas intertidal subtidal intetidal subtidal
Grey Deep 5,01 1,09 3,39 | 1,98
Knude Deep 0,94 0,64 0,99 0,5
Juvre Deep 2,69 none 0,96° r.\onv'le
Lister Deep 0,49 0,06 0.85 . none .
The Wadden Sea 9,13 1,79 645 - |- 248
Sector 1 (ca 8 km2) 2,56 0,22 2,03 1,04
Sector 2 (ca 2 km2) 0,49 0,6 none 0,46
Sector 3 (ca 7,3 km?2) none 0,27 none 0,48
Sector 1-3 (17,3 km2) 3,05 1,09 2,03 1,98
Table 2.
1991 1892 1993
Area May August | October April June [Septemberf June |[September
Sector1(17) | 0,7(4) | 6,8(12) ] 6,2(11) ] 19,0 (14) 251(13) 1 18,5(16)| 22,6 (16)
Sector2 (4) { 18,7 (4) - 9,1 (1) - 203(2) | 261(4) § 13,5(4) | 33,1(4)
Sector3(11) | 6,8(6) | 1.4 (8) - 6.0(8) | 7.6(6) - 109 | 1815
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Table 3.

1991 1992 19 93
Area May August | October Apnil June September June September
Sector 1 1946 18004 | 17236 .| 52820 | '61299" | 69778 56795 69382
Sector 2 20383 | “15151" | 9919 | ‘30193 | 31937 | 28449 6210 15226
Sector 3 1836 378 157 1620 2052 1826" 5232 8668
Sector 1-3 24155 | ‘34433 | 28312 | '84633 | -95288' | ‘100063 68229 93296
The standing stock figures below has been corrected with a coverage factor of 0,65 for the intertidal mussel beds
Sector 1.3 15701 § '22381° | *18403 | 'SS5011° | 61937 | ‘65041 56140 76753
Year average "18828' 60667 66 447
Table 4.
1988 1991 1992 1993 1994
Area (km2) .
with mussels 1,7* 4.1 ‘4,1 4,01 ‘4,01
The stock in sector 1-3
in tonnes 15500* 18828 60663 66447 56857
Fished amount in tonnes: i
Gross (logbook data) 2560 6905 6344 5031 6368
Net (account data) 1161 5539 5040 3267 4635
Exploitation rates % 7 29 8 [ 8
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Table 5.

Mussel meat Mussel meat
demand (100%) | demand (100%)
Bird species | Annual bird days* | tonnes of AFDW/| tonnes wet weight
Oystercatcher 7117500 270 3005
Herring gull 4901220 441 4901
Eider 5490695 681 7565
All species 17509415 1392 15471
Food (P-1994)
available 1440 16000
Food (B-1994)
available 10530 117000
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Ll

rﬁredge samples taken in various mussel beds in the Danish Wadden Sea in Sept. 1994,

Ho Station Caich Dradye Oradye Swupt Sanpln Sanpls *core, tnctor fliraction Mussols meen to1el mussels
gight umbor kg spoad time in sne. [mea m2 nngos tnd kg »et ted kg w0t tond kyy whole nussols  |kg/m2 biomaess in tonnes
North 1 [ 2 N 92,412 0 0 0 [} 0
of 2 250 2 14 25,929 J,42 72,81 3,372] 0,985384912| 8,500758256
Esblerg 3 0 2 20 37.04 ] [} [} 0 0
4 350 2 12 22,224 3 2,u5 3,18] 0,952095808] 14,99430944
S 0 2 11 20,372 0 0 [ [ 0
wan 8 400 2 [ 1,112 3 2,10 3,312] 0,9712680997 44,90259869
n km2 7 [ 2 22 40,744 0 [] 0 [ ]
8 00 4 12 24,076 242 YA 2,476] 0,981818182] 8,1%5%090877
4.01 ] 200 2 14 33,330 an 249 2.9 0,945337621 5671511998
10 (7] 7 1" 70,312 KA1 7244 7,0 0,83/600840 24,606905%12
" 00 7 42 Y1, 204 4.5 1,40 1,65 0,47042u57 2.30%00410 7
172 500 2 19 RERE] 4,17 3,79 3,9 0,946001942 13,4508357%
13 15 s 9 16,608 3,19 A K] 2,556] 0,6801253918 B,0009246 15
phus 14 100 2 a3 [ 22 1] 1,29 0,99 1,1808]  0,9209302393 1.50665619¢
Hobo 16 790 ? H0 101,416 497 1.9 7,304 0,6/1590009 1.503000697 st
Deep 17 (i 4.4] ¢ 14 74,016 EXY) 7,83 3,1506]  0,909%10084 22,669916%57 14,17891982 Y, 76088112
10int 18 L) 4 12 22,224 3,13 FAL 2,581 0,89168%008] 15,56175774
in km2 19 125 2 % 46,3 2,97 1,0t 2016] 0,678787079]  1,832580006
1,390 42 600 F4 13 24,070 3,94 2,06 2,472] 0,690305085}] 17,40251914
43 450 7 17 31,404 3,09 2,07 3,7204] 0,8082920683] 12,41048497
44 250 2 16 29,0632 2,90 " 2,052] 0.0885%90604 9,0095184¢
9,97 45 400 2 4% 83,94 n 0,%4% 0,678] 0,218006431 1,04634 716 ‘
40 400 ? 8 14,016 3,27 2,7 2,04 0,80733945)  21,79642142
A7 600 z 5 0,26 3,13 2,55 3,00f 0,918918919] 59,54110265
48 600 2 n 20,3712 34/ 241 2,904] 0,854178674 25,157432
49 400 2 28 51,050 3,45 2,21 2,724| 0,789565217| 6,090444441
50 600 2 9 16,668 3,99 kA 3,72} 0,934673387| 33,64554958
51 500 H ] 7,408 2,99 2,70 2,712]1 0,907023411| 61,21918273
52 0 2 14 25,028 0 (] [} 0 0
53 Joo 2 10 18,52 3,30 1,43 1.718] 0,510714206] 8,272909596
54 500 2 10 18,52 4,55 3,4 4,00] 0,896703297| 24,20905279
. : Mann: 76140,79942 716141
Max.: 107075,5851 107076
['Couoc(ion for los of watar by unfroeting ssmples ca 20% _l Mier.g 45200,01376 45200
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Siation Caich Drodgyn {xoeign Swapt Sanpln Sanphe Sowe foesion Froction Miennls mesn total mussals
Grey Desp {rmambor n ky wpexncl tima i sor, | wnn 2 oo deed k) wot bewl kg sot1on kq wholy mussals | kim? {hiomass in tonnes
South Al 200 2 14 25,929 3,35 1,98 2,376 0,70975374%  5,410948257
of 22 .0 2 17 391,40 0 0 0 /] 0
Esbjerg 23 400 ? 20 3.0 ERL] 1,49 72,768 0,1227929094 1. NNVAD2
2 ., -0 2 ., 1 217,18 n ] 0 0 0
meosl 25 00 2 2 38,0092 3,717 2,9/ 3,504 0,8453980Y 1,791 /9034
ikm2 2¢ 4] -2 - 156 268,912 ] 4] 4] 0 /]
27 [ L2 50 92,6 0 0 0 0 0 St
0,462 28 100 2 68 125,936 2,02 0,555 0,866 0,32070297  0,761802003 1.577002833 1,268763172
29 [ 2 7% 130,9 ] 0 0 0 0
90 400 2 17 216,081 KLY 1,43 1,772 0,49913043% - 0,92149786
2 0 ‘2 63 116,676 0 0 0 0 0
32 200 2 6 18,677 2,99 7.5 3 L0033A4407  4,0098/92641
n Q ? 91 174,008 0 4] 0 /] 4]
M $00 7 n 30,402 um/ KE K] 4,110 L06USGHHNY W, 200994640
P (/] 2 [z} 110,528 0 0 L] (] 0
36 50 2 159 294,448 2.3 1,17 2,124 092347821 0,1506804519
” /] 2 + -u8 162,074 0 /] 0 0
an 0 Fe u/ 174,014 L] @ 0 1
] o 2’ Lz 41,404 " 0 [0 0
40 0 7 A9 00,740 - 1] /] ] 0
Al 0 7 A0 14,08 ] 1] 1] 1]
Maan: 730.1523117 730
Max.: 1317,59892 1318
Miny.: 142,7057031 143
Knude n %0 2 9 10,008 2,0983 1,748 2,145 0,795167328  11,9209557Y
Desp 2 500 2 10 18,52 2,848 1,997 2,964  0,8641432584  22,71606243
.73 00 2 10 18,52 2,734 1Nz 2,0544 0,75159142%  12,17480709 St
o0 " 600 2 13 24,076 3,404 2 2.8452 0,816647532  20,351741 11 14,44587196 5,842511592
n km2 75 200 ? " 20,3712 3,3%3 2.252 72,7024  0,805904808  7,912470022
76 200 2 13 24,078 3,447 2,59 3,108 0,90165%012 2,490006157
1,49 77 200 2 19 35,1608 3,316 1,608 1,9206  0,561905911 3,30741111
70 300 2 8 10,008 2,374 1,117 1,7004  0,710250478  12,89163927
79 500 2 7 12,904 3.7 2,505 3.0n6  0,810024252  31,24129320
Maan 21524,34923 21524
Max 0229,6915 30230
Min. 12019.00695 12819
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9 31qeL

Station Calch Deordyyn Denelypee Swapt Sanpin Sanple o, Limcten Teachon Mussnls mean 101a) mussaels
mginbor n kg spnmod 1no i snc, | mus w2 oo toed k(p sovtod kg o esel ky) whnlo nwissoh  |kg/m2 blomase in tonnes
Uster 55 ] 2 24 44,448 0 0 1] 0 0
Deep 56 4] 2. 19 24,076 0 0 4] o 0
57 600 ? 15 21,78 4,59 3,59 4,408 0930562092  20,271310947 ’(?
58 6009 2 27 50,004 2,99 YAL) 2,508 0,656662876  10,30953007 o
woa 58 . o 2 2 94,897 - 4] /] 0 ] 0 St :?'
nkin2 60 0 2 40 9,192 1] 1] n ] 0 9.769870504 6,225047 248 S—
61 250 | 2 23 42,596 K} 2,01 7,484 0,828  4,859611201
0,91 62 600 ¢ 10 16,%2 wm 3,36 4,092 1,031202048  93,408273063
63 800 2 23 42,999 3,94 2,94 2,008 0,799220439  11,17418657
04 400 2 10 18,52 4,03 m .617  0,896277916  18,3580543)
(1] 800 ? 18 €3,336 N 2,5 M 0,905370844 16,29597156
[ J00 Y Z3 42,5940 1, 0,34 0,437  0,272080417 ), 56001M /8
i Maan 68890.673152 B
' Marx.: 14555,93039 14554
Min.. 4275,406927 4725
Juvre
Deesp ; Thers has 1ol boots drodya 1or nwissnls i Juvte Deop in 1994
. The avorsga biomass from th othas araas has boan wsad 10 estenata) tha Kiaeding) K106k i Juvsan Doup
Aroa
km2
0,96 $,09294128 9693,223628 99y
st
Total Mean in tonnes 116879 45894
[NBI The estmates assumes a catch efficlency of the dredge of 100%. I Max.: 162773
Min.: 70986

Totel ares of museef beds In the Denish Wadden Sea In 1994: 9,19 km2




0c

Intertidel; Subtidel:
km2 kin2
Aras 6,56 Aroa 2,62
Standing
B: 03430,49 towwm 33321,3729 1omme stock Torsl s 316879 winwn
/B (Asmus, 1967) PIis (Asmun, 1987) sum '3
0,2 16600,099 10mms X 19992,79521 10muem P: (mean) 36679
FeM o 7 basowt on P
Fishery axploitation based on P2
Scenerio ¥ 11 sitsimtion i 19194) F 4263 "
M (incl, predation) 32416 69
Scanario 2 Wroggeaonin 1) 7°1 (1994 dvel) HY24 7
M {wwsl. wentiniune i1y Iiil
Scenarlo 3 {1Ionosis 7} 3°F (1994 bval) 12789 Ex]
M Lt pendation) 24890 6/
Haseret pb B: 116879
Scenario 1 F 4263 4
M {incl. pradstion) < 113000 96
Scanario 2 21 #h20 7
rod. I'e M < 1086000 93
. |Scenano 3 a 12199 1"
Estimatas (bird days fiving on mussals slone) tod. P o M < 104000 09

{basad on the annuel production of mussels)

Asumaion 84 g AFDW/bid/dey, siniler o ca. 1.0 ky wat weiyht of museols}
Brd = an sverage food domand of an oystarcaichor, 8 harring gull and an oidor per day.
Scenarlo 1:
50% ol M = 18208 AFDW {8%) = 1297 tonnae gives ca 15.4 mill. bed days
Scenaerio 2;

50% of P+M = 14076

AFOW (8%} « 1128 tonnos gives ca 13.4mil, hird days

Scenario 3;
50% of PeM = 11945

AFDW (8%) = 950 tonnes gives cs 11.4 mil, bed days
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Figure 1

Tonnes x 1000

The landings, VPA and TAC of M. edulis in the
Danish Wadden Sea
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Figure 2.
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