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ABSTRACT: The pat tern of distribution of intertidal mussel beds  is relatively constant  over a 
number  of years al though their surface area can vary greatly. The abundance  of mussels shows 
much greater  fluctuations. In the western part of the Dutch Wadden  Sea, west of the Terschelling 
tidal divide, the amount  of mussels on natural  beds fluctuated be tween  1 and 24 million kg fresh 
weight  during the years 1949 to 1988. In the eastern part  of the Dutch Wadden Sea the biomass 
varied be tween  5.5 and 180 million kg. The influence of the mussels on the ecosystem therefore can 
be  very different be tween  years. When many mussels are present  the whole watermass  can be 
filtered every few days. In years with few mussels present  the filtering may take one month. It is 
argued that  monitor programmes for a.o. nutrients, chlorophyll and growth rates of benthic  organ- 
isms are of limited value if there is no indication about  the total amount  of mussels in the area. 

I N T R O D U C T I O N  

T h e  m u s s e l  Mytilus edulls is a n a t u r a l  i n h a b i t a n t  of t h e  W a d d e n  Sea .  In s u m m e r ,  

l a r v a e  se t t l e  o n  s u i t a b l e  s u b s t r a t e s  s u c h  as  d ikes ,  cha ins ,  ropes ,  o ld  m u s s e l  b e d s ,  t u b e s  of 

L a m c e  conchilega a n d  s o m e t i m e s  o n  b a r e  s and .  M u s s e l s  c a n  o c c u r  in  s u c h  d e n s i t i e s  t h a t  

t h e y  c a n  f i l ter  t h e  w h o l e  w a t e r m a s s  of a n  e s t u a r y  t h r o u g h  t h e i r  gills in  a m a t t e r  of d a y s  

( D a n k e r s  e t  al., 1989). M u s s e l  b e d s  h a v e  c o n s i d e r a b l e  i n f l u e n c e  o n  t h e  e s t u a r i n e  ecosys -  

t em.  T h e y  r e m o v e  silt  a n d  o r g a n i c  m a t t e r  f rom the  w a t e r m a s s  a n d  s t i m u l a t e  m i n e r a l i z a -  

t ion  p r o c e s s e s .  T h e  m u s s e l  b e d s  p r o d u c e  n u t r i e n t s  s u c h  as  a m m o n i a  a n d  p h o s p h a t e ,  a n d  

m a y  s t i m u l a t e  p r i m a r y  p r o d u c t i o n .  T h e  m a g n i t u d e  of t h e  i n f l u e n c e  of t h e  m u s s e l s  o n  t he  

e c o s y s t e m  d e p e n d s  o n  t he  s t a n d i n g  s tock  of t h e  m u s s e l  p o p u l a t i o n .  

In th i s  p a p e r ,  t h e  f l uc t ua t i ons  in  t he  m u s s e l  p o p u l a t i o n  wil l  b e  i n v e s t i g a t e d  o n  t he  

b a s i s  of e s t i m a t e s  of s t a n d i n g  s tock  or a e r i a l  c o v e r a g e  of p r e v i o u s  i n v e s t i g a t i o n s  b y  

v a r i o u s  au tho r s .  T h e  i m p a c t  of t he  f l u c t u a t i n g  m u s s e l  p o p u l a t i o n  o n  e c o s y s t e m  p a r a m e -  

te rs  w h i c h  a r e  o f t e n  m o n i t o r e d  wil l  b e  d i s cus sed .  

N a t u r a l  b a n k s  c a n  b e  f o u n d  in  t h e  l i t tora l  zone ,  b u t  a lso  sub t ida l ly .  M u s s e l  c u l t u r e  is 

p r a c t i s e d  o n  s u b t i d a l  plots.  W h e n  m o n i t o r i n g  p r o g r a m s  a r e  e n v i s a g e d ,  i t  is i m p o r t a n t  to 

c o n s i d e r  t h e s e  t h r e e  d i f f e r en t  p o p u l a t i o n s  b e c a u s e  e a c h  r e q u i r e s  spec i f i c  m o n i t o r i n g  
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techniques.  In the Dutch Wadden  Sea, 1200 km 2 of tidal flats are present  a nd  1220 km 2 of 
subtidal  areas. The area west of the Terschell ing tidal divide, bu t  excluding the Eyer-  
landse Gat be tween  Texel and Vlieland, is referred to as the western part of the Wadden  
Sea which consists of 396 km 2 of tidal flats and 1049 km 2 subtidal area. Of the subtidal 
area, 70 km 2 is covered by mussel culture plots. The eastern Wadden  Sea is the area east 
of the Terschell ing tidal divide exclusive of the Ems-Dollard estuary. The eastern 
Wadden  Sea contains 804 km 2 of tidal flats and 171 km 2 of subtidal area. 

METHODS 

For the estimation of the distribution and abundance  of the mussels  several  methods 
were used. The only quantitatively reliable information on the spatial distr ibution in the 
entire Wadden  Sea is given by Dijkema (1989). His assessment  was based on interpreta- 
tion of aerial photographs from 1978. In 1966, Ente (pers. comm.) m a p p e d  some mussel  
beds in part of the Ameland region. In 1984, De Beer (pers. comm.) and  in 1988, 
Hessel ink & Dodde (pers. comm.) produced maps  on which the approximate  locations of 
banks  were indicated.  In the present  paper, information solely on the spatial  distribution 
in the Ameland  region was used. 

Information on the abundance  of mussels was obta ined from several sources. Verwey 
(1952) publ ished estimates for the western Wadden  Sea as made  by  the fisheries 
inspector. Kamps (1962) measured the surface covered by mussels in the eas tern  Wadden  
Sea, also giving the density of the mussels on the beds. Beukema (1976; Beukema  et al., 
1978) quanti tat ively sampled the macrobenthic  organisms on 99 transects of 1 km length 
in the Dutch Wadden  Sea be tween  1971 and 1974. In 1977 he resampled the 48 transects 
in the western part of the Wadden  Sea. 

In 1987, Wens ink  & Reitsma (pets. comm.) sampled almost all the inter t idal  mussel  
beds in the Dutch Wadden  Sea. On the basis of their est imated average  of 20 000 kg 
mussels  per ha and  the surface area measured  by Dijkema (1989), an  est imate of the 
biomass present  in 1978 was made. In 1988, the mussel  beds in the A me l a nd  area were 
invest igated thoroughly by Hesselink and Dodde. On each mussel  bed  they measured  
the percentage  substrate covered by mussels, and  samples were t aken  in order to 
calculate the density of the mussels. On the basis of these measurements  they were able 
to calculate the biomass of each bed. 

In the subtidal  area of the western Wadden  Sea, the macrobenthos  was  invest igated 
in 1981 by Dekker  (1987). Only his results on the mussels  outside the culture areas are 
used. An estimate of the mussels on the culture plots was made  by  Dankers  et al. (1989). 
On the basis of the amount  of seed mussels brought  onto the plots, growth curves, 
es t imated mortality and the amount  of mussels harvested, the biomass for each month 
was calculated for the years 1984-1988. 

RESULTS 

In Figure 1 the location of the mussel  beds in the area south of A m e l a n d  is presented.  
For the beds indicated by De Beer (pers. comm,) and  Hessehnk & Dodde (pets. comm.) 
only the approximate location with regard to 1984 and  1988 is given and  these beds  are 
not  d rawn to scale because  information on the shape of the beds  is lacking.  



Mussel populat ion of the Dutch Wadden  Sea 531 

Fig. 1. The distribution of intertidal mussel beds in the Ameland region between 1966 and 1988 

The map indicates that many-beds  were present  at th~ same places as they were in 
1978 and in the period be tween  1983 and 1988. In the period be tween  1978 and  1988 
most beds disappeared more than once because of storms, ice and  fishing. Sometimes, 
beds re-establish themselves within one year, but  in other years spatfall is insufficient. 
Therefore, it may take several years before a bed appears  again. Some 1978 locations no 
longer  display any mussel  beds. The beds have either disappeared completely from the 
area or now occur on nearby  locations. Similar patterns are also observed in the rest of the 
Wadden  Sea. 

Historical information on the biomass of the mussels in the Dutch W a d d e n  Sea is 
hardly available. Investigations by Hoek (unpubl.), Research Institute for Fisheries 
Investigations (unpubl.), Kuenen  (1942), Maas Geesteranus (1942) and van Straten (1965) 
were not quantitative. Verwey (I952) is the first author who gives quanti tat ive informa- 
tion based on estimates of the fisheries inspector. The quanti tat ive information which was 
available in the li terature or could be calculated on the basis of distribution maps 
(Dijkema, 1989) has been  summarized in Table 1. In the fifties, the mussel  biomass must  
have been  considerably less than Verwey's  estimate because in that period it seemed 
virtually impossible for the mussel  farmers to obtain sufficient spat for their culture plots. 
For the eastern part of the Wadde n Sea, Kamps (1962) gives a high estimate for 1961, but  
in 1963 almost all mussel  beds disappeared because of the very severe winter  (K.S. 
Dijkema, pers. comm.). 

From the map of Dijkema (1989) it can be concluded that in 1978 the western 
Wadden  Sea contained 854 ha of mussel  beds and the eastern Wadden  Sea 2505 ha. It is 
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Table 1. Summary of the biomass estimates of the mussel population in the Wadden Sea (all values 
in 108 kg fresh weight) 

Year Author Western Wadden Sea 

Littoral Sublittoral Culture 

Eastern 
Wadden Sea 

Littoral 

1949 Verwey (1952) 16 
_ 1955 Kamps (1962) 
1961 Kamps (1962) 
1971-72 Beukema (1976) 7 
1977 Beukema et al. (1978) 24 
1978 Wensink & Reitsma 

(pers. comm.) 17 
1981 Dekker {1987} 
1987 {spring} Wensink & Reitsma 

(pers. comm.) 1 
1987 {autumn) Beukema (pers. comm.) 6 
1977-87 Dankers et al. 0989} 

165 

33-136 

45 
180 
142 

50 

5.5 

assumed that on each ha of a mussel  bed  20 000 kg mussels are p resen t  (Wensink & 
Reitsma, pets. comm.). This value might  be  too low because when  Wens ink  & Reitsma did 
their investivation in 1987 the mussel  beds had suffered from several ice winters.  In 1988, 
Hessehnk & Dodde (pers. comm.) found on average 61 000 kg per ha on the  mussel  beds 
under  Ameland,  but  that value is considered relatively high because  in the  au tumn  of 
1987 a very good spatfall occurred. In years with good spatfall the a u t u m n  biomass in an 
extensive area can be three times as high as the spring biomass (Beukema, unpubl.) .  

The information presented in Table 1 indicates that large variations in the  biomass of 
mussels occur be tween  years, even when  the surface area is relatively constant .  The area 
south of Ameland  contained 258 ha of mussel  beds in 1987 with a biomass of 5.4 X i06 kg. 
In spring 1988, the area h a d  shghfly increased to 273 ha, but  the b iomass  increased to 
16.6 x 106 kg (Hesselink & Dodde, pers. comm.). This investigation also m a d e  it clear that 
large variations can occur within a year. Of the 16.6 x 106 kg present  in ear ly  June,  60 % 
were fished away by JulY. The Balgzand tidal flat is the only region for which  a good time 
series of biomass estimates is available. Beukema investigated 15 t ransects  each spring 
since 1969. Mussel  beds sometimes occurred in the transects. The m e a n  musse l  biomass 
on the transects varied be tween  0.3 g/m 2 and  6 g/m 2. 

In the subhttoral regions of the western part of the Wadden  Sea two different groups 
of mussels should be considered: the mussels in the culture areas and  the  mussels on 
natural  beds. Spaffall occurs in many  places. On subtidal mussel  b e d s  with high 
densities, the one-year  old spat is fished by the mussel: growers and  in t roduced  onto the 
culture plots. On the culture plots, the mussels  are left for approximately 1'/2 years unti l  
they reach commercial size. 

The locations of the culture plots are well known, and  they h a v e  shifted only 
marginal ly over the years. Knowledge on the locations of the natural  sub t ida l  beds  is 
hmited. On the basis of side scan sonar observations some indicat ions  about  these 
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locations were obtained in June  1985. Observations of vessels fishing for mussel  spat 
indicate that spat beds tend to occur in the same places each year al though sometimes 
beds are not present  in areas where they normally occur. 

Quanti tat ive information on the biomass of the sublittoral natural  beds is hmited to 
one investigation in 1981-1982 (Dekker, 1987). On the basis of more than 400 samples 
Dekker concluded that 165 x 106 kg mussels were present  outside the culture plots in the 
sublittoraI regions of the western part of the Wadden  Sea. Nothing is know n  about  the 
variations within or be tween  years. 

The amount  of mussels on the culture plots be tween  1984 and  1988 is p resen ted  in 
Figure 2 (Dankers et al., 1989). In years with few storms the biomass is possibly higher, 
while after severe storms it can be lower than the biomass presented in  Figure 2. 

10o 

20 

120 

I 9 8 4  ' 1  ' 1985  
[ ~ i | J = i i , i ~ J * i i i i 1 

1 

Fig. 2. The calculated biomass of mussels on the culture plots in the Dutch Wadden Sea {from 
Dankers et el., 1989)'. The different hatchings indicate different year classes 

DISCUSSION 

It is clear that estimates 0I the biomass of the mussel  populat ion in different years 
vary greatly. This is only partly due to the methods the different authors used in the 
calculations. 

The large variations are caused not only by adverse envi ronmenta l  factors such as 
storms and ice, but  also by fishing, as well as by favourable factors promoting spatfall. 
One reason for monitoring is to get an early impression of u n w a n t e d  changes  so that 
management  practices can be designed that can influence future developments.  

When fluctuations are caused by weather  conditions it is not very important  to 
monitor mussel  densities because m a n a g e m e n t  cannot inf luence the weather.  Only 
where fishing practices influence mussel beds could a monitoring program be useful in 
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order to provide the managers  with information which can be used in regulat ions to 
ensure  that old mature  mussel  beds remain,  and that overfishing does no t  take place. 

However, mussels often occur in such. densities that they inf luence  the whole 
ecosystem. In the western part of the Wadden  Sea there are so many  musse ls  that they 
can  pump the whole watermass through their gills within one week.  T h e y  consume 
approximately 30 % of the local primary production and much more is la id  down in the 
pseudofaeces (Dankers et al., 1989). 

In areas where  no mussel  culture exists the inf luence of the mussel  popula t ion  can 
also be important. In the area south of Ameland,  at mean  tide level, the wa te r  volume is 
548 x 106 m 3 (Kool et al., 1984). When  20 x 106 kg mussels are present  these mussels 
pump  approximately 62 x 106 m 3 per day (Dankers et al., 1989). Therefore,  they can 
pump the whole volume through their gills every 8.8 days. In years with low biomass (5 x 
106 kg in  1987), it would take around one month to filter the whole water  volume.  On the 
other hand  there wiil be years with 40-50 x 106 kg mussels and accordingly the water is 

filtered every few days. 
Mussels influence many  important  ecological parameters.  Each square  metre  of a 

mussel  bed can consume 15-55 mg chlorophyll per hour (Dame & Dankers ,  1988). On 
average, this means  an hourly uptake of 2 mg chlorophyll-a per kg mussels.  Assuming a 
summer  concentrat ion of 10 mg chlorophyll-a m 3, the Ameland region conta ins  5500 kg 
chlorophyll-a as phytoplankton.  In a year with high mussel  density 80 kg of chIorophyll-a 
can be consumed per  hour, equivalent  to the whole phytoplankton b iomass  wi thin  three 
days. Parameters like chlorophyll, nut r ient  concentrations, primary product ion  and  sus- 
p e n d e d  matter are important  in monitor ing programmes,  but  it is clear that  the results of 
the monitoring can only be interpreted correctly when  the extent of the in f luence  of the 
mussels  is known. Mussels reduce the amount  of food available for other  organisms. 
Many  of these organisms are monitored, and variations in a bunda nc e  a nd  growth are 
thought  to be  correlated with eutrophication and  primary production. It is impossible to 
draw conclusions about  these relations when  the extent of the inf luence caused  by the 
mussel  populat ion is unknown.  

Monitoring of the culture plots is r ecommended  and Should be carried out  by the 
fisheries ministry; the services responsible for issuing permits to fish on na tu ra l  mussel  
beds should also bear  the responsibility of monitoring the natural  beds. 

It is also recommended  that internat ional  cooperation is sought in the deve lopmen t  of 
remote sensing techniques  for the monitor ing of natura l  beds. 
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