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ABSTRACT: Intertidal sediments of K6nigshafen (Island of Sylt, North Sea) were sieved for 
mesofauna (> 0.25 ram) and macrofauna (> 1 ram) in spring and autumn 1990. Although sediments 
are coarser than in other parts of the Wadden Sea, the macrobenthic fauna was very similar but with 
a tendency towards higher species density, abundance and biomass. Taking into account the areal 
size of sandy flats, seagrass beds, mud flats and mussel beds, the average biomass is calculated to be 
65 g ash-free dry weight m -2. The lugworm Arenicola marina dominates the biomass (28%), 
followed by the bivalves Mytilus edulis (21%), Mya arenaria (16 %), Cerastoderma edule (10 %) and 
the mudsnafl Hydrobia ulvae (9 %). While spring and autumn biomass are almost alike, abundance 
is highly variable and entirely dominated by H. ulvae. Mesofauna is mainly composed of 
ohgochaetes, small and juvenile polychaetes. Abundance is similar to that of macrofauna, while 
biomass is only about 1 g m -2. Macrophyte biomass amounted to 9 % of that of macrofauna. In the 
course of the century, mussel beds expanded while muddy areas declined. The concomitant effects 
on biomass presumably compensated each other. 

INTRODUCTION 

In the European Wadden  Sea, 4300 km 2 of sedimentary tidal flats occur, primarily 

be tween  a chain of barrier islands and the mainland coast. The macrobenthic  fauna of 

this vast intertidal area participates in the mineraliza.tion of organic materials imported  

from the adjacent  land and th6 sea (Wilde & Beukema,  1984). It attracts foraging fish and 
birds in high numbers  to this coastal zone. Macrofaunal  biomass and abundance  may 

thus indicate the biotic importance of a particular tidal area. 

In the western  part of the Wadden  Sea, Beukema  (1976) showed macrofaunal  
biomass to be low on the flats farthest offshore (13 g m-2), and highest  in the transitional 

zone be tween  nearshore  and offshore flats where  silt content  and tidal level  are inter- 
media te  (42 g m-2). Within estuaries, biomass is low in the ol igohahne (1 g m -2) and 

mesohahne  (14 g m -2) zones compared  to the polyhahne (36 g m -2) zone (Michaelis, 

1981; Obert, 1982). Particularly high average  biomass (5i g m -2) was found on tidal fiats 

in a landlocked bay in the central part of the Wadden  Sea (Michaelis, 1987). To further 

explore the range of variation in macrozoobenthic  biomass within the Wadden  Sea, we 

invest igated an embaymen t  on a barrier island in the northern part. 
Beukema (1989, 1991, 1992) has documented  an increase in zoobenthic  biomass and 

abundance  since the 1970s on tidal flats in the wes te rn  part of the Wadden  Sea. This is 
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a t t r ibuted  to eutrophicat ion.  In the nor thern  par t  of the W a d d e n  Sea, a s imilar  t rend  was  
inferred from changes  in the composi t ion of the benth ic  fauna (Reise, 1982; Reise et al., 
1989; Reise, 1990), while Jensen  (1992) found no such evidence.  In order  to increase  the  
potent ia l  to quantify further change,  a base l ine  s tudy on macroben th ic  b iomass  in 
K6nigshafen was  conducted  (this study), in combinat ion  with a m a p p i n g  of spec ies  
dis tr ibut ions (Reise & Herre,  in prep.)  

Compar isons  be tween  benth ic  s tudies  are often h a m p e r e d  because  of devia t ions  in 
the methods  appl ied.  With respec t  to the sed imenta ry  fauna, the mesh  size of the  s ieve 
used  to extract  the  organisms is of par t icular  re levance  (cf. Reish, 1959). We, therefore,  
took subsamples ,  and  re ta ined  individuals  which passed  the 1-mm mesh  b u t  not  the  0.25- 
mm mesh.  We here  term this size-fraction 'mesofauna ' ,  and  quantify its contr ibut ion to 
b iomass  and  abundance .  These  f igures may  be  used  to es t imate  the effects of the  
t runcat ion of the lower  size spec t rum of the macrofauna  by a certain mesh-s ize .  

MATERIAL AND METHODS 

Study area 

The K6nigshafen of Sylt is located in the northern part of the Wadden Sea, close to 

the border between Denmark and Germany. Sand dunes provide shelter against onshore 

winds and surf. The bay is adjacent to a tidal inlet, and is 12 km off the mainland coast. 

The area comprises 6.209 km 2 between extreme tide marks (Fig. I). Sheep-grazed salt 

marshes cover 10.6 % of the area, bare high sands and beaches 7 %, and a permanent 

tidal channel meandering in an E-W direction 4.8 %. This leaves 4.816 km 2 of intertidal 

flats, on which this study focusses. 

Tides are semi-diurnal with an amplitude of 1.8 m. Spring and neap tides differ by 

< 0.2 m, but strong easterly winds (offshore) may decrease low-tide level by I m, and 

westerly gales (onshore) often raise high tide level by > 2 m. Salinity remains close to 

30 %o. Mean annual water temperature is about 9 ~ with a summer average of 15 ~ and 

a winter average of 4 ~ Intertidal sediments of K6nigshafen are predominantly sand, 

with a small muddy depression in the western part. Wind-blown dunes have deposited 

relatively coarse grained sediments. The main modal value is at 2 PHI or 0.25 rnm 

(Austen, 1992). A general description of the area and its biota is given in Wohlenberg 

(1937) and Reise (1985). 

Sampling 

Six major intertidal habitats were differentiated, based on aerial photographs taken 

in 1989 and 1990, on charts of I : 10000 provided by the "Amt ffir Land-und Wasser- 

wirtschaft", Husum 1989, a sediment map by Austen (1992), and on our own qualitative 

survey on the distribution of macrobenthos conducted in the summers of 1989 and 1990 

(Fig. i). Sampling was done in March/April and repeated in October 1990. According to 

Beukema (1974), macrofaunal biomass is close to the annual average in these seasons. At 

another site in the Wadden Sea, D6rjes et al. (1986) observed considerable variation in 

the seasonality of biornass between years. In most years, they obtained a minimum in 

March/April and a maximum in late summer to autumn. In K6nigshafen, 19 sampling 

sites were chosen (Table I). Ten were located on the extensive, sandy lugworm flats 
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Fig. 1. Intertidal habitats of K0nigshafen on the island of Sylt in the northern W a dde n  Sea 

Table 1. Areal size and  percentage of major intertidal habitat  types in K6nigshafen,  and  organic 
content (% of dry weight) and the n u m b e r  of samples  from sites in 1990. MTL and LTL are m e a n  and 

low tide level, respectively 

Intertidal habitats Area Area Organic content N umbe r  of 
in K6nigshafen (m 2 x 104) (%) (%) samples  

Sandy flats above MTL 123.4 25.6 0.46 (0.20) 50 
no seagrass  

Sandy flats near MTL 59.7 12,4 0,52 (0.05) 30 
with seagrass  

Sandy flats below MTL 242.4 50.3 0.44 (0.10) 50 
no seagrass  

Mud  and muddy  sand  43.1 9.0 1.77 10 
below MTL 

Mussel  beds near  LTL 4.6 1.0 2.82 (1.84) 40 

Sand bars near LTL 8.4 1.7 0.28 10 
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which cover almost 76 % of the entire tidal zone of KSnigshafen. Al though mussel  beds  
comprise only 1% of the area, four sites were located there because  of a disproportion- 
ately high biomass. Each of three distinct, sandy seagrass meadows received one sample 
site. The muddy  depression in the innermost  part of the bay, and  a sand ba r  adjoining the 
main  tidal channel ,  were sampled at one site each. 

Sample sites were areas of 100 x 100 m. From each, 5 replicate cores of 200 cm 2 cross 
section and  30 cm depth were taken  once in spring and  a second t ime in autumn.  A 
subcore of 10 cm 2 (5 cm depth) was obtained from each replicate. Subcores were first 
sieved through a l - ram mesh, and Hydrobia u/vae was counted in the residue.  Material 
passing the l - ram mesh was then sieved through a 0.25-ram mesh. Organisms in the 
residue (termed mesofauna) were identified and  counted. All 200-cm 2 cores were sieved 
through a l - ram mesh, and the re ta ined organisms are te rmed macrofauna.  H. ulvae was 
not counted in these large cores. 

Biomass was determined from the combined samples of 5 replicates. Mesofauna 
samples were divided into annel ids  and  small Hydrobia ulvae. Macrofauna  was divided 
into annel ids  < 20 mm length and the various species. In molluscs, size classes of < 5 and 
> 5 ram, in crabs and  shrimp size classes of < 10 and > 10 mm were  kept  separate. 
Organisms were dried during 3 days at 80 ~ and  bu rned  in  a furnace for 12 h at 520 ~ 
The weight  loss of the organisms is considered to be the ash-free dry weigh t  (AFDW). 
Loss of CaCO3 at combustion temperatures  > 450 ~ may give an overest imate  of organic 
weight, bu t  this procedure was adopted to allow comparisons with previous  studies (cf. 
Beukema, 1976; Michaelis, 1987). Average values of a bunda nc e  and b iomass  per  m 2 for 
the intert idal  zone of K6nigshafen are calculated from the mean  of samples  taken  from 
particular habitats mult ipl ied by the areal share of that habitat. Thus,  these figures 
approximate conditions for a representative,  hypothetical m 2 of K6nigshafen.  In spring, 
5 replicates of 10 cm 2 (5 cm depth) were combined from each site for s ed imen t  analysis. 
Median  grain size was de termined by dry sieving, and weight  loss on igni t ion  (520 ~ 
6 h) is considered to approximate organic content  (Table 1). 

RESULTS 

A total of 58 inver tebrate  species were encountered  in  the combined  sample size of 
3.8 m 2. Of these, three were only found in  the mesofaunal  fraction. The n u m b e r  of species 
in a 0.1 m 2 sample ranged  from 7 to 22. The overall average was 13.6 (3.7), with no 
significant differences be tween  spring and au tumn samphng  periods,  nor be tween  
habitat  types. The lowest average was found in the sand bars, the highest  in mussel  beds. 

A b u n d a n c e  of m a c r o f a u n a  

Average abundance  on the intertidal flats of K6nigshafen was 5618 m -2 in spring and  
19 686 m -2 in au tumn  1990. These figures are primarily de termined by the superabun-  
dant  populat ion of the gastropod Hydrobia ulvae (Table 2). This species accoun ted  for 79 
and 93 % of all individuals.  Excluding H. ulvae, respective a b u n d a n c e s  of all others 
combined were 1162 m -2 in  spring and  1330 m -2 in autumn.  Of these, anne l id  worms 
comprised 83 and 74 %, molluscs other than H. ulvae 14 and  23 %, and  crus taceans  < 3 % 
in both seasons. In spring and  autumn,  H. ulvae was confined to the uppe r  half of the tidal 
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Table 2. A b u n d a n c e  of macrofauna  (> 1 mm) m -2 in the intertidal of K6nigshafen,  Apr i l /May and 
October  1990, calculated from 95 + 95 samples  of 200 cm 2 taken at 19 sites, we igh ted  by  areal  size of 

the respective habitats.  + indicates species p resen t  with < 1 individual m -2 

Species Spring Autumn 

Hydrobia ulvae (Penn.) 4456 18356 
IAttorina h'ttorea L. 21 48 
Mttorina saxatilis (Ohm) 0 1 
Littorina mariae (Sac. & Rast.) + + 
Crepidula fornicata (L.) O + 
Lepidochiton cinerea (L.) + + 
Cerastoderma edule (L.) 36 122 
Macoma balthica L. 66 94 
Abra alba (Wood) 1 2 
Venerupis pullastra Mont. 0 + 
Ensis ameficanus (Binney) 0 2 
Mya arenaria L. 11 5 
Mytilus edulis L. 27 25 
Nereis diversicolor Mfill. 47 98 
Nereis virens Sars + 1 
Nephtys hombergii Say. 13 32 
An'cidea minuta South. 1 0 
Harmothoe imbncata (L.) + 0 
Harmothoe sarsi (Klingb.) + 0 
Lepidonotus squamatus (L.) 0 + 
Pygospio elegans Clap. 83 53 
Spio fflicornis Mfill. 1 0 
Scolelepis foliosa Aud. & M.-Ed. 1 0 
Scolelepis squamata Mfill. 6 0 
Spiophanes bombyx (Clap,) + 1 
Polydora sp. + 6 
Malacoceros sp. 0 + 
Magelona papfllicornis Mfill. 7 1 
Capitella capitata (Fabr.) 21 5 
Heteromastus filifonnis (Clap.) 38 31 
Arenicola marina (L.) 63 31 
Ophelia rathkei Mclntosh + 1 
Eteone longa (Pabr.) 7 9 
Phyllodoce mucosa (Oerst.) 3 44 
Scoloplos armiger (Mfill,) 403 517 
Ampharete acutifrons (Grube) 3 + 
Tharyx sp, 54 58 
Lanice conchilega (Pallas) 8 1 
Tubificoides benedeni (D'Udekem) I57 73 
Tubificoides pseudogaster (Dahl) 46 24 
Lineus vir~dis (Pabr.) 2 3 
Prostomatella arenicola Pried. O 1 
Amphiporus lactifloreus (John.) 1 1 
Metridium senile (L) + + 
Sagartia troglodytes (Price) + + 
Balanidae 2 spp.* 11 6 
Bathyporeia pflosa Lindstr6m 3 + 
Urothoe poseidonis Reibisch 10 3 
Gammarus spp. * * + 6 
Corophium arenarium Craw(. 4 4 
Jaera albifrons Leach + + 
Carcinus maenas (L) 2 8 
Crangon crangon (L,) 2 7 

" Balanus crenatus Brugu~re and Semibalanus balanoides (L,) 
* * Gammarus locusta (L.) and Chaetogammarus marinus (Leach) 
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z o n e  w i t h  h i g h e s t  d e n s i t i e s  in  t h e  s e a g r a s s  b e d s  (Tab le  3). M o s t  of t h e  n u m e r i c a l l y  

d o m i n a n t  s p e c i e s  o c c u r r e d  o v e r  a w i d e  r a n g e  of i n t e r t i d a l  h a b i t a t s .  Macorna balthica, 

Tubificoides pseudogaster, Pygospio elegans, Tharyx sp. a n d  Heteromastus  filiformis 

a t t a i n e d  p a r t i c u l a r l y  h i g h  a b u n d a n c e s  a t  t he  m u d d y  site. M u s s e l  b e d s  w e r e  r a t h e r  

d i s t inc t  b y  h i g h  d e n s i t i e s  of e p i f a u n a l  spec ies ,  t n  t h e  s a n d  b a r s  a d j o i n i n g  t h e  m a i n  t i d a l  

c h a n n e l ,  a b u n d a n c e  w a s  low. 

Table 3. Abundance  of macrofauna (individuals m -2 re ta ined by 1-mm mesh) in  6 habi ta t  types. 
'Upper lug.' and 'lower lug.' are sandy lugworm flats above and  below mid tide level, respectively. 
Taxa with > 50 individuals m -2 in at least  one habi tat  type are included. Samples from spring and  

au tumn 1990 are combined 

Intertidal habi tat  Upper  Seagrass Lower Mud Mussel  Sand 
lug. bed  lug. beds  bars 

Hydrobia ulvae 20163 50233 41 0 0 0 
Cerastoderma edule 157 225 8 70 8 0 
Scoloplos armiger 535 723 302 60 31 65 
Arenicola marina 54 40 52 15 0 40 
Nereis diversicolor 75 35 83 80 4 0 
Capitella capitata 25 32 3 10 71 0 
Tubificoides benedeni 277 123 41 70 149 0 
Macoma balthica 89 62 52 265 16 5 
Tubificoides pseudogaster 60 22 9 135 35 0 
Pygospio elegans 36 28 74 190 3 60 
Tharyx sp. 6 2 27 455 5 0 
Heteromastus filiformis 9 13 28 165 164 0 
Littorina littorea 20 122 15 30 380 0 
Carcin us ma enas 7 5 2 0 158 0 
Balanidae 2 spp. 0 0 3 0 694 0 
Mytilus edulis 1 13 1 0 2339 0 

Total macrofauna 21606 51733 1000 1735 4270 420 
Total macrofauna without 1443 1500 959 1735 4270 420 
H. ulvae 

B i o m a s s  of  m a c r o f a u n a  

Biornass ,  e x p r e s s e d  as  a s h - f r e e  d ry  w e i g h t  of all  f a u n a  r e t a i n e d  b y  a 1 - m m  m e s h .  w a s  

65 g m -2 for the  i n t e r t i d a l  z o n e  of K 6 n i g s h a f e n .  E s t i m a t e s  for s p r i n g  a n d  a u t u m n  w e r e  

a l m o s t  a h k e  ( T a b l e  4). H o w e v e r ,  t h e  r e l a t i ve  c o n t r i b u t i o n  of s p e c i e s  d i f f e r e d  b e t w e e n  

s ea sons .  In s p r i n g  1990. Arenicola marina c o n t r i b u t e d  3 7 . 8 %  M y a  arenaria 21.4 %, 

Mytilus edulis 17.0 % Cerastoderrna edule 8 . 1 % ,  Littorina littorea 2.9 %, Hydrobia ulvae 

2.8 % a n d  Macoma balthica 2.7 % to t h e  b iomass .  In a u t u m n ,  M. edulis a t t a i n e d  26.0 %, 

A. marina 18.0 %, H. ulvae 15.3 %, C. edule 12.8 %, M. arenaria 9,8 %, L. littorea 3.4 %, 

Nereis diversicolor3.2 %, M. balthica 3.2 % T h e  b i o m a s s  e s t i m a t e  for  M. arenana is less  

r e h a b l e  t h a n  [or t h e  o t h e r  spec ies ,  b e c a u s e  t h e  w e i g h t  of a f ew l a r g e - s i z e d  i n d i v i d u a l s  

w a s  m u l t i p l i e d  w i t h  a l a r g e  a r e a l  s h a r e  ( lower  l u g w o r m  flats). T h e  s t r o n g  b i o m a s s  

i n c r e a s e  in H. ulvae f rom s p r i n g  to a u t u m n  w a s  c a u s e d  by  s u c c e s s f u l  r e c r u i t m e n t ,  In 

musse l s ,  a s l i gh t  i n c r e a s e  in  b i o m a s s  w a s  a s s o c i a t e d  w i t h  a s l i gh t  d e c r e a s e  in  a b u n d a n c e .  
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Table 4. Biomass of macrofauna (> 1 mm) in g AFDW m -2 in the intertidal zone of K6nigshafen, 
April/May and October 1990, calculated from 95 + 95 samples of 200 cm 2 taken at 19 sites, weighted 

by areal size of the respective habitats 

Species Spring Autumn 

Hydrobia ulvae 1.88 9.57 
f2ttorina fittorea 1.94 2.15 
Cerastoderma edule 5.46 8.03 
Macoma baltln'ca 1.82 1.99 
Mya arenaria 14.33 6.14 
Mytilus edulis 11.42 16.27 
Nereis diversicolor 0.59 2.02 
Nereis virens 0.04 1.20 
Nephtys hombergii 0.23 0.75 
Heteromastus filiformis O. 14 O. 11 
Arenicola marina 25,37 11.28 
Scoloplos armiger 1,60 1.62 
Phyllodoce mucosa 0,00 O. 12 
Lanice conchflega 0,49 0.04 
Lineus viridis 0,05 O. 16 
Balanus sp. O, 14 0.07 
Carcinus maenas 1.27 0.47 

Others (taxa <0.1 g) 0.30 0.65 

All macrofauna 67.07 62.64 

Zostera spp. 0.69 7.22 
Fucus vesiculosus 1.24 2.31 

There was almost no recruitment,  but  individuals ga ined  in weight.  Lower biomass of 
lugworms in autumn is associated with lower abundance .  In this species, biomass in 

autumn may be affected by the preced ing  spawning period. L. h'ttorea, M. balthica and 

Scoloplos armiger showed htfle change in biomass be tw een  spring and autumn. Suspen-  
sion feeders  (44 %) and subsurface feeders  (31%) contr ibuted most to biomass in the 

K6nighafen intertidal. The share of surface deposit  feeders  and grazers was 9 % in spring 
and 27 % in autumn. This seasonal increase is mainly attr ibuted to H. ulvae. 

Although mussel  beds  covered only 1% of the intertidal zone, they contr ibuted 20 % 

to overall  biomass. Compared  to lugworm flats and sandy seagrass beds, biomass was 26 
times h igher  in beds  of mussels (Table 5). This was primarily due to M. edulis itself, but  

L. littorea achieved here a biomass equal  in magni tude  to that of lugworms on the sandy 

flats. The biomass of Carcinus maenas in mussel  beds  may be enhanced  because  crabs 

use this habitat  as a refuge at low-tide. Biomass in mud was more than twice as high as in 
sand. This difference is primarily caused by a high density of large-sized M. arenana. On 

the lower and higher  lugworm flats, A. marina dominated  the biomass. In the seagrass 

beds, this species performed less well. Here  H. ulvae and C. edule dominated  the 
biomass. Low biomass was found in the sand bars adjoining the major tidal channel.  
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Table 5. Biomass of macrobenthos  (> 1 ram) in g AFDW m -2 in 6 habi ta t  types. 'Upper  lug.' and 
'lower lug.' are sandy lugworm flats above and  below mid tide level, respectively. Taxa with > 1 g 
m -2 in at least one habi tat  type are included. Samples from spring and autumn 1990 are combined 

Intertidal Upper  Seagrass Lower Mud Mussel  Sand 
habitat  lug. bed  lug. beds  bar  

Arenicola marina 22.80 8.37 20.55 8.89 0.00 18.64 
Hydrobia ulvae 11.18 23.00 0.02 0.00 0.00 0.00 
Cerastoderma edule 5.77 19.41 2.84 15.84 1.05 0.00 
Scoloplos armiger 1.93 3.16 1,42 0.02 O. 17 0.35 
Macoma balthica 1.06 0.58 1.59 8.55 1.28 0.00 
Mya arenafia 0.00 0.34 8.50 65.45 2.90 0.00 
Nereis dl"versicolor 0.76 0.37 1.43 2.96 O. 13 0.00 
Nephtys hombergii O. 15 0.00 0.39 2.73 0.05 0.46 
Littorina h'ttorea 0.92 3.51 1.16 6.15 23.89 0.00 
Nereis virens 0.00 0.00 1.13 0.00 5.48 0.00 
Lanice conchflega 0.33 0.00 0.33 0.00 1.55 0.00 
Balanus spp. 0.00 0.00 0.02 0.00 9.17 0.00 
Carcinus maenas 0.56 0.01 1.31 0.00 6.35 0.00 
Mytilus edulis 0.71 5.03 0.80 0.00 1264.10 0.00 

Others 0.65 0.42 0.53 3.18 2.80 1.09 

All macrofauna 46.82 64.20 42.02 113.77 1318.92 20.54 

Zostera spp. 1.00 29.00 0.00 0.00 0.00 0.00 
Fucus vesiculosus 0.00 0.00 0.00 0.00 177.11 0.00 

B i o m a s s  of  m a c r o p h y t e s  

D u r i n g  t h e  s a m p l i n g  pe r iod ,  on ly  s e a g r a s s  (Zostera noltii a n d  Z. marina) a n d  Fucus 

vesiculosus m a d e  s i g n i f i c a n t  c o n t r i b u t i o n s  to p h y t o m a s s  (Tab l e s  4 a n d  5). A b o v e - g r o u n d  

g r o w t h  of s e a g r a s s  is m a i n l y  f rom J u l y  to S e p t e m b e r  in  K b n i g s h a f e n .  T h u s ,  w h e n  

s a m p l i n g  w a s  c o m p l e t e d  in  O c t o b e r ,  b i o m a s s  h a d  a l r e a d y  d e c l i n e d .  F. vesiculosus is 

c o n f i n e d  to m u s s e l  b e d s  in  K b n i g s h a f e n ,  is p e r e n n i a l ,  a n d  g r o w t h  o c c u r s  t h r o u g h o u t  

s u m m e r .  A s s u m i n g  t h e ' s a m p l e d  p h y t o m a s s  c o m e s  c lose  to t h e  a n n u a l  a v e r a g e ,  p l a n t s  

a c h i e v e  on ly  9 %  of t h e  m a c r o f a u n a l  b i o m a s s .  In Oc tobe r ,  t h e  ra t io  of z o o m a s s  to 

p h y t o m a s s  is 1.6 to 1 in  t he  s e a g r a s s  b e d s ,  a n d  6.6 to 1 on  m u s s e l  beds .  

M e s o f a u n a  

T h e  s m a l l  m a c r o f a u n a  or ' m e s o f a u n a ' ,  d e f i n e d  h e r e  as  o r g a n i s m s  p a s s i n g  a 1 - m m  

m e s h  a n d  b e i n g  r e t a i n e d  b y  a 0 . 2 5 - m m  m e s h ,  c o m p r i s e d  a b o u t  as  m a n y  i n d i v i d u a l s  as  

t h e  l a r g e r  m a c r o f a u n a ,  w h i l e  i t s  c o n t r i b u t i o n  to b i o m a s s  w a s  < 2 % of t h e  t o t a l  m a c -  

r o f a u n a  (Tab le  6). T h e  m e s o f a u n a  in  s p r i n g  a n d  a u t u m n  w a s  p r i m a r i l y  c o m p o s e d  of 

o l i g o c h a e t e s  (25 %) a n d  p o l y c h a e t e s  (67 %). All  s p e c i e s  d o m i n a n t  in  t h e  m e s o f a u n a  w e r e  

a lso  f o u n d  a m o n g  t h e  m a c r o f a u n a ,  a l b e i t  i n  l o w e r  n u m b e r s  w i t h  t h e  e x c e p t i o n  of 

Hydrobia ulvae. In spr ing ,  j u v e n i l e s  of Scoloplos armigermade a l a r g e  c o n t r i b u t i o n  to t h e  

m e s o f a u n a ,  a n d  in  a u t u m n ,  j u v e n i l e s  of Tharyx sp. w e r e  h i g h l y  a b u n d a n t .  T h e  s m a l l  
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Table 6. Abundance (individuals m -2) and biomass (g AFDW m - 2 )  of mesofauna (passing a 1-mm 
mesh but retained by a 0.25-ram mesh) in the intertidal zone of KSnigshafen in spring and autumn 

1990 

M e s o f a u n a  m - 2  Spring Autumn 

Tubificoides benedeni 787 832 
Tubificoides pseudogaster 1483 1262 
Scoloplos armiger 6425 292 
Capitella capitata 345 83 
Pygospio elegans 412 627 
Tharyx sp. 220 2921 
Nereis diversicotor 433 0 
FIydrobia ulvae 439 763 

Others (9 spp.) 201 81 

Total abundance 10745 6861 

Total biomass 0.84 1.21 

juveniles of H. ulvae were not yet present  during the spring samphng  period and  in 
au tumn most of them were already large enough to be retained by the 1-mm mesh. 

M e a n  i n d i v i d u a l  w e i g h t s  

Seasonal changes  in the mean  weight  of individuals of the zoobenthos populat ions in 
K6nigshafen reflect seasonal recruitment,  individual  growth and migrations. A compari- 
son of the spring and au tumn weights sheds some light on what  happened  to the 
populations (Table 7). The low individual  weight  of mesofauna in spring is a consequence  
of the high proportion of very small Scoloplos armiger which hatched from egg cocoons 
during this time of the year. In spring, the low individual  weight of annel ids  < 20 mm in 
length is primarily due to the dominance  of oligochaetes. In autumn,  there was a higher 
proportion of juveni le  polychaetes which as adults are large-sized. In autumn,  these 
juveniles tend to be larger '  than ohgochaetes which do not grow beyond this size 
category. 

In Mytilus eduh's the higher individual  weight in au tumn reflects growth of individu-  
als already present  in spring because  abundanc e  did not increase. In Nephtys hombergii, 
Nereis diversicolor and Hydrobia ulvae an increase in individual  weight  goes a long with 
an increase in abundance  from spring to au tumn  (see Table 2). This suggests that adult  
individuals migrated from non-sampled  areas into sampling plots or immigra ted  into 
K6nigshafen from outside. A decrease in individual  weight  in various other species from 
spring to au tumn reflects the contribution of juveni le  populations which were recruited in 
spring and summer  1990. The lower average individual  weight  calculated for all mac- 
rofauna in au tumn is simply the consequence  of the increase in the populat ion of the 
small-sized H, ulvae during summer.  
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Table 7. Mean individual wefght (mg AFDW] in populat/ons in spring and autumn 1990, obtained by 
dividing hiomass with abundance estimates for the entire intertidal zone of K6nigshafen. In the 

polychaete species listed, weights refer to individuals >_ 20 mm length only 

Group of organisms Spring Autumn Ratio 

Mesofauna 0.08 0.18 1: 2.25 

Annehda <20 mm length 0.29 0.47 1:1.62 

Mytilus eduh's 422.96 650.80 1:1.54 
Nephtys hombergii 19.17 27.78 1:1.45 
Nereis diversicolor 19.03 24.34 1:1.28 
Hydrobia ulvae 0.42 0.52 1:1.24 

Scoloptos arrrdgex 4,68 4.43 1:0,95 
Arenicola manna 402.70 376.00 1:0.93 
Heteromastus filiformis 4.12 3,67 1: 0.89 
Macoma balthica 27.58 21.17 1:0.77 
Mttorina fittorea 92.38 44.79 1:0.48 
Cerastodenna edule 151.67 65.82 1:0.43 

Annelida _> 20 mm length 56.35 29.45 1:0.52 
All macrofauna 11.94 3.18 1:0.27 

DISCUSSION 

Bias  in  t h e  e s t i m a t e s  of  a b u n d a n c e  a n d  b i o m a s s  

Certain aspects of the s ieving procedure,  particularly the mesh size, have  strong 

effects on the number  of infaunal  individuals extracted from sediments,  The  use of a 0.25- 
ram mesh, in addit ion to the convent ional  l - ram mesh, resulted in a 2.9- and 1,3-fold 

increase of abundance  in spring and autumn, respectively. The  l - ram m e s h  is passed by 

many  juveni les  of the macrofauna.  If sampling had been  carried out in summer ,  more 

individuals would  have  been  found on the 0.25-ram mesh. This is sugges t ed  by samples 
taken in mid summer  1979 at 66 stations in the northern Wadden  Sea (Reise, 1987). 

Mesofaunal  abundance  "was 140000 individuals  m -2 on average,  with 65 % juveni le  

Hydrobia ulvae, 16 % bivalve spat and 16 % small annelids. This is rough ly  an order of 

magn i tude  h igher  than the spring and au tumn values reported in this study, Juven i le  H. 

utvae and bivalve spat  were  not yet present  in spring, and were  already b ig  enough  for 
the l - ram mesh  in autumn. Within short periods of time, juveni les  attain a body  size large 

enough  to become  re ta ined  by a l - ram mesh. This may alter the average  abundance  of 

macrofauna by orders of magni tude.  Measures  of abundance  are, therefore,  of restricted 

use in comparisons be tween  surveys, unless samples are taken at short in tervals  through- 
out a year. 

Biomass may  be a be t t e r  measure  for comparat ive purposes. In this study, the 

abundant  mesofauna  contr ibuted < 2 % to the total biomass. The smal l -s ized mudsnai l  

Hydrobia ulvae contributed 3 and 15 % to biomass in spring and autumn,  respectively.  

Compared  to 79 and 93 % of total abundance,  these biomass fractions are small .  Thus, the 
small-sized fauna has a minor effect on biomass. Important are large indiv iduals  which 
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change slowly. In the present  survey, the spring and  au tumn biomass differed only by 
4 % from their mean.  

In biomass comparisons, patchiness and scarcity of large-sized individuals  deserve 
special attention. Biomass on mussel  beds was 10 to 50 times higher than in other habitats 
of KSnigshafen. In this case, the area of mussel  beds is a critical parameter.  This was 
determined by aerial photographs taken in May 1989 and 1990. The two estimates were 
4.6 and 3.8 hectares, respectively. Mussel  clumps of < 1 m in diameter  could not be 
identified on the photographs. We decided, therefore, on the higher estimate to ba lance  
this omission. If the lower estimate had been  chosen, the average biomass for KSnigs- 
hafen would have b e e n  calculated as 62.3 instead of 64.9 g m -2. Thus, a 0.2 % change  in 
area of the tidal zone causes a change of 3.7 % in biomass. A similar effect may result 
from scarcity of large individuals. Only 3 large-sized Mya arenaria were found in 50 
samples taken from the lower lugworm flats which comprise 50 % of the intertidal area. 
Omission of these clams decreases the average biomass by 4.1 g m -2 or 6.3 %. Given  the 
scarcity of these large individuals,  it is hardly possible to estimate their a bunda nc e  
properly. The u n e v e n  distribution of biomass may give rise to serious sampl ing errors. 
Those exemplified here may be combined, thus result ing in a deviation of 10 % from the 
calculated average biomass. Differences within this range should not be regarded with 
confidence. 

Differences in zoobenthic biomass be tween  consecutive years tend to be in the range  
of 10 to 30% of the average amount  measured  in the in te r t ida l  Wadden  Sea (see 
Beukema, 1991: Fig. 1). Thus, a long-term average of biomass for K6nigshafen may  be 
somewhere be tween  46 and 84 g m -2. Stronger deviations may only occur subsequen t  to 
a severe winter, which was not the case prior to the 1990 survey of K6nigshafen. Asmus & 
Asmus (1985) measured in 1980 the mean  annua l  zoobenthic biomass of a seagrass bed 
(30 g m -2) and a lugworm flat (28 g m-2). These values are 53 % and  40 % lower than  the 
respective habitat  values given in Table 5. The difference is primarily caused by a much 
lower biomass in the lugworm and  cockle populations in 1980, while the biomass of 
Hydrobia ulvae is similar. The difference in Arenicola marina is odd because  the 
lugworm population has been  shown to remain relatively constant over the years, while 
Cerastoderma edule fluctuates strongly in KSnigshafen (Reise, 198I; 1985), Mussel  beds 
sampled in 1984 showed an average biomass of 1243 g m -2 (Asmus, 1987). This deviates 
only by 6 % from the value f6und in 1990. 

L o n g - t e r m  c h a n g e  i n  K 6 n i g s h a f e n  

Sediments and the macrobenthos of KSnigshafen were studied in the 1930s by 
Wohlenberg (1937). Since then, physical and biotic changes have occurred which 
presumably have had effects on the zoobenthic biomass. The intertidal area has 
decreased by about 40 hectares, due to an e m b a n k m e n t  and  the disposal of sand 
resulting in an island on a former tidal flat. Muddy  areas have decreased and sediments  
have become more consolidated (Austen, 1992). Mussel beds have expanded,  small-sized 
annelids have become more abundant ,  populations of the amphipod  Corophium vol- 
utator and the tellinid clam Scrobicularia plana have vanished (Reise, 1982; Reise et al., 
1989; Reise, 1990). The increase in mussel  beds and the long-term shift from muddy  to 
sandy areas in K~nigshafen imply that conditions for suspension feeders have improved 
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while  those for deposi t  feeders  have  deter iorated.  This may  have been  c a u s e d  by  h igher  
tu rbulence  in the t idal  waters .  Recordings from a gauge  located just  south of KSnigshafen 
indicate  an  increase  in storm t ide f requency  since 1900, and  an increase  in m e a n  t idal  
r ange  by  25 cm (14 % of the  p resen t  range)  since 1931 (Ffihrb6ter, 1989). 

What  are the  poss ible  effects on the  average  zoobenthic  b iomass  in KSnigshafen? 
Mud and m u d d y  sand  occupied  34 % of the intert idal  zone in the 1930s (Wohlenberg,  
1937: Fig. 67). Musse l  beds  covered at the most  0.2 %, which  is in fe r red  from maps  
provided  by  Nienburg  (1927: vege ta t ion  m a p  from 1924) and  W o h l e n b e r g  (1937: maps  
from 1932-33). These  former areal  proport ions  may  b e  used  to reca lcula te  b iomass  wi th  
the da ta  g iven  in Table  5, assuming  that  b iomass  within habi ta ts  has r e m a i n e d  similar. 
Sixty years  ago the ave rage  zoobenth ic  b iomass  of K~nigshafen may  have  b e e n  73 g m -2. 
This devia tes  only by  12 % from the p resen t  average  and  falls within the  r ange  of 
differences to be  expec ted  b e t w e e n  consecut ive years.  The expans ion  of musse l  beds  
inc reased  b iomass  while  the  dechne  of m u d d y  areas  caused  a decrease .  Therefore ,  the  
ave rage  was  not  affected significantly.  However ,  it is not  known  w h e t h e r  the  b iomass  
within these  habi ta t  types  was  the  same in the 1930s as it is today.  

The long- te rm increase  in smal l -s ized annel ids  and  the loss of popula t ions  of 
Corophium volutator and  Scrobicularia plana may be  of minor  impor tance  to the  ave rage  
biomass.  C. volutatorwas highly  a b u n d a n t  in a bel t  close to high t ide level  unt i l  1975 (see 
Wohlenberg ,  1937; Reise, 1978). The a rea  of this bel t  was  approx imate ly  20 hectares.  
With an ave rage  a b u n d a n c e  of 7725 m -2 in spr ing 1975 (Reise, 1985: Tab le  5.3), and  an  
individual  we igh t  of 0.56 mg (Asmus, pers.  comm.), the addi t ion to a v e r a g e  b iomass  is 
mere ly  0.2 g m -2. A similar calculat ion for S. plana also yields  a value  of < 1 g m -2, A 
recent  immigra t ion  of Ensis americanus (Urk, 1987) a d d e d  cons iderab ly  to zoobenth ic  
b iomass  be low the low-t ide  l ine but  not  in the intert idal  zone (Reise & Herre ,  in prep.).  

C o m p a r i s o n s  w i t h i n  t h e  W a d d e n  S e a  

The K6nigshafen differs with its p redominance  of med ium sand from most  o ther  
intert idal  a reas  in the W a d d e n  Sea which are composed  of fine or very fine s ands  (Austen, 
1992). This aber ra t ion  is caused  by  aeohan  input  from the sur rounding dunes ,  and  is not  
the  consequence  of sort ing by  strong currents. This un ique  sed iment  composi t ion  does  
not  cause the  macrozoobenthos  to differ from that  of o ther  par ts  of the  W a d d e n  Sea.  
Species  composi t ion and  dominance  in terms of a b u n d a n c e  and b iomass  is ve ry  similar  to 
wes tern  (Beukema,  1976) and  central  (Michaelis,  1987) par ts  of the W a d d e n  Sea. The 
most common species  in K6nigshafen are  also the most common species  e l s e w h e r e  in the 
W a d d e n  Sea  (cf. Smidt, 1951; Jepsen ,  1965; Beukema,  1976; Obert ,  1982; Michaehs ,  
1987; Jensen,  1992). An  except ion  is the amph ipod  Corophium volutatorwhich dec l ined  
from 1975 onwards ,  and  is now vir tual ly absen t  from KSnigshafen.  The  cause  is un-  
known. 

Species  densi ty  is re la t ively  high in K6nigshafen.  While  Beukema  (1976), Michael is  
(1987) and  Ober t  (1982) give an ave rage  of 11 species  pe r  site ( ranging from 0.05 to 
0.45 m 2 sample  size), the cor responding  value  for KSnigshafen is 14 spec ies  per  site 
(0.1 m2). In the  ad jacen t  North Sea,  species  dens i ty  is 3 to 4 t imes h igher  (cf. Duineve ld  et  
al., 1990; KrSncke, 1992). 

The numer ica l  dominance  of Hydrobia ulvae in KSnigshafen is an order  of mag-  
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Table 8. Dominant contributors to biomass (g ash-free dry weight m -2) in macrobenthic surveys in 
the western, central and northern part of the Wadden Sea. Selected are species with an average of 

> 1.5 g m -2 in the 3 surveys combined 

Macrofauna > 1 mm Western Dutch Jadebusen K6nigshafen 
Wadden Sea 

Beukema (1989)  Michaehs (1987) This study 

It/Iytilus edulis 0.9 19.6 13.8 
Cerastoderma edule 9.5 12.3 6.7 
Arenicola maAna 6.2 2.2 18.3 
lUlya arenaria 8.0 5.7 10.2 
Hydrobia ulvae 0.8 3.4 5.7 
Macoma baltlnca 5.1 2.6 1.9 
Nereis diversicolor 2.2 2.0 1.3 

Total macrofauna 38.5 51.4 64.9 

ni tude higher than in the western part  of the Wadden  Sea (Beukema,1976; Obert, 1982), 
but  is in agreement  with the subtidal  zone  of the western Wadden  Sea (Dekker, 1989), 
and  with tidal zones in the central (Michaehs, 1987) and  nor thern  part (Jensen, 1992). 

Macrofaunal  biomass in  K6nigshafen is higher  than in the western Dutch Wadden  
Sea but  similar to that in Jadebusen,  a bay in the central part of the Wadden  Sea (Table 
8). There are two factors which may explain the lower biomass in the western Wadden  
Sea. First, the areal share of offshore, low-lying tidal flats is particularly high in this 
region. These tidal flats tend to have a biomass below average (Beukema, 1976). 
J adebusen  and K6nigshafen are land-locked bays with few or no low-lying offshore flats. 
The significant contribution of PIydrobia ulvae  to the total biomass in these bays is related 
to a high proportion of nearshore flats and  seagrass beds (see Table 5). The biomass of 
Arenico la  marina is particularly high in K6nigshafen. Compared to the western Wadden  
Sea, average individual  weight (0.39 g) is the same, while abundance  is 3 times higher. 
This phenomenon  may in part be related to a low abundance  of lugworms on low-lying 
offshore flats. Investigations in K6nigshafen show that mussel  beds are important  over- 
winter ing sites for early juveniles (Simon, pets. comm.). It may be hypothesized that the 
vicinity and abundance  of this nursery habitat  has a positive effect on adult  populat ion 
density. 

The second aspect explaining lower biomass in the western Dutch Wadden  Sea is the 
scarcity of intertidal mussel  beds in that region. This may be an effect of e n h a n c e d  mussel  
fishery (Beukema, 1992). In the early 1970s, 1VIytilus edulis  contributed 23.3 % to the 
overall average of macrozoobenthic biomass (Beukema, 1976). In 1987, this species 
contributed only 2.3 % (Beukema, 1989). In J adebusen  and K6nigshafen, mussel  beds 
cover approximately 1% of the intertidal area, and  contribute 17 and 20 % to the total 
biomass, respectively (Michaelis, 1987; this study). 

Z o o b e n t h i c  b i o m a s s  o n  t ida l  f iats  i n  the  W a d d e n  S e a  

A comprehensive study of macrofaunai  biomass on tidal flats in the Dutch Wadden  
Sea was conducted be tween  1970 to 1974 by Beukema (1976). The mean  of 27 g m -2 has 
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b e e n  w i d e l y  c i t ed  s ince  t h e n  as  a c h a r a c t e r i s t i c  of t h e  W a d d e n  Sea .  H o w e v e r ,  l a t e r  

s u r v e y s  d o c u m e n t e d  a n  i n c r e a s e  in  b i o m a s s  b y  a f ac to r  of 2.2 for t h e  w e s t e r n  p a r t  of t h e  

D u t c h  W a d d e n  S e a  ( B e u k e m a ,  1989) a n d  of 1.6 for t h e  i n t e n s i v e l y  s t u d i e d  B a l g z a n d  n e a r  

D e n  H e l d e r  ( B e u k e m a ,  1991). As  a n  a v e r a g e ,  a fac to r  of 1.9 m a y  b e  u s e d  to c o n v e r t  t h e  

m e a n  b i o m a s s  of t h e  ea r ly  1970s for  t h e  e n t i r e  D u t c h  W a d d e n  S e a  to a n  e s t i m a t e  of 51 g 

m -2 a p p l i c a b l e  to t h e  ea r ly  1990s. 

O b e r t  (1982) e s t i m a t e d  for a n  e x t e n s i v e  t i da l  a r e a  e a s t  of t h e  D u t c h  W a d d e n  S e a  a n  

a v e r a g e  b i o m a s s  of 36 g In -2,  e x c l u d i n g  m u s s e l  b e d s  w i t h  609 g m -2. T h e s e  m u s s e l  b e d s  

o c c u r r e d  in  a n  a r e a  of 11 .3% of th i s  i n t e r t i d a l  r eg ion .  A s s u m i n g  t h a t  a b o u t  

2 /3  of th i s  a r e a  a re  i n t e r s p a c e s  no t  c o v e r e d  w i t h  musse l s ,  t h e  w e i g h t e d  m e a n  for t h e  

r e g i o n  is 60 g m -2. For  t he  J a d e b u s e n  in  t h e  c e n t r a l  W a d d e n  Sea ,  s t u d i e d  b y  M i c h a e l i s  

(1987) i n  t h e  p e r i o d  1975 to 1977, a w e i g h t e d  a v e r a g e  of 51 g m -2 is o b t a i n e d ,  i n c l u d i n g  

a r e a s  w i t h  m u s s e l  b e d s .  T o g e t h e r  w i t h  t h e  p r e s e n t e d  e s t i m a t e  of 65 g m -2  f r o m  K 6 n i g s h a -  
-2  fen,  t h e  r a n g e  f rom t h e s e  4 a r e a s  is 51 to 65 g m , a n d  m a y  b e  r e g a r d e d  as  a n  

a p p r o x i m a t i o n  to t h e  z o o m a s s  for  t i da l  f lats  of t h e  p r e s e n t  W a d d e n  Sea .  T h i s  r a n g e  is 

s l igh t ly  a b o v e  t h e  44 g m -2 o b t a i n e d  for  t h e  s u b t i d a l  z o n e  in  t h e  w e s t e r n  p a r t  of t h e  D u t c h  

W a d d e n  S e a  (Dekke r ,  1989), a n d  c o n s i d e r a b l y  h i g h e r  t h a n  13 g m -2  f o u n d  in  t h e  

s o u t h e r n  N o r t h  S e a  ( D u i n e v e l d  e t  al., 1990). H o w e v e r ,  i t  s h o u l d  b e  n o t e d  t h a t  i n  a y e a r  

s u b s e q u e n t  to a s e v e r e  win te r ,  t h e  t i da l - f l a t  z o o m a s s  of t h e  W a d d e n  S e a  wi l l  b e  b e l o w  t h e  

g i v e n  r a n g e  ( B e u k e m a ,  1990). 
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