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ABSTRACT: The fecal pellets of Heteromastus filiformis and Hydrobia ulvae are abundant on the 
sediment surface of the Sylt-Romo tidal flats. Although Cerastoderma edule is present in most parts 
of the study area, only small amounts of its pellets could be found. Fecal pellets are non-randomly 
distributed in the study area. Large amounts of H. ulvae pellets are found in the mud flats and 
smaller amounts in the mixed flats and sand flats, where H. filiformis pellets predominate as bioge- 
nic component. This distribution pattern varies with time under the influence of environmental 
factors. Marked temperature fluctuations provide seasonal signals reflecting distinct patterns. The 
results show a net balance of biodeposit components in the sediment. This could be a result of the 
sheltered location of the area and this fits in well with the mostly stable sedimentological picture. 

INTRODUCTION 

It is a well  es tabl ished fact that the tidal flat sediments  are strongly inf luenced  by 
organisms (Wohlenberg,  1937; Verwey 1952; Reineck, 1988). For example,  Thiel  et al. 

(1984) classify the major forms of biological  activity in the Bfisumer Watt in the south 
eas tern  North Sea as follows: bioturbation, bioresuspension,  biostabilisation and biode- 

position. Biodeposi t ion of particles plays an important  role in sedimenta t ion  (cf. Verwey, 
1952; Haven  8, Morales-Alamo,  1972; Cad6e, 1979; Gast et al., 1984; Dittmann, 1987). 

Filter feeders  as well  as deposit  feeders  collect f ine-gra ined material,  i.e. silt and clay 
particles incorporat ing organic material .  The und iges ted  components  of the diet are com- 

pac ted  in the gut  and e jected as fecal pellets. The process of fecal pellet  product ion is 
cal led biodeposi t ion (cf. Haven  & Morales-Alamo,  1966). 

Fecal pellets  have  faster sinking rates than their  const i tuent  particles (Haven & Mo- 
rales-Alamo, 1972; McCall,  1979). As a result, they settle in areas where  hydrodynamic  

conditions would  otherwise genera l ly  prevent  the sedimenta t ion  of f ine-gra ined  mater ia l  
(Schwarz, 1932; H a v e n  & Morales-Alamo,  1968; Rhoads, 1974). 

The present  study is concerned with the tempora l  and spatial variat ion of fecal pel- 

lets on the sed iment  surface and represents  a pre l iminary  a t tempt  at semi-quant i ta t ive ly  
assessing the role of fecal pellets in the Sylt-Romo tidal flats. It forms part  of the SWAP 

ecosystem research  project on exchange  processes b e t w e e n  the north German  Wadden  

Sea and the North Sea. 
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STUDY AREA 

The Sylt-Remo tidal basin  is si tuated in the nor thern  part of the German  Wadden  Sea 
(Fig 1). This e m b a y m e n t  is located be tween  the islands Sylt and Reme which are both 
connected to the German  and  Danish ma in l and  by causeways. The exchange  of water 
masses is restricted to the "Lister Tief", a tidal inlet  be tween  Sylt and Reme. The m e a n  
tidal range  varies be tween  1.5 m in the nor thern  part and  1.7 m in the southern  part 
(Bundesanstal t  ffir Seeschiffahrt und  Hydrographie).  Salinity ranges b e t w e e n  28-32%0 
(Pfaffenh6fer, 1978). 

The K6nigshafen is a tidal e m b a y m e n t  to the north of the island of Sylt which is 
almost completely separated from the remainder  of the Sylt-Remo tidal basin.  

The sediment  distribution pat tern in the Sylt-Reme tidal area is domina ted  by sand 
flats (< 10 % mud  by weight), with a typical decrease in m e a n  grain size towards high 
water  level (Bayerl, 1992). In K6nigshafen the sediment  is characterized by m e d i u m  sand 
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Fig. 1. Map of the Sylt-Rem~ tidal area with mean low-tide line. Profiles indicated by arrows 
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and only small areas of mud  flats (> 50 % mud  by weight) and  sandy mud  flats (10-50 % 
mud  by weight) are to be found in the western  part of the bay (Austen, 1992, 1994). 

The present  study concerning the distr ibution of fecal pellets at the sediment  surface 
was unde r t aken  on an E-W profile in K6nigshafen,  and  a NNE-SSW profile in the inner  
part  of Keitum Bay (Fig 1). It was carried out from October 1991 to March 1994. 

METHODS 

The profile in Keitum Bay had 13 pe rmanen t ly  marked  sampling stations at intervals 
of 100 m; the transect  in K6nigshafen had 14 stations at intervals of 50 m. The main  se- 
d iment  types of the study area are represen ted  along these profiles. Every quar ter  year 
3 samples of the uppermost  0.5 cm of sed iment  were taken  at each position. Species of 
fecal pellets were de termined unde r  the microscope according to the classification 
scheme of Austen  (1995). Their volumes were est imated (Terry & Chilinger, 1955) and  ex- 
pressed as a proportion of the wet sed iment  volume (2.5 cm 3) whereby the term ,,relative 
fecal pellet volume" is used. Each value represents  the m e a n  of 3 samples. 

Addit ional  sediment  cores, 20 cm in length  and  6.9 cm in diameter, were taken. The 
material  was sieved (at 1 mm mesh size) to obtain the macrozoobenthos (Ankar et al., 
1979). Large species such as Heteromastus  filiformis and Cerastoderma edule were coun- 
ted in situ. 

Sediment  cores were also taken  to de te rmine  the relative fecal pellet volume with 
depth. These cores were vertically divided into 2 parts. One part was used to describe the 
l i thogenous characteristics and from the other part horizontal samples were t aken  in 
cm-steps and analysed in the same way as the surface samples. 

Mud contents (weight-% of size fraction < 63 l~m) of the surficial sediments  were 
de te rmined  by wet sieving the samples after a s tandardized pre t reatment  (Bayerl, 1992). 
According to Figge et al. (1980), the following classification of sediment  types was 
applied: sand flat (< 10 % mud  by weight); mixed flat (10-50 % mud  by weight) and  mud 
flat (> 50 % mud  by weight). 

RESULTS 

In both study areas the most a b u n d a n t  fecal pellets in the surficial sed iment  were 
those of Heteromastus  [ililormis and Hydrobia ulvae. Only small amounts  of feces of 
Cerastoderma edule, Macoma baltica and  Mytilus edulis were found, even though large 
numbers  of these species are present.  

Densities of H. [iliIormis and  H. ulvae and  species-specific relative fecal volumes 
show similar trends along the profiles. Dur ing  the whole study period the feces were 
found at the surface concurrently with the organisms. As an example the si tuat ion for 
March 1993 at the Kbnigshafen transect is g iven in Figure 2. The whole data set is pre- 
sented in Tables 1-4. 

Along the Kbnigshafen profile the major  macrozoobenthos species show distinct dis- 
tr ibution patterns. The small gastropod H. ulvae dominates  at the mud flat stations. On 
the other hand,  the polychaete H. filiforrnis prevails at the mixed and sand flat stations. 
This results in a spatial differentiation of fecal pellets (Fig. 2 ). 

The spatial distribution of macrozoobenthos  along the profile in Kei tum Bay 
(Table 4) shows small differences from the situation in K6nigshafen (Table 3). H. filifor- 
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mis dominates  on the mixed flat in the central  part of the profile. H. ulvae reaches  high 

abundances  further ashore where  H. f i l i formis is not present.  Along the profile in Keitum 

Bay more feces of C. edu le  and H. u lvae  are present.  Similarly species abundances  are 

higher, especial ly a number  of small H. ulvae (length < 1 mm) in the nor theas tern  section 

of the Keitum Bay profile (site 11-13). 
Mud contents and amounts  of pellets show similar trends along both profiles (Tables 

1, 2). On the profile in KSnigshafen up to 80 % of the sediment  volume of the mud flats is 

m a d e  up of fecal pellets. At the mixed  flats the relat ive volume of fecal pellets  on the se- 
d iment  surface decrease  to values  ranging  from 50 to 1%. The coarser grain in the sand 

flats is accompanied  by a decrease  in the relat ive fecal pellet  volume showing a range 
from 13-1%.  The situation on K6nigshafen profile in March 1992 is g iven  in Figure 3. 

A decrease  in the relative fecal pel let  vo lume coinciding with a decrease  in the mud 

content  of the surface sediment  is also found at the stations in Keitum Bay. In this area 

mud  flats are not present.  Relative fecal pel let  vo lumes  of up to 70 % are indicat ive of mi- 
xed  flats, except  at the sites 3 to 7 where  the relat ive fecal pellet  vo lume in mixed  flat 

areas decreases  to values ranging from 50-5 %. At the sand flat positions (sites 11-13) the 
relat ive fecal pel let  volume decreases  and values  range from 20 -1% (Table 2). 
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Relative volumes of fecal pellets varied seasonally in both study areas (Tables 1, 2). 
For example at the profile in Kbnigshafen,  the central stations (sites 5-9) had  relatively 
large amounts  of fecal pellet  volumes rang ing  from 55 to 20 % at the b e g i n n i n g  of the 
study period in October 1991 unti l  May 1992. A decrease was observed in August  1992 
to values of 5 to 10 % and, in the following sampl ing periods, these sites were likewise 
characterized by small fecal volumes, except for the site 7 in October 1993 where  the 
fecal pellet  volume increased to 34 %. Looking at the complete profile the amount  of 
pellets was general ly  reduced in spring 1993 and  1994 in comparison to the other 
sampl ing seasons. 

The seasonal  variations at the Keitum Bay profile differ in some cases from the de- 
ve lopment  in Kbnigshafen.  In Keitum a reduced volume of fecal pellet content  was only 
found in March 1994 with values  be tween  10 and  0.5 %, while in March 1993 the values 
of pellet  content  reached a max imum of 26 % at site 8. On the other hand,  the situation 
in May 1993 was characterized by large pellet volumes at all sites (66-23 %). In K6nigs- 
hafen no obvious increase of pellet content  was observed dur ing this period. 

The relative volume of fecal pellets general ly  decreased with the depth (Fig. 4). Ho- 
mogeneous  mud  developed at depths > 5 cm, whereas  a compacted mud  layer ("clay") 
appeared  at depths from 7 to 17 cm. This material  was usually free of fecal pellets. A few 
exceptions to this general  pat tern were observed; for example  at K6 8 a mud  layer con- 
ta ining feces was observed at a depth of 17 cm. 

DISCUSSION 

The results of the invest igat ions of the temporal  and  spatial distr ibution pat terns of 
fecal pellets in the surficial sediments  in the Sylt-R~mo tidal area suggest  that the bio- 
deposits are mostly autochthonous.  This interpretat ion is based on the positive relation- 
ship be tween  animal  a b u n d a n c e  and fecal pellet  volume. In addition, a high amount  of 
pellets is found in the mud  flats but  not in the sand flats. 

An exception to the positive relationship be tween  mud  content  and  n u m b e r  of pel- 
lets was found on the profile of Keitum Bay (sites 3-7), where  a mixed flat has developed 
in the vicinity of a Mytilus edulis bed. In this area, only a very small amoun t  of Mytilus 
pellets was found on the sediment  surface. The fast filtration of M. edufis (Verwey, 1952) 
and  the subsequen t  product ion of feces and  pseudofeces cause this accumula t ion  of fine 
material. As a result of the low stability of the Mytilus feces, only small amounts  can be 
identified in the sediment.  The same situation was found by Brinke et al. (1995) in the 
Oosterschelde (Dutch Wadden  Sea). 

The large-scale distribution pat tern of fecal pellets in the Sylt-Rome tidal area shows 
distinct variation with time, which may  be l inked to a variety of factors. One  of the most 
important  be ing  temperature .  A marked  drop in tempera ture  is a seasonal  s ignal  that re- 
flects pellet  distribution patterns.  There was a decrease in the volume of biodeposits at 
all stations after 14 days of ice cover in March 1994, which may be expla ined  by physical 
disturbance.  It is possible that the surface layer and, within it, the fecal pellets are re- 
moved by ice floes. In addition, a reduced  product ion of fecal pellets at low temperatures  
(Kautsky & Evans, 1987) is consistent with the pauci ty of pellets in winter. 

Other factors which cause fluctuations in pellet  distr ibution are food concentrat ion 
and  sediment  load which affect the feeding activity and, consequently,  pellet  product ion 
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(Tsuchiya, 1980); populat ion dynamics,  spawning  cycles and predatory pressure further 
inf luence the amoun t  of fecal pellets produced (Cadee, 1979; Tsuchiya, 1980; Thiel  et al., 
1984). In addit ion to large-scale fluctuations, small-scale variations in pellet  distribution 
also occur. Biodeposits were not regularly distr ibuted at the surface but  concentrated,  for 
example, in ripple troughs (Pryor, 1975). 

Current  velocity and  wave action are other important  factors that inf luence  the 
distribution pat terns of fecal pellets. A certain stability of pellets is required to resist these 
forces dur ing transport. Other factors which cause destruction of pellets are the feeding 
activity of meio- and  microbenthos (Mufioz, 1992) as well as compaction resul t ing from 
the overlying sediment.  These factors lead to a decrease in the n u m b e r  of pellets with 
sediment  depth (Mufioz, 1992; Rhoads, 1967, 1974; Plath, 1965) and finally the develop- 
men t  of homogeneous  mud (Ffihrb6ter, 1988). However, the fact that a compacted mud 
layer ("clay"), free of pellets, appears  at 7-17 cm depth does not indicate that the enrich- 
men t  of f ine-gra ined material  in deeper  sediment  layers results from dis integrated 
pellets. 

The results show that sed iment  is not net  accumula ted  by the biota. While fecal pel- 
lets play an important  role in the composition of surficial sediments  of the Sylt-Rom~ 
tidal area, only very small areas south of the Rom~ dam exist, where also deeper  sedi- 
ment  layers contain feces (Bayerl, pers. comm.). This suggests that the s tudy area is ge- 
nerally characterized by a ba lanced  budget  of pellets without large-scale, long- te rm net 
enr ichment  or net  loss of biodeposits. 

CONCLUSION 

An evaluat ion of the total amoun t  of fine*grained material  concent ra ted  in the fecal 
pellets is currently not possible because  of insufficient data. The ba lanced  volume of bio- 
deposits in Sylt-Romo tidal bay, whereby  accumulat ion is coun te rba lanced  by erosion, 
can be explained by the sheltered location of the site. Dams connect  the islands Sylt and 
Romo to the ma in land  and create a tidal bay with only one inlet, the Lister Tief. As a re- 
suit, most parts of the area are protected from wave action from the open North Sea. Con- 
sequently, the sedimentological  picture seems to be stable in the long- term with only a 
few indications of net  sediment  accumula t ion  or net  erosion. Bayerl (1992) found a typi- 
cal l i thogenous mud  layer in parts of inner  Keitum Bay which is dated 3000 years B.P. at 
1 m below m e a n  sea-level. This suggests  a slow sedimenta t ion rate. In some parts of the 
Sylt-Rom~ tidal area the outcrop of this layer indicates erosion. Evidence of a net  ba lance  
in biodeposit ion is consistent with the sediment  distribution pattern. 

In other regions of the world, biodeposit ion can lead to a net  accumula t ion  of fine ma- 
terial. For the North Friesian tidal flats, Plath (1965) postulates a net  accumula t ion  of fe- 
cal pellets in the vicinity of brushwood groynes. Net accumulat ion has also b e e n  repor- 
ted for some estuaries (Haven & Morales-Alamo, 1972) and  interdeltaic areas (Pryor, 
1975). The sediment  of the large transgressive in land  basin  Mutsu Bay (Japan) is mostly 
covered with pellets (Minoura & Osaka, 1992). Also in the Bjornafjorden (Norway) fecal 
pellets make up the bulk of the sed iment  (Gonzgdes et al., 1994). All these regions of net  
accumulat ion of biodeposits s tand in contrast to the Sylt-Romo tidal fiats, where  there ap- 
pears to be a net  ba lance  in biodeposit ion.  The biological significance of these contra- 
sting trends remains  to be investigated.  
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