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ABSTRACT: A budge t  for net accumulat ion of f ine-grained sediment  (< 63 pro) has been  set up for 
the Sylt-Roma tidal basin. Net accumulat ion within the basin was computed from '-'l~ core dat ing 
and mapping  of the intertidal and supratidal  surface sediments.  It was found that  a yearly mean  
value of 58 - 10:3 tons of sediment  was deposited in the tidal basin. The largest sediment  source for 
the net input of f ine-grained sediment  is the North Sea contributing about 64 % to the net  budget;  
the fluvial input and  primary production contribute 14 % and 15 %, respectively. Local salt marsh 
erosion accounts for about  5 % of the budge t  and atmospheric deposition for only 2 %. The total 
amount  of sediment  deposi ted in the invest igated area was low compared with earlier investigations 
in the Wadden Sea. This is explained partly by the intensive diking of the natural  salt marshes  
fringing the area in the past, and partly by the exposed conditions of most of the intert idal  flats. An 
index describing the t rapping efficiency of the water  exchanged  be tween  the North Sea and  the Sylt- 
Romo tidal area is defined as the ratio be tween  yearly net  sediment  input from the North Sea and 
yearly exchanged  water  volume be tween  the tidal basin and the sea. This index shows that  in the 
Sylt-Romo tidal basin, f ine-grained suspended  sediment  "filters" out of the exchanged  sea water  at 
a rate that is 12 times lower than in the Gr~dyb tidal basin. It is concluded that the net  deposition of 
f ine-grained sediment  in a tidal basin is mainly a function of physiographical  and  hydrodynamical  
parameters  and  to a lesser degree of sediment  availability. 

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

S h a l l o w  e s t u a r i n e  a r e a s  a re  k n o w n  to i m p o r t  l a r g e  q u a n t i t i e s  of f i n e - g r a i n e d  sed i -  

m e n t  f rom the  a d j a c e n t  seas  (cf. S c h u b e l  & Car te r ,  1984; L e o n a r d  et  al., 1994; F r e n c h  e t  

al., 1994). Th i s  is a lso  t r ue  for t i da l  a r e a s  in  t h e  W a d d e n  S e a  (cf. B a r t h o l d y  & Phe i f fe r -  

M a d s e n ,  1985; P e j rup ,  1988a;  B r e u n i n g - M a d s e n ,  1995; a n d  L a r s e n  et  al., 1996).  T h e  

a c c u m u l a t i o n  of f i n e - g r a i n e d  s e d i m e n t  in  t h e  W a d d e n  S e a  is m a i n l y  c a u s e d  b y  t h e  set-  

t l i ng -  a n d  s c o u r  l ag  m e c h a n i s m s  as d e s c r i b e d  b y  V a n  S t r a a t e n  & K u e n e n  (1957, 1958) a n d  

P o s t m a  (1967). H o w e v e r ,  o t h e r  p r o c e s s e s  s u c h  as  a g g r e g a t i o n  of f i n e - g r a i n e d  s e d i m e n t  

p a r t i c l e s  m a y  a l so  b e  i m p o r t a n t .  T h e  ro le  of sa l t  f l o c c u l a t i o n  h a s  b e e n  d e s c r i b e d  as  

p o t e n t i a l l y  i m p o r t a n t  b y  P e j r u p  (1988b,  1991) a n d  b i o a g g r e g a t i o n  in  t h e  f o r m  of f a e c a l  

p e l l e t s  h a s  b e e n  s h o w n  to b e  i m p o r t a n t  (cf. H a v e n  & M o r a l e s - A l a m o ,  1972; E d e l v a n g  & 

A u s t e n ,  1997). 

F i n e - g r a i n e d  s e d i m e n t  b u d g e t s  h a v e  on ly  b e e n  se t  u p  for  a s m a l l  n u m b e r  of t ida l  

a r e a s  in  t h e  W a d d e n  Sea .  For  G r i d y b ,  t h e  n o r t h e r n m o s t  t i da l  a r ea ,  B a r t h o l d y  & Phe i f fe r -  

M a d s e n  (1985) c o m p u t e d  a n  a n n u a l  n e t  a c c u m u l a t i o n  of 142 - 103 t ons  of f i n e - g r a i n e d  

s e d i m e n t ;  a n d  L a r s e n  et  al. (1996) c o m p u t e d  a n e t  a c c u m u l a t i o n  of 2 t o n s  for  t h e  s m a l l  
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tidal area K6nigshafen which is a part of the Sylt-R~mo tidal basin. On  the basis of 

l i terature studies, Eisma & Irion (1988) es t imated the net  accumulat ion of f ine-gra ined 

sed iment  (< 125 l~m) in the whole Wadden  Sea, including the Wash on the East  Anglian 
coast, to be 5 �9 106 t/year. 

Apart  from the above-ment ioned  studies, only few attempts have been  m a d e  to estab- 

lish f ine-gra ined  sediment  budgets  for other  tidal areas in the Wadden  Sea. Extrapolat-  
ing from the figures g iven  by Bartholdy & Pheiffer-Madsen (1985), the net  accumulat ion  

in the Wadden  Sea would  amount  to approximate ly  8 �9 106 t /year  which is 1.6 times that 

found by Eisma & Irion (1988). F lemming  & Nyandwi  (1994) sugges ted  that  some Wad- 
den Sea tidal areas may be deple ted  of f ine-gra ined sediments  because  of h u m a n  activi- 

ties such as land reclamation in the area. On the basis of a detai led study of sett l ing ve- 

locities of bot tom sediments  behind the barrier  islands of Spiekeroog and Baltrum they 

found that grain sizes less than 3.5 O (88 t~m) were  under rep resen ted  in the bot tom sedi- 
ments  of the tidal flats compared  to other  less manipula ted  tidal basins. Similar  results 

were  p resen ted  by Dronkers (1986), who showed  that intense diking of the Oosterschelde  

estuary reversed  the net import of f ine-gra ined sediments  to a net  export. These  findings 
emphas ize  the need  for further studies of f ine-gra ined sed iment  budgets .  The  objectives 

of this study are to set up a budge t  for the net  accumulat ion of f ine-gra ined  sed imen t  for 
the Sylt-Romo tidal basin, and to compute  the relative impor tance  of the different  sedi- 

ment  sources. 

STUDY AREA 

The Sylt-R~ma tidal basin covers an area of approximate ly  400 km 2 of which  the in- 

tertidal area comprises about 45 % (Fig 1). The tide is semi-diurnal  with an a v e r a g e  tidal 
range  of about  1.8 m, classifying it as a micro-t idal  estuary according to Davis (1964) or 

lower meso- t idal  after Hayes  (1979). The tidal prism is about  530 - 1 0  6 m 3 and max imum 

tidal current  velocit ies of about  2 m/sec  are measu red  in the tidal inlet, dec reas ing  to ab- 
out 0.2 m/sec  on the tidal flats in the inner  parts of the area (Edelvang, 1995). The tidal 

basin is restr icted both to the north and to the south by artificial dams, the Roma dam and 

Hindenburg  dam, respectively. 
The bot tom sediments  in the intertidal zone range  from sand flats wi th  more than 

95 % sand, mixed  mud flats containing 10-50 % sand, to mud flats conta ining more than 

50 % f ine-gra ined  sediments.  
Two small  rivers discharge through sluice gates into the tidal area. The  rivers Brede 

~. and Vid~ have  ca tchment  areas of 464 km 2 and 1364 km 2, respectively. The  m e a n  fresh- 

water  d ischarge  from these two rivers amounts  to about  1 .106 m 3 or 0.2 % of the tidal 

prism over  one tidal cycle. 

Most of the natural  salt marshes  f r inging the area have  been  diked, and  only about  
10 km 2 of und iked  salt marshes are currently exposed  to inundat ion  dur ing s torm surges. 

METHODS 

Tota l  n e t  a c c u m u l a t i o n  

The total net  accumulat ion has been  es t imated  from 21~ core dating of the sed iment  

on the intert idal  flats and on the salt marsh. 21~ is a natural  radioact ive Pb-isotope ex- 
isting in the a tmosphere .  It is the product  of the decay  of 238U in the earth crust decaying  
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Fig. 1. Map of the investigated tidal basin with indication of sites for sediment core sampling, water 
sampling stations, and sites for measuring salt marsh erosion 
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to 22~Ra and further to the gas 222Rn which is emitted from the earth crust to the atmos- 
phere, where  it further decays to 21~ that is re turned to the earth surface by precipita- 
tion. When  21~ is introduced in the estuar ine envi ronment  it adheres to the cohesive 
sediment  particles suspended  in the water  and is t ransported and deposited together  with 
these particles. The sediment  cores were collected as box cores in the suprat idal  areas 
and as normal  sediment  cores using a lumin ium tubes with 8 cm diameter  in the intertidal 
areas. After sampling,  each core was split vertically into two halves and  subsequen t ly  cut 
horizontally into 1 cm slices. The method is described in greater detail by Larsen et al. 
(1996). 

The measured  21~ activity in the sediment  can be divided into (a) suppor ted  and  (b) 
unsuppor ted  activity. The supported part  originates from the decay of 222Rn within the 
sediment  and the unsuppor ted  21~ activity originates from 2u)pb precipi tated to the sur- 
face. The half-life of this isotope is 22.3 years and  it is assumed that a constant  amount  of 
21~ is deposited from the atmosphere every year. The age of the different sediment  
layers can be computed by measur ing  the unsuppor ted  21~ activity from each layer, 
thereby establ ishing a vertical profile of the 2~~ activity. The 21~ activity was meas-  
ured as 21~ activity by c~-spectrometry and  2mPb activity was assumed to be  equal  to the 
measured  2mpo activity. To calculate the age of the different sediment  layers, the Con- 
stant Rate of Supply method (C.R.S.) is used, where the flux of 2~~ is a s sumed  to be con- 
stant in time for the invest igated area. This method is recommended  by several  authors 
for f ine-gra ined sediment  accumula t ion  areas with variable deposi t ion rates (e.g. 
Appleby & Oldfield, 1978; Pheiffer-Madsen & Sorensen,  1979; E1-Daoushy, 1988). Subse- 
quently, the total accumulat ion rate of sediment  can be estimated from the slope of the 
activity profile benea th  the mixing layer  at the top of the sediment  core. The vertical 
activity profile is described by a mathemathica l  model  based on the following advection- 
diffusion equation:  

dS d2S dS 
- -  = D . - -  - w -  - -  - 1 . S  

dt dz 2 dz 

Where S is the activity of 21~ (dpm/g) 
D is the mixing coefficient (cm2/year) 
z is the depth benea th  surface (cm) 
w is the l inear  accumulat ion rate (cm/year) 
1 is the decaying constant for 21~ (year q) and  
t is the time (years) 

Subsamples  from the other core sections were used for grain size analysis. Each sample 
was divided by wet sieving into a fraction coarser than  63 l~m and one f iner  than 63 llm 
after it had b e e n  suspended  in 0.002 M Na4P207 in an  ultrasonic bath. Gra in  size analy-  
ses of the f ine-gra ined particles were subsequent ly  carried out in a Sedigraph 5100, 
which measures  the dampen ing  of a soft x-ray beam through a sedimenta t ion  cell con- 
ta in ing the f ine-gra ined suspension.  
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F l u v i a l  i n p u t  

The input of f ine-gra ined suspended  sediment  from the rivers was es t imated on the 
basis of daily wate r  samples collected with an automatic  ISCO 2700 water  sampler. Sam- 

ple vo lumes  were  about  0.7 litres. The samples  were  filtered through Wha tmann  GF/F 

glass fibre filters to de termine  the mass concentrat ion of suspended  sediment.  The  filters 

were  combus ted  at 500 ~ to obtain a measure  of organic content. The in-situ sett l ing 

velocit ies of the fluvial sediment  are de te rmined  with a Braystoke SK 110 wate r  sampler /  
analyser  (Pejrup, 1988b). 

Sa l t  m a r s h  e r o s i o n  

Salt marsh erosion was est imated from repea ted  level l ings of the eroding marsh cliffs 
at se lected sites. The  level l ing was carried out with a theodoli te  equ ipped  with an elec- 

tronic distance meter  of the type Topcon. Data were  stored in a solid state memory  as x 

and y coordinates which were  later t ransferred to a computer  for automatic draft ing of 
the cliff shape. The  retreat  of the salt marsh cliff could then be de te rmined  as the area 

be tween  successive level l ings mult ipl ied with the ave rage  height  of the cliff. 

RESULTS 

F i n e - g r a i n e d  s e d i m e n t  b u d g e t  

A r e a l  d i s t r i bu t i on  o f  a c c u m u l a t i o n  

Based on approximate ly  370 surface sed iment  samples  a map showing the distribu- 

tion of the surface sediments  in the intert idal  and supratidal  zones was established.  The 
map (Fig. 2) is a modification of the sed iment  map for the tidal basin drawn by K6ster et 

al. (1995). The  surface sediments  were  divided into the following four facies: 

Salt marsh: containing varying amounts  of sed iment  > 63 l~ 

(mostly more than 90 % < 63 Dm). 

Mud fiats : containing more than 50 % of sediment  < 63 lain. 

Mixed mud  flats: containing 10-50 % of sediment  < 63 lam. 

Sand flats: conta ining less than 10 % of sed iment  < 63 l~m. 

Each facies was further subdivided into an exposed  and a shel tered unit with regard  

to the prevai l ing  wester ly  winds. 

A total of four teen sediment  cores represen t ing  the above eight geomorpholog ica l  

units were  da ted  by application of the 21~ method.  Four of these samples  were  not da- 

table due to low contents of f ine-gra ined sediment.  The  budge t  is therefore based  on ten 
dated sed iment  cores and a thorough classification of the surface sediments.  An example  

of a dated sed iment  core from the Kampen  tidal fiats is shown in Figure 3. The computed  
accumulat ion  rates for all cores are listed in Table 1. 

Accumula t ion  rates represent ing  each  of the geomorphologica l  units are computed  
ei ther as ave rage  values  of the samples taken  within this unit or as single values  from one 

core taken  within the unit. The exposed  mud  flat unit  is not represen ted  by any dated 

cores because  it occupies a small area only. The accumula t ion  value  for this unit was 
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Fig. 2. Map of surface sediment distribution within the Sylt-Romo tidal basin. This map is based on 
a sediment map by K6ster et al. (1995) 
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Fig. 3. Example of a sediment  core dated by use of the 21~ method 
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d e t e r m i n e d  as  t h e  a r i t h m e t i c  m e a n  of t he  e x p o s e d  m i x e d  m u d  flat  un i t  a n d  t h e  s h e l t e r e d  

m u d  flat  uni t .  F u r t h e r m o r e ,  a c c u m u l a t i o n  r a t e s  for t he  s a n d  f la ts  w e r e  c o m p u t e d  on  t he  

b a s i s  of a c c u m u l a t i o n  r a t e s  d e t e r m i n e d  for e x p o s e d  m i x e d  m u d  f la ts  a f t e r  c o r r e c t i o n  of 

t h e  c o n t e n t  of f i n e - g r a i n e d  s e d i m e n t s  in t he  s a n d  flat. Th i s  is a r a t h e r  ar t i f ic ial  w a y  of 

e s t i m a t i n g  t h e  f i n e - g r a i n e d  s e d i m e n t a t i o n  on  t h e  s a n d  flats,  b u t  it is c o n s i d e r e d  m o r e  

rea l i s t i c  t h a n  j u s t  d i s r e g a r d i n g  t h e s e  i n t e r t i d a l  f la ts  in w h i c h  t he  c o n t e n t  of f i n e - g r a i n e d  

s e d i m e n t  is so low t h a t  t he  ~ ~  d a t i n g  m e t h o d  c a n n o t  be  u s e d .  

Table 1. Accumulat ion rates from 10 different sites within the Sylt-Remo tidal basin. Values in the 
table are not corrected for the sediment ' s  sand content. A: Pejrup et al. (1995); B: Larsen et al. (1994); 

C: Edelvang et al. (1993); D: Pejrup & Bartholdy (1991); E: Breun ing-Madsen  (1995) 

No Site Geomorphological  Exposure Accumulat ion rate 
unit  (total kg/m2/year) 

1 Kongsmark  A Salt marsh  Sheltered 1.53 • 0.07 
2 Kongsmark  B Mud flat Sheltered 3.38 • 0.29 
3 R~mo dam A Mud flat Sheltered 1.50 • 0.09 
4 Ballum E Salt ma r sh  Exposed 0.61 • 0.13 
5 Ballum c Mixed m u d  flat Exposed 2.19 • 0.14 
6 Kampen  E Mixed m u d  flat Sheltered 1.93 • 0.17 
7 Tipkenh~igel c Salt marsh  Sheltered 2.45 • 0.37 
8 K6nigshafen D Salt marsh  Sheltered 1.16 • 0.10 
9 K~nigshafen D Salt marsh  Sheltered 0.45 • 0.04 

10 K6nigshafen D Mud flat Sheltered 5.10 • 0.30 
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T h e  a r e a  of e a c h  g e o m o r p h o l o g i c a l  u n i t  w a s  m e a s u r e d  f rom the  s e d i m e n t  m a p .  T h e  

resu l t s ,  t o g e t h e r  w i t h  t h e  to ta l  s e d i m e n t  a c c u m u l a t i o n  ra tes ,  a re  l i s t ed  in  T a b l e  2. A n e t  

b u d g e t  for t h e  f i n e - g r a i n e d  s e d i m e n t  w a s  t h e n  d e t e r m i n e d  b y  m u l t i p l y i n g  t h e  a c c u m u -  

l a t i o n  r a t e s  w i t h  t h e i r  r e s p e c t i v e  a r eas .  T h e  r e s u l t i n g  a c c u m u l a t i o n ,  c o r r e c t e d  for m e a n  

c o n t e n t  of f i n e - g r a i n e d  s e d i m e n t ,  a m o u n t s  to a b o u t  58 �9 103 t / y e a r  (Table  2). It a p p e a r s  

t h a t  t h e  m a j o r  p a r t  of t he  f i n e - g r a i n e d  s e d i m e n t  a c c u m u l a t i n g  in  t h e  S y l t - R ~ m o  t ida l  

b a s i n  is f o u n d  o n  t h e  m u d  fiats  a n d  m i x e d  m u d  flats.  T h e  sa l t  m a r s h  a r e a s  a c c u m u l a t e  a 

s i g n i f i c a n t  a m o u n t  of t h e  f i n e - g r a i n e d  s e d i m e n t  d e p o s i t e d  d u r i n g  e x t r e m e  h i g h  w a t e r  

l eve l s ,  e .g.  d u r i n g  s t o r m  su rges .  Final ly,  it is s h o w n  t h a t  t he  a c c u m u l a t i o n  of f i n e - g r a i n e d  

s e d i m e n t  o n  t h e  s a n d  flats  a c c o u n t s  for a b o u t  13 - 10 "~ t / y e a r  d u e  to t h e  l a r g e  a r e a  th is  

g e o m o r p h o l o g i c a l  un i t  o c c u p i e s  in  t he  t ida l  b a s i n .  

Table 2. Classification and total accumulat ion of f ine-grained sediment  in Sylt-Romo tidal basin. 
Classification of each unit is based on the contents  of f ine-grained sediment  : sand  flat < 10 %; 

mixed mud flat : 10-50 %; and  mud flat > 50 % 

Depositional envi ronment  Area Accumulat ion rate Average Accumula ted  
(km 2) (kg/m2/year) (% < 63 gm) sediment  

(t/year) 

Salt marsh shel tered 4.9 1.6 94 7 400 
Salt marsh exposed 5.6 0.6 50 1 700 
Mud flat lee 4.1 3.3 73 9 900 
Mud flat exposed 1.3 2.7 88 3 100 
Mixed mud flat shel tered 20.4 2.0 29 12 000 
Mixed mud flat exposed 18.6 2.2 25 10 400 
Sand flats I 25.0 2.2 2 1 100 
Sand flats II 110.0 2.2 5 12 100 
Total supra-tidal  10.5 - - 9 100 
Total intertidal 179.3 - - 48 600 
Total area of accumulat ion 189.8 - - 57 700 

S e d i m e n t  s o u r c e s  

Fluvial input 

S u s p e n d e d  s e d i m e n t  s a m p l e s  w e r e  c o l l e c t e d  in  t h e  r i ve r s  B r e d e / k  a n d  Vid& o v e r  t h e  

3 y e a r s  f r o m  1992 to 1994. T h e  s u s p e n d e d  s e d i m e n t  c o n c e n t r a t i o n  in t h e s e  s a m p l e s  w a s  

d e t e r m i n e d  as  d e s c r i b e d  ea r l i e r  a n d  s e d i m e n t  d i s c h a r g e  w a s  c o m p u t e d  b y  m u l t i p l y i n g  

s u s p e n d e d  c o n c e n t r a t i o n  w i t h  da i ly  m e a n  v a l u e s  of t h e  w a t e r  d i s c h a r g e  d e t e r m i n e d  f rom 

t h e  r e l a t i o n s h i p  b e t w e e n  w a t e r  l e v e l  a n d  m e a s u r e d  d i s c h a r g e  ( S o n d e r j y l l a n d s  A m t s r ~ d ,  

1993, 1994, 1995). T h e  f luv ia l  i n p u t  a v e r a g e d  o v e r  t h e  t h r e e  y e a r s  is s h o w n  in  T a b l e  3. 

T h e s e  m e a n  v a l u e s  a re  b a s e d  o n  3 y e a r s  of m e a s u r e d ,  s u s p e n d e d  s e d i m e n t  t r a n s p o r t  

r a n g i n g  f r o m  11 - 103 to 22 �9 103 t / y e a r  t r a n s p o r t e d  in to  t h e  S y l t - R o m e  t i d a l  b a s i n .  T h e  

m e a n  v a l u e  o v e r  t h e  i n v e s t i g a t i o n  p e r i o d  w a s  17.3 - 103 t /year .  A p p r o x i m a t e l y  3 /4  of th i s  

a m o u n t  o r i g i n a t e s  f rom Vid~ a n d  t h e  r e m a i n i n g  1/4 f rom B r e d e  ~ .  A p p r o x i m a t e l y  1/3 of 

t h e  s u p p l i e d  s u s p e n d e d  m a t t e r  w a s  o r g a n i c ,  c o r r e s p o n d i n g  to 6 - 103 t /yea r .  A c c o r d i n g  to 

f i n d i n g s  b y  v a n  Es (1977), it is a s s u m e d  t h a t  90 % of t h e  s u p p l i e d  o r g a n i c  m a t t e r  is ra in -  
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Table 3. Average values for the investigation period 1992-94 of fluvially supplied fresh water  

Brede A Vid~ Total 

Discharge (m3/sec) 6.7 17.0 23.7 
Suspended sediment  concentrat ion (mg/1) 19.2 22.4 21.5 
Organic matter  (%) 39.0 34.2 35.5 
Total suspended  transport  (t/year) 4600 12 700 17 300 
Total fresh water  discharge (106 m:~/year) 210 524 734 

e r a l i z ed ,  t hus  l e a v i n g  on ly  a b o u t  10 % or 600 t of o r g a n i c  m a t t e r  for p e r m a n e n t  d e p o s i -  

t ion.  

F u r t h e r m o r e ,  a l t h o u g h  t he  w a t e r  s a m p l e s  in  t h e  r ive r s  w e r e  c o l l e c t e d  a t  t h e  su r f ace ,  

s o m e  of t he  s u s p e n d e d  pa r t i c l e s  h a v e  e q u i v a l e n t  s e t t l i n g  d i a m e t e r s  > 63 ]~m as s h o w n  b y  

t h e  i n - s i t u  s e t t l i n g  t u b e  a n a l y s e s .  A n  e x a m p l e  of s u c h  a n  a n a l y s i s  is g i v e n  in  F i g u r e  4. For  

t h e  B r e d e  A it h a s  b e e n  e s t i m a t e d  tha t ,  as a y e a r l y  a v e r a g e ,  35 % of t h e  t o t a l  s u s p e n d e d  

s e d i m e n t  w a s  c o a r s e r  t h a n  63 pm.  A b o u t  11 �9 103 t of t h e  s u p p l i e d  s e d i m e n t  is i n o r g a n i c  

a n d  a b o u t  35 % of th i s  is c o a r s e r  t h a n  63 ~m,  t h u s  l e a v i n g  a b o u t  7.5 �9 103 t of i n o r g a n i c  

m a t t e r  for d e p o s i t i o n .  T h e  to ta l  r e t a i n e d  f i n e - g r a i n e d  f luv ia l  i n p u t  m u s t  t h e r e f o r e  b e  re-  

d u c e d  f rom 17 - 103 t / y e a r  to 8 �9 10 "~ t /year .  
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Fig. 4. Sediment  grading curve for suspended sediment  collected in Brede A. The horizontal  axis 
indicates the equivalent  settling diameter  for the suspended sediment  
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S a l t  m a r s h  eros ion  

T h e  resu l t s  of t he  l eve l l i ng  m e a s u r e m e n t s  of t he  e r o d i n g  salt  m a r s h  cliffs a re  s h o w n  

in Tables  4 a n d  5. Six t e s t  s t r e t c h e s  w e r e  s e l e c t e d  a n d  l ev e l l ed  in the  y e a r s  1992, 1993 

a n d  1994, a l l o w i n g  two  yea r ly  e ro s ion  r a t e s  to be  e s t i m a t e d .  The  a m o u n t  of s e d i m e n t  

e r o d e d  w a s  c a l c u l a t e d  as: 

E = Ce/Me 

W h e r e  E is t he  e r o d e d  a m o u n t  of s e d i m e n t  m3/m 

Ce is t he  c a l c u l a t e d  e ro s ion  in  m 3 a n d  

M e is t he  m e a s u r e d  l e n g t h  in m. 

The  tota l  e ros ion  w a s  c a l c u l a t e d  by  m u l t i p l y i n g  the  e s t i m a t e d  E v a l u e  w i t h  t he  total  

l e n g t h  of t he  e ro s iona l  sa l t  m a r s h  of t he  d i f f e r e n t  tes t  si tes.  Finally, this f i gu re  w a s  mul t i -  

p l i e d  w i t h  the  c o m p u t e d  bu lk  d e n s i t i e s  of t he  i n v e s t i g a t e d  sal t  m a r s h e s .  This  a m o u n t  w a s  

fu r t he r  c o r r e c t e d  for t he  c o n t e n t  of s e d i m e n t  coa r s e r  t h a n  63 ~m a n d  t h e n  e x t r a p o l a t e d  

to t he  w h o l e  l e n g t h  of e r o d i b l e  salt  m a r s h e s  in t he  a r e a  (Table 6). F r o m  Tab le  6 it c a n  be  

s e e n  tha t  in 1992-93 a b o u t  2.8 �9 103 t / y e a r  w e r e  e r o d e d  f rom the  salt  m a r s h e s  f r i n g i n g  the  

t idal  bas in ,  w h e r e a s  in 1993-94 a b o u t  2.1 �9 103 t / y e a r  w e r e  e r o d e d .  As e v i d e n t  f r o m  the  

va lue s  l i s ted  in Tab les  4 a n d  5, this f i gu re  is fairly c o n s t a n t  a l o n g  the  i n v e s t i g a t e d  s t re t -  

c h e s  f rom y e a r  to year .  O n  this  basis ,  a m e a n  va lue  of 2 . 5 . 1 0  ~ t / y ea r  of s e d i m e n t  e r o d e d  

a l o n g  the  sal t  m a r s h  w a s  e s t i m a t e d .  

Table 4. Salt marsh erosion measurements  1992-1993 

Site Test Measured Total Relative Bulk Total 
length erosion length erosion density erosion 

(m) (m 3) (m) (m:~/m) (kg/m 3) (tonnes) 

Gross (east) 410 74.6 1000 0.182 1040 189.2 
Gross (west) 300 57.9 1300 0.193 980 245.9 
Keitum 230 128.0 1125 0.557 1120 701.2 
K6nigshafen 80 22.6 575 0.283 1010 164.1 
Kongsmark 250 - 1000 - 1040 - 
Havneby 250 - 1500 - 1280 - 

Table 5. Salt marsh erosion measurements  1993-1994 

Site Test Measured Total Relative Bulk Total 
length erosion length erosion density erosion 
(m) (m 3) (m) (m3/m) (kg/m 3) (tonnes) 

Gross (east) 410 73.7 1000 0.180 i040 187.2 
Gross (west) 300 54.1 1300 0.180 980 229.3 
Keitum 230 120.4 1125 0.523 1120 659.0 
Kbnigshafen 80 17.9 575 0.224 1010 130.1 
Kongsmark 250 60.2 1000 0.241 1040 250.6 
Havneby 250 21.8 1500 0.087 1280 167.0 
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Table 6. Total and mean erosion of erodible salt marsh measured by the survey method 

Year Total erosion Length of Total length of erodible Average Supply 
test areas salt marsh (% < 63 

(t) (m) (m) gm) (t/year) 

1992-93 1300 4000 10000 85 2800 
1993-94 1600 6500 10000 85 210o 
mean - - 10000 85 2500 

Atmospheric input 

The atmospher ic  contribution to the f ine-gra ined sediment  budget  was calculated 
from publ ished data. An average  deposi t ion rate of 0.055 g/m2/day was measu red  by 

Lufthygienische Oberwachung  (1992: pers. comm.) based on three measur ing  stations 

near  Brunsbtittel. This gives a yearly input  of 20 t /km2/year  to the Sylt-Ramo tidal basin. 
Studies in the North Sea area carried out by M c C a v e  (1973) yielded average  a tmospher ic  

deposit ion rates of 2.8 t/km2/year. This rather  low value is supported by Broecker  et al. 
(1958) who found deposit ion rates of 2.0 t /m2/year  for the Mid-Atlantic ridge. 

Based on data p resen ted  by Schutz (1993), Larsen et al. (1996) es t imated a total wet  

and dry deposi t ion rate of undissolvable mat ter  to 2.2 t /km2/year  at Wes te rhever  Light- 
house on the peninsula  of Eiderstedt  about  60 km south of the Sylt-Romo tidal basin. It is 

likely that high contents of dissolvable salts, such as ammonia,  nitrate and sodium chlo- 
ride, explain the high values of a tmospher ic  deposit ion at Brunsbtittel which incidental ly  

is an industrial site. Such compounds  could easily contribute 3-10 t/km2/year, d e p e n d i n g  

on the distance be tween  the measur ing  station and the sea. It was thus dec ided  to use 
the values of Schulz (1993) to est imate the a tmospher ic  deposit ion in the Sylt-Romo tidal 
basin. On this basis the atmospheric  input  to the f ine-gra ined sediment  budge t  amounts  

to 0.9 �9 10 :] t/year. 

Primary production 

The contribution from both benthic  and pelagic  primary production has also b e e n  
es t imated on the basis of publ ished data. Cad6e  & H e g e m a n  (1974) found values  of 100 
(+ 40) g C/m2/year  for the benthic pr imary  product ion - a value that is suppor ted  by 

results from the Dollard estuary p resen ted  by van  Es (1977), who es t imated a benthic  

primary product ion of 116 g C/m2/year.  Asmus & Asmus (1985) found va lues  of 150 g 
C/m2/year  for the benthic primary product ion in K6nigshafen, and Bruns et al. (1995) 

found a m e a n  value of 111 (+ 35) g C/m2/year  computed  for the whole of Sylt-Romo tidal 

basin. Furthermore,  van  Es (1977) found a pelagic  primary production of 7.5 g C/m2/year.  
On the basis of the above data it was dec ided  to use a primary product ion of 118 g 

C/m2/year,  for the computat ion of the organic  input  to the sediment  budget .  This is equiv-  
alent to about  twice the amount  of organic  matter, corresponding to 236 g/m2/year.  At 

least 90 % of this is minera l ized  before accumula t ion  (van Es, 1977) which leaves  10 % as 
input  to the net  budge t  of f ine-gra ined sediment .  For a tidally inf luenced area  of 390 km 2 

this corresponds to about  9 - 103 t /year  from primary production. 



264 M. Pejrup, M. Larsen & K. Ede lvang  

R e l a t i v e  i m p o r t a n c e  of d i f f e r e n t  s e d i m e n t  s o u r c e s  

The net  budge t  of f ine-grained sed iment  in the Sylt-Romo tidal basin can now be 

divided according to the different sed iment  sources. This is shown in Table 7. The  total 

amount  of f ine-gra ined  sediment  accumula ted  in the tidal basin amounts  to a yearly aver- 
age  of 58 �9 1 0  3 t. 

Table 7. Fine-grained sediment budget of the Sylt-Rom~ tidal basin. The contribution from the 
different sediment sources is rounded to thousands 

Sediment source Net accumulation Relative contribution 
(t/year) (%) 

Rivers 8 000 14 
Primary production 9 000 15 
Salt marsh erosion 3 000 5 
Atmospheric deposition 1 000 2 
North Sea (residue) 37 000 64 

Total 58 000 100 

It would  appear  that fluvial input  and primary product ion are of equal  amounts,  con- 
tr ibuting 14 % and 15 % respectively. This is based  on the assumption that  all fluvially 

suppl ied sed iment  and the non-minera l ized  fraction of the primary product ion are depos-  

i ted within the tidal basin. Consider ing this assumption, the calculated f igures must  be 

r ega rded  as represen t ing  max imum values. The same a rgument  applies to salt marsh 
erosion (5 %) and atmospheric  deposit ion (2 %), the latter be ing  of only minor  importance 

for the total net  accumulat ion of f ine-gra ined sediments .  The contribution from the adja- 
cent  North Sea is es t imated as the residue b e t w e e n  the total accumula ted  amount  of sed- 

iment  and the sed iment  from other sources. In this way  it is found that the North Sea con- 
tr ibutes 64 % of the net  input of f ine-gra ined sediment.  Fol lowing the a rgumenta t ion  

above,  this figure must be considered a min imum value.  

DISCUSSION 

Tota l  a c c u m u l a t e d  s e d i m e n t  

To eva lua te  the f ine-gra ined sed iment  budge t  of the Sylt-Romo tidal basin it is com- 
pa red  with the net  budge t  for the Gr~dyb tidal area es tabl ished by Bartholdy & Pheiffer- 

Madsen  (1985). These  authors found a total accumula t ion  of f ine-gra ined  sed iment  of 
142 �9 103 t/year, half of which was depos i ted  on the salt marsh and half on the m u d  fiats. 

In the present  study, an accumulat ion of 9 - 1 0  3 t /year  was es t imated for the salt marsh 
and about  49 �9 103 t /year  for the intert idal  flats. Correct ing for the different areas  covered  

by salt marsh and intert idal  flats in the two tidal areas, the ave rage  accumula t ion  rate on 

the salt marshes  of the Sylt-R~m~ tidal basin corresponds to only half the ave r age  value  

of the Gr~dyb tidal area. Furthermore,  the ave rage  accumula t ion  rates on the  intert idal  

flats are about  9 t imes higher  in the Gr~dyb tidal basin compared  to those m e a s u r e d  for 
the Sylt-Rome tidal basin. These  differences can part ly be expla ined  by the h igher  per-  
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centage of sheltered salt marshes and intert idal  flats in the Gr~dyb tidal basin. Thus, the 
morphology of the tidal area is shown to be a major de te rminan t  for accumulat ion of fine- 
gra ined sediments.  This is consistent with suggest ions made by Bartholdy & Pheiffer- 
Madsen  (1985) who argued that accumulat ion rates lower than those found in the Gr~dyb 
tidal basin  can be expected in more exposed tidal basins.  Based on this comparison the 
results obtained by Flemming & Nyandwi  (1994) are likely to represent  a genera l  t rend 
in the deposit ional pat tern of f ine-grained sediment  in the Wadden  Sea. 

T r a p p i n g  e f f i c i e n c y  

To facilitate the comparison of f ine-gra ined sediment  accumulat ion in different tidal 
basins, Bartholdy & Pheiffer-Madsen (1985) defined the value C as a general  measure  of 
t rapping efficiency, where: 

yearly accumula ted  sediment  
C =  

yearly exchanged  water  volume 

In this m a n n e r  different tidal basins of very different size can be compared. This con- 
cept was adapted  by Larsen et al. (1996) who est imated C to be 0.7 g/m 3 for the K6nigs- 
hafen tidal basin, a small subcatchment  of the Sylt-Romo tidal basin. This compares with 
values for Jade Bay of 1.8 g/m 3, Dollard 3.1 g/m 3 and  Gr~dyb 1.5 g/m 3 (cf. Bartholdy & 
Pheiffer-Madsen, 1985). The C-value computed  for the Sylt-Rgmo tidal basin  is 0.2 g /m 3, 
suggest ing that net  deposition for the average volume of water exchanged with the North 
Sea is n ine  times smaller than that for the Gr~dyb tidal basin. 

However, w h e n  calculating in this way one cannot  speak of t rapping efficiency with 
regard to water exchange  with the sea because  the supply from all sediment  sources is 
included. Another  index for comparison of t rapping efficiency with regard to tidal 
exchange of sea water  could be defined as: 

E = 
Yearly amount  of sed iment  deriving from the sea 

Yearly exchanged  water  volume 

In this way, t rapping efficiency b e t w e e n  the Gr~dyb and  the Sylt-Rom~ tidal basins 
can be compared, the E values be ing shown in Table 8. 

The t rapping efficiency computed in the m a n n e r  suggested  above can be considered 
a m in imum value, the input  from the sea be ing  computed as the residue be t w e e n  total 
net  accumulat ion and  supply from other sediment  sources. It would appear  that the dif- 
ferences in t rapping efficiencies be tween  the Gr~dyb and  the Sylt-R~mo tidal basin  

Table 8. Relative accumulation (C) and trapping efficiency (E) for Gr~dyb and Sylt-R~m~ tidal 
basins 

Tidal area C value (g/m ~) E value (g/m 3) 

Gr~dyb 1.46 1.23 
Sylt-Romo 0.16 0.10 
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c h a n g e  f r o m  a f ac to r  of n i n e  to a f ac to r  of t w e l v e  w h e n  c o m p a r i n g  C a n d  E - v a l u e s  re-  

spec t ive ly .  S i n c e  s e d i m e n t  c o n c e n t r a t i o n s  in  t h e  G r ~ d y b  a n d  t h e  Lis ter  D y b  t i d a l  i n l e t s  

a r e  fa i r ly  s imilar ,  t h e  E i n d e x  s e e m s  to b e  b e t t e r  s u i t e d  to e x p r e s s  the  t r a p p i n g  e f f i c i e n c y  

of a t ida l  b a s i n .  

C O N C L U S I O N  

T h e  S y l t - R o m o  t ida l  b a s i n  is a n e t  s i n k  for  f i n e - g r a i n e d  s e d i m e n t .  As a y e a r l y  a v e r -  

age ,  58 �9 103 t of f i n e - g r a i n e d  s e d i m e n t s  a r e  d e p o s i t e d  in t he  t ida l  b a s i n  i tsel f  a n d  o n  sa l t  

m a r s h e s  f r i n g i n g  it. A b o u t  9 �9 103 t / y e a r  d e p o s i t  o n  t h e  sa l t  m a r s h  a n d  a b o u t  49  �9 103 t / y e a r  

o n  t h e  i n t e r t i d a l  flats.  T h e  m a i n  s i n g l e  s e d i m e n t  s o u r c e  is t h e  N o r t h  Sea ,  c o n t r i b u t i n g  

64 % to t h e  n e t  s e d i m e n t  b u d g e t .  O t h e r  i m p o r t a n t  s o u r c e s  a r e  f luv ia l  i n p u t  (14 %) a n d  pr i -  

m a r y  p r o d u c t i o n  (15 %). Of m i n o r  i m p o r t a n c e  to t h e  a c c u m u l a t i o n  of f i n e - g r a i n e d  sed i -  

m e n t  is t h e  e r o s i o n  of sa l t  m a r s h  d e p o s i t s  (5 %) a n d  a t m o s p h e r i c  d e p o s i t i o n  (2 %). T h e  

t r a p p i n g  e f f i c i e n c y  w i t h  r e g a r d  to w a t e r  e x c h a n g e  b e t w e e n  t h e  N o r t h  S e a  a n d  t h e  Sylt-  

R o m o  t ida l  b a s i n  is v e r y  low c o m p a r e d  to t h a t  of, for  e x a m p l e ,  t he  G r ~ d y b  t i da l  b a s i n ,  t he  

D o l l a r d  e s t u a r y  a n d  J a d e  Bay. T h i s  r e s u l t  s u p p o r t s  s u g g e s t i o n s  m a d e  b y  o t h e r  a u t h o r s  

t h a t  i n t e n s i v e  d i k i n g  is o n e  m a j o r  c a u s e  of d i m i n i s h e d  d e p o s i t i o n  of f i n e - g r a i n e d  sed i -  

m e n t  w i t h i n  a t ida l  bas in .  H o w e v e r ,  a n o t h e r  i m p o r t a n t  f ac to r  i n f l u e n c i n g  d e p o s i t i o n  

r a t e s  is t he  e x p o s u r e  of t he  i n t e r t i d a l  f la ts  to t h e  p r e v a i l i n g  w e s t e r l y  w i n d s .  It m a y  t h e r e -  

fore  b e  c o n c l u d e d  t h a t  t he  a m o u n t  of f i n e - g r a i n e d  s e d i m e n t  d e p o s i t e d  in  a t i d a l  b a s i n  is 

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

d e g r e e  of s e d i m e n t  avai labi l i ty .  
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