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ABSTRACT: The fish fauna of an  euli t toral  mud flat was invest igated at Sylt Island (North Sea) with 
special  regard  to its food uptake.  During the course of a year  the following species were caught: 
Pomatoschistus microps, Anguilla anguilla (elvers), Zoarces viviparus, and  Gasterosteus aculeatus. 
Consider ing the potential ly avai lable  food, the most abundan t  organisms of the benthos  were 
harpacticoids and  nematodes,  whereas  in the phytal  layer gastropods and  gammarids  were domi- 
nant.  The benth ic  biomass was found to be  greatest  in  spring, while  phytal  organisms were most 
abundan t  in  late summer.  The greatest  fish density was stated in September  1974 though only P. 
microps was present.  The fish biomass was h ighes t  in  spring w h e n  the elvers appeared.  The main  
food of P. microps was epibenthos;  in the  diet  of A. anguilla phytal  organisms dominated over 
epibenthos,  in  G. aculeatus suprabenth ic  organisms were also present.  The most prominent  food 
component  by biomass was gammar ids  in all invest igated fish, whereas  harpacticoids were only 
dominant  in  number.  During the course of the year the biomass of ingested food yielded highest  
values in  summer  and  autumn, but  lowest  in winter.  A very great  predatory activity was found in  
September  1974, which  possibly caused  a grazing effect on harpacticoids. An estimation of the 
turnover  rate of small-sized fish in this  month  led to a value  of 70 mg dry weight  m -2 - d -1. 

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

M a r i n e  m u d  f ia t s  a r e  e c o s y s t e m s  w h i c h  a r e  c h a r a c t e r i z e d  b y  h i g h  p r o d u c t i v i t i e s .  

T h e i r  i m p o r t a n c e  as  n u r s e r i e s  for  c o m m e r c i a l  f i sh  a n d  h a b i t a t s  for  s m a l l - s i z e d  f i sh  is  

g e n e r a l l y  a c k n o w l e d g e d .  T h e y  a r e  e x t r e m e  b i o t o p e s  w h i c h  a r e  s t r o n g l y  a f f e c t e d  b y  t h e  

t i des .  D u r i n g  l o w  t i d e  t h e  o r g a n i s m s  a r e  e x p o s e d  to t h e  i n f l u e n c e  of a i r  t e m p e r a t u r e ,  

c h a n g i n g  w a t e r  l e v e l s  and ,  i n  c a s e  of r a i n  or  s o l a r  r a d i a t i o n ,  to  s t r o n g l y  c h a n g i n g  

s a l i n i t i e s  i n  t h e  r e m a i n i n g  m u d  p u d d l e s .  T h e s e  c l i m a t i c  c o n d i t i o n s  f a v o u r  t h e  e x i s t e n c e  

of a v e r y  s p e c i a l i z e d  f a u n a  a n d  f lo ra  w h i c h  is  r e l a t i v e l y  p o o r  i n  s p e c i e s  b u t  r i c h  i n  

i n d i v i d u a l s .  

Y o u n g  a n d  s m a l l - s i z e d  f i sh  p l a y  a ro l e  i n  t h e  t u r n o v e r  r a t e  of m u d  f ia ts  s i n c e  t h e y  a r e  

u s e d  as  food  b y  p r e d a t o r y  f i sh  a n d  b i rds .  T h e r e f o r e ,  i t  is  t h e  a i m  of th i s  i n v e s t i g a t i o n  to 

a s s e s s  t h e  i m p o r t a n c e  of s m a l l - s i z e d  f i sh  as  l i n k s  i n  t h e  food  w e b  of a m a r i n e  m u d  flat.  

T h e  u p p e r  e u l i t t o r a l  z o n e  of t h e  K e i t u m  m u d  f la t  o n  Syl t  I s l a n d  (Fede ra l  R e p u b l i c  of 

G e r m a n y ,  N o r t h  F r i e s i a n  coast)  a p p e a r e d  w e l l  s u i t e d  for  s t u d i e s  of t h i s  type .  In  p r e v i o u s  
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papers (Zander, 1979a, 1979b; H e n n i g  & Zander,  1981) only the total b iomass  inges ted  
by the caught fish was calculated; here the density of fish per uni t  area could be counted. 
This method gave a bet ter  est imate of productivity and  turnover  rate in  mud  fiats. 

MATERIAL AND METHODS 

The samples were t aken  every two months  b e g i n n i n g  in  May 1974. One earlier 
sample  from May 1973 was inc luded  for comparison in  this analysis.  

The small-sized fish were caught  with the aid of a square "frame" that had s ingle  
walls  of plexiglass (Fig. 1), At first it encompassed  an  area of 1 m s bu t  this frame proved 
to be too unwieldy.  Later on, the walls  were shortened to 0.71 m y ie ld ing  an  area of 0.5 
m 2 . 

The frame was sunk  roughly 10 cm into t h e m u d  flat. Afterwards the area was 
empt ied  of water, d rawing  it out by means  of a pail, and  pour ing  it through a hand-net .  
Thus the yield of smal l -s ized fish could be quantif ied.  After d ra in ing  the interior of the 
frame the remain ing  fish were collected from the bottom and  fixed in  4 % formalin. 

Fig. 1. Plexiglass frame for quantitative sampling of small-sized fish, comprising an area of 0.5 m 2 

Phytal samples, pu t  into plastic bags  u n d e r  water, were fixed in  4 % formalin. The 

main  species was F u c u s  s e r ra tu s  with volumes be t w e e n  66 and  295 cm 3. 
Benthos was sampled  by means  of a plexiglass frame (10 cm edge length;  0.01 m 2 

sampl ing  area) from a sed iment  depth of 1 cm (cf. Giere, 1973). Finally,  the 100 cm 3 
samples  were fixed in  4 % formalin. Since no para l le l  samples  were taken, statistical 

calculat ions could not be  made.  
In the fishes sampled,  body length  and  formalin wet weight  were  determined.  For 

analysis  of the inges ted  food, the guts were dissected and  wet  weight  of the contents  
determined.  The relat ion of gut content  to fish wet weights  y ie lded  the fullness index 
(Hureau, 1969). The s ingle  components  were counted and  classified according to 
taxonomical  or ecological  units;  a lgae and  detritus were  counted in  re la t ion to width of 
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the mouth of the respective fish (Zander, 1979a, 1979b). The calculation of abundance,  
frequency, and ingested biomass was described earl ier  (Zander, 1979b). 

The fauna of the phytal  samples were grouped according to taxonomic units, 
counted, dried at 60 °C until weight  constancy, and weighed  on a microscale. Dry 
weights  of molluscs without shells were determined as follows: In the case of large 
bivalves and gastropods the soft body was separated from the shell  and dry weighed;  in 
the case of small molluscs, e.g. Hydrobia, the entire bodies were dry weighed,  then made 
ash free (6 h at 540 °C) and weighed  again; the difference of both figures y ie lded the dry 
weight  of the soft body. 

The benthal  sample~ were stained with bengal-rose, suspended in a fluid containing 
water  and phenole, and the fauna separated. Using three sieves, the following size 
groups were dist inguished: > 400 ~m, 150--400 ~m, and < 150 ~m. The single compo- 
nents were counted and dry weight  determined (see above). Only for foraminifers were 
the known dry weights of Ankar  & Elmgren (1976) used. Sieving of meiofauna yie lded 
only an approach to size groups since not all organisms remained extended after fixing 
in formalin. All abundance and biomass values refer to an area of 1 m 2. 

BIOTOPE 

The investigation site was previously described by Giere (1970) in his examinations 
of the meiofauna. The site was in the upper  eulittoral zone at the end of a breakwater  and 
was roughly 4 hours without water  cover at low tide. The bottom consisted mainly of silt 
with a thin sand layer; occasionally small  stones were present  which made a slight 
overgrowth with Pucus serratus possible.  At places with thick sand layers Zostera was 
present.  At low tide many pools of up to 10 cm depth remained in the mud flat. 

The range of water temperatures during the sampling days was 6 °C in January to 
16 °C in September.  Fluctuations of 6 °C after strong solar radiation were possible during 
a day. Salinity was be tween  23 and 28 %0; in cases where the shallow pools heated up, 
these values increased by 5 %0 S. On July 15 th 1974 heavy rainfall caused a lowering of 
salinity to below 20 %0. 

ABUNDANCE AND BIOMASS OF POTENTIAL FOOD ORGANISMS 

The analysis of benthos and of phytal  samples shows a high diversity of potential  
food organisms. 

The numbers of endo- and epifauna were greatest in April  1975 and lowest in 
September  1974 (Fig. 2). Harpacticoids and nematodes were always present, ranging 
between 72 and 93 % of total abundance.  Whereas harpacticoids dominated in Sep- 
tember  and November 1974, nematodes had the greatest  proportions in the other 
months. Medium-sized nematodes reached 75 % in January and April  1975, at other 
times small individuals  dominated (Fig. 3). 

The populat ion density of harpacticoids was high in November 1974 and April  1975, 
but  low in September  1974, in spite of constituting 54 % of the total benthos (Fig. 2). 
Similar to the situation in nematodes,  the medium-sized harpacticoids dominated in 
January and April  1975, but at other times the small ones prevai led (disregarding 
nauplii) (Fig. 4). 
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Fig. 2. Proportions of benthos organisms in relation to density. In parentheses:  Total numbers  of 
individuals m -2 
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Fig. 3 (left). Size distribution of nematodes in the benthos samples. 1: > 400 ~m, 2:400-150 ~tm, 
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Fig. 4 (right). Size distribution of harpacticoids in the benthos samples. 1: > 400 ~m, 2:400-150 ~m, 
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Fig. 5. Proportions of benthos organisms in relation to biomass. In parentheses: Total biomass 
(rag DW m -2) 

Among  the r ema in ing  components  foraminifers were the most a b u n d a n t  group with 
proportions b e t w e e n  1 and  17 % (September 1974) (Fig. 2). Polychaetes were most 
prevalent ,  8 %, in  April  1975, w h e n  total a b u n d a n c e  was greatest  (Fig. 2); 83 % of this 
group were larger than  400 ~m. Other benthos organisms - ostracods, turbel lar ians,  
gastrotrichs - as well  as s ingle macrofauna  components  - eggs, diverse larvae - play 
only a minor  role and  therefore are summarized  as "rest fauna".  

Variat ion in  total biomass of benthos  corresponds to the var iat ion in  abundance :  
Lowest va lues  in  September  1974 and  highest  values  of about  4 g m -2 in  April  1975 (Fig. 
5). The proport ion of nematodes  was highest  in  September  1974 (34 %), whereas  
harpacticoids domina ted  in  November  1974 (36 %) (Fig. 5). Individuals  of more than  
400 tzm size contr ibuted an  impor tant  part  of biomass,  among  polychaetes  as wel l  as 

among  the rest fauna  (Fig. 5). 
The total number s  of organisms from the phytal  samples  f luctuated strongly showing 

a m i n i m u m  in May 1975 and  a m a x i m u m  in August  1975 (Fig. 6). The most p rominent  
component  in  n u m b e r  were gastropods consist ing main ly  of Li t to r ina  l i t torea  and  H y -  

d r o b i a  sp. Their  densi t ies  decreased cont inuously  from May 1974 to April 1975, but  had 
the highest  values  in  August  1975 (Fig. 6). The proport ion of bivalves  - main ly  M y t i l u s  

e d u f i s  - was only worth men t ion ing  in  September  1974 with 12 % of the total fauna. In 
May 1975 gammarids  (30 %) and  Jaera  a l b i f r o n s  (34 %) dominated,  whereas  in  April  
1975 I d o t h e a  sp. was the most a b u n d a n t  species (28 %). The isopods showed the highest  
densi t ies  in  April  and  May 1975. Decapods - main ly  C a r c i n u s  maenas  - might  be 
impor tant  only in  summer,  as indica ted  by high densi t ies  and  proportions of 8 % (July 
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Fig. 6. Proportions of phytal organisms in relation to denstiy. In parentheses: Total numbers of 
individuals m -2 

1974) and 14 % (August 1975). The very vagile mysids were only notable in July 1974 {19 
%). Single meiofauna components occasionally reached relatively high proportions, e.g. 
nematodes in May 1974 (15 %) or harpacticoids in April 1975 (21%) (Pig. 6}. 

The total biomass of the phytal-dwelling fauna rose from May to September 1974, 
reaching 47 g m -2, and declined thereafter until May 1975; in August 1975, again, a very 
high value of 33 g in -2 was found (Fig. 7A). In this calculation molluscs dominated to a 
degree of 89 to 99 %, gastropods alone maximally reached 94 %. Only in September 
1974, when total biomass was greatest, did the bivalves surpass the gastropods (Fig. 7A). 
Using this kind of differentiation decapods achieved at most only 6 %, whereas all other 
groups only appeared in April and May 1975. Therefore, these organisms were treated 
separately (Fig. 7B). Then, gammarids usually constituted the greatest proportion, which 
was highest in May 1975 at 94 %. Idothea sp. was present in considerable amounts, to a 
degree of 90 % in April 1975. In May 1974 otigochaetes (31%) and coelenterates (43 %) 
had some importance, as well as in September 1974 nemertines (19 %) and polychaetes 
(14 %). Meiofauna played, as expected, no role regarding biomass (Pig. 7B). 

ABUNDANCE AND BIOMASS OF FISH 

The fish species caught - the common goby Pomatoschistus microps (Kroyer), the eel 
Anguilla anguilla L., the eelpout Zoarces viviparus (L.), and the threespined stickleback 
Gasterosteus aculeatus L. - showed the greatest abundance in September 1974 and 
lowest values in July 1974 and May 1975. In May 1974 only elvers of A. anguilla 
appeared, whereas the greatest density of fish colonization in September 1974 was 
caused only by P. microps. 
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Fig. 9. Variability of size (above) and wet weight (below) of the caught Pomatoschistus microps. 
Right: Number of specimens. Explanation: x = mean value, m = mean error, s = standard 

deviation 

The respective va lues  of biomass (wet weight) make  these results clearer  (Fig. 8). 
The total biomass was  h igh  in  spr ing and  decl ined  slowly towards summer  bu t  steeply in  
a u t u m n  and  especial ly  in  winter.  In the following spring, 1975, rest popula t ions  of gobies 
were  present,  which  d isappeared  in  May 1975 and  were  replaced  by  elvers. 

Only for gobies were rough s ta tements  on the popula t ion  structure possible (Fig. 9). 
The catch of July  1974 comprised juveni les  which  had  apparent ly  ha tched at the 
b e g i n n i n g  of the s p a w n i n g  period in  May. After reproduct ion had f inished in  September,  
young  indiv iduals  as wel l  as year l ings  were found, as the graph of size variabi l i ty  
indicates  (Fig, 9). From November  to April  1975, a cont inual  decl ine of m e a n  size and  
weight  was observed, which may lie in  the cont inuous dying off of the oldest individuals .  
During the first inves t iga t ion  of the area in  May 1973, year l ings  of P. microps were also 
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caught ;  however ,  these  were  a b s e n t  in  the  same  months  of the  years  1974 and  1975 
(Fig. 9). 

FOOD INGESTED BY THE FISH 

Fullness of guts 

The ca lcu la t ion  of ful lness  ind ices  (Hureau,  1969) of the  P. microps  catches  y i e l d e d  
h igh  va lues  in  summer,  which  d e c l i n e d  to normal  ones  (about  1) from au tumn to win te r  
(Fig. 10). Again ,  an increase  was  found  in Apr i l  1975 (Fig. 10). 
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Fig. 10. Variability of fullness indices of the investigated Pomatoschistus microps and Anguilla 
anguilla. Further explanations see Fig. 9 
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Fig. l l .  Frequency of occurrence of food organisms in Pomatoschistus microps during the investiga- 
tion time 

A m o n g  eels,  only  the  catch of M a y  1974 was  ana lyzed ;  the  fish showed  h igh  deg rees  
of va r i ab i l i t y  and  a h igh  propor t ion  of empty  guts (Fig. 10). The  only two ee lpouts  from 
J anua ry  and  Apr i l  1975 had  ind ices  of 2.9 and  4.2, respect ive ly .  The catch of four 
Gasterosteus aculeatus from M a y  1973 y i e l d e d  va lues  b e t w e e n  3.0 and 7.8. 
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F r e q u e n c y  of occur rence  

In every sample a high percentage of P. microps had preyed on harpacticoids (Fig. 
11); gammarids were also regularly present but mostly at low frequencies. Relatively 
many gobies had ingested detritus and algae which, however, were absent in some 
catches. All other components were not fed on regularly (Fig. 11). 

The question of the preferred feeding habitat of P. microps was answered by the 
method of summing up the respective components. By this, epibenthos proved to be the 
main food source (100 % in every sample) and phytal fauna played an important role 
(100-20 %), whereas plankton organisms were absent. 

The analysis of the elvers caught in May 1974 showed a wide variability of prey 
organisms among which Mytilus and turbellarians were the most frequent ones. 

A b u n d a n c e  analys is  

After analysing the numbers of all ingested components of a sample, the great 
proportion of harpacticoids {87-95 %) in the guts of P. microps is conspicuous (Fig. 12). 
Algae and detritus, which were fed on relatively frequent (Fig. 11), were present only in 
small percentages by abundance. The same is valid for gammarids (Fig. 12). The sample 
of May 1973 contained, contrary to those of the years 1974 and 1975, oal.y 68 % 
harpacticoids but a relatively large number of macrofauna components. Considering 
these results, it can be concluded that P. microps did not change its feeding habits during 
ontogeny, since in September (high mean size) as well as in July 1974 (low mean size) 
roughly equal parts of macro- and meiofauna were fed on, respectively (Fig. 12). 

The food of the other species is less exactly interpretable, because large series are 
absent. In spite of this, it was apparent that the elvers fed on great parts of harpacticoids 
in May 1974, whereas the larger specimens of July 1974 ingested exclusively gammarids 
(Fig. 12). The two eelpouts caught in January and April 1975 preyed on identical food, 
which consisted mainly of harpacticoids (Fig. 12). The same statement is valid for the 
stickleback catch of May 1973. 

Biomass of food 

For the c.alculation of the ingested biomass, the mean dry weights (DW} of the 
potentially available food organisms were used; these were applied to the components 
found in the guts. Though this method allows only an approximation of the real 
conditions, i ts  use is more exact than that of weighing the damaged and differently 
digested components directly from the guts. 

The relation of ingested food to total fish biomass does not reflect the results got by 
means of the fullness index (Fig. 13}. In spring, biomass was low but in autumn very 
high. Considering single components by weight yields results, differing from those 
attained by abundance analysis (Fig. 14). Organisms of the macrofauna, especially 
gammarids, dominate by far, whereas harpacticoids, which prevailed in number, played 
an inferior, and to some extent an unimportant role. Furthermore, it is remarkable that (1) 
Crangon crangon was important as food for P. microps in autumn; (2) Jaera albifrons was 
a great energy supplier for P. microps and, especially, Z. viviparus in spring; (3) Mytilus 
constituted more than 90 % of biomass for the young A. anguilla in May 1974 (Fig. 14). 
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Fig. 12. Abundance analysis (numbers) of the food organisms in Pomatoschistus microps, Anguilta 
anguilla, and Zoarces vivipams during the investigation time 
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Fig. 13. Re la t ionsh ip  be tween  we igh ts  of ingested food (DW) and f ish (WW) du r i ng  the t ime of 
inves t iga t ion  
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Fig. 14. Proportion of food biomass in Pornatoschistus microps, Anguilla anguilla, and Zoarces 

viviparus during the time of investigation 

The total biomass ingested by all fish decreased slightly from May to July 1974 but 
increased steeply in September; during winter very low values were found. Considering 
the biomass of distinct food components separately, their relative significance becomes 
evident  (Pig. 15). Most gammarids were preyed on in July, while the highest  biomass of 
harpacticoids was found in September 1974. 

The latter result coincides directly with the abundance of harpacticoids in the 
benthos samples. Therefore, the high food uptake of these organisms in September 
probably achieved a supply of them which was more than 50 % below that of the 
following months (Fig. 16). Regarding gammarids, for example, in July 1974 a high 
supply as well as a high feeding rate were found (Fig. 16). Together with a decrease in 
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Fig. 15. Biomass of food (gammarids, harpacticoids and other components) ingested by the fish 
during the time of investigation 
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Fig. 16. Relationship between available and ingested harpacticoids (above) and gammarids (below) 
during the time of investigation 

food uptake, only irregular fluctuations of gammarid supply were found in the next 
samples. 

DISCUSSION 

Fluctuation of potent ia l  food organisms  

Abundance and biomass of benthos show minima in September 1974 and maxima in 
April 1975 (Figs 2, 5). Density and size group variability of nematodes, harpacticoids 
{Figs 3, 4), and polychaetes, especially in April 1975, are responsible for this phenome- 
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non. The  f luctuat ions of n e m a t o d e  a b u n d a n c e  in  the  Kei tunl  m u d  f iat  we re  conf i rmed b y  
s tudies  in  o ther  eul i t tora l  and  subl i t tora l  b io topes  (M511er et  aL, 1976; Skoo lmun  & 
Ger lach ,  1971). Rega rd ing  harpact ico ids ,  MSl ler  et  al. {1976) found s i tua t ions  s imi lar  to 
that  on Sylt  i s land  in the  nearshore  subl i t tora l  zone. The  so ca l l ed  res t  fauna  wh ich  was  
found to be  ins igni f ican t  in  n u m b e r  {Fig. 2) m a y  const i tute  a g rea t  pa r t  of ben thos  
b iomass  (Fig. 5); this  most ly  d e p e n d s  on spec imens  w h i c h  were  l a rge r  than  400 ~tm. 

The  a b u n d a n c e  ana lys i s  of o rgan isms  from the  phy ta l  l aye r  d id  not  show clear  
annua l  f luctuations.  This  migh t  be  due  to the  diff icul ty in  co l lec t ing  al l  vag i l e  macro-  
and  meiofauna ,  e spec ia l ly  mysids,  isopods,  gammar ids ,  and  decapods ,  or to the  habi t s  of 
some in ter t ida l  species ,  r e spec t ive ly  (Reise, 1977}. Our  resul ts  were  conf i rmed by  
Grf indel  (1976} who s tud ied  samples  from shal lows of the  Baltic Sea.  Indeed,  b iomass  
dynamics  of phy ta l  o rgan isms  from Kei tum (Fig. 7) do not  cor respond  to the  a b u n d a n c e  
(Fig. 6} but  are in f luenced  by  the annua l  p roduc t ion  of mol lusc  biomass ,  wh ich  account  
for 89-99 % of total  b iomass .  Wor thmann  (1975) demons t r a t ed  a s imi lar  annua l  cycle  of 
mol lusc  b iomass  in  the  Kiel  Bight  wi th  h igh  va lues  in  summer  and  autumn,  low ones in 
win te r  and  spring.  The  a b u n d a n c e  f luctuat ion of decapods  is co r re la ted  wi th  the  b iomass  
cycle  and  is d e p e n d e n t  on the  migra t ions  of Carcinus maenas (Muus, 1967; Reise, 1977). 
After  h ibe rna t ing  in the  subl i t tora l  zone the young  crabs migra te  into the  m u d  flat in 
July; in  Sep t ember  they  start  to emig ra t e  into d e e p e r  waters .  The  i sopod  stocks are 
sub jec t  to strong f luctuat ions  (Muus, 1967); this  au thor  found the grea tes t  dens i t ies  in 
la te  summer  and  au tumn and  therefore  suppor t ed  the  assumpt ion  of Howes  (1939), 
which  corre la ted  i sopod  dens i ty  wi th  the  annua l  course of the  aufwuchs  on the  grea t  
a lgae .  This a s sumpt ion  could  not be  conf i rmed in the  Kei tum mud  flat. The  reason  for 
this f ind ing  may  l ie  in the  t ida l ly  d e p e n d e n t  f eed ing  migra t ions  of isopods.  S imi la r  
b e h a v i o u r  is k n o w n  of g a m m a r i d s  and  mys ids  (Reise, 1977). Mysids  showed  h igh  
pe rcen tages  of total  a b u n d a n c e  and  b iomass  in the  Kei tum m u d  flat. A mass ive  occurr-  
ence  of these  o rgan isms  was  also obse rved  by  Zande r  (1979a) on the  H e l g o l a n d  rock flat  
in  August .  

P l u c t u a t i o n  of  f i sh  

Dur ing  the inves t iga t ions  at  Kei tum m u d  fiat  only  a few fish spec ies  were  found: 
Pomatoschistus microps, elvers  of Anguilla anguilla, Zoarces viviparus, and,  exc lus ive ly  
in  M a y  1973, Gasterosteus aculeatus. The  etvers  only  occurred  in  sp r ing  bu t  were  
p re sen t  in  masses  on the i r  w a y  to the  Aver  es tuar ies .  A s ingle  s p e c i m e n  was  caugh t  in 
Ju ly  1974, the  size of which  i nd i ca t ed  i t  had  d e l a y e d  its mig ra t ion  into fresh water .  In  this  
month  common gob ies  a p p e a r e d  for the  first t ime,  r e p r e s e n t e d  only by  y o u n g  spec imens ,  
w h e r e a s  o n e  yea r  o ld  ones r e m a i n e d  in  the  subl i t tora l  zone for spawning .  Not  unt i l  
S e p t e m b e r  d id  the  ca tches  r ep resen t  a mixture  of y o u n g  and  one  y e a r  o ld  spec imens .  
Since only few common gobies  survive the  second winter ,  the  success ive  de c e a se  of the  
e lder  spec imens  wi l l  have  caused  the cont inual  dec rease  of m e a n  size or w e i g h t  in  the  
fo l lowing samples .  In M a y  1975, al l  gobies  had  e m i g r a t e d  for s p a w n i n g  into the 
subl i t tora l  zone. 

Only  s ingle  spec imens  of ee lpouts  were  caught  in J a nua ry  and  Apr i l  1975; therefore  
we  assume that  this spec ies  migra tes  only rare ly  into the eul i t tora l  zone. The  role of 
Gasterosteus aculeatus i nd iv idua l s  in the Kei tum m u d  flat is not  ye t  clear,  s ince they  
were  caught  only in  M a y  1973. 
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With  the  excep t ion  of Zoarces viviparus, all  spec ies  are  also found in fresh water .  Al l  
of t hem are  eu ryha l ine  fish wi th  dis t inct  seasona l  migra t ions  from the sea  into fresh 
wa te r  or v ice  versa  (Hennig  & Zander ,  1981). Juven i l e s  of P. microps invade  the r ivers  in 
la te  summer,  as was  obse rved  in Brit ish waters  (Miller,  1964; Kunz, 1969} and  in the  Elbe 
r iver  (Hennig  & Zander ,  1981). W h e n  t empera tu re s  dec rease  in late  autumn,  they  
migra te  down  the  r ivers  into d e e p e r  waters  of the  sea. The  young  G. aculeatus swim from 
the s p a w n i n g  g rounds  in fresh waters  into the sea  and  re turn  w h e n  2 years  o ld  for 
spawning .  The  y o u n g  A. anguilla i nvade  the  r ivers  in  spr ing  and,  after  some years ,  
m ig ra t e  b a c k  to the  Sargossa  Sea  for s p a w n i n g  (Mtitler, 1975}. The eelpout ,  on the  o ther  
hand,  is a g e n u i n e  mar ine  spec ies  w h i c h  also inhab i t s  b rack i sh  waters .  

Accord ing  to these  results ,  the  ex tens ive  s imi lar i t ies  b e t w e e n  the  sma l l - s i zed  fish 
fauna  in  the  res t  pools  of a m a r i n e  a n d  of a fresh wa te r  m u d  flat  become  evident .  Besides  
G. aculeatus, P. microps, and  A. anguilla, the  fresh wa te r  mud  flat  also i n c l u d e d  
Pungitius pungitius (Hennig  & Zander ,  1981), which  r egu la r ly  migra tes  into b rack i sh  
wa te r  (Miinzing,  1966). Only  dur ing  h igh  t ide  were  the m u d  flat b io topes  i n v a d e d  by  
g e n u i n e  mar ine  or fresh wa te r  fish, respect ive ly .  

The  m u d  flats, therefore,  are  exc lus ive ly  f eed ing  and  nursery,  p robab le  h id ing  
p laces  but  not  s p a w n i n g  g rounds  for the  s tud ied  fish. The  la t ter  s ta tement  is va l id  for P. 
microps in  mar ine  mud  flats as we l l  for the  s t i ck lebacks  in  fresh wate r  ones. 

Q u a l i t a t i v e  p r e y - p r e d a t o r  r e l a t i o n s h i p s  

By c lass i fy ing  the  i nges t ed  food accord ing  to dis t inct  microhab i ta t s  wi th  r e g a r d  to its 
r e spec t ive  origin,  only  s l ight  d i f ferences  are  found b e t w e e n  the  inves t iga t ed  fish 
species .  P. microps c lear ly  p re fe r r ed  ep iben thos  to phy ta l  species ,  w he re a s  sup raben th i c  
componen t s  we re  absent .  Dur ing  the  course of t ime  a cont inual  dec rease  of food i t ems  
or ig ina t ing  from the phy ta l  zone was  found in this  species.  In A. anguilIa phy ta l - f auna  
domina t ed  over  ep ibenthos ;  in  G. aculeatus from M a y  1973 sup raben th i c  organisms  
(mysids) were  also present .  Therefore ,  d i f ferences  in resul ts  from other  inves t iga t ion  
si tes a re  evident .  In the  F ~ h r m a n n s a n d  m u d  flat of the  Elbe  r iver  A. anguilla had  ma in ly  
fed on endoben thos  which  cons is ted  p r edomi na n t l y  of o l igochaetes ,  whe reas  G. 
aculeatus and, to a lesser  degree ,  P. microps prefe r red  p l ank ton  (Hennig  & Zander ,  
1981}; ep iben thos  organisms p l a y e d  no role in the  food of these  fish. On a stony g round  
in the Baltic Sea,  on the  other  hand,  supraben thos  was  se ldom inges t ed  by  P. microps 
which  p re fe r red  phy ta l - l iv ing  fauna  and  ep iben thos  there  {Zander, 1979b). 

Rega rd ing  s ingle  food components ,  two, found in P. microps from Keitum, are  
no tab le :  (1) Crangon crangon i n h a b i t i n g  the  e p i b e n t h a l  l aye r  was  fed on r egu la r ly  but  
not  abundan t ly .  This spec ies  was  found  wi th  a r e l a t ive ly  h igh  b iomass  in common gob ies  
from Scot land  (Healey,  1972) a n d  from the  mouth  of the  Etbe  r iver  (Kfihl, 1972). (2) A l g a e  
were  not  found in the  previous  inves t iga t ions  of P. microps guts,  but  were  p resen t  in  the  
r e l a t ed  P. pictus (Zander,  1979a). In Keitum, a l g a e  were  also i nges t ed  regu la r ly  bu t  in  
low biomass .  P re sumab ly  they  were  fed  on, only  by  chance,  toge the r  wi th  smal l  vag i l e  
organisms.  

On the o ther  hand,  in the  P. microps from Keitum, components  are  absen t  which  
were  f requent ly  p r eyed  on by  spec imens  at o ther  sites, such as Corophium (Healey,  
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1972), ch i ronomid  l a rvae  a n d  Idothea (Zander,  1979b). The  reason  m a y  l ie  in  the  absence  
or ra re  occurrence  of the  po ten t i a l ly  ava i l ab l e  food. 

Q u a n t i t a t i v e  p r e y - p r e d a t o r  r e l a t i o n s h i p s  

The most impor tan t  nut r i t ional  componen t  wi th  r e g a r d  to w e i g h t  was  gammar id s  in 
al l  i nves t iga t ed  fish of the  Kei tum m u d  flat. The  next  impor tan t  foods, wi th  annua l  
f luctuations,  were  po lychae tes ,  Crangon, or harpac t ico ids  in P. microps. Only  the elvers  
of A. anguilla had  i n g e s t e d  g rea t  propor t ions  of h4ytilus in M a y  1974, whereas ,  in Z. 
viviparus, Jae ra  d o m i n a t e d  in Apr i l  1975. The  harpact icoids ,  which  were  dominan t  in 
n u m b e r  but  un impor t an t  in  b iomass  are  an ind ica tor  for the  g rea t  f eed ing  act ivi ty  of P. 
microps. This resul t  is in a g r e e m e n t  wi th  other  inves t iga t ions  r e g a r d i n g  this spec ies  
(Casab ianca  & Kiener ,  1969; Groth, 1978; Zander ,  1979b; H e n n i g  & Zander ,  1981; 
Schmid t -Moser  & Wes tpha l ,  1981). In G. aculeatus p lank ton  copepods  f requent ly  domi-  
n a t e d  (Hynes, 1950; H e n n i g  & Zander ,  1981). 

Dur ing  the  course  of the  yea r  the  b iomass  of i nges t ed  food was  g rea tes t  in  summer  
a n d  au tumn bu t  lowes t  in winter .  No corre la t ion  was  found b e t w e e n  food supp ly  and  
dens i ty  or b iomass  of sma l l - s i zed  fish wh ich  was  g rea tes t  in sp r ing  and  summer.  A very  
g rea t  p reda to ry  ac t iv i ty  was  found in S e p t e m b e r  1974 (Fig. 15). T e m p e r a t u r e s  dec reased  
after  Sep t ember  to 7 °C and  r e d u c e d  feed ing  activity.  But in the  N o v e m b e r  catch a g rea t  
par t  of young  fish was  stil l  p resen t  wh ich  appa ren t ly  n e e d e d  a h igh  e n e r g y  supp ly  for 
growth.  

In Sep tember  1974, w h e n  dens i ty  of P. microps was  greatest ,  a h igh  f eed ing  rate  on 
harpac t ico ids  co inc ided  wi th  an ev iden t ly  r educ e d  supp ly  of these  organisms.  This 
p h e n o m e n o n  may  be  due  to g raz ing  effect but  o ther  exp lana t ions  are also possible .  In 
the  f resh-water  m u d  flat F~hrmannsand  (Elbe river), cyclopoids  and  ha rpac t i co ids  
dec rea sed  at the  t ime  w h e n  young  P. microps i m m i g r a t e d  (Hennig  & Zander ,  1981). This 
was  also conf i rmed for the  Baltic Sea fjord Schle i  (Schmidt -Moser  & Westpha l ,  1981). 
Reise (1979), on the  other  hand,  found P. microps to have  no inf luence  on me io fanna  
dur ing  cage  exper iments .  

The  b iomass  i nges t ed  by  smal l - s i zed  fish in the  Kei tum m u d  flat was  h ighes t  in 
S e p t e m b e r  1974 wi th  17.6 m g  DW m -2, This va lue  impl i e s  only  a par t  of the  d ie l  rate.  In 
P. microps the  d iges t ion  t ime  of food is u n k n o w n  bu t  was  found in the  r e l a t ed  Gobius- 
culus flavescens to b e  about  3 hours  (Berg, pets .  comm.). Based  on this resul t  one m a y  
expec t  a turnover  ra te  of rough ly  70 m g  DW m -2 d -1 s ince  the  f ish are  ac t ive  only  dur ing  
the day.  As the  b e n t h a l  and  phy~al layers  offer a food b iomass  of 480 m g  DW m -2 (without 
molluscs)  this  m e a n s  that  a lmost  one  seventh  might  b e  tu rned  over  b y  small ,  bo t tom fish 
in  a day.  
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