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ABSTRACT: In the Helgoland region eight subhttoral hard substrate communities occur. These 
communities were stationary in time during the years 1987-1989. The major governing parameters 
are the available amount of daylight and the degree of exposure to water movement. In the photic 
zone, three communities are met with, one of which is widespread and appears to be independent of 
the exposure to water movement. Under exposed conditions, at the lower border of the photic zone, a 
second community is observed. A third community is estabhshed on erosive muschelkalk substrates. 
In the aphotic zone also, three communities are found. The distribution of these communities is 
related to the rate of water movement. One community is divided into three variants, with different 
preferences regarding the angle of inclination and nature of the substrates. In the artificially 
constructed harbours, where sedimentation exceeds erosion, two different communities have set- 
fled. In the community under moderately sheltered conditions many species are found which also 
occur in the natural photic zone. Under extremely sheltered conditions a group of species has 
become dominant which is very rare in the Helgoland region outgide the quay-walls but which has 
been described as being characteristic for sheltered localities elsewhere. 

INTRODUCTION 

Although many  investigations have  b e e n  performed in the Helgoland region,  the 

sublittoral communit ies  on hard substrates have  been  largely neg lec ted  until now. Recent  

investigations on rocky eulittoral communit ies  were  carried out by Markham & Munda  

(1980), Munda  & Markham (1982) and J anke  (1986). Sublittoral studies were  s tar ted by 
Caspers, who made  inventories of the fauna of the "Tiefe Rinne" (Caspers, 1938), oyster- 

banks  (Caspers, 1950), and buoys (Caspers, 1952). Investigations on  the d e v e l o p m e n t  of 
sublittoral communit ies  were  carried out by Anger  (1978) and Harms & Ange r  (1983). 

Sublittoral a lgae  were  studied by Lfining (1970) and Kornmann & Sahhng (1977). 

Subhttoral benthic  communit ies  are subjected to stable environmental  pa ramete rs  
and are thus assumed to have  a predictable  specific composition. This would m a k e  them 

particularly useful for the detect ion of short-term disturbances in the marine ecosystem. 

In order to use benthic  communit ies  for ecological  monitoring, a reproducible  descript ion 
of both the communit ies  and the envi ronmenta l  parameters  must be available.  Repro- 

ducibility makes  demands  upon the methods  of investigation. In the first place,  com- 

munit ies  must be  studied as a whole.  Many  of the publications on marine hard  substrate 
communit ies  deal  with only one particular taxonomic group, for example  a lgae  (L(ining, 

1970) or Polychaeta (K16ckner, 1976; Gillandt, 1979a, 1979b). Secondly, the data  must  be 
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quant i f ied  as much  as possible.  Studies  on subli t toral  ha rd  subst ra te  communi t i e s  as a 
whole  are  often qual i tat ive (Hiscock & Hiscock, 1980; KSnnecker  & Keegan ,  1983). The  
main  benef i t  of quant i ta t ive s tud ies - i s  the  .descript ion of communi t ies  by  means  of 
character is t ic  species  (common species,  bu t  restr ic ted to just  one communi ty)  and  
dominan t  species  (occurring in more  communit ies ,  but  a b u n d a n t  in jus t  a few com- 
munities) .  Examples  of such quant i ta t ive  studies on mar ine  hard  subs t ra te  communi t ies  
are: Gis len  (1930), Van Soest & Weinbe rg  (1981), Kaandorp  (1986), De Klui jver  (1989) 
and De Kluijver et al. (in prep.).  

He lgo land  is s i tuated in the Ge rman  Bight some 50 km from the n e a r e s t  ma in l and  
(Eiderstedt).  Because  of its i so la ted  position, the mar ine  envi ronment  a r o u n d  He lgo land  
displays  an offshore character .  For the  major  par t  of the year  it is unde r  t he  inf luence of 
the North  Sea wate r  body  (Martens, 1978), which guaran tees  a re la t ive ly  constant  
environment .  Despi te  the inflow of fresh wa te r  with di luted pol lutants  in to  the  southern  
North  Sea  and  the eas tern  G e r m a n  Bight from the rivers Westersche lde ,  Maas ,  Rhine, 
Elbe and Weser  (Korringa, 1968; De Ruijter et al., 1987), the area  a round  H e l g o l a n d  must  
be  cons idered  re la t ively  unpol lu ted  c o m p a r e d  to more inshore locahties  in  the  southern  
North Sea. 

MATERIALS AND METHODS 

S a m p l i n g  

Hard  subst ra te  biota  were  sampled  at 80 stations, d is t r ibuted ove r  14 locali t ies 
(Fig. 1). In Table  1, the  character is t ics  of the stat ions are shown. The  d e p t h  of a stat ion is 
given relat ive to Mean  Sea Level  (be tween  h igh  and  low tide). In genera l ,  the  biota  are 
composed  of different  s tructural  layers.  In the studiec~ area,  a d i s t ingu i shab le  top layer  
(TL) of thall i  of brown a lgae  of the genus  Laminaria may  be  deve loped .  A midd le  layer  
(ML) is formed by  organisms growing  erect  from the  substrate,  but  which  do  not be long  to 
the top layer.  This layer  also contains the epiphytic ,  epizoic and endozoic  organisms .  The 
encrus t ing  layer  (EL) consists of organisms adher ing  to the substrate.  

In each  different  structural  layer, the  pe rcen t age  cover of the ver t ical  p ro jec t ion  of all 
sessile organisms was es t imated,  us ing a quadra t  of 50 x 50 cm. Vagi le  o rgan i sms  were  
scored qual i ta t ively  at all stations, but  were  not used  for cluster analysis .  

M i n i m a l  s a m p l i n g  a r e a  

In order  to obta in  a represen ta t ive  sample,  3 to 4 quadra ts  of 50 x 50 cm were  
sampled  at each  station. The minimal  s amphng  a rea  requi red  was d e t e r m i n e d  for s tat ion 
2 (West Seite - 9.9 m), by  sampl ing  10 quadra t s  of 32 • 32 cm. Data were  p roces sed  us ing 
the p rogram MINAR (Kaandorp,  1986) wi th  logar i thmical ly  t r ans fo rmed  data.  The 
algori thm and  t ransformation used  in this process  were  the  same as those  u sed  dur ing  
cluster analysis.  Similari ty was  plot ted as a function of the s ampled  surface  (Fig. 2). 
Weinbe rg  (1978) sugges t ed  a similari ty level  of 0.70 at which the min ima l  a rea  is 
obtained.  This level  is r eached  within 2 quadra t s  (20.5 dm2). 

The size of the used  quadra t s  does not  inf luence the minimal  sampl ing  area.  F igure  3 
shows a computer  s imulat ion for r each ing  these  minimal  sampl ing  a r e a s  for different  
quadra t  sizes both  in a homogeneous ly  and  a patchi ly  d is t r ibuted  communi ty .  Al though  
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Fig. 1. Map of Helgoland showing the localities {after Lfining, I970). 1: Nordreede (West/Ost); 2: 
West Seite., 3: Vorhafen; 4: Dfine (Kalberdans/Wittkliffbrunn}~ 5: Kringel~ 6: Nordmole~ 7: Repulse- 
grund~ 8: SelIebrunnknoll~ 9: Dfine-Sfid~ 10: Nordhafenknoll;  11: Hamburger  Loch; 12: Sfidhafen~ 

13: Skittgatt~ 14: Ste ingrund (54 ~ 14' N, 08 ~ 03' E) [not on the map) 
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Tab le  1. Descr ip t ion  of th  e s ta t ions  sampled ,  s e q u e n c e  accord ing  to the  d e n d r o g r a m  (cf. F igure  4) 

Stat ion Locat ion D e p t h  D a t e ,  Slope Orient  Area  Subs t r a t e  
(m} {dm 2) 

C o m m u n i t y  A 
01 N o r d r e e d e - W e s t  6.5 03-07-87 I0 90 100 s a n d s t o n e  
09 N o r d r e e d e - W e s t  6.1 21-07-87 I5  50 100 s a n d s t o n e  
37 N o r d r e e d e - W e s t  5.7 05-07-88 15 90 75 s a n d s t o n e  
05 Df i ne -Ka l be rdans  4,8 13-07-87 i0  110 100 l i m e s t o n e  
72 N o r d r e e d e - W e s t  4,5 15-06-89 20 60 75 s a n d s t o n e  
03 W e s t  Seite 5,9 07-07-87 25 30 100 s a n d s t o n e  
07 Kr inge l  4.7 20-07-87 25 220 100 s a n d s t o n e  
30 N o r d r e e d e - W e s t  6.1 10-09-87 15 340 75 s a n d s t o n e  
76 W es t  Sei te  4.6 21-06-89 30 90 75 s a n d s t o n e  
63 N o r d h a f e n k n o U  6.5 0 7 - 0 6 - 8 9  10 240 75 l imes tone  
65 Ski t tga t t  10.8 08-06-89 20 60 75 l i m e s t o n e  
20 N o r d m o l e  8.7 01-09-87 5 280 75 l imes tone  
28 Kr ingel  5.4 09-09-87 25 270 75 concre te  

C o m m u n i t y  B 
06 Kr ingel  9.2 14-07-87 25 180 100 s a n d s t o n e  
10 Kr ingel  10.0 21-07-87 35 20 100 l imes tone  
14 Kr ingel  9.2 24-07-87 70 350 75 s a n d s t o n e  
59 H a m b u r g e r  Loch  9,7 27-07-88 25 90 75 h m e s t o n e  
34 Kr inge l  9.3 16-09-87 10 - 75 s a n d s t o n e  

C o m m u n i t y  C 
16 Df ine-Wi t tk l i f fb runn  2.1 27-07-87 5 270 75 m u s c h e l k a l k  
23 Dt ine-Wi t tk l i f fb runn  3.7 03-09-87 25 90 75 m u s c h e l k a l k  

C o m m u n i t y  D 
02 W es t  Sei te  9.9 06-07-87 10 240 102 s a n d s t o n e  
08 Kr ingel  11.0 20-07-87 5 130 100 s a n d s t o n e  
21 R e p u l s e g r u n d  14.3 02-09-87 10 0 100 s a n d s t o n e  
31 R e p u l s e g r u n d  12.7 14-09-87 10 - 100 s a n d s t o n e  
18 W e s t  Sei te  13.2 30-07-87 30 170 100 l imes tone  
17 N o r d m o l e  11.6 29-07-87 15 210 75 s a n d s t o n e  
53 W e s t  Seite 11.3 21-07-88 10 240 75 l imes tone  
42 R e p u l s e g r u n d  10,0 08-07-88 70 240 100 l i m e s t o n e  
43 Se l l eb runnkno l l  10.8 11-07-88 80 240 100 l imes tone  
44 N o r d h a f e n k n o l l  11.8 1 t -07-88  5 150 i00  l i m e s t o n e  
47 R e p u l s e g r u n d  12.2 14-07-88 I0  300 75 l imes tone  
52 R e p u l s e g r u n d  11.2 20-07-88 I0  270 75 l imes tone  
39 W e s t  SeRe 13.5 06-07-88 I0  220 75 l imes tone  
41 R e p u l s e g r u n d  14.1 07-07-88 5 - I00 s a n d s t o n e  
51 R e p u l s e g r u n d  12.6 20-07-88 10 270 75 s a n d s t o n e  
58 N o r d h a f e n k n o l l  12.7 27-07-88 5 - 75 s a n d s t o n e  
49 H a m b u r g e r  Loch 11.6 15-07-88 10 90 I00  l imes tone  
73 R e p u l s e g r u n d  13.9 19-06-89 0 - 75 s a n d s t o n e  
61 Kr ingel  14.2 05-06-89 0 - 75 s a n d s t o n e  
54 W e s t  Sei te  12,8 21-07-88 I0 240 75 s a n d s t o n e  
12 W e s t  Sei te  17.3 22-07-87 5 220 100 s a n d s t o n e  
69 W e s t  Seite 14.7 13-06-89 0 - 75 s a n d s t o n e  
78 Se l l eb runnkno l l  16,6 23-06-89 0 - 75 s a n d s t o n e  
19 W e s t  Seite I5.3 31-08-87 5 210 75 s a n d s t o n e  
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Station Location Depth  Date ,Slope Orient  Area  Subst ra te  
(m) (din 2) 

Community D 
35 Nordhafenknoll 14.2 17-09-87 10 - 75 sands tone  
33 Dfine-Sfid 16.5 16-09-87 5 - 100 sands tone  
22 West  Seite 6.3 02-09-87 65 70 75 sands tone  
24 Repu l segrund  11.1 03-09-87 95 110 75 l imestone 
50 Nordhafenknol l  7.3 19-07-87 90 220 75 l imestone  
25 Sel lebrunnknol l  15.1 04-09-87 45 30 75 l imestone 
64 Repu l segrund  10,6 08-06-89 100 40 75 l imestone 
70 Sel]ebrunnknoll 12.4 13-06-89 90 250 75 l imes tone  
75 West  Seite 11.7 20-06-89 20 310 75 l imestone  
80 Sel lebrunnknol l  12.2 27-06-89 80 180 75 l imestone 
67 Repu l seg rund  14.7 12-06-89 30 30 75 l imestone 

Community E 
13 Nordmole  22,9 23-07-87 5 240 100 sands tone  
40 Dfine-Sfid 15.5 07-07-88 10 - 100 sands tone  
48 Nordreede-Wes t  11,9 14-07-88 5 - 75 s ands tone  
71 West  SeRe 19.5 14-06-89 60 210 75 sands tone  
79 Repulsegrund  19.6 26-06-89 25 30 75 sands tone  
38 Dfine-Sfid 12.6 06-07-88 20 60 100 l imestone 
46 Nordmole  18.3 13-07-88 60 300 75 sands tone  
68 Nordmole  14.3 12-06-89 30 270 75 sands tone  
74 Ste ingrund 10.2 19-06-89 0 - 75 sands tone  
45 Dfine-S0.d 19.2 12-07-88 60 150 75 sands tone  

Community 1 ~ 
27 Nordreede-Wes t  9.3 08-09-87 10 0 100 sands tone  
62 Nordreede-Os t  10.4 06-06-89 20 190 100 sands tone  
29 Nordreede-Os t  9.3 09-09-87 10 - 75 sands tone  
56 Nordreede-Os t  8.0 26-07-88 20 80 75 sands tone  
32 Nordreede-Wes t  10.5 14-09-87 10 - 100 sands tone  
36 Nordreede-Wes t  9.5 05-07-88 65 150 100 sands tone  

Community G 
04 Vorhafen 7.3 10-07-87 90 0 100 concrete 
15 Vorhafen  6.3 27-07-87 90 210 100 concrete 
11 Vorhafen  7.4 22-07-87 90 30 100 concrete 
55 Vorhafen 7.1 22-07-88 90 20 75 concrete 
77 Vorhafen  6,1 21-06-89 90 50 75 concrete  
26 Vorhafen  6.5 07-09-87 5 - 75 sands tone  

Community H 
57 Stidhafen 4.2 26-07-88 90 120 75 iron 
60 Siidhafen 4.5 27-07-88 90 120 75 iron 
66 Sfidhafen 5,1 09-06-89 90 80 75 iron 
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Fig. 2. Bray-Curtis coefficient (SI) as a function of the sampled surface (S) for station 2 (West Seite - 
9.9 m depth) 

the  minimal  sampl ing  a rea  is i n d e p e n d e n t  of the quadra t  size, it is l a rge r  in a patchi ly  
d is t r ibuted  communi ty  than  in a homogeneous ly  dis t r ibuted communi ty .  Stat ion 2 is 
domina ted  by  the an thozoan  Metridium senile, a species  which tends  to occur  in a pa tchy  
distribution. The a rea  of 3 to 4 quadra t s  of 50 x 50 cm (75-100 dm 2) is therefore  cer ta inly 
sufficient to y ie ld  a represen ta t ive  sample  of the communi t ies  off He lgo land .  

E n v i r o n m e n t a l  p a r a m e t e r s  

The  submar ine  day l igh t  was measu red  using a relat ive "Underwa te r  Hemisphe r i ca l  
I r radiance  Meter"  (UHIM) desc r ibed  by  Weinbe rg  (1979). The  spect ra l  sensi t iv i ty  of the  
UHIM (peak va lue  480 nm; band -wid th  60 nm) roughly  corresponds  to the  t ransmiss ion 
characteris t ics  of water .  From the measurement s  in midwater ,  the  ver t ica l  ext inct ion 
coefficient (k in m - t )  was calculated,  using the Lamber t -Beer  law [Eq. (1)] for mono-  
chromatic  light. 

Id = Io" e -~d (i) 

From measurements at the stations and at the same depth in midwater, the station 
coefficient (sc in %) of each station was obtained. 

The exposure of the sublittoral communities to water movement was determined in 
two ways. For some stations, the rate of exposure was related to the erosion of gypsum 
blocks. The erosion value is expressed as the average weight loss of four gypsum blocks 
(g-h -I) during one lunar day (24.45 h). A description of this method, including a 
mathematical framework, is given by De Kluijver & Kaandorp (in prep.). A second 
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Fig. 3. Computer simulated determination of the minimal area of a homogeneously and a patchily 
distributed community. For explanation see text 

method, which was performed for all stations, used the sediment  characteristics as an 
indicator of the exposure to water movement .  In order 'to determine these sediment  
characteristics, samples of about  100 g of the upper  1 cm layer of the sediments  were 
sieved through 7 graded sieves (2.8-0.053 ram). The characteristics were expressed as 
the proportional contribution of the dry weight  of the different sieved fractions. The 
contribution of the various fractions was analysed with non-transformed data, us ing  the 
computer  programs CLUSTAN1C2 (Wishart, 1978) and SRTORD (Kaandorp, 1986). The 
lower marginal  value of the smallest characteristic fraction was used as an  indicat ion of 
the current  velocity. 

The potential  sedimentat ion in the communit ies was measured us ing sed iment  traps. 
As advised by Bloesch & Burns (1980), simple cyhnders were used with an inne r  diameter  
of 11.7 cm. Because of the bottom relief, the ratio of length to diameter  was restricted to 
5 : 1. Sedimentat ion was expressed in g - m  -2.  d -1, dry weight, measured  over 21 days. 

Tempera ture  was measured  using a modified mercury thermometer  (Weinberg, 
1979). Both the surface and  bottom temperature  were measured at each station. Addi- 
tional data were obtained from the weather  station Helgoland. 

C l u s t e r  a n a l y s i s  a n d  i n v e r s e  a n a l y s i s  

For the cluster analysis, the percentage  cover of all sessile organisms of the quadrats  
of a station was averaged. This yielded a data table of 80 stations and 142 sessile species. 
Before analysis, all data were logarithmically transformed using Eq. (2); in which x is the 
percentage  cover and T(x) the transformed value. 
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x = 0 . 0  ~ T ( x )  = 0  

0.1 --< x ----- 100.0 --~ T(x) = log(10x) + 1 (2) 

The cluster analysis  was carr ied out uslng the computer  p r o g r a m  CLUSTAN1C2 
(Wishart, 1978). The  Average  Linkage  method  (Sokal & Michener ,  1958) was  used  in 
combinat ion  with  the Bray-Curt is  coefficient [Eq. (3)]. 

Ixi-vil 
i~1 

S(X, Y) = (3) 

~, (Xj +Yj) 
j= l  

This combina t ion  of a lgor i thm and coefficient leads  to reproduc ib le  resul ts  (Shin, 
1982; Kaandorp,  1986; De Kluijver, 1989; De Kluijver et al., in prep.).  
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Fig. 4, Dendrogram resulting from the cluster analysis of the data. The clusters distinguished are 
marked A-H 
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In addi t ion to the  normal  analysis  an inverse analysis  was performed,  which  procures  
information about  the  composi t ion of the clusters. With the program SRTORD (Kaandorp,  
1986), the dis tr ibut ion of the quanti t ies  of the species  over the clusters was  calculated.  
Character is t ic  species  were  d is t inguished at a concentrat ion level  of 90 % within  a 
community.  Dominant  and  character is t ic  species must  be  present  in at  leas t  67 % of the 
stations with the communi ty  concerned.  

For comparison,  the  da ta  were  also ana lysed  using the p rogram TWINSPAN (Hill, 
1979), with the following input  parameters :  for pseudospec ies  the cut levels  0.0, 2.0, 5.0, 
10.0 and 20.0 were  used,  and  all weights  for levels of pseudospec ies  were  set to 1, wi thout  
indicator  potent ia ls  for the  cut levels.  

RESULTS 

C l u s t e r  a n a l y s i s  a n d  i n v e r s e  a n a l y s i s  

Figure 4 shows the d e n d r o g r a m  resul t ing from cluster analysis,  the  o rde red  d i ag rams  
resul t ing from the inverse  analysis  are  g iven  in Tables  3, 4, 5, 6 and  7. Three  ma in  groups  
of stations can be  d iscr iminated  us ing  the fixed s topping rule. The first cluster  (A, B and  
C) consists of stations sampled  in the  photic  zone, be tw e e n  2.1 and  10.8 m, domina t ed  by  
algae.  The second cluster  (D, E and  F) is formed by  stations sampled  in the  aphot ic  zone, 
be tween  6.3 and 22.9 m. The third cluster (G and  H) is s ampled  in the shel tered,  
artificially constructed,  Vor- and  Siidhafen,  be tw e e n  4.2 and 7.4 m. 

A further division, us ing the var iable  s topping rule, yields 8 mean ingfu l  clusters 
which can be  r e g a r d e d  as subht tora l  communit ies  on account of species  composi t ion and  
differences in the  env i ronmenta l  parameters .  The var iable  s topping rule is p re fe r red  to 
the fixed s topping rule, because  it al lows differences in the mosaic  composi t ion of the 
species  in the different  communit ies ,  which lead  to different similari ty levels.  

E n v i r o n m e n t a l  p a r a m e t e r s  

The southern North  Sea  wate r  mixes  with fresh wate r  suppl ied  by  the rivers Elbe and 
Weser ,  which causes  a decrease  in salinity towards  the coast. Dur ing spring, the sal ini ty 
of the surface wa te r  at  He lgo l and  may  decrease  to 30-31%o S, whi le  dur ing  win ter t ime 
the salinity may  increase  to 34 %o S (Hagmeier ,  1930). The annual  changes  in t e m p e r a t u r e  
of the surface wa te r  r anges  from 2 ~ to 18~ (Lfining, 1985). Sal ini ty and t empe ra tu r e  
values  for 1986 are  given by Gil lbricht  (1987). The fluctuations of sal ini ty and t empera -  
ture at greater  dep ths  (Tiefe Rinne, 50 to 60 m) are  smaller  than in the surface layer  
(K16ckner, 1976). 

The current  pa t t e rn  a round  He lgo land  is s t rongly inf luenced by  the geomorpho logy  
of the sea  bed.  In tegra ted  measu remen t s  of the total  amount  of wa te r  movement ,  us ing 
gypsum blocks, were  pe r fo rmed  dur ing  July 15-16, 1987 on a calm day.  The wes t  s ide of 
Helgo land  is the most  exposed  (0.14-0.16 g '  h-1), fol lowed by  the N o r d r e e d e  (0.14 g .  h - l )  
and  Df ine-Kalberdans  and Vorhafen (0.10 g- h -  1). In shallow places  (station 3, West  Seite, 
dep th  6.0 m), this va lue  rapid ly  inc reased  dur ing stormy wea the r  condit ions.  Measu re -  
ments  during July  23-24, 1987 (wester ly wind, force 4-5) show erosion va lues  of 0.28 
g.  h -1. The preva i l ing  winds  a round  He lgo land  are wester ly  (Fig: 5). The inf luence  of 
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wind  induced  water movement  can almost be  neglected at a depth of half  the wave 
length  (Van Straaten, 1973). 

The current velocity also influences the particle size of deposited material .  Cluster 
analysis of 88 sediment  samples yielded a dendrogram with 7 different types of sedi- 
ments.  The result of the inverse analysis is given in Table 2. The sequence  in  the ordered 
diagram is that of decreasing dominance of the coarse fractions. Sed iment  type I is 
characterized by a dominance  of the coarse sand fraction (2.8-1.4 ram), whi le  type VII is 
characterized by the dominance  of silt and clay fractions (< 0.15 ram). Below the diagram, 
the proportional contribution of stations of different communit ies  are listed. The  sequence  
of the communities,  ordered according to the f ineness of the sediments,  corresponds with 
the results of the exposure experiments us ing  gypsum blocks. The potent ia l  sedimenta-  
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Fig. 5. Wind energy rose for Helgoland for 1983 (data from Wetterstation Helgoland). Increased 

thickness of lines indicates strengths of 1-3, 4-5, 6-7 and more than 8 Beaufort 
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T a b l e  2. O r d e r e d  d i a g r a m  r e s u l t i n g  f r o m  t h e  i n v e r s e  a n a l y s i s  o f  t h e  s e d i m e n t  d a t a  a n d  t h e  

p r o p o r t i o n a l  c o n t r i b u t i o n  o f  t h e  d i f f e r e n t  s e d i m e n t  t y p e s  o v e r  t h e  c o m m u n i t i e s .  * * * T h e  c l u s t e r s  i n  

w h i c h  a c o n c e n t r a t i o n  l e v e l  o f  90  % i s  r e a c h e d  

T y p e  I I I  I I I  I V  V 

0 2 . 8 - 0 1 . 4  . . . . . . . . . . .  

0 1 . 4 - 0 . 6 0  . . . . . . . .  

0 . 6 0 - 0 . 3 0  . . . . . . . .  

0 . 3 0 - - 0 . 1 5  . . . . .  

0 . 1 5 - 0 . 0 9  . . . . .  

0 . 0 9 - 0 . 0 5  * " 

< 0 . 0 5  

VI VII 

$ $ $  

$ 1 e  $ $ ~  

$ $ m  $ $ $  

C o m m u n i t ~  

B 40.0 40.0 20.0 - - - 
D 3 .3  5 6 . 7  3 3 . 3  - 6 .7  - 

C - 1 0 0 . 0  . . . .  

E - 5 5 . 5  11 .1  - 3 3 . 3  - 

A - 3 3 . 3  - 8 .3  5 8 . 3  - 

F - 2 0 . 0  - - 6 0 . 0  2 0 . 0  

G - - 16 .7  - 16 .7  6 6 . 7  

H . . . . .  1 0 0 . 0  

tion in the natural  env i ronment  varied be tween  19.5 and 42.1 g - m  -2 '  d-1, whi le  in the 

artificially constructed harbours this amounted  to 65.1 g . m  -2.  d -1 in the Vorhafen and 

only 13.7 g - m  -2.  d -1 in the Sfidhafen. In an samples, more than 75 % of the sediment  

consists of fractions smaller than 0.05 ram. In Figure 6, the proportional  contribution of 

the dry weights  is plotted against  the different fractions. Table  2 clearly shows that in the 
natural  envi ronment  the lower hmit of the characteristic fraction is almost larger  than 0.09 

o. 

9 0 .  

s 0 ,~ 
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6 0 '  ~ /  
5 0 '  

4 0 '  

3 0 '  

20"  

1 0 .  - , ' , ~  

0 ~ ' - ' - - - - - ' - ; ~ = = = = = = ' = = ~  ~ ' ~ r - ' - -  m m # 

2.8- 1.4- 0.6- 0.3- 0.15- 0.09- <0.05 
1.4 0.6 0.3 0.15 0.09 0.05 

-O- Nordreede-Ost, 9.7 m; 
totally 27.5 g/m2/d 

�9 o- Nordreede-West, 4.9 m; 
totally 41.2 g/m2/d 

�9 l l -  Vorhafen, 8.6 m; totally 
65.1 g/m2/d 

-D- Sr, dhafen, 5.4 m; totally 
13.7 g/m2/d 

" �9  West Seite, 15.0 m; 
totatly 42.1 g/m2/d 

-A- D0ne-Wittkl i f fbrunn,  
4.0 rn; totally 19.5 
g/m2/d 

Fraction in mm 

F i g .  6. P r o p o r t i o n a l  c o n t r i b u t i o n  o f  t h e  d r y  w e i g h t s  o f  t h e  d i f f e r e n t  f r a c t i o n s  i n  t h e  s e d i m e n t  t r a p s  
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Fig. 7. Minimal vertical extinction coefficients (k m-1) in midwater measured in July 1987 

mm, while in the artificial envi ronment  the lower limit of the characteristic fraction is 
general ly smaller than 0.05 ram. This implies that in the natural  env i ronmen t  erosion 
takes place, while in the harbours sedimentat ion occurs. 

Light-penetrat ion is strongly inf luenced by seasonal changes and wea ther  condit ions 
(Lfining & Dring, 1979). Figure 7 shows the lowest values of the vertical extinction 
coefficient measured  in July 1987. Localities on the relatively shallow east side of 
Helgoland show higher  values of the vertical extinction coefficient than localities on the 
west side. Through stirred up sediments  and erosion products, the vertical extinction 
coefficient increased to 0.59 m -1 dur ing stormy weather  in July 1987. 

Around Helgoland,  three main  types of natural  hard  substrates occur: red  sandstone,  
muchselkalk  and hmestone facies (Wills, 1968). Two additional types of artificial sub- 
strates were sampled: concrete at Kringel and in the Vorhafen, and iron in the S/idhafen. 
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Tab le  3. O r d e r e d  d i a g r a m  resu l t ing  from the  inve r se  ana lys i s  for t he  spec ies  occur r ing  in bo th  the  
na tu ra l  e n v i r o n m e n t  a n d  the  artificially c rea ted  ha rbours .  T h e  c lus ters  in w h i c h  a concen t r a t i on  level  
of 90 % is r e a c h e d  are  m a r k e d  wi th  . . . . .  or ~ . . . .  '. Pr in ted  as te r i sks  ind ica te  a p r e s e n c e  level  of at 
l eas t  67 % wi th in  t he  communi t i e s .  Abbrevia t ions :  A n  - '  an thozoan ,  Br - b ryozoan,  BA - b r o w n  alga,  
Bi - bivalve,  Cr  - c rus t acean ,  GA - g r e e n  alga,  Hy  - hyd rozoan ,  P - po lychae te ,  RA - r ed  alga,  S - 

sponge ,  T - tunica te ,  TL - top layer,  ML - midd le  l ayer  a n d  EL - e n c r u s t i n g  l aye r  

C o m m u n i t y :  A B C D E F G H 

Tub ico lous  o r g a n i s m s  (Cr/P) 
EL-Phymatoh'thon sp. (RA) 
Audouinella rnembranacea (RA) 
EL-Hildenbranch'a rubra (RA) 
Obelia dichotoma (Hy) 
Leucosolenia variabilis IS) 
Urticina felina (An) 
Alcyonium digitatum (An) 
Scypha c///ata (S) 
Didemnurn maculosum (T) 
Botrylloides leachi (T) 
Haficlona rosea (S) 
CIy~'a hemisphaerica (Hy) 
Ulva lactuca (GA) 

Halichondria panicea (S) 
Polysiphonia urceolata (RA) 
Phyllophora pseudoceranoides (RA) 
Ceramium deslongchampsii (RA) 
Ceramium rubrum (RA) 
Enteromorpha linza (RA) 
Sidnyum turbinatum (T) 
Calh'thamnion hookefi (RA) 
Phycodrys rubens (RA) 
Desmarestia viridis (BA) 
Alcyonidium mytili (Br) 
Bryopsis lyngbyei (GA) 
Sphacelaria plumosa (BA) 
Dynamena pumfla (Hy) 
Lomentaria clavellosa (RA) 
Spirorbis sp. (P) 
Chaetomorpha melagonium (GA) 

Scrupocellaria scruposa (Br) 
Bowerbankia sp. (Br) 
Bugula plumosa (Br) 
EL- Cryptosula pallasiana (Br) 

* * *  * * *  * * *  

* * *  = * *  * * *  

* * *  * * *  * * *  

U m *  

Table  4 

Tab le  5 

Tab le  6 

Tab le  7 

S 0 * 

0 * O 
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T h e  sub l i t t o r a l  c o m m u n i t i e s  

In the dendrogram (Fig. 4), eight subhttoral communities,  forming three ma in  groups, 
are distinguished. The contribution of different taxa to the communi ty  composition, split 
up for the different structural layers, are hsted in Table 9. Species characteristic of both 
the natural  offshore env i ronment  and  the artificially created harbours  are listed in Ta- 
ble 3. Species restricted to the photic and aphotic zone in the natura l  env i ronment  are 
given in Table 4. 

Table 4. Ordered diagram resulting from the inverse analysis for species restricted to the natural 
environment. For an explanation of the abbreviations and symbols, see Table 3 

Community: A B C D E F G H 

Sagartia elegans/troglodytes (An) 
Sertularia cupressina (Hy) 
Obelia geniculata (Hy) 
Celleporella hyalina (Br) 
Calicella syringa (Hy) 
Diphasia rosea (Hy) 
Flustra foliacea (Br) 
EL-Electra pflosa (Br) 
Phyllophora traillii (RA) 
Mytilus edulis (Bi) 
Crisia eburnea (Br) 
EL-Flustra foliacea (Br) 
EL-Caflopora lineata (Br) 
Diadumene cincta (An) 
Verruca stroemia (Cr) 
Punctaria plantaginea (BA) 
Ectocarpu s sp. (BA) 
Sertularella rugosa (Hy) 
Tubularia larynx (Hy) 
Myxilla mcrustans (S) 
Sertularella polyzonias (Hy) 
Crisia denticulata (Br) 
Alcyonidium diaphanum (Br) 
Polyplumulana setacea (Hy) 
Hydrallmania falcata (Hy) 
Eudendrium sp. (Hy) 
Lanice conchilega (P) 
Janua sp. (P) 
EL-Cribrilina punctata (Br) 
EL-Celleporefla hyalina (Br) 
EL-Microporella ciliata (Br) 
EL-Chorizopora brongniartefla (Br) 
EL-Conopeum reticulum (Br) 
EL-Schizomavella linearis (Br) 
EL-Alcyonidium mytili (Br) 
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Communities restricted to the photic zone 

The first main  cluster (A, B and C) is composed of three communities.  Table  5 shows 
the ordered diagram for this cluster. All communities are dominated by algae in the 
middle layer. The cluster does not possess many  collective red algae restricted to this 
cluster, because  most of the dominant  algae also occur in the sheltered Vorhafen, e.g. the 
red algae Polysiphonia urceolata, Phyllophora pseudoceranoides, Ceramium rubrum and 
Ceramium deslongchampsii (cf. Table 3). 

Communi ty  A is found at the localities Nordreede-West, Diine-Kalberdans,  West 
Seite, Kringel, Nordhafenknoll ,  Nordmole and Skittgatt. With the exception of a deep 
station at Skittgatt (10.8 m), all stations possess a well developed top layer of the brown 

Table 5. Ordered diagram resulting from the inverse analysis for species restricted to the photic zone 
in the natural environment. For an explanation of the abbreviations and symbols see Table 3 

Community: A B C D E F G H 

Electra pilosa (Br) 
TL-Laminaria hyperborea (BA) 
Laminaria hyperborea (BA) 
Delesseria sanguinea (RA) 
Membranipora membranacea (Br) 
Ulva sp. (GA) 
Laomedea flexuosa (Hy) 
TL-Larninaria saccharina (BA) 
Laminaria sacchanna (BA) 
Coralh'na officinalis (RA) 

Plocamium cartilagineum (RA) 
Polysiphonia nigra (RA) 
Cladophora rupestris (GA) 
Enteromorpha prolifera (GA) 
Desmarestia aculeata (BA) 
Elachista sp. (BA) 

m 0 0  

Q m O  

Membranoptera alata (RA) 
Porphyra umbilicalis (RA) 
Sphacelaria radicans (BA) 
Petalonia fascia (BA) 
Acervochalina loosanoffi (S) 
EL-Ralfsia verrucosa (BA) 
EL-Membranipora membranacea (Br) 

Pol~des rotundus (RA) 
Polysiphonia nigrescens (RA) 
Cladophora albida (GA) 
Polyclinum aurantium (T) 
Molgula citn'na (T) 

Esperiopsis fucorum (S) 
Sphacelaria caespitosa (BA) 

a a m  

o m ~  
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alga Laminaria hyperborea. The middle layer is dominated by red algae (dominant 
species: Ceramium rubrum and Delesseria sanguinea), brown algae (dominant species: 
Laminaria hyflerborea) and tubicolous organisms. These tubicolous organisms belong to 
different taxa of Crustacea (Amphipoda, for instance Jassa falcata and corophiids) and 
Polychaeta (Spionidae, for instance Polydora cfliata}. The red alga Membranoptera alata 
is characteristic of this community. The bryozoans Membranipora membranacea and 
Electra pflosa are often epiphytic on Laminaria hyperborea and on red algae, respec- 
tively. The encrusting layer is dominated by the red algae Phymatolithon sp. and 
Hildenbrandia rubra. This community is established on the abrasion terraces around 
Helgoland and D~ne, ranging from 4.7 to 10.8 m. The community is found on sloping 
substrates (5-30~ composed of red sandstone, hmestone and concrete. The exposure to 
water movement strongly varies with the topographic position in relation to the prevail- 
ing winds. Sediments available on the substrates belong to the types II, IV and V. On the 
west side of I-Ielgoland mainly type II is found, while on the localities be tween  the islands 
Helgoland and Dfine only types IV and V are found. The stations with a well developed 
top layer extend on the east side of the islands to a depth at which I7 % of the surface 
light intensity is available and on the west side to a depth at which 13.5 % is available. 
The station at Skittgatt, lacking a top layer, receives only 5.5 % of the surface light 
intensity. The amount of dayhght received by the middle layer is strongly influenced by 
the development of the top layer and the slope of the substrate. The station coefficient in 
this layer varies between 4 and 87.5 %. 

Community B is found at the locahties Kringel and Hamburger  Loch. A top layer is 
lacking. The middle layer is mainly formed by tubicolous organisms, the red alga 
Phyllophora trail11, the hydrozoan Sertularia cupressina and the tunicate Sidnyum tur- 
binatum. The bryozoan F.lectra pflosa is found epiphytic and epizoic on the other 
organisms. The encrusting layer is dominated by bryozoans (dominan t species: A1cyo- 
nidium myti11). There is hardly any bare substrate left. The community occurs at the top of 
sublittoral cliffs on the exposed west side of Helgoland at the lower limit of the photic 
zone, between 9.2 and 10.0 m. The lack of a canopy of Laminaria hyperborea in this 
community is caused by the diminished hght intensity at this depth (see also Liining, 
1970, 1985}. Because of its greater depth, the influence of wave-induced water  movement 
is of less importance. The sediments found in this community belong to the coarse types I, 
II and III, indicating a stronger tidal current than at the stations of community A. The 
substrate is composed of red sandstone and limestone. The amount of dayl ight  received 
by the middle layer varies between 16 and 20 %, depending on the angle of inclination of 
the substrates (10-70~ 

Community C is sampled at the location Dfine-Wittkliffbrunn, be tween  2.1 and 
3.7 m. This community possesses a well developed canopy of the brown alga Laminaria 
hyperborea. The middle layer is hardly developed; only Laminaria hyperborea and the 
epiphytic growth form of Electra pilosa occur in substantial quantities. A characteristic 
species of this community is the sponge Esperiopsis fucorum. The encrusting structural 
layer is, hke the middle layer, hardly developed. This is probably caused by  the nature of 
the substrate, which is composed of the erosive muschelkalk. The angle of inclination of 
the substrates varies between 5 and 25~ The sediments belong to type II. The amount of 
daylight received by the top layer varies between 37 and 57 % of the surface hght 
intensity. The middle structural layer only receives i0 % of this irradiance. 
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Communit ies  restricted to the aphotic zone 

The second main  cluster (D, E and F) is also composed  of three  subl i t toral  com- 
muni t ies  (cf. d i ag ram in Table  6). Dominant  collective species  of all three  communi t ies  
are tubicolous organisms,  the po lychae te  Pomatoceros triqueter, the an thozoan  Alcyo- 

nium digitatum and  the encrust ing a lga  Phymatofithon sp. 
Communi ty  D is found at the  locali t ies West  Seite, Kringel,  Repulsegrund,  Nordmole ,  

Sel lebrunnknol l ,  Nordhafenknol l ,  H a m b u r g e r  Loch and Dfine-Sfid b e t w e e n  6.3 and  

Table 6. Ordered diagram resulting from the inverse analysis for species restricted to the apho~c 
zone in the natural environment, For an explanation of the abbreviations and symbols see Table 3 

Community: A B C D E F G H 

Metfidium senile (An) 
Tubulipora liliacea (Br) 
EL-Escharella immersa (Br) 
Disporetla hispida (Br) 
Tubularia indivisa (Hy) 
Kirchenpaueria pinnata (Hy) 
C1iona celata (S) 
Pleraplysilla m/nc/u" (S) 
Dendrodoa grossularia (T) 
EL-Electra monostachys (Br) 
EL-Escharella variolosa (Br) 
EL-Membraniporella nitida (Br) 
EL-A1cyonidium mamillatum (Br) 

Cladophora sericea (GA) 
Nolella sp. [Br) 
Bicellariella ciliata (Br) 
Bugula flabellata (Br) 
Crisia aculeata (Br) 
Cellepora pumicosa (Br) 
Polymastia mamillaris (S) 
Mycale macilenta (S) 
Haliclona urceolus (S) 
Halidona oculata (S) 
Oscarella lobularis [S) 
Opercularella lacerata (Hy) 
Halecium halecinum (Hy) 
Zirfaea crispata (Bi) 
Ascidiella scabra (T) 
EL-Cellepora pumicosa (Br) 

Pomatoceros triqueter (P) 

Abietinaria abietina (Hy) 
Biemna variantia (S) 
EL-Smittina landsborovi (Br) 

Cerianthus lloydii (An) 
Lomentaria orcadensis (RA) 

~ m s  ~ t  
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Fig. 8. The variant of community D at West Seite, dominated by Metn'dium senile. On the left hand 
side, two contracted colonies of the octocoral Alcyonium digitatum are present (photograph: Marcel 

Carpay) 

17.3 m. The communi ty  lacks  a top layer  of b rown algae.  The  middle  layer  is domina ted  
by  the an thozoan  Metridium senile, the  b ryozoan  Flustra foliacea or tubicolous  orga-  
nisms. The encrus t ing  layer  is formed by  bryozoans  and encrus t ing  red  a lgae .  Sed iments  
found in this communi ty  be long  to the types  I, II, III and  V. The communi ty  is e s t a bhshe d  
at  re la t ively  sha l low depths  (6.3-7.3 m) on vert ical  cliffs formed by  gull ies in the  abras ion  
terraces  and at g rea te r  depths  (9.9-17.3 m). The  substrates  consist  of red  sands tone  and  
hmestone,  s loping be tween  5 and 100 ~ The amount  of day l igh t  rece ived  by  this commu-  
nity in the gulhes  amounts  to 5.5 % and  var ies  b e t w e e n  2 and  20.5 % at g rea t e r  depths .  
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Fig. 9. The variant of community D at West Seite, dominated by Flustra fohacea. In the centre, an 
expanded colony of the octocoral Alcyonium digitatum is present (photograph'. Marcel Carpay) 

There are no characteristic species of this community.  On account of species abundance ,  
this he terogeneous  community  can be divided into three physiognomic variants: 

The first variant is dominated by the anthozoan ?r senile {Pig. 8). This 
variant is established be tween  6.3 and  15.1 m on sand- and limestone vertical cliffs. On 
horizontal and sloping 5mestone substrates {5-45~ between  11.2 and 15.1 m, a second 
variant  is [ound, in which tubicolous organisms become more abundant .  

On nearly horizontal sandstone substrates {5-10~ be tween  11.6 and 17.3 m, the third 
variant  is estabhshed. This variant is dominated by the bryozoan F1ustra foliacea (Pig. 9). 
The bryozoan Bugula flabellata is restricted to this variant, always epizoic on P1ustra 
foliacea. 

Communi ty  E is found at the localities Nordmole, Dfine-Sfid, Nordreede-West,  West 
Seite, Repulsegrund and Steingrund, be tween  10.2 and 22.9 m. A top layer is not 
developed in this community. The middle layer is dominated by the polychaete 
Pomatoceros triqueter. Other dominant  species are the octocoral Alcyonium digitatum 
and  the anthozoan Metrich'um senile. The encrust ing layer is formed by the red alga 
Phymatoh'thon sp. but  also many  bryozoan species are found in this layer. The sediments  
belong to the types II, III and V. The substrate is composed of red sandstone and 
limestone. The stations are sampled on nearly horizontal substrates (0-30 ~ and  on 
vertical sides of boulders  (60~ The amount  of dayhght  received by the communi ty  varies 
be tween  0.5 and 16 % of the surface intensity. 
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Table 7. Ordered diagram resulting from the inverse analysis for species restricted to the artificially 
created harbours, For an explanation of the abbreviations and symbols see Table  3 

Community: A B C D E F G H 

Barnacles (Cr) 
Botryllus schlosseri (T) 
Bryopsis hypnoides (GA) 

Clavelina lepadfformis (T) 
Trailh'ella intricata {RA) 
Halichondfia bow~rbanki (S) 
Leuconia johnstoni (S) 
Plumaria elegans (RA) 
Antithamnion plumula (RA) 
Callopora lineata (Br) 
Conopeum reticulum (Br) 

Sagartiogeton undatus (An) 
Asddiella aspersa (T) 
Ciona intestinalis (T) 
Codium fragile (tenuous form) (GA) 
Cryptosula paflasiana (Br) 
Coryne sarsii (Hy) 
Suberites ficus (S) 

* * Q  

Fig. 10. Community H in the S/idhafen, dominated by the anthozoan Sagartiogeton undatus and the 
tunicates Ascidiella aspersa, Ciona intestinahs and Botryllus schlosseri (photograph: Marcel Carpay) 
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C o m m u n i t y  F is  f o u n d  b e t w e e n  t h e  i s l a n d s  H e l g o l a n d  a n d  D f i n e ,  a t  t h e  l o c a t i o n  

N o r d r e e d e  ( O s t  a n d  W e s t ) ,  b e t w e e n  8 .0  a n d  10.5  m .  A t o p  l a y e r  i s  n o t  d e v e l o p e d  i n  t h i s  

c o m m u n i t y .  T h e  m i d d l e  s t r u c t u r a l  l a y e r  i s  d o m i n a t e d  b y  t h e  a n t h o z o a n  Metridium senile 

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

r e d  a l g a  Phymatolithon sp .  T h e  s e d i m e n t s  b e l o n g  to  t h e  t y p e s  II, V a n d  VI.  T h e  s u b s t r a t e  

i s  c o m p o s e d  of  r e d  s a n d s t o n e .  T h e  s t a t i o n s  a r e  s a m p l e d  o n  n e a r l y  h o r i z o n t a l  s u b s t r a t e s  

Tab le  8. O r d e r e d  d i a g r a m  of the  dis t r ibut ion of the  vag i l e  o r g a n i s m s  over  the  di f ferent  c o m m u n i t i e s .  
T h e  a b u n d a n c e  is e x p r e s s e d  as p e r c e n t a g e  p r e s e n c e  over  the  s ta t ions  of a commun i ty .  Abbrev i a -  
t ions:  Cr  - C rus t acean ,  C h  - Chel icera te ,  Ech - Ech inode rma te ,  M - Mollusc,  Pi - Pisces,  P - 

Po lychae te  

C o m m u n i t y :  A B C D E F G H 

Archidoris pseudoargus (M) 
Ctenolabrus rupestris (Pi) 
Carcinus maenas (Cr) 
Asterias rubens (Ech) 
Ectn'nus esculentus (Ech) 
Rissoa parva (M) 
Gibbula cineraria (M) 
Cancer pagurus (Cr) 
Acanthodoris pflosa (M) 
Myoxocephalus scorpius (Pi) 
Nymphon rubrum (Ch) 

Caprella sp. (Cr) 
Macropodia rostrata (Cr) 
Hyas araneus (Cr) 
Homarus gammarus (Cr) 
Pholis gunnellus (Pi) 
Enophrys bubalis (Pi) 
Amphipholis squamata (Ech) 
Ophiotrix fragilis (Ech) 
Lepidochitona cinerea (M) 
Polycera quadrilineata (M) 

Galathea strigosa (Cr) 
Pagurus bernhardus (Cr) 

Pycnogonum littorale (Ch) 
Dendronotus frondosus (M) 
Janolus cristatus (M) 
Coryphella pellucida (M) 
Lepidonotus squamatus (P) 
Gadus morhua (Pi) 
S y n g n a t h i d a e  (Pi) 

Pleuronectes platessa (Pi) 

Zoarces viviparus (Pi) 
Crossaster papposus (Ech) 

23 20 50 31 10 17 17 67 
31 40 - 60 10 33 83 67 
15 . . . . .  17 100 
85 100 50 100 100 83 83 - 
77 - - 71 100 100 50 - 

100 100 50 80 40 33 67 - 
46 20 50 29 60 100 17 - 
23 - 50 60 70 67 33 - 

8 - - 3 - 33 17 - 

15 - 50 11 10 17 17 - 
38 I00  - 57 30 17 17 - 

92 100 50 91 70 33 
8 4 0  - 3 - 

1 5  - - 23 20 50 
8 - - 3 - - 

1 5  20 - 6 - 17 
15 - - 6 2O 33 

8 - - 6 - 17 
8 - - 3 - - 

8 . . . .  3 3  

- 4 0  - 9 - - 

- - 20 

- -  - -  6 

- -  - -  3 

30 33 
10 33 

10 

- 17 
- 1 7  
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(10-20 ~ and  vert ical  s ides of boulders  (65~ The amount  of dayhgh t  var ies  b e t w e e n  6 and  
11.5 % of the  surface intensi ty.  

Communities restricted to artificially constructed harbours 

The last  main  cluster  (G and  H) consists of two communit ies  s a m p l e d  in she l te red  
harbours  in the south-eas t  of Helgoland.  Table  7 shows the o rde red  d i a g r a m  for this 
cluster. Character is t ic  species  of both  communit ies  a re  barnac les  a n d  the tunicate  
Botzyflus schlosseri. 

Community G is restricted to the Vorhafen. Most stations are sampled on vertical 
concrete quay-walls between 6.1 and 7.4 m. One station is sampled at red sandstone on 
the bottom, with an angle of inclination of 5 ~ The community does not possess a top layer. 
The middle layer is dominated by tubicolous organisms and the tunicate Ascidiella 
aspersa. Characteristic species are the tunicate Clavelina lepada'formis, the red alga 
Trailh'ella intricata and  the sponge  Hafichondria bowerbanki. The enc rus t ing  layer  is 
domina ted  by  the red  a lgae  Phyrnatolithon sp. and  Hildenbrandia rubra. The  amount  of 
day l igh t  r ece ived  by  the communi ty  varies  be t w e e n  6.5 and  10 % of the  sur face  intensity.  
Sed iments  on the bo t tom of the  harbour  be long  to the types  III, V and  VI. 

Communi ty  H is res t r ic ted to the she l te red  Sfidhafen. The stations w e r e  s ampled  on 
vert ical  surfaces of iron poles,  b e t w e e n  4.2 and  5.1 m. A top layer  is miss ing.  The  middle  
s tructural  layer  is domina ted  by  tubicolous organisms,  barnacles ,  the  tun ica t e  Botryllus 
schlosseri and  the character is t ic  tunicates  Ascidiefla aspersa and  Ciona intestinalis 
(Fig. 10). Other  character is t ic  species  are  the c tenostome bryozoan  Bowerbankia sp. and  
the an thozoan  Sagartiogeton undatus. The sed iment  on the bo t tom of the  ha rbour  
be longs  to the fine types  VI and  VII. 

Table  8 shows the dis tr ibut ion of the  vagi le  organisms over  the  di f ferent  com- 
munities.  In the  communi t ies  wi th  the h ighes t  number  of sessile o rgan i sms  (the wide-  
sp read  a lgal  domina ted  communi ty  A and  the he te rogeneous  communi ty  D, see  Table  9), 
the h ighes t  n u m b e r  of vag i le  organisms were  found. Communi t ies  w h i c h  accomoda te  
only small  numbers  of vag i le  organisms were  the other  a lgal  domina ted  communi t i es  (B 
and  C) and  the communi t ies  res t r ic ted to the  artificially const ructed  ha rbour s  (G and  H). 
Especial ly  communi ty  H, in the  she l te red  Sfidhafen, houses  very few vag i l e  animals.  It 
should be  kep t  in mind  that  these  vag i l e  animals  were  only recorded  wi th in  the  quadra t s  
of the stations. As these  animals  are  vagi le ,  only a faint  idea  of the  rea l  a b u n d a n c e  of 
these  organisms is g iven  by  these  records.  

DISCUSSION 

The first division in the dend rog ram (Fig. 4) divides the communi t ies  into two groups,  
viz.: communi t ies  in the  na tura l  env i ronment  and in an artificially cons t ruc ted  environ-  
ment.  The main  difference b e t w e e n  bo th  is caused  by  the exposure  to w a t e r  movemen t  
and  subsequen t ly  by  d i f ferences  in sedimenta t ion.  

In the na tura l  env i ronment  the subli t toral  ha rd  substra te  communi t ies  of He lgo land  
are de t e rmined  by  two major  abiotic  pa rame te r s  and  two modifying ones.  The  avai lab le  
amount  of dayhgh t  restr icts  the  dep th  of the  photic  zone. In this zone the communi t i e s  a re  
domina ted  by  a lgae  in the  top and  middle  layer. As s ta ted by  Liining & Dr ing  (1979), the  
turbidi ty  of the waters  and  thus hght  condit ions in the  He lgo land  reg ion  a re  ex t remely  
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Table 9. The contribution in % of different taxa to the community composition 
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Community: A B: C. D E F G H 

T o p  l a y e r  

Brown algae 

M i d d l e  l a y e r  

Red algae 
Brown algae 
Green algae 
Anthozoans 
Tunicates 
Bryozoans 
Hydrozoans 
Sponges 
Bivalves 
Crustaceans 
Polychaetes 
Tubicolous organisms 

E n c r u s t i n g  l a y e r  

Red algae 
Brown algae 
Bryozoans 
Bare substrate/sediment 

Number of species 

60.0 0.0 80.0 0.1 0.0 0.0 0.0 0.0 

28.6 24.8 4.2 1.9 0.0 1.0 22.2 1.8 
14.7 2.0 12.4 0.5 0.0 0.2 0.0 0.1 
1.1 1.2 0.1 0.0 0.0 0.1 0.3 0.7 
3.2 4.3 0.3 23.8 20.9 48.2 2.0 1.9 
1.5 5.2 0.2 0.9 0.0 0.3 22.4 68.1 

13.3 16.6 9.7 34.3 1.4 0.7 1.9 0.8 
7.8 11.9 3.8 7.2 3.3 1.1 2.8 5.5 
1.7 1.5 3.3 4.5 0.5 0.1 10.6 4.6 
0.1 0.1 0.3 0.2 0.0 0.0 0.0 0.0 
0.2 0.2 0.0 0.2 0.4 0.3 2.0 26.1 
0.5 0.0 0.0 0.9 46.2 6.6 0.9 0.1 

13.3 30.9 0.3 15.9 2.4 0.9 11.0 12.7 

18.4 3.2 2.9 4.9 16.5 38.5 29.0 0.0 
0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.1 12.1 0.8 7.3 7.7 2.3 0.0 0.2 

27.7 8.8 82.0 14.6 7.7 5.3 7.6 12.5 

93 72 25 105 49 51 53 33 

variable during different seasons. Algae  dominated communit ies  were  found down to 

depths at which 10 % of the surface hght  intensity was available (De Kluijver, 1989; De 
Kluijver et al., in prep.). As the exposure to water  movemen t  strongly var ies  with the 

topographic position in relation to the prevaihng winds, this pa ramete r  cannot  be 

considered as a regulator  in the photic zone. The nature of the substrate is, however ,  a 
modifying parameter .  Erosive substrates lead to poor deve lopment  of the middle  and 

encrust ing structural layers. 
The other communit ies  in the natural  environment  are restricted to the aphotic  zone. 

Encrusting algae may be  present,  but  a lgae in the middle layer are of minor  importance.  

Communi ty  E, dominated  by the polychaete  Pomatoceros triqueter, is probably  the most 
widespread  communi ty  in deeper  waters in the Helgoland region (K15ckner, 1976; 

Anger,  pers. comm.). Under  more exposed conditions on the west  side of Helgoland,  the 
he terogenous  communi ty  D is found. The three variants display different preferences  

regarding the angle  of inchnation and nature of the substrates. In the direct ion Nord- 

reede,  be tween  Helgoland  and Dfine, community E grades  into communi ty  F. The 
distribution of the sediments  indicates a decrease in current  velocity, and the tidal 

currents seem to be  forced around the west  side of the collective base  of the islands, 

instead of passing through the shallow passage be tween  the islands. The  main  difference 
be tween  communit ies  E and F is the composition of the encrust ing layer  and the 

abundance  of the polychaete  Pomatoceros triqueter in the middle structural layer. 
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The last two communit ies  are located in the shel tered  Vor- and  St idhafen,  an 
envi ronment  where  sed imenta t ion  exceeds  erosion. The communi ty  in the  Vorhafen  (G) 
also contains faunal  and  floral e lements  that  are common outside the quay-wa l l s  in the 
na tura l  environment .  Some of the  dominant  and  character is t ic  spec ies  of communi ty  H 
ins ide  the  ex t remely  she l te red  Sfidhafen (for ins tance the  an thozoan  Sagartiogeton 
undatus and  the tunica tes  Botryllus schlosseri, Ciona intestinalis and  Ascidiefla aspersa) 
have  b e e n  descr ibed  as character is t ic  of the t ideless  salt wa te r  lake  G r e v e l i n g e n  in the 
south-wes t  Ne the r l ands  (De Kluijver, 1989). The tunicates,  character is t ic  of she l te red  
environments ,  are able  to c rea te  their  own wate r  movement ,  necessa ry  for thei r  food 
supply  (Hiscock, 1983). Moreover ,  these  species  are able to survive at  low levels  of 
d issolved oxygen  (Buizer, 1983). Suspension feeders  (e.g. Metridium senile, Pomatoceros 
triqueter and  Flustra foliacea), dominant  in the exposed  communit ies ,  are  d e p e n d e n t  on 
t idal  currents  for their  food supply  (Hiscock, 1983). This dis tr ibut ion is c lear ly  seen  in 
Table  9. A communi ty  domina ted  by  Metridium senile has been  found in the  exposed  
mouth  of the Oos tersche lde  estuary,  south-west  Nether lands  (De Kluijver, 1989). 

Al though  the communi t ies  are  governed  by  the environmenta l  pa ramete r s ,  many  
biotic interact ions within the  communi t ies  are also expec ted  to be  of impor tance .  The  first 
example  of these  biotic interact ions are competi t ive interactions.  Al though  def in i te  proof 
is lacking,  compet i t ive  interact ions are hkely  to occur in the different  s t ructura l  layers  of 
all communi t ies  (e.g. compet i t ion for space  b e t w e e n  Phymatoh'thon sp. a n d  Hildenbran- 
dia rubra, encrus t ing  red  a lgae  and  bryozoans;  the overgrowth of Pomatoceros triqueter 
by bryozoans,  especia l ly  in communi ty  E [see also Rubin, 1985]; and  compe t i t ion  for 
food). More  examples  are  given by  Moore  (1983). All these interact ions,  however ,  take  
p lace  unde r  condit ions c rea ted  by  the envi ronmenta l  parameters .  For example ,  an 
encrus t ing  layer  only deve lops  under  condit ions with low potent ia l  sed imenta t ion .  This 
aga in  d e p e n d s  on the wa te r  movemen t  and input  of suspended  matter .  Light  in tensi ty  
de te rmines  whe the r  a lgae  or bryozoans  domina te  this layer. When  an enc rus t ing  layer  
deve lops  unde r  these  conditions,  it is i r re levant  for the communi ty  s t ruc ture  which  
par t icular  spec ies  occupies  the  substrates.  

The second example  of biotic interact ions is the effect of vag i l e  p reda to r s ,  inc luding  
grazers,  on communi ty  structure. One of the effects of p reda t ion  is the  r e d u c e d  prey  
density.  This may  inf luence species  r ichness and  stabili ty proper t ies  of the  communi ty  
(Hughes,  1980, 1985). The dis t r ibut ion of vagi le  organisms (Table 8), wh ich  inc ludes  
severa l  p reda tors  (such as the  Nud ib ranch ia  Archidoris pseudoargus and  Acanthodoris 
pilosa and the Ech inodermata  Asterias rubens and Echinus esculentus), does  not  indica te  
any relat ion to a par t icular  community.  Especia l ly  dominant  p reda tors  (Asterias rubens, 

Table I0. Comparison between the erosion values of the gypsum blocks and the sediment charac- 
teristics 

Erosion value O. 16 O. 14 O. 10 

I I [ 1 I 1 
Station 2 3 6 1 5 4 

I i I t ~ I [ _ _ J  
Sediment type II V IV VI 
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Ecln'nus esculentus  and the goldsinny Ctenolabrus rupestris) are d is t r ibuted  over  a wide 
var ie ty  of communit ies .  The occurrence of the same predators  in the phot ic  and  aphot ic  
zone indicates  a wide  die tary  preference.  In the shel tered  Sfidhafen, communi ty  H, the 
low r ichness  of sessile organisms (number  of species  = 33) is p robab ly  not  caused  by  a 
low preda tor  intensi ty  (n = 3). Compar ing  this community  with other regions,  the  same 
communi ty  is found in the t ideless  lake  Grevehngen  in the south-west  Ne the r l ands  (De 
Kluijver, 1989). In the Dutch situation, 22 vagi le  organisms were  r ecorded  wi thin  this 
community.  The only species  found at both  locahties is the shore crab Carcinus maenas,  a 
real  opportunis t  with a preference  for the mussel  Myti lus  edulis (Hughes,  1980). How- 
ever, Mytf lus  edulis is not found in communi ty  H. 

All these  aspects  indicate  that  ins tead  of regula t ing  the subht toral  communit ies ,  the 
vagi le  organisms in the  s tudied  locahties d e p e n d  themselves  on the dis tr ibut ion of their  
prey  organisms and  on the envi ronmenta l  parameters .  

E v a l u a t i o n  of m e t h o d s  

The quadra t  sampl ing  techniques  and cluster analysis  led  to reproduc ib le  results.  On 
the basis  of the results  of 1987, seven subht toral  communit ies  were  descr ibed.  Accord ing  
to the comple ted  da ta -se t  covering the stations sampled  in 1988 and  1989, these  
communit ies  did  not  change  and were  found to occur fur thermore at the  new stat ions (cf. 
Table  1). A new communi ty  in the S/ idhafen was sampled.  

Similarly, the sed iment  characteris t ics  did  not change  dur ing  these  years.  The use  of 
these  characteris t ics  as an indicator  of the t idal  current  velocity del ivers  the same results  
as those ga ined  from the exper iments  us ing the gypsum blocks (Table 10). Both me thods  
provide a relat ive scale which  makes  it poss ible  to compare  the total  amount  of wate r  
movemen t  at the  different  stations. In this study, the sed iment  character is t ics  p rovide  a 
more accurate  scale, bu t  for comparison of these  communit ies  wi th  those in other  
environments ,  for ins tance  in es tuar ies  where  sed imenta t ion  exceeds  erosion, the  use  of 
gypsum blocks (or another  method) is necessary.  

The da ta  analysis  us ing the computer  p rogram TWINSPAN y ie lded  the d e n d r o g r a m  
of Figure  11. Communi t ies  E, F, G and H are not affected by the other  cluster  method.  The 

I I 
I I I I 

F E D D D+B B+A A+C G H 

1 0 0 %  1 0 0 %  3 4 %  4 0 %  2 6 + 2 0 %  8 0 + 8 %  9 2 + 1 0 0 %  1 0 0 %  100% 

Fig. 11. Dendrogram resulting from cluster analysis using TWINSPAN. A comparison of the 
communities is made with CLUSTAN 
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m a i n  d i f f e r e n c e  in  t h e  p h o t i c  z o n e  is t h a t  T W I N S P A N  d o e s  n o t  d i s c r i m i n a t e  b e t w e e n  

c o m m u n i t i e s  A a n d  C ( b o t h  c o m m u n i t i e s  w i t h  a we l l  d e v e l o p e d  c a n o p y  of L a m i n a r / a  

hyperborea). T h e  on ly  s t a t i o n  of c o m m u n i t y  A w i t h o u t  th i s  top  l a y e r  is a d d e d  to t h e  

e x p o s e d  c o m m u n i t y  B T h e  h e t e r o g e n e o u s  c o m m u n i t y  D is d i v i d e d  i n to  t h r e e  g r o u p s  as  

wel l .  T h e  v a r i a n t  d o m i n a t e d  b y  Metridium senile d u s t e r s  w i t h  c o m m u n i t i e s  E a n d  F (bo th  

d o m i n a t e d  b y  Metridiurn senile). A n o t h e r  d iv i s i on  is m a d e  b e t w e e n  t h e  v a r i a n t  domi -  

n a t e d  b y  Flustra foliacea a n d  t h e  v a r i a n t  d o m i n a t e d  b y  t u b i c o l o u s  o r g a n i s m s .  

D e s p i t e  all t h e  a d v a n t a g e s  of T W I N S P A N  (Hill, 1979), t h e  o l d e r  C L U S T A N  p r o g r a m  

is to b e  p r e f e r r e d ,  b e c a u s e  t h e  s imi la r i ty  b e t w e e n  t h e  s t a t i o n s  is a f ixed  v a l u e ,  i n d e p e n -  

d e n t  of n e w  d a t a  i n p u t .  Th i s  g ives  a m o r e  s t a b l e  r e s u l t  w h e n  n e w  d a t a  a r e  a d d e d .  

M o r e o v e r ,  T W I N S P A N  d o e s  n o t  g ive  l e v e l s  for  n e w  div is ions .  As  s imi la r i ty  l e v e l s  w i t h i n  

d i f f e r e n t  c o m m u n i t i e s  a re  n o t  t h e  s a m e  (e.g. c o m p a r e  c o m m u n i t y  D [ s imi la r i ty  l e v e l  0,45] 

a n d  c o m m u n i t y  H [s imi lar i ty  l e v e l  0.69]), i t  is d i f f icul t  to d e c i d e  w h e r e  to s top  n e w  

div is ions .  
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