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ABSTRACT: The development  of hard bottom comnlunities has been  studied on test panels in 
Helgoland Harbour (German Bight) since 1977. Settlement and growth of epibenthic species was 
examined monthly. Natural variation in different seasons, years, and at three stations (the latter, 
only in 1981 and 1982) was investigated. At Station A (Binnenhafen), barnacles (Balanus crenatus) 
and polychaetes (Polydora cillata) were always among the first settlers in spring. They were 
followed by other barnacles (Elminlus modestus, Balanus improvisus] and by colonial ascidians 
(Botryllus schlosseri). The latter species often dominated from August to October, and tended  to 
overgrow the barnacle populations. E. modestus showed strong annual variation, probably due to 
extremely low winter  temperatures: after the cold winter of 1978/79, its populations were less dense 
than in previous years. In 1981 they recovered, and sett lement increased again, but the cold winter 
1981/82 damaged the population again. At Station B (Nordosthafen), mussels (Mytllus edulls) soon 
covered barnacles and empty space. By October they had monopolized the fouling community. At 
Station C (Siidhafen}, barnacle set t lement in spring was followed by an overgrowth of hydrozoans 
(Laomedea spec.). In summer, ascidians (Clona lntestinalls and Ascldlella aspersa) settled and 
began  to dominate. Barnacles were  weaker  in the competition for space as opposed to later 
colonizers at all three stations. 

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

T h e  c o l o n i z a t i o n  of a r t i f ic ia l  h a r d  s u b s t r a t u m  h a s  b e e n  s t u d i e d  on  t h e  i s l a n d  of 

H e l g o l a n d  ( G e r m a n  Bight ,  N o r t h  Sea)  s i n c e  1977. A p r e l i m i n a r y  r e p o r t  w a s  g i v e n  b y  

A n g e r  (1978), w h o  a lso  r e v i e w e d  r e l e v a n t  l i t e ra tu re .  

T h e  m a i n  p u r p o s e  of th i s  l o n g - t e r m  i n v e s t i g a t i o n  h a s  b e e n  to a n a l y z e  r e c u r r e n t  

p a t t e r n s  i n  c o m m u n i t y  d e v e l o p m e n t  d u r i n g  t h e  s e a s o n a l  cou r se  of e p i b e n t h i c  co lon i za -  

t ion.  T h e  c o n s e q u e n c e s  to c o m m u n i t y  s t ruc tu re  of a n n u a l  v a r i a t i o n  in  r e c r u i t m e n t  

s u c c e s s  of p o t e n t i a l l y  d o m i n a t i n g  s p e c i e s  a re  o n e  of t h e  m o s t  i n t e r e s t i n g  a s p e c t s  of th is  

s tudy,  s i n c e  t h e y  m a y  s h e d  l i g h t  on  t h e  e f f e c t i v e n e s s  of i n t e r s p e c i f i c  i n t e r a c t i o n s  s u c h  as 

c o m p e t i t i o n  for  s p a c e  s h a p i n g  e p i b e n t h i c  a s s e m b l a g e s .  

* Dedicated to the memory of Dr. J. A. Petersen (Sho Paulo, Brazil), who died on 11 February, 1983 
in an accident during his work on hard bottom communities. 
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138 J. Harms & K. Anger  

Since 1981, the study has  b e e n  ex tended  to three stations located in  different 
harbours  of the island. Thus, spatial  var ia t ion is also considered.  This may  contr ibute  
towards further knowledge  of the competi t ive interact ions a nd  other factors in f luenc ing  
the direct ion of communi ty  development .  

The present  paper  is a n  in termedia te  report on recurrent  pat terns  a nd  a n n u a l  
variation, of seasonal  ep ibenth ic  communi ty  development ,  and  it is a p re l iminary  
account  of spatial var ia t ion in  these part icular  hard bottom communit ies .  

MATERIAL AND METHODS 

Wooden frames with 12 test panels  (100 cm 2 plexiglas) were suspended  from rafts, so 
that they floated in  a vert ical  position, ca 1 to 1.5 m below the water  surface. The 
schedule for suspend ing  and  sampl ing  the panels  was descr ibed in  detail  by  Anger  
(1978). Every month  two pane ls  were removed and  the foul ing communi t ies  were 
examined  under  a stereo microscope: one after be ing  exposed for one month  only, 
another  one after be ing  submerged  since the b e g i n n i n g  of the exper iment  ("Series A" 
panels).  At Station A (Binnenhafen),  exper iments  were conducted dur ing  the periods 
May 10, 1977 to May 11, 1978 (see Anger,  1978); May 17, 1978 to October 16, 1978; May 
16, 1979 to October 13, 1979; January  15, 1980 to November  15, 1980; March 9, 1981 to 
April  6, 1982, and  from April  6, 1982. At Stations B (Nordosthafen) and  C (Siidhafen), 
colonization of the test pane ls  has b e e n  s tudied since 1981 with the same inves t iga t ion  
periods as above, in  order to record spatial  variation. 

The density of ind iv idua ls  or colonies on one-month  pane ls  wil l  be  termed "pr imary 

N 

~o 
metres 

Fig. 1. The investigation area: Island of Helgoland (left; with Stations A, B, and C) and Diine Island 
(right) 
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140 J. Harms & K. Anger  

set t l ing potent ia l"  (PSP). The  numbers  found on Ser ies-A panels ,  whe re  interact ions 
b e t w e e n  earl ier  and la ter  colonizers  took place  and in f luenced  se t t l ement  figures, wil l  

be  referred to as "ac tua l  set t l ing success"  (ASS}. This te rm appl ies  both to organisms 

direct ly a t tached to the pane ls  and to those a t tached to the surface of ear l ier  settlers. PSP 

and ASS are not to be  confused wi th  "pr imary"  and "secondary  foul ing a s semblage"  

(PFA and SFA) sensu Field (1982}. Figure  1 shows the inves t iga t ion  area  wi th  the 
stations. Stations A and B are exposed  to strong t idal  currents, which  are increased  by a 

funnel  effect be t ween  H e l g o l a n d  and Diine islands. Stat ion C is much  more she l te red  

from both wave  action and currents as opposed to A and B. More  detai ls  on the methods  

app l ied  were  g iven  by Ange r  (1978}. 

RESULTS 

A survey of all major  species  and un ident i f ied  groups found since 1977 on test 

panels  is g iven  in Tab le  1. Very small  animals  such as protozoans,  harpacticoids,  

nematodes ,  turbel lar ians  etc. were  not  ident i f ied  and are thus not i nc luded  in the survey. 

70 % of all animal  taxa l is ted in Table  1 are sessile and hemisess i le  foul ing organisms;  

30 % are motile,  but  more  or less typical  for foul ing communit ies .  20 of 53 taxa were  

found at all  three stations, 18 at two stations, and 15 at one station only. Stations A and B 
have  30 taxa (57 % of all) in common, B and C 25 (47 %), and A and C only 23 (43 %). 

Month 

III IV V VI VII VIII IX X 
I I I I I I I 

I K / : [ [ [ ~  

I r / / / / / / ~  I I 

V I / / / I / , ~ / / / / / / A  

~ z ~ T z  

t~e4~ooo~ 

I I 

III IV V 

Y / / / / / / ~ / / / / / . / J  

I I I I 

¥ / / / / / / / V / / / / / / A  

I r / / / / / / / V y ~ t ~ O 0 0 ~  

I I 

r / Z / I l I A  I 

I [ / / / / / / / J  I 

I '1 

I I 

I I 

I I I 
¥i VII VIII IX X 

Elminius modestus 
Balanus crenatus 
Balanus improvisus 
Polydora c i l ia ta 
Polydora l igni  
Botryflus schlosseri 

Ascidiella aspersa 
Ciona intestinalis 

Valkeria uva 
Perigonimus repens 

Campanularia johnstoni 
Laomedea flexuosa 
Jassa falcata 

Corophium insidiosum 

Carcinus maenas 
Myt i lus edulis 

- - I  1-10 V/////• 11-50 ~ 51-100 I >100 individuals or colonies/ lO0 cm 2 

Fig. 2. Colonization period of the most prominent epibenthic species as observed on one-month 
panels 
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Station A revea led  the h ighes t  number  of macroscopic taxa.!41}, fo l lowed by  B (39} and C 
(31}. These  numbers  sugges t  that, in qual i tat ive  terms, Stations A and B are more similar 
to each other than to Station C, and their species  richness is higher.  

S e a s o n a l  v a r i a t i o n :  T h e  c o u r s e  of  c o l o n i z a t i o n  

Analys i s  of the one-month  pane ls  showed  that in the course of colonizat ion there 
was  only  little annual  and spatial  variation during the invest igat ion  period. Therefore, 
the observations made in different years and stations can be summarized as average PSP 
values,  shown in Figure 2, to depict  a typical  sett lement pattern. During the first three 
months of the year no macroscopic  colonizers  were recorded. Only  protozoans, turbella- 
rians and other microfauna made  up a primary communi ty  during the winter  season. 
Mult icel lular a lgae  were  genera l ly  absent on the panels  and did not p lay  any role as part 
of the epibenthic  communit ies .  Considerable  a lga l  sett lement occurred only  in 1982 at 
Stations B and C {Table 1): in  June,  Punctarla hlemal is  started to settle at Station B, 
fo l lowed in July by Ceramium rubrum, whereas  at Station C Enteromorpha spp. were 
most conspicuous.  In August ,  C. rubrum became a dominant  colonist  at Station B, wh ich  
was  already co lonized  by Polysiphonla elongata and musse l  spat (IVIytllus edulls). 

The first macroscopic animals  general ly  sett led in April: the barnacle  B~lanus 
crenatus, the polychaete  Polydora cillata, and the tube-bui ld ing  amphipod Jassa falcata. 
In the fo l lowing  month B. crenatus and P. c111ata increased their colonizat ion activity 
accompanied  by sett l ing hydrozoans  (Laomedea flexuosa}. 

Most species  b e g a n  to co lonize  the one-month  panels  during June and July. General 
sett lement intensity was  h ighes t  in  July  and August,  thereafter it decreased,  and in 
October it ceased (Pig. 2). The  f inal  colonizers  were  usua l ly  ~Iminlusmodestus ,  Valkerla 
uva, Perigonimus repens,  and J. falcata. 

Pigure 3 shows seasonal  changes  of the foul ing communit ies  (ASS) at the three sites, 
compared in 1981. June, August ,  and October were chosen as examples  of early, 
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Pig. 3. Actual settling success (ASS) during the course of colonization at three stations. Me = My- 
tilus edulls, Ci = Ciona intestinalls~ for abbreviations of other species names see Fig. 5 
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intermediate ,  and  late stages of communi ty  development .  Specific differences be t w e e n  
the stations are discussed be low unde r  the head ing  "Spatial  variat ions".  

At Station A, P. ciliata and  B. crenatus clearly domina ted  in  May a nd  June .  In the 
fol lowing two moz~Xhs, E. modestus ,  B. improvisus  and 17. schlosseri  were  the most 
successful colonizers chang ing  the appearance  of the community.  Since the latter 
species is a colonial  asc id ian  with h ighly  in tens ive  budding ,  it became  increas ingly  
dominan t  toward au tumn.  The  same pat te rn  of colonizat ion was observed at Station A in  
1977 (Anger, 1978), 1978 and  1981, with a similar pa t te rn  in  1980 and  1982. Thus, 1981 
may be  considered a "typical" year  for this stat ion as wel l  as for the other stations. 

At Station B, amphipods  (Jassa falcata) were dominan t  at the very b e g i n n i n g  of 
colonization (April, May). In  June  and  July, increas ing  numbers  of barnac les  (E. modes -  
tus, B. crenatus, B. improvisus),  hydroids (L. f lexuosa), and  young  mussels  (Myt i lus  
edulis) main ly  const i tuted the foul ing community.  As at Station A, B. schlosseri  overgrew 
most of these species in  August,  accompanied  by successful se t t lement  of Valkeria uva; 
however,  the latter form was u n a b l e  to grow on juven i le  mussels.  M. edul is  b e g a n  to 
dominate  the communi ty  in  late summer.  

Station C was colonized first by  L. f lexuosa and  P. ciliata. In June,  E. modes tus  
became co-dominant,  as at the other stations. B. crenatus, B. improvisus,  B. sch]osseri, 
Ascidie l la  aspersa and  Ciona intes t inal is  b e g a n  to settle in  July  and  occupied the last 
avai lable  free space. PSP of several  species r emained  high unt i l  September,  bu t  ASS 
decreased, because  C. in tes t inaf is  and  A, aspersa grew very fast and  soon covered most 
of the space. Like M. edul is  at Station B, these ascidians (mainly the former species) 
became  dominant  with a relat ively low n u m b e r  of increas ingly  large-s ized individuals .  

m rn Ao , /E m 
cmr~ 

Scy ~ Em Em Aa ~Bc 

Cj v 

1977 1978 t979 
m 

m 

B s x ~  

~Bc 

Pc 

Bs m ,,~.< 
~ . . B c  . , ~  

L -  c~ 

Bs - Bi  

1980 1981 1982 

0 50 100 
indiv./month 

Fig. 4. Annual variation in average primary settling potential (PSP) at Station A. For abbreviations 
of species names see Fig. 5 
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A n n u a l  v a r i a t i o n  

A n n u a l  v a r i a t i o n s  i n  t h i s  g e n e r a l  s c h e m e  of e p i b e n t h i c  r e c r u i t m e n t  c a n  o n l y  be 
shown for Stat ion A (Binnenhafen),  wh i ch  has been  studied since 1977. A t  this site, 
c o l o n i z a t i o n  ac t iv i ty  a l w a y s  s t a r t e d  in  Apr i l  or M a y  a n d  l a s t e d  u n t i l  O c t o b e r  o r  

N o v e m b e r .  PSP  f i g u r e s  w e r e  s u m m e d  u p  for t h e s e  p e r i o d s  a n d  m o n t h l y  m e a n  v a l u e s  

( r e p r e s e n t e d  in  Fig.  4 b y  d i a m e t e r s  of c i rc le  d i a g r a m s )  a re  u s e d  as  a m e a s u r e  of to ta l  

s e t t l e m e n t  i n t e n s i t y  in  a g i v e n  yea r .  T h e  p o r t i o n s  of t h e  p r i n c i p a l  c o l o n i z e r s  a re  s h o w n  as 

sec tors .  

1000 2000" 
indiv./ lOOcm 2 

m Era 

Sc~ 1 /Era 

s ~ \B$ 

1 977 1978 

Amph T ~ / B c  
Vu - ~ P I  

k 

1979 

m i Em / 

~ / B c  
k . | 

Bs Bs 

1980 1 981 1982 
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Fig. 5. Annual  variation in actual settl ing success (ASS) in October at Station A. Em = Blmin ius  
modestus ,  Bc = Balanus  crenatus, Bi = Balanus improvisus, Pf = Pomatoceros triqueter, Pc = Poly- 
dora ciliata, P1 = P. ligni, Bs = Botryllus schlosseri, Aa = AscidieHa aspersa, Pr = Pergonimus  
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Amph = Amphipoda, A = Anthozoa, Cm = Carcinus rnaenas, m = miscellaneous 
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Figure 4 shows that E. modes tus  and  B. schlosseri had  a very h igh  PSP in  all  years 
except in  1979 and  1980. E. modes tus  showed weak  se t t lement  in  1982 as well.  
Scyphozoan polyps (most p robably  Aurelia aurita) were  among  the most a b u n d a n t  
colonizers only in  1977 (see Anger,  1978), Polydora ciliata in  1981 and  1979. All other 
species p layed a minor  role as pr imary colonizers at Station A. 

Total colonization intensity,  expressed as m e a n  total PSP (Fig. 4), was highest  in  
1981, and  lowest in  1978:106 and  56 individuals  per month  per  100 cm 2, respectively. 
Dur ing  the set t lement  periods in  the other three years it was close to the average 
(76 individuals  per month  and  panel) .  

A n n u a l  variat ion in  the pr imary set t l ing potent ia l  as shown above is the ma in  source 
of var ia t ion in communi ty  composi t ion observed at the e nd  of the colonizat ion period (in 
autumn).  Since in  October and  November  there was no (or negl ig ib le)  se t t lement  of 
macroscopic organisms, the actual  set t l ing success (ASS) at the b e g i n n i n g  of October 
was used  as a measure  of resu l t ing  communi ty  structure (Fig. 5). 

The difference b e t w e e n  PSP (Fig. 4) and  ASS (Fig. 5) is striking: E. modes tus  was 
one of the most successful pr imary settlers, but  by the end  of the colonizat ion per iod 
(Fig. 5) it was always more or less supplanted.  Usual ly  it was overgrown by  b u d d i n g  
colonies of B. schlosseri dur ing  Augus t  and September.  In 1979 and  1980, w h e n  both E. 
modestus  and  B. schlosseri had  much  lower success than  in  the other years, B. crenatus 

became a dominan t  species, and  the communi ty  had a higher  species diversity. Total 
colonizat ion figures (numbers  of ind iv idua ls  found per  100 cm 2 in  October) were ma in ly  
in f luenced  by  B. schlossezi. In  1977 and  1978, w h e n  this species had  very h igh  PSP (cf. 
Pig. 4), it became overwhelming ly  dominan t  unt i l  the e nd  of the colonizat ion per iod 
showing extremely h igh  " ' individual" numbers  (ASS, Fig. 5). In 1982, B. crenatus a nd  B. 
schlosseri were co-dominants .  As an  exception, the latter species was not  able to 
supersede the former in  that year. 

The annua l  var ia t ion in  colonizat ion success of E. modes tus  and  B. crenatus is also 
shown in  Figure 6. The pat terns of var iat ion suggest  that  tempera ture  dur ing  the winter  
season may be a key factor for the recrui tment  of E. modes tus  and  B. schlosseri: their low 
PSP and  ASS figures in  1979, 1980, and  1982 (cf. Pigs. 4 and  5) coincided with obvious 
damage  to natura l  popula t ions  caused  by the except ional ly  cold winters  1978/79 and  
1981/82. 

B. crenatus also showed large variat ions in  ASS figures (Fig. 6), which  are appa-  
rent ly  inversely re la ted  to var ia t ions  in  E. modes tus  and  B. schlosseri. B. improvisus  has 
appeared  in  the foul ing communi ty  only dur ing  the last three years (1980-82). The 
set t lement  periods in  these years often revealed  part icularly low salini t ies (below 30 %0). 
This may be considered an  indicator  for es tuar ine inf luence  favouring brackish water  
barnacle  species. 

S p a t i a l  v a r i a t i o n  

Figure 3 shows the course of colonizat ion (ASS) at all  three stations in  1981. M e a n  
total PSP was far h igher  at Stations B and  C than  at Station A (averages for the se t t lement  
period: 191, 153, and  106 ind iv idua ls  per  month per  panel ,  respectively). Elminius  

modes tus  revealed the highest  PSP of all species at all  sites, but  to a cons iderably  lesser 
degree at Station C. Barnacles  as a group were potent ia l ly  dominan t  to a s imilar  extent  at 
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all sites compared. The rest of the set t l ing fauna  was qui te  different in  the three 
harbours:  Polydora ciliata and  Botryllus schlosseri settled heavi ly  at Station A, 
amphipods  (mainly Jassa falcata) and  Valkeria uva at Station B, and  Laomedea spec. 
(mainly L. flexuosa) and Ciona intestinalis at Station C. 

When  the actual  set t l ing success (Fig. 3) is considered, it is obvious that the 
communi t ies  at the three localities developed in  completely different ways (cf. section 
headed  "Seasonal  variat ion:  the course of colonization"), a l though the distances 
be tween  them are very small  (Fig. 1). At the end  of the se t t lement  period, in  October, B. 
schlosseri covered ca 40 % of the communi ty  surface at Station A; it had  overgrown m a n y  
barnacles ,  which  had  a l ready colonized almost 100 % of all avai lable  pr imary space on 
the panels .  E. modestus, B. crenatus, and  to a lesser degree  B. improvisus were co- 
dominant .  At Station B, Mytilus edulis covered almost the whole surface and  b e g a n  to 
overgrow the under lay ing ,  co-dominant  species (B. schlosseri, E. modestus, B. crenatus, 
B. improvisus, and  L. flexuosa). At Station C, the solitary ascidian C. intestinalisreached 
a body size of ca 3 cm in  August,  and  in  October it had  overgrown all other species 
(mainly B. crenatus and  B. improvisus, with /F. modestus, L. flexuosa, and  V. uva in  
smaller  amounts).  

P a t t e r n s  of c o m p e t i t i o n  for  s p a c e  

Biological interact ions in  deve lop ing  foul ing communi t ies  can be  ana lyzed  by direct 
comparison of PSP and  ASS figures. One  example  is the AIFtilus edulis set t lement  at 
Station B: mussel  spat did not  occur on the one-month  panels,  thus showing extremely 
low PSP. Dense  se t t lement  took place only on older panels  a l ready colonized by 
hydroids or algae. In late summer,  mussels  b e g a n  to cover the under layer  of barnacles,  
ascidians and  other early colonizers. Al though there was only a relat ively small  n u m b e r  
of M. edulis, they severely changed  the communi ty  structure due to their increas ingly  
large body size. 

Solitary ascidians  {Ciona intestinalis, Ascidiella aspersa) did not depend  on primary 
settlers, bu t  they also were superior  competitors, due to their fast body  growth. The rate 
of monopol iza t ion  (ASS) was in  this case (in contrast to ~ edulis) posit ively l inked  with 
their  PSP. 

Figure 6 shows cumula t ive  PSP as opposed to ASS figures in  two barnac le  species 
(Elminius modestus and  Balanus crenatus) dur ing  five years at Station A. In 1977 (Anger, 
1978) and  1978, E. modestus showed higher  ASS than  PSP values. In these years, B. 
crenatus had only little se t t lement  success. After the cold winter  1978/79, the latter 
species became dominant ,  with ASS surpassing PSP (1979 and  1980). In the following 
year, w h e n  B. modestus was successful aga in  with very h igh PSP, the two species 
became equa l ly  strong competitors (about equal  ASS). After another  cold winter,  in  
1982, E. modestus was aga in  much  less successful, and  B. crenatushad much higher  ASS 
than  PSP. 

In Figm'e 6a  the recurrent  pa t te rn  is conspicuous:  w h e n  there is clear dominance  of 
one barnac le  species (i.e. in  all  years except in  late 1981), ASS of this dominan t  species is 
h igher  than  its PSP. Anger  (1978) re la ted  this mechan i sm to intraspecific aggregat ion  
dur ing  set t lement.  W h e n  ASS is lower than  PSP, this indicates  strong competi t ion by 
another  species. In the two barnac le  species considered here, this appears  to hold true up  
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to an  ASS l imit  of ca 300 i nd iv idua l s  pe r  p la te ,  for both  spec ies  c o m b i n e d  (Pig. 6). This  is 
p robab ly  the  m a x i m u m  capac i ty  for se t t l emen t  and  growth  of ba rnac le s  on the p la te  
surface p rov ided  here.  

Increas ing  number s  of d e a d  ba rnac l e s  are  an ind ica t ion  of bo th  in t r a -and  inter-  
specific compet i t ion.  The  pa t te rns  shown in F igure  6 sugges t  that  ba rnac l e  compet i t ion  
(13. modestus vs B. cranatus) is m a i n l y  effect ive as an  inh ib i t ion  of se t t l ement  by  a l r e a dy  
e s t ab l i shed  juven i l es  of the  o p p o n e n t  species .  Compet i t ion  b e t w e e n  ba rnac le s  and  
Botryllus schlosserl t akes  p l ace  la ter :  Even  w h e n  PSP of this colonia l  a sc id i an  was  low 
{1980, 1981), i ts  b u d d i n g  a lways  caused  re l a t ive ly  h igh  ASS. Monopo l i za t ion  by  this  
spec ies  was  p r e v e n t e d  only  w h e n  i t  h a d  no se t t l ement  success  at  a l l  (e.g. a t  Sta t ion A, 
1979}. 

DISCUSSION 

Our  observat ions  on annua l  var ia t ions  in the  d e v e l o p m e n t  of foul ing communi t i es  
(Figs 5 and  6) suppor t  the  "mul t i p l e  s tab le  points"  concept  (Lewontin,  1969; for gene ra l  
d iscuss ion see  Suther land,  1974): in  ea r ly  success ional  stages,  barnac les ,  hydroids ,  and  
t u b e - b u i l d i n g  po lychae te s  were  of ten found to show h igh  p r imary  se t t l ing  po ten t ia l  
(PSP). Later  d e v e l o p m e n t  of the  communi ty ,  however ,  d e p e n d e d  less  on PSP of a l l  
colonizers  in  genera l ,  and  more  on the  rec ru i tment  success  or fa i lure  of a few super ior  
compet i tors  for space  (key species) .  In the  case  p r e sen t ed  here,  qu i te  different  o rgan isms  
t e n d e d  to domina te  e s t ab l i shed  fou l ing  communi t i e s  after co loniza t ion  ceased ,  these  
b e i n g  in tens ive ly  b u d d i n g  colonia l  a sc id ians  (Botryllus schlosseri) at Stat ion A, fast 
g rowing  musse ls  (Mytilus edulis) at Stat ion B, and  sol i tary  asc id ians  also showing  h igh  
i nd iv idua l  g rowth  rates  (Ciona intestinalis) at Stat ion C. 

These  spec ies  are  super ior  not  only  on account  of thei r  po ten t i a l ly  la rge  body  or 
colony size, but  also due  to defense  mechan i sms  aga ins t  overgrowth.  Later  colonizers  are  
ra re ly  ab l e  to set t le  on the  soft t i ssues  of asc id ians  or on the pe r ios t racum of juven i l e  
mussels .  This  is different  in  o ld  co lonies  or ind iv idua ls ,  whose  surface a ppe a r s  to be  
rougher  and,  as  has  a l r e a d y  b e e n  observed ,  can be  co lon ized  b y  other  foul ing  species .  
This, however ,  cannot  p l a y  a role  unt i l  the  next  co loniza t ion  pe r iod  (spring). Exper i -  
ments  runn ing  over  pe r iods  longe r  than  one yea r  we re  in i t i a t ed  in 1981 to ana lyze  
longe r - t e rm cycles  and  poss ib le  s tab le  po in ts  in communi ty  deve lopment .  

The m a i n  dominan t s  found on pane l s  at  H e l g o l a n d  are  we l l  k n o w n  from the 
l i te ra ture  to exhib i t  compet i t ive  super ior i ty  on hard  bo t tom subs t ra ta  in o ther  areas:  B. 
schlosseri in N e w  Z e a l a n d  (Luckens,  1976), New E ng la nd  (Field, 1982; Grosberg ,  1981; 
Osman,  1977), and  on British coasts  (Fry, 1975; Withers  & Thorp, 1977). Fry (1975) 
observed,  however ,  that  other  colonia l  tunica tes  (Diplosoma listerianum) were  even  
super ior  to B. schlosseri. The g e n e r a l l y  h igh  compet i t ive  po ten t ia l  in colonia l  spec ies  
was d i scussed  by  Jackson  (1977). 

Also C. intestinalis, due  to i ts fast  g rowth  and  res i s tance  to overgrowth  (see above),  
can  ou tcompete  i ts encrus t ing  re la t ive  B. schlosseri (Withers & Thorp,  1977; Stat ion C at  
Helgoland) .  Gu l l i k sen  (1980) found  it  "of crucial  impor tance  for the  overa l l  fauna  
composi t ion"  in a N o r w e g i a n  fjord. Other  sol i tary asc id ians  have  b e e n  r epor t ed  to show 
s imi lar  compet i t ive  abi l i ty:  Molgula manhattansis {Fry, 1975; Dean  & Hurd,  1980), 
Dendrodoa grossularia (Gull iksen,  1975), Ascidiella aspersa (this study), and  a number  
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of other species can domina te  foul ing assemblages  (Sutherland, 1974; Osman,  1977; 
Marshal l  et al., 1980). 

Mussels  (Mytilus edulis] characterized es tabl ished communi t ies  and, possibly, the 
stable point  at Station B at Helgoland.  As descr ibed by  Dean  & I-Iurd (1980), they are able  
to inh ib i t  colonizat ion by other potent ia l  dominants ,  and  due to their  rapid  growth, 
relat ively few ind iv idua ls  can  compete  successfully agains t  them once they are settled. 
We observed that h,/. edulis growing ins ide  empty  barnac le  shells a nd  in  crevices 
be tween  l iving barnac les  mechan ica l ly  broke off their ne ighbours  due  to their  body  
growth and  so they created n e w  free space. In this way, a mosaic  patchwork was 
produced for a period of time. The mussels,  however,  soon occupied all avai lable  space, 
created by themselves.  

As with B. schlosseri and  C. intestinalis, the young  M. edulis communi ty  is an  
example of the " inh ib i t ion  model"  of colonization (for recent  discussion of theoretical  
concepts see Horn, 1974; Conne l l  & Slatyer, 1977; Suther land  & Karlson, 1977; Dean  & 
Hurd, 1980) bu t  at the same time it supports the contrary "facil i tation model":  its own 
pr imary set t lement  potent ia l  (PSP) on one-month  pane ls  was pract ical ly zero. Only  after 
hydrozoans (Laomedea flexuosa and  other species) or red a lgae (mainly Ceramium 
rubrum) in  1982 had  es tabl ished themselves,  was se t t lement  observed on these pr imary 
colonizers. This effect has b e e n  shown by  De Blok & Gee len  (1959) and  Bayne (1964) 
who found that f i lamentous structures are necessary for pr imary se t t lement  of mussel  
spat. Secondary se t t lement  on hard substrata takes place later, in  this case on the 
plexiglas  surface of the panels  or on barnacles.  Dean  & Hurd  (1980) observed that 
set t lement  of M. edulis was promoted by earl ier  colonists, bu t  on asbestos cement  
panels,  for example,  hydroids etc. were not necessary for the mussels.  This may  be 
exp la ined  by the different surface qual i t ies  of the pane ls  employed  by those authors and  
the ones used in the present  study. 

Stochastic events  can  interfere with biotic interactions:  extraordinari ly  cold winters  
p resumably  suppress both  the late dominan t  B. schlosseri and  the barnac le  E. modestus, 
which regular ly  domina te  earl ier  stages of communi ty  development :  In part icular  the 
cold winter  1978/79 had  severe consequences  for shal low water  mar ine  life in  the 
German  Bight (DSrjes, 1980). We have no information on the tempera ture  to lerance of 
B. schlosseri, but  our observat ions suggest  that its popula t ions  suffered de t r imenta l  
inf luence  from unusua l l y  cold water. In  E. modestus, the presumpt ion  of such an  effect is 
supported by its geographic  or igin (it is a warm-water  species in t roduced from Austra- 
l i an  waters only recently), by the f indings  of Ritz & Foster (1968) on {ts tempera ture  
tolerance,  and by observat ions reported by  Stubbings  & Houghton  (1964). The latter 
authors suggested a re la t ionship  be tween  recrui tment  success a nd  water  t empera ture  in  
March, when  the species is breeding .  This corresponds wel l  to the fact that  the cold 
winters  1978/79 and  1981/82 were characterized by extremely low tempera tures  in  
January  to March or April. 

Salinity, too, may inf luence  the set t lement  success of potent ia l  dominants :  we 
suggest  that the appearance  of Balanus improvisus is favoured by low salinities.  These 
may either st imulate its reproduction,  favour larval survival  or metamorphosisl  or they 
are s imply an indicator  of es tuar ine  water  bodies carrying larvae from brackish areas. 

Another  example  of climatic inf luence  is provided by  a recent  observation: un l ike  
previous years, there was in  1982 considerable  algal  se t t lement  at Stations B and  C. This 
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m a y  b e  e x p l a i n e d  b y  h i g h  l i g h t  i n t e n s i t i e s  d u e  to  t h e  u n u s u a l l y  c a l m  a n d  s u n n y  w e a t h e r  

c o n d i t i o n s  d u r i n g  t h i s  s u m m e r .  S t a t i o n  A is  s i t u a t e d  i n  a n  a r e a  w h e r e  r e s e a r c h  ve s se l s ,  

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

A t  a n  i s o l a t e d  r o c k y  i s l a n d  s u c h  as  H e l g o l a n d ,  t h e  s e t t l e m e n t  of l a r v a e  t r a n s p o r t e d  

f rom e l s e w h e r e  c a n  a l so  b e  c o n s i d e r e d  a s t o c h a s t i c  e v e n t  h i g h l y  i n f l u e n c i n g  c o m m u n i t y  

d e v e l o p m e n t .  T h e  s u c c e s s  of s c y p h o p o l y p s  i n  1977 m a y  s e r v e  a s  a n  e x a m p l e  for  s u c h  a n  
i r r e g u l a r  effect .  

S o m e  b i o l o g i c a l  i n t e r a c t i o n s  b e t w e e n  e a r l y  a n d  l a t e  c o l o n i z e r s  (i.e. b e t w e e n  p r i m -  

a ry  a n d  s e c o n d a r y  f o u l i n g  a s s e m b l a g e s  sensu Fie ld ,  1982), a n d  b e t w e e n  s u c c e s s f u l l y  

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

n a r i l y  b e  a n a l y z e d  b y  c o m p a r i s o n  of PSP  a n d  A S S  f igu re s .  F u r t h e r  i n f o r m a t i o n  o n  

c o l o n i z a t i o n  a n d  g r o w t h  s t r a t e g i e s ,  o n  e f f ec t s  of s t o c h a s t i c  e v e n t s  a n d  o n  i n t e r a c t i o n s  i n  

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