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ABSTRACT: Whilst both abiotic and biotic factors affect communities, biological interactions are 
widely believed to be the most important factors structuring subtidal communities. Among the 
potential biological interactions a few "key" species may regulate species fluctuations. A rocky 
subtidal community in the Oslofjord (Norway) has been investigated using stereophotography, field 
experiments and manipulations (settlement plates, scraping, cages). The purpose was to develop a 
method for biological monitoring of chronic pollution effects. Around'60 species were identified in 
the  community. The most permanent occupants were Lithothamnion sp. (25-30 % cover) and 
Pomatoceros triqueter (ca. 20 % cover). The most important fluctuation was induced by the rapid 
growth of the hydroid Laomedea longissima to a I00 % cover in June and its rapid disappearance. 
Free space covered more than 30 % except in the period with large hydroid occurrence. The most 
active settlement period was in summer and autumn. The most important predators observed were 
Coryphella sp., Asterias rubens and Psammechinus miliaris. Coryphella grazed upon the hydroids 
and Asterias and Psammechinus foraged on settled organisms which resulted in an increase of free 
space. Predation and recruitment in that order are probably the two most important factors structur- 
ing the studied community. The "key" species were therefore the three predators. A monitoring 
programme should concentrate on these predators and their influence on the success of recruitment 
and the abundance of hydroids and free space, since these species control the natural fluctuations in 
the studied community. The stereophotographic method combined with simple settlement-plate 
experiments seems suitable for such a monitoring programme. 

INTRODUCTION 

Unders t and ing  the mechan i sms  produc ing  natural  f luctuations in communi t ies  is an 

essent ia l  p re requis i te  for assessing effects of chronic pol lut ion stress; in ecologica l  

moni tor ing  p rogrammes  even tua l ly  pol lu t ion  effects must  be  separa ted  from the varia-  

tions p roduced  by the natural  communi ty  structuring factors. Lewis (1976) stated that 

moni tor ing  f luctuations is easy, but  wi thout  an unders t and ing  of causal  mechan i sms  

only the most obvious effects of pol lut ion stress wi l l  be  observed.  
Both abiot ic  and biotic factors are important  in structuring communi t ies  and produc-  

ing  natural  fluctuations.  In exposed  areas, e. g. the intert idal ,  abiot ic  (physical} factors 

are b e l i e v e d  to be of greates t  importance,  but  in more protec ted  or b e n i g n  areas, e. g. the 

subt idal  communit ies ,  biot ic factors are wide ly  b e l i e v e d  to be the most important .  
M e n g e  (1976) conc luded  that  of mechan i sms  structuring communi t ies  in the intert idal ,  

compet i t ion  and preda t ion  were  the most important  and physical  factors were  of 

secondary  importance.  Yet a few species  only, "key"  species,  are sugges ted  as be ing  

important  regula tors  of communi ty  structure (Paine, 1969; Dayton, 1972; Lewis, 1976). 
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Little information, however,  is avai lable  about  s tructuring factors on na tura l  rocky 
subt idal  communit ies .  Suther land  & Karlson (1977} and  Anger  (1978} found variat ion in  
larval recrui tment  on artificial snbstrates wi th in  a year and from year  to year  to be a 
major  factor in  control l ing the deve lopment  of such communit ies .  Similar a rguments  had 
b e e n  used by Lewis (1964) who expla ined  f luctuations by variat ions in  seasonal  recruit- 
ment,  growth of species and differential  mortali t ies of various plants  and animals.  
However,  on subt idal  pil ings,  Karlson (1978) found that predators, notably  echinoids and  
fish, were  the most impor tant  s t ructuring agents.  

In communi t ies  exposed to severe physical  condit ions (such as the exposed interti-  
dal), the importance of predat ion is reduced and  interspecific competi t ion for space is the 
dominan t  factor (Menge, 1976). These communi t ies  are often domina ted  by a s ingle  
competi t ively dominan t  species, a s i tuat ion which can also occur in  communi t ies  in  more 
sheltered areas where  important  predators are removed (Paine, 1966; Menge,  1976; 
Peterson, 1979). 

General ly,  in  sheltered areas of the in ter t idal  and  especial ly in  the subt idal  commu- 
nities, predat ion plays a dominan t  role. Predat ion provides free space avai lable  for ne w  
species to colonize (Paine, 1966; Dayton, 1971; Menge,  1976; Peterson, 1979), and  by 
removing  dominan t  competitors can give rise to communi t ies  with a greater  amount  of 
temporal  and  spatial  he terogenei ty  or h igher  diversity (Paine, 1966; Peterson, 1979). In 
communi t ies  where  predat ion seems to be the dominan t  biological  factor, the most 
important  predator  is a "key" species (Paine, 1966, 1969). 

Since there is little data avai lable  on rocky subt idal  communit ies ,  an  ini t ia l  s tudy on 
biological  interact ions has b e e n  concentra ted on one community.  The pr imary aim of the 
project is to evaluate  the uti l i ty of the rocky subt idal  as a sui table habi ta t  for long- term 
ecological  moni tor ing  a long the Norwegian  coast. 

METHODS 

A test area was chosen with a fairly smooth rocky surface at 12-m depth, ca 45 ~ slope, 
at Drobak in  the Oslofjord (Norway). Drobak lies in a sound be t w e e n  an inner  pol luted 
and  an  outer less pol lu ted  part  of the fjord. Strong daily currents pass in and  out of this 
sound and inf luence  the upper  water  layer down to the communi ty  at 12 m. Water  
tempera ture  fluctuates from ca 1 ~ in  winter  to 15 ~ in  summer,  and  sal ini ty varies 

be tween  24 %0 and 34 %0. 
The sampl ing  technique  chosen for the subt idal  rocky communi t ies  was largely 

based on s tereophotogrammetry (Lund~ilv, 1971; TorlegSrd & Lund~ilv, 1974). Lund~lv 
(1971) considered that  s tereophotographic recordings were a sui table and  practical  
method for moni tor ing  epibenth ic  communit ies .  The stereophotographic method used  is 
somewhat  different from that described by Lundhlv (1971); here two Nikonos III with 15- 
mm objectives were used as pai red synchronized cameras (Kvalv~gn~es et al., 1976). 

S a m p 1 i n g d e s i g n. All sampl ing  was carried out by SCUBA-diving.  A perma-  
nent ly  fixed (marked) test area covering 3.0 m 2 has b e e n  recorded monthly  us ing  
stereophotographic methods since March 1978. Of this area, 2.0 m 2 was used as a control 
area, 0.5 m 2 was scraped to remove the fauna  and  0.5 m 2 was covered by cages. Two 
cages were used, one of fish net  with mesh size of 10 mm and  the other of ny lon  net  with 
mesh size of 3 mm. The nets  were fitted to the rocky surface with a thin rubber  seal which 
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was moored by small  p lugs  dr iven into holes dri l led in the substrate. The nets  were 
raised from the substrate by means  of wire hoops. 

The control area gave data o n  the na tura l  communi ty  structure and  its fluctuations, 
the scraped area on recolonisat ion sequence,  and  the cages on effects of predation.  

In addi t ion  to the photographic recordings, samples were taken  from the communi ty  
close to the test area. A set t lement  exper iment  was done with ceramic plates. In spr ing 
(March 1978) 12 plates were put  out, of which one was recovered each month,  and  also at 
each month  one pla te  was put  out and  then  t aken  up the next  month.  

A n a 1 y s i n g t e c h n i q u e s. For picture analysis  (of the control area, the scraped 
area and  the caged area) a stereoscope (up to 40 • magnificat ion) was used. To analyse  
each picture, two i n d e p e n d e n t  sets of 100 random points were counted in  order to 
est imate the percent  cover of the different organisms. Tests were done and  100 points  
were found to give small  var iances in  percent  cover of the occurring organisms. 

Under  each point  the occurrence of an imals  on pr imary space, secondary space 
(epizoism) and  canopy was recorded. Since recordings were made  in  the different layers 
the sum of est imates of species-specific percentage  cover can exceed 100 %. By count ing  
each picture twice, the estimates of % cover of the species on the control area were 
calculated from 1600 counts for each sampl ing  date. Colonies or solitary indiv iduals  of 
larger  p lants  and  an imals  were counted directly and  numbers  extrapolated to m -2. 

The se t t lement  plates were ana lysed  by  p resence /absence  of organisms. The diffi- 
culty of ident i fy ing some of the organisms in  the pictures was overcome by ident i fy ing 
organisms sampled  close to the photographic  test area. This sampl ing  also gave an  idea 
of the fauna  not avai lable  in  photographic  sampling.  

RESULTS 

By ana lys ing  the pictures, 34 different taxa of an imals  and plants  were ident i f ied on 
the test area dur ing  the year. An  addi t ional  28 species were found on the set t lement  
plates and  in  the samples  from the nearby  area giving a total of 62 species. The species 
list is g iven  in  Table  1. 

A n a l y s i s  of con t r o l  a r e a  

The results from point  sampl ing  indicated  that the control area was domina ted  by 
few species (Fig. 1). The encrus t ing  Lithothamnion showed a stable occurrence (25-30 % 
cover) throughout  the year, and  together  with Hildenbrandia rubra, the encrus t ing  
rhodophyceans  occupied about  30 % of the pr imary space. The tube -bu i ld ing  polychaete  
Pomatoceros triqueter covered a round 20 % most of the year  with an  increase dur ing  the 
sett l ing period (to 30 %). 

The percentage  occurrence of free pr imary space decreased through the spring and  
increased through a u t u m n  and winter.  This f luctuat ion could be inversely correlated 
with the f luctuat ion of the hydroid Laomedea longissima (Figs. 1, 2a). At the end  of June  
Laomedea covered almost the whole communi ty  (primary, secondary space, and  canopy) 
and  obscured other organisms, m a k i n g  ident i f icat ion difficult. After Laomedea, Tubula- 
ria sp. en tered  the community,  bu t  in  smaller  amounts,  and  the occurrence of hydroids 
through a u t u m n  and  winter  is mostly represented  by old remains  of Laomedea. 

Other organisms covered around 10 % throughout  the year. In spite of this low % 
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Table I. Species found in the tested community by different sampling designs 

S p e c i e s  (or subs t ra te )  P ic tu re  S e t t l e m e n t  S a m p l e s  
a n a l y s i s  p l a t e s  

U n o c c u p i e d  rocky  subs t r a t e  x 
s e d i m e n t  x 
L i t h o t h a m n i o n  sp. x 
H i l d e n b r a n d i a  rubra x 
C y a n o p h y c e a e  (Dermocarpa sp.) x x x 
Delesser ia  s a n g u i n e a  x x x 
Phycodrys  r u b e n s  x 
B o n n e m a i s o n i a  hami f e ra  x x 
Cruoria pe l l i t a  x x 
C i b i c i d e s  l o b a t u l u s  x 
Por i fera  inde t .  (encrus t ing)  x 
H y d r o z o a  inde t ,  x 
L a o m e d e a  l ong i s s ima  x x x 
Tubular ia  sp. x x x 
H u d e n d r i u m  sp, x x 
Campanu lar ia  sp, x 
A c t i n a r i a  inde t ,  x 
Tealia f e l ina  x 
A l c y o n i u m  d i g i t a t u m  x 
N e m a t o d a  inde t ,  x 
N e m e r t i n a  inde t ,  x 
Pomatoceros  t r ique ter  x x x 
H y d r o i d e s  norveg i ca  x 
Spirorbis  boreal is  x 
N e r e i s  sp. x 
P o l y n o i d a e  i nde t '  x 
S e r p a l i d a e  inde t ,  x 
H e s i o n i d a e  inde t ,  x 
P h y l l o d o s i d a e  inde t ,  x 

T e r e b e l l i d a e  inde t ,  x 
S i r a t u l i d a e  inde t ,  x 
P o l y p l a c o p h o r a  inde t ,  x 
A c m a e a  sp. x x 
B u c c i n u m  u n d a t u m  x x 
G i b b u l a  sp, x 
P r o s o b r a n c h i a  inde t .  (juv.} x x 
Coryphe l la  sp. x x x 
M o d i o l u s  m o d i o l u s  x x x 
M y t i l u s  eduI i s  {juv.) x x 
Sax icava  arctica x x x 
A n o m i a  e p h i p p i u m  x 
Ba lanus  ba lanus  x 
C o p e p o d a  H a r p a c t i c o i d a e  inde t ,  x x 
A m p h i p o d a  G a m m a r i d a e  inde t ,  x 
Caprel la  l inear i s  x x 
C o r o p h i u m  sp. x 
I sopoda  inde t ,  x 
Gala thea  sp. (juv.) x 
E u p a g u r u s  b e m h a r d u s  
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Species (or substrate) Picture Settlement Samples 
analysis plates 

H y a s  araneus  x 
Carcinus maenas x 
Elec tra  spp. x 
As te r ia s  r u b e n s  x x x 
Ophiura  a lb ida  x x 
O p h i o p h o l i s  acu lea ta  x 
P s a r n m e c h i n u s  mi l iar i s  x x 
S t rongy loc e n t r a tu s  d r o e b a c h i e n s i s  x x 
S t ye la  rust ica x x 
Corel la  p a r a l l e l o g r a m m a  x x 
Ciona in te s t ina l i s  x 
Bo t ry l lo ides  l each i  x x 
Ascidiacea indet, x 
Poma tochis tus  p i c t u s  x 
M i c r o s t o m u s  k i t t  x 
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Fig. 1. Variation in cumulative percent cover of: L = encrusting rhodophyceans (mostly D' tho tham-  
nion), P = Pomatoceros  tr iqueter,  F = free space, H = hydroids (mostly Laomedea) ,  0 = other 

organisms recorded by point sampling 

cover ,  s o m e  spec i e s  o c c u r r e d  m o r e  or  less  p e r m a n e n t l y  in  h i g h  dens i t i e s .  R h o d o p h y c e -  
ans,  A l c y o n i u m  d i g i t a t u m ,  C o r y p h e l l a  sp., A s t e r i a s  r u b e n s  a n d  P s a m m e c h i n u s  m i l i a r i s  

w e r e  n u m e r o u s ;  less  f r e q u e n t  w e r e  s o m e  ac t ina r i ans ,  A c m a e a  sp., S t r o n g y l o c e n t r o t u s  
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Fig. 2. Variations through the year. a = percent  cover of hydroids compared to free space, b = 
densit ies of A. rubens and P. miliaris, c = total n u m b e r  of species sett led on two series of sett l ing 

plates with  different exposure times. Dotted lines = unsuccessful recordings 

droebachiensis, Ophiura albida, a n d  t h e  a s c i d i a n s  Styela rustica, Botrylloides leachi a n d  

Corella paraflelogramma. 
T h e  o c c u r r e n c e  of P. miliaris a n d  Asterias rubens is  s h o w n  i n  F i g u r e  2b.  T h e y  a r e  

p r e s u m e d  to b e  i m p o r t a n t  p r e d a t o r s  i n  t h e  c o m m u n i t y ,  a n d  w e r e  o b s e r v e d  t h r o u g h o u t  

t h e  y e a r  a t  d e n s i t i e s  a b o v e  ca  10 m -2. M o s t  of t h e  A. rubens a n d  P. miliaris p r e s e n t  w e r e  

r e p r e s e n t e d  b y  i n d i v i d u a l s  s m a l l e r  t h a n  50 m m  a n d  30 m m ,  r e s p e c t i v e l y .  

T h e  h y d r o i d - e a t i n g  n u d i b r a n c h  Coryphella sp. w a s  n u m e r o u s  d u r i n g  w i n t e r  a n d  

s p r i n g ,  b u t  as  a d u l t  t o t a l l y  a b s e n t  t h r o u g h  s u m m e r  a n d  a u t u m n  w h i l e  e g g s  a n d  j u v e n i l e s  
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were found dur ing  the summer  months  (Pig. 3). Leyning  (1922) found a similar  pat tern  in  
Coryphella rufibranchiales from the same area. 

Occasionally,  sed iment  deposits were observed on the rocky surface, mostly among  
remains  of old hydroids. 
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Fig. 3. Fluctuations in the hydroid populations compared with occurrence of Coryphella (density of 
adults, time when eggs and juveniles are observed) 

A n a l y s i s  of s c r a p e d  a r e a  

After scraping, unoccupied  pr imary space covered more than  80 % of the substrate. 
The r ema in ing  occupants  were Lithothamnion (less than  20 % cover) and  a few P. 
triqueter left in  small  crevices. 

Total recolonisat ion of this area was not  observed after one year. Figure 4 shows 
the a b u n d a n c e  of unoccup ied  pr imary space on the scraped area compared with the 
control area. Successful recrui tment  of Laomedea longissima (ca 110 % cover in  June) 
and settled Pomatoceros triqueter (ca 20 % cover in  September-October)  almost disap- 
peared  and  unoccup ied  space domina ted  the area (ca 65 % cover )be fo re  the next  
hydroid colonisat ion was observed in April  1979. Lithothamnion increased slightly in  % 
cover dur ing  the first months.  Other organisms which settled were small  colonies of 
Cruoria pellita and  Botrylloides leachi and  some motile predators entered  the area (e g. 
Acmaea sp., Coryphella sp., P. miliaris and  A. rubens). The densi t ies  of these were 
always less on the scraped area than  on the control area, except for P. miliaris and  A. 
rubens which occurred in  h igher  densi t ies  (ca 20 m -2) in  the period Ju ly-Sep tember  on 
the scraped area. 
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C a g e  e x p e r i m e n t  

In order to study the effect of predators on the communi ty  a predator exclusion 
exper iment  was done. Prom comparison with the control area, the most common 
predators observed were Coryphella, small  Asterias and  Psammechinus. Even though 
removed from the cages once a month,  these small  predators never theless  m a n a g e d  to 
reenter.  Analysis  of the communi ty  inside the cages showed no signif icant  difference 
compared with the control area dur ing  the 8 months the cacie exper iment  lasted (April- 

December  1978). 
The exper iment  then  did not directly show any effect of the above-men t ioned  

predators, bu t  perhaps indicated  that other predators such as fishes and  crabs do not play 
a large role in structuring this communi ty  since they were excluded. Conclusions,  
however,  are not easy to draw from cage exper iments  as the cage itself leads to changes  
in  physical  factors by reduc ing  current  flow and  light, and  increas ing sedimentat ion.  
Satisfactory cage exper iments  are more difficult to do in  the subt idal  than  the intertidal.  

S e t t l e m e n t  p l a t e s  

Figure 2c shows the n u m b e r  of species settled on the two series of plates. The 
complete species list settled on the ceramic plates is shown in  Table  1. 

The most active sett l ing period was dur ing  summer  and  autumn.  There was little or 
no set t lement  in  win te r  and  l imited set t lement  dur ing  spring. The foraminifer  Cibicides 
lobatulus and  the polychaete  Spirorbis borealis were found to settle almost throughout  
the year. Polyzoans of the genus  Electra were found to settle at different periods of the 
year. Of the species with seasonal  set t l ing the hydroids were the first to appear  in spring. 
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The  most  numerous  se t t l ing  o rgan i sms  dur ing  the  summer  were  the  mol luscs  (Mytilus 
edulis, Modiolus modiolus, Saxicava arctica, and  un iden t i f i ed  prosobranchs) .  Pomatoce- 
ros triqueter domina t ed  the p la tes  du r ing  the  autumn.  Vag i le  spec ies  obse rved  were  
juven i l e s  of Coryphella, Asterias and  sea  urchins.  

Some spec ies  obse rved  in the  p ic ture  ana lys i s  on the  test  a r ea  were  scarce or not  
found on the ceramic  pla tes .  A m o n g  the  rhodophyceans  and  asc id ians  found coloniz ing  
the test  a r ea  only one Delesseria sanguinea and  one Corella parallelogramma were  
found on the pla tes .  These  spec ies  seem to set t le  and  grow in smal l  crevices,  close to old  
hydro id  s t ipes  or other  i r regula r i t i es  on the substrate .  

R e m o v a l  of  s p e c i m e n s  

There  are  a lways  some spec ies  never  obse rved  on pic ture  analys is  bu t  which  were  
found in s amples  r emoved  and  e x a m i n e d  in the  labora tory  (see Tab le  1). These  spec ies  
a re  ca l led  " seconda ry  spec ies" ,  and  a l though  there  a re  many  such spec ies  they  are  of 
l i t t le  impor tance  in  control l ing communi ty  s tructure (Lewis, 1976). Dur ing  summer,  
s amples  i nc luded  h igh  numbers  of se t t led  mol luscs  which  were  also found on the 
se t t l ement  pla tes .  

DISCUSSION 

Natural fluctuations in communities are caused by the seasonal increase and 
decrease of populations (Lewis, 1964). The most important change found on the commu- 
nity investigated was the rapid growth of the hydroid Laomedea longissima and its 
disappearance (Fig. 1). Figure 2a shows a good negative correlation between free space 
and the abundance of hydroids. The rapid decline of the hydroid population was 
probably caused by Coryphella (Fig. 3) which feeds upon hydroids (Thompson & Brown, 
1976). The hydroids occupied the free space available in the community, and when 
hydroids were cropped down, the amount of free space increased to 30-40 %. 

The number of species settled also varied throughout the year (Fig. 2c). During the 
period of highest settling activity (summer and autumn) space was available for settling. 
The area of the unoccupied substrate increased from 15 to 30 % during this period, and if 
the encrusting Lithothamnion is considered as a possible substrate for settling, more 
than 50 % of the space should be available for settling. On the scraped area even 
20-25 % more of the space was at times unoccupied (Fig. 4). 

Predation is probably the reason settled organisms (except a few Pomatoceros) never 
grow to sizes big enough to be recorded on picture analysis. Among the predators 
observed,  Asterias rubens and  Psammechinus miliariswere probab ly  the  most  impor tan t  
s ince  they  occur red  most  f requent ly  and  were  act ive in the communi ty  th roughout  the  
yea r  (Fig. 2b). On the s c raped  a rea  P. miliaris and  A. rubenswere found in h igh  dens i t ies  
at  the  most  act ive se t t l ing  per iod,  and  in lower  dens i t ies  dur ing  the rest  of the  yea r  
c o m p a r e d  wi th  the control  area.  Smal l  i nd iv idua l s  of these  p reda tors  en t e red  the cages  
in h igh  dens i t i es  dur ing  summer  and  autumn;  this  may  exp la in  w h y  no di f ferences  
b e t w e e n  communi ty  s tructure in the  cages  and  tha t  in the  control  a rea  were  found. Since 
Asterias and  Psammechinus p l a y e d  such a dominan t  role, o ther  p reda to r s  p resen t  not  
ab le  to en te r  the cages  (crabs, f ishes and  others) p l ay  at  most  a minor  role in  s t ructur ing 
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the community.  The results from the scraped area on A. rubens and  P. miliaris suggest  
such organisms were a b u n d a n t  where  prey indiv iduals  were abundant .  

The factors important  to this communi ty  were therefore the relat ively h igh percent  
cover of free space m a i n t a i n e d  by Asterias and  Psammechinus, the sett l ing and  growth 
of hydroids, and  then  predat ion  on these by Coryphella. 

A. rubens and  P. miliaris are common and  important  predators in  Norwegian  waters. 
Thompson and  Brown (1976) have stated that wi th in  a short t ime nud ibranchs  like 
Coryphella are able  to crop hydroids to extinction. Paine (1976) found a relat ion be t w e e n  
the size of prey and size of predator  of the asteroid Pisaster. The small  size of Asterias in 
the tested area suggests a small-sized prey. The high densi t ies  of small  Asterias through 
summer  and  a u t u m n  probably  forage upon  newly  settled organisms. 

P. miliaris eats almost everyth ing among  at tached and dead p lant  and  small  animals  
(Lawrence, 1975). Sea urchins  also remove at tached species from the substrate by a 
"bul ldozer"  effect w h e n  moving  and  P. miliaris is always found to carry fragments  of 
plants  or scales of an imals  as a cover or camouflage.  

The role of predat ion as an  important  factor producing  free space, and  reduc ing  
dominan t  competitors ( implying higher  diversity) is found both from protected intert idal  
areas and  in  subt idal  communi t ies  (Paine, 1966; Menge,  1976; Karlson, 1978; Peterson, 
1979). Modiolus modiolus, which in  some parts of the Oslofjord is totally dominan t  in 
communi t ies  (personal observations), was only present  in  low densi t ies  on the test area 
even  though dense  sett l ing occurs, sugges t ing  spat is rapidly consumed by A. rubens 
and  P. miliaris. 

Little information is avai lable  from this study on effects of physical  factors on the 
different species. The sediments  sometimes observed among at tached an imals  could 
have, for example,  some inf luence  on recruitment.  

As predat ion is p resumed  to be the most important  factor s tructuring the tested 
community,  the predators Coryphella, Asterias and  Psammechinus are suggested as 
be ing  the most important  "key" species. In a rat ional ized moni tor ing  programme, the 
factors moni tored must  be  the abundance  of these predators and  their  inf luence  on the 
success of recrui tment  and  the abundance  of hydroids and  free space. 

The stereophotographic method is especial ly sui ted for nondest ruct ive  ecological 
moni tor ing  of the same organisms over t ime on a two-d imens iona l  surface. The method 
used seems from these pre l iminary  invest igat ions to be wel l  suited as a method for 
moni tor ing  on smooth, rocky subt idal  communit ies .  The stereophotographic recordings 
combined  with simple set t lement  plate exper iments  give sufficient information for 
follow-up invest igat ions  and  suggest  reasons for na tura l  f luctuations or those induced  by 
other per turb ing  factors. 
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