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A n  O s lo f jo rd  b e n th ic  c o m m u n i ty  s h o w e d  a r a n g e  o f  v a r ia b i l i ty  f o r  i t s  c o n s t i tu e n t  
p o p u la t io n s  f ro m  sm a ll  to  la rg e  f lu c tu a t io n s  o v e r  a  tw o - y e a r  p e r io d .  T h e  f iv e  c o m m o n  
sp e c ie s  c o m p le t in g  a t  le a s t  o n e  t u r n o v e r  o f  a ll  in d iv id u a ls  w i th in  t h e  t im e  s p a n  s tu d ie d  
sh o w e d  s ta b le  e q u i l ib r ia ,  b e in g  p e r s is te n t  w i th in  b o u n d s  o f  ± 1 0 %  o f  th e  t r a n s f o rm e d  
m e a n . A lth o u g h  r a r e  s p e c ie s  w e r e  h ig h ly  v a r ia b le  in  a b u n d a n c e  a n d  th e  d o m in a n c e  
p a t te r n s  o f  c o m m o n  sp e c ie s  c h a n g e d  o v e r  t im e ,  o v e ra l l ,  th e  c o m m u n i ty  s h o w e d  a 
c o n s is te n t  p a t t e r n  o f  t h e  d i s t r i b u t io n  o f  in d iv id u a ls  a m o n g  sp e c ie s .  A d ju s tm e n t  o c c u r r e d  
w ith in  t h e  c o m m u n i ty  so  t h a t  in c re a s e s  in  th e  a b u n d a n c e  o f  s o m e  s p e c ie s  w e r e  a c c o m p a n ie d  
b y  d e c re a se s  in  th e  a b u n d a n c e  o f  o th e r s  to  m a in ta in  th e  o v e ra l l  p a t t e r n .  I t  is  s u g g e s te d  
th a t  th is  c o n s is te n c y  o f  p a t t e r n  d e s c r ib e s  a  c o m m u n i ty  a t  d y n a m ic a l  e q u i l ib r iu m  w h e r e  
sp e c ie s  a r e  a b le  to  f lu c tu a te  in  a b u n d a n c e  b u t ,  b y  m e a n s  o f  a d ju s tm e n t  o f  d e n s i t ie s ,  a  s ta b le  
p a t t e r n  h o ld s .

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

Recently, Connell & Sousa (1983) have reviewed the disparate term inology 
applied to the m eaning of the stability of ecological systems and the evidence 
needed to judge w hether ecological systems are ever stable. T hey  suggested that 
two independent concepts which have both  been applied to stability should be 
defined. These are (a) resistance, which is the tendency to w ithstand being 
perturbed from  equilibrium , and (b) adjustm ent stability, which is the ability of 
a perturbed population or com m unity to re tu rn  to the same equilibrium  point 
or limit cycle. Connell & Sousa (1983) define the stable equilibrium  state as (p. 
790) ‘the population density at which a population will rem ain o r, if m oved away, 
to which the population will re tu rn  ’. I f  the system rem ains at an equilibrium  state 
when perturbed  it is resistant, whilst if  it retu rns to an equilibrium  state when 
perturbed it shows adjustm ent stability.

After a detailed analysis of a wide variety of data, Connell & Sousa concluded 
that: (1) natural populations, guilds and com m unities are no t stable beyond one 
complete turnover o f individuals, and (2) only rarely (three instances) did 
populations show adjustm ent stability. T h e  com plete turnover of all individuals 
in a population was a m ajor facet o f Connell and Sousa’s definition o f stability 
giving a common scaling factor to com pare the stability of short-lived and 
long-lived organisms.

As evidence that populations, guilds and com m unities do no t show stable 
equilibria, Connell & Sousa calculated for a variety o f local populations the 
standard deviations o f log num bers in censuses separated by at least one turnover
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o f individuals. T h e  populations showed a continuum  o f variability among 
populations and taxa ranging from  ‘rem arkable constancy to wild fluctuations’. 
Connell & Sousa concluded that there was no evidence of equilibrium  states and 
hence m ultiple equilibrium  states. W hilst this evidence is acceptable for the 
argum ent tha t populations picked at random  show random  fluctuations, it does 
not necessarily apply to populations w ithin a given com m unity.

Connell & Sousa used, as an example of adjustm ent stability, the data of 
M cG ow an (1977), M cG ow an & W alker (1979) and H ayw ard & M acG owan 
(1979) to show that copepods in the central Pacific gyre exhibited the same 
dom inance patterns in two surveys 10 years apart, despite the fact tha t between 
the tw o surveys a large tem porary disturbance occurred which led to an increase 
in num erical abundance. H ayw ard & M acG ow an’s data show that the dominance 
pattern  was constant over tim e whereas num erical abundance clearly was not. Ir 
our opinion, this indicates tha t com m unity stability and population stability art 
no t synonym ous (see also Peterson, 1975).

Connell & Sousa also consider a th ird  definition of stability : persistence withir 
bounds (Lew ontin, 1969; H olling, 1973; Chesson, 1978). H ow ever, Connell £ 
Sousa claim that ‘to  see w hether this idea applies to real ecological systems on 
would need to show that there  were no trends in population num bers and m 
upw ard trend  in m agnitude o f population fluctuations, i.e. extinctions or irrup 
tions o f num bers in populations w ithin com m unities’. T h is  requirem ent is, w 
believe, too severe and  will necessarily result in the suggestion tha t no population 
o r com m unities are stable, as indeed Connell & Sousa conclude. Yet there  ma 
well be com pensatory m echanism s operating w ithin com m unities w here t 
increases in one o r a few species are accom panied by decreases in others.

W e believe that Connell & Sousa’s analysis has no t considered adequate 
w hether or no t com m unities show stability. F irst, consider the concept o f stabili 
related to a com m unity. Connell & Sousa insist that all constituent populatioi 
o f species com prising the com m unity should be stable in o rder for the com m uni 
to be regarded as stable. T h is  requirem ent can be related to  the dynamical syster 
theory where stability is defined as the re tu rn  to an equilibrium  state after sor 
perturbation . From  this argum ent one can regard each population separately ai 
study the effect o f different perturbations on each population. T h is  approach 
legitim ate only if  one can assume that there are no interactions betw een speci 
which is clearly an  unrealistic assum ption for m ost natural com m uniti 
Secondly, this approach does not allow the com m unity to have properties t 
defined in single populations. F rom  population dynamics we accept that popu 
tions can have properties tha t are undefined in individuals, such as densi 
life-table data etc. Analogously, it is likely that com m unities have properties t  
are undefined in populations. O ne such property  may be the tendency for 
d istribu tion  of individuals am ong species to show sim ilar patterns over tim e. J 
as life-table data reflect the structure  among the individuals m aking uj 
population so the consistent pattern  probably reflects the sum  o f interacti 
between the populations and  w ith  the environm ent. T h e  interactions are
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explicit bu t include all o f  the relevant biological factors, such as environm ental 
responses, com petition, predation , m utualism , commensalism etc. which we refer 
to as structu ring  forces in the com m unity. I f  comm unities were, in fact, 
unstructu red , the curves of the d istribu tion  of individuals among species would 
not be consistent and could be any shape, whereas the curves in fact are usually 
sim ilar (U gland & G ray, 1982). T h e  fact tha t a distinct pattern  exists suggests 
to us that com m unities of relatively unpertu rbed  environm ents have a common 
structure. T h u s, in our term inology, Connell & Sousa have only dem onstrated 
tha t the concepts o f dynam ical systems theory (and Lyapunov stability) cannot 
be applied to com m unity stability.

T h is  paper attem pts to apply Connell & Sousa’s criteria o f stability to species 
w ithin one single com m unity and in particu lar to address the question of whether 
or n o t a stable equilibrium  state (persistence w ithin bounds) occurs for some 
species. F u rth e r, a dynamical concept o f stability is considered w hereby species 
can fluctuate in abundance bu t the overall structure  is m aintained.

T H E  S T U D Y  A R E A  A N D  M E T H O D S

T h e  c o m m u n i ty  s tu d i e d  is  o n e  f o u n d  in  a  s i l t - c la y  d e p o s i t  a t  3 2  m  d e p t h  a t  B jo r n e h o d e b u k t  in  
t h e  i n n e r  O s lo f jo rd .  T h e  c o m m u n i ty  h a s  b e e n  fu lly  d e s c r ib e d  e ls e w h e re  ( V a ld e rh a u g  &  G r a y ,  1984). 
T h e  s a m p le  s i te  is  b e lo w  t h e  th e r m o c l in e  a n d  h a s  s ta b le  t e m p e r a tu r e  (8  ±  2  ° C )  a n d  s a l in i ty  (2 8  +  2% 0) 
c o n d i t io n s .  A l th o u g h  fo o d  i n p u t  a s  m e a s u re d  b y  c h a n g in g  C / N  r a t io s  a n d  n u m b e r  o f  b a c te r ia  in  
t h e  s e d im e n t  v a r ie d ,  t h e  c o m m u n i ty  r e m a in e d  r e m a rk a b ly  s ta b le  o v e r  th e  tw o - y e a r  p e r io d  s a m p le d . 
S p e c ie s  n u m b e r  h a d  a  m e a n  o f  7 6 3  (s .d . +  6 1 )  w i th  a  to ta l  o f  155  s p e c ie s  r e c o r d e d ;  t h e  n u m b e r  
o f  in d iv id u a ls  h a d  a  m e a n  o f  1 9 6 5  ( s .D .+  3 5 4 ) . F iv e  0 1  m ~ 2 D a y  g r a b  s a m p le s  w e re  ta k e n  o n  e a c h  
o f  t e n  d a te s  b e tw e e n  J u ly  1981  a n d  J u n e  1 9 8 2  a n d  o n  f o u r  d a te s  b e tw e e n  J u n e  1 9 8 2  a n d  J u n e  1983. 
T h e  s a m p lin g  p e r io d  w a s , th e r e f o r e ,  tw o  y e a r s . T h e  s a m p le s  w e re  s ie v e d  t h r o u g h  1 m m  s c re e n s  : 
s o m e  ju v e n i le  in d iv id u a ls  w e re  u n d o u b te d ly  lo s t .  D e s p i te  th i s  u n d e r e s t im a t io n  o f  r e c r u i tm e n t ,  th e  
r e s u l t s  s h o w  th a t  th e  d y n a m ic s  o f  t h e  c o m m u n i ty  a re  r e m a rk a b ly  s ta b le . T h i s  p r o m p te d  u s  to  a p p ly  
C o n n e l l  &  S o u s a ’s  c r i t e r i a  o f  s ta b i l i ty  t o  th e s e  d a ta .

R E S U L T S

C onnell & Sousa used, as their m ain evidence tha t populations, guilds and 
com m unities are no t stable beyond one com plete tu rn -over o f all individuals, a 
p lot o f variability defined as s .d . (log10) for all species considered. Fig. 1 shows 
the same plot o f the data for the Oslofjord com m unity. Overall, some species show 
alm ost no variability (s.D. 0 -0 1 )  whereas o thers show wild fluctuations (s.D. 
0-5-0-6). Yet, if  one considers only abundance groupings, a different pattern 
emerges. Com m on species, defined as abundances >  100 0-5 m -2 show rem ark
able stability, whilst m oderately com m on species range from  stable to highly 
variable and  rare species show the largest variability. T aking  only the common 
and m oderately com m on species (mean 23, total species num ber 155), there is 
a significant negative correlation between transform ed (log10) s .d . and mean 
r =  —0 56 (Fig. 2). Species w ith  h igh abundance show low variability and species 
w ith low abundance show high variability. T hroughou t the sam pling period the 
proportion  of com m on, m oderately com m on and rare species was very similar
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(Fig. 3). T h e  question then  arises: do the com m on species show stable equilibria 
(persistence w ithin bounds)?

U sing log10 transform ed data, bounds were se tas ± 1 0 %  o f the m ean. I f  species 
were persistent w ithin bounds one would expect that the abundance at each 
sam pling tim e would fall w ithin these limits, whereas if the species were unstable 
the abundance patterns w ould vary random ly. T able  1 shows the results for the

T able  1. Persistence within bounds o f a benthic community o f Oslofjord, Norway
T h e  n u m b er o f  sam pling  tim es d u rin g  th e  period  Ju ly  1981 to  Ju n e  1983 th a t th e  p o pu la tion  abundance  
fell w ith in , o r  w as abo v e /b e lo w , th e  boundaries o f  +  10%  o f  th e  transfo rm ed  (log ,,) m ean . C om m on 
species, >  100 indiv iduals 0-5 m *2; m odera te ly  com m on species, 10-100 0  5 m '2

N u m b e r  o f  tim es

Species Below W ith in A bo1

C om m on
Nuculom a tenuis M ontagu* 0 14 0
Ampelisca tenuicornis L illjeborg 0 13 1
Philomedes brenda (B aird) 1 12 1
Haploops tubicola L illjeborg 2 12 0
Sosane gracilis (M alm gren) 1 11 2
Heterom astus filiform is  (C laparède) 2 10 1

M oderate ly  com m on
Lumbrineris frag ilis  (M üller)* 0 '4 0
Pholoe m inuta  (Fabricius) 2 11 t
G oniada m aculata  O ersted 3 9 2
Diplocirrus glaucus (M alm gren) 2 9 3
M elinna cristata  (M .S ars) 3 8 3
M ediomastus frag ilis  R asm ussen 3 8 3
Glycera alba (M üller)* 3 8 3
Typocirrus variegata  (G ru b e) 4 8 2
Pseudopolydora paucibranchiata (O kuda) 3 7 3
Streblosoma bairdi (M alm gren) 2 6 6
Prionospio cirrifera  W irén 2 6 6
Spiochaetopterus typicus M .S ars 3 5 6
Trichobranchus roseus (M alm ) 3 5 6
Chaetozone setosa M alm gren 5 4 5
Thyasira  sp . indet* 5 4 5
Lanassa  sp . indet. 6 3 5
M aldane sarsi M alm gren 6 2 6
Ampelisca aequicornis B ruzelius 7 0 , 7
Prionospio malmgreni C laparède 6 0 8

* Species no t u n dergo ing  one tu rn o v e r o f  all indiv iduals w ith in  tim e span  o f  study .

com m on and m oderately com m on species. Clearly, there  is a rem arkable degree 
o f persistence w ithin bounds even though Nuculoma tenuis m ust strictly be 
excluded as it d id  not com plete a com plete turnover o f all individuals w ithin the 
tim e interval, since it has a life-span o f about 9 years at the study site.

T h e  m oderately com m on species Lumbrineris fragilis and Pholoe minuta were 
highly persistent, bu t the first-nam ed species did not undergo a complete 
turnover o f all individuals (life-span >  2 years). Som e species (Goniada maculata 
to Pseudopolydora paucibranchiata) show a m oderate degree of persistence w ithin 
bounds, whereas the rem aining species show random  variability.
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T h e  rare species w ith  m ean abundances <  io  0 5 m -2 could no t be similarly 
assessed since m ost had m any zero abundances and became locally extinct (or 
em igrated) and recru ited  (or im m igrated) into the com m unity at random , 
resulting  in a very high variability. D espite the high variability in the rare and 
in m any m oderately com m on species, using the p lotting m ethod of U gland & 
G ray (1982), the com m unity showed a consistent pattern  o f individuals among 
species a t each sam pling tim e (see V alderhaug & G ray , 1984). T h e  species 
dom inating the com m unity also varied from  tim e interval to tim e interval (Table 
2). T h e  data suggest tha t adjustm ent is m ade w ithin the com m unity and increases 
in abundance o f some species are accom panied by decreases in others so tha t the 
overall pa tte rn  rem ains the same.

T able  2. R ank dominance patterns over time o f a benthic community o f Oslofjord

Species J

Ampelisca tenuicornis l
N uculom a tenuis 2
Haploops tubicola 3
Sosane gracilis 4
Philomedes brenda 5
H eterom astus filiform is  
M ediom astus fragilis  
Prionospio malmgreni

A S 0 N J M A

4 5 4 6 6 6 6
t 3 2 2 1 2 2

— 4 5 3 3 4 5
5 — — 4 4 3 —
2 1 1 1 2 1 1
3 2 3 5 5 5 3

— — — — — — 4

M J S D M J
5 5 3 5 — 5
3 1-5 1 1 2 2'5
2 4 2 — 4 —

— • 5 5 1 3 1
4 — 4 2 1 2-5
l 3 — — 5 —

— — —
X

—
X

D I S C U S S I O N

T h e  benth ic  com m unity studied here is unusually stable, as m easured by 
changes in the total num ber of individuals and the total num ber o f species, both 
o f which fluctuate m uch less than com parable m arine com m unities from  similar 
depths. How ever, m ost o ther studies have been in areas where environm ental 
variables strongly influence the com m unity, such as R achor’s long-term  study of 
the fauna o f the G erm an Bight (Rachor, 1979). T h e  Oslofjord is unusual in that 
it has small lunar tides ( <  20 cm) and , even at 30 m  depth , tem perature and 
salinity show little seasonal variation (see V alderhaug & G ray , 1984, for a full 
description). T h e  com m unity is no t, however, unique. Josefson (1981) records a 
sim ilarly stable com m unity in the soft sedim ents in the Skagerrak bu t at m uch 
greater depths (too  and 300 m ) where environm ental conditions are even more 
stable than  those studied here.

O ne of the criteria established by Connell & Sousa as necessary to study the 
existence o f stable equilibria in biological system s, nam ely a com plete turnover 
of all individuals, has been applied to m ost, bu t no t all, species in this com m unity. 
Even though the total num ber of species and individuals rem ained fairly constant 
over the two-year study period, the pattern  o f individual species variation was 
m uch m ore variable. T h e  p lo t of s .d . of log10 abundances for all species gave
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results (Fig. 1) w hich, at first sight, appear similar to  those found by Connell & 
Sousa, w ith populations varying from  highly stable to w ildly fluctuating. Yet 
analysis o f abundance groups (com m on, m oderately com m on and rare) gave a 
different pattern  w ith  the common and m oderately com m on groups taken 
together showing a significant negative correlation between mean abundance and 
variability (Fig. 2). T h is  finding is unusual in tha t the com m onest pattern  is for 
the s .d . to increase w ith the mean as found by T aylor & W oiwood (1980) although 
their data were no t concerned w ith  species w ithin a com m unity. T h e  six common 
species in  the Oslofjord all showed stable equilibria over the two-year study period 
and o f these five com pleted at least one turnover o f all individuals w ithin the tim e 
period. T here  were, however, no known large perturbations w ithin this time 
period and thus it is no t know n w hether the com m on species are resistant.

T h e  second criterion o f Connell & Sousa (p. 793) was the m inim um  area to 
study, defined as ‘ the m inim um  area in which a population or com m unity is stable 
an d /o r  persis ten t’ and in which environm ental conditions allow “ the 
developm ent, grow th and survival o f offspring for the replacem ent o f existing 
ad u lts” . In  the p resen t study, 60 -70%  of the species were rare, tha t is, 
represented by 1 or 2 individuals 0 5 m “2 at every sam pling tim e (Fig. 3): this 
is in keeping w ith U gland & G ray’s (1982) suggestion. Y et species area curves 
(unpublished) indicate tha t five 0 1  m 2 samples give a reasonable estim ate o f total 
species num ber, although the mean species num ber taken was only 76 compared 
w ith a total num ber o f species recorded o f 155. How ever, species m ay be present, 
bu t no t sam pled, at each sam pling tim e so th a t it is impossible to distinguish 
between em igration, extinction and sam pling error. W e suggest that in m ost 
natural com m unities, be they terrestrial, fresh-w ater or m arine, m ost species are 
rare, represented by 1 or 2 individuals whatever the sam pling u n it: in the 
Oslofjord, rare species constituted 60-70%  of the total species num ber o f any 
sam pling occasion. M ost rare  species are never found in high densities and their 
dynamics may be regarded as chaotic and thus there  is no sim ple explanation for 
rareness (V anderm eer, 1983). I f  the area is increased in size then , ra ther than 
finding a stable state, m ore rare species will be encountered. Both Connell & 
Sousa’s data and tha t shown here refer to local populations sensu T aylor & 
W oiwood (1980). T h e  latter authors claim that local populations cannot be 
expected to be stable and only w hen the total species’ population is exam ined can 
stability be considered. Yet in this study a few species do show stability o f local 
populations.

Connell & Sousa’s requirem ents for persistence w ithin bounds (that there are 
no trends in population num bers and no upw ard trend  in m agnitude of 
fluctuations) are m et by the five com m on species tha t show a turnover of 
individuals, namely Ampelisca tenuicornis, Philomedes brenda, Haploops tubicola, 
Sosane gracilis and Heteromastus filiformis, plus Pholoe minuta  from  the m oderately 
com m on group. T h u s, only 6 o f 155 species in the Oslofjord com m unity can be 
regarded as showing stable equilibria (persistence w ithin bounds). T h e  surprising



2 5 2 J .  S.  G R A Y ,  V .  V A L D E R H A U G  A N D  K .  I .  U G L A N D

result o f  this study is therefore that, despite highly stable environm ental 
conditions, m ost species are no t stable under Connell & Sousa’s definition.

In  this study, rare species w ere found to fluctuate m ore than  m oderately 
common or com m on species. T h is  is partly  due to the m ethod o f analysis using 
logarithm s, which emphasise small arithm etic scale changes, b u t the negative 
correlation between abundance and  variability (Fig. 2) shows tha t com m on 
species were less variable. T h e  rare species did not, however, fluctuate at random . 
I f  this were the case then  one would expect large influxes a t irregular intervals 
and large local extinctions a n d /o r  absences. T h is  did no t occur, a consistent 
overall pa tte rn  of the d istribu tion  o f individuals am ong species typical of 
undisturbed  com m unities was found (V alderhaug & G ray, 1984). G ray (1981), 
U gland & G ray (1982) and Pearson, Gray & Johannessen (1983) have shown that 
the pa tte rn  of individuals among species for com m unities d isturbed by larval 
recru itm ent, storm s, organic enrichm ent, oil and o ther form s of pollu tants, is very 
different to tha t for und istu rbed  com m unities.

W e believe tha t this consistent pattern  is typical for m ost natural assemblages 
in und istu rbed  environm ents and this consistency of pattern  can be regarded as 
stable. In  the Oslofjord com m unity, increases in abundance in some species (e.g. 
the changing dom inance patterns : T ab le  2) are com pensated by decreases in others 
to m aintain  the overall pattern . T h is  adjustm ent occurs w ithin the  com m unity 
although the populations m ay no t re tu rn  to exactly the same num erical abundance 
after one turnover o f individuals. Connell & Sousa’s requirem ent o f a re tu rn  to 
exactly the same abundance is too parsim onious and w ould reject patterns that 
we regard as stable. By allowing fluctuations w ithin bounds, a m ore dynamic 
definition o f stability is derived, in keeping, we believe, w ith  the definition that 
m ost ecologists would apply to a stable state.

T h e  stability found in the Oslofjord com m unity is com parable to tha t found 
by Pearson (1975) in tw o Scottish sea lochs where the benthic com m unities at 
two stations betw een 1963 and 1966 sam pled a t sim ilar tim es showed consistent 
patterns o f individuals among species yet dom inance varied m arkedly from  year 
to year. Again, adjustm ent is being m ade w ithin the com m unity. Similarly, 
Josefson’s (1981) study of the soft-bottom  benthos at tw o stations at 100 m  and 
300 m  depth  over a 5-year period in the Skagerrak showed stable equilibria for 
the com m on species over the tim e period studied. In  bo th  o f these studies only 
a few long-lived bivalves and echinoderm s did no t show com plete turnover of 
all individuals in the tim e period covered. Buchanan, Sheader & K ingston (1978), 
in a study  of a com m unity off the coast of N orthum berland , found tha t although 
there was a long-term  increase in abundance o f the top 17 ranked species over 
a 7-year period, increases in some were accom panied by decreases in o thers, a 
feature dem onstrating dynam ic adjustm ent w ithin the com m unity. D uring  the 
period  studied there was a dram atic rise in the long-term  m ean tem perature off 
N orthum berland  which led to  a change in the species com position. Connell & 
Sousa w ould dismiss this as evidence of adjustm ent stability bu t the pattern  found 
is consistent w ith a dynamical equilibrium  state for com m unities that cannot be
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defined at the population level. T h e  idea o f a com m unity in dynamical equilibrium  
is supported  by the data o f M cG ow an (1977), M cG ow an & W alker (1979) and 
Hayw ard & M cG ow an (1979).

W e  th a n k  R o g e r  B r a d b u r y ,  R u s s e l  R e ic h e l t  a n d  D a v id  T h is t l e  f o r  c r i t ic a l ly  r e a d in g  th is  
m a n u s c r ip t .
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