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ABSTRACT: Increasingly programmes are being set up to monitor rocky-shore communities in 
order to provide baseline data which will indicate changes resulting from subsequent pollution. 
However, these efforts are complicated by several factors. Firstly, there are overall changes in the 
composition of communities both within and between years. Secondly, there is variation within 
certain communities due to a mosaic distribution of components, the mosaic format changing 
continuously with a cycle of several years. This paper reports on studies of a medium-exposed rocky 
shore in the Isle of Man (U. K.). It describes patterns of spatial and temporal variation, and looks at 
certain implications for monitoring programmes: (a) the frequency of sampling, and the duration of 
the sampling programme, in the light of seasonal and long-term variation; (b) the efficiency, in 
terms of the minimisation of variability, of sampling the same area by different strategies - belt 
transects, small random quadrats, single large quadrat; {c} the effect of the distribution patterns of 
some commoner species on the variation between samples. 

INTRODUCTION 

The constantly increas ing  risk of mar ine  pol lut ion has gene ra t ed  a n e e d  to assess its 

effects at the whole  communi ty  or ecosys tem level.  It may  be  necessary  to de te rmine  

whe the r  the insidious effects of chronic pol lut ion are manifest  in a g iven  area, or to 

measure  the gross effects of a c learcut  case of acute pollution. In e i ther  event  the basic 

s t rategy is the same: to measure  se lec ted  components  of the communi ty  structure under  

natural  conditions,  and then  hopeful ly  to discr iminate  the changes  p roduced  by man-  

induced  env i ronmenta l  disruption. Rocky shores are a favoured m e d i u m  for this type of 

study, because  they are accessible,  can  be non-des t ruct ive ly  sampled  in f ixed areas, and 

present  lesser  taxonomic  problems than most a l ternat ive  environments .  Some of the 

problems inheren t  in moni tor ing are discussed in this paper  wi th  reference  to rocky 

shores, but  it is to be  ant ic ipa ted  that the same strictures wil l  apply  in grea ter  or lesser  

deg ree  to other  littoral and sublit toral  communit ies .  

If the rocky-shore communi t ies  were  spat ial ly homogeneous ,  and did not change  

with  time, then  it would  be re la t ive ly  s imple  to define the unpol lu ted  condition, and to 

assess man- induced  change.  However ,  the very proper ty  which  commends  these com- 

muni t ies  for moni tor ing  work, name ly  the ease of observat ion of the major  species,  
ensures  that  the f requent  depar tures  from a constant state are par t icular ly  evident .  Rocky 

shores exhibi t  a h igh  l eve l  of spatial  and tempora l  diversity, and this great ly  complicates  
the detec t ion  of further var ia t ion super imposed  by pollution.  

Spatial  pat tern  exists at two levels.  On the larger  scale there  are changes  due to the 
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two major  env i ronmen ta l  gradients ,  a ver t ica l  g rad ien t  of emers ion  in  air, and  a 
hor izon ta l  g r ad i en t  of in tens i ty  of wave  action. At  any po in t  in this  env i ronmen ta l  mat r ix  
there  wi l l  st i l l  be  cons ide rab le  he t e rogene i t y  on a smal le r  scale,  as i l lus t ra ted  in  F igure  
1. This pa tch iness  wi l l  be  par t ly  due  to var ia t ion  in microhabi ta t ,  and  par t ly  due  to 
b io log ica l  in te rac t ion  b e t w e e n  species .  The former wi l l  p romote  a stat ic pa tchiness ,  the 
la t te r  a mobi le  one, a d is t inc t ion  which  has  impor tan t  consequences .  

Two forms o f t e m p o r a l v a r i a t i o n  occur. Firstly,  the re  are  changes  in  the  overa l l  com- 
pos i t ion  of the communi ty ,  which  can p rope r ly  be  re fe r red  to as "communi ty  change" .  
Secondly,  there  is red i spos i t ion  of the  communi ty  componen t s  wi thout  change  in  the  
overa l l  composi t ion,  and  this can be  d i s t i ngu i shed  as "mosa ic  recyc l ing" .  Communi ty  
change  m a y  be  seasonal ,  due  to more  or less  r egu la r  annua l  changes  as a resul t  of 
mortal i ty ,  recrui tment ,  g rowth  and  behav iou r  pat terns .  It ,may be  a long- te rm t rend  
cont inu ing  over  a pe r iod  of years ,  often a t t r ibu ted  to c l imat ic  trends.  Or it m a y  be  qui te  
i r regular ,  somet imes  c lear ly  due  to abnorma l  w e a t h e r  condi t ions,  bu t  often of obscure  
origin:  in m a n y  cases  the p rox ima te  cause  is d i rec t  b io log ica l  interact ion.  Mosa ic  
r ecyc l ing  occurs in s i tuat ions  where  pa tch iness  is d i rec t ly  m a i n t a i n e d  by  b io log ica l  
in teract ions ,  often p r o m p t e d  by  changes  in in tens i ty  of in te rac t ion  due  to the  f luc tua t ing  
envi ronment .  

Examples  of spa t ia l  and  t empora l  va r ia t ion  wil l  be  p r e s e n t e d  in the  next  section, 
after  which  the i r  impl ica t ions  for moni to r ing  p rocedures  wi l l  be  discussed.  

EXAMPLES OF VARIATION 

These  examples  are  t a k e n  from a cont inu ing  s tudy of a m e d i u m - e x p o s e d  shore at  
Port St. Mary  in the  Isle of Man.  

S p a t i a l  p a t t e r n  

The  l a rge - sca le  changes  in communi ty  pa t t e rn  in response  to the  emers ion  and  
wave -ac t i on  g rad ien t s  are  p h e n o m e n a  so we l l  d o c u m e n t e d  (Southward,  1958; Lewis,  
1964; S t ephenson  & Stephenson ,  1972) as to n e e d  no further  desc r ip t ion  here.  In contrast  
the  smal l - sca le  he te rogene i ty ,  a l t hough  w i d e l y  r ecogn i sed  (Connell ,  1972), has  r ece ived  
l imi ted  quant i t a t ive  inves t iga t ion  (Dayton, 1973), and  it is on this that  a t ten t ion  wil l  be  
concent ra ted .  An  a lmost  hor izonta l  a r ea  of 5 m by  4 m was  se lec ted ,  loca ted  in the  Fucus 
vesiculosus zone, and  wi th in  wh ich  the effects of the  env i ronmen ta l  g rad ien t s  are  
hopefu l ly  neg l ig ib le .  This was  su rveyed  us ing  a gr id  of 0.5 m cont iguous  quadrats ,  
r ecord ing  e i ther  the  n u m b e r  or pe r cen t age  cover  of se lec ted  o rgan isms  in each  quadrat .  
The resul ts  for the  three  major  components  of the  communi ty  are  p lo t t ed  in  F igure  1. The 
d e g r e e  of pa tch iness  is conven ien t ly  a s sessed  by  the coefficient  of va r ia t ion  ( 'V" ) -  
s t anda rd  dev ia t ion  • 100/mean.  For  the 80 ha l f -met re  quadra t s  this is h ighes t  for Fucus 
vesiculosus, less  for Patella vulgata, and  leas t  for Balanus balanoides. The scale  of 
pa tch iness  can  be  inves t iga t ed  by  look ing  a g a i n  at the  same data,  but  this  t ime as twen ty  
one -me t r e  quadra t s  (Fig. 1). For Fucus vesiculosus the  coefficient  of va r ia t ion  is reduced ,  
bu t  stil l  qu i te  high,  i nd ica t ing  that  the  bas ic  pa t ch  size is g rea te r  than  one square  metre .  
For Patella vulgata the  var ia t ion  is r e d u c e d  to a low level ,  sugges t ing  a pa tch  size of the  
order  of a square  metre .  For Balanus balanoides there  is l i t t le  r educ t ion  in  var ia t ion,  so 
any pa tch iness  mus t  be  at a scale  of less than  a quar te r  square  metre ,  or e lse  a p p r e c i a b l y  
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more  than  a square  metre.  C lea r ly  there  are  major  in ter -spec i f ic  d i f ferences  in bo th  the 
extent  and  scale  of pa tchiness ,  and  it is a lmost  cer ta in  that  these  wi l l  also vary  wi th in  a 
spec ies  both spa t ia l ly  and  tempora l ly .  There  is scope here  for fur ther  inves t igat ion.  
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Fig. 1. P e r c e n t a g e  cover  of Fucus vesiculosus a n d  Balanus balanoides, a n d  n u m b e r  pe r  q u a r t e r  
s q u a r e  m e t r e  of Patella vulgata. A l l  d i a g r a m s  of the  s a m e  5 m by  4 m a r e a  in  the  Pucus vesiculosus 

zone  of a m e d i u m - e x p o s e d  shore  at  Port St. Mary,  Is le  of M a n  

T e m p o r a l  v a r i a t i o n  

Tempora l  changes  have  a l r eady  b e e n  ex tens ive ly  documented ,  and  good  examples  
are  p r e sen t ed  by  Jones  et al. (1979a) and  Lewis  (1977). Some further ins tances  of the 
three  bas ic  types  of communi ty  change  have  b e e n  abs t r ac ted  from our data,  b a s e d  upon  
the moni tor ing  of 2 m by 1 m f ixed quadra t s  at the  shore levels  de t a i l ed  in the  l e ge nds  to 
the  figures.  Seasona l  changes  (Pig. 2) occur for a var ie ty  of reasons.  In Pucus  serratus 

the re  is the loss of fronds in winter ,  fo l lowed by  regrowth  from exis t ing  p lan ts  in  la te  



Moni tor ing  rocky-shore communi t ies  487 

Fucus s e r r a t u s  

\ 
4 

~ Nucella lapillus j ' ~  

.___.J" .-___. 
I I I 

8 0  

6 0  

40  

co 

2 0  

1977 , �9 1978 
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Fig. 3. Examples of long-term trends: percentage cover of Pucus ves~culosus on the mid-shore and 
Balanus balanoides on the low shore 

spring and summer  (Knight & Parke, 1950), so that the summer  cover is about  250 % of 

the win te r  level.  The changes  in N u c e l l a  (Fig. 2) ref lect  its behaviour :  in win te r  it 

shel ters  in crevices,  only appear ing  on the open  survey areas dur ing the summer.  

Examples  of trends ex tend ing  over  a per iod of two and a half  years  are g iven  in Figure  3, 

and in F. v e s i c u l o s u s  the long- te rm dec l ine  is over la in  by a pat tern of seasonal  fluctua- 

tion. The  possible  causes of these  t rends are obscure and complicated,  and n e e d  not be  

discussed here.  I r regular  changes  are i l lustrated in Figure  4, and these  clearly demon-  

strate the major  unpred ic tab le  var ia t ion  which  can occur under  natural  conditions. The 

f luctuat ion in the cover  of ephemera l  a lgae  is par t icular ly striking. 
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Fig. 4. Examples of irregular change: percentage cover of ephemeral algae within the F. spiralis/P. 
vesicu]osus boundary zone and number per square metre of Patella ~lgata on the low shore 

The concept  of mosa ic  recyc l ing  on m e d i u m - e x p o s e d  rocky shores has  b e e n  discuss-  
ed  by  Burrows & Lodge (1950) and  by  Sou thward  (1964), and  the dura t ion  of the  cycle  
appea r s  to be  severa l  years.  However ,  de t a i l ed  s tudies  unde r  natural ,  as opposed  to 
e x p e r i m e n t a l  condi t ions,  are  lacking.  Our  inves t iga t ions  of this  p h e n o m e n o n  are  not  ye t  
r eady  for presenta t ion .  

IMPLICATIONS FOR MONITORING PROCEDURES 

The var ious  forms of var ia t ion  which  have  b e e n  desc r ibed  have impor tan t  impl ica -  
t ions for rocky-shore  moni tor ing,  in re la t ion  to bo th  the  f requency  of s a m p l i n g  and  the 
s ampl ing  format. This is c lear ly  so not only  where  the  a im is to de t e rmine  a b a s e l i n e  
aga ins t  which  po l lu t ion  effects can be  assessed,  but  equa l ly  so where  the  in tent  is a 
pu re ly  a c a d e m i c  one of communi ty  descr ipt ion.  Ecologica l  surveys in gene ra l  have  
t e n d e d  to p a y  scant  a t tent ion  to the  uncer ta in t i es  inhe ren t  in the  data,  in  contrast  to the 
somet imes  obsess ive  a t ten t ion  to conf idence  l imits  in e xpe r ime n t a l  s tudies.  

I m p l i c a t i o n s  of t e m p o r a l  c h a n g e  

The impl ica t ions  for s ampl ing  f requency  wi l l  be  d i scussed  first, and  qui te  br ief ly  
s ince they  have  a l r eady  b e e n  thorough ly  cons ide red  e l s ewhere  (Lewis, 1976}. S ingle  
surveys are  c lear ly  of very  l imi t ed  value,  s ince they  wi l l  p rovide  no ind ica t ion  of the 
extent  and  na ture  of the b a c k g r o u n d  var ia t ion.  Surveys  n e e d  to be  m a d e  a n u m b e r  of 
t imes  dur ing  the yea r  in order  to r evea l  the  pa t t e rn  of seasona l  var ia t ion  - two-month ly  
in tervals  a re  pe rhaps  sufficient.  Current ly  there  are  moni tor ing  p rog ra mme s  sampl ing  
as, or more,  f requent ly  than  this (Jones et  al., 1975; Myers  et al., 1978). More  f requent  
s a m p l i n g  runs the  r isk of counterproduct iv i ty ,  firstly in terms of r e d u c e d  re turn  for effort, 
and  secondly  because  of the  real  dange r  that  f requent  s ampl ing  wil l  i tself  modi fy  the 
communi ty  structure.  F le tcher  and  Jones  (1976} and  Jones  et al. (in press} have  no ted  
d a m a g e  due  to t r ampl ing  in a reas  s a m p l e d  monthly ,  and  we  have  no ted  severe  effects in 
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areas  s tud i ed  at f requent  in terva ls  to record  ba rnac l e  se t t lement .  Surveys  also need  to be  
m a d e  over  a pe r iod  of years ,  firstly to see  w h e t h e r  seasona l  cycles  are  consistent ,  and  
secondly  to see  if there  are  s u p e r i m p o s e d  longer - t e rm trends.  Var ious  s tudies  ind ica te  
that  these  t rends  m a y  have  a pe r iod  of ten  to twen ty  years  (Southward,  1967; South-  
w a r d  et  al., 1975; Jones  et  al., 1979b). Even after  a p ro longed  survey there  is no 
cer ta in ty  that  the full  r ange  of na tu ra l  var ia t ion  has  b e e n  recorded,  and  the imponde r -  
ab le  r isk  r ema ins  that  ma jo r  un fo reseen  changes  m a y  occur due  to such factors as f reak  
w e a t h e r  condi t ions.  As Lewis (1976) and  others  have  po in t ed  out, the  extent  and  
unp red i c t ab i l i t y  of na tu ra l  t empora l  va r ia t ion  means  that  subt le  po l lu t ion  effects are  
c lear ly  go ing  to be  difficult  to detect ,  and  that  the  p rovenance  of even  gross effects may  
be  subjec t  to confusion. Bowman (1978) cites a sa lu tory  e xa mple  of communi ty  changes  
co inc ident  wi th  a po l lu t ion  incident ,  but  which  were  in fact a response  to unusua l ly  hot  
w e a t h e r  condi t ions.  The  s u d d e n  increase  in e p h e m e r a l  a l g a e  in F igure  4 has  the  
h a l l m a r k  of a po l lu t ion  response  (see Sou thward  & Southward,  1978, for examples) ,  but  
is a pu re ly  na tu ra l  change  p r o b a b l y  r e l a t ed  to the b r e a k d o w n  of the  fucoid canopy,  as 
Patella number s  r e m a i n e d  s tab le  dur ing  this per iod.  

The deg ree  of t empora l  va r ia t ion  differs b e t w e e n  spec ies  and  b e t w e e n  communi t ies ,  
and  it m a y  be  poss ib le  to inc rease  the  effect iveness  of moni tor ing  p r o g r a m m e s  by  
concen t ra t ing  upon  those which  d i sp l ay  leas t  variat ion.  Lewis  (1977) poin ts  out that  
s tab i l i ty  is h ighe r  on she l t e r ed  than  exposed  shores,  and  on exposed  shores is h ighe r  
wi th  inc reas ing  level .  This could  a rgue  for the  use  of the  u p p e r  shore in e xpose d  
condit ions,  or for the  use  of she l t e r ed  ra ther  than  e xpose d  shores.  However ,  the dense  
a lga l  canopy  of she l t e r ed  shores  m a k e s  accura te  non-des t ruc t ive  survey difficult,  and  the 
canopy  is i tself  prone  to d a m a g e  as a resul t  of r e p e a t e d  hand l ing .  Thus there  is not  a case 
for concent ra t ion  on she l t e red  shores,  a l though  the h igh  po l lu t ion  r isk of many  such 
a reas  m e a n s  that  they  must  neve r the le s s  be  moni tored .  

I m p l i c a t i o n s  of s p a t i a l  p a t t e m  

Spa t ia l  var ia t ion,  in pa r t i cu la r  pa tchiness ,  means  that  the  s a m p l i n g  format  a dop t e d  
has  an  a p p r e c i a b l e  effect upon  the  accuracy  of the results.  There  are  a n u m b e r  of 
va r i ab les  to consider :  (a) Should  subjec t ive  or ob jec t ive  survey methods  be  adop ted?  
(b} Should  the  sample  a reas  be  fixed, or r andomly  r e loca ted  on each  occasion? (c) Wha t  
shape  should  the  s amp le  a rea  have? Should  it be  cont iguous  or of d iscre te  units? Wha t  
size should  the  s amp le  uni ts  be? (d) How la rge  should  the  s amp le  a rea  be? 

The first dec is ion  is b e t w e e n  the subjec t ive  app roach  of the  be l t - t r ansec t / abund -  
ance - sca le  method,  and  more  r igorous  bu t  more  res t r ic ted  quant i t a t ive  approaches .  The 
former involves  assess ing  the a b u n d a n c e  of se lec ted  spec ies  in a b road  ver t ica l  b a n d  up  
the shore accord ing  to a scale  of a b u n d a n c e  wi th  five to seven  classes,  as is d e t a i l e d  by  
Bal lan t ine  (1961), Moyse  & Ne l son-Smi th  (1963) and  Ne l son-Smi th  (1979). This has  the  
a d v a n t a g e  of counte rac t ing  smal l - sca le  spa t ia l  he te rogene i ty ,  but  is h igh ly  affected by  
opera tor  bias.  In wha t  are  e s sen t i a l ly  long- te rm projects  this  sub jec t iv i ty  is an  unaccep t -  
ab le  restrict ion.  It is necessa ry  to turn to str ict ly de f ined  quant i ta t ive  approaches  w h e r e  
opera tor  b ias  is min imised ,  even  though  this in t roduces  its own problems.  The use of 
res t r ic ted  sample  a reas  involves  the  r isk that  they  are  not  r ep resen ta t ive  of the  commu-  
nity, a ma t te r  cons ide red  b e l o w  in some detai l .  The  non-des t ruc t ive  s ampl ing  of some 
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organisms has to be  done in  terms of percentage  cover rather  than  number ,  and  it is not 
simple to do this accurately (Jones et al., 1975). 

Given  that def ined sample  areas are to be  used, they can either be  pe r ma ne n t  for the 
durat ion of the study, or randomly  relocated on each survey. The use of pe rmanen t  areas 
has several  advantages:  it speeds up  the sampl ing  process on occasions subsequent  to 
the first, it e l iminates  the var iat ion from clinal  and  microhabitat  change,  and  provides a 
bonus  in  the form of records of sequences  of change  in  def ined areas. There are 
disadvantages,  for as already men t ioned  repeated  sampl ing  might  itself affect the areas, 
and  if the areas are inadequa te  they may not represent  the communi ty  as a whole. Either 
they may lie i n  unrepresen ta t ive  microhabitats,  or else they may falsely record changes  
in  mosaic pa t te rn  as changes  in  the overall  communi ty  composition. However,  these last 

Table 1. The coefficient of variation between samples of different format taken from the data in 
Figure 1. Each sample was randomly located, and consists of four half-metre quadrats. Twenty 

samples of each format were taken 

Genus Vertical Horizontal Square Discrete 
column row block quadrats 

F u c u s  39.5 44.4 51.0 25.1 
Patella 19.1 16.9 20.5 17.6 
Balanus  16.6 16.0 21.6 10.8 

problems might  equal ly  arise from the use of n o n - p e r m a n e n t  areas of inadequa te  extent. 
The benefi ts  of n o n - p e r m a n e n t  random areas are the avoidance of sampl ing  damage,  
and  the opportuni ty  for more comprehensive  statistical analysis: these are not sufficient 
to compensate  for the increased labour  and  addi t ional  uncer ta in ty  introduced.  Most 
current  moni tor ing  programmes do use pe rmanen t  sampl ing  areas. 

The shape of the sample  area may be in f luenced  by the need  to accumula te  data for 
purposes other than  monitoring,  such as on communi ty  structure and  interaction,  and  
this may necessi tate  a sampl ing  strategy which is less than  optimal for monitoring.  The 
quest ion of shape can be examined  by referring to Figure l, which can be regarded as a 
communi ty  to be  sampled,  in  that it is large enough  to be representat ive of that posi t ion 
in  the env i ronmenta l  matrix, bu t  small  enough  to min imize  cl inal  effects. The same area 
may be sampled  as a vertical  b a n d  (such as part  of a vertical  bel t  transect), a horizontal  
band,  one large quadra t  or a series of discrete smaller  ones. The results of such a 
sampl ing  exercise are seen  in  Table  I: twenty samples, each composed of four half- 
metre quadrats,  were randomly  selected according to each of the four formats. The 
coefficient of var ia t ion for the twenty samples  of each format was calculated. The 
t endency  is for the single large quadrat  to display most variation, the samples  composed 
of discrete smal ler  ones the least. This is an  inevi table  consequence  of a patch size larger 
than  the un i t  sample size. So the commonly adopted sampl ing  format of a cont inuous 
vertical  series of quadrats  - a bel t  t ransect  - is not the best  from the aspect of sample 
variation. It offers some compensa t ion  in  that it gives a clear indica t ion  of vertical 
species limits, a l though these may apply only to that  transect,  and  not to the whole 
community.  The other drawback  of the vertical transect  is that  the quadrats  are distri- 
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b u t e d  a long  an  env i ronmen ta l  gradient .  If that  g rad ien t  is shal low,  then  it m a y  be  
rea l i s t ic  to de t e rmine  a b u n d a n c e s  from groups  of cont iguous  quadrats ,  m a k i n g  the 
a s sumpt ion  that  the  g rad ien t  is ineffect ive over  that  dis tance.  If the  g rad ien t  is s teep  this 
becomes  less  accep tab le ,  and  an  add i t i ona l  source of var ia t ion  wil l  be  in t roduced.  A n  
op t imal  s t ra tegy  migh t  s eem to be  to work  a ser ies  of s ta t ions at app rop r i a t e  ver t ica l  
intervals ,  at  each  s ta t ion e s t ab l i sh ing  a n u m b e r  of d iscre te  r a n d o m l y - s e l e c t e d  pe rma-  
nen t  quadra ts .  However ,  p rac t ica l  cons idera t ions  must  be  t a k e n  into account.  The  l abour  
invo lved  in m a r k i n g  discre te  quadrats ,  and  the p rob l ems  in re loca t ing  them, are  both  
h ighe r  than  in  cont iguous  s a m p l i n g  formats: for these  reasons  the  i nc reased  var ia t ion  
inheren t  in the  la t te r  m a y  be  accep tab le .  
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Fig. 5. Percentage cover of fucoids on the mid-shore plotted for increasingly larger components of 
the 2 m by 1 m quadrat 

Wha teve r  the  s a m p l i n g  format,  it  must  consist  of s ample  uni ts  of a pa r t i cu la r  size. 
This must  be  smal l  enough  to a l low examina t i on  wi thout  t r ampl ing  it, or the immed i -  
a te ly  ad jo in ing  area,  ye t  l a rge  enough  to m a k e  its m a r k i n g  and  re loca t ion  prac t icab le .  
The ha l f -met re  quadra t  has  b e e n  a favoured  size (Jones et  al., 1975; Myers  et al., 1978) 
and  it is gene ra l l y  an  exce l l en t  compromise .  However ,  it has  d r awbacks  for a l g a e  once 
the  frond l eng th  becomes  of the  same  order  as the  quadra t  size, s ince the  d i rec t ion  in 
which  the a l g a e  are  l y ing  can  de t e rmine  to a l a rge  extent  the propor t ion  of the  quadra t  
covered.  In F igure  5 the  p e r c e n t a g e  cover  of fucoids in  a f ixed quadra t  of 1 m b y  0.5 m is 
r eco rded  over  2i/2 years,  as is the  cover  w h e n  the a rea  is e n l a r g e d  by  the inc lus ion  of 
cont iguous  quadra ts :  the  i r r egu la r  f luctuat ion for the  smal l  a rea  is due  to this  frond 
effect. For l a rge  a l g a e  a quadra t  size l a rge r  than  a ha l f -met re  is ind ica ted .  

The  total  a r ea  (i. e. n u m b e r  of quadrats)  s a m p l e d  at each  s tat ion in order  to es t imate  
overa l l  a b u n d a n c e  wil l  to a l a rge  extent  be  gove rned  by  prac t ica l  l imita t ions ,  but  it  is 
ins t ruct ive  to have  some idea  of the  conf idence  which  can be  p l a c e d  in the  results.  This is 
not  eas i ly  done,  for there  a re  cons ide rab le  p rob l ems  w h e n  ca lcu la t ing  conf idence  l imits  
for cont iguous  dis t r ibut ions ,  and  strictly s p e a k i n g  app rop r i a t e  t ransformat ions  should  be  
a p p l i e d  before  do ing  this. Techn iques  for h a n d l i n g  da ta  in terms of n u m b e r  pe r  s amp le  
are c o m p r e h e n s i v e l y  d i scussed  by  Ell iott  (1977), but  there  is not  a c lear  concensus  as to 
the  bes t  me thods  for da t a  expres sed  as b iomass  or pe r c e n t a ge  cover. Var ious  North  
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Amer ican  workers  (e. g. Menge ,  1976) have  used the arcsine t ransformation as recom- 

m e n d e d  by Sokal  & Rohlf (1969) for proport ional  or pe rcen tage  data. However ,  since 

pe rcen tage  cover  can be  r ega rded  as a direct  measure  of abundance  rather  than a 

proportion, this t ransformation may  not be necessary.  The  whole  p rob lem of the statisti- 

cal t rea tment  of samples  from patchy communi t ies  requires  further attention, and would  

be an important  aid to sound ecologica l  practice.  In v i e w  of this uncer ta in ty  at tent ion 

here  has b e e n  l imi ted  to a brief  analysis of the unt ransformed data in Figure  1. The 

arcsine t ransformation has greates t  effect on va lues  over  70 %, so e v e n  if used  its effect 

on this data, most ly in the range  30-70 %, would  be l imited. A sample  format of discrete 

hal f -metre  quadrats  has b e e n  assumed:  a cont iguous format wou ld  increase the uncer-  

Table 2. The mean, standard error (SE) of the mean, and standard error as a percentage of the mean, 
for cumulative numbers of randomly selected half-metre quadrats from the area in Figure 1 

Fucus cover Patella number Balanus cover 
No. of Mean SE S E X  100 Mean SE S E X  100 Mean SE S E X  I00 

quadrats mean mean mean 

2 56 27.5 49 5.5 1.49 27 73 7.5 10 
4 43 13.4 31 6.5 0.87 13 69 4.3 6 
6 37 9.5 32 6.3 0.96 15 70 4,3 6 
8 30 8.4 28 5.6 0.88 16 71 3.5 5 

10 31 6.8 22 6.3 0.83 13 73 3.4 5 
12 32 5.6 18 6,4 0.69 11 74 2.9 4 
14 28 5.3 19 6,3 0.60 10 75 2.6 4 
16 30 5.0 17 6.3 0.59 9 74 2.3 3 
18 34 5.4 16 6.4 0.60 9 71 3,5 5 
20 33 5.1 15 6.3 0.59 9 69 3.4 5 

tainty. Quadrats  were  randomly selected,  and the m e a n  and s tandard error of the m e a n  

ca lcula ted  for cumula t ive  numbers  of quadrats  up to twenty  (Table 2), which  provides  an 

indicat ion of the precis ion of the sample  (Elliott, 1977). The  species  differ, and obviously 

to provide  the same degree  of precis ion many  more samples  of some would  be requ i red  

than of others. From this a case might  be  a rgued  for sampl ing  more quadrats  for some 

species  than for others, but  this rests upon the dangerous  assumption that  the degree  of 

patchiness  remains  fairly constant for each  species. This is cer ta inly not the case: as an 

example ,  the area  in Figure  1 was vir tual ly free of Fucus  two years  prior to this survey, 

and exhib i ted  min imal  patchiness.  

CONCLU SIO N  

It has not b e e n  our a im to define the way  in wh ich  moni tor ing p rogrammes  should 

be carr ied out - that would  be presumptuous  in the extreme.  The  precise  aims of a 

programme,  and pract ical  l imitations,  must  be  t aken  into account  and may wel l  be 

paramount .  What  we  have  tr ied to do is to h igh l igh t  some of the sources of uncer ta in ty  
inheren t  in any moni tor ing exercise,  and suggest  ways in which  some of these might  be 

reduced.  Where  resources are l imited,  the concentra t ion of effort by sampl ing  larger  
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a r e a s  a t  a r e d u c e d  n u m b e r  of s t a t i o n s  is s t r o n g l y  i n d i c a t e d .  T h e  r o c k y  i n t e r t i d a l  c l e a r l y  

h a s  g r e a t  i n b u i l t  s p a t i a l  a n d  t e m p o r a l  v a r i a t i o n :  w h e t h e r  p o l l u t i o n  e f fec t s  o t h e r  t h a n  t h e  

m o s t  g ros s  c a n  b e  d e t e c t e d  a g a i n s t  t h i s  b a c k g r o u n d  n o i s e  r e m a i n s  to b e  s e e n .  
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