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ABSTRACT: Z ooplank ton  distr ibutions in the Bristol C h a n n e l  and  Severn  Estuary, for Ja n u a ry ,  April 
an d  August  1974, w ere  ana lysed  using  an  hierarchical  c lus te r ing  t ech n iq u e  (CLUSTER) a n d  an  
ordinat ion  t ec h n iq u e  (m ult i-d im ensional  scaling).  Shade-m atr ices  w ere  u sed  to associate  the  g roups  of 
spec ies  w i th  the groups of sam pling  si tes der ived  from these  techniques.  Four g roups  of spec ies  or 
a s sem b lag es  of Zooplankton w ere  described;  these  w ere  num er ica l ly  d o m in a ted  by the  ca lano id  
copepods E urytem ora  a ffin is  (Poppe), Acartia  bifilosa  var. in erm is  Rose, C en tro p a g es h a m a tu s  (Lill­
jeborgi an d  C alanus h e lg o la n d icu s  (Claus), respectively.  T h ese  4 a s sem b lag es  conform ed  to the  
g e n era l i sed  classification of p lan k to n  accord ing  to sa linity in estuaries:  t rue  estuar ine ,  e s tu a r in e  a n d  
marine,  e u ry h a l in e  marine,  and  s tenohal ine  marine.  T he  groups w ere  re la tive ly  consis tent  over the
3 mo, chosen  to represen t  the seasonal  features  of a t ime series e x ten d in g  from N o v e m b er  1973 to 
February  1975. A strong re la tionsh ip  b e tw ee n  the  a s sem b lag es  and salinity  w as  d em ons tra ted .  It is 
sugges ted  th a t  these  assem b lag es  conformed to a w ork ing  definit ion of a community.

INTRODUCTION

Recently there has  been  ren e w e d  in terest and 
deba te  on w he the r  the  m echanism s de term in ing  the 
presence  of groups or as sem blages  of species  in p a r ­
ticular environm ents  are determ inis tic  or probabil is tic  
in natu re  (Williams et ah, 1981). In some w ays this is a 
consequence  of recen t  reviews of p lan t com m unities 
by Shim well (1977) an d  W hittaker  (1978) and  of the 
increasing  use of m ultivaria te  analysis techn iques  to 
further the un d e rs ta n d in g  of structure in p lan t  and 
an im al groups or 'com m unities '  (Field et al., in press). 
M ultivaria te  te chn iques  have b ee n  used  w idely  in 
ecology for the analysis  of com m unity  structure. The 
faunas of more s tab le  m arine  habitats  such as the 
benthos have b e e n  s tud ied  using  num erical  analyses 
to identify pat terns  of species composition (Day et al., 
1971; Field, 1971; Santos and  Simon, 1974; Bloom et 
ah, 1977), and  the subli ttoral m acrofauna com m unities  
of the Bristol C h a n n e l  and  Severn Estuary (U. K.) have 
b e e n  investiga ted  u s in g  these techn iques  by W arwick 
and  Davies (1977).

The purpose  of this  w ork  is to apply  num erical 
analysis techn iques  to the d is tribution of Zooplankton 
in the Bristol C h a n n e l  and  Severn  Estuary, in an 
a t tem pt to identify com m unities  w ith in  the  Zooplank­

ton. The com m unities  will b e  re la ted  to salinity, the 
most im portan t  env ironm en ta l  va r iab le  affecting g eo ­
graph ica l  distributions of p la n k to n  in es tuaries ,  and  
the  reality  of com m unities  as ecological units  will be 
briefly discussed.

METHODS

E leven  surveys covered  the  per iod  N ov em b e r  1973 
to F ebruary  1975 (Collins and  Williams, 1981) and  the 
da ta  from 3 of these, J a n u a ry  (winter), April (spring) 
and  A ugust  (late summer) have  b e e n  se lec ted  to il lus­
trate  the  m a in  seasonal fea tures  of the  d is tribu t ion  and  
a b u n d a n c e  of the Zooplankton in  the  O uter  Severn 
Estuary and  Bristol C hannel .  T he  s tudy  area, the  58 
sam pling  sites and  the  a rb itra ry  sub-d iv is ions of the 
reg ion  are show n in Fig. 1. S am ples  w ere  co llec ted  by 
m ean s  of doub le  ob lique  p la n k to n  hau ls  an d  for the  3 
se lec ted  m onths 41, 57 an d  58 sites respec tive ly  w ere  
sam pled . Full deta ils  of the  sa m p lin g  m e thod  and  
frequency  are g iven in  Collins an d  W illiams (1981). 
T he  Zooplankton organ ism s w ere  ca tego rised  as e i ther  
om nivore or carnivore; each  spec ies  w as  g iv en  a car­
bon  va lue  (pg C) b ased  on p u b l is h e d  dry w eig h t  or 
carbon  equivalents ,  or our ow n ca rbon  determ inations,
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Fig. 1. C hart  of Bristol C h a n n e l  a n d  Severn  Estuary  show ing  sub-reg ions  and  sam pling  sites (1-58)

an d  the  m e an  b iom ass (mg C r r r3) for each  trophic type 
ca lcu la ted  for the  11 surveys of the 6 regions.

Following the  s tra tegy  of F ield  et al. (in press), 
s a m p l in g  data  w ere  an a ly se d  us ing  2 objective te ch ­
n iques :  h ie rarch ical  c lus te r ing  an d  m u lt i -d im ens ional 
scaling , w hich  is an  ord ina t ion  method.

C lassification Technique

Affinities b e tw e e n  sam pling  sites an d  b e tw e e n  Zoo­
p la n k to n  species  w ere  ca lcu la ted  for each  of the 11 
surveys using  the  p rog ram  CLUSTER (Field, 1971; 
Field  et ah, in p ress  and  pers. comm.). Similarities 
b e tw e e n  sam p ling  sites w ere  d e te rm in e d  from species 
com position  and  num erica l  a b u n d a n c e  of the Zoo­
p la n k to n  at each  site. N u m b ers  p e r  cubic  m etre  for 
ea ch  Zooplankton ca tegory  w ere  double-roo t trans­
form ed (Field et al., 1982). A m atrix  of sim ilarit ies was 
bu i l t  up  us ing  the  C z ek a n o w sk i  coefficient (Bray and  
Curtis, 1957; Bloom, 1981); g roup  ave rag e  sorting 
(Lance and  Williams, 1967) w as then  u se d  to erect 
h ie ra rch ies  or den d ro g ram s of p e rc e n ta g e  similarity 
(Fig. 2). The species  g roups  or as sem b lag e s  were  
de r ived  in a s im ilar  w ay  excep t that, in s tead  of a 
double -roo t transform ation, the  o r ig ina l da ta  w ere

s tandard ised  by expressing  the  a b u n d a n c e  of a species 
at a site as a p e rcen tage  of the  total a b u n d a n c e  of that 
species  at all sites (Field et al., 1982). D endrogram s of 
the  Zooplankton serve to cluster the spec ies  according 
to similarit ies in the ir  geograph ica l  d is tributions 
(Fig. 3). Both sets of dendrogram s for January ,  April 
and  August have  b e e n  red raw n to em phas ise  the 
groups, and  the  species in the Zooplankton d end ro ­
g ram s have  b ee n  rea rran g e d  to p lace  the  num erical ly  
dom inan t species  at the  h ead  of each  assem blage .  This 
is an  aid to in te rpre ta t ion  and  does not a l te r  the  m e a n ­
ing of the dendrogram s.

Groups of sam pling  sites (Fig. 2) w ere  associated 
with the clusters of Zooplankton species  (Fig. 3) by 
m eans  of 'Shade-m atrices '  (Tables 1, 2 a n d  3). These 
tab les  show the m e an  ab u n d a n ce  of ea ch  species in 
each  group of sam pling  sites as a p e rc en ta g e  of a b u n ­
dance  of tha t species in all groups of sites.

Ordination Technique

M ulti-d im ensional  scaling (MDS) analysis  (Kruskal, 
1977; Field et al., in press) is a m ethod of v iewing a 
classification. MDS has b ee n  carried  out, using  the 
sam e similarity matrix as for the previous clustering,
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Fig. 2. D endrogram s of p e rc e n ta g e  similarity  of faunal  com ­
position  b e tw e e n  the 58 sam p lin g  si tes (Fig. 1) for 3 surveys in 
1974; (a) January ,  (b) Apri l, (c) August.  Site  n u m b ers  are 

show n on vertical axes

for sam ple  sites and  Zooplankton; the  results  for the  3 
se lec ted  m onths are p lo tted  in Figs. 4 and  5. The 
groups der ived  from the  dend rog ram s have  b ee n  
supe r im posed  on the  MDS plot using  d ifferent symbols 
to identify  the 4 groups. The stress factor is a m easu re  
of the stress r eq u ired  to force a tw o-d im ensional  
(rather than  h ig h e r  d im ensional)  rep resen ta t ion  upon  
the  similarity  matrix, an d  va lues  of the  order  of those 
show n in Figs. 4 and  5 ind ica te  a fairly satisfactory 
tw o-d im ensional  r ep resen ta t ion  (Spence and  Graef,
1974). The d is tance b e tw e e n  any 2 points on the  p lo t is 
an  inc reas ing  function of the ir  dissimilarity; the  sites or 
species  are thus 'o rdered ' in  the tw o-d im ensional  
space in a w ay  tha t  is not possib le  using  cluster an a ly ­
sis alone. Because the  non-m etric  MDS uses only the 
ran k  orders of the  d iss imilarities,  the  final plot has 
arbitra ry  axes, o r ien ta t ion  and  scale. The sam pling  
sites have b e e n  ra n k e d  for salinity  us ing  a non - l inear  
scale s ta rt ing  with  1 for sa lin it ies be low  27 %0 S and  
r ising  to 9 for sa lin it ies in excess of 35 %o S (Fig. 4). The 
nu m b e rs  in Fig. 5 refer to the  species  l is ted  in  T ab le  4,
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w hich  shows the  28 ho lozoop lank ton  spec ies  u sed  for 
bo th  techn iques .

RESULTS

T he associa ted  groups of sam pling  sites an d  species  
a s sem b lag e s  de r ived  from these  te ch n iq u e s  have  b ee n  
d e s ig n a te d  true  es tuarine ,  e s tuar ine  an d  m arine, eury- 
h a l in e  m arine, and  s tenohal ine  m arine; they  are 
cha rac te r ised  by the ir  num erica l ly  d o m in a n t  cope- 
pods: E urytem ora  a ffin is  (Poppe), A cartia  b ifilosa  var. 
in e rm is  Rose, C en tropages h a m a tu s  (Lilljeborgi, and  
C alanus h e lg o la n d ic u s  (Claus) respectively . The d is ­
tr ibu tions of these  4 fauna l  assem blages  for January ,  
April a n d  A ugus t  1974 in the  O uter  Estuary  and  Bristol
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Fig. 3. Dendrogram s of p e rce n ta g e  similarity in geograph ica l  
distr ibution  b e tw ee n  spec ies  for the  3 surveys in 1974; (a) 
January ,  (b) April, (c) August.  Asterisk m arks  num erica l ly  
d o m inan t  species in each  of the assem b lag es  w h ich  are,  from 
top to bottom; true estuarine,  e s tuar ine  a n d  m arine ,  eury- 
h a l in e  marine,  a n d  s tenohal ine  marine.  The  bo ttom  group  in 
each  dendrogram  -  p lus Pleurobrachia p i le u s  in (b) -  is 

composed of species  of low affinity

C hanne l  are show n in Fig. 6 toge ther  w ith  salinity 
isohalines.

The dendrogram s of sam ple  site sim ilarity  for April 
(Fig. 2b) and  A ugust (Fig. 2c) show a c lea r  separation  
into 4 clusters at approxim ate ly  53 % and  60 % sim ila r­
ity respectively (there is a better  than  53 or 60 % 
similarity w ith in  each  cluster or group). Five groups 
w ere  separa ted  in Jan u ary  at the  46 % sim ilarity  level 
(Fig. 2a). T hese  groups w ere  chosen after exam ining  
the  dendrogram  in conjunction with  the da ta  g iven in 
T able  1 which shows a group  of sam p ling  sites that are 
character ised  by species p resen t at low levels of 
abundance .  This fifth group of sites was d is t r ibu ted  in 
the  Inner C hannel and  to a l im ited  ex ten t in the  C e n ­
tral C hannel (Figs. 1 and  6). Strictly, this  group of 
'undef ined ' sam pling  sites in the J a n u a ry  survey 
should  be  further sub-d iv ided  but w as re ta in ed  in the 
dend rog ram  (Fig. 2) as a m ixed  group. T h e  less cohe­
rent pattern  observed  in Ja n u a ry  was p robab ly  the 
com bined  result of low num erical  a b u n d a n c e  of 
species  and  grea ter  m ixing of the  w ate r  m ass  p roduced  
by increased  river run-off and  w in ter  gales.

The lower similarity levels in the  Zooplankton 
dendrogram s than  in the site dend rog ram s  results from 
the  standard isa tion  process; the  clusters separa te  at 
approxim ate ly  18, 29 and  19%  similarity for January,
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Table  1. J a n u a ry  1974. M ean  a b u n d a n c e  of each  species  in e ach  group  of sam pling  sites as a p e rce n ta g e  of the  a b u n d a n c e  of that 
species in all groups of sites. Percen tages  in bold type identify the a b u n d a n t  species  assoc ia ted  with each  g roup  of sam p lin g  sites

Species True
estuarine

Estuarine 
and  m arine

E uryhaline
marine

S tenohal ine
m arine

U ndef ined

E urytem ora a ffin is 99 1
G astrosaccus sp in ife r 59 7 8 26
Pleurobrachia p ile u s  juven iles 100

Acartia  bifilosa 1 95 4
Sch is to m ysis  spp, juven iles 74 26

C entropages ham atus 20 77 3
Sagitta  e leg a n s  juven iles 5 86 8 1
Acartia  clausi 4 54 38 4
Sagitta  e leg a n s 20 64 11 5
P seudocalanus  e longa tus 22 31 38 9
Schistomysis spir i tus 2 29 41 2 26
M esopodopsis slabberi 17 48 32 3
Pleurobrachia p ile u s 24 7 61 8
Temora longicorn is 34 59 7
Tom opteris he lgo land ica 21 79
M eso p o d o p sis slabberi j u v en i le s ' 65 35

C alanus h e lg o la n d icu s 14 7 79
M e g a n yc tip h a n es  norvegica 5 5 60 30
Polychaete  larvae 20 9 71
M eg a n yc tip h a n es  norveg ica  furcilla ' 17 69 14

Paracalanus p a rv u s ' 8 24 18 50

'  Species not inc luded  in the  a s sem b lag es  by CLUSTER an d  MDS b u t  p laced  accord ing  to the  site g ro u p in g  in  w h ich  their
m axim um  m ean  ab u n d an c e  occurred

April and  August, respectively. The composition of the 
assem blages  is shown in the species dendrogram s 
(Fig. 3). T here  are a nu m b e r  of species in Fig. 3 that 
have very low affinities to other species and  these  have 
b ee n  isolated in the recast dendrogram s; the isolation 
of these species is appa ren t  also in the m u lt id im en­
sional scaling plots (Fig. 5).

Besides the 4 num erically  dom inant copepods, the 
rem ain ing  copepods, mysids and  chae tognath  are re la ­
tively consistent in their  groupings. Acartia  clausi 
G iesbrecht, Temora longicorn is  (O. F. Müller) and  the 
polychaete  Tom opteris helgo land ica  (Greeff) were 
always associated with  C entropages h a m a tu s  in the 
euryha line  m arine  assem blages.  P seudocalanus elon- 
g a tu sB o e ck  was in the s tenohal ine  m arine  assem blage  
in  2 mo and  the eu ryha line  m arine  in the  third. Para­
calanus parvus  (Claus) w as s tenohal ine  m arine  in 
April but was exc luded  from the assem blages  by 
CLUSTER (Fig. 3) and MDS (Fig. 5) in the other 
months, a l though  the species can be  associa ted  with 
the undef ined  group in Jan u ary  and the  eu ryha line  
group in A ugust (Tables 1 and  3). C entropages typ icus  
Kroyer and  M etrid ia  lu cen s  Boeck w ere  s tenohal ine  
m arine  w hen  present.  Adults  and juveniles  of the most 
common mysid, Sch istom ysis sp iritus  (Norman) were

m ain ly  es tuar ine  an d  m arine; however, in  J a n u a ry  the 
adults  w ere  eu ryha line  m arine  and  the  juven iles  in 
April w ere  associa ted  with  the  true es tuar ine  group 
(Table 2) a l though  isolated  by CLUSTER an d  MDS. 
T he  other 2 mysids, G astrosaccus sp in ife r  (Goës) and 
M esopodopsis  s labberi  (van Beneden) w ere  less con­
sis tent in their  g roup ings  (Table 4). The adults  and 
juven iles  of the ch a e to g n a th  Sagitta  e leg a n s  Verrili 
w ere  al located  to the  eu ry h a l in e  m arine  assem b lag e  in 
Ja n u a ry  and  A ugust  a l th o u g h  in  April the  adults  were  
associa ted  with the  s tenoha l ine  m arine  and  the 
juveniles  with the e s tua r ine  and  m arine  assem blages; 
the  juven ile  ca tegory  may have  inc luded  som e Sagitta  
setosa  J. Müller.

The euphausiids  in  1974 show ed  a tem pora l  succes­
sion in the Bristol C hanne l :  M eg a n y c tip h a n e s
n oveg ica  (M. Sars) w as num erica l ly  dom inan t  during 
the  first half of the  yea r  followed by N y c tip h a n es  
couchi (Bell) in the la tte r  half. M. norveg ica  adults 
w ere  ass igned  to the  s te n o h a l in e  m arine  assem blage  
in  Ja n u a ry  and  April by  the  CLUSTER prog ram  and 
w ere  show n to be  close to the  eu ryha l ine  m arine  
as sem blage  in A ugust  by the  MDS p rog ram  (Fig. 5). N. 
couchi was exc luded  by CLUSTER from all a s sem ­
b lages  bu t the MDS show ed  tha t  in A ugust  adults  w ere
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T ab le  2. April 1974. M ean  a b u n d a n c e  of each  spec ies  in each  group of sam pling  si tes as a p e rcen tag e  of the ab u n d an c e  of that  
spec ies  in all groups of sites. Pe rcen tages  in bold type identify  the a b u n d a n t  species  assoc ia ted  with  each group of sam pling  sites

Species True
estuar ine

Estuarine  
a n d  marine

E uryhaline
marine

Stenohaline
m arine

E urytem ora a ffin is 98 2
G astrosaccus sp in ife r 97 2 1
Pleurobrachia  p ile u s 83 14 3
Polychae te  larvae 56 28 15 1
P leurobrachia p i le u s  juven i les 69 10 21
S c h is to m ys is  spp. j u v e n i l e s ' 100

A cartia  bifilosa 8 91 1
S c h is to m ys is  sp iritu s 34 47 16 3
M eso p o d o p sis  slabberi 11 56 27 6
S ag itta  e leg a n s  juven i les 1 47 44 8
E va d n e  n o rd m a n n i ' 100

C entro p a g es h a m a tu s 25 72 3
Tem ora long icorn is 8 82 10
A cartia  clausi 2 48 50
Tom opteris he lg o la n d ica 11 49 40

C alanus h e lg o la n d icu s 15 12 73
P aracalanus p a rvu s 5 5 90
P seudoca lanus e lo n g a tu s 2 24 19 55
M etrid ia  lu cen s 100
S a g itta  e leg a n s 6 27 39 28
M e g a n yc tip h a n e s  norveg ica 20 18 62
N y c tip h a n es  c o u c h i ' 32 68
C entro p a g es typ icu s ' 100
Podon in te rm ed iu s  ' 100

' Spec ies  not in c lu d ed  in the  a s se m b la g es  by CLUSTER and  MDS bu t  p laced  accord ing  to the  site g roup ing  in w hich  their
m ax im u m  m ea n  a b u n d a n c e  occurred

closely associa ted  w ith  the  eu ry h a l in e  m arine  as sem ­
b la g e  (Fig. 5). The c tenophore  Pleurobrachia p ile u s  
O. F. M üller  was fairly ub iqu i tous  in its d is tribution 
a l th o u g h  it was never  a s s igned  to the s tenohal ine  
m arine  assem blage .

Thus, the  majority of the low affinity species  from the 
dendrogram s,  with  the  except ion  of the  euphausiids ,  
are  iso la ted  on the pe r ip h e ry  of the  MDS plots.

The MDS plots of the  sam p ling  sites (Fig. 4) show a 
very tigh t bunch ing  of sites b e lo n g in g  to each  assem ­
b la g e  (with the  obvious exception  of the  undef ined  
group  in January),  and  the  symbols used  in the figure 
serve to em phas ise  the a g re e m e n t  with  the  groups of 
sam p ling  sites in  the  den d ro g ram s show n in Fig. 2. 
Similarly, the species  as sem blages ,  w h en  supe r im ­
posed  on the MDS species  plots (Fig. 5), show the 
conformity of the results from the  2 techn iques .

T he  dis tribution of the sa m p lin g  sites in  the  MDS 
plots for the  surveys carried  out in January ,  April and 
A ugust  (Fig. 4) show a re la t ionsh ip  w ith  the  salinity 
va lues  m easu red  at each  site; the re  is an increase  in 
the  sa lin ity  values from <  27 %0 S (top left) to >  35 %0 S 
(bottom right). R ank ing  the  sam p ling  sites in the

dendrogram  for salinity w ou ld  not be helpful since the 
order  of the sites is not specific. The salinity ranges 
associa ted  w ith  the p lank ton  assem blages  for the  three 
months are g iven in T able  5.

The biomass of the Z o o p l a n k t o n  (C m -3) in the 6  

regions of the Bristol C h a n n e l  and  Severn Estuary 
(Fig. 1) for the  11 surveys covering the period 
N ovem ber  1973 to February  1975 is g iven in Fig. 7. 
The chae tognath  Sagitta  e legans  con tribu ted  the 
majority of the p lank ton  carnivore biomass and  was 
responsib le  for 93, 51 and  82%  of the carnivore 
b iomass in January ,  April and  August 1974 respec­
tively.

DISCUSSION

Using the techn iques  descr ibed  above it has been  
possib le to separa te  ho lozooplankton assem blages 
from the Bristol C h a n n e l  and  Severn Estuary p lankton 
data. Four groups of species  or assem blages  num eri­
cally dom ina ted  by the 4 copepods Eurytem ora affinis, 
Acartia  bifilosa var. inerm is, C entropages ham atus  and 
C alanus h e lg o la n d icu s  w ere  consistently extracted  by
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T ab le  3. August  1974. M ean  ab u n d an c e  of each  spec ies  in each  group  of sam pling  sites as a p e rce n ta g e  of the  a b u n d a n c e  of that 
species  in all g roups of sites. Pe rcen tages  in bold type identify the a b u n d a n t  spec ies  a ssoc ia ted  with each  group  of sam p lin g  sites

Species True
estuarine

Estuarine  
and m arine

Euryhal ine
m arine

Stenohal ine
m arine

Eurytem ora affin is 99 1

Acartia  bifilosa 46 54
S ch is to m ysis  spp. juven iles 23 77
Pleurobrachia p ile u s 53 28 19
S ch is to m ysis  sp iritus 36 54 10
M eso p o d o p sis slabberi 15 73 12

C entropages ha m a tu s 3 17 75 5
Temora longicorn is 3 33 64
Sagitta  e leg a n s ju v e n ile s 5 49 46
A cartia  clausi 1 9 59 31
Tom opteris helgo land ica 100
Sagitta  e leg a n s ? 24 57 12
G astrosaccus sp in ife r 25 33 42
M eg a n yc tip h a n es  norveg ica  ' 31 17 52
N y c tip h a n es  couchi ' 100
P leurobrachia p ile u s  ju v e n i l e s ' 100
P aracalanus p a rvu s  ' 100
N yctip h a n es  couchi furc i l ia ' 100
G astrosaccus sp in ife r  j u v en i le s ' 100
M eso p o d o p sis  slabberi j u v en i le s ' 100

C alanus h e lg o la n d icu s 8 92
P seudocalanus e longa tus 3 5 92
E va d n e  nordm ann i 100
Podon in te rm ed iu s 3 97
C entropages typ icus 32 68
Polychaete  larvae 5 4 19 72
M eg a n yc tip h a n es norveg ica  furcil la ' 7 93

' Species not included  in the a ssem blages by CLUSTER and MDS but p laced accord ing  to the site g ro u p in g  in w h ich  their
m axim um  m ean  ab u n d an c e  occurred

these  techniques. T hese  4 assem blages  conformed to 
the gene ra lised  classification of p lank ton  according to 
salinity in es tuaries (Spooner and Moore, 1940; Day, 
1951; Jeffries 1967; Collins and  Williams, 1981) that is 
(a) true estuarine, (b) es tuar ine  and  marine, (c) eu ry ­
haline  marine, and  (d) s tenohal ine  marine.

Three surveys were  chosen to illustrate the seasonal 
features of the Zooplankton data  and  the results are 
consistent with those ob ta ined  from 24 surveys carried 
out b e tw e en  S ep tem ber  1971 and  O ctober 1975 
( including the series from N ovem ber  1973 to February
1975). Because of the dynam ic natu re  of the es tuar ine  
system it is un reasonab le  to expect that the Zooplank­
ton fauna would  conform to objective sorting te ch ­
n iques as discretely as the  more s table faunas of te rres­
trial or m arine  ben th ic  com munities.  However, the 
assem blages  observed in January ,  April and  A ugust do 
show consistency of species  composition espec ia lly  for 
the more ab u n d a n t  species (Table 4). The rela tionships 
of the distribution of the num erically  a b u n d a n t  species

to salinity have b e e n  show n by Collins an d  Williams 
(1981) w h ere  salinity  ran g e s  w ere  g iven  as; E u ry tem ­
ora a ffin is  <  30 %o S, A cartia  b ifilosa  27-33.5 %o S, C en ­
tropages ham atus  31-35  %o S, and  C alanus h e lg o la n ­
d icus  S 33% oS . T hese  species, toge ther  w ith  their  
associa ted  faunas, m a k e  up the  4 p la n k to n  as sem ­
b la g es  derived  by the  group  sorting techn ique .  The 
ques tion  then  arises: are these  assem blages  just 
groups of in d e p e n d e n t  spec ies  w hich  occur essentially  
by chance  hav ing  s im ilar  responses  to particu lar  
env ironm enta l  var iab les  or are they com m unities  of 
species  in te ract ing  at various levels and  com posed  of 
ind iv idua ls  with different trophic  requ irem ents?

The com m unity  concep t in m arine  ecology has  been  
rev iew ed  by Mills (1969) w ho  conc luded  tha t most 
s tudies  show ed  tha t  species  w ere  d is t r ibu ted  along 
env ironm enta l  g rad ien ts  in  more or less b inom ial 
curves of abundance ,  and  the  d is tribution  of each 
species  w as rela tive ly  in d e p e n d e n t  of others. Johnson  
(1970) justified the concep t of com m unities  as abstrae-
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Fig. 4. M ult i-d im ens iona l  sca ling  plots of sites for the 3 
surveys in 1974. True es tu a r in e  (circle an d  triangle),  es tuar ine  
a n d  m ar in e  (open circle), eu ry h a l in e  m ar in e  (solid circle), 
s ten o h a l in e  m arine  (circle w ith  dot) an d  u n d e f in e d  in te r ­
m e d ia te  (square). The  g roups  a re  t a k e n  from the  den d ro g ram s 
of Fig. 2. Salinit ies for g roups  of sites are show n as follows: (1) 
< 2 7 ;  (2) 2 7 -< 3 0 ;  (3) 3 0 -< 3 2 ;  (4) 3 2 -< 3 3 ;  (5) 33 -< 3 3 .5 ;  (6) 
3 3 .5 -< 3 4 ;  (7) 34—<34.5; (8) 3 4 .5 - < 3 5 ; (9) & 3 5 % o S ; 0: no 
observation .  Solid circles not m ark e d  for A ugus t  have  salinity 

code 6

Fig. 5. M ult i-d im ens iona l  scaling  plots of spec ies  for the 3 
surveys in 1974. Symbols h ave  the sam e m ea n in g  as in Fig. 4, 
excep t  that  squares  ind ica te  those species hav ing  low 
s imilarit ies in the  d e n d ro g ram s (Fig. 3) from which the groups 

are taken. N um b ers  refer to species  l is ted in Tab le  4

tions from cont inua w h ile  Mills (1969) su g g e s ted  a 
p rac tica l definition of a com m unity  b ased  on defin i­
tions p roposed  by  H e d g p e th  (1957) and  M acfadyen  
(1963) as a 'g roup  of o rgan ism s occurring in a particu lar  
env ironm en t  p resum ab ly  in te rac t ing  w ith  ea ch  other

and  with the env ironm ent and  separab le  by m eans of 
ecological survey from other groups'.

Interaction with  the  env ironm ent is illustrated  by the 
re la tionsh ip  of the  as sem blages  to salinity (Fig. 4). The 
most obvious form of in teraction  be tw e en  species is
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tha t b e tw e en  p reda to r  and  prey. The most important 
predator, in terms of biomass, is Sagitta  e legans  which, 
at certain  times of the  year, m ay account for more than

Table  4. List of the 28 species  used  for CLUSTER and  MDS. 
C olum n 1 : key  to Fig. 5; C olum n 3: omnivores o, carnivores c,- 
C olumns J (January), Ap (April), Au (August), give a ssem ­
b lages  into w hich  each spec ies  has b e e n  grouped;  true 
estuarine,  1; estuar ine  and marine,  2; eu ryhal ine  marine,  3; 
s tenohal ine  marine,  4. N um b ers  in pa ren theses :  g roupings  

derived from shade-m atr ices  only

1 2 3 J Ap Au

1 A c a r tia  b i f i l o s a 0 2 2 2
2 A c a r tia  c la u s i 0 3 3 3

3 Calanus h e lg o la n d icu s 0 4 4 4

4 C entropages hamatus c 3 3 3

5 C entropages ty p ic u s 0 (4) 4

5 Eurytem ora a f f i n i s 0 1 1 1
7 Evadne nordmanni 0 (2) 4
8 G astrosaccus s p i n i f e r  ad. o 1 1 3

9 G astrosaccus s p i n i f e r  ju v . o (3)
10 M eganyctiphanes n o rveg ica  ad. 0 4 4 (3)
11 M eganyctiphanes n o rveg ica  f u r . 0 (4) (4)
12 M esopodopsis s la b b er i  a d . o 3 2 2
13 M esopodopsis s la b b e r i  ju v . o (3) (3)
14 M e tr id ia  lucens 0 4

15 N yctiphanes couchi ad. o (4) (3)
16 N yctiphanes couch i f u r . 0 (3)
17 Paracalanus parvus o 4 (3)
18 P leu ro b ra ch ia  p i  Zeus ad . c 3 1 2

19 P leurobrach ia  p i le u s  ju v . c 1 (1) (3)
20 Podon in te rm ed iu s o (4) 4

21 Po lychae te  l a rv a e o 4 1 4

22 Pseudocalanus e lo n g a tu s o 3 4 4

23 S a g i t ta  e leg a n s  ad. c 3 4 3
24 S a g i t ta  e leg a n s  j u v . c 3 2 3

25 S c h is to m y s is  s p i r i t u s  ad. 0 3 2 2

26 S c h is to m y s is  s p i r i t u s  ju v . o 2 (1) 2

27 Temora lo n g ic o rn is 0 3 3 3
28 T om opteris h e lg o la n d ic a c 3 3 3

90 % of the carnivore biomass. The copepods of the 
eu ryha line  m arine  assem blage ,  to w hich  S. e leg a n s  
be longs for m uch  of the year, w ou ld  form its m a in  prey.

32
51” 00’

27

51” 30'
January 1974

•  •  
• • 27 51° 00’

3334 30

April 1974

32

33 30

-51 ” 00 ’

/  35 August 1974

5' 4“ 3"

Fig. 6. C harts  show ing  the  d is tr ibu tion  of 4 faunal  a ssem ­
b lag e s  for the  3 surveys in 1974. Symbols h ave  the  sam e  
m e a n in g  as in Fig. 4. Isohalines are show n at 24, 27, 30, 32, 34 

a n d  35 %o S

Table  5. Salinity  ranges  for each  Zooplankton a ssem b lag e  for January ,  Apri l a n d  A ugus t  1974

True
estuar ine

Estuarine  
a n d  m arine

Euryhaline
m arine

S tenohal ine
m arine

U ndef ined
in te rm ed ia te

Ja n u a ry <  27 30 -  <  34 33 -  <  34.5 >  33.5’ 27 -  <  34
April <  32 30 -  <  34 32 -  <  35 >  34
August <  30 30 -  <  33.5 >  32 >  34.5

1 A lthough no observations of this g roup 
in h igh  salin ity water

w ere  m ad e  in w a ter  of >  35 %o S this is th ough t  to be  only a result  of l im ited  sam pling
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Fig, 7. Seasonal  d is tr ibution  of b iom ass (mg C arbon  m-3) in 
the  6 sub -reg ions  (Fig. 1) for all om nivorous and  carnivorous 

p lank ton  for the  pe r iod  N o v em b er  1973 to February  1975

Similarly  the  preda to rs  P leurobrachia p ile u s  and 
Tom opteris he lgo land ica  w ou ld  consum e copepods 
and  their  juven ile  s tages  in the ir  respective  as sem ­
blages. T hese  carnivores are  found in as sem blages  in 
each  month, w ith  the  excep tion  of the  es tuar ine  and 
m arine  and  s tenohal ine  m arine  g roup ings  in January  
and  the true es tua r ine  and  s tenohal ine  m arine  in 
August. (There was, however, a la rge  m eroplankton  
carnivore com ponen t in August). From A ugust 
onw ards  the preda to rs  com plete ly  dom ina ted  the 
b iomass of the  p lank ton ic  ecosystem  in the Bristol 
C hanne l  (Fig. 7) and  w ere  p robab ly  responsib le  for the 
rapid  dec line  of the om nivore  population .

The com m unity  concept in m arine  phy toplankton  
w as discussed by W illiams et al. (1981) who concluded 
tha t the under ly ing  m echan ism s  for the  distribution of 
m arine  dia tom s in the  oceans of the  world w ere  fu n d a ­

m entally  and  genera lly  probabilistic . We have to con­
sider  w hether  the responses of the  Zooplankton to 
environm enta l variables, such as salinity, and  the 
p lank ton  distributions in the es tuary  are e i ther  p rob ­
abilistic, result ing  in unstab le  and  transien t a s sem ­
blages, or are the  result of determ in is tic  processes 
w hich  give rise to more s table assem blages  of species 
hav ing  ecological m eaning .  Results from ana lys ing  the 
data  from 11 ecological surveys of the Bristol C hannel 
and  Severn  Estuary, using  m ultivaria te  techniques, 
show a consistency and  persis tence in their  a s sem b ­
lages of ho lop lank ton  over the  year; the  assem blages  
can therefore be considered  to be com m unities accord­
ing to the criteria of Mills (1969).
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for va lu ab le  h e lp  with  the da ta  analysis and  advice  during  the 
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the es tuar ine  ecology p rogram m e  of the Institute for M arine 
E nvironm enta l  Research, was partly  supported  by the  D ep ar t ­
m en t  of the  E nvironm ent on Contract  No. DGR/480/48, and  is 
p u b l ish ed  w ith  their  permission.
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