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ABSTRACT: The community concept of terrestrial ecology is examined with particular reference to its 
application to phytoplankton dlstrlbutlon. I t  IS  suggested that it is more appropriate to regard 
phytoplankton distribution as entirely probabilistlc, comparable to a local situation in a tropical rain 
forest. The oceans of the world would then be regarded collectively as a single essentially uniform 
environment ~nhabi ta ted  by a single diverse population. The probability of encountering any given 
species in any ocean might then be very low but would be nowhere zero. The thesis is examined 
mathematically with respect to data from the diatom literature, and its further in~plications are briefly 
discussed 

INTRODUCTION 

All writers on the subject are agreed that the dis- 
tribution of diatoms is not uniform over the world 
oceans. Yet difficulties arise from attempting to define 
the nature of this non-uniformity, so that different 
systems of description have been proposed for different 
oceans, resulting in a number of conflicting ter- 
minologies. A general outline of the early history of the 
problem was given by Patrick (1948). Some of the more 
recent literature has been covered in reviews by Mar- 
galef (1969) and Guillard and Kilham (1977). We may 
begin with Cleve (1897), who recognized associations 
of phytoplankton species in the North Atlantic Ocean 
which he termed 'plankton types', and to which he 
gave descriptive names which have virtually disap- 
peared from the literature. It was pointed out by Gran 
(1912) that these types, as defined, were mutually 
exclusive, whereas in reality species distributions 
overlap. Valentine (1973) uses the terminology of ter- 
restrial plant ecology, defining 'provinces' as 'regions 
in which communities maintain characteristic compo- 
sition', and 'communities' as 'recurrent associations' of 
species 'with the proviso that the association is flexibly 
defined and need only include a certain percentage of 
the species in some definitive set of species in order to 
qualify'. Kozlova and Mukhina (1967) prefer the term 
'biocoenoses' for the groups of species they recognized 
in the Pacific. Braarud et al. (1953) use the term 'com- 
munities' for phytoplankton assemblages which 
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characterized particular watermasses in the North Sea, 
but clearly recognized its shortcomings and used it 
interchangeably with others, such as 'populations' and 
'societies'. 

The overlapping nature of such diatom-assemblages 
is generally accepted, if only as a result of agreement 
that some species are 'cosmopolitan' - i. e .  recorded at 
some time or another from most of the world oceans. In 
contrast, there has been a discernible tendency to 
search for endemism, to establish that certain species 
are strictly confined to particular areas. Patrick (1948), 
for example, claimed that endemism could be  as high 
as 10-30 % .  It is thus not surprising that attempts to 
define relatively stable assemblages appear to have 
lost their earlier wide attraction, so that modern work 
has often tended to concentrate on the autecology of 
individual species or groups of commonly-associated 
species. 

Nevertheless, ignoring a problem does not cause it to 
disappear. Any sample obtained during a phytoplank- 
ton survey will contain a n  assemblage of diatom 
species; and in this paper we address ourselves to the 
double question, 'What is the nature of such a n  
assemblage, and what should it be called?' It is dif- 
ficult to avoid the suspicion that much of the thinking 
on this subject has been coloured by the pervasive and 
successful work in temperate terrestrial plant ecology. 
This has encouraged the widespread use of a term such 
as 'community'; and Edsbagge (1966a, b) has gone so 
far as to suggest that the techniques of the Zurich- 
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Montpelier school of phytosociology should be applied 
to the study of epiphytic diatoms. We consider that in 
any such study it is first necessary to examine the 
historical implications of the term 'community'. 

The Community Concept in Terrestrial Ecology 

The term 'community' has engendered a formidable 
literature in plant ecology, of which good reviews were 
given (Shimwell, 1977; Whittaker, 1978). The term is 
very old; it can be traced back to Humboldt (1805). The 
concept implied simply that certain assemblages of 
plant species tended to occur together, and could be so 
recognized on the ground. It follows that the basic 
concept is d i s c o n t i n U o u s distribution; different 
communities could be recognized as such, even though 
there might be some gradation in composition at inter- 
community boundaries. That such a model will serve 
as an  adequate working basis for terrestrial temperate 
plant ecology is shown by the success of the European 
investigations into phytosociology, notably those 
associated with the Zurich-Montpelier and Uppsala 
schools (the literature on these is too extensive to cite 
here, but can be found in the historical references cited 
above). Its efficacy is also borne out by the success of 
modern methods of numerical classification, such as 
those of Williams and Lambert (1960) and of many 
subsequent workers. 

The suggestion that such discontinuities in plant 
distribution are the result of discontinuities in the 
climatic or edaphic environment can be traced back as 
far as  Drude (1896). It is implicit in the terminology of 
British ecologists such as Moss (1910) and Tansley 
(1939, 4th impression 1965), whose use of terms such as 
'limestone heath', 'chalk grassland' and 'reedswamp' 
imply that a community is an assemblage of plant 
species growing in a particular edaphic environment. 
It follows that a 'community' in this sense is also 
d e t e r m i n i S t i c ; given a particular environment, a 
particular group of species will be expected. Even 
successional changes do not destroy the deterministic 
concept. Webb et al. (1972), referring to the classic 
work of Watt (1947), point out that, in a monospecific 
temperate forest, once the dominant has begun to 
establish, 'there is only one path open, and such patch- 
iness as exists is composed of different age-classes of 
one species'. 

The assumption of discontinuity has not, however, 
been universally accepted. In particular, Gleason 
(1926) has argued that - apart from such major discon- 
tinuities as change in geological formations - vegeta- 
tion is everywhere continuously varying, a view sup- 
ported later by Goodall (1954). This viewpoint became 
increasingly relevant as attention turned to multi- 

species systems such as the tropical rain forest. Such 
forests characteristically have very high diversity; the 
number of tree species involved may be of the order of 
l000 to 2000. These species are not arranged in the 
tidy blocks of temperate forests; as Aubreville (1938) 
remarked, they appear to consist of local, apparently 
random, assortments of species. Nor is there any evi- 
dence of regular, ordered succession; as Webb et al. 
(1972) point out, 'the succession is characterized by 
departures from orderliness'. Such departures had 
been stigmatized by Gleason (1926) and Watt (1964) as 
f o r t u i t o u s ,  andby  Daubenmire (1968) a s u n p r e -  
d i c t a b l e .  Aubreville (1938), however, regarded the 
situation as analagous to linear algebra when the 
number of equations (environmental parameters) is 
less than the number of independent variables (plant 
species), so that an indefinite number of alternative 
solutions will fulfil1 the required conditions. An impor- 
tant contribution to the discussion was made by 
Goodall (1970), who stated: 'The relation of a species to 
ecotope space should be considered, not in  terms of a 
discrete cell which the species occupies, but of a dif- 
fuse region which could be expressed as a nested set of 
contour shells representing successively greater prob- 
abilities of occurrence'. 

Finally, Webb et al. (1972), discussing Aubreville's 
thesis, pointed out that the solutions to his equations 
were never c o m p l e t  e l y unpredictable, in that it 
was usually possible to define boundary conditions 
outside which the solution could not lie. They therefore 
postulated that the tropical rain forest has a two-level 
structure: a large-scale deterministic framework, 
largely climatically determined, and a small-scale 
patchiness which was entirely probabilistic, in that the 
species-composition of any given patch was deter- 
mined by which species happened to be flowering at 
the time the canopy opened to permit regeneration. We 
may therefore distinguish 2 types of organization: 
temperate terrestrial vegetation, almost completely 
deterministic, and tropical rainforest, with a large- 
scale deterministic framework and a small-scale prob- 
abilistic structure. We shall suggest that diatom dis- 
tribution terminates this sequence, in that it is entirely 
probabilistic. 

The New Model 

We suggest that, so far as phytoplankton distribution 
is concerned, the oceans of the world should be 
regarded collectively as a single ocean, so that the 
concept of endemism ceases to be meaningful; we also 
suggest that, although the probability of collecting any 
diatom species in an ocean may be extremely low, it is 
never zero. 
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This model has implications. If we were prepared to 
make the crude assumption that the factors affecting 
the abundance of any diatom on any occasion were 
~ndependent,  the likelihood of capture would always 
take the form n, p,, in which the p, values represent the 
individual probabilities. We cannot hope to know 
these; but we can at least consider four areas of action 
in which they must fall. Since diatoms differ in their 
rate of growth and reproduction, we can regard each 
diatom as being associated with a probability p ,  which 
is unique to that species. However, some diatoms are 
larger and heavier than others, and some begin their 
lives attached, though they may later appear in the 
plankton. The likelihood will therefore involve a sec- 
ond probability p2, which will be higher in coastal or 
other shallow waters. A third probability, p,, can be 
postulated as subsuming all environmental sen- 
sitivities; these will include those many factors of 
salinity, temperature and the like which bulk large in 
the current ecological literature. They will, however, 
also include the effects of predation; and Wroblewski 
and O'Brien (1974) have investigated the appropriate 
mathematical models. They conclude that the com- 
bined effects of reproduction and predation will result 
in the formation of 'patches' of finite extent. The situa- 
tion is thus remarkably similar to that of the tropical 
rainforest, but seen under tremendous time-accelera- 
tion. Finally, there is a 'catch-probability' p,, according 
to whether a collector does or does not encounter a 
'patch' at  a particular time. 

It follows that, as in the rainforest, a particular 
assemblage of species does not represent a temperate 
terrestrial-type determinate 'community'; it is always a 
temporary assemblage which may never precisely 
recur. 

It also follows that the probability of collecting any 
diatom anywhere will rise with the intensity of sam- 
pling. Apparent endemism would then be regarded 
simply as an artefact of inadequate sampling. For 
example, Nitzschia kerguelensis, long believed to be 
confined to Antarctic waters, is now known to extend 
to 30 "N (Van der Spoel et al., 1973); Round (1973) 
provides other cases. Furthermore, if we select any 2 
areas in the world, then the more intensively they are 
both sampled, the more species they may be expected 
to have in common. 

We can offer some circumstantial evidence for this 
phenomenon from Australian collections. Revelante et 
al. (1981a) provide a list of 396 taxa of diatoms and 
dinoflagellates collected over some years from a sec- 
tion of the Great Barrier Reef. Dr. N. Revelante (per- 
sonal communication) has also collected extensively in 
the Adriatic Sea, for which she was able to identify 
unequivocally 122 species of diatoms and dinoflagel- 
lates; of these, no less than 101 also appear in the 

Australian list. It is even possible to extend such a 
comparison to a world scale. Guillard and k l h a m  
(1977) provide a comprehensive set of lists of 'promi- 
nent' species gathered from the world literature. We 
were able to extract some 53 lists; these overlapped 
geographically to a considerable extent, and we have 
reduced their areas of origin to the following 16: 'Cos- 
mopol~tan', Arctic, Antarctic, Western coastal North 
Atlantic, North Central Atlantic, North-Eastern Atlan- 
tic, Central Atlantic, Mediterranean, Atlantic coasts of 
tropical America, Caribbean Sea and the Gulf of Mex- 
ico, Indian Ocean, North Pacific, Central and tropical 
Pacific, Equatorial, coasts of tropical eastern Pacific, 
and non-tropical coasts of Eastern Pacific. The lists 
included a total of 265 species, of which 115 also 
appear in the Australian diatom list; and these 115 
were scattered through all the 16 areas, including even 
a substantial representation in the Arctic list. 

Mathematical Considerations 

We think it unlikely that a rigorous test of our 
hypothesis will ever be possible; the logistic problems 
involved in the collection and identification of phyto- 
plankton species are such that it is doubtful whether 
the detailed species-area curves which would be 
required will ever become available. We can, however, 
use the Guillard-Kilham areas as a rough test of 
whether the species distribution is in accordance with 
expectation. We have postulated that there are no 
inter-oceanic discontinuities, so that the whole of the 
world oceans would collectively behave as a 'small 
area' in the sense of C. B. Williams (1964). Out of the 
265 species, we should then expect the number found 
in 1, 2, 3 etc. of the 16 areas to form a logarithmic 
sequence of the type ux, a 2 / 2 ,  uxJ/3 where u is the 
'index of diversity' and X a parameter dependent on 
sample size. It must be emphasized that a satisfactory 
fit would not constitute a proof of our hypothesis. There 
are other models which would produce the same 
result; Zipf (1949) has stressed the ubiquity of the 
logarithmic sequence in a wide range of classificatory 
situations; and it is conceivable (though we think 
highly unlikely) that species occurring in only one of 
the areas might be true endemics. Nevertheless, f a  i - 
l u r e  to fit such a sequence would, we suggest, cause 
misgivings as to the validity of our model. As an 
extreme counter-example, we would not expect the 
results to fit a Poisson distribution; this would imply 
that the occurrence of all diatoms was everywhere 
substantially equiprobable, which would be biologi- 
cally absurd. 

Fitting, of either the Poisson or logarithmic distribu- 
tions, is not completely straightforward, since the data 
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are truncated. In fitting the Poisson we have to take 
into account the fact that, in data such as these, there 
can be no zero class. If m is the overall mean, and p, the 
probability of i occurrences, we fit the truncated Pois- 
son distribution with 

If S is the number of species (here 265) and N the 
total number of records (here 578), the parameters a 
and X of the logarithmic distribution are conventionally 
obtained by solving the equations S = a ln(1 + N/a) 
followed by X = N/ (N+ a). With the present data we 
obtain a = 189.4 and X = 0.75319. However, Fisher 
(1943) has pointed out that this procedure rests on the 
relationship 

It therefore implies that the sequence is open-ended, 
whereas in the data we are using, n cannot exceed 16. 
It would therefore be preferable to fit a truncated 
distribution, with the summation taken to 16 instead of 
infinity. The results then obtained are a = 187.37, X = 

0.75737. 
The fitted values, down to n = 8, for the truncated 

Poisson, the indefinite logarithmic, and the truncated 
logarithmic distributions are given in Table 1. It will 
be obvious that the Poisson fit is impossibly bad; the 
indefinite logarithmic fit is good, and the truncated 
logarithmic fit marginally better (X2 for the two latter, 
consolidating n = 13 to n = 16 into a single class, were 
12.25 and 11.95 respectively; neither is significant). 
The results are thus not at variance with the expecta- 
tions of the model; we wish to claim no more than this. 

not imply that phytoplankton data are structureless; 
the probability-patterns will vary in space and time, 
and may serve to recover some environmental informa- 
tion. Our Australian experience confirms this; 
Revelante et al. (1981 b, c) have used numerical 
techniques (classification, ordination and graph-theory 
approaches) to analyse phytoplankton data from the 
Great Barrier Reef, with ecologically meaningful 
results. We have considered that it might be instructive 
to regard the data we have extracted from the Guillard 
and Kilham (1977) review as a set of 16 stations defined 
by the presence or absence of 265 diatom species. We 
can then define a distance-matrix for all pairs of sta- 
tions. Since the data-matrix contains many zero entries 
we have elected to use the l-complement of the Jac- 
card measure; this, in the conventional (a,  b, c, d) 
notation of a 2 X 2 contingency table, i s  the quantity 
( b  + c)/(a + b + c). We have now used the distance- 
matrix to compute both a minimum spanning tree 
(Prim, 1957) and a two-neighbour network (Williams, 
1980) to display the configuration of the 16 stations. 
The results are shown in Fig. 1 and transposed over a 
world map in Fig. 2. Of the 2 analyses, the network 
contains the larger amount of information; in particu- 
lar, revealing several weak affinities which the tree is 

The Problem of Pattern 

Even if we  are correct in assuming that phytoplank- 
ton distributions are entirely probabilistic, this does 

Table 1. Fittlng of 3 distributions to the Guillard and Kilharn 
(1977) data (fitting shown down to n = 8) 

No. Observed Truncated Indefinite Truncated 
Poisson logarithmic logarithmic 

1 140 92.54 142.65 141.91 
2 55 81.89 53.72 53.74 
3 27 51.76 26.98 27.13 
4 13 23.70 15.24 15.41 
5 10 8.69 9.18 9.34 
6 11 2.65 5.76 5.89 
7 3 0.69 3.72 3.83 
8 2 0.16 2.45 2.54 

Rest 4 - - - 

Fig. l(a). Minimum spanning tree of 16 ocean regions consi- 
dered as stations based on diatom species distributions. (b) 

Two-neighbour network of 16 stations, as in (a) 

unable to display. The uniformity of the strong 
affinities is noteworthy. For the weaker affinities, the 
figure displays only their existence but not their 
strength. However, it is interesting to note a link 
between the equatorial and cosmopolitan groups as 
well as those related to the Arctic group, including 
predictably strong links with the Northeastern Atlantic 
and the North Pacific but also with the Antarctic. At the 
same time, the network indicates only weak affinity 
between the phytoplankton diatoms of the Central and 
North Central Atlantic. The Caribbean, Gulf of Mexico 
group on the other hand, occupies a strong central 
position. No doubt the reader may find other relation- 
ships of interest. 
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CONCLUSIONS 

In this paper we have argued the thesis that the 
distribution of planktonic diatoms in the seas and 
oceans of the world is that to be expected from a single 
population in an essentially uniform environment. We 
suspect that this conclusion is likely to apply to groups 
other than the diatoms and that phytoplankton dis- 
tributions are fundamentally and generally probabilis- 
tic as in the case locally in terrestrial rainforests. This 
view is not completely novel; it could be regarded as a 
logical extension of the views of workers such as Mar- 
galef (1969). 

As we  have explained, it does not follow that the 
existence of patterns in phytoplankton species dis- 
tributions is denied. It is quite obvious from the litera- 
ture that such patterns are clearly recognizable. Their 
causes, nonetheless, are most unlikely to be determi- 
nate except perhaps at much grosser taxonomic scales. 
We consider it inappropriate, therefore, to apply the 
term 'communities' to what are, in effect, more or less 
transient assemblages or associations having substan- 
tial, if variable, affinities between them. 

The model we offer transcends issues which other- 
wise might be regarded as merely semantic and, we 
believe, has ecological substance. Practically, the 
model may aid phytoplankton researchers who must 
come to terms not only with the limitations of available 
methods, but with environmental and biological cir- 
cumstances which are so basically distinct from those 
on land where the meaning of the term 'community' 
can largely be rid of ambiguity. We recommend that a 
neutral term such as 'species assemblage' should be 
used in future, without any implication of other than 
stochastic association unless the nature of that associa- 
tion can be specified. 
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