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A NOTE ON THE USE OF ALGAL SIZES
IN ESTIMATES OF POPULATION
STANDING CROPS

By E. G. BELLINGER

Pollution Research Unit, University of Manchester,
Williamson Building, Oxford Road, Manchester M13 9PL

Counts of cell numbers of phytoplankton algae of differing sizes do not accurately reflect
the biomass of the population present. For a better estimate it is suggested that cell numbers be
multiplied by the average cell volume for each species present. Data on cell volumes for certain
species are given and compared with results from other authors. Surface areas and surface area
to volume ratios are also given and the importance of these parameters noted.

The quantitative determination of algal populations by direct count methods
is well known (Lund & Talling, 1957; Lund, LeCren & Kipling, 1958). A wide
range of cell or colony sizes within a population or community, however, may
lead to a misleading impression of the biomass present if the results are expressed
simply as numbers ml-! or I-1. Some compensation may be attempted by
transforming numerical records into volumes (Paasche, 1960; Nauwerk, 1963;
Bellinger, 1968a).

For this operation to be a success it is necessary to know the mean cell, colony
or other unit volume of each species recorded quantitatively. For those species
whose cells are more or less regular in shape, simple geometric formulae may be
applied to the measurements of linear dimensions (sphere, 4/3rr?; cone, }rr2h;
cylinder, nr2h; truncated cone, mh(r?1+rirz--12p); etc.). It should be realised that,
even for more or less regular cells, a given geometric formula may not exactly
fit the shape of an organism, so errors will occur. These errors are, however,
small compared with the total volume of the cell in, for example, Asterionella
formosa Hass. and Rhodomonas minuta Skuja. For cells of more complex shape
a displacement method with plastic models can be used.

In recent investigations of algal populations in fresh waters (Bellinger, 1968a,
1968b) a wide variety of species was subjected to size analysis. At least 100 cells
were measured, and more than 1000 for some species, e.g. Stephanodiscus astraea
(Ehrenb.) Grun. and Asterionella formosa. The calculated results obtained for
average cell volume are listed in Table I and are compared with those of Nauwerk
(1963), Nalewajko (1966) and Findenegg (1969).

Even though the algae recorded by these authors were from widely different
environmental situations, there is very close agreement between the average cell
volumes for the majority of comparable species. Of those where agreement is
not so close (i.e. less than half or more than twice the volume recorded here), all
apart from Chlamydomonas angulosa Dill, Tetraedron minimum (A. Br.) Hansg,,
Stephanodiscus astraea and Synedra acus Kiitz. are within the possible range for
the maximum and minimum volumes calculated from the linear dimensions
recorded in the literature for those species (Pascher, 1915; Hustedt, 1930). The
average cell volumes given by Nauwerk (1963) and Nalewajko (1966) (Table I)
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160 E. G. BELLINGER

for these four algae are below the minimum recorded size. The results of the
present author represent average cell volumes calculated from measurements on
numbers of cells. Even within a single population there was, on occasions, con-
siderable size variation between different cells. For example, the volumes of cells
of Stephanodiscus astraea ranged from 855-29 700 ym?® and of Scenedesmus
quadricauda (Turp.) Bréb. (for a four-celled coenobium) from 865-3080 um?3. The
range of cell sizes in individual populations should therefore be checked and
average cell volumes determined for the major species on each occasion.

Although the use of total cell volumes may give a better indication of standing
crop, undue stress may be placed on the larger algae in relation to their importance
as primary producers. In particular, Lohman (1908) indicated that only a small
proportion of a large diatom cell is occupied by chloroplasts and cytoplasm, the
rest being vacuole. This should be taken into account when comparing the
productive capacity and cell volumes since the cytoplasm may form only a
layer of about 2 pm thickness around the periphery of the cell. It may possibly
be of greater value to calculate total cell surface area rather than cell volume
in these and other algae, especially if the result is used in conjunction with cell
chlorophyli content (Paasche, 1960). Table I includes the calculated volumes of
some diatom cells, excluding the volume of the cell vacuole, and also the surface
areas for all species. Larger surfaces provide greater areas for both light and
nutrient absorption and this, together with a small total cell volume, should be
indicative of the potential rate of growth of that species. These two parameters
are combined to give the surface area to volume ratio in Table I. The higher the
surface area to volume ratio (SA/V) the greater should be the photosynthetic
and absorption rates of the cell. Cells with such a high ratio might be expected
to exhibit rapid population increases. Such increases have been observed for
Chlorella sp., Ankistrodesmus falcatus var. spirilliformis G. S. West, Nitzschia
acicularis W. Sm. and Rhodomonas minuta, while slower rates of division and
population increase were observed for algae with a low SA/V such as Melosira
varians C. Ag. (Bellinger, 1968b).

Surface area calculations used in conjunction with cell volumes could thus
provide a useful measure of standing crop and give an indication as to the
growth potential of the species.
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