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Abstract

Normative variance functions can be used to accurately pre-
dict sampling exigencies, but such empirically derived for-
mulae are continuous functions that can predict levels of
sampling precision that cannot logically occur in discrete
population samples. General formulae are presented that
allow calculation of upper and lower boundary constraints
on levels of sampling precision. These boundary constraints
would only have a significant influence on sampling design
where populations are so sparse that samples consist mainly
of presence-absence data. A previously published empirical
equation for the prediction of requisite sample number for
the estimation of a freshwater benthos population correctly
shows that using a small sampler can result in an up to
50-fold reduction in the amount of sediment processed, re-
gardless of these constraints. A previously published empir-
ical equation for the prediction of sampling variance, based
on over 3 000 sets of replicate samples of marine benthos
populations, suggests that the use of small samplers over
large ones requires the processing of between one-half and
one-twentieth of the sediment for the same level of precision.
It is concluded that discussions of sampling optimization
should be based on knowledge of real sampling costs.

Introduction

The spatial distribution of marine organisms is a long-stand-
ing problem in ecology (Lussenhop 1974). If marine organ-
isms were uniformly distributed in space, then a single sam-
ple could accurately characterize the population density. If
organisms are randomly distributed or aggregated, as is
often the case (Mclntyre et al. 1984), then many samples
must be taken in order to obtain an acceptable level of
precision. The measurement and prediction of spatial varia-
tion in natural populations is of obvious practical impor-
tance to population biologists.

Early attempts at the calculation of requisite sample
numbers were based on guesses or assumptions about the

- spatial distribution of benthic animals. Elliott (1971) pro-

vided a general framework for such calculations, by showing
that the required number of samples (#,) must be a function
of the average number of organisms found per sampling unit
(m), the variance of this mean (s?), and the required level of
precision (D =ratio of standard error to m) [see Eq. (1) of
Riddle 1989]. The problems with this approach are that s? is
not known a priori, s* varies significantly with m in natural
populations (e.g. Taylor 1984), and the degree of spatial
aggregation (and thus s7) varies in space and time (e.g.
Kosler 1968). Elliott (1971) has suggested that the required
s? estimates can be made by assuming that animals are
randomly distributed (i.e., s*=m) or by assuming that spa-
tial distributions conform to the negative binomial distri-
bution with some common value of & (i.e., s =m?/k+m).
Analyses have shown, however, that benthic organisms are
rarely randomly distributed (Vézina 1988) and that common
k-values are notoriously elusive (Elliott 1971); therefore
such assumptions are inaccurate. Recent marine sampling
guides (e.g. Mclntyre et al. 1984, Omori and lkeda 1984)
have not added significantly to the solution of this prob-
lem.

Estimation of the requisite number of samples should be
based on the best available prediction of the expected sam-
pling variance. I (e.g. Downing 1979) and others (e.g. Morin
1985, Vézina 1988) have therefore combed the literature for
data on sampling s* in order to produce empirically derived
normative equations to predict the most probable 52 to be
encountered under various sampling conditions. As has
been pointed out by others (e.g. Taylor 1980), these norma-
tive variance functions should not be expected to work per-
fectly under all conditions, but, on average, work better than
all competing general variance algorithms, especially those
based on the untenable assumptions of randomness or con-
stant k. The three purposes of the article (Downing 1979)
criticized by Riddle (1989) were to empirically characterize
the aggregation of freshwater benthic invertebrates, and to












