8. Sampling Strategies
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Meiofaunal ecology has only recently made the
transition from a qualitative to a quantitative science.
As a result, many workers in the field have little
training in statistics and are at a disadvantage when
faced with designing sampling programs (Coull and
Paimer, 1984). Below we introduce what we feel 10
be fundamental issues in sampling design. We also
describe some statistical procedures in order to point
out problems that arise in analysis. We do not
attempt to duplicate the coverage of a formal text.
Rather, we concentrate on principles critical to the
collection and interpretation of sample data. In our
presentation, we have attempted to minimize use of
the vocabulary of statistics and to confine ourselves
to relatively simple situations. In some of our
comments, we have deliberately chosen to be
conservative, Qur presentation is not intended to
substitute for the many textbooks on this subject,
and the reader is encouraged to consult such
resources for a more complete understanding.

Concepts at the Start
Statistical analyses are based on the assumption

that the samples have been collected in such a way
that they represent, without bias, a defined popula~
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tion. (We use "population" in the statistical sense, to
mean a group of objects or events (Tate and
Clelland, 1957), not in the biological sense.) Only if
the samples meet this criterion do they allow logical
inferences to be made about the population from
which they are drawn. Therefore, the population must
be carefully specified before the sampling design is
planned. In some circumstances, the population will
be easy to define. For example, all the nematodes
between mean low water and mean high water (ie.,
in the eulittoral zone) on a beach is a well-defined
population in the statistical sense (Figure 8.1).
Properly taken samples would allow inferences about
the nematodes of the eulittoral region of that beach.
However, they would not allow statistical inferences
about the nematodes of all beaches, of a similar
adjacent beach, or even of the non-eulittoral portion
of the beach being studied. Stated more abstractly,
specification of the population defines the universe
that must be sampled and the universe within which
inferences are strictly valid. Although extrapolation
of results to other, similar beaches may be
ecologically useful, it is still extrapolation.

In practice, specifying a population is not always
simple. In some circumstances, the question being
asked or logistic considerations may make it

Figure 8.1.--A three-dimensional representation of the beach described in the text, showing

the rectangular sampling area in stipple.
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impractical to study a naturally bounded population.
For example, a beach may extend along shore for
kilometers without a natural break. It is likely to
be impractical to study the entire beach. A region
of any convenient shape can be selected for study
and arbitrarily bounded. In these circumstances,
although the population is bounded arbitrarily, it still
exists. It is the population subject to sampling and
to which inferences strictly apply.

Figure 8.2.--A diagram of the sampling area as seen from
above. The locations of randomly placed samples are shown.
The placement was achieved by imposition of a Cartesian
coordinate system on the beach with the along-shore axis
(x axis) running from 0 to 100 and the axis perpendicular
to shore (y axis) running from 0 to 50. Pairs of numbers
were drawn from a random-number table and wused as
coordinates in the placement of samples. The procedure is
as follows (see also Elliott, 1977). From the circumstances,
one can decide the number of digits that are needed to make
up a coordinate. The random-number table is entered at the
beginning or where one previously left off (Snedecor and
Cochran, 1967), and successive entries (using as many digits
as necessary) are examined. If a value falls out of the range
of values that could serve as coordinates (e.g., is larger than
50 for the y-axis), then the entry is not used. Successive
entries are examined until the required number of
coordinates is obtained.

The investigator takes samples to obtain unbiased
information about a population. The way to
accomplish this goal is to take samples randomly
from the population (Tate and Clelland, 1957; Elliott,
1977). In the simplest case, the samples are taken such
that every unit of the population has an equal
opportunity of being selected (Snedecor and Cochran,
1967). To assure this condition, a mechanical
randomization procedure, such as the use of a
random-number table (see Elliott, 1977), must be
involved in the selection of locations to be sampled.
For example, if we wished to estimate the average
(mean) density of nematodes living on the eulittoral
beach described above, we would have to sample at
randomly selected locations. This sample placement
could be achieved by imposition of a coordinate
system on the eulittoral region (the population of
interest) (Figure 8.2); x and y coordinates could. be
selected by means of a random-number table to
specify the location of each sample (see Elliott, 1977;
Thistle, 1980; Ravenel and Thistle, 1981).

CHAPTER 8: SAMPLING STRATEGIES 127

Survey Sampling

A variety of circumstances can arise in which an
investigator would wish simply to estimate a
parameter of a population. In our example, the
density of nematodes might be critical in estimating
the biological productivity of the beach. No test of
a hypothesis is involved; merely a description is
required, but a population must still be identified
and randomly sampled.

Simple Random Sampling.--The scheme of sample
placement described above for estimating nematode
abundance on a beach by random selection of sample
locations is an example of simple random sampling.
It has the virtue of being easy to use, but it works
best when the range of values of the parameter of
interest (in our example nematode density) is small.
In the example, if the number of nematodes per unit
area were not too variable, then, even if the number
of samples were small, a simple random sampling
scheme would give an estimate of the mean density
nearly equal to the true value for the population.
However, if nematode density were markedly
variable, - then simple random sampling might do a
poor job. Usually meiofaunal workers analyze small
numbers of samples (5-20). If these are placed in
a simple random manner, they may not sample the
highs and lows of the distribution of nematode
densities on the beach in their true proportions. The
use of simple random sampling is legitimate in that
every location on the beach has an equal probability
of being sampled, but, in the face of much variability
{as is usually the case with variables of interest to
meiofauna ecologists (Fenchel, 1978)), it will estimate
a mean value close to the true value only if many
samples are taken.

Stratified Random Sampling.--An alternative
sampling scheme that works better when density (or
another variable of interest) is markedly variable is
stratified random sampling. In this scheme (Figure
8.3), the population is divided into regions (strata)
before sampling. Because the scheme imposes a
regularity on the sample coverage, the irregularities
in the distribution of the parameter being measured
(i.e., nematode density) are more likely to be sampled
in their true proportions by a small number of
samples. To present this approach, we chose an
example in which the strata are of equal area. They
need not be, as discussed below. In our beach
example, preliminary data may suggest that nematode
concentrations are much greater in the offshore
portion than in the onshore region. Suitable strata
would be bands of equal onshore-offshore dimension
that paralleled the shore; each would receive the same
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number of samples. When the strata are of equal
area and samples are apportioned in this manner, the
calculation of the mean and variance are unaffected
by the stratification.

Figure 8.3.-A diagram of the sampling area as in Figure 8.2,
Strata are indicated by horizontal lines. Sample placement
was random with the constraint that the same number (two
in this case) of samples be placed in each stratum. The
procedure follows that described in Figure 8.2. Additionally,
the pairs of coordinates must be examined for cases in which
a stratum would receive more than its share of samples. Such
coordinates are discarded, as are coordinates that would
piace a sample exactly on the boundary between two strata.

Designs with strata of equal area constitute a
special case of the general scheme of proportional
stratified-random sampling, in which samples are
assigned to each stratum in proportion to its area.
When the strata are unequal, the mean can be
calculated as the average of the resulting values, but
the variance (and other statistics) require new
formulae, which are given by Elliott (1977) and more
completely by Snedecor and Cochran (1967).

Finally, in survey sampling and eisewhere, there
is a tendency to fix attention on the mean because
it is the value that is used to represent the population
and is used in statistical tests for differences. For
both ecological and statistical reasons, however, the
variability around the mean is also important. If the
variability is small, then most samples would yield
values similar to the mean, so the mean characterizes
the population well. If the variability is large, few
of the samples will yield values similar to the mean,
so the mean does not characterize the population in
the same way; in this case, it is much more a

statistical abstraction. Populations with large
variability are likely to be heterogeneous in
biologically important ways. Statistically, high

variability decreases the investigator’s ability to
discern differences among populations. For both
reasons, it is necessary that estimates of variability
accompany reports of mean values. Elliott (1977)
describes the calculation and use of several measures
of variability, including the variance, the standard
deviation, the standard error, and confidence
intervals.

Sampling in Support of Hypothesis Testing

In testing a hypothesis, the investigator wishes to
determine whether some treatment brings about a
change in the population. Statistical techniques that
allow such questions to be answered in a rigorous
fashion require erection of a null hypothesis
appropriate to the situation. The null hypothesis
takes the form "the treatment has no effect.” If such
a null hypothesis is true, the values measured in
samples drawn at random from the portion of the
population that was exposed to the treatment and
those drawn from the portion that was not exposed
will be the same except for natural (that is, chance)
variation. Because samples only estimate the true
population values, the two sets of samples will differ
even if the treatment has no effect. Statistical
procedures allow one to examine the size of the
observed difference and to state how probable it is
that such a difference would arise if the null
hypothesis were true. Generally, if a difference as
large as or larger than the observed difference would
arise by chance only 1 time in 20 or fewer (that is,
at the 5% significance level), it is conventional to
reject the null hypothesis of no difference and to
accept the alternative hypothesis that the treatment
has an effect. (See Green, 1979, for more discussion
of the formation of appropriate null and alternative
hypotheses.) Tests of hypotheses occur under two
fundamentally different circumstances. In one case,
the treatment is a condition that has been identified
by an investigator; in the other, the treatment is
applied by an experimenter.

Tests for Differences among Conditions.—~From
theory, observations, or preliminary data, an ecologist
may suspect that two (or more) regions differ on
a variable of interest. We introduce techniques
appropriate to testing such a supposition using an
example (see also Cochran, 1983).

Assume that preliminary samples suggest that
nematode density varies with tide level on the
eulittoral portion of a beach. To test this working
hypothesis, the ecologist will compare densities in
four along-shore bands (Figure 8.4). If the ecologist
is confident, based on preliminary data, that the
variation in nematode density within bands is small
compared to the differences among the bands, then
simple random sampling is appropriate. Equal
numbers of samples are assigned to each band. Within
each band, the samples are located at random, so that
every location within a band has an equal probability
of being sampled (Figure 8.4). It is not appropriate
to take the samples from a single location or a small
number of adjacent locations within each band if
inferences are to be made about the differences




between the bands over the entire eulittoral portion
of the beach.

Figure 8.4.--A diagram of the beach as in Figure 8.2 but with
the four regions that are the treatments in the example
shown as horizontal bands. Samples are placed at random,
equal numbers in each band.

The data from this simple random sampling
scheme are appropriate for analysis by one-way
analysis of variance. Analysis of variance is a
statistical procedure that allows one to test for
differences among treatments, for exampie, the
differences in nematode density among the bands
described above. Either a parametric or a non-
parametric test can be used. (When only two
treatments are to be compared, Student’s T test can
be used.) Parametric statistical procedures entail a
number of assumptions (see Sokal and Rohlf, 1969),
and these merit checking; statistics texts (e.g., Sokal
and Rohlf, 1969, 1981) describe procedures. If the
data do not satisfy the assumptions, the analysis may
still be able to produce reliable tests (see Green,
1979; Underwood, 1981), or it may be possible to
transform the data to meet them (see Sokal and
Rohlf, 1969; Green, 1979; Underwood, 1981).

These data could also be analyzed by means of
nonparametric - statistics. Nonparametric procedures
differ from parametric in that they require no
particular assumptions about the form of the
population distributions (Tate and Clelland, 1957),
making this approach particularly suitable for the
type of data usually available to meiofaunal ecologists
(i.e., small numbers of samples from populations with
unknown distributions). The nonparametric equiv-
alent of the one-way analysis of variance is the
Kruskal-Wallis test (Sokal and Rohlf, 1969). The
nonparametric equivalent of Student’s T test is the
rank test (Tate and Clelland, 1957), which is also
called the Wilcoxon T test and the Mann-Whitney
U test (Sokal and Rohlf, 1969).

Meiofaunal ecologists usually wish to know which
conditions (or treatments) differ from which others
(in the example, which along-shore bands differ
from which others in nematode density). The results
from the analysis of variance (except in the two-
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treatment case) will not provide this answer directly.
If the meiofaunal ecologist has planned to test for
a specific difference among treatments before the
experiment is carried out, the procedures for a priori
testing are appropriate (see Sokal and Rohlf, 1969,
for methods). However, it is often the case that
neither theory nor preliminary data are available to
suggest specific comparisons of interest. In these
circumstances, an a posteriori multiple-comparison
procedure should be used to decide which treatments
differ. For parametric analyses, a variety of
procedures exists, many of which are given by Sokal
and Rohlf (1969). For nonparametric analyses, the
multiple comparisons procedure based on the
Kruskal-Wallis test is available (Hollander and
Wolfe, 1973).

If both along-shore and onshore-offshore
differences were of interest, a different sampling
scheme would be needed, one in which there were
two treatments. In the beach example, to assess
along-shore differences, the investigator shouid
divide the beach into equal bands perpendicular to
the shore. The result is a grid of sampling units
(Figure 8.5). Samples are located at random within
each cell. This design is appropriate for two-way
analysis of variance, a statistical procedure that
allows the effects of two treatments to be tested
simultaneously. Although a two-way analysis of
variance can be done without replication, a good
design will have two or more samples per cell in
order to permit the calculation of the interaction
between the two treatments. A discussion of
interaction and other complexities that arise in the
two-way analysis of variance is beyond the scope
of this chapter. Pitfalls exist, however, and a
thorough familiarity with the procedure should be
achieved before this design is employed (see, for
example, Sokal and Rohlf, 1969; Underwood, 1981).
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Figure 8.5.--A diagram of the beach as in Figure 8.4 but with
the five along-shore bands that constitute the second
condition in the example indicated as vertical bands. Equal
numbers of samples are placed at random within each
sampling unit.

There are many phenomena that can only be







