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PSEUDOREPLICATION AND THE DESIGN OF ECOLOGICAL
FIELD EXPERIMENTS!
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Abstract. Pseudoreplication is defined as the use of inferential statistics to test for treatment effects
with data from experiments where either treatments are not replicated (though samples may be) or
replicates are not statistically independent. In ANOVA terminology, it is the testing for treatment
effects with an error term inappropriate to the hypothesis being considered. Scrutiny of 176 experi-
mental studies published between 1960 and the present revealed that pseudoreplication occurred in
27% of them, or 48% of all such studies that applied inferential statistics. The incidence of pseudo-
replication is especially high in studies of marine benthos and small mammals. The critical features
of controlled experimentation are reviewed. Nondemonic intrusion is defined as the impingement of
chance events on an experiment in progress. As a safeguard against both it and preexisting gradients,
interspersion of treatments is argued to be an obligatory feature of good design. Especially in small
experiments, adequate interspersion can sometimes be assured only by dispensing with strict random-
ization procedures. Comprehension of this conflict between interspersion and randomization is aided
by distinguishing pre-layout (or conventional) and layout-specific alpha (probability of type I error).
Suggestions are offered to statisticians and editors of ecological journals as to how ecologists’ under-
standing of experimental design and statistics might be improved.
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No one would now dream of testing the response to a treat-
ment by comparing two plots, one treated and the other un-
treated.

—R. A. Fisher and J. Wishart (1930)

... field experiments in ecology [usually] either have no
replication, or have so few replicates as to have very little sen-
sitivity . . . .

—L. L. Eberhardt (1978)

I don’t know how anyone can advocate an unpopular cause
unless one is either irritating or ineffective.
—Bertrand Russell (in Clark 1976:290)

INTRODUCTION

The following review is a critique of how ecologists
are designing and analyzing their field experiments. It
is also intended as an exploration of the fundamentals
of experimental design. My approach will be: (1) to
discuss some common ways in which experiments are
misdesigned and statistics misapplied, (2) to cite a large
number of studies exemplifying these problems, (3) to
propose a few new terms for concepts now lacking
convenient, specific labels, (4) to advocate treatment
interspersion as an obligatory feature of good design,
and (5) to suggest ways in which editors quickly can
improve matters.

! Manuscript received 25 February 1983; revised 21 June
1983; accepted 25 June 1983.

Most books on experimental design or statistics cov-
er the fundamentals I am concerned with either not at
all or only briefly, with few examples of misdesigned
experiments, and few examples representing experi-
mentation at the population, community or ecosystem
levels of organization. The technical mathematical and
mechanical aspects of the subject occupy the bulk of
these books, which is proper, but which is also dis-
tracting to those seeking only the basic principles. I
omit all mathematical discussions here.

The citing of particular studies is critical to the hoped-
for effectiveness of this essay. To forego mention of
specific negative examples would be to forego a pow-
erful pedagogic technique. Past reviews have been too
polite and even apologetic, as the following quotations
illustrate:

There is much room for improvement in field ex-
perimentation. Rather than criticize particular in-
stances, I will outline my views on the proper meth-
ods . . .. (Connell 1974)

In this review, the writer has generally refrained
from criticizing the designs, or lack thereof, of the
studies cited and the consequent statistical weakness
of their conclusions; it is enough to say that the ma-
Jority of the studies are defective in these respects.
(Hurlbert 1975)

... as I write my comments, I seem to produce
only a carping at details that is bound to have the
total effect of an ill-tempered scolding . ... I hope
those whose work I have referenced as examples will
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forgive me. I sincerely admire the quality of these
papers . . .. (Hayne (1978)

Among the 151 papers investigated, a number of
common problems were encountered . . .. It would
be a profitless, and probably alienating, chore to dis-
cuss these with respect to individual papers. (Under-
wood 1981)

But while I here offer neither anonymity nor blanket
admiration, let me state an obvious fact—the quality
of an investigation depends on more than good exper-
imental design, so good experimental design by itself
is no guarantee of the value of a study. This review
does not evaluate the overall quality of any of the works
discussed. Most of them, despite errors of design or
statistics, nevertheless contain useful information.

On the other hand, when reviewers have tried to
emphasize the positive by pointing to particular field
studies as being exemplary, their choices sometimes
have seemed inappropriate. For example, Connell
(1974) cites Boaden (1962) as being “one of the best
examples of a controlled field experiment’”; and Chew
(1978) cites Spitz (1968) as ““the best example I have
of the responses of plants to grazing by small mam-
mals.” Yet neither of the cited studies replicated their
treatments, and both are therefore uncontrolled for the
stochastic factor. Spitz (1968), moreover, misapplies
statistics, treating replicate samples as if they repre-
sented replicate experimental units.

The new terms offered have been carefully chosen.
Perhaps mathematical statisticians will find them inel-
egant, but I feel they will be helpful at least to ecologists
and perhaps to other persons concerned with experi-
mental design. Statistics and experimental design are
disciplines with an impoverished vocabulary. Most of
this essay concerns what a statistician might term ““ran-
domization, g
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replication,” “independence,” or “‘error
term’’ problems, but these concepts can apply in many
ways in an experiment, and they apply in different ways
to different kinds of experiments. For example, one
often can replicate at several levels (e.g., blocks, ex-
perimental units, samples, subsamples, etc.) in the de-
sign of an experiment; at many levels the replication
may be superfluous or optional, but there is usually at
least one level (experimental unit) at which replication
is obligatory, at least if significance tests are to be em-
ployed. Likewise, the term “error” is used as shorthand
for many different quantities or concepts, including:
type I and type Il errors, random and systematic errors
introduced by the experimenter, variation among rep-
licates, variation among samples, the discrepancy be-
tween u and X, and so on. A slightly enlarged vocab-
ulary, particularly one providing labels for various types
of invalid procedures, may make things easier for us.

I begin this discussion at an elementary level, pre-
suming that the reader has had the equivalent of a one-
semester course in statistics but no training in exper-
imental design. This approach, and indeed, the whole
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essay, will seem 700 elementary to some ecologists. But
I wish my premises and arguments to be explicit, clear,
and easily attacked if in error. Also it is the elementary
principles of experimental design, not advanced or es-
oteric ones, which are most frequently and severely
violated by ecologists.

THE EXPERIMENTAL APPROACH

There are five components to an experiment: hy-
pothesis, experimental design, experimental execution,
statistical analysis, and interpretation. Clearly the hy-
pothesis is of primary importance, for if it is not, by
some criterion, “good,” even a well-conducted exper-
iment will be of little value.

By experimental design is meant only “the logical
structure of the experiment” (Fisher 1971:2). A full
description of the objectives of an experiment should
specify the nature of the experimental units to be em-
ployed, the number and kinds of treatments (including
“control” treatments) to be imposed, and the proper-
ties or responses (of the experimental units) that will
be measured. Once these have been decided upon, the
design of an experiment specifies the manner in which
treatments are assigned to the available experimental
units, the number of experimental units (replicates)
receiving each treatment, the physical arrangement of
the experimental units, and often, the temporal se-
quence in which treatments are applied to and mea-
surements made on the different experimental units.

The execution of an experiment includes all those
procedures and operations by which a decided-upon
design is actually implemented. Successful execution
depends on the experimenter’s artistry, insight, and
good judgment as much as it does his technical skill.
While the immediate goal is simply the conduct of the
technical operations of the experiment, successful ex-
ecution requires that the experimenter avoid intro-
ducing systematic error (bias) and minimize random
error. If the effects of DDT are being examined, the
DDT must not be contaminated with parathion. If the
effects of an intertidal predator are being assessed by
the use of exclusion cages, the cages must have no direct
effect on variables in the system other than the pred-
ator. If the effects of nutrients on pond plankton are
being studied, the plankton must be sampled with a
device the efficiency of which is independent of plank-
ton abundance. Systematic error either in the impo-
sition of treatments or in sampling or measurement
procedures renders an experiment invalid or inconclu-
sive.

Decisions as to what degree of initial heterogeneity
among experimental units is permissible or desirable,
and about the extent to which one should attempt to
regulate environmental conditions during the experi-
ment, are also a matter of subjective judgment. These
decisions will affect the magnitude of random error
and therefore the sensitivity of an experiment. They
also will influence the specific interpretation of the re-



