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the individual competition coefficients, is independent
of whether it is calculated on relative or absolute abun-
dance data, as is demonstrated by the dietary data
(Table 2, example 3).

Nonconcordances such as those demonstrated by
these examples contradict the idea that **the particular
index used is somewhat arbitrary [i.e., unimportant]
since similar qualitative results are obtained with a
wide variety of indices’ (Pianka 1974). This attitude
may also be criticized for the more fundamental reason
that it encourages loose formulation of hypotheses.

Interspecific and intraspecific crowding

The calculation of these properties is appropriate
only when data on absolute densities are available.
When only relative abundances are known, as in data
set 3a (Table 2), then A = X =Y = 100%, Z.y, =
Zyx = L, and G (Eq. 25) = m + 1 (Eq. 27).

Interspecific and intraspecific crowding have very
straightforward interpretations and require little fur-
ther explication. Both are expressed as the mean den-
sity of individuals confronting an individual. For ex-
ample, on the average, a stem of S. juncea finds in its
quadrat 6.4 other stems of S. juncea and 4.8 stems of
S. nemoralis: on the average an individual of P. jamesi
will find its food supply being utilized by other indi-
viduals of P. jamesi and by individuals of P. andinus
in the ratio of 6.63 to 0.81. Obviously the ratio of
interspecific to intraspecific crowding determines the
competition coefficient (Eq. 34), exactly or approxi-
mately depending on which expression for intraspe-
cific crowding is used.

The ratio of the interspecific crowding values for
two species is the reciprocal of the ratio of their abun-
dances. That is,

Zy/Zyi = YIX: (38)

a less exciting result is difficult to imagine.

Niche breadth and patchiness

As niche breadth and patchiness are reciprocals of
each other, generally 1 concept (and measure) will suf-
fice in any given situation. For the examples (1 and
2) which treat of spatial distributions, patchiness
seems the more relevant one. However, if the term
niche breadth is replaced by one such as distribu-
tional uniformity, Eqs. 28 and 29 (or possibly Eq.
30 or 31) take on a new appeal. It is reasonable
to select whichever concept and index possesses
mathematical properties and an interpretation most
suitable to the study at hand. For certain kinds of
statistical or theoretical treatment, it may be con-
venient to employ an index that can assume values
only between zero and unity.

Patchiness calculated on dietary data (example 3) is
a measure of the degree of selectivity or specialization
and perhaps would be better termed as such. It is still
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the reciprocal of niche breadth and superfluous if one
prefers to deal specifically with the latter. However
the patchiness or selectivity indices have a very sim-
ple, direct interpretation and may prove the more use-
ful approach in many situations. For example, the se-
lectivity value of 1.66 for P. jamesi indicates that the
probability of intraspecific encounter or the probabil-
ity of 2 P. jamesi individuals attempting to utilize the
same unit of food simultaneously is 66% higher than
it would be if P. jamesi were the perfect generalist.

Niche breadth values for flamingo diets yielded by
Eq. 29, and naturally the selectivity values also, are
rather similar. The 2 flamingo species are located at
about the same spot along the specialist-to-generalist
spectrum. The perfect generalist would utilize each
resource state in proportion to its availability, i.e.,
would exhibit no preferences, and would be assigned
a niche breadth of 1.0 by Eq. 29.

If the variable abundances of the resource states are
ignored and niche width is calculated with Eq. 28, we
obtain values of 0.44 for P. jamesi and 0.83 for P.
andinus. These might be taken as evidence that P.
Jjamesi is much more of a specialist than is P. andinus.
However, Eq. 28 gives great weight to the fact that P.
jamesi does not utilize diatoms >60 wm in length.
Equation 29, on the other hand balances this nonutiliza-
tion against the fact that diatoms >60 wm are relatively
uncommon (only 20% of total) anyhow: hence, their
nonutilization is not taken as strong indication of a
contracted niche or high degree of specialization.

For the dietary data, selectivity has been calculated
both by Eq. 19 and by Eq. 25 in order to demonstrate
the slight difference between the values they yield
(Table 2). Equation 25 could have been used for both
analyses of these data, and may be more appropriate
for dietary data in general. Equation 19, however,
seems more appropriate for data on spatial distribu-
tions.

DiscussioN

A limited repertoire of mathematical expressions
suffices for the quantification of many spatial and re-
source utilization characteristics of 1- and 2-species
populations. Most useful may be: Eq. 11, niche over-
lap: Eq. 15, interspecific crowding: Eqgs. 19, 23, and
25, patchiness: Egs. 20 and 27, intraspecific crowding:
and Eqgs. 28, 30, and 31, niche breadth. All are ex-
pressed in terms of the frequency of interspecific or
intraspecific encounters.

While these measures are simple to calculate, their
use is less straightforward. In most cases, the calcu-
lated value of an index and its interpretation will de-
pend on: how resource states are defined: whether
they are arbitrary units or discrete natural entities:
whether or not “‘empty’’ resource states are excluded
from the analysis: and whether a uniform or a random
distribution is taken as a standard of comparison.
These in turn depend on whether one is concerned



76 STUART H. HURLBERT

with spatial patterns or resource utilization (not that
these are mutually exclusive phenomena) and on the
kinds of comparisons that are to be made. The wide
variety of circumstances in which these indices can be
applied makes it impossible to present any concise set
of guidelines for their use. Caveat calculator is the
only universal one. Others are discussed by Lloyd
(1967) and Colwell and Futuyma (1971).

Neither the older indices of overlap nor those de-
veloped here measure the intensity of competition,
except perhaps under special circumstances. The lack
of correspondence between overlap and competition
was clearly discussed by Colwell and Futuyma (1971)
and the reasons for it are more or less self-evident.
The noncorrespondence represents a severe restric-
tion on certain theoretical and observational (nonex-
perimental) approaches to the study of competition:
and in desperation, some workers partial to these ap-
proaches simply have ignored the noncorrespondence
while others have invoked whatever assumptions were
required to convert noncorrespondence into corre-
spondence.

In view of the above, it is appropriate to reiterate
3 principal reasons why overlap indices fail as mea-
sures of competition. First, the resource considered
may not be so scarce as to be limiting, in which case
even complete overlap will not result in competition.
Second, intensity of competition is not likely to be a
smoothly increasing function of densities, e.g., as in
directional overlap (Eq. 15), even when resources are
limiting. And third, the competitive interactions most
influential in determining overlap of realized niches
will be those that have taken place prior to the moment
of observation. The stronger these prior interactions
are, the smaller the degree of overlap that will be ob-
served, other things being equal. Of course, if we de-
termine the resource utilization spectrum of each spe-
cies in the absence of the other and calculate overlap
of their fundamental niches (with respect to a given
axis), this third argument is invalidated. However,
most studies to date have calculated only overlap of
realized niches.

The indices presented have been defined for sam-
pling universes or complete collections. Strictly prop-
er procedure requires that when any of these indices
is calculated for a sample, this be done using unbiased
sample estimators. Such an approach is severely con-
strained by the frequent difficulty or impossibility of
deriving such estimators and their standard errors: the
latter might be desired for calculation of confidence
intervals or tests of significance. However, given the
nature of the data, such statistical proprieties often
will be unwarranted; in a sense, we are saved by our
imprecision. For example, individuals rarely are se-
lected at random, neither in studies of spatial patterns
nor in studies of, e.g., dietary overlap, even though
the sampling units containing them may be. Also, the
delimitation of the universe from which the samples
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are drawn is usually subjective. In this context, it is
overly fastidious to require adherence to conventional
good form. Where it is desirable to calculate confi-
dence intervals or to perform significance tests, one
can do no better than to follow the advice of Horn
(1966): obtain replicate sets of samples, calculate the
desired index (in parametric form) for each set, and
calculate the necessary variances, confidence inter-
vals, or test statistics from these replicate values.

Finally, it may seem that indices that attempt to
express characteristics of spatial distributions in terms
of crowding or encounters are based, to a greater ex-
tent than are more abstract indices, on restrictive as-
sumptions relating to behavior and the other factors
that, in nature, will actually determine encounters.
This is not the case. The indices proposed here are
based only on the same implicit assumption underlying
essentially all statistical approaches to these and re-
lated problems: the assumption that all individuals in
a given species are equivalent. In defining L, Z,,
etc., we simply make explicit a corollary of this as-
sumption: that the individuals are equivalent in their
behavior.
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