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TaBLE 2. Hypothetical resource matrix and weighted niche metrics
A. Raw data, marginal totals, and resource state weighting factors
Species Resource states Y;
1 1 1 11 1 1 1 1 1 1 1 1 1 12
2 1 1 1 1 0 0 0 0 1 1 1 1 8
3 0 0 0 0 1 1 1 1 1 1 1 1 8
4 0 0 1 1 1 1 0 0 1 1 1 1 8
5 0 0o . 0 0 2 2 2 2 2 2 2 2 16
6 7 0 0 0 0 0 0 0 0 0 0 0 7
7 1 6 0 0 0 0 0 0 0 0 0 0 7
8 0 1 6 0 0 0 0 0 0 0 0 0 7
9 0 0 1 6 0 0 0 0 0 0 0 0 7
10 0 0 0 7 0 0 0 0 0 0 0 0 7
X; 10 9 10 16 5 5 4 4 6 6 6 6 Z=874j4
Sum:
d; 175  .150 .140 .226 .040 .040 .042 .042 .036 .036 .036 .036 .999=
o; 073 .062 .058 .094 .017 .017 .017 .017 .015 .015 .015 .015 .415
B. Niche breadth
Species Unweighted Relative Absolute
1 1.000 1.000 .683
2 .824 .931 .577
3 .824 .490 .126
4 .824 .781 425
5 .824 .481 135
C. Niche overlap
Species Unweighted Relative Absolute
1 2 .809 .919 .414
1 3 .809 .564 .255
1 4 .809 .770 .347
1 5 .809 .553 .250
2 3 .500 .308 .139
2 4 .750 745 .336
2 5 .500 .310 .140
3 4 .750 .538 .243
3 5 1.000 1.000 .451
4 5 .750 .538 .243

aDiffers from 1.000 by rounding error.

used consistently) without affecting the resulting
values. To avoid circularity, the species for which
niche breadth is being calculated, or the two species
for which niche overlap is being calculated, should
be excluded from the computation of weighting fac-
tors. This means there is actually a different set of
weighting factors for each calculation of a niche
metric.

To illustrate the properties of weighted niche me-
trics, unweighted, relative, and absolute niche breadth
[by equation (21)] and niche overlap [by equation
(24)] were computed for the first five species of the
hypothetical resource matrix in Table 2. Although
the resource state weighting factors given in the table
were calculated for the entire set of 10 species, the
weighting factors used to compute the weighted niche
metrics were derived anew for each value by skipping
the row (for niche breadth) or rows (for niche over-
lap) for which the metric was to be calculated.

It may be desirable .to. alter the weighting of the

rows in the resource matrix, particularly if physical
or chemical factors are included, since each row has
an equal influence on the resource state weighting
factors only if Q; = 1/s (where s is the number of
rows or species) for all i, Thus if biological abun-
dance data are used, commoner species have more
effect than less common species on the values of the
weighting factors. If some other relative weighting is
desired (such as logarithm of relative abundance),
define a vector of row weights (wy...w;...w,),
where w; is the desired weight of the ith row in the
resource matrix. Then the typical element in the row-
weighted matrix is

w; Ny

Ny=w;py;= Y,

For equal weighting of all rows, N';; = p;;.

Finally, we wish to emphasize strongly that the
methods we have developed will do nothing to im-
prove a poor research design or meaningless data.
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It is essential that ecological data to be used for
comparing niche metrics within, and especially
among, communities be taken in a standardized and
meaningful way. The corrective measures we pro-
pose are simply the “fine adjustment”; the coarse
adjustment must be present in the experimental de-
sign. It is still not possible to compare the food niche
of the Virginia opossum and the koala.

NIicHE OVERLAP AND COMPETITION

Because of the widespread use of measures of over-
lap as estimates of competition for resources, we
find it necessary to clarify the possible use of the
measures we have proposed in studies of competition.
To begin with, let us distinguish between the “actual”
and “virtual” niches of a population. These terms
are approximately equivalent to the “realized” and
“fundamental” niches of Hutchinson (1958), but are
operationally defined, and pertain specifically to the
effects of competition on a local population level.
Niche breadth and overlap, when measured under
“patural” conditions, are “actual” metrics, while
“virtual” niche breadth and overlap are the corre-
sponding values measured in the absence of compe-
tition among species. Thus Levins (1968) refers to
the virtual niche as “pre-competitive.” Most com-
monly, competitive displacement or exclusion tends
to reduce niche breadth and overlap among com-
peting species, so that the actual niche is a proper
subset of the virtual niche in environment space.

The realized niche of Hutchinson is defined for an
entire species, and for species with a wide geographic
range, or with clinical variation, it may be consider-
ably larger than the actual niche of a local popula-
tion. Likewise, Hutchinson’s fundamental niche in-
cludes all regions of niche space in which a species
has positive fitness, whether or not all such condi-
tions would exist in nature, even if competitors were
removed. Thus the fundamental niche is larger than
the virtual niche for a local population, and usually
even for an entire species.

We must emphasize that it is the conditions under
which data are collected, rather than the method of
calculation, that determine whether actual or virtual
niches are measured. In general, natural history data
(transects, quadrats, etc.) are not capable of yielding
measurements of the virtual niche. Virtual niche
measurements can be obtained either by actually
removing competitors (e.g., Connell 1961, Culver
1970, Hespenheide 1971), by exploiting natural situ-
ations in which competitors are absent (e.g., Van
Valen 1965, Culver 1970), or in some situations by
creating an oversupply of a scarce resource in order
to minimize competition (Levins 1968, Colwell
1969).

The distinction between actual and virtual niche
measurements is particularly important when niche
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overlap is taken as a measure of competition. Para-
doxically, simply demonstrating an overlap in re-
source use by two species in nature can be evidence
either for or against the existence of competition
between them. Competition may be operating, but
exclusion or displacement may be incomplete, or even
impossible (as with competition among plants for
carbon dioxide in short supply). In this case, ob-
served niche overlap is evidence of the existence of
competition. However, overlap may be evidence of
a lack of competition if the resource under consider-
ation is in oversupply or is irrevelevant to one or
both species.

By similar arguments, it can be shown that lack
of demonstrable overlap may also be evidence either
for or against the existence of competition. The only
way to demonstrate the existence of competition, and
to measure its intensity, is by comparing actual to
virtual niche overlap between suspected competitors:
if actual and virtual overlap are both zero, or if they
are equal and no change in the population of either
species occurs in the absence of its putative com-
petitor, then there is no evidence for competition at
that time and place. If, on the other hand, virtual
overlap is shown to exceed actual overlap, the exis-
tence of competition has been demonstrated.

Finally, we do not find it useful to speak of the
niche of an individual, although that is conceptually
possible. The dimensions of such an individual’s niche
might just as well be treated as characters of indi-
vidual phenotype. A niche, then, like a gene pool,
is a property of a set of individuals, usually a bio-
logical population. (In fact, it could be argued that
the concept of niche should be replaced by some
notion of “phene pool.”) Consequently, the niche of
a species is a statistical entity which changes when-
ever its constituents change.
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APPENDIX A
The limits of H (XY) and m (X)
From equation (9), H XY) = ZiE wi; log wi;. When

the resource states are completely homogeneous, g;; = Qs,
andthus pi; = P; necessarily, for all 7 and j. Therefore
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X; Ny
P;iQi=Pigi; =F'5
J

= .

Substituting, we have
H(XY) = —Z2 Q; P; log Qi P;

L
= - ?E Q: P; (log Q; + log Pj)
j
= —ZP;(Z Qilog Q) — = Q: (Z P;log Pj).
j i i

Thus, from equations (5) and (6), H (XY) = H(Y) + H Xx).
Since Hy (X) = H(XY) — H (Y), equation (11), we have
Hy (X) = H (X), so that m (X) = 0, equation (14).

. When the resource states are completely heterogeneous,
with no species in common among them, each row in the
resource matrix may have only one non-zero Ni; (this will
not necessarily be true for the columns), call it N, (). Then
Niy) = Yi, and

;= 0, for j % g ()
wi; = Nig/ Z = Yi| Z = Qi, for j = g (D).
Therefore H (XY) = H (Y), where H (Y) is given by equa-
tion (6). Likewise, since
pij =INij| Y = 0, for j # g (i),
and
Dij = 1’ fOl'j = g(l)’
for all i, we'have Hy (X) = — =2 =;; log pi; = 0, from equa-
1

J
tion (12), and thus m (X) = H (X).

Note that H (XY) has another “minimum” [i.e., H (X)]
when there exists complete heterogeneity of species distribu-
tion (zero overlap for all pairs of species).

ApPPENDIX B
Derivation of expressions for Hy (X)

From equation (11), we define
Hy (X) = H(XY) — H(Y).
Substituting from equations (9) and (6), we have
Hy (X) = — 22 mi; log mi; + 2 Qs log Q:
ij i
= — 22 m; log m; + 2 piy = Qi log O,
ij j i

since T p;; = 1; thus
J

Nij == Ny; Y, Yi
H = — 33 | N Nig DV La Li
Y (X) 2 [Z o8 ~ Y, 7 log Z]
N, N;; Y;
=—33 |24 4 jog =t
> [Z(log A logZ ]
Ny, Ny
= — 33 Nij oo L
ij Z log Y;

Thus we obtain equation (12):
Hy (X) = 2333 wi; 10g pij.
1

The alternative form, equation (13), is derived from the
above form:
HY (X) =—-3= Y; Nij log Ni]'
1Y, Z @ Y;
=— 2'3 Q: ? pi; 108 pij
Hy (X) = —z;{QiHi(X)

where H; (X) is defined by equation (7).  Precisely symme-
trical derivations can be given for the expressions

Hx (Y) = — 23: wi; log gi; = —jEPi H; (Y),

where

H(XY) ="H(X) + Hx (Y).





