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BIAS IN ESTIMATING NICHE OVERLAP!

Eric P. SmiTH
Center for Quantitative Science, University of Washington, Seattle,
Washington 98195 USA

AND

THOMAS M. ZARET
Department of Zoology and Institute for Environmental Studies, University of
Washington, Seattle, Washington 98195 USA

Abstract. Bias refers to the accuracy of a particular estimator. We evaluate bias, using analytic
and simulation technics, for six measures of overlap: the likelihood ratio measure, the chi-square
measure, the measure based on the Freeman-Tukey statistic, Morisita’s adjusted index, Morisita's
original index, and Horn’s information index. We present an exact formula for a seventh, the per-
centage similarity measure. We consider bias due to resource sample size, total number of different
resources, and evenness of resource distribution. Results indicate that of the seven measures, changes
in evenness of resource distribution produce significant bias only in the percentage similarity measure
and Morisita’s adjusted index. All measures show increasing bias with increasing number of resources.
For estimating unbiased overlap, Morisita’s original measure of overlap gives the most accurate
results, especially when using small sample sizes. The percentage similarity measure, one of the most
commonly used measures among ecologists, is also one of the most biased and for this reason is not
preferred.

Key words: bias; chi-square; Freeman-Tukey statistic; information index; likelihood ratio; Mor-
isita’s index; niche overlap; percentage similarity.

INTRODUCTION

Overlap measures have often been used by ecolo-
gists to compare resource use between pairs of species
(see review in Hurlbert 1978), with limited concern for
the robustness of the measures themselves. There has
been recent interest concerning the statistical prop-
erties of overlap measures, including variances, con-
fidence intervals, bias, and related attributes (Petraitis
1979, Smith et al. 1979, Ricklefs and Lau 1980, E. P.
Smith and T. M. Zaret, personal observation).

In this paper we examine overlap measures with
regard to bias, which refers to the accuracy of a par-
ticular overlap estimator. For example, suppose in a
comparison of the diets of two species our actual over-
lap is .80 and the calculated estimate is .75 on the
average, giving a bias of .05. If the standard deviation
of the overlap measure is 0.1, then (assuming normal-
ity) the probability that the measure is contained with-
in the calculated confidence interval (.75 + .196) is .93
rather than .95. If the bias is .1, then the probability
is actually .83 rather than .95. Use of an estimator
with large values of bias will seriously compromise
conclusions derived from overlap measures because
the likelihood that the confidence interval actually
spans the true overlap becomes small (Cochran 1977).

We consider bias of seven commonly used measures
of overlap: (1) the likelihood ratio measure (L) sug-
gested by Petraitis (1979): (2) the chi-square goodness-

! Manuscript received 30 January 1981: revised 30 Septem-
ber 1981; accepted 1 November 1981.

of-fit measure (CX), (3) the Freeman-Tukey measure
(FT) developed by Matusita (1955) and van Belle and
Ahmad (1974), (4) Morisita’s (1959) index as adjusted
by Horn (1966), (5) an information measure (Horn
1966), (6) the percentage similarity measure (Renko-
nen 1938), and (7) Morisita’s (1959) original measure.

Because bias is of fundamental importance in de-
termining which overlap measure is the most appro-
priate for a given data set, for each of the overlap
measures we examine the relationship between bias
and: (1) resource sample size, (2) total number of dif-
ferent resources, and (3) evenness of resource distri-
bution. We use both analytic and computer simulation
technics for our study.

METHODS
Indices
We consider two species that share a set of re-

sources (such as prey items), with r possible resource
states. Overlap indices are based on the frequencies
pij» which denote the proportional use of resource j
G=1,2,...,r) by speciesi (i = 1, 2). In practice
the p;;’s are estimated by

Pi = ny/Ny,
where n;; is the amount of resource j used by species

-

i, and N; = 2 ny; is the total usage of resources by
im

species i. For example, in the case of diet compari-

sons, n; may be the number of prey / found in the

stomachs of species i, and N; is the total number of

prey items.
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We will assume, as in Petraitis (1979), that the vec-
tor of counts n; = (n;;, Ry, . . - , N;), conditional on
N;, has a multinomial distribution: M (N;, p;;, Pis»

t pir)-

In this study, we consider seven measures of over-
lap, three based on test statistics (Smith and Zaret,
personal observation) and four measures commonly
used in applied ecology (Hurlbert 1978).

The seven overlap measures are:

1) the measure based on the likelihood ratio test
(Petraitis 1979)

i ny(n ¢; —

1J=1

In pij)]

Vs

L = exp [NL

where ¢; = (ny; + ny))/(N; + Ny),
and N =N, + N,,

2) the measure based on the chi-square goodness-of-
fit test (van Belle and Ahmad 1974)

CX =23 [pip2/p1j + P2yl
=]

3) the measure based on the two-sample version of
the Freeman-Tukey test (Matusita 1955, van Belle
and Ahmad 1974)

FT =% (pip2i)t.
Ji=1

Although the FT measure is not frequently used in
ecological studies, it has the same form as the com-
monly used Morisita’s measure, but is based on a dif-
ferent distance measure. Morisita’s measure may be
formed as follows: the distance between the two re-
source usage vectors is

D* = 2 (P — p)
=Y pi? =23 pupe + 2 P
Morisita’s measure is the middle term standardized

by the sum of the two squared terms. The FT mea-
sure is based on the distance formula

M= (o
=2 (\/Ei)2 -2 VP \/Pz_i
+ Y (P

If we form a measure similar to Morisita’s, we get

2 \pups

C' =
S P+ S (pw)?
_ 22 \/f,,p-‘, T

4) Morisita’s (1959) index as adjusted by Horn (1966)

r

2 P1iP2j

— i=l1
Cl = ’

i p* + 2 p*i
Jj=1 Ji=1
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FiG. 1. The effect of changing the number of resources
(r) on bias. N, = N, = 100, p;; = l/r (i.e., E = 1). The mean
bias values have been multiplied by 100. Key: [J percentage
similarity (PS), O Morisita's adjusted measure (C,), A Horn's
information measure (R,), + chi-square measure
(CX), x Freeman-Tukey measure (FT), and < Petraitis’ like-
lihood measure (L).

5) Horn’s (1966) information measure
0= [2 P+ pa)In(y; + P2y
i=t

~puln py = poin py 2102,
6) the percentage similarity measure (Renkonen 1938)
r
PS = 2 min(p,;,p»;), and
Jj=1

7) Morisita’s (1959) original measure

,
2 2 P1jP2j
Jj=1

ny; — I . Ryj — 1’
= PUNTTT PN, =

i=1

where as in the above measures p; is estimated by
ni,-/Ni.

Analytical analysis

Estimates of bias are based on a second order Tay-
lor series expansion of the given measure which allows
computation of the expected value (Benjamin and Cor-
nell 1970:184). If we let M denote a measure of over-
lap, then the bias in estimating M is given by:

2 ] &
By =123 LSy py IM
i=1 Vi k=1 opu*
2] & OZM
+ pl pll"
igl Nl A§<:m g 6pzk apnu

Estimates of the bias for five of the measures are:
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h‘
<

piln(pylc;)

-%( ) =)

Er: 2pipey

B(CX) = ,
= Pyt P

(P1i/ Ny + P2/ N,

— 2pyipailn),

where /i is the harmonic mean sample size [#4 =
2N, NN, + Nyl

B(FT) = —1/8[2FT/ﬁ — N, S (paslpiy)t

Jj=1

= 1I/N, Z (pl}'/pZJ')%] s

i=1

B(R,) = — 1/(41n 2)[2 2py1ipai/A(py; + Pa2j)

Zr (N,pi; jj}'z_pzi-),]
=1 N1N2(P1j + Daj)

and B(C) = 12 3 [2 LKL:NPJ)L

i=1 Jj=1 i

Bijpikévﬂ],

i<k N;

where T,; = 2/D[C, + (4/D)p,j(ps; — Cip1j)],
Ty; = 2/D[C, + (4/D)p,j(p1; — Cip2y)l,
Sk = 4D*pypar + poipik — 2Cip1ipkls

Sojk = 4D [po;prx + PriPax — 2C1pa;parls
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and 2 2

For the percentage similarity measure, exact values
of the bias were computed using formulas from Gold-
stein and Wolf (1977):

EPS) =12 3 b 2
T[]

'b(N-),ij,Z)
+ E E
‘Z[T}
'b(szsz-,V)] b
where b(n,p,k) = <Z>pk(l — p)" % and the above

(Z/Nz)b(NhP l_iﬁ-\')

(Z/IN)bB(Nyp1ji2)

bracketed relationship on the indices x and y denotes
the greatest integer function.

Simulation technics

We used Monte Carlo analysis to evaluate the ac-
curacy of the estimates of bias and to explore effects
of the number of resource categories, sample size, and
evenness on bias. The method used to generate re-
source use spectra followed that of Grassle and Smith
(1977) and Ricklefs and Lau (1980). Random samples
of size N, and N, were drawn from multinomial vec-
tors with probabilities p, and p, with r resource states.
Overlap measures were computed for each pair, and
the bias calculated by subtracting the estimated from
the actual. Samples were taken sequentially until the
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TaBLE 1. Examples of bias for different resource distributions (p) and various sample sizes (N). Comparisons with analytic
bias estimates are included. Unless indicated, results are from simulations. Values for PS are exact values of bias calculated

by formula.
Utilization N, N, L CX FT PS R, C, C,*
A. pI = .5, 3
= .5, 2 2
Calculated overlap measure .957 917 .956 .800 .937 914 914
Bias 100 100 .007 012 .008 .028 .010 .016 —.000
75 125 .007 .014 .009 .029 011 .017 —.000
150 50 .007 .016 011 .033 .013 .022 —.000
B. p=24.,.1.123
p. = .2,.4,.2, .1,
Calculated overlap measure 1905 .867 .897 .600 .856 .666 .666
Bias 50 50 .018 .034 .025 .026 .031 .026 —.009
50 100 012 .027 018 .022 .022 .020 —.006
100 100 .009 .017 .012 .018 .015 .014 —.003
150 200 .005 .010 .007 .013 .009 .008 —.002
200 200 .004 .009 .006 013 .008 .007 —.001
300 300 .003 .006 .004 .010 .005 .005 —.001
Analytic estimate 100 100 010 .018 .012 015 014
C. p,= 4,.1,.1,.1, .3
= .25, .2, 25 .2,
Calculated overlap measure 934 .810 .939 .650 901 .788 .788
Bias 50 50 .019 .034 .025 .008 .031 .042 —-.003
100 100 .009 017 011 .001 014 .021 —.002
200 200 .005 .009 .006 .000 .007 .011 —.001
analytic estimate 100 100 .010 .018 011 015 .022
D. p,=.1.1,.1,.1,.1, .1, .1, .1,
01
p. = .4,.3,.1, .1, .05, .01, .01,
.01, .01, .01
Calculated overlap measure .841 .667 .802 .500 728 .536 .536
Bias 50 50 .039 .054 .091 .054 071 .040 —.004
100 100 .020 .027 .049 .035 .036 .019 —-.003
200 200 .010 013 .022 .024 .018 .009 .001
300 300 .006 .009 .013 .019 .011 .007 —.000
Analytic estimate 100 100 .020 .027 .033 .034 .020
E. p, =.2 .05, .05, .05, .10, .05,
.20, 10
, = 4 3 05 .01, .01,
01 01
Calculated overlap measure .816 .643 .7179 .450 707 573 573
Bias 50 50 .039 .054 .100 017 073 .041 —.001
100 100 .020 .027 .052 .004 .037 .021 —-.000
200 200 .010 .013 .023 .001 .018 .011 .000
300 300 .006 .009 014 .000 012 .007 —.000
Analytic estimate 100 100 .020 .026 .034 .034 .022
largest change in any bias mean was <.001. All sim- RESULTS

ulations required 500-1000 repetitions. Comparison
with exact values for PS indicated accuracy on the
order of .0005.

Evenness was computed using a formula from Pie-
lou (1975):

E l/z(Hl/Hmax. + H‘Z/Hmax)’

.
_2 puln py.

i=1

where H,;
This measure takes on the value of one when all re-
sources are used evenly and a value of zero when only
one resource is used. Bias was computed as the dif-
ference between the measure based on the actual
probabilities and the simulated mean measure.

Analytic method

The equations derived from the approximate ana-
lytical method (Taylor series) are complex, and they
become less accurate compared to simulations for
N < 100. Thus, the analytical method provides few
advantages over the method of simulation for com-
puting bias. However, when p, = p,, the equations are
reduced considerably as below:

1) B(L) = (r — 1)/4n,
2) B(CX) = (r — 1)/2n,
3) B(FT) = (r — 1)/4n,

4) B(C) = _(1 Uy p2,k>/ﬁ,

k=1
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TaBLE 2. Contribution to the bias from different resource
states for the PS measure with N, = N, = 25 (bias =
.206).

Resource
1 2 3 4 S
Proportional resource use
P .35 .30 .20 .10 .05
P2 .35 .30 .20 .10 .05
Contribution to bias .053 .051 .045 .033 .023

5) B(R,) = (r — 1)/4aln2.
The results for bias effects are:

A. The bias of all measures decreases as 71 (the har-
monic mean sample size) increases.

B. The measures ordered with increasing bias will be
1 =3, <5, <2.

C. Measure 4, Morisita’s modified measure, having
p in the denominator, is the only measure of the
five that shows bias from resource evenness. This
is not true of Morisita’s unbiased index C,* (mea-
sure 7).

Simulation method

Results of the simulations when p, = p, are given
in Figs. 1-3. In Fig. 1, the bias is shown to increase
as the number of resources increases. The amount of
bias may be quite large if the number of resource cat-
egories is large, even though the total sample size is
large (N = 200). In Fig. 2, all measures show de-
creased bias as sample size increases. Note however,
that the bias depends on both sample sizes (N, and
N,) and that increasing the smaller sample has a much
greater effect than increasing the larger. For fixed total
sample size (N), the bias is least when N, = N,. In
Fig. 3, as evenness increases, the bias increases for
C, and PS, but does not affect the other measures.
Exact values are given in Table 1 for PS.

DiscussioN

It is important to note that the contribution to bias
comes from individual resources, not from the mea-
sure itself. For instance for the percentage similarity
measure in Table 2, if p,, = p,y = .10, and p,; =
pss = 0, then the contribution of bias by the fourth and
fifth resource is .033. If, however, p,, = pyy =
P15 = Pas = .05, then the total bias is .046 (.023 + .023).
In both cases the total measure of overlap is the same,
whereas the bias differs by .013. As another example,
for the percentage similarity measure in Table 1, sec-
tion B the overlap value is .600 and the bias is .026,
for N, = N, = 50. In section C, however, the overlap
is .650 and the bias is only .008. Again, it is the dis-
tributions that give rise to bias, not the value of the
measures.

ERIC P. SMITH AND THOMAS M. ZARET
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Figs. 1-3 are consistent with results from the ana-
lytic analysis but are more accurate values. Of the six
measures graphed, only the percentage similarity (PS)
and Morisita’s adjusted measure (C,) consistently
show strong bias under changing number of resource
categories, size of second sample, and resource even-
ness, and they should be used with caution. It is un-
fortunate that these are the two measures most com-
monly used by ecologists.

Although evenness does not produce as strong a
bias as either total sample size or the number of re-
sources, we disagree with the conclusions of Ricklefs
and Lau (1980) which indicate that bias is not affected
by evenness. For instance they argue that if PS is <.8
there is little bias, but this is not true as shown by the
following example.

Letp, = .1, .1, .1, .1, .1,.3, .2, 0, 0, 0, and
p: =.1,.1,.1,.1,.1,0,0,0, .3, .2.

If then when:

N, = N, = 25, B(PS) = .165;
N, =N, =50, B(PS) = .118;
N, = N, = 100, and B(PS) = .084.

In this case PS equals .50, yet the bias, given N at
values <100, would be as much as 33.0%. Bias is es-
pecially important in the percentage similarity index
if N, + N, < 100 or if there are many resource states
with equal usage. In fact, it is apparent from Ricklefs
and Lau’s (1980:1021) Table 1 that there is some bias
due to evenness. (For example, their C;; for n = 25
varies from —.129 to —.107 as V, their evenness mea-
sure, goes from 0 to .50.) We have been able to dem-
onstrate greater effect of bias from evenness because
we ran more evenness experiments than they did. Also
our values are more exact, using from 500 to 1000
simulations, and in the case of PS are exact.

The effect of evenness on bias for the PS measure
is related to the concave nature of the bias function.
For an arbitrary value p;,, the contribution to the bias
in PS from p;, is less than the bias contributed from
any combination of sum p;, and p; such that
Pim + Pu = pi- For example, in Table 2, the bias con-
tributed with the third resource state is .045 (p;; =
.20), while the contribution by the fourth is .033 (p,;, =
.10). Suppose that two pairs of species have the same
resource use except for two states, state 1 and state
2. Assume that for pair 1 and 2, p,, = p,; = .20, and
P12 = P22 = .0 and that for species 3 and 4, p,, =
ps = .10, and py, = py = .10. Then, although the es-
timate of PS is the same for both groups, the bias will
be larger for the second pair (.033 + .033 > .045).
Bias changes with evenness for PS and C,, but even-
ness does not affect the other measures.

It is surprising perhaps that of the seven measures
examined in our study on bias, the one most free from
bias is Morisita’s (1959) original measure, unmodified
by Horn (1966). Although these values were not
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graphed in Figs. 1-3, they are presented in Table 1
and the differences are apparent, especially for small
samples and for large numbers of resources. Morisita’s
original measure is preferred for estimating overlap.
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