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ON CALCULATING NONRANDOM NICHE OVERLAPS
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A topic of recent interest concerns how to distinguish true patterns in commu-
nity organization from those generated by random or null processes (e.g., Heat-
wole and Levins 1972; Diamond 1975; Connor and Simberloff 1979; Toft and Shea
1983). This coniroversy, whose philosophical underpinnings harken back to the
debate between the biotic and climate schools, centers on the question of whether
communities should be viewed as random conglomerates of species that passively
match the habitat or as systems internally structured by biological interactions.
One vagile though currently well-defended front of this controversy advocates the
importance of competition in structuring communities {MacArthur 1972; Pianka
1974 Schoener 1974; Wiens 1977; Gatz 1979; Ricklefs and Travis 1980; Connell
1983; Roughgarden 1983). Central to this debate is the question of whether niche
overlaps among species in nature are minimized by competition in a statistically
nonrandom way. This paper ptesents calculations for determining explicitly
whether the extent of niche overlaps along some resource dimension {e.g., space,
time) is minimized in a statistically significant manner.

Recently, De Vita (1979) proposed an interesting quantitative technique for
studying this problem, which asks whether distances between the means of
species’ utilization spectra along a single resource continuum (e.g., space or time)
are mare uniform than would be expected with random placement. This is essen-
tially a retooled broken-stick model wherein utilization means are thrown down
randomly to subdivide a unit interval {MacArthur 1957). This competition-free
null hypothesis asks whether the observed distribution of intermean distances can
he distinguished from a broken-stick distribution. In application, data for stem-
boring insects, tropical hummingbirds, predatory cone snails (De Vita 1979), and
flowering phenologies {Poole and Rathke 1980) all appear to agree with the null
broken-stick pattern, thereby arguing against the importance of competition as a
force in structuring these communities.
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A-008, La Jolla, California 92093.
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Pielou (1981) pointed out, however, that such agreement is not surprising
because, according to the model, all ranked-size (intermean-distance) lists should
be equally probable (see also Eberhardt 1969; Sugihara 1980; Shelly and Christen-
sen 1982). This property of the broken-stick model results in a null hypothesis that
is difficult to falsify (large Type II error; Sokal and Rohlf 1981}, Furthermore,
restricting attention to the means of the utilization spectra may be misleading for
the problem of detecting minimal overlap. One can easily imagine a situation in
which the utilization spectra are arranged end to end with no overlap at all, but the
intermean distances fit the expectation of the broken-stick pattern. It would be
preferable, therefare, to direct attention to the extent of the overlaps themselves.
One could then ask whether the amount of overlap observed is less than would be
expected if the utilization spectra were randomly placed on the resource con-
tinuum.

THE PROBLEM

Here, I present calculations for determining whether utilization spectra overlap
in a manner that is consistent with random placement (see also Pielou 1977).
These results are the analytical extension of the computer simulations used by
Cale (1981} to measure overlap in flowering intervals.

In abstract terms, 1 ask what the complete distribution of pairwise overlaps is
when sticks (utilization spectra) of known length are tossed randomly into an
interval of known size. In this way, the resource continuum is likened to a long
narrow pencil box and the utilization spectra {ranges) to sticks of various lengths,
which are randomly and independently shuffled in the box. Our first objective will
be to determine the distribution of the extent of overlap between any chosen pair
of sticks. These results will then be gathered into a single statistic for all indepen-
dent pairs to determine the probability that the entire collection represents a
randamly shuffled array. This is intended to complement Pielou’s elegant method
of sheaves (1977), in which the extent of pairwise overlap is not explicitly taken
into account.

COMPUTING THE DISTRIBUTION OF PAIRWISE OVERLAP

Suppose we have two sticks of length {; and /,, with {{ = {5, thrown randomly
and independently into an interval of size L spanning 0 to L, L = {,, ;. The over-
lap is

W = (I[ M ig)zg_l .

We solve for the cumulative density of W in terms of the distance between the
midpoints of each stick, y, (see fig. 1). In particular, if x, and x, are the positions of
the midpoints of the long and short sticks, respectively, then the distance separat-
ing them, v;, is

Y2 = |'¥I - -‘(2|1
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Fic. |.—Two overlapping linear niches of size {; and £, within a larger resource interval.
and the averlap is
] for { = y, ()
W=1{ (-ydly? fori*=y, =] - ¢)
1 for0 =y, = I* (3)

where [ = ‘A, + L) and {* = Ya(l; — L). As calculated in the Appendix, the
probability density of y; is

245 for 0 =< y, =< {* 4)
UL —{— y)AT AT fori* =y, =L — 1 (5)

where A, = L — [, and A, = L — L. Notice that the limits in equation (3) match
thase in equation (4). Hence, the probability of complete averlap, P{W = 1}, can
be calculated from g{y,) in equation {4) as follows:

glya) = [

‘J*
PW=1) = I 20, dyy = A" (a)
0
Likewise, fram (1), (2), and (5), the cumulative density for 0 = W < [ is
1 -1
P(W=1x)= L ; AL — [ — y)AT AT dys, (7)

where x is a number on the interval 0 = x < 1. Therefore, the complete cumulative
density function (¢df) for 0 = W < | may be obtained by piecing together (6) and
(7). Equation (6), P(W = 1), is figured separately because the cdf may show a
spike at W = 1. The size of this spike depends on the degree to which the two
sticks differ in length; the spike is higher if they differ greatly.

A straightforward though tedious calculation (see the Appendix) shows that the
expected overlap far the two sticks of length {; and {, thrown randomly into an
interval of size L, for!, + [ = L, is

EW) = (LI, — {# — BHAT A"



ON CALCULATING NONRANDOM NICHE OVERLAPS 357

RANGE OF MIDPGINTS x4
FOR SHORTER STICK

P

o

WHOLE
| RESQURCE

| . INTERVAL
| [
|
|

|

[

f
0 |
[

hay =

LN -
Y

RANGE OF MIDPOINTS x,
FOR LONGER STICK

Fic. 2.—The problem of computing the overlap between two sticks of size {, and /; thrown
down randomly into an interval of size L is transformed into a problem of finding the distance
hetween the midpaoints, x, and ., for each pair of sticks. The figure illustrates the ranges of
the midpaints for the shorter and longer sticks in relation to the whole resource interval.

Therefare, if the two sticks are of equal size and exactly cover the interval {{; = [,
= L/2), then the expected averlap is E(W) = 24.

One can use equation (7) to test whether the overlap of a given pair of species
(sticks) 1s significantly less than expected at random. Plugging in observed values
for x (observed overlap between the two species), {, and {; (the abserved ranges of
the utilization spectra}, and L (the size of the resource continuum) yields a P value
for the probability that two sticks overlap less than x. These P values may be
obtained for any pair of species.

'TESTING NONRANDOM OVERLAP FOR AN ASSEMBLAGE, # > 2

We will now outline a procedure for combining P values for each pairwise
overlap into a single test statistic for judging the likelihood that a collection of &
species (sticks) overlaps less than would be expected at random. This is the
relevant test for measuring the role of competition in minimizing overlap for the
whole assemblage.

As seen in figure 2, a given array of n sticks produces only n — 1 independent
.averlaps, and hence # — 1 independent P values. The n — [ independent pairs
may be chosen randomly as follows. With uniform probability, choose ane of the
r sticks at random without replacement. Choose the ather member of this first pair
from the n — | remaining. To form the n — 2 subsequent pairs, randomly choose
one stick from the set of those already chosen and ane stick from those not yet
sampled. This procedure amounts to constructing a random tree graph whose # —
| random edges or vertex pairs correspond to random-stick pairs.

Far each of these # — 1 pairs compute a P value using equation (7). Using
Fisher's method for combining independent tests on the independent P values
gives a x* value (with n — 1 df):

w—1L
x> = > —2log P;.

i=1
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This x* value is an aggregated statistic describing the likelihood that an array of n
sticks (species’ utilization spectra) overlaps less than at random.

LIMITATIONS

Perhaps the most severe limitation to the abave method is obtaining reliable
measurements of x (observed pairwise averlap), {; and [, (species ranges), and L
{size of ensemble resource continuum). In computing the first three quantities, it is
assumed that one can reasonably reduce a complete utilization spectrum to an
interval {range) aver the resource continuum. A judgment needs to be made about
where the endpaoints fzll for each species. Similarly, the boundaries for L need to
be chosen carefully. For example, in looking at the distribution of different
species of microflora in a gut, where does the gut begin and end? Likewise, in
examining flowering phenologies in relation to competition for pollinators, when
does the flowering season begin and end? A large L decreases the expected
overlap under the null {random) hypothesis, whereas a small L increases the
expected averlap. The investigator needs to be careful, therefore, in choosing a
conservatively large resource interval to demonstrate competitive displacement.

It is worth mentioning that Coie (1981) used a computer simulation of randomly
placed line segments to reanalyze earlier results on flowering phenologies studied
by Stiles (1982). Using De Vita's {1979) reinterpretation of the broken-stick model
for intermean distances, Poole and Rathke (1980) reported no evidence of compe-
tition for pollinators. Using the shuffled-sticks model, however, Cole found that
the interspecies overlap was significantly less than would be expected with ran-
dom placement, thereby arguing for the importance of competition in setting
flowering times.

SUMMARY

An analytical method is presented for detecting nonrandom niche displacement
that might result from competition by examining the degree to which niche
overlap 1s minimized along a single niche dimension. Species’ utilization spectra
tor different resources are viewed as intervals, or “‘sticks,”” arranged over a finite
linear resource continuum. The method tests the actual extent to which the
observed configuration of sticks overlaps less than would be expected if the sticks
were cast down at random. Data previously analyzed to refute the impartance of
niche displacement (Poole and Rathke 1980) have been found to suppart it when
reanalyzed with a computer simulation of the shuffled-sticks model (Cole 1981).
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APPENDIX

Herein we will derive a cumulative distribution function of the overlap W between two
sticks of length {; and {; ({; = /) thrown random!y and independently into the interval O to L,
L= "l! Ig,

To account for upper (L) and Jlower (0) limits of the interval, [ recast the problem in terms
of the position of the midpoints for each stick x;. Specifically, the midpoint of the longer
stick ranges from £/2 to L — {,/2, and the shorter stick ranges from /2 to L — /2.
Randomly shuffling sticks in {0, L] translates to throwing down midpoints with uniform
prohability in each of the above intervals. The distance between midpaints, y» = [x; — xy,
can then be translated into the overlap W:

0 for I = ya
W=1 -y’ forI* =y, =<{ (A1)
| forQ =y, =,

where [ = Va(l, + k) and {* = Va(l, — fa).
Let x; be a uniform random wvariable in the interval [{/2, L — {/2] and x, a uniform
random variable in [{»/2, L — L/2]. The cumulative densities are

Pix| = x) = xA[!

Plxs = x) = xAT',
and the probability densities are
fry = A7
fra= A7l

where Ay = L — {, and A, = L — {;. Hence, the joint density for x| and x; is
dlxy, xa) = A7 Azl

The two-dimensional set ¥, x; will now be transformed into the new planar set y, y§,
where

yo=x and wWe=x - x.

Because the Facobian for this transformation is one, the new joint density is simply g{y,,¥¥)
= A[ ' A7 . Considering only positive v¥, the probability density for y» = {x, — x5 is simply

( JL—MI d}’:
C 2 = yy = f*
L .&[ﬁg for 0 y2
gly) = L hil
2{ dy2 fori* =y, =L — 1|
uy+ 142 AIAE - !
which reduces to
. 245! for0 =y, = /* (A2)
89U T o T -y ATATY forft =y =L - L
Comparing limits in equations (A1} and (A2}, the cumulative density for W is
'
2dy, 24*
PW=1={—=——-—, {AD)
w-n-| 5 r
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and for x < 1,
L—*

AL -~ y)
W = = = T
P( X} L—f}t ﬁ|A2

Natice that the cumulative distcibution function may not be continuous and, hecause of
equation {A3), may spike at W = |.

The expected overlap, E(W}, may be calculated from equations (A1) and (A2) in a similar
fashionfor L = 1) + £,

i I3 h
_ 2dyy J =y UL =1~ y)
E(W) L A, + L AA dyy,

dyy . (Ad)

which reduces to
EW) = (Ll — 1T — vl AT'A

LITERATURE CITED

Coale, B. 1981. Overlap regularity and flowering phenology. Am. Nat. 117:993-997,

Connell, I. H. 1983. On the prevalence and relative importance of interspecific competition: evidence
from field experiments. Am. Nat. 122:661-696.

Connor, E. F., and D). Simberloff. 1979. The assembly of species communities: chance or competition?
Ecology 60:1132—1140.

De Vita, I. 1979, Niche separation and the broken-stick model. Am. Nat. |14:171-178.

Diamond, J. M. 1975. Assembly of species communities. Pages 342-444 in» M. L. Cody and J. M.
Diamond, eds. Ecology and evalution of communities, Belknap Press of Harvard University
Press, Cambridge, Mass.

Eberhardt, L. L. 1969, Some aspects of species diversity models. Ecolagy 50:503-503.

Gatz, A. 1. 1979. Community organization in fishes as indicated by marphological features. Ecology
60:711-718.

Heatwaole, H., and R, Levins. 1972, Trophic structure stability and faunal change during recoloniza-
tion. Ecology 53:331-334,

MacArthur, R. H. 1957, On the relative abupdance of bird species. Proc. Natl, Acad. Sci. USA

43.293-295,

. 1972, Geographical ecology. Harper & Row, New York. .

Pianka, E. R. 1974. Niche overlap and diffuse competition. Proc. Natl. Acad. Sci. USA 71:2141-2145,

Pielou, E. C. 1977. The statistics of hiogeographic range maps: sheaves of one-dimensional ranges.

Bull. Int. Stat. Inst. 47(2):111-122.

. 1981. The broken-stick model: a common misunderstanding. Am. Nat. 117:609-610.

Poole, R. W., and B. I. Rathke. 1980, Regularity, randomness and aggregation in flowering
phenalagies. Science {(Wash., D.C) 203:407-471.

Ricklefs, R. E., and I. Travis. 1980. A morphological approach to the study of avian community
arganization. Auk 97:321-338.

Raughgarden, J. 1983, Competition and theoary in community ecology. Am. Nat. 122:583-601.

Schoener, T. W. 1974. Resource partitioning in ecological communities. Science (Wash., D.C.) 185:
27-39.

Shelly, T. E., and §. W. Christensen. 1982, Testing for competition: a critique of De Vita’s use of the
broken-stick model. Am. Nat. 119:435-417.

Sokal, R. R., and F. J. Rohif. 1981. Biometry. 2d ed. Freeman, San Francisco.

Stiles, E. W. 1982, Fruit flags: twa hypotheses. Am. Nat. 120:300-509.

Sugibara, G. 1980. Minimal community structure: an explanation of species abundance patterns. Am.
Nat. 116:770-787.

Toft, C. A., and P. J. Shea. 1983. Detecting community-wide patterns: estimating power strengthens
statistical inference. Am. Nat. [22:418-625.

Wiens, I. A. 1977, On competition and variable environments. Am. Sci. 65:590-597.




