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THE MEASUREMENT OF NICHE OVERLAP AND 
SOME RELATIVES1 

STUARTH. HURLBERT 
Department of Blologj, San Dlego Srute Unrver trtj 

Snn Dlego, Cnllfornin 92182 USA 

Abstruct. Existing overlap indices are examined and are judged to be inadequate on the grounds 
(1) that they lack simple and appropriate biological interpretations, and ( 2 )  that they ignore possible 
variation among resource states in abundance or availability (a,). Two indices interpretable in terms 
of encounters are proposed. Niche overlap (L) is measured as the degree to which frequency of 
interspecific encounter is higher or lower than it would be if each species utilized each resource state 
in proportion to its abundance (a,). Directional overlap (Z,,) is measured as the density of species 
Y encountered, on the average, by an individual of species X.  When resource states are equal in size, 
L is equivalent to Lloyd's 'interspecies patchiness,' and Z,,,, is equivalent to his 'mean crowding on spe- 
cies 1 by species 2.' Indices which in corporate variation in resource state abundance are also developed 
for mean crowding, patchiness and niche breadth. 

Key words: Association; niche breadth; niche overlap; patchiness. 

In studies of species interactions and community = C min (pxi, pYi). 
structure it is useful to quantify the degree to  which 1 

2 species overlap in their utilization of space, food or where pxi = xi/X 

other resources. T o  that end several measures of niche and p,, = yi/Y, 
overlap have been proposed. These are briefly dis- 
cussed below. The purpose of this article is to  present which, perhaps because of its simplicity, is re-invented 

an improved and more general index and to discuss every so  many years (Renkonen 1938 jide Goodall 

certain related measures. 1973, Whittaker and Fairbanks 1958, Schoener 1970). 

The notation employed here is presented in the first The most widely used overlap indices are those de- 

part of Table 1 and requires only brief explanation. rived from 01 related to  the "competition coefficients" 

"Resource state" is used in a broad sense. The re- of the Lotka-Volterra equations. These include: 


source states may correspond to any 1 of several class- 
0 x 3  = 1 P P1 P 1 P ( 2 ) 


es of entities, such as: a set of quadrats o r  other ar- 

bitrary sampling units; a set of groups of quadrats. (Pianka 1973): 

where quadrats are grouped on the basis of one or  c m  = 2~ (PxiPyi) / (~ PI:+ zPlil) (3)

more characteristics (e.g., soil moisture); a set of nat- 
 1 1 1 

ural sampling units (e.g., lakes, host plants, etc.),  con- (Morisita 1959, Horn 1966): 
sidered individually o r  grouped on the basis of simi- 
larity in some respect; a set of prey species: or ,  a set 
of prey categories, defined with respect to taxonomic 
(supraspecific) group, size. or some other property. 

Resource state abundance or availabilitv has cor-
respondingly varied meanings. In discussions of spa- 
tial overlap, it usually will be measured as  area or when overlap greater then expected on the h~ pothesis 


volume. In relation to dietary overlap, abundances can of independence. or 


be  measured as the standing crop of each dietary cat- (5) 

egory. corrected perhaps for differences in productiv- 

ity or renewal rate, cost of capture, food value, and when overlap less than expected (Morisi.ta 1971). 

so  on (Schoener 1974). In addition, to facilitate theoretical analyses of com- 

petition and related phenomena, modifications of the 
competition coefficient have been developed which 

At least 5 types of niche overlap indices have been assume that resource utilization is normally distrib- 
proposed: these are listed and later evaluated. The uted along the resource axis (MacArthur 1972, May 
simplest is: and MacArthur 1972). As these are  not intended for 

Manuscript received 16 November 1976; accepted 8 Au- use in empirical studies, they will not be discussed 
gust, 1977. here. 
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Building on his concept of ''mean crowding," Lloyd 
(1967) derived and used an overlap index he called 
"interspecies patchine5\." given as: 

Equation 6 has attractive properties but has been over- 
looked by later workers. Its mathematical relationship 
to Eqs. 2 through 5 is largely coincidental. 

Constituting a fourth class of overlap indices are 
those based on the Shannon-Wiener information func- 
tion. Horn (1966) proposed 

- 2 [(xi!M log (xiiN) (yi/N) log (yi/N) IR,, = 2- - ( 7 )  
(XN z jpxi 10% pxi) + (YIN) 2 /pYi log pyi) 

I 1 

where N = X T Y .  

Colwell and Futuyma (1971) presented an elaborated 
version of this (and of Eq.  1) that attempts to  minimize 
distortions arising from the arbitrary manner in which 
a resource is partitioned into resource states. 

A final measure is the pl-oduct-moment correlation 
coefficient: 

This has not been used explicitly to measure overlap 
but it has been widely used in phytosociology as a 
measure of association; Goodall (1973) suggests that 
it and Eq.  1 are perhaps the most appropriate mea- 
sures of "species distributional similal-ity." 

CRITERI .~A N D  EVALUATION 

In ml  opinion, the 2 most important features of an 
index of overlap and the degree to which these are 
found in exi5ting indices are as follows: 

An appropriate index would seem to be one which 
defines overlap in a manner consistent with the mean- 
ing generally given, explicitly or implicitly, to that 
tei-m in index-free discussions of resource relation-
ships. competition, and so on.  By simplicity, I refer 
to 5implicity of interpretation, not ease of calculation. 
Not surprisingly, most of the indices have neither an 
appropriate nor a simple biological interpretation. This 
is the I-esult of inattention to definition. Workers who 
have required quantification of niche overlap generally 
have proceeded directly from an intuitive notion to the 
selection of an index without making any prior attempt 

to  formalize their concept of overlap in biological 
terms. 

Equations 2 ,  3. and 6 have simple biological inter- 
pretations as they are expressed in terms of "crowd- 
ing'' or "probability of encounter," which may be 
considered equivalent concepts. Equation 6, better 
than the others, meets our criterion of appropriate- 
ness: it measures, under certain conditions, the degree 
to  which the probability of interspecific encounter (or 
degree of interspecific crowding) is higher or lower 
than would be expected if both species were uniformly 
distributed over the available space or resources. 

Equations 2.  3, and 4 reflect the ratio of the prob- 
ability of interspecific encounter to  the probability of 
intraspecific encounter or,  in other terms (MacArthur 
1971, May and MacArthur 1972). the ratio of niche 
proximity to niche breadth. As such they are  inappro- 
priate as indices of overlap. The basis for this conclu- 
sion is illustrated by a comparison of cases I and 11 in 
Table 1. By any usual connotation of overlap, overlap 
in resource utilization is equal in the 2 cases. This 
conflicts with the values yielded by such indices (Table 
I ,  Eq.  3) and certain others (Eq. 8) as  well. I can see 
no justification for the implicit assumption that overlap 
is partly a function of the species' niche widths outside 
the overlap zone, i .e. ,  of the species' utilization func- 
tions for the nonshared resource states. Why should 
the frequency of intraspecific encounters or the inten- 
sity of intraspecific competition bear any fixed rela- 
tionship to interspecific overlap in resource use? 

The application of the Shannon-Wiener function to 
the quantification of niche overlap seems as unneces- 
sarily esoteric as  is the use of this function as a di- 
versity index (Hurlbert 1971). Equation 7 and its rel- 
atives measure "I-elative mutual information" (Colwell 
and Futuyma 1971) which, like the "bits" o r  "nats" 
in which the numerator and denominator of Eq .  7 are 
measured. have no clear meaning so far as  has been 
discovered. 

Equations 1 and 8 are simple enough, and the first 
has the appealing geometric property of measuring the 
area of intersection of the probability density fitnctions 
of species X and species Y with respect to  a given 
resource axis. However. neither is expressed in units 
appropriate to  our- concept of niche ove~.lap. largely. 
at leaat in the case of Eq.  1. because they ignore vari- 
ation in resource state abundance. Thus both yield 
identical values for cases VI and VII in Table 1. I feel 
that overlap must be considered greater in case VII 
than in case VI, since, other things being equal. the 
2 species are more likely to  encounter or crowd each 
other or deplete each other's resources in case VII 
than they are in case VI. 

V(iaiatiot~ in re.tolrrce ptrite abundance 

It seems desirable that an overlap ~ n d e x  take into 
account the variation among resource states in abun- 
dance or size (a,). With the exception of Schoener's 
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(1974) elaboration of the competition coefficient (Eq.  
13). existing overlap indices ignore such variation. 
This is not serious. as  probably any index could be 
modified so as  to take inequality of ai into account. It 
also is an understandable omission, as in most studies 
of overlap or association in space, all a i  are equal (e .g. .  
as with set of quadrats) while in most s t ~ ~ d i e sa of 
dietary overlap it is very difficult to  determine ai.  

It might be argued that an overlap index should only 
reflect the similarity in resources used and not simi- 
larity of resource use. That is, the index should not 
reflect the degree to which similarity in resources used 
influences the likelihood that 2 species will impinge on 
each other in some way. In that case. one could simply 
consider all ai equal and use Eq.  6 or ignore resource 
abundance altogether and use Eq.  1 .  While one may 
be forced into this position occasionally, it does min- 
imize the biological interpretability of the index values 
and their suitability as a foundation for discussion of 
resource utilization strategies, competition, species 
packing, and so on.  Intelligent analysis of these phe- 
nomena in nature simply cannot proceed very far in 
the absence of data on resource state abundances. 

The above is not to deny the utility of similarity 
indices such as  E,q. 1: only their appropriateness a s  
indices of niche overlap. If, for example, one was car- 
rying out on a group of species a comparative study 
of the biochemical or physiological aspects of nutl-i- 
tion, then an index of dietary similarity such as  might 
be provided by Eq. 1 might prove a useful tool. 

The probability or frequency of interspecific en-
counter, broadly understood, relates well, pel-haps ex- 
actly, to our intuitive concept of niche overlap. There- 
fore we  propose that niche overlap be defined as the 
degree to which frequency of interspecific encounter 
is higher or lower than it would be if each species 
utilized each resource state in proportion to its abun- 
dance (ai). 

For  a given resource state i .  the number of inter- 
specific encounters will be proportional to the product 
of the denjities of the 2 species and the size of the 
resource state. Thus, calculated over all resource 
states, we have a total number of interspecific en-
counters proportional to  

and for the hypothetical situation whel-e the individ- 
uals are distributed either randomly or uniformly with 
respect to the abundances (ai) of the resource states, 
the numbel- of interspecific encounters would be pro- 
portional to  

Niche overlap is then calculated as 



70 STUART H. HURLBERT Ecology, Vol. 59, No. 1 

I f  all resource qtates are equally abundant (e.g.. cases 
I ,  11, V I .  V I I ,  Table 1 ) .  Eq .  11 reduces to Lloyd's 
(1967) index of  "interspecies patchiness" : 

L assumes a value o f  zero when no resource state 
is shared by the 2 species, a value o f  1.0 when both 
species utilize each resource state in proportion to its 
abundance (a,). and a value >1.0 i f  each species uti- 
lizes certain resource states more intensively than oth- 
ers and the utilization functions (or preferences. in a 
narrow sense o f  the word) o f  the 2 species tend to 
coincide. 

The interpretation o f  L is straightforward. For case 
I or I 1  the probability o f  interspecific encounter is only 
5% o f  what it would be i f  both species were uniformly 
distributed over the resource states. For case IV the 
probability o f  interspecific encounter is 290% (or 
3 . 9 0 ~ )  higher than it would be i f  both species were 
uniformly distributed with respect to the abundance 
o f  the various resource states (case V ) .  

The difference between cases 111 and IV (Table 1 )  
can be interpreted as follows: Species X and Y have 
identical utilization functions in case 111. both favoring 
the less common resource states, so that L exceeds 
1.0. In case IV the 2 species are not quite identical in 
their utilization functions. but the effect o f  this i s  more 
than canceled by the now greater intensity with which 
they both utilize the less common resource states: and 
so L exceeds 1.0 by an even greater amount than it 
does for case 111. 

The probability o f  interspecific encounter refers. 
when the resource states are spatial units o f  some sort, 
to the likelihood that 2 organisms will bump into or 
somehow physically crowd each other during a given 
time interval. When the resource states are diet cate- 
gories, the probability o f  interspecific encounter can 
be thought o f  as referring to the likelihood that 2 non-
conspecific individuals will attempt to utilize the same 
food item within some time interval. I f  the time inter- 
val is very short. the interspecific encounter may be 
envisaged as a physical confrontation. For longer time 
intervals, the inter-specific encounter may consist o f  
one individual arriving 'late' and 'finding' that the food 
item has disappeared. 

A significant property o f  L i s  that its value is in- 
creased by the presence or inclusion of resource states 
utilized by neither species. That is, if we were to add 
5 resource states ( i  = 6,.  . . , lo),  with xi = yi = 0 for 
each one, to the data set for case I ,  the value of  L 
doubles to 0.10. This behavior o f  L is biologically ap- 
propriate and consistent with our definition o f  niche 
overlap. It does require, however, consideration of  
exactly what set o f  resource states should be used in 
calculating L and hence exactly what types of  com- 
parisons are to be made. 

Also, L usually will be influenced by the manner in 
which a resource axis is partitioned into resource 
states. As the axis is partitioned more finely. the value 
o f  L ma) increase, decrease or remain unchanged. (In 
contlast, other Indices w c h  as Eqs. 1, 2, 3 and, prob- 
ably, 7 can only decrease or remain unchanged when 
the axis is partitioned more finely.) Again, this is con- 
sistent with our definition of  niche overlap but does 
necessitate circumspection in procedure and inter-
pretation. 

Neither o f  the above properties poses any special 
complications to the typical investigation o f  overlap 
within a set o f  species. where both the resource range 
(i.e., the segment o f  the resource axis) considered and 
its partitioning into resource states are held constant 
and not independently defined for each species pair 
analyzed. 

For good discussions o f  the pitfalls awaiting the av- 
erage unwary nichemetrician the reader is referred to 
Colwell and Futuyma (1971) and Cody (1974, p. 70). 

Niche overlap is usually quantiatively nonrecipro- 
cal. That is, species X usually impinges on species Y 
to a different degree than does species Y impinge on 
species X .  Thus we require measures of  directional 
overlap to supplement the information provided by L 
(Eq. 1 1 ) .  Such measures have been available for some 
time, the first and most widely used being 

This index. the first formally proposed mezsure o f  
niche overlap, is unacceptable for the same reason 
Eqs. 2 ,  3 ,  and 4 were rejected: It depends on the spe- 
cies' distributions over the nonshared resource states. 
Under certain circumstances and with appropriate 
modifications ( c f .  Schoener 1974, Abrams 1976). Eq.  
13 may reasonably be used to estimate the competition 
coefficients for the Lotka-Volterra equations, as Lev- 
ins (1968) suggested. However. in referring to these 
coefficients as measures o f  niche overlap. Levins syn- 
onymized 2 distinct concepts and generated a measure 
o f  semantic confusion which muddies the literature on 
these topics even today. Earlier, MacArthur and Lev- 
ins (1967) used the term "niche overlap" but not in 
such a way as to make clear the exact meaning they 
assigned to it. 

A very good measure of  directional overlap, Lloyd's 
(1967) 'mean crowding on species 1 by species 2,' ap-
pears to have been used little or not at all. It is given 
as 

A more general expression. which allows for variation 
in resource state size (a,), is Rathke's (1976) 'cooc- 
currence coefficient,' given as 
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= the density of species Y encountered, on 
the average, by an individual of species X. 

The reciprocal measure Z,,,,. is calculated in analo-
gous fashion. Each could be expressed as a fraction 
of the value (i .e. ,  Z,,,,, and Z,,,,, it would 
assume if the individuals of both species were uni-
formly distributed with respect to the sizes (a,) of the 
resource states. It will be found, however. that 

--ZX(Y1 -- ZY(X) -- L (Lloyd 1967). (16) 
Zxts).uniform Z ~ ( ~ ) .uniform 

I shall refer to Z,,,, and Z,,,, as measures of interspe-
cific crowding. 

An appealing feature of Eqs.  12 and 15 as  measures 
of interspecific overlap and crowding is their simple, 
direct relationship to indices of community diversity 
based on the probability of interspecific encounter 
(Hurlbert 1971) and to indices measuring the contagion 
of clumpedness of single species populations in terms 
of the probability of intraspecific encounter (Morisita 
1959, 1971. L.loyd 1967). Clearly, probability of en-
counter is a concept which can unify and simplify 
much of statistical ecology. Here one wishes only to 
extend the mathematics of patchiness (Lloyd 1967) to 
the case where ai is variable. 

Applying the same line of reasoning on which Eq. 
10 is based, we can state that the probability or fre-
quency with which individuals of a given species will 
encounter or crowd each other while utilizing a set of 
resource states will be proportional to 

If the X individuals are  imagined to be distributed uni-
formly ober the resource states in proportion to their 
abundances (a,), then we can calculate 

Funiforrn= X(X - r)iA. (18) 

The ratio 

then measures the degree to which frequency of in-
traspecific encounter is higher or lower than it would 
be if each resource state were utilized in proportion to 
its abundance (ai). Thus it is a generalized form of 
Lloyd's (1967) patchiness index. The absolute fre-
quency of encounter (mean density of conspecifics 
confronting the average individual) is simply the gen-
eralized form of Lloyd's (1967) mean crowding, viz. 

If the average number of individuals per resource 
state is small (as is often the case. for example, with 

quadrat data) chance or  sampling error can bring about 
large (percentagewise) departures from uniformity of 
distribution. It will be appropriate in those circum-
stances to  take as our standard of comparison the ex-
pected frequency of intraspecific encounter for a ran-
domly (rather than uniformly) distributed population. 
This is easily done only for those cases where resource 
state abundance (a,) is constant. 

Under the conditions of equal a, and random distri-
bution, the expected frequency of intraspecific en-
counter will be proportional to 

FrandOm= n x [(e-mmk)lk!] k (k - 1)Ia: (21) 
k=1 

where m = Xlr. 
k = number of individuals per resource state, 

and 
a = size or abundance of each resource state. 

We can then define 

This is exactly equivalent to Lloyd's (1967) patchi-
ness, which he  presents in more easily calculable form 
as 

Equations 19 and 22 yield similar values when X is 
large relative to r. The error that results from using 
Eq.  19 as an approximation to Eq.  21 is 

(G' - G)lG1 = -n/(X - n). (24) 

which indicates that. when all ai are equal. X should 
be at  least one hundred times r if we wish this error 
to be 1% or less. This gives an idea of the error ex-
pected when, due to inequality of all ai we have no 
choice but to use Eq .  19. 

If one wishes to  assume that in some sense an in-
dividual can encounter o r  crowd itself, as  when 
"crowding operates, not by hostile encounters be-
tween individuals. but through depletion of some ex-
pendable resource" (Lloyd 1967). we obtain as  a sub-
stitute for Eq. 19 

and as a substitute for Eq. 23 

G' = (nlX2) C (x:) . (26) 

and as substitute for Eq.  20 

k + 1 = C [x~:~Xa, ) ] ,  (27) 
1 

which is the generalized form of Lloyd's (1967) "mean 
demand." I shall refer to  both mean demand and mean 
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crowding (Eq. 20) as measures of intraspecific crowd- 
ing. 

Equations 22. 23, 25, and 26 are all measure5 of 
patchiness and are interpreted in approximately the 
same terms as was Eq. 19. 

Niche breadth is another concept which, mathe- 
matically, falls into slnonymy with the other concepts 
discussed here. A widely used measure of niche 
breadth is 

which is simply the reciprocal of patchiness as  mea- 
sured by Eq.  26. In our terminology, it equals (when 
all a, are equal) the frequency of intraspecific encoun- 
ter expected when all resource states are utilized 
equally divided by the frequency of intraspecific en- 
counter expected on the basis of the observed distri- 
bution. Likewise. a more general measure of niche 
breadth, one which allows for variation in abundance 
(ai) of resource state, is the reciprocal of patchiness 
as measured by Eq.  25, viz. 

This has the same interpretation as Eq. 28. 
Equation 29 can take on values ranging from lln 

(when only a single resource state is used) to  1 .0 (when 
each resource state is utilized in proportion to its 
abundance). Equation 28 can assume values ranging 
from amin/A to 1.0: where amin stands for the abun- 
dance of the least abundant resource state. 

By scaling Eqs. 27 and 28 it is possible to  obtain 
alternative measures of niche breadth which can take 
values ranging from 0 to 1 and which may have less 
cumbersome interpretations. Thus we can define 

B, = [B - (l/n)]/[l - (lln)] = (nB - l)/(n- 1), 
(30)

and 

B,' 	 = [B' - (amin/A)]/[l- (ami,/A)l (31) 
= (AB' - amin)/(A- amh). 

Both of these may be said to measure the degree to 
which intraspecific encounters have been minimized 
as  a result of the species utilizing or tending to utilize 
all available resource states in proportion to their 
abundances (a,). At one extreme there is the ultimate 
specialist which utilizes only a single resource state 
(B, or B,' equals zero) and ignores the others, and at 
the other extreme the perfect generalist (B, o r  B,' 
equals unity) which utilizes all resource states without 
preference. 

Note that Eq.  31 yields a value of zero only for a 
species which specializes on the least abundant re-
source state; it yields values greater than zero for any 
species which utilize a single but more abundant re- 
source state. This is simply a specific consequence of 
taking resource state abundance into consideration; 

the unsealed index (Eq .  29) also will yield lower values 
for specialists on rare resource states than for spe- 
cialists on more abundant ones. 

Schoener (1974) proposed a niche breadth index 
rather similar to Eq.  29. viz. 

which he termed selectivity. even though high values 
of B, indicate low selectivity. The manner in which 
the variable ai is incorporated into B, does not permit 
interpretation of this measure in the same probability 
of encounter terms we have applied to B and B'.  On 
these grounds, Eq.  32 is less satisfactory than is Eq. 
29 as  the generalized form of Levins' (1968) niche 
breadth (Eq.  28). 

By manipulation of Eq. 12. a formal relationship 
between niche overlap, competition coefficients, and 
patchiness can be demonstrated. Specifically. 

overlap geometric mean 
of competition 

coefficients ( E q  34) 
of patchiness 

(33) 

If patchiness is calculated with Eq .  19 or  23. instead 
of 25, then the above relation is only approximate. The 
approximation improves as the xl increase and as r 
decreases. 

When data consist of relative abundances, so  that 
X = Y = 10095, the index 

is simply Levins' a,,,, (Eq.  13) adjusted for variation 
in a,. S,,,, would be calculated by letting xi = psi and 
yi = pYi; and it would measure, for species X and the 
hypothetical situation where X = Y ,  the probability 
of interspecific encounter divided by the probability 
of intraspecific encounter. 

When S,,,, is calculated from data on absolute abun- 
dances, it measures, for species X ,  the expected ratio 
of interspecific to intraspecific encounters for what- 
ever the actual values of X and Y may be. An alter- 
native expression for Eq .  34 is thus 

& + 1 (= Eq.  27) (35) 
Schoener (1974) also has proposed modifications of 
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TABLE2. Values of overlap and other indices calculated on the goldenrod (Solidago spp.) and flamingo (Phoenicoparrus 
spp.) data presented in the text and in Tables 3 and 4 

Competi- Inter- Intra- Patchiness 
Data set Niche Simi- tion co- Mean specific Niche Mean specific or selec-

and species overlap larity efficient coefficient crowding breadth density crowding tivity 

Goldenrods in quadrats 

S. juncea 
S. nemoralis 

(Eq. 12) 

3.06 

(u)(Eq. 13) 
0.64 

0.39 0.21 

(Eq. 2) 

0'36 

(Eq. 14) 
4.8/m2 
4.3/m2 

(Eq. 28) 
0.19 
0.07 

1.4irn2 
1.6/m2 

(Eq. 20) 
6.4im2 
20im2 

(Eq. 23) 
4.6 

12.8 
Flamingos on lakes 

(Eq. 37) (Eq. 15) (Eq. 29) - - - -  Xl.4 (Eq. 20) 
P. jamesi 
P. andinus 1.19 0.35 0'50 

88!km2 
160/km2 

0.43 
0.41 

135/km2 
74!km2 

3 10/km2 
177/km2 

Flamingo diets-data set 3a 

(Eq. 11) (Eq.1) 
P. jamesi 
P. undinus 0.81 0.80 . . .  

. . .  
Flamingo diets-data sets 3a & 3b 

(Eq. 11)  (m (Eq. 37) (Eq. 15) (Eq. 29) XIA 
P. jamesi 

P ,  andinus 0.81 0.80 O." 


the competition coefficient which, among other things. 
take into account the variation in a,. The simplest form 
of his modified coefficient is 

When X = Y = 10096, which is the only sort of data 
for which a ,  was intended, a, is similar to S,,,, (Eq. 
34). The fundamental distinction between them can be 
expressed as follows. The ith term in the numerator 
(or denominator) of a, is proportional to  the number 
of encounters 'on' a given unit of i th resource state; 
the i th  term in the numerator (or denominator) of S,,,, 
is proportional to the number of encounters 'on' the 
entire i th resource state. Thus, for a,, the sum of the 
numerator terms (or of the denominator terms, is pro- 
portional to the probability of encounter averaged over 
resource states, all weighted equally: for S,,,, the sum 
of the numerator terms is proportional to  the proba- 
bility of encounter averaged over all units of resource. 
Only the latter quantity seems to relate logically and 
directly to competition and niche overlap. On these 
grounds. essentially the same ones that caused us to  
reject B, (Eq. 31) as  a measure of niche breadth, we 
conclude that a, (Eq.  36) is a less useful competition 
coefficient than is S,,,) (Eq. 34): a, is not interpretable 
as  the ratio of interspecific to  intraspecific encounters. 

The geometric mean of the competition coefficients, 
namely 

Sm = [SX( , )  .S,(XJI"~, (37) 

has itself been used as  a measure of niche overlap 
although in a form (Eq.  2) that neglects variation in ai.  
I earlier criticized its use as  an overlap index because 
of its dependence on the species' niche breadths over 

(Eq. 27) 

0.8llkg 0.60 4.0ikg 6.83lkg 

3.23ikg 0.67 l.O/kg 1.521kg 


nonshared resource states. Note that patchiness in- 
dices also are dependent on this characteristic, and 
that the terms 2(xi2/ai) and C(yt!ai) formally respon- 

sible for these dependences 111cancel out when com- 
petition coefficients and patchiness are multiplied to  
obtain niche overlap (Eq.  33). 

To  further illustrate the diverse applications and in- 
terrelations of the measures discussed. I will use the 
3 sets of data presented below. Various index values 
calculated on these data are presented in Table 2. 

E.xarnple 1.  Goldenrods in quadrats.-Seventy (70) 
quadrats of 1 m2 each were selected from a vegeta- 
tionally heterogeneous 3.5-ha area in Dryden, New 
York. in  each quadrat, the numbers of stems of 2 spe-
cies of goldenrod, Solidago juncra and Solidugo ne- 
moralis (Compositae), were enumerated. The results 
were as follows: 45(0,0); 6(1,0); (2,O): 2(3,0): (4,O); 
(5,O): (6,O):(I0,O): (0,l): (1 , l ) ;  (12, I): (l,3): (7,4): ( 3 3 :  
(6.5): (5,8): (5,9); (5.1 1): (4,241: (1.37): the first number 
inside the parentheses represents the number of S .  
junceu stems, the second the number of S. nemoralis 
stems, and numbers preceding parentheses indicate 
the number (when > I )  of quadrats possessing the par- 
ticular combination). In this example, the resource 
states are quadrats, which are all the same size (ai). 

These goldenrod data suffer from the same short- 
comings that characterize most phytosociological 
data: they were obtained with artificial sampling units 
of arbitrarily determined dimensions. The type of anal- 
ysis applied here (Table 2) will yield biologically more 
interesting results when the sampling units correspond 
to natural entities, such as mice on which one might 
enumerate ectoparasites. 
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T.ABLE 3. Abundance of flamingos (Phoenicopurrus spp.) 
on 3 lakes 

Lake 

Laguna Kollpa 
Laguna Cafiapa 
Laguna Khar Kkota 

No. of birds 
Lake 

area (km2) P. andinus P. jumesi 

1.O 24 343 
0.4 125 100 
2.0 102 15 

Example 2 .  Flamingos on lakes .--Three small, shal- 
low lakes in the Bolivian altiplano were censussed for 
2 species of flamingos, Phoenicoparrl4s atzdinus and 
Phoenicopurr~rs jamesi ,  with the results shown in Ta- 
ble 3. These are a subset of censuses of 3 flamingo 
species on 27 lakes. In this example the resource states 
are  the lakes, which are variable in size (ai). 

E.rample 3. Flarrzirlgo diets.--The data in Table 4 
are  artificial but, at least in the case of data set 3a, are 
of the sort we are presently gathering on these flamin- 
gos, which appear to  feed solely on diatoms. The re- 
source states are  diatom length categories and their 
abundances in the lake (ai and in the diets (xi, yi) are 
measured as relative or  absolute biomass. Data set 3a 
represents the minimum amount of information suffi- 
cient for an appraisal of dietary overlap with respect 
to 'prey' size. Only if the information in data set 3b 
is also available can certain other parameters, such as 
inter- and intraspecific crowding, be estimated. 

In this example, it is assumed that there is a lake 
(or  a region) inhabited by 50 P. andinus and 200 P .  

jamesi ,  and that the data on diatom availability and 
utilization have been obtained by means of a sampling 
scheme adequate to  assure their representativeness. 

Niche overlrrp a1zd sirnilurity 

The values listed under 'niche overlap' in Table 2 
all have essentially the same interpretation. In the ex- 
ample coricerning goldenrods, the probabilitj of inter- 
specific encounter is 3 . 0 6 ~  (or  206%) greater than it 
would be if both species were uniformly or randomly 
distributed over the 70 quadrats. In the flamingo lake 
example, the probability of interspecific encounter is 

19% greater than it would be if both flamingos were 
uniformly distributed over the available lake space. In 
the flamingo diet example, the intensity with which 
the 2 species impinge on each other's food resources 
is 1% less than it would be if both species were per- 
fect generalists with respect to  diatom size. 

The term niche overlap seems appropriate only in 
the case of the flamingo diets. For the other 2 exam- 
ples, Eqs.  11 and 12 are better termed measures of 
spatial overlap, distributional overlap or  association. 

If one calculates for the goldenrod data  a more 
conventional index of association such as  Cole's 
(1949, Hurlbert 1969), which utilizes only presence-ab- 
sence data, a strong and positively significant degree 
of association is demonstrated (C, = 0.87, P < .01). 
This result coincides with the high degree of spatial 
overlap indicated by Eq .  12 (Table 2). However. such 
coincidence is fortuitous and not to  be expected as a 
matter of course: indices based on abundance data and 
those based on presence-absence data measure as-
pects of distribution which are partially independent. 
Consequently, the two types of indices will often yield 
results which seem contradictor) when considered 
only superficiallq (Hurlbert 1969). 

Comparison of the niche overlap (Eq. 11 or  12) and 
s~milarity (Eq. 1) values calculated for the examples 
demonstrates the distinctness of these measures. For 
example, the dietarq data show the lowest degree of 
overlap j e t  the highest degree cf similarity! These 
contrasts principally reflect the indifference of the sim- 
ilarity index to the existence of unoccupied or unuti- 
lized resource states and to variation in resource state 
abundance (a,). Thus, if we ignore the 45 emptq quad- 
rats in example 1 and if we  assume the diatom size 
categories are equally abundant in example 3, we 
will, on recalculation. obtain overlap values (1.09 
and 1.32, respectively) that at least are concordant 
with the similarity values (unchanged at 0.39 and 0.80 
respectivelq) for these examples. 

The mean competition coefficient S, ( E q .  37) yields, 
for the 3 examples, values which are concordant with 
neither the niche overlap values nor the similarity val- 
ues. Note that the value of S,, unlike the values of 

TABL.E4. Size distributions of diatoms available to and consumed by 2 flamingo (Phoenicopurrus) species 

Data set 3a Data set 3b 

% of total Diatom No. of 
diatom biomass 9F of diet biomass equivalent birds 

Diatom in lake in lake 
length (pm) fai) P. jnmesi P. andinus (kg) P. jamesi P. andirlus 

0-20 10 30 10 5 60 5 
2 1-40 40 50 30 20 100 20 
4 1-60 30 20 20 15 40 15 
61-80 10 0 20 5 0 5 
81-1 00 8 0 10 4 0 4 

2 101 
-

*7 -0 
-

10 -1 -0 -1 
Totals 100 100 100 50 200 50 
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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. 

Interspecijic and iatraspecijk 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,,,, = 

Z,,,, = L, and G (Eq. 25) = & + 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 .  jlrncea finds in its 
quadrat 6.4 other stems of S. jrlncea and 4.8 stems of 
S, nemoralis: on the average an individual of P.jcinzesi 
will find its food supply being utilized by other indi- 
viduals of P. jarnesi and by individuals of P ,  anditzus 
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, 

Z,~,y/Z,~,,= YIX; (38) 

a less exciting result is difficult to imagine. 

lViche breadth and patchiness 

As niche breadth and patchiness are reciprocals of 
each other, geneially 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 

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 ,  janzesi individuals attempting to utilize the 
same unit of food simultaneously is 66% higher than 
it would be if P.  junzesi 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. jumesi and 0.83 for P. 
andinus. These might be taken as evidence that P. 
jamesi is much more of a specialist than is P. atzdinus. 
However, Eq. 28 gives great weight to the fact that P. 
jumesi does not utilize diatoms >60 pm in length. 
Equation 29, on the other hand balances this nonutiliza- 
tion against the fact that diatoms >60 pm 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. 

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: Eqs. 19. 23, and 
25, patchiness: Eqs. 70 and 27, intraspecific crowding; 
and Eqs. 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 
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with spatial patterns or resource utilization (not that 
these are mutually exclusive phenomena) and on the 
kinds of comparison5 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. Ca~.eut  culculator 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 

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 on11 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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