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Summary. The information theory measure H’= —X[p, log p;] is partitioned into
components to allow evaluation of various contributions to total diversity. If a species col-
lection is sampled at several microhabitats within each of several sites, we may ask whether
the niche breadth of a particular species, and the diversity of the entire collection, are greater
with respect to microhabitats or sites. The usefulness of these measures ig discussed in the
context of within-habitat and between-habitat contributions to diversity.

Introduction

The concept of species diversity and the adoption of information theory
measures (Margalef, 1957; Pielou, 1969) have been useful developments in
ecological theory. On the other hand, assemblages typically exhibit a species-
abundance distribution that has a few categories very common and many cate-
gories rather rare; hence this measure is not particularly sensitive, and com-
parisons must be chosen with care to be of value. One potentially profitable
approach has been to partition a total diversity index into component parts
associated with several dimensions over which some variation occurs.

This use, analogous to an analysis of variance, allows some evaluation of
which dimensions make more major contributions to total diversity. Pielou (1967)
has evaluated taxonomic diversity at the species, generic, and familial levels,
Leving (1968) partitioned species diversity into factors such as season, time of
day, microhabitat etc., and Lewontin (1972) examined variation in blood group
systems in man. The purpose of this paper is to outline several methods of ap-
portioning diversity and to examine the relative merits of each.

I will assume the investigator wishes to apportion diversity among three
components. Suppose we collect a series of identical small-scale samples in a
particular area. Examples might include stream insects in a square foot of sub-
stratum, Drosophila attracted to each of several different types of fruit placed as
baits, or protozoans in each pitcher in a clump of pitcher plants. We may repeat
this small-scale sampling at several different sites, or times of day, or seasons.
Pursuing the distributional example, suppose we determine the abundances of
species present at each of several microhabitats in each of several sites, and wish
to enquire into the contributions of microhabitats and sites to total diversity.

Two basic and very similar diversity equations are available: the Brillouin

(1962) expression
Nt

1
H = log A IA 1)

and the Shannon and Weaver (1949) expression
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where N =total number of individuals in the collection;

N, =number of individuals in the itt gpecies;
s =number of species.

Pielou (1966, 1969) has argued that H as defined by Eq. (1) is appropriate for
most biological assemblages where we are unable to treat the data collected as a
true sample of some definable universe. However, H is affected by the total
number of items in the collection, as well as by number of categories and their
proportional representation, while H’ is affected only by the number of categories
and their proportional representation. Since apportioning diversity results in a
progressive reduction in the number of items associated with each component,
I choose to utilize H' and hence emphasize proportions. This seems most reason-
able when the number of categories and items associated with a particular com-
ponent are determined arbitrarily by the investigator. However, where the size
of the categories has more of a biological basis, for example in evaluating the
diversity associated within specific, generic and familial levels of biological
classification (Pielou, 1967), then H is more appropriate.

The Niche Breadth Approach

Levins (1968) introduced the use of a frequency distribution over habitats as
a measure of the breadth of a species’ niche, reasoning that species which are
distributed over more habitats and more evenly ought to have greater niche
breadths. Colwell and Futuyma (1971) and Pielou (1972) have added to this
approach. Suppose we collect up to s species from each of r microhabitats in ¢
sites. Then each observation is an N, for the abundance of the kt® species located
in the jth microhabitat of the ¢t site. Since some species will not be represented in
every sample, N;;; may be zero and the number of species found in each sample
will typically be less than s. Now each species has a niche breadth over micro-
habitats, over sites, and a total niche breadth.

B(H =— > 3 |5 log FE| ®)

i=1j=1t" ..k
where B,(k) =the total niche breadth of the %t species;
N, =total number of individuals of the k" species.
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where B,,(k) =average microhabitat niche breadth of the kth species;
N, y=number of individuals of %t species in it site, summed over r
microhabitats.

In essence, the term in brackets is the microhabitat niche breadth of species &
at site ¢. There are ¢ such observations for each of the sites, and their sum is
weighted by the proportion of individuals at each site (V; /N ;) for the species
in question.
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where B, (k) =site niche breadth for the £t species.

Finally, since all three terms are calculated independently, a convenient
check is
B, (k) = B, (k) + B, (k). (6)

Hierarchieal Diversity

Pielou (1967) developed the following approach to take into account the
hierarchical nature of biological classification. She utilized H to treat specific,
generic and familial levels; I will present formulae for H’ and the corresponding
microhabitat, site and species example.

EDIPIPH LW 1)

t=1j=1}k=1
where Hy =—total diversity of the assemblage,
N =total individuals in the assemblage.
. 2N N

where H,, = diversity associated with the average distribution of individuals over
all microhabitats and sites.
r v N N [Ni.lc Nix ’}

Hsi ,?:'1 .. { g‘l N g log N ®
where H,; = diversity associated with the average distribution of individuals over
sites calculated for each species and then summed with weights proportional to
species abundances;

N
N”k ~relative abundance (weight) of the %t species;

N. N, ) .
[ N"Z log N’ ’; J =diversity of k* species over s =1->q sites;

$ q r
’ Nip # ik
Hmz.:.k;”; Nl {__1; [ ij log Ny ]} (10)
where H,,; =diversity associated with the average dlstmbutlon of individuals over
microhabitats, calculated at a particular site, for a particular species, then sum-

med with weights proportional to the abundance of individuals at that site and
for that species;

-2

1=1

=

i.k

=relative abundance (weight) of the kt» species at the ith site;

,2

.
Z [ ik Jog s 7’: =diversity of kth species at ¢t site over j =1->r micro-
q=1 ’l«

habitats.
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Finally, since the sum of microhabitat diversity, site diversity and species
diversity should equal total diversity, a convenient computational check is:

Hyp=Hy+Hyi+ Hy,. (11)

“Pooling Samples* Diversity

Lewontin (1972) developed the following approach in his analysis of blood
group systems in man. The method relies on the choice of H’ rather than H
particularly strongly, since it uses the fact that if all (say) microhabitats are
identical in their species proportions at a particular site, then the proportional
representation of species at that site will be equal to the weighted sum of distri-
butions over microhabitats. Hence the difference between the two measures would
be zero, indicating an absence of between microhabitat diversity. Note an im-
portant difference in interpretation here, as the hierarchical diversity approach
would view as high uncertainty what the pooling approach would view as no
additional diversity. I will return to this important distinction later with ex-
amples.

o Ny o [ N N,
H' R 7. — [ 17k 10 ’ij:l 12
mic, ¢ 7';1 N, { 1.:21 oy g N, (12)
where Hy,, ;=within microhabitat diversity of the ith microhabitat, calculated
as a species diversity measure in each microhabitat of that site, then summed with
weights proportional to the total number of individuals in each microhabitat;

ﬁ” - =relative abundance (weight) of individuals in the jth microhabitat of the

i . . . .
ith site summed over k£ =1 —s species, to total individuals in the ¢t site;

Z [ 1k Jog Ik ”k = species diversity in & microhabitat of ith site.
= g
— N, ,
H;nicz Zl N’L” mie, il (13)
&b

where H,;, =the average within microhabitat species diversity, averaged over
sites;

xi" =the relative abundance (weight) of individuals in the ¢t site summed over
j = 1—>r microhabitats and & —1->s species, to total individuals.

' SIEL
Hgto, s = — Z [Nl £ log N (14)

F=1t4d..
where Hy, ; =the species diversity at the ith site, calculated by pooling over
microhabitats at that site.

sxte Z N [Hslte 'z] (15)
where H;,, —the average species dwersﬂsy at sites, averaged over sites.

Now, if all microhabitats are identical, the average site diversity (Hg;e) will
be equal to the average microhabitat diversity (H,y,), since
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hence, any differences between microhabitats will be reflected in the degree to
which Hy,, exceeds H,;,. B
WMC=H,,, (17)

where WM C is now defined as the within microhabitat component of diversity.
BMC =Hy, — Hpy =(15) — (13) (18)
where BMC is now defined as the between microhabitat component of diversity.

Similarly, ) .,
BSC =H,, — Hly, = (8) —(15) (19)

where BSC' is now defined as the between site component of diversity and equals
the total species diversity obtained by pooling observations over microhabitats
and sites, less the average site diversity.
By definition,
H;,=BSC +BMC -+WMC (20)

Eq. (20) does not constitute a computational check as the four terms are derived
from three equations.

Sample Computations and Discussion

Several sets of dummy data were computed to gain some insight into the
behavior of the various indices (Tables 14). In the first example (Table 1),
species are identical and sites are identical; only the distribution over micro-
habitats is non-uniform. Note that niche breadth is maximal with respect to
sites (=log [number of sites]) and less for microhabitats. Hierarchical diversity
reveals that diversity associated with the species distribution is maximal
(=log [number of species]) as is diversity associated with distributions over
sites, but the discovery of five species coupled with the choosing of only three
sites will typically result in H;, being greater than H,,. Since each microhabitat
has all five species evenly distributed, all the information about species abun-
dances is contained at the within microhabitat level (WMC). The fact that
absolute abundance varies over microhabitats, while relative species distribution
does not, is revealed by the value for microhabitat distribution (H,,; =0.900)
while the between microhabitat component is zero.

The next example (Table 2) consists of collections where each microhabitat
has only one species, sites are identical, and diversity stems from differences
between microhabitats.

Two more complex examples provide uneven species distributions within
microhabitats, with differences between microhabitats but not between sites
(Table 3) or the converse (Table 4). The only point I wish to make here is that as
long as each microhabitat contains about the same number of species and the
individuals are distributed among species according to about the same distribution
(i.e. a few common, more rare), then most of the diversity will partition out at
the within microhabitat level. This, along with potential misinterpretations
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Table 1. Example of components of diversity

a) Dummy data for diversity computations

Species  Site 1 Site 2 Site 3
Microhabitats Microhabitats Microhabitats
1 2 3 1 2 3 1 2 3
1 2 5 1 2 5 1 2 5 1i
2 2 5 1 2 5 i 2 5 1
3 2 5 1 2 5 1 2 5 1
4 2 5 1 2 5 1 2 5 1
5 2 5 1 2 5 1 2 5 1

b) Results

Species (k) By(k)  By(k)  Bu(k)  By(k)+B,(k)

1 1.999 1.099 0.900 1.999

2 1.999 1.999 0.900 1.999

3 1.999 1.099 0.900 1.999

4 1.999 1.099 0.900 1.999

5 1.998 1.099 0.900 1.999

Hyp Hgp Hy; Hypi Hyp+ Hyg+ Hyp;

3.608 1.609 1.099 0.900 3.608
wMC BMC BSC WMC+BMC+BSC
1.609 0.000 0.000 1.609

Table 2. Example of components of diversity

a) Dummy data for diversity computations

Species  Sitel Site 2 Site 3
Microhabitats Microhabitats Microhabitats
i 2 3 i 2 3 1 2 3
1 10 0 0 10 0 0 10 0 0
2 0 10 0 0 10 0 0 10 0
3 0 0 10 0 0 10 0 0 10
4 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0

owing to having one component represented by many more subdivisions than
another (e.g. choosing 2 sites each with 20 microhabitats), are the principal
first reason mentioned above, Lewontin’s
(1972) interpretation of racial differences based on blood groups in man probably

pitfalls one may encounter. For the



b) Results

Components of Diversity

Table 2 (continued)

Species (F) B,(k)  B,(k)  B,(k)  B,(k)+B,(k)
1 1.097 1.097 0 1.097
2 1.097 1.097 0 1.097
3 1.097 1.097 0 1.097
4 0 0 0 0
5 0 0 0 0
Hyp Hgp Hy; Hyp; Hyp+ Hyg+ Hyp;
2.197 1.099 1.099 0 2.197
wme BMC BSC WMC+BMC--BSC
0.000 1.099 0.000 1.099

Table 3. Example of components of diversity

a) Dummy data for diversity computations

b) Results

Species  Site 1 Site 2 Site 3
Microhabitats Microhabitats Microhabitats
1 2 3 4 1 2 3 4 1 2 3 4
1 3 2 1 5 3 2 1 5 3 2 1 s
2 4 16 0 9 4 16 0 9 4 16 0 9
3 21 2 2 2 21 2 2 2 21 2 2 2
4 12 12 12 12 2 12 12 12 12 12 12 12
5 0 1 0 2 0 1t 0 2 0o 1 0 2
Species ()  By(k)  By(k)  Bu(k)  By(k)+B,(k)
1 2.339 1.099 1.241 2.339
2 2.063 1.099 0.965 2.063
3 1.872 1.099 0.774 1.872
4 2.485 1.099 1.386 2.485
5 1.735 1.099 0.637 1.735
Hip Hyy Hy; Hpi Hyp -+ Hyg+ Hpyg
3.571 1.363 1.099 1.110 3.571
wWMC BMC BSC WMC+BMC-+ BSC
1.139 0.224 0.000 1.363

365
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Table 4. Example of components of diversity

a) Dummy data for diversity computations

Species  Site 1 Site 2 Site 3

Microhabitats Microhabitats Microhabitats

i 2 3 4 1 2 3 4 1 2 3 4
1 2 2 2 2 6 6 6 6 4 4 4 4
2 8 8 8 8 3 3 3 3 5 5 5 5
3 1 1 1 1 0O 0 0 O 3 3 3 3
4 9 9 9 9 6 6 6 6 4 4 4 4
5 12 12 12 12 3 3 3 3 0 0 0 0

b) Results

Species (k)  By(k)  By(k)  By(k)  By(k)+B,(k)

1 2.398 1.011 1.386 2.398

2 2.410 1.024 1.386 2.410

3 1.949 0.562 1.386 1.949

4 2.432 1.046 1.386 2.432

5 1.887 0.500 1.386 1.887

Hyp Hy, Hy; Hy; Hyp+ Hy+ Hipg

3.786 1.519 0.881 1.386 3.786
WMC BMC BSC WMC+BMC+ BSC
1.351 0.000 0.168 1.519

overestimates the portion of diversity within races and underestimates that
between races.

In conclusion, a variety of approaches exist for apportioning diversity into
component parts. Each species’ niche breadth may be partitioned into a com-
ponent associated with microhabitats, and a component associated with sites.
The entire species X site X microhabitat matrix may be partitioned into an
average distribution of individuals across species (species diversity), across sites
(a sort of collective site niche breadth), and across microhabitats (a sort of eol-
lective mierohabitat niche breadth). However, which is largest may be strongly
influenced by logistical decisions concerning number of sites and microhabitats
chosen, and in many cases it will be more instructive to examine the site and
microhabitat niche breadths in the context of particular species. The average
distribution of individuals across species may be partitioned into a within micro-
habitat component of species diversity, a between microhabitat, within site
component, and a between sites component. This latter approach is particularly
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useful for asking, when one assemblage (e.g. the tropics) is more diverse than
another (e.g. temperate zone), whether each microhabitat of the more diverse
assemblage is itself more diverse, or whether the added diversity derives from
greater between-habitat differences (MacArthur, 1965).
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