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Self-Similarity and Clustering in
the Spatial Distribution of
Species

Condit et al. (1) examined the spatial aggre-
gation of individuals of tree species in six dif-
ferent tropical forest sites. They found that most
species were aggregated, that rare species tend-
ed to be more aggregated than abundant ones,
and that smaller individuals of a species tended
to be more aggregated than larger individuals.
The observed clustering pattern, they pointed
out, was inconsistent with a random distribution
of individuals. We show here that the clustering
described in (/) is similar to that expected for a
species with a self-similar spatial distribution.
Such a distribution has been demonstrated to
correctly predict range characteristics across a
wide variety of taxa and spatial scales (2) and is
the analog to the community-level self-similar-
ity shown in (3) to be equivalent to the power-
law species-area relationship (SAR).

To measure the clustering of a species,
Condit et al. (1) used an index called the
relative neighborhood density, QXI’X,. For a
given species, QX - is equivalent to the av-
erage density of conspeciﬁcs in the neighbor-
hood of individuals, normalized by the den-
sity of individuals of the species in the entire
plot:
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(1)

where (n_ ) is the number of conspecifics
located between a distance x, and a distance
x, from each individual, averaged over all
individuals of the species; 4., , is the area of
the annuli defined by the radii x, and x,; and
n is the number of individuals of the species
in a plot of area 4, (4). If () > 1 at distances
that are short relative to the plot size, the
species is considered clustered, whereas () <
1 at short distances indicates spacing or dis-
persion of individuals.

Self-similarity in the distribution of a sin-
gle species is defined as follows. Let 4, be a
rectangular plot whose dimensions have the
ratio V2, and let 4, = A4,/2' be the size of
areas obtained from A, by i shape-preserving
bisections (5). Given that a species is in a
particular area of size 4,, let o, be the average
probability that it is in at least a particular one
of the two 4, , , contained in 4,. The distri-
bution of the species is self-similar, or scale
invariant, if o, = « is independent of i.

Self-similarity relates properties of the
distribution of a species at small scales to
such properties at larger scales. For example,
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self-similarity relates 7, here defined as the
average abundance of a species in the 4, that
it occupies, and 7, the total abundance of the
species in the plot 4,
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where o depends on the species but not on i.
Eq. 2 can be used to obtain an expression for
Q( . in terms of the o for each species. Let
Q, refer to Q, ., in the case where x, is the
radius of a circle of size A4, ., and x, is the
radius of a circle of size 4,. For this case, the
numerator in Eq. 1 can be closely approxi-
mated (6) by [1/(4, , DI(r, — n,, ), and
hence

q = 2 1

P o 3)
), can be expressed directly in terms of the
distance r,, defined as the average of the radii
of 4, and A . Note that ), = (1/a)”
whereQ (l/a) and thatr = (1/\/ )
Fos where ro = (1/2)(1 + 1/V2 )(\f /). By
defining (V2)" = a, we can write

Q= cry

where C = Q/r,*

The relative neighborhood density of self-
similar distributions (Fig. 1) has characteris-
tics in common with that of tropical forest
plots described in (/). It is largest at the
smallest scales and monotonically decreases
with scale at a rate which is largest at small
scales (7). Furthermore, since o increases
with abundance (8), () at small distances will
be largest for rare species. We also did a more
quantitative comparison of the relative neigh-
borhood density (as defined in Eq. 4) for 20
species chosen from (/) over a range of abun-
dances. For each species, a linear regression
was performed on the log-transformed data
(9). The linear regression analysis yielded 72

4

Fig. 1. Relative neighbor- 30

hood density, (), as a [
function of distance, r, as
expected for self-similar-
ly distributed species
with a = 0.65, 0.75, 0.85,
and 0.95, in a plot of size
A, = 50 ha. These values
of o correspond to spe-
cies with abundances n ~
102, 103, 10% and 10°,
respectively, if there are
300,000 individuals in the
plot and a simplifying as-
sumption is made (75).
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Fig. 2. Relative neighbor-
hood density, (), versus
distance, r, for three spe-
cies in (7). The lines are
the result of linear regres-
sion on the log-trans-
formed data (to eliminate
heteroscedasticity) (9): In
0 =480 —117Inr,r2=
0914, o = 0667
(+0.077) for Spondias
mombin; In ) = 103 —
0.466 In r, r> = 0.946,

= 0.851 (*+0.022) for
Chrysochlamys  eclipes;
and In ) = 1.95 — 0.128
Inr, r2 =095, o =

100
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Relative neighborhood density [log scale]

o Spondias mombin n =99
m Chrysochlamys eclipes n = 405
A Garcinia intermedia n = 4299

0.978 (+0.008) for Gar-
cinia intermedia, where
number in parentheses
are standard errors.
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