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SHORT COMMUNICATIONS
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Tropical communities and the use of B-diversity

Many tropical communities are very rich in species,
exceeding by between 3 times and 3 orders of mag-
nitude the number of species per taxonomic unit in
comparable temperate systems (e.g., Wilson 1988).
The mechanisms maintaining this high diversity are
lictle understood (Linsenmair 1990, 1995; extensive
reviews in Huston 1994 and Rosenzweig 1995).
Deterministic models are based on the niche concept,
proposing that more species are able to live in the
tropics because there is a higher density of niches
in a given area. A greater number of niches per area
implies more resources and/or smaller niche breadth
for the average species, leading to a high proportion
of specialists. Since identical habitats offer the same
set of resources, and since each species is considered
- within the framework of this concept - capable of
outcompeting any other species in its particular
niche, the species composition of identical habitats
should be the same or, at least, very similar. The
stochastic view, on the other hand, stresses the
importance of unforeseeable disturbances preventing
the competitive exclusion principle from ever be-
coming fully effective. In the stochastic models several
species may depend on the same limited resource
without automatically coming into competition,
since none of these species will succeed in finding
all suitable habitats during the time available for
settling. Therefore, the species composition of iden-
tical neighboring habitats is expected to differ con-
siderably (see Chesson & Case 1986 for an overview
of the different concepts).

The term “B-diversity” was originally introduced
to denote and quantify temporal differences in spe-
cies composition of the same habitac (Whittaker
1960). Today, however, the term “-diversity” is pre-
dominantly used to describe differences (or similar-

ities, one being just the complement of the other)
in the species composition of habitats at different, es-
pecially neighboring locations (Shmida & Wilson
1985). In order to mathematically describe the level
of similarity, several indices have been developed.
There are binary indices, which use only pres-
ence/absence data, and there are non-binary indices,
which also take the relative abundance of a species
into account. In order to obrain a suitable measure
of comparison, “normalized” indices were introduced.
The resulting similarity values range from 0 (no
species in common) to 1 (all species in common, and
their respective relative abundances identical) (sce
Janson & Vegelius 1981, Wolda 1983, and Magur-
ran 1988 for critical discussions of various indices).

The following considerations are based on non-
binary, normalized indices of similaricy.

Tropical arboreal ant communities as test systems

Many of the hitherto investigated ant communities
are known to reveal strict dominance hierarchies and
characteristic species assemblages (Holldobler & Wil-
son 1990). These findings suggest that deterministic
forces act in structuring these ant assemblages. If
so, the model would predict low values of 8-di-
versity between ant communities in identical habi-
tats. However, we suggest with the following con-
siderations that in tropical arboreal ant communities
a mainly deterministic structure is not necessarily cor-
related with low values of B-diversity.

A common pattern in numerous arboreal ant
communities is the so-called “ant mosaic” (e.g.,
Room 1971, Leston 1978, Adams 1994; reviews in
Jackson 1984 and Majer 1993). Ant mosaics are
characterized by a few dominant species occupying
mutually exclusive territories. Each of these dominant
species has a particular associated set of subdominant
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species, because the subdominant species can only co-
exist with one or two dominant species. This model
would predict that habitats/assemblages dominated
by the same species are more similar in their com-
position and show lower values of §-diversity than
those dominated by different species.

A mathematical description of 8-diversity in this
system can be formulated making the following as-
sumptions:

1) The ant communities occur in physically
separated habitats; examples may be islands or tree
crowns.

2) Territory boundaries of the dominant species coin-
cide with the habitat boundaries, and each territory
is restricted to one habirar,

3) There is no free habirag; all habitarts are colonized
by one of the dominant species.

4) We distinguish two rypes of comparisons: on the
one hand are comparisons of communities structur-
ed by the same dominant species (type A), and on
the other rhose of communities structured by dif-
ferent dominanc species (type B). All comparisons of
type A have a value of similarity of a, and the com-
parisons of type B a value of b, with a, b € [0;1],
and a > b.

Then, with n dominant species, and p; = relative
abundance of the dominant species i (i € [1,n}), the

mean value of 8-div can be calculated according to
the formula:

(1) B-div = 1 - {(p12a + p2>a + ... + pa>a) + (p1-(p>

+ p3 tot po))-b + (p2(ps + ps+ o + p))b+
Pn-l'Pn’b},

or

(2) B-div = 1-{a-Zp2+b-Epi{pis + ... + pw)}, fori=
1 ton.

In addition to a and b, the following variables in-
fluence the R-div value:

I) the number of dominant species in the system, and
IT) che discribution of che relative frequencies of the
dominant species.

I) The number of dominant species in the system.
Let us assume that the relative abundances of the do-
minant species are equal, with py =p2=..=pn = 1/n.
Then, equation (2) changes to
R-div = 1 - {a/n + b/2-(1-1/n)} (3),
in which R-div is a funcrion of n. Obviously, lim.di
for n = oo equals 1-b/2. Therefore, with growing n,
B-div approaches a value of 1-b/2.
To give an example: ler a = 0,8 and b = 0,2. Then,
equation (3) changes to
B-div = 0,9 - 0,7/n (4); the corresponding graph is
shown in Fig.1. Under the conditions described, -
div reaches a value of 80% with n = 7 species.

0,1 -

1 2 3 4

6 7 8 9 10 n

FIG.1. Development of B-div in relation to the number of structuring species n (with a = 0,8 and b = 0,2).
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I1) Distribution of the relative frequencies of the
dominant species.
It can be shown that R-div reaches its maximum if
their relative abundances are equal, with p; = p; = ..
= pa = 1/n (see Appendix).
To give an example: we assume a system of two dom-
inanc species. In one case, the relative frequency of
species [ = species I = 0,5; in the other, the relative
frequencies are 0,9 and 0,1. Additionally, leta = 1
and b = 0. As a result, in the first case 8-div calcu-
lates to
1-(2:0,5%) = 0,5, and in the second to
1-(0,92+0,1%) = 0,18.
Therefore, under these circumstances 8-div develops
analogously to the diversity of the dominant ant spe-
cies. With a growing number of species, and growing
equaliry in their relative frequencies, f-div approaches
its maximum, which is 1 - b/2.

Conclusion

Ant mosaics are a special form of species assemblage,
so far unknown in other arthropod taxa. However,
some studies suggested that the structuring influence
of the dominant ant species extends to other arthro-
pod species and even plants (Leston 1973; see Majer
1993 for an overview). Therefore, if dominant ant
species in the tropics exert strong structuring effects
on the species composition of entire arthropod com-
munities, high values of -diversity may result and
yet be due to processes with a strong deterministic
component. However, we want to emphasize that the
colonization of free habitats by dominant species may
happen in a stochastical way, resulting in an advan-
tage in colony growth for that species that succeeds
in establishing first. This advantage prevents this spe-
cies and its associated community from being elim-
inated by potentially competitively superior species.
Therefore, though deterministic processes control
communiry development after a free habitac has been
colonized by a dominant species, the inidal event
of finding a free habitar may be of particular im-
portance for the composition and diversity of the
whole local communiry.

Recent studies of arthropod communities in
dipterocarp rainforests in Borneo revealed no evi-
dence for the existance of ant mosaics (Floren & Lin-
senmair, in press, and Goétzke & Linsenmair, in
prep.), but instead suggest that no fixed species pat-
terns occur. Additionally, one should note that most
reported ant mosaics occurred in plantations, dis-
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turbed forests and mangrove, i.e., in habirats that
probably harbor impoverished ant faunae. Hélldob-
ler & Wilson (1990) suggest that the establishment
of dominance hierarchies is only possible in species-
poor faunae (“dominance-impoverishment-rule”).
Therefore the existence of ant mosaics in tropical ar-
boreal communities of plantations, mangrove etc.,
may be possible because these communities contain
relacively few species. In species-rich systems, as seemns
to be the case for the arboreal communities of tro-
pical lowland rainforests (Wilson 1987; Floren &
Linsenmair, in press.), things might be different.
However, Leston (1973) states that the observed ant
mosaics in cacao plantations also occur in primary
forests, though in a more complex form. In future
studies, the possibility of structuring processes
leading to, and resulting from ant mosaics should be
taken into consideration to avoid misjudging the
relative roles played by deterministic and stochastic
factors when drawing conclusions from high values
of R-diversiry.

APPENDIX
The function (2) B-div = 1-{a-Zpi*+ b-Zpi-(piet + ... +

pw}, for i =1 to n, under the constraints
0<pi<l, and Zp; = 1,
reaches its maximum at pi = 1/n, i = 1,2,..,n, because
then y(pi) = Zpi? (1) as well as z(p;) = Zpilpiar + .. +
pn) (II) is minimal under the same constraints. This
is shown in the following, using Lagrange multipliers:
(I): Instead of y(p;) = Zp;z, we examine the function
y(pi,A) = Zpi® + A-(Zpi - 1). To obrain its minimum,
we have to form the partial derivatives for all varia-
bles, resulting in
dy/dp; = 2pi + A,
dy/dA = Zp;i- 1, withi=12,.,n
If these derivatives are equal to 0, then pj=-A/2,1
=1,2,..,n.

This is equivalent to the statement that all p; are
equal if y(p;) = Zp;? atrains a relative minimum.
(I): analogous to (I), we use the Lagrange approach,
resulting in the partial derivatives

dz/dpi =1 - pi + A, and
dz/dA = Zpi- 1, withi=1.2,.,n

The first derivatives equal O for pj= A + 1,1 =
1,2,..,n. Again, if the funcrion z(p;) has a relative min-
imum, then all p; are equal.

Neither (I) nor (II) can have its absolute mini-
mum at a boundary point of the domain, which is
given by the constraints. This may be shown by com-
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parison of function values for boundary points and
suitable neighboring points in the interior of the
domain. The functions - being continuous in the
variables p; - take their absolute minimum on the
bounded and closed domain. As we have seen, this can
happen only at an interior point in the domain and
therefore all the partial derivatives must be equal o
0 at such a point. Now, since (p1,...,ps) = {1/n,...,1/n)
is the only point where all these derivatives vanish,
both functions take their absolute minimum at this
point. Therefore (pi,....ps) = (1/n,...,1/n) is also the
unique point where the function

1 - {a-Zpi?+ b-Zpi{pivi + ... + po)}, fori=1lrton
(for arbitrary positive constants a and b) has its ab-
solute maximum, the value of whichis 1 - a/n - b
x {n-1)/2n.
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