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Within the last decade many studies have documented a relationship between
island area and number of species occupying the islands (e.g., Diamond 1972;
Lassen 1975; Aho 1978; Galli et al. 1976; Juvik and Austring 1979). Recently,
attention has focused on mechanistic descriptions of the species-area relationship
and on biological explanations of variation in species-area parameters (Diamond
and Mayr 1976; Schoener 1976; Connor and McCoy 1979; Gould 1979). The
relationship generally is described as either an exponential (exp [S] = CA, where
S is species numbers, A is area, and C is the intercept) or a power (§ = CA?,
where z = dlogS/dlogA) function, but the power function traditionally has been
the most uniformly accepted mathematical model (Preston 1962; Hamilton et al.
1964; MacArthur and Wilson 1963, 1967; Connor and McCoy 1979). The power
function exponent (slope) describes the rate of increase in species numbers with
area and often is the subject of comparative studies. Differences among slopes of
archipelagoes have been related to latitude (Schoener 1976), presence or absence
of stepping stones (MacArthur and Wilson 1967; Diamond and Mayr 1976), en-
vironmental diversity (Power 1972, 1975, 1976; Harris 1973; Lack 1973; Johnson
1975), and source pool size (Schoener 1976). More recently, Gould (1979) also
directed attention to the species-area coefficient, in an attempt to compare in-
terarchipelago differences in species numbers for constant area.

Widespread use of the power function is beneficial in that it facilitates compari-
son of slopes and intercepts among studies. However, the power function often is
used, and its parameters interpreted, without consideration of some assumptions
involved. For instance, biologists have tried to demonstrate that their data fit the
equilibrium model of MacArthur and Wilson (1967) based on the slope falling in a
range (0.15-0.35) predicted by Preston (1962), MacArthur and Wilson (1967), and
May (1975). However, they neglected to consider that their slope represents an
average value over the range of areas examined; use of the power function
includes the assumption that the slope is constant throughout the range of areas of
an archipelago. I will show that the slope changes with area and that for extreme
subsets of area (very large or very small) the slope can lie outside the range of
values predicted by MacArthur and Wilson (1967).
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Attempts to elucidate the importance of a single factor in comparative studies of
archipelagoes sometimes fail or lead to incorrect interpretations because such
factors (e.g., latitude, isolation, source pool size, environmental diversity) are
interdependent. Connor and McCoy (1979, p. 815) compiled an extensive
species-area data set from the literature and concluded that ‘‘published predic-
tions and interpretations concerning both the slope and intercept parameters are
not supported by the available evidence.”” They suggested these two parameters
be viewed as fitted constants with little biological meaning. However, their
analyses were based on a large and heterogeneous set of studies. I will show that
these parameters do exhibit biological patterns but that these patterns are some-
times obscured by interactions among factors when heterogeneous data sets are
used.

ANALYSES

Taxa differ in their dispersal and colonizing abilities and in the intensity of their
interactions. The slope of the species-area relationship may include a greater
range of values for noninteractive species than for species that interact to divide
resource quantities (Schoener 1976). Therefore, I am restricting my discussion to
land birds because I am most familiar with them.

The slope and intercept of the power function were determined through log-log
regression of species numbers on area. Determination of the best fit model is
based on comparisons of correlation coefficients. Correlation coefficients for the
power function were determined through a second regression of arithmetic species
numbers on area raised to the exponent calculated from the original log-log
regression.

INTERACTION BETWEEN SLOPE AND AREA: DESCRIPTION OF A GENERAL MODEL

Schoener (1976) developed a model for species that interact to divide resources
that predicts the slope (z) will vary from 0 to 0.5 based on the equation: z = 1 —
[1/(2 — §/P)], where S is species numbers and P is the source pool size. Schoener
(1976) has already provided the mathematical derivation for this model. I am
accepting it for the following additional reasons. First, several studies have
demonstrated that land birds often interact to divide resources (MacArthur 1958;
Cody 1974, 1979; Martin 1981) and Schoener (1976) found that the interactive
model fit more land bird data sets than a noninteractive model. Second, I found
that the model provides increasingly accurate predictions for groups of birds with
increasing probabilities of interacting (Martin 1980, 1981). Third, I will present
data in this paper to show that slopes of species-area relationships for land birds
fall outside the range (0.15-0.35) traditionally accepted, but within the range
(0-0.5) predicted by the Schoener (1976) model.

Based on this model, the maximal slope (z = 0.5) will occur when area is small
enough to limit the number of coexisting species well below the source pool size
(S/P approaches 0). As area increases, allowing more species to coexist, the
number of source species that have not colonized (P — S) decreases. As number
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of species that have not colonized becomes smaller relative to number of species
coexisting on the island (P — § < §) there is an increasing probability that species
on the island already exploit the niche space of species that have not colonized.
Thus, niche invasibility will be low for remaining species of the source pool and,
as a result, increasing space may be filled by more individuals of already existing
species, causing the slope to approach 0. This change in slope simply reflects the
asymptotic nature of the species-area relationship and can be illustrated by a
general graph of species numbers with area (fig. 1). This discussion suggests three
predictions: (1) increases in species numbers with area should be nearly maximal,
and the power function slope should approach 0.5, when area is small relative to
source pool size (i.e., the number of species that can coexist (S) is limited well
below P); (2) the species-area slope should decline when area and S get large
relative to the source pool size because individuals of species already resident
rather than new are being added; so (3) population sizes of species should increase
with area.

Studies of small habitat islands exhibit slopes that approach 0.5 (table 1).
Further, the slopes of habitat islands may be reduced because of the presence of
vagile species that are not entirely restricted to an island for existence (Martin
1981). The high slopes are not peculiar to habitat islands either, because they are
exhibited by small islands in a lake (Rusterholz and Howe 1979) and in the Pacific
Ocean (Amerson 1975). In addition, examination of archipelagoes that include a
large range of areas shows that the slope of the smallest islands is often high, but
the slope of the largest islands is much lower (table 2). Thus, the first two
predictions are upheld.

The third prediction can be demonstrated mathematically and empirically based
on data from shelterbelts. May (1975) and Diamond and Mayr (1976) have
suggested that total abundance should increase as a proportional function of area
and I have found this to be true for shelterbelts (Martin 1981). The exponent of the
power function should equal 1.0 (e.g., D = cA!, where D is abundance, A is area,
and C is the intercept) for a proportional relationship. A proportional increase in
abundance with area coupled with the usual sublinear species-area function must
yield increasing abundance per species, on average, because if D = cA!'and S =
bA?, then substitution gives D = c¢(8/b)"?. Thus, whenever the abundance-area
exponent (1.0) is greater than the species-area exponent (z), the abundance-
species exponent (1/z) will exceed 1.0, illustrating increasing abundance per
species. The slope (z = 1.903) of the abundance-species power function for
shelterbelt bird communities is greater (P < .001) than 1.0 and illustrates an
increase in number of individuals per species (fig. 2). Diamond (1970) documented
a similar relationship for southwest Pacific birds.

When the smallest and/or largest islands of some archipelagoes are examined
separately, the slope falls outside the range predicted by Preston (1962) and
MacArthur and Wilson (1967). However, most archipelagoes include a large
enough range of areas that the extreme ranges of area (small islands for which a
maximal slope [z = 0.5] can occur or large areas for which a minimal slope [z =
0.0] can occur) are exceeded. As a result, when all islands within an archipelago
are considered, the slope usually falls within the predicted range of 0.15-0.35
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Fi1G. 1.—Graph of a general curve of species numbers with area, illustrating changes in
slope (z) with changes in area for a constant source pool size. Displayed z-values represent
log-log slopes for extreme portions of the curve. L refers to the length of area ranges, with the
example archipelago arbitrarily set to one unit.

TABLE 1

SPECIES-AREA SLOPES (z) FOR ARCHIPELAGOES COMPRISED OF VERY SMALL ISLANDS

Author Area (km?) z
Amerson (1975) ... .0004-.068 .542
Galli (1975) vttt e e .0001-.280 .392
Howe and Jones (1977) ... .. .001-.07 .43
Martin (1981) ....oviiiiiri e .001-.029 .388
Martin (1980) ... .ciiiiiiiii e .001-.029 .409
Rusterholz and Howe (1979) .................... .. .001-.172 .44

(table 2) because it represents an average. However, a few studies (table 1) include
mostly islands within the extreme ranges of areas and their slopes fall outside the
range of values predicted by MacArthur and Wilson (1967).

The change in slope with area is summarized by a general graph of species

numbers with area (fig.

1). This graph is based on linear axes to emphasize the

asymptotic nature of the species-area relationship. Log-log transformation of the
entire curve would approximate a line and the overall slope (z) would fall around

0.25 (midway between

0 and 0.5 as a result of averaging). However, log-log

transformations of extreme portions of the curve yield maximum (z = 0.5) and
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