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The relationship between abundance and geographical distribution is central to
modern population ecology (Andrewartha and Birch 1954; Krebs 1985). Distribu-
tion here refers to the number of population sites occupied by a species, whereas
abundance is a measure of plant or animal numbers within a site (Hanski 1982a).
Hanski (1982a) pointed out that distribution and abundance are often studied
separately, the former by biogeographers and the latter by ecologists. The separa-
tion is artificial, however, because small, local populations are often found at the
periphery of a species’ range (Andrewartha and Birch 1954; Hengeveld and Haeck
1982); in other words, local abundances set the limits of distribution (Hengeveld
and Haeck 1981, 1982).

We recognize two kinds of models that relate distribution and abundance: static
and dynamic. In a static model, the distribution and abundance of a species do not
vary through time, barring major climatic or habitat changes (Rapoport 1982).
Whittaker (1967) proposed that environmental gradients cause abundance to de-
cline near the edge of a species’ range. Brown (1984) recently expanded Whitta-
ker’s concept to two spatial dimensions as an explanation for peak abundances
near the center of a species’ geographic range. Both hypotheses are consistent
with Grinnell’s idea of the niche as ‘‘the range of values of environmental factors
that are necessary and sufficient to allow a species to carry out its life history’’
(James et al. 1984). The decline in abundance near the edge of the range may be
caused by a variety of factors, both physical and biological (Andrewartha and
Birch 1954; Terborgh 1973).

Other static models do not predict a gradual decline in abundance toward the
periphery of the range, and many mechanisms can lead to abrupt distributional
limits. For example, MacArthur (1972) discussed how behavioral interactions can
cause abundances of two species to decline sharply at a zone of contact. Terborgh
(1971) presented a model incorporating both environmental gradients and compet-
itive effects to explain the vertical distribution of bird species on an elevational
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gradient in the eastern Andes of Peru. Climatic changes and historical effects may
also be responsible for range discontinuities of Andean birds (Graves 1985).

In contrast to these static models, dynamic models of distribution and abun-
dance posit that both a species’ geographic range and its local abundance vary
through time. For example, species may pass through a taxon cycle (Wilson 1959;
Ricklefs and Cox 1972), in which a widespread species differentiates, its range
fragments, and it is finally reduced to a few isolated populations that are driven to
extinction by interspecific competition. In contrast to the taxon cycle, Willis’
(1922) ‘‘age and area’’ model proposes that endemic distributions are caused by a
failure to disperse, usually because of insufficient time, and are not relictual
ranges of previously widespread species. Rapoport (1982) discussed several re-
lated models of species’ range expansion and contraction, but only the taxon
model is explicit about concurrent changes in local abundance.

Levins (1969) derived a mathematical model of regional distribution that is
dynamic. It considers changes in p, the fraction of habitable sites occupied by a
species (0 = p = 1):

dpldt = ip(1 — p) — ep. ))

Here the first term, ip(1 — p), is the rate at which empty sites are colonized, and
the second term, ep, is the rate of local extinctions (Levins 1969). Levins (1970)
allowed e to vary stochastically and found that the new model predicts a single
internal equilibrium value for p. Thus, a frequency histogram of the number of
sites occupied by one species at different times should be unimodal. Hanski
(1982a) pointed out, following Kimura (1964), that an equally valid interpretation
of the result of the stochastic model is that a frequency histogram for different
species at one time should also be unimodal for a community of ‘‘similar’’ species.

Levins (1969, 1970) emphasized that regional extinction (p = 0) occurs when e
exceeds i. He did not explicitly consider the relationship of the probability of local
extinction (e) and regional occurrence (p). For three data sets, Hanski (1982a)
showed that the more sites a species occupied, the lower its probability of
becoming extinct at any one site. Thus, there is a negative relationship between
distribution and the probability of local extinction. On this assumption, Hanski’s
model is

dpldt - ip(1 — p) — e'p(1 — p). ?)

In this case, however, the stochastic version does not predict a single internal
equilibrium point. The distribution is either bimodal or else all sites are occupied,
depending on the relationship between i — ¢’ and the variance of i — ¢’ (Hanski
1982a). If the extinction probability varies stochastically, a species should tend
toward omnipresence (p = 1) or regional extinction (p = 0). Again, the result can
also be interpreted for a community of similar species at one time as predicting a
bimodal distribution: many species present in few sites, many species present in
many sites, and few species with an intermediate distribution (Hanski 1982a,b).
Even though the species have different immigration and extinction parameters, no
species is likely to stay for a long time with intermediate values of p (Hanski
1982b). Numerical analyses (Hanski 1982b) show that the prediction of bimodality
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for the stochastic version of model (2) versus unimodality for the stochastic
version of model (1) holds despite mathematical errors in Levins’ initial treatment
(Boorman and Levitt 1973).

Hanski’s model thus predicts a dichotomy within a group of similar species,
between a set of abundant, widely distributed core species and a set of rare,
patchily distributed satellite species. The existence of this dichotomy is the core-
satellite hypothesis.

The core-satellite hypothesis could be correct even if Hanski’s model (eq. 2)
were not. That is, one might conceive of reasons other than stochastic immigra-
tion-extinction dynamics why a group of similar species should be dichotomously
distributed over a group of similar sites. In our Discussion, we explicitly consider
some alternative explanations for bimodality.

Equation (2) embodies the negative correlation between the probability of local
extinction and the number of sites occupied. The underlying assumption of the
equilibrium theory of island biogeography (MacArthur and Wilson 1967) extended
to more recent treatments of extinction (Diamond 1984) is that population extinc-
tion probabilities decrease with increasing population size. If this assumption is
correct, then there should be a positive relationship between distribution and
abundance: the more sites a species occupies, the greater the average abundance
at those sites (Bock and Ricklefs 1983).

Thus, if Hanski’s model is correct and if, in addition, extinction probability
increases with decreasing population size, distribution and abundance should be
positively correlated. Hanski (1982a) found such a correlation for examples from
four invertebrate taxa. Levins’ model predicts no such relationship between
distribution and abundance. Figure 1¢ suggests a pattern that one might look for to
test the core-satellite hypothesis against the hypothesis of unimodality that Lev-
ins’ model suggests (fig. 1a). Figure 1d depicts the relationship between distribu-
tion and abundance predicted by Hanski’s model, and figure 15 shows the alterna-
tive predicted by Levins’ model.

Of course, there are alternatives to the core-satellite hypothesis other than
unimodality and there are models other than Hanski’s that predict a bimodality of
species at sites. Similarly, the relationships between abundance and distribution
depicted in figures 1b and 1d are not exhaustive (for other treatments, see Arm-
strong 1976; Levin 1978; Yodzis 1978; DeAngelis et al. 1979). Our main goal in this
paper is modest: to bring some data to bear on the core-satellite hypothesis and
one model leading to it. The data could falsify the hypothesis, the model, or both,
but, whether they do or not, they would not indicate a unique interpretation of the
relationship between distribution and abundance.

MATERIALS AND METHODS

In this paper we compare the patterns in figure 1 with an extensive data set on
plant distributions in a tallgrass prairie in Kansas. The data, generously provided
by the late L. C. Hulbert, are visual estimates of the percent canopy cover of 170
species of plants in 433 circular quadrats of 10 m? each. The censuses were taken
in 1978 and 1979 in the Konza Prairie Research Natural Area, 3487 ha of protected
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Fic. 1.—Predicted patterns of distribution and abundance from the models of Levins (1970)
and Hanski (1982). Predictions of Levins’ model: a, a unimodal distribution of species at
sites; b, no relationship between distribution and abundance. Predictions of Hanski’s model:
¢, a bimodal distribution; d, a positive correlation between distribution and abundance.

tallgrass prairie in the Flint Hills, Riley and Geary counties. Table 1 gives the
abundance classes; we used the midpoint of each abundance class to calculate the
average percent cover for each species. The 433 quadrats were located on seven
different soil series (table 2). The sites had been unburned since 1977 and un-
grazed by large herbivores since 1971. The numbers of individual plants (genets)
per quadrat is unknown, but must have been quite large. The mean number of
stems per 10 m? for similar quadrats taken from the same prairie was ca. 20,000
(Dokken and Hulbert 1978), and the mean number of species per quadrat for these
433 quadrats was 27.65, with a minimum of 13. All this is to say that the quadrats
are not so small that a statistical pattern would be likely to arise as an artifact, as
might have been the case if, for example, many quadrats had only 1-10 individ-
uals. However, some obvious limitations of this data set are the problems (dis-
cussed below) in establishing whether sites are sufficiently similar.

First, suppose the histories of the quadrats had been identical. Are quadrats of
the same soil series similar enough that one would expect to find the predicted
patterns within soil series if the core-satellite hypothesis were true? The sort of
autecological research that would answer this question has not been done on these
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TABLE 1

ABUNDANCE CLASSES USED IN QUADRAT CENSUSES
OF PRAIRIE PLANT COMMUNITIES

Class Number Midpoint Class Range

0 .00 .00

1 .005 .00-.01

2 .030 .01-.05

3 .150 .05-.25

4 .375 .25-.50

5 .625 .50-.75

6 .850 .75-.95

7 975 .95-1.00

Note.—Values are expressed as fraction of total canopy
cover (0 to 1). The midpoint of each class was used to calcu-
late average percent cover.

TABLE 2

SoiL SERIES AND DESCRIPTIONS OF KONZA PRAIRIE

No. of 10-m?
Quadrats
Soil Series Slope Habitat Surface Layer Depth Drainage Surveyed
Florence level uplands very dark cherty silt 25 cm good 119
or silt-clay loam
Benfield level uplands dark gray silt-clay 15 cm good 45
loam
Clime-Sogn 5%-20% uplands light silt-clay loam 23 cm excessive 45
Dwight level uplands dark gray silt loam 10 cm moderate 75
Irwin 4%-8% upland dark gray, grayish- 28 cm good 15
ridgetops brown silt-clay
loam
Tully 4%-8%  foot slopes very dark gray silt- 25 cm good 119
clay loam
Reading 0.1% stream ter- dark grayish-brown 28 cm good 15
races, silt loam

foot slopes

species. Certainly, there is more to habitat for these plants than just soil character-
istics. Nevertheless, soil characteristics can play a predominant role in determin-
ing microgeographic distributions of at least some plants (Daubenmire 1959;
Chikishev 1965; van den Bergh 1969). Hulbert (pers. comm.) contended that ex-
perienced prairie ecologists can correctly identify at least the soil series of a plot
from only a list of associated species. This sort of identification can often be made
on the basis of particular indicator species (Chikishev 1965); thus, we cannot
claim that all 170 species have highly specific associations with particular soils,
only that soil must be a key determinant of distribution for many species.



