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ABSTRACT

The spatial distributions of single-locus diploid genotypes, produced within populations of sexually
reproducing individuals under isolation by distance, are measured and characterized in detail by quantify-
ing the join-counts for simulated model populations. The models more realistically reflect spatially
explicit distributions of genotypes in populations, because unlike the classical theory, they include the
stochasticity inherent in the process of matings between genotypes. This stochasticity causes the formation
of large areas or patches containing mostly one homozygous genotype, which is not predicted by the
classical theory. A number of previously uncharacterized features of the spatial structures produced
under isolation by distance are revealed. Spatial autocorrelation measures based on counts of pairs of
homozygotes are highly consistent quantifications of the concentrations of homozygotes in patchy geno-
typic distributions for a given level of dispersal. Most strikingly, the degree of intermixing of homozygotes
with heterozygotes over small spatial scales is much higher than previously thought, unless dispersal is
extremely limited (e.g., WRIGHT’s neigborhood size less than ~5.0). Among implications for studies of
spatial structure of real populations, one is that the results provide a basis for using join-counts as

estimators of gene dispersal based solely on genetic data.

LASSICAL theoretical models indicate that limited
dispersal and mating by proximity result in ge-
netic isolation by distance even within large continuous
populations. The analytical classical results are ex-
pressed in terms of the average or expected (not actual
nor directly observable) inbreeding and consanguinity
coefficients between individual genes (WRIGHT 1943;
MALECOT 1948, 1973). In contrast, there are no analyti-
cal results for the spatial distributions of actual diploid
genotypes, which can be observed in real populations.
Moreover, when considering actual diploid genotypes
at a given locus, we must include the important stochas-
tic events that occur as individual genotypes or their
propagules successfully disperse and reproduce, or
“*stochastic migration”’, which is not considered in the
classical results (EPPERSON 1993; MALECOT, personal
communication). Models of the more complex spatial
distributions of diploid genotypes, which include sto-
chastic sampling events that occur as individual geno-
types disperse within a population, are analytically in-
tractable, and Monte Carlo simulations are utilized. The
first such simulation studies revealed that large spatial
patches (see Figure 1), or areas of concentrations of an
allele or a homozygous genotype, are the dominant
spatial features in populations with low to moderate
levels of dispersal (ROHLF and SCHNELL 1971; TURNER
et al. 1982; SORAL and WARTENBERG 1983; SOKAL et al.
1989; EPPERSON 1990a). The presence of such patches
implies a kind of nonmonotonicity in the decline of
degree of genetic relatedness for a single locus as a
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function of distance, contrary to the classical theory.
Spatial autocorrelation measures efficiently summarize
the intensity and spatial scale of patchy spatial struc-
tures, in both theoretical models (SOKAL and WARTEN-
BERG 1983) and in real populations (e.g., EPPERSON and
CLEGG 1986). Autocorrelation measures can also be
used to detect changes in population structure that are
caused by some forms of selection (SOKAL et al. 1989;
EPPERSON 1990a). In addition, recent theoretical and
experimental results have led to a hypothesis-testing
framework, using spatial autocorrelations, that is partic-
ularly powerful when applied to multiple locus data
(LEwONTIN and KRAKAUER 1973; SokaL 1979, 1988; Ep-
PERSON and CLEGG 1986; EPPERSON 1990b, 1993; SOKAL
and JACQUEZ 1991).

One limitation of existing simulation studies is that
they have focused on analyses of spatial autocorrelation
measures known as MORAN’s Istatistics. These measures
have consisted of a distance class set of single spatial
correlation measures, analogous but not equivalent to a
distance class set of single coefficients of consanguinity
(BARBUJANI 1987). The previous simulation studies have
concentrated on MORAN’s I for allele frequencies in
sizeable local groups of individuals. In other words, the
spatial distributions at fine spatial scales (i.e., within
local groups) has remained completely uncharacter-
ized. Also, virtually nothing has been done on numeri-
cal measures of the spatial autocorrelations in terms
of pairs of diploid genotypes. Isolation by distance is
expected to create spatial structure, in terms of pairs
of diploid genotypes for a given locus (as opposed to
pairs of genes averaged over loci), that includes infor-






