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In order to infer population structure at the individual level, we estimated individual inbreeding
coe�cients and examined the relationship between geographical distance and genetic relatedness from
polymorphic microsatellite data for a population of Mimulus guttatus that has an intermediate sel®ng
rate. Expected heterozygosities for ®ve microsatellites ranged from 0.79 to 0.93. The population
inbreeding coe�cient was calculated to be 0.19 (SE� 0.023). A method-of-moments estimator
developed byRitland (1996b) was used to estimate the distribution of inbreeding among and relatedness
between individuals of a natural population. The mean individual inbreeding coe�cient (F� 0.16) did
not di�er signi®cantly from the population-level estimate. Most of the individuals appeared to be
outbred, and there were very few plants that had estimated inbreeding coe�cients greater than one-half.
Individuals sampled from one transect showed signi®cantly more inbreeding than individuals sampled
along the other (P� 0.005). There was no apparent relationship between interplant distance (range:
0±14 m) and mean genetic relatedness between individuals. These results represent the ®rst application
of polymorphic microsatellites to estimate ®ne-scale genetic population structure.

Keywords: inbreeding, isolation by distance, microsatellites, Mimulus, population structure, self-
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Introduction

The genetic structure of a population can have profound
e�ects on its evolutionary potential. Through the use of
polymorphic genetic markers such as allozymes, there is
now a large number of studies that describe population
structure in terms such as the average level of inbreeding
within a population or the average genetic di�erentia-
tion between populations or subpopulations (Hamrick
& Godt, 1990). In contrast, very few studies use markers
to infer population structure at the level of individual
organisms. This is unfortunate, because knowledge of
the extent to which individuals di�er in their inbreeding
histories and the degree of genetic relatedness between
pairs of individuals is important for many areas of
ecology and evolution.
For example, if individuals vary in their inbreeding

histories, then we expect statistical associations to exist
between diploid genotypes at di�erent loci (Haldane,
1949; Kimura, 1958). Knowing the variance in individual

inbreeding coe�cients, and therefore the relative magni-
tude of these associations (referred to as identity disequi-
librium), is important for the interpretation of studies of
natural selection at individual loci (Ohta & Cockerham,
1974; Charlesworth, 1990; Houle, 1994) and on quanti-
tative traits (Willis, 1996). In addition, the existence of
individual variation in inbreeding coe�cient implies that
traditional quantitative genetic methods for predicting
the evolutionary response to selection in outbred (Lande
& Arnold, 1983) or fully inbred populations (Mather &
Jinks, 1982) are not appropriate. Instead, one can use the
distribution of inbreeding histories in a partially inbred
population, in conjunction with alternative quantitative
genetic techniques, to evaluate evolutionary potential
and short-term response to selection (Kelly, 1999a,b).
Finally, knowledge of the individual inbreeding coe�-
cients enables the study of many aspects of plant mating
system evolution, such as the relationship between
inbreeding history and traits like ®tness or the probability
of self-fertilization (Schultz & Willis, 1996).
Knowing the genetic relatedness between pairs of

individuals is useful for analyses of population structure,
kin selection and quantitative genetics in the ®eld. For*Correspondence. E-mail: jwillis@oregon.uoregon.edu
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example, the relationship between pairwise relatedness
and physical distance can give an indication of the
spatial scale at which population di�erentiation occurs
(e.g. Loiselle et al., 1995). Also, the distribution of
relatedness in groups can give indications of the
potential for kin selection (e.g. Schuster & Mitton,
1991). Finally, the relationship between relatedness and
phenotypic similarity of individuals can be used to study
quantitative genetic inheritance in nature (Ritland &
Ritland, 1996; Ritland, 1996a).

The two primary reasons for the scarcity of studies of
population structure at the individual level are the lack of
adequate statistical methods and su�ciently informative
genetic markers, because typical markers such as
allozymes usually exhibit low to moderate levels of
polymorphism. Recently, Ritland (1996b) developed a
marker-based method for estimating individual inbreed-
ing and pairwise relatedness in natural populations. He
pointed out in this paper that his method-of-moments
estimator (MME) should be particularly useful for highly
polymorphic molecular markers, because standard errors
of the estimates decrease as the number of alleles per locus
increases. Microsatellites, stretches of DNA consisting of
short nucleotide repeats, are ideal molecular markers for
such studies because they are codominant and often
highly polymorphic within populations.We have recently
developed a large number of polymorphic microsatellite
markers in the common yellow monkey ¯ower Mimulus
guttatus (Kelly & Willis, 1998). In this paper, we use
Ritland's MME in concert with microsatellite data to
examine the genetic structure at the level of individuals in
a partially self-fertilizing population. The goals of this
research are to (i) estimate the distribution of individual
inbreeding coe�cients for a natural population, and (ii)
determine the extent to which relatedness between
individuals declines with geographical distance.

Methods

Study species and population

Mimulus guttatus (Scrophulariaceae, 2n� 28) is a self-
compatible wild¯ower that lives throughout much of
western North America and is common in moist areas
such as stream banks, roadsides or wet meadows.
Populations of M. guttatus have been reported to vary
substantially in their rates of self-fertilization from
highly sel®ng to predominantly outcrossing (Ritland &
Ganders, 1987; Ritland, 1990; Willis, 1993b; Awadalla
& Ritland, 1997). The ¯owers of M. guttatus are large
and cross-fertilization occurs via bee pollinators.

We studied an annual population of M. guttatus that
is located on a seasonally moist slope of Iron Mountain
in Oregon's Western Cascades. Though the population

occurs over a small area of localized seepage from
melting snow, the population is quite large and consists
of tens of thousands of individuals. Seeds germinate
shortly after the snow melts in early June and ¯owering
occurs about a month later. Because this area normally
receives little rainfall during these months, all plants die
by the end of July. The Iron Mountain population has a
mixed mating system and estimates of self-fertilization
rates over two years range from about 10% to 25%
(Willis, 1993b).

Field sampling and DNA isolation

Juvenile M. guttatus plants were collected from the Iron
Mountain population in early summer 1997, and then
transplanted to the University of Oregon greenhouse. A
total of 106 individuals were collected as pairs of
neighbouring plants every 0.5 m along two parallel
14 m transects. The two transects were separated by
14 m, and were situated perpendicular to the downhill
slope. Plants were collected in this manner in the hope of
obtaining a sample maximizing the contrast between
genetically similar and dissimilar individuals. Ninety-six
plants survived transplantation, and their DNA was
extracted from corollas as previously described (Lin &
Ritland, 1995). Microsatellite data were obtained for 92
of these plants.

Microsatellite analysis

Preliminary work identi®ed four (AAT)n loci and one
(AG)n microsatellite locus as being highly polymorphic
in the Iron Mountain population of M. guttatus. Three
of the ®ve microsatellites (AAT211, AAT300 and
AAT356) have been described previously (Kelly &
Willis, 1998). Microsatellite alleles at these ®ve loci were
detected following PCR ampli®cation of genomic DNA
with radioactive primers (see Table 1 for primer se-
quences and PCR conditions). The forward primer was
labelled in a standard end-labelling reaction using
[c-P32]ATP and T3 polynucleotide kinase reaction
(10 lMM forward primer, 1´ kinase bu�er (Promega),
1 U/5 lL kinase (Promega)). PCR reactions were set up
in 10 lL volumes in 96-well microtitre plates, each well
containing 40 ng of template DNA, 1´ thermal reaction
bu�er (Promega), 1±2 mMM MgCl2, 0.2 lMM forward and
reverse primers, 0.02 mMM dNTPs, 0.5 U Taq DNA
polymerase (Promega); some reactions were supplement-
ed with an additional 50 mMM KCl (Table 1). The samples
were overlaid with mineral oil and microsatellite loci
were ampli®ed in an MJR thermal cycler. A 1.5-min
denaturation step at 94°C was followed by 20 cycles of
40 s of denaturation at 94°C, 1 min of annealing at
varying temperatures (generally 4±5°C below Tm,
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Table 1), and 40 s of extension at 74°C, followed by a
®nal 2 min of extension at 74°C. Samples were then
mixed with 5 lL of formamide loading dye and dena-
tured for 2 min at 75°C. From each reaction mixture,
3.5 lL was loaded onto a 6% denaturing acrylamide gel.
Finally, gels were dried onWhatman paper, and overlaid
with X-ray ®lm. The ®lm was developed following 12±
24 h of exposure at 20°C. An allele-sizing ladder was
included on the gels at 16-lane intervals. This ladder was
a sequencing reaction performed on a previously cloned
AAT microsatellite locus for which the repeat region
extends through the relevant base pairs sizes. Data were
obtained for a total of 92 individuals, although a few
individuals had incomplete genotypic data (see Table 2).

Statistical analyses

At each of the ®ve loci, expected heterozygosity (He) and
Wright's population inbreeding coe�cient (F ) were
calculated according to the formulae

He � 1ÿ
X

i

p2
i and F � 1ÿ Ho

He
,

respectively, where pi is the observed frequency of the ith
allele and Ho is the frequency of heterozygotes observed
in the sample population. Additionally, He was calcu-
lated separately for each transect. Di�erences between
F-values at each of the ®ve loci were examined via
bootstrapping by resampling individual plants with
replacement. The bootstrap method was applied to each
locus (with 5000 resamplings), as well as to the di�er-
ence between all pairs of loci (with 5000 resamplings).
The standard error of each locus was obtained through
bootstrapping. Additionally, di�erences in F-values
were calculated directly between all locus pairs. A
standard Bonferroni correction (Rice, 1989) was per-
formed to infer simultaneously one signi®cance level
(P� 0.05) for comparisons between all loci. A weighted
average F was calculated from the single-locus estimates
with bootstrapped variances as the weights. Individual
inbreeding coe�cients were calculated using the meth-
od-of-moments estimator (MME) for the two-gene
relationship described by Ritland (1996b). A simpli®ed,
multilocus estimator for individual levels of inbreeding
is given by

q �
X

il

Sil ÿ P 2
il

Pil

.X
l

�nl ÿ 1�,

where q represents the inbreeding coe�cient F, Pil is the
estimate of the frequency of the ith allele at the lth locus,
S indicates whether the locus is homozygous for the ith
allele and n represents the number of unique alleles at
the locus. If an individual is homozygous for allele i at
locus l, Sil� 1, otherwise Sil� 0.

Table 1 Sequences and PCR conditions for ®ve primer pairs that amplify products from polymorphic microsatellite loci
in Mimulus guttatus

Locus Primer pairs (5¢±3¢) [MgCl2] KCl Tm

AAT9 CATATTTTGCTGCCTCGTTTC 2 mMM 0 59.7°C
TCAACTCTTTGCATGTGTCCC

AAT211 GATCGGAGAAAGGTTAATCAAC 2 mMM 50 mMM 55.5°C
ATATCAAACCACATATTTACTGACC

AAT300 CCGTTTAGGTTGAGGCGC 1 mMM 0 60.2°C
CCGGTTAAAGCTGGCTCATA

AAT356 CAGCAACGGCCTCACTAATG 2 mMM 0 59.4°C
GGCGGAACCAGAATTTTATG

AG19 TCAGCAGCATCATGTTCACA 1 mMM 0 54.6°C
TTTCTTTGTAATGAAAGTAACACC

50 mMM KCl is present in the Promega reaction bu�er: the concentration presented in this table is in addition to that in the bu�er.

Table 2 Measures of population-level diversity and
inbreeding in Mimulus guttatus

Locus N na He Ho F (SE)

AAT9 88 27 0.93 0.68 0.27 (0.054)
AAT211 79 6 0.79 0.56 0.29 (0.070)
AAT300 76 12 0.83 0.68 0.18 (0.059)
AAT356 81 25 0.81 0.67 0.16 (0.054)
AG19 67 16 0.89 0.81 0.09 (0.055)

Overall 17.2 0.85 0.68 0.19 (0.023)

N, sample size; na, number of unique alleles; He, expected
heterozygosity; Ho, proportion of the individuals in the sample
that are heterozygotes; F, population inbreeding coe�cient with
the bootstrap-calculated standard error in parentheses. Overall
values are the column means for each locus.
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The frequency distribution of inbreeding coe�cients
for all individuals was examined, as well as the
frequency distribution of only those individuals having
genotypes at all ®ve loci. To investigate how estimates of
inbreeding coe�cients were a�ected by locus number,
two loci were randomly removed from the subset of
individuals for which genotypes at all ®ve loci were
determined. The mean ®ve-locus individual inbreeding
coe�cient was compared with the mean of the newly
created three-locus inbreeding coe�cients and di�eren-
ces were examined by a t-test. Additionally, the corre-
lation between ®ve-locus inbreeding coe�cients and
three-locus inbreeding coe�cients was determined.
Finally, a t-test was performed to examine di�erences
between the two transects in the mean inbreeding among
individuals (inbreeding values were log transformed for
analysis).

Using the same multilocus MME (Ritland, 1996b)
given above, values of relatedness between pairs of
individuals in the population were calculated. In this
case, q represents r, the coe�cient of kinship, between
two individuals. Pil is the estimate of the frequency of
the ith allele at the lth locus, Sil is the average over four
ways that a pair of identical alleles can be sampled by
taking one allele from each individual and n is the
number of unique alleles at the locus. The 92 individuals
were paired so that relatedness values for all possible
combinations of plants were calculated. Distances
between individuals were then entered into a separate
matrix. Relatedness was plotted as a function of
distance and the correlation coe�cient was calculated.
Comparisons were made to investigate the structure of
relatedness within the population. Relatedness among
nearest neighbours (pairs from the same point along the
transect) was compared to relatedness among all other
pairs. Additionally, levels of relatedness within each
transect were compared to levels between transects. For
each of these comparisons, statistical signi®cance of
di�erences was evaluated using t-tests.

Results

Population-level diversity and inbreeding

Genotypes at microsatellite loci were determined for a
total of 92 individuals, though only 49 individuals have
genotypic data at all ®ve loci. Genotypic data were
obtained for at least three of the ®ve loci for nearly all
individuals (six individuals have genotypes scored at
fewer than three loci). The ®ve microsatellite loci were
extremely variable in this population, with large num-
bers of alleles per locus and correspondingly high
expected heterozygosities ranging from 0.79 to 0.93
(Table 2).

The single-locus estimates of the population-level
inbreeding coe�cient, F, ranged from 0.09 to 0.29
(Table 2). Nearly all alleles were found in both transects
and expected heterozygosities were very similar when
calculated separately for each transect (data not shown).
Bootstrapping the di�erences between the distributions
of locus pairs found no signi®cant di�erences in F for all
pairs of loci (based on bootstrap con®dence intervals,
P > 0.05) except AAT9±AG19, and AAT211±AAT356
(based on bootstrap con®dence intervals, P� 0.01 and
P� 0.03, respectively). Using the standard Bonferroni
technique, a single signi®cance level was simultaneously
inferred between all loci comparisons, revealing that F
does not signi®cantly di�er across the ®ve loci
(P > 0.05). The variance-weighted average F across
loci is 0.191 with a 95% con®dence interval between
0.145 and 0.237 (SE� 0.023).

Individual inbreeding coef®cients

Using the methods-of-moments estimator formulated by
Ritland (1996b), inbreeding coe�cients were estimated
for each individual based on genotypic data from all loci
available (Fig. 1a, �x� 0.16, SE� 0.025, n� 92). Addi-
tionally, the frequency distribution of inbreeding values
for only those individuals having genotypic data at all
®ve loci was constructed (Fig. 1b, �x� 0.17, SE� 0.032,
n� 49). Large numbers of individuals are completely
outbred and there is an exponential decline towards
increasing levels of inbreeding. Both of these estimates
of individual inbreeding coe�cients have means which
fall within the 95% con®dence interval for the calculated
population-level inbreeding coe�cient (F� 0.145±0.237,
P� 0.05). The variance in inbreeding coe�cients was
0.057 when all data were considered, and 0.051 when
data were used only from those individuals scored for all
®ve loci.

To examine the e�ect of loci number on the individual
inbreeding estimates, genotypic data were removed from
two randomly chosen loci for the 49 individuals with
genotypes at all ®ve loci, and new inbreeding coe�cients
were scored using the remaining three loci. There was a
signi®cant correlation between inbreeding coe�cients
calculated from ®ve loci and those calculated from three
(r� 0.632, P < 0.0001). Additionally, the mean with
three loci (�x� 0.18, SE� 0.041, n� 49) did not di�er
signi®cantly from the mean of the ®ve-locus genotypes
(t�)0.479, P� 0.634).

The distributions of inbreeding coe�cients for indi-
viduals within each linear transect were compared. The
spatial distribution of inbreeding among all 92 individ-
uals reveals a signi®cantly higher level of inbreeding in
the lower transect (Fig. 2; transect 1: �x� 0.21; transect 2:
�x� 0.08; t�)2.90, P� 0.005).
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Genetic relatedness and geographical distance

Using Ritland's MME, relatedness coe�cients were
calculated for each possible pair of individuals and
plotted as a function of interplant distance. For the
M. guttatus individuals sampled in this population,
mean relatedness does not vary with distance (multiple
R2� 0.0002, F� 0.89, P� 0.34). Mean relatedness be-
tween nearest-neighbour pairs was higher than related-
ness between pairs considered at increasing interplant
distances, though not signi®cantly so (nearest-neighbour
pairs: �x� 0.0030; all other pairs: �x�)0.0056; t� 1.14,
P� 0.25). Levels of relatedness were not signi®cantly
di�erent between the two transects (transect 1:
�x�)0.0047; transect 2: �x�)0.0053; t� 0.29, P� 0.77).
Additionally, relatedness levels calculated for pairs
within each transect were similar to those calculated

for pairs between di�erent transects (between transects:
�x�)0.0061; t�)0.87, P� 0.38; t�)0.45, P� 0.65 for
comparisons with transects 1 and 2, respectively).

Discussion

Distribution of individual inbreeding coef®cients

This study presents the ®rst estimates of individual
inbreeding coe�cients for a natural population obtained
from data on highly variable microsatellites. Inspection
of the distribution of individual inbreeding coe�cients
in the Iron Mountain population of M. guttatus indi-
cates that most individuals are completely outbred, with
a sharp decline in the frequency of individuals having
increased levels of inbreeding. The mean inbreeding
coe�cient of 0.16 re¯ects the fact that the majority of
individuals appeared to be only slightly inbred. As
discussed below, even neighbouring plants were essen-
tially unrelated. For this reason, it is likely that most of
this inbreeding is caused by self-fertilization and not
biparental inbreeding. If all inbreeding resulted from
sel®ng, we would expect individual inbreeding coe�-
cients to take discrete values of 0, 0.5, 0.75, and so on.
The fact that our estimated inbreeding coe�cients often
fall between these values is probably a result of sampling
error. Very few individuals appear to be the products of
more than one generation of self-fertilization. This lack
of highly inbred plants probably re¯ects both the low
frequency of such individuals expected with low to
moderate sel®ng rates (see below) and the fact that
inbred plants su�er tremendous inbreeding depression
in this population (Willis, 1993a,b, 1999). As the plants
genotyped in this study were collected as juveniles, a
stage in the life cycle before most of the lifetime
inbreeding depression is expressed (Willis, 1993a,b,
1999), we expect to observe selfed individuals derived
from outcrossed parents but only relatively rarely from
inbred parents.
Because individuals di�er in their history of inbreed-

ing, we should have observed identity disequilibrium
between di�erent loci (Haldane, 1949; Bennett & Binet,
1956; Kimura, 1958). Variation in the history of
inbreeding causes outbred individuals to be more
heterozygous at all loci and inbred individuals to be
more homozygous than expected based on their single-
locus genotype frequencies. For example, one should
observe an excess in the frequency of two-locus hetero-
zygotes, standardized by the product of the two single-
locus expected heterozygosities, that is equal to the
variance in individual inbreeding coe�cients if the loci
are unlinked (Haldane, 1949; Bennett & Binet, 1956;
Kimura, 1958). In this study we did ®nd an excess of
double homozygotes and heterozygotes. The magnitude

Fig. 1 Frequency distribution of individual inbreeding
coe�cients for Mimulus guttatus calculated from Ritland's

method-of-moments estimator for (a) all individuals sampled
(�x� 0.16, SE� 0.025, n� 92) and (b) individuals with geno-
typic data at all ®ve loci (�x� 0.17, SE� 0.032, n� 49).

INDIVIDUAL INBREEDING AND RELATEDNESS IN MIMULUS 629

Ó The Genetical Society of Great Britain, Heredity, 83, 625±632.



of this excess is approximately what one would expect
given the distribution of individual inbreeding coe�-
cients. For example, the observed excess of double
heterozygotes, averaged over all pair-wise comparisons
of the markers, is equal to 0.013, which, given the
observed variation among pairs of loci, is approximately
what one expects based on the expected heterozygosities
and the estimate for variance in individual inbreeding
coe�cient of about 0.05. In the absence of inbreeding
depression, we might have expected this identity disequi-
librium to have been even greater.

Interestingly, a spatial division in the distribution of
individual inbreeding levels was observed between the
two transects within the population. Inbreeding coe�-
cients were signi®cantly higher for individuals in the
lower transect than for those plants located in the uphill
transect. Given that the marker alleles are distributed
evenly throughout both transects and that expected
heterozygosities are similar in each, it is likely that the
observed di�erence in inbreeding coe�cients among the
transects is caused by true variation in rates of self-
fertilization and not by artefacts of population structure
such as a Wahlund e�ect resulting from downhill seed
dispersal. This would suggest that ecological factors (e.g.
plant density) or quantitative traits (e.g. ¯ower size) may
di�er between the two transects, perhaps a�ecting
pollinator visitation rates.

Given the strong similarity between inbreeding esti-
mates using three loci and those using ®ve, it is likely
that the distribution of inbreeding coe�cients deter-
mined by all individuals (because only six individuals
have fewer than three loci) is not biased by the di�erent
loci numbers used for di�erent plants. Apparently,
accuracy in the methods-of-moments estimator does not

signi®cantly decline when only three loci are used rather
than all ®ve. Indeed, Ritland's MME allows estimations
of inbreeding coe�cients with data from as few as one
locus, though a large statistical error is inherent in such
a small sample size (Ritland, 1996b).

Population inbreeding coef®cient

As expected, the mean individual inbreeding coe�cient
of 0.16 was not signi®cantly di�erent from the popula-
tion-level estimate of 0.19. The population inbreeding
coe�cient estimated in the present study is within the
range of values reported from previous studies utilizing
allozymes and microsatellites, which have found tre-
mendous variation in inbreeding levels between
M. guttatus populations (Ritland & Ganders, 1987;
Ritland, 1990; Willis, 1993b; Latta & Ritland, 1994;
Awadalla & Ritland, 1997). The population-level
inbreeding coe�cients at Iron Mountain were estimated
in a previous study (Willis, 1993b) as 0.05 (SE� 0.16)
and 0.06 (SE� 0.23) for the years 1989 and 1990,
respectively. The value of 0.19 for F in the present study
indicates signi®cant inbreeding in the Iron Mountain
population, and it is not signi®cantly di�erent from
these earlier estimates.

Relatedness between individuals at different
spatial scales

No spatial structure of relatedness within the Iron
Mountain population of M. guttatus was apparent from
analyses conducted in this study. Neither a linear nor a
nonlinear relationship was detected between relatedness
and physical distance. Though mean relatedness

Fig. 2 Levels of inbreeding for individ-

ual Mimulus guttatus sampled along two
linear transects. Order is preserved so
that individual inbreeding coe�cients

demonstrate the actual spatial distribu-
tion of inbreeding among individuals in
each transect (n� 96). Transect 1 is

downhill from Transect 2.
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between nearest neighbours was slightly higher than
mean relatedness between plants with greater interplant
distances, this di�erence was not signi®cant. These
results are somewhat surprising, given the fact that
other populations of M. guttatus exhibit spatial struc-
ture on a local scale (Ritland & Ganders, 1987; Ritland
& Ritland, 1996) and the observation of short ¯ight
distances of the Megachilid bees which are the primary
visitor in this population (mean ¯ight distance between
¯owers� 30 cm, n� 62; G. Smick, unpubl. data).
Mean relatedness between nearest neighbours (inter-

plant distance� 0) was quite low (r� 0.0003) compared
with previous estimates for levels of relatedness between
M. guttatus individuals within distances of 1 m (Ritland
& Ritland, 1996). Utilizing the methods-of-moments
estimator, Ritland & Ritland (1996) calculated mean
relatedness between individuals at distances of 1 m as
0.125 and 0.052 for a meadow and stream habitat,
respectively. Both previous estimates of relatedness
within 1 m were signi®cantly di�erent from 0, as well
as from the value of nearest-neighbour mean relatedness
calculated in the present study. Ritland & Ritland (1996)
believe that the observed discrepancy in levels of
relatedness between the two habitats is almost certainly
caused by di�erences in water-mediated seed dispersal.
This view suggests that gene ¯ow via seed dispersal is
greater in the stream habitat, leading to lower levels of
relatedness between individuals separated by small
distances (such as 1 m). Similarly, it is possible that
seed dispersal is relatively extensive in the Iron Moun-
tain population. As the population occurs along a fairly
steep incline, perhaps there is greater opportunity for
downhill seed dispersal. Another explanation could be
that greater wind-mediated seed dispersal is a�orded by
the exposed nature of the hillside meadow. Additionally,
gene ¯ow by way of pollen transfer could occur over
larger scales in the Iron Mountain population as
compared to the habitats investigated by Ritland &
Ritland (1996). Given the considerable variation be-
tween populations of M. guttatus for other genetic
parameters such as the outcrossing rate and the average
inbreeding coe�cient, it is perhaps not surprising that
the spatial distribution of relatedness should also vary.
Future experiments should examine the extent of gene
¯ow by measuring pollen and seed dispersal.
Biparental inbreeding (mating between close relatives)

is thought to be an unavoidable consequence of a
population structure in which relatives are clustered
together. In one M. guttatus population, Leclerc-Potvin
& Ritland (1994) estimated that biparental inbreeding
accounted for 20±40% of the total observed self-fertil-
ization (25%). By contrast, because single- and multi-
locus estimates of outcrossing rates were not signi®cantly
di�erent, Willis (1993b) concluded that biparental

inbreeding was negligible in the Iron Mountain popula-
tion. That the present study found little evidence of
microspatial relatedness structure supports the claim that
biparental inbreeding is infrequent in this population.
Moreover, this suggests that observed di�erences in levels
of individual inbreeding result almost entirely from
di�erences in rates of self-fertilization. Overall, these
results indicate that interplant distance may be a poor
indication of relatedness between individuals in the Iron
Mountain population. Similarly, other studies have been
unable to demonstrate conclusively that genetic related-
ness declines with distance (Waser, 1987; Loiselle et al.,
1995; Hamilton, 1997).
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