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Indirect measurement of gene flow in Hosta capitata (Liliaceae)
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Abstract. We investigated the nearest neighbor distances between plants, pollinator flight distances, and seed dispersal
distances in two natural populations of Hosta capitata to estimate indirectly the neighborhood area and size of this
species. As with most insect-pollinated species, the frequencies and shapes of all three variables showed significant
skewness and leptokurtosis. Means of pollinator (bumblebees and Apis) flight distances and seed dispersal distances
of H. capitata were about 1 m and 25 cm, respectively. In addition, although neighborhood sizes differed (ca. 15 and
64 individuals), as did neighborhood areas (5.86 to 17.13 m?), between the two populations, these results indicated
substantial spatial restriction of gene flow within them. The present results in conjunction with previous studies on
fine and large scale genetic structure using allozymes as genetic markers within and among populations of H. capitata
strongly indicate that gene flow is sufficiently restricted to allow stochastic effects to play an important role in deter-

mining the genetic structure of this species.
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Introduction

The effective population size (N ) is related to the ef-
fective number of individuals in a plant population that
interbreed randomly, taking into consideration population
density and the variances in gene flow components. In
other words, pollen travel and seed dispersal are two com-
ponents of gene flow in plant populations. These patterns
in conjunction with the varying density of individuals de-
termine the N . Neighborhood is the area within a plant
population in which panmixis, that is, random gene ex-
change via pollen and seed dispersal occurs (Wright,
1946). Levels of gene flow affect N and the magnitude
of N_ determines the magnitude and direction of the evo-
lutionary factors acting on the genetic variation within
populations (Wright, 1938). For example, high rates of
gene flow over large geographical areas increases N_and
can overshadow the influence of natural selection or ge-
netic drift, reducing genetic differentiation. Thus, accu-
rate measures of gene flow have been of continued interest
to evolutionary biologists. However, relatively few stud-
ies of neighborhood sizes in plants have been reported in
the plant population biology literature (Richards, 1986),
partly due to two practical reasons or problems, as sug-
gested by Richards (1986): 1) measurements of gene
movement tend to vary considerably spatially and tempo-
rally and 2) estimations of N_ are largely dependent on
plant density.

Hosta capitata (Koidz.) Nakai (Liliaceae), an herba-
ceous perennial, occurs in the southern Korean Peninsula
and southwestern Japan (Fujita, 1976; Chung and Kim,
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1991). In Korea, most populations of the species are rela-
tively small and isolated compared with other Korean hos-
tas (Chung et al., 1991) and are found in pine-oak forest
understories and in grasslands in mountainous regions. As
the specific epithet indicates, 3—12 flowers are clustered
on the top of a scape. Flowers are visited by bees (Bombus
diversus diversus and Apis mellifera; Chung, 1994a). Al-
though studies on the breeding system are not available,
H. capitata appears to be predominantly outcrossing be-
cause most of the flowers have pronounced spatial
separation (herkogamy) of mature anthers and stigmas
impeding self-pollination. The fruit of this species is a
cylindrical capsule, with 10-30 small (3.0-5.5 mm) seeds
in each capsule. The seeds are winged. Previous studies
have reported that populations of H. capitata maintain low
levels of allozyme diversity and there is high allozyme
divergence among populations (Chung et al., 1991; Chung,
1994a). In an effort to understand factors affecting levels
of genetic variation within populations and the population
genetic structure of H. capitata, the senior author has
investigated spatial genetic structure within and among its
populations in Korea using spatial autocorrelation analysis
(Chung, 1996, 1997). These studies indicate that gene flow
within a circumscribed area and among populations is con-
siderably low, suggesting that neighborhood size and area
are small. As the physical distances of dispersal should
be related to the density of individuals in order to relate
to the physical scale of spatial structure (Epperson, 1995),
information (e.g., Wright’s neighborhood size and area)
concerning the standardized dispersal in populations of H.
capitata is necessary. In this study, nearest neighbor dis-
tances between plants of the insect-pollinated, H. capitata
were measured. In addition, pollinator flight and seed dis-
persal distances were also measured in two natural popu-
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lations to estimate indirectly the neighborhood size and
area of this species. It should be noted here, however, that
indirect measures of gene flow through pollinator obser-
vation may not reflect realized gene flow and may only
provide minimum estimates of actual gene flow because
this method often ignores pollen carryover and flights out
of the study site (Schaal, 1980).

Materials and Methods

On 22 and 23 July 1988, two populations of Hosta
capitata were examined at Nogodan and Daejireung
(elevation ca. 1510 and 1530 m, respectively) in the Chiri
Mts., South Korea. Nearest neighbor distances were
measured for 398 and 101 inflorescences, respectively.
Pollinator flight distances were also measured on the basis
of the distance flown within inflorescence and between
consecutive inflorescences based on every new pollinator’s
visitations. Two different putative pollinators (Bombus
diversus diversus and Apis mellifera) were observed for
five hours for the Nogodan population. During the period
of observation, a total of 561 visits by Bombus diversus
diversus and 79 visits by Apis mellifera were recorded at
the Nogodan population. Only Bombus sp. were observed
at the Daejireung population. Population densities were
estimated by direct counts using a 5 X 5-m square. Seven
quadrat samples were recorded. On 16 to 18 September
1996, the two populations were visited again to measure
distances of seed dispersal. At the Nogodan population,
We selected 32 scapes bearing dehiscing capsules, each
scape separated by at least 3 m. We removed underground
grasses and other plants and then wrapped white paper
sheets (3 m by 3 m) around each maternal plant. At the
Daijireung population, 28 scapes were examined. Seed
dispersal distances were determined by measuring the
distance from the center of the scape to the spot where
the seed landed. It should be noted that the estimates of
primary seed movement are probably also rather serious
underestimates. The secondary movement of seeds after
they have reached the ground is likely and can be
extensive.

Data analyses were performed using the Statistical
Analysis System (SAS Institute, 1982). Descriptive sta-
tistics were produced by PROC UNIVARIATE and fre-
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quency histograms were produced by PROC CHART.
Departures from normality, as measured by skewness (g,)
and kurtosis (g,), were calculated for distributions of in-
terplant distances, pollinator flight distances, and seed dis-
persal distances, as well as ¢ - tests on these values as
described by Sokal and Rohlf (1981). A negative g, indi-
cates skewness to the left; a positive g , skewness to the
right. A negative g, indicates playkurtosis, and a positive
g,, leptokurtosis.

The effective population size (N, ), was estimated us-
ing the equation, Ne = 12.6 D (varg + 1/2 var,) (Crawford,
1984), where varg = variance of the seed dispersal distri-
bution, var, = variance of the pollen dispersal distribution,
and D = plant density. Neighborhood area (Na) was cal-
culated by dividing the effective neighborhood size by the
population density.

Results

The means between nearest neighbor distances and pol-
linator flight distances at the two sites showed significant
differences (¢t = -10.6 and -7.91, df = 735.5 and 264.9, P
<0.0001). In addition, variances for the two variables at
each site are also statistically different (£ = 20.59 and 7.63,
df =639, 397] and [190, 100], P < 0.0001). Variances of
pollinator flight distances at the two sites are statistically
different (£ = 2.95, df = [639, 190], P < 0.0001) even
though the means are not (¢ = 1.16, df = 546.4, P > 0.247).
On the other hand, the variances and means of seed
dispersal distances and nearest neighbor distances at the
Nogodan population are not statistically different from
each of those for the Daejireung population (F=1.16 and
1.09, df = [582, 551] and [397, 100], P > 0.075 and P >
0.594; +=-0.991 and 0.137, df = 1133 and 497, P > 0.322
and P > 0.891). Univariate statistics for nearest neighbor
plant distances, pollinator flight distances, and seed-
dispersal distances of H. capitata are presented in Table
1. The frequency histogram for nearest neighbor distances
(g, = 2.41 and 2.23), pollinator flight distances (6.41 and
1.88), and seed dispersal distances (1.02 and 0.74) shows
a distribution significantly skewed to the right (Figure 1).
All values are also highly significant (one-tailed, #-test, P
<0.001). In addition, the shapes of nearest neighbor dis-
tribution (g, = 8.90 and 7.06) pollinator flight distribution

Table 1. Pollen and seed dispersal statistics for Hosta capitata in Nogodan (A) and Daejireung (B) populations in Mts. Chiri:
number of nearest interplants (NV), mean (X), standard deviation (SD), variance (0°), skewness (g,), kurtosis (g,), and ¢ - statistics for
skewness (t,) and kurtosis (t,) of pollinator flight and seed dispersal distances.

Estimate N X SD o? g g, t, t,
Interplant A 398 0.41 0.36 0.13 241 8.90 19.75™" 36.32™
B 101 0.41 0.34 0.12 2.23 7.06 9.29™ 14.83™
Pollinator A 640 1.12 1.64 2.68 6.41 60.57 66.77" 312.21™
B 191 1.01 0.95 0.91 1.88 4.62 10.56™ 13.05™
Seeds A 583 0.25 0.13 0.02 1.02 0.93 10.09™ 4.58""
B 552 0.26 0.12 0.01 0.74 0.52 7.08" 247"

"=P<0.01;"" =P<0.001 (one-tailed t-test).
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Figure 1. Frequency histograms of interplant distances (A and B), pollinator flight distances (C and D), and seed dispersal distances
(E and F). A, C, and E represent Nogodan population and B, D, and F for Daejireung population. X axis represents distance and Y

axis for proportion or percent.

(60.57 and 4.62), and seed dispersal distribution (0.93 and
0.52) are leptokurtic at the two populations (Table 1).
These values are all also highly significant (one-tailed, ¢-
test, all P < 0.001 except for seed dispersal distribution at
Daejireung, P < 0.01).

Neighborhood size, neighborhood area, and average
density are presented in Table 2. In these natural popula-
tions of H. capitata, neighborhood size, based on gene
flow estimated indirectly from pollinator movement, are
15.17 and 64.22 individuals and neighborhood area are
5.86 and 17.13 m?.

Discussion

There are significant differences between nearest neigh-
bor and pollinator flight distances. Bumblebees and Apis
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obviously do not always move between nearest neighbors.
If bumblebees and Apis were foraging optimally, they
would minimize flight costs by minimizing flight distances
between successively visited inflorescences, though they
don’t a priori know which ones have been visited already.
Thus, pollinator behavior is influenced by changes in nec-
tar (or pollen) rewards available in the flowers. As polli-
nator flight distances were observed from noon to
afternoon, we do not know the differences between flight
distances in the morning and those in the afternoon. More
studies are needed to confirm periods of time in which
nectar is more available. In addition, patterns of nectar
availability could also play a significant role in the pat-
tern of pollinator movement.

Recently, Chung (1994a) investigated levels of genetic
diversity and gene flow in 19 Korean populations of H.
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Table 2. Neighborhood and plant density statistics for Hosta capitata: population density (D), neighborhood size (N,), and
neighborhood area (Na). Estimates in parenthesis only for pollen dispersal.

Population D Ne Na (m?)
Nogodan 3.75 64.22 (63.28) 17.13 (16.87)
Daejireung 2.59 15.17 (14.85) 5.85(5.73)

capitata based on 25 isozyme loci. Levels of allozyme
diversity within populations of the species (mean expected
heterozygosity, He = 0.153) were considerably lower than
those for H. minor (He = 0.230, Chung, 1994b), a nar-
rowly distributed, Korean endemic species. In addition,
partitioning of genetic variation among populations, as
measured by Nei’s (1973, 1977) G, of H. capitata (G,
= 0.308) was two times higher than that for H. minor
(0.158; Chung, 1994b), indicating that gene flow among
populations is low. Indirect estimates of the number of
migrants per generation (Nm) (0.506 and 0.852; recalcu-
lated from Chung [1994a] based on mean G, and private
alleles) were lower than those obtained for other species
with similar life history traits (Hamrick, 1987). For neu-
tral genes, Nm values less than 1.0 are considered insuffi-
cient to prevent divergence due to genetic drift (Wright,
1931). More recently, we have investigated fine-scale
population genetic structure in two populations of H.
capitata using spatial autocorrelation analysis of enzyme
polymorphism (Chung, 1997). Significant positive
Moran’s / (Sokal and Oden, 1978) values were detected
at the shorter distances (0 < 4.5 m). According to Sokal
(1979), the distance at which mean Moran’s / values first
intercepts the expected / value may represent the shortest
size of an irregularly shaped patch size, the approximate
minimum patch sizes were calculated ranging from 7 to
20 m% As genetic differentiation among populations is
principally a function of gene flow among populations via
pollen and seed dispersal (Loveless and Hamrick, 1984),
the results of the present study strongly support the previ-
ous results. The means of pollinator flight distances and
seed dispersal distances of H. capitata are about 1 m and
25 cm , respectively (Table 1). The neighborhood sizes
of H. capitata range from 15 to 64 individuals and neigh-
borhood areas from 5.86 to 17.13 m?. As there were no
statistical differences for means and variances of seed dis-
persal distances and mean pollinator flight distances be-
tween the Nogodan and Daijireung populations, the main
reason of varying neighborhood areas between the two
sites can be attributed to the differences of variances for
pollinator flight distances between the two sites. Although
genetic patch size is usually many times larger than N
(Epperson and Li, 1997), it is of interest to note that the
neighborhood sizes estimated in this study are very com-
parable with approximate patch sizes obtained using spa-
tial autocorrelation analysis of enzyme polymorphisms.
This is partly due to the fact that the distribution of polli-
nator flight distances provides only a minimal estimate of
the pollen component of gene movement due to high pol-
len carryover (Levin and Kerster, 1968; Levin, 1983;
Schaal, 1980) and patch sizes obtained from Moran’s /
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were also minimum estimates (Berg and Hamrick, 1995).
Hamrick (1987) argued that patch sizes seen for genotypes
within populations should be significantly influenced by
seed dispersal. Since gene movement in plants is a se-
quential, two-step process via pollen then by seed, ob-
served patch structure will be most influenced by limited
seed movement regardless of the distances of pollen move-
ment. Even with long distance pollen movement, limited
seed movement will result in patches of halfsibs.

As estimations of neighborhood size are heavily depen-
dent on the density of plants under consideration, Richards
(1986) argued that estimates of neighborhood size may be
meaningless. He also, however, suggested that neighbor-
hood area may be meaningful because estimates of neigh-
borhood area are density independent. If this statement is
true, it might be of interest to compare the neighborhood
area of H. capitata with other herbaceous perennial ento-
mophilous outbreeders, as presented in Richards (1986,
Table 5.10, p.179). The neighborhood area of H. capitata
estimated from this study is smaller than that of most other
herbaceous perennials. Species with smaller effective
neighborhood sizes are more likely to be affected by
genetic drift (Kimura and Weiss, 1964), which lowers
genetic variation within populations and enhances it among
populations through chance or stochastic fluctuations. The
restriction on pollen and seed movement is particularly
strong when pollinators fly between nearest-neighbor
plants and seeds disperse within a short distance. Turner
et al. (1982) argued that restricted gene flow caused in-
breeding and an increase in homozygosity, leading to
microgeographic differentiation of the populations. The
present results also revealed that nearest-neighbor polli-
nation is clearly an important characteristic of pollination
biology.

In summary, gene flow may be sufficiently restricted
in two populations of H. capitata to allow chance effects
such as genetic drift to play an important role in deter-
mining the genetic structure of this species.
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