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Summary. The ecological potential for multiple mating is 
high in Amianthium muscaetoxicum. The percentage of 
long-distance pollinations (20-100 m) is greater than re- 
ported for most insect-pollinated systems. Estimations of 
neighborhood area are at least an order of magnitude larger 
than any previously reported for plant species. Seasonal 
effects on fluorescent dust dispersal indicate that neighbor- 
hood areas change during the flowering season. The 
number of  flowers marked with fluorescent dust on an inflo- 
rescence increases with increasing inflorescence size, and 
the proportions of available inflorescences that are marked 
decrease with distance from the source. Allozyme analysis 
indicates that heterozygosity levels are typical of outcross- 
ing plants. The diversity of seed genotypes is increased by 
increasing the size of the floral display. The present investi- 
gation is the first to consider the effects of floral display 
on seed diversity and adds to existing data indicating that 
inflorescence size is important to fecundity and/or pollen 
donation in some systems. 
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Although the ecological potential for multiple mating has 
received wide attention for animal species (Emlen and Oring 
1977), mating in plants is usually viewed in terms of out- 
crossing. The focus has not been on the factors determining 
the variety of mates, but on whether or not the mate is 
the self (Grant 1958). Whether a plant mates with one other 
plant, say its nearest neighbor, or whether it mates with 
many plants at random in the population, the outcome 
is still outcrossing. 

In many instances plants that donate pollen to several 
recipients and that in turn are fertilized by pollen from 
two or more donors can have higher fitness than individuals 
that exchange pollen with only one other plant. The benefits 
of multiple mating should derive from two main sources. 
First, the genetic diversity of seed progeny should be en- 
hanced. In a heterogeneous enviromnent or under some 
conditions of frequency-dependent selection, production of 
genetically variable progeny should be advantageous (Ell- 
strand and Antonovics 1985). Second, in a self-incompati- 
ble plant, the probability of  compatible crosses should in- 
crease. For instance, given a population with a single sterili- 
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ty locus with only three sterility alleles (the minimum possi- 
ble number), a third of all possible crosses among genotypes 
will be prevented by sterility barriers. Plants that would 
"sample"  the population more than once stand a better 
chance of hitting a plant that does not carry one of the 
same sterility alleles. 

The ability to exchange pollen among genetically differ- 
ent plants will be controlled by several ecological compo- 
nents: the number of individuals in the population ready 
to reproduce at the same time, the distance to which avail- 
able vectors carry pollen, and the seasonal and spatial pat- 
terns in the dispersal of pollen. We examine the first of 
these components in another paper (Palmer et al. manu- 
script). Here, we estimate the extent of pollen movement 
to plants at short (<  30 m) and long (30-100 m) distances, 
and we estimate the neighborhood area, i.e. the area unit 
of random mating (Wright 1969), for two different times 
in the flowering season. In addition, we examine the effects 
of  floral display and season on the estimated patterns of  
pollen dispersal: are large racemes pollinated differently 
from smaller ones, and does the proportion of flowers 
visited vary with distance and season? Finally, we use 
isozyme markers to analyze genetic diversity in progeny 
as it is affected by some of these ecologic factors. 

The virtually self-incompatible (Travis 1984) perennial 
Amianthium muscaetoxicum is excellent for the study of spa- 
tial and temporal factors affecting pollen flow. It has a 
bracteate raceme with indeterminate flowering, and at our 
study site at Mountain Lake Biological Station (elevation 
1220 m) in Giles County, Virginia, it displays a great deal 
of variation in flowering times and in inflorescence sizes. 
Furthermore, it is abundant and widespread at the site, 
and it has pollinators representing several orders (Coleop- 
tera, Lepidoptera, Hymenoptera). These details and other 
aspects of the reproductive biology of the plant are dis- 
cussed elsewhere (Travis 1984). 

Material and methods 

Estimation of  short- and long-distance pollen dispersal 

Tracking of fluorescent dusts was performed in two areas 
of an 80-m-radius study area. First, a 20-m-radius circle 
was used to follow short-distance dust dispersal. Second, 
four wedges that radiated 60 m in each compass direction 
from the edge of the 20-meter circle were used to investigate 
long-distance dispersal. Each wedge centered on a transect 
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that was divided into 5-m distance intervals, and the area 
searched increased with distance. This increase was propor- 
tional to the increase in the area of a circle at each distance. 
The area of the wedges represents 17.6% of the total area 
(outside of  the original 20-m-radius circle) of the 80-m- 
radius large circle. These wedges were used to standardize 
the area of search among the distance intervals; otherwise 
long-distance dispersal might have been severely under- 
searched relative to the intervals closer to the center. 

Near the center of the circle, four source plants with 
inflorescences that had 1/3 to 2/3 of their flowers open 
were brushed with dusts during the early (25 June-1 July), 
middle (4-10 July), and late (12-17 July) parts of the 1983 
flowering season. Each plant was dusted with one color, 
red, orange, blue, or green. All flowers on the source plants 
were dusted daily, and the inflorescence was discarded upon 
completion of flowering. Dust movement was measured 
three times in the first week and four times in the second 
and third weeks; sampling intervals were not the same for 
each replicate because of variable weather conditions. Dust 
was detected on recipient plants at night with a hand-held 
ultraviolet lamp, and discovery of dust on stigma and/or 
petals of at least one flower was the criterion by which 
a plant was considered marked. 

All plants in the circle and wedges were mapped, and 
every plant in these areas was examined at each search. 
Distances from the source plant were determined from the 
map and are presented in 5-m intervals from the source 
plants. Because source plants were at various locations near 
the center of the inner circle, distances searched could ex- 
ceed 20 m for the short- and 80 m for the long-distance 
surveys. 

Season and color effects on pollen dispersal 

We performed G-tests to compare the effects of dust color, 
season, and their interaction on the number of dispersal 
events for the short-distance sample. The number of inflo- 
rescences in each distance interval could not be estimated 
for the beginning of the season, because the fraction of 
all inflorescences that were in flower at that time was not 
known. Also, because there was only one color per source 
plant, we could count the number of dust recipients by 
the number that were marked by each color. 

Seasonal dispersal distances 

Regression analysis was used to describe the number of 
inflorescences marked with dust as a function of the dis- 
tance of dust dispersal in the short- and long-distance sur- 
veys. 

Axial variance and kurtosis of dust transport data were 
used to estimate neighborhood areas in middle and late 
season as was done by Schmitt (1983). Estimates of axial 
variance (s2v) and kurtosis (y2) of distances of dispersed dust 
in middle and late season were based on centered data 
(Crawford 1984). dust transport distances were not nor- 
mally distributed, and the neighborhood area A was esti- 
mated as: A=r~ r(kp 2 2 sp+ks ss)/4, where k=22a[F(2a+ l) 
F(a)/F(3 a)] and is estimated from the relationship: y2 + 3 = 
[F(a) F(5a)/F(3a)] 2 (Wright 1969; Beattie and Culver 
1979; Schmitt 1983--F denotes the gamma function). The 
value of r, the outcrossing rate, is considered to equal 1 
because this plant is predominantly an outcrosser (Travis 
1984). The variance of seed dispersial (s2~) was considered 

negligible relative to the variance of pollen dispersal and 
set equal to zero (Crawford 1984). The seeds of Amianthium 
muscaetoxicum are heavy and do not appear to be dispersed 
far beyond the length of the fallen plant. 

Effects of distance on the proportion of flowers marked 

In order to see how the proportion of flowers marked on 
an inflorescence relates to the distance of dispersal, we re- 
gressed the log of the proportion of flowers marked (i.e. 
log of number marked - log number of flowers open on 
an inflorescence) on the distance of the inflorescence from 
the source plant. We used this transformation of the pro- 
portion because both numerator (number of flowers 
marked) and denominator (number of  open flowers) are 
random variables, and the log of the proportion thus be- 
comes a linear combination of two random variables; the 
interpretation is that of a proportion, but without the trou- 
blesome distributional properties of  ratios of random vari- 
ables (cf. Mosimann and James 1979). 

Effects of inflorescence size on pollen flow 
and flowering duration 

Inflorescence size may influence pollinator service in several 
ways. To ascertain whether pollinators visit particular size 
classes of inflorescences preferentially, we compared the 
lengths (to the nearest 5 cm) of the 989 inflorescences avail- 
able in the search area to the lengths of the 116 inflores- 
cences marked by fluorescent dust. We compared these by 
means of a chi-squared analysis with 7 length categories 
and used data from the late season when flowering was 
the most full on inflorescences. Length of inflorescence is 
strongly correlated with number of flowers in the inflores- 
cence (r=0.90, df=94,  P=0.0001). To ascertain whether 
larger inflorescences, once visited, might obtain more pol- 
linations, we regressed the number of flowers marked on 
an inflorescence on the size of the inflorescence. 

In order to determine how duration of flowering (in 
days) varied with inflorescence size (number of flowers), 
we followed the flowering phenologies of 102 inflorescences 
over calendar time. The relationship between the two vari- 
ables was evaluated by regression of duration of flowering 
on size of  inflorescence. 

Estimation of genetic variability 
and progeny diversity 

To estimate the genetic variability in the population, we 
conducted starch gel electrophoresis on 70 individuals con- 
tained within and in the vicinity of a high-density plot 
(5 x 8 m with 3.68 plants/m2). Leaf tissue was extracted 
(Soltis et al. 1983), and gels were run anodally in LiOH 
electrode buffers. The gels were stained for esterase (EST), 
phosphoglucomutase (PGM), leueine amino peptidase 
(LAP), and shikimate dehydrogenase (SKDH). Superoxide 
dismutase (SOD) activity was checked on gels stained for 
SKDH and PGM. Amianthium muscaetoxicum is a diploid, 
and segregation proceeds according to expectation. 

The actual diversity of seed progeny was examined for 
plants whose inflorescences were categorized according to 
their time of flowering and size. Early-flowering inflores- 
cences are considered to be those that began flowering be- 
fore the median date of flowering in the sample of phenolo- 
gies, whereas late-flowering inflorescences are those that 
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began flowering on the day after this date or later. Small 
inflorescences ranged from 45 to 70 mm in length (x= 
47.1 mm, s.d. =0_62 ram) and large inflorescences from 80 
to 140 mm (x= 107.1 ram, s.d.-- 18.5 ram). 

Among inflorescences in these size and season categories 
we chose only inflorescences from plants homozygous at 
each locus in order to control for maternal genotype effects 
on diversity of the seeds. From each plant we collected 
10 seeds from the topmost and ten from the bottommost 
flowers with seed. 

Seed coat tissue was removed from each seed so that 
only the products of fertilization, i.e. endosperm and em- 
bryo tissues, would be tested. The seed extractions (Soltis 
et al, 1983) were run anodally in LiOH buffer. In order 
to sample genotype diversity of the progeny, we used 
SKDH, LAP 1, and LAP 2 as marker enzymes, 

Diversity consists of two components, evenness and 
richness (Peet 1974). Evenness is the equitability of propor- 
tions of seed genotypes, and richness is the number of geno- 
types. Evenness of the 10 genotypes from each season-size- 
location category was analyzed as the sum of the squared 
deviations from the value of perfect evenness. For example, 
if there are three possible genotypes at a locus, the value 
of perfect evenness in a collection of individuals is 0.33, 
and the index is: 
N = 3  N = 3  

(dev) z=  ~ (0.33-f02 
i = 1  / = l  

wheref~ is the proportion of seeds in the ith genotype class. 
Values of this index inversely proportional in magnitude 
to evenness. This index is asymptotically normally distrib- 
uted, and a three-way analysis of variance was used to com- 
pare the effects of season, size, and location upon it. Rich- 
ness of genotypes is measured as the number of genotypes 
for each season-size-locality category. These data were ana- 
lyzed with a log linear fit to a three-way contingency table 
(Bishop et al, 1975). 

Resulls 

Season and color effects on pollen dispersal 

In the short-distance sample, the time of the flowering sea- 
son has a significant effect on the number of dispersal events 
(Table 1). Fluorescent dusts were dispersed more frequently 
in the late part of the flowering season (n = 86 events) than 
in the middle part (n = 44 events). This greater dust move- 
ment in the late season also occurred in the long-distance 
samples (Table 2). In addition, there was a statistically sig- 
nificant difference in the effects of different fluorescent col- 
ors on pollinator activity (Table 1). Blue and especially 
green dusts were either distributed, transferred from pollin- 
ators' bodies, or detected less often than the other colors. 
Season and color effects did not interact. 

Each source plant dispersed its colored dust to many 
different individuals (range 3 to 28). 

Seasonal dispersal distances 

Dust flow was detected in all distance intervals of the short- 
distance sample and in 11 out of 17 intervals in the long- 
distance sample, including the farthest distance interval 
sampled, 95-100 m away from the source plants (Table 2). 

In the short-distance samples, the number of dispersal 

Table 1. Number of fluorescent dust detections by season and color 
in the short-distance sample 

Season Color 

Red Orange Blue Green 

Middle season 21 12 8 3 44 
Late season 28 26 24 8 86 

49 38 32 11 130 

Tests d.f. G value P 

Color effects 3 27.293 0.005 
Season effects 1 13.816 0.005 
Color-by-season interaction 3 3.202 NS 

7 

events decreased with distance. The regressions of number 
of dispersal events on distance were similar for middle sea- 
son and late season (slopes of -0.041 and -0.043 respec- 
tively; intercepts of 1.387 and 1.699 respectively), and both 
regressions were significant at the 0.005 level. Note that 
the number of inflorescences available for dust reception 
increased slightly with distance from the source (Table 2). 
This relationship cannot be due to a steadly decreasing den- 
sity of plants, but must be due to patterns of pollinator 
movement. 

For the long-distance samples, there were only four dis- 
persal events in the middle season, so middle and late season 
data were pooled. These data revealed no significant rela- 
tionship between the number of dispersal events and dis- 
tance from the source (log (y+ l )=0 .005x+0 .117 ,  P =  
0.50). Thus, there appeared to be a strong decrease in dis- 
persal events with distance up to a distance of 30 meters, 
beyond which the number of dispersal events appeared to 
be independent of distance. Over all distances, neighbor- 
hood area increased dramatically from middle to late sea- 
son. In the middle season, the area was 262.2 m z (corre- 
sponding to a circle of radius 9.1 m) whereas in the late 
season, the neighborhood area increased an order of magni- 
tude to 1743.9 m 2 (circle of radius 23.6 m). Two outliers 
(at 73.3 m and 73.6 m) were deleted from the middle season 
estimation procedures, because they were unduly influen- 
tial. We did not calculate neighborhood size, because the 
plants were not distributed uniformly in space. 

Effects of  distance on the proportion of flowers marked 

Among inftorescences that received dust, distance from the 
source influenced the proportion of flowers on the inflores- 
cence that were visited. However, the direction of this rela- 
tionship changed between seasons. During the middle sea- 
son, the proportion increased with distance (F1,45 = 7,68, 
P <  0.01, slope = 0.008), but during the late season, the pro- 
portion decreased (F1, ~ 14 = 7.92, P < 0.01, slope = - 0.004). 
Neither relationship is very strong (coefficients of determi- 
nation were 0.14 and 0.06 in middle and late season respec- 
tively). The change in sign of slope could have been an 
artifact of the denominators' (number of flowers on the 
inflorescence) decreasing with distance in mid-season but 
increasing with distance in the late season. We regressed 



22 

Table 2. The number of detections of fluorescence dust dispersal in 5-m distance categories for three segments of the flower season. 
Parentheses contain the number of inflorescences available at each distance from the source plants. The number of inflorescences 
available during the early oat of the season are not included 

Distance Short-distance Sample Distance Long-distance Sample 

Category Early Middle Late Category Early Middle Late 

0- 5m 4 21 (88) 31 (88) 
5-10m 3 11 (209) 20 (218) 

10-15m 0 5 (314) 18 (315) 
15-20m 0 4(338) 9 (337) 
20-25m 4 2 (200) 7 (205) 
35-30m 0 1 (59) 1 (87) 

11 44 86 

10- 15m 0 0 (19) 4 (37) 
1 5 - 2 0 m  0 0 (63) 0 (76) 
25- 30 m 0 0 (157) 4 (151) 
30- 35 m 0 1 (214) 4 (180) 
35- 40 m 0 0 (240) 5 (203) 
4(~ 45 m 0 1 (218) 3 (201) 
45- 50 m 0 0 (145) 0 (192) 
50- 55 m 0 0 (200) 3 (194) 
55 60 m 0 0(232) 0 (223) 
60- 65 m 0 0 (347) 3 (262) 
65- 70 m 0 0 (376) 0 (435) 
70- 75 m 0 2 (430) 3 (380) 
75- 80 m 0 0 (453) I (445) 
80- 85 m 0 0 (378) 0 (414) 
85- 90 m 0 0 (281) 0 (407) 
90- 95 m 0 0 (266) 0 (250) 
95 100m 0 0 (86) 1(121) 

0 4 33 

these denominators  on distance for both  middle  and late 
season da ta  but  found no significant relat ionship.  

Effects of inflorescence size on pollen flow 
and flowering duration 

M a r k e d  inflorescences of  various size classes reflected their 
overall  representat ion in the entire popu la t ion  (Table 3: 
Z2=4.73,  d f = 6 ,  P<0 .50 ) .  inflorescence size did affect the 
number  of  flowers marked  with dust  in the late season: 
larger inflorescences displayed a weak tendency to have 
more  of  their flowers marked  than smaller inflorescences 
(regression significant at  the 0.01 level with sample size of  
116, but  a coefficient of  de terminat ion  o f  only 6%). 

We examined 102 inflorescences and recorded the dura-  
t ion o f  their  flowering in days. The inflorescences contained 
from 14 to 145 flowers 07 = 12.88, S.D. = 3.319). The length 
that  an inflorescence was in flower increased as a function 
of  inflorescence size (rZ=41.62, F1,101=71.29, P < 0 . 0 0 1 ;  
y = 0.062 x + 8.152). Large inflorescences were in flower lon- 
ger than small ones. 

Estimation of genetic variability and progeny diversity 

In the sample of  70 plants,  seven o f  the 8 loci tested were 
po lymorphic :  EST1,  EST2,  L A P I ,  LAP2 ,  S K D H ,  P G M ,  
and SOD. The heterozygosi ty index at  0.262 is about  aver- 
age for an outcrosser  ( H = 0 . 2 9 ;  Hamr ick  1982). The fre- 
quencies of  heterozygotes at each po lymorphic  locus used 
in the seed analysis were 0.208 for LAP1  (n=50) ,  0.061 
for L A P 2  (n=49) ,  and 0.405 for S K D H  (n=42) .  Inflores- 
cence size significantly affected the evenness of  genotypes 
in seed progeny at  the LAP 1 locus (Table 4). Large inflores- 
cenees have smaller evenness values ( s  2.884, i.e. greater  
mean diversity) than small  inflorescences (2=4.844) ,  and 
this difference accounts  for 32% of  the variance among 
plants.  N o  other  effects on evenness were significant. N o  
significant effects were detected for genotype richness at  
any locus. 

Table 3. Dispersal events as a function of inflorescence size class 

Size class Observed Expected 

< 39 mm 18 14.72 
40- 49 mm 16 22.156 
50- 59 mm 31 26.796 
60- 69 mm 21 24.360 
70- 79 rnm 14 15.428 
80- 89 mm 8 6.148 
90-100 mm 8 6.246 

Discussion 

Levels of  potent ia l  mult iple mat ing  in this popula t ion  of  
Amianthium muscaetoxicum appear  to be high but  season- 
ally restricted. Fluorescent  dust  from one source travels 
to a number  of  plants  over a wide range of  distances; how- 
ever, the high frequency and wide-ranging dust  movement  
was largely restricted to the late par t  of  the season. In the 
later par t  of  the season, when there are fewer inflorescences 
with nectar  to choose from, pol l inators  may  move more  
frequently and/or  to greater distances in search of  adequate  
resources. Once there, pol l inators  appear  to stay for shorter  
periods of  time, because they mark  a smaller p ropor t ion  
of  flowers. 

Restr ic t ion of  dis tant  flow pat terns  to the late season 
p robab ly  occurs because pol l inators  may restrict their 
movements  to near  neighbors at  peak flowering in the mid- 
dle season. The composi t ion of  the pol l inator  communi ty  
p robab ly  changes over the season, and the late season com- 
muni ty  may  be characterized by wider-ranging foraging ha- 
bits than was the earlier community.  I t  is interesting to 
note that  this pa t te rn  of  gene flow and phenology appears  
to be the reverse of  that  in wind-pol l inated Plantago lanceo- 
lata (Tonsor  1985). 

Representat ives of  at  least three orders (Coleoptera,  Le- 
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Table 4. Analysis of variance for genotype evenness of seed progeny 

Source d.f. S.S. x 103 M.S. F P 

a Analysis of variance for SKDH 

Season 1 176.817 176.817 2.64 NS 
Size 1 14.017 14.017 0.21 NS 
Season x Size I 58.017 58.017 0.87 NS 
Plants (Season and 8 535.600 66.950 

Size) 
Location 1 30.817 30.817 1.39 NS 
Location x Season 1 12.150 12.150 0.55 NS 
Location x Size 1 18.150 18.150 0.82 NS 
Location x Size 1 0.150 0.150 0.01 NS 

x Season 
Residual 8 176 .933  22.117 

23 1022.651 

b Analysis of variance for LAP1 

Season 1 0.67 0.067 0.00 NS 
Size 1 160.067 160.067 8.70 <0.05 
Season x Size 1 3.267 3.267 0.18 NS 
Plants (Season and 8 147.200 147.200 

Size) 
Location 1 0.267 0.267 0.02 NS 
Location x Season 1 21.600 21.600 1.64 NS 
Location x Size 1 1.067 1.067 0.08 NS 
Location x Size 1 60.000 60.000 4.57 NS 

x Season 
Residual 8 105.067 13.133 

23 498.602 

e Analysis of variance for 

Season 1 
Size 1 
Season x Size 1 
Plants (Season and 8 

Size) 
Location 1 
Location • Season 1 
Location x Size t 
Location x Size 1 

x Season 
Residual 8 

LAP2 
0.067 0.067 0.01 NS 

19.267 19.267 2.24 NS 
24.067 24.067 2.80 NS 
68.867 8.608 

0.067 0.067 0.01 NS 
0.067 0.067 0.01 NS 

19.267 19.267 2.40 NS 
19.267 19.267 NS 

67.197 8.025 

25 215.133 

pidoptera ,  and Hymenopte ra )  and nine families pol l inate 
Amianthium flowers (Travis 1984), and this diversity 
(especially in pol l ina tor  phenology)  must  p lay a significant 
role in determining dispersal distances and consequent  
ne ighborhood  areas. Li terature on insect pol l inat ion is 
dominated  by reports  concerned only with bee poll inat ion,  
and most  reports  suggest that  the major i ty  o f  insect-me- 
diated pollen movement  occurs within 10 m (reviewed by 
Levin and Kerster  1974; Hamr ick  1982). Otherwise, only 
a few studies have sought or found evidence of  insect pollen 
flow beyond 30 m, but  these are usually in agricultural  stu- 
dies. F o r  instance, Bateman (1947) observed 60% seed con- 
taminat ion  at  20 ft, 13% at 80 ft, and 6% at 140 ft, whereas 
1% seed contamina t ion  remained constant  from 160 
through 580 ft away from contaminat ing  varieties of  turnips 
and radishes p lanted at  20-ft distance intervals. This pat tern  
is similar to our results but  on a different scale. 

Schmitt  (1980) infers that  small amounts  of  pol l inat ion 
by lepidopteran  species can significantly increase the size 
of  the ne ighborhood  area when added  to pol l inat ion by 
densi ty-dependent  bee species in Senecio. Hence, annual  
and seasonal var ia t ion in species composi t ion,  sensitivity 
to floral density, and phenology of  pol l inators  may  cause 
the ne ighborhood  area to fluctuate. Our  est imations of  
ne ighborhood  area reflect the seasonal effects of  pol l inat ion 
by mult iple vectors to variable distances. In  the middle par t  
of  the season, the area is 262 m 2 (radius of  9.1 m), whereas 
in the late season it increases to 1743 m 2 (radius of  23.6 m). 
These est imations o f  ne ighborhood  areas are one to three 
orders of  magni tude greater than other est imations (refer- 
ences in Crawford  1984). Fur thermore ,  our  estimates of  
ne ighborhood  area are conservative. Long-dis tance sam- 
pling involved only 17.6% of  the total  area 2(~80 m from 
the center of  our circle, and thus we may  have undersam- 
pled. Al though little is known about  the correspondence 
of  dust  dispersal to pollen dispersal,  the " d u s t  m e t h o d "  
appears  suitable for est imating min imum pollen dispersal 
rates (Handel  1983; but  see Thomson  and Plowright  1980 
and Waser  and Price 1982). 

These results suggest that  plants  with small inflores- 
cences, which have short  flowering durat ions,  can experi- 
ence very different ne ighborhood  areas than those plants  
with large inflorescences, which flower for longer periods. 
This effect would be par t icular ly  marked  for plants  in flow- 
er during the middle par t  of  the season. Thus, closely adja- 
cent individuals  could conceivably experience dramat ica l ly  
different ne ighborhood  areas. On the other  hand,  the long- 
lived, i teroparous  lifestyle of  Amianthium may override all 
of  these sources of  var ia t ion and generate very large "effec- 
tive ne ighborhood  a reas . "  

We also found an effect of  inflorescence size that  oper-  
ated on a spatial  scale. Larger  inflorescences were no more  
likely to receive at  least one visit than expected on the basis 
of  their numbers.  However,  late in the season, larger inflo- 
rescences had more  of  their flowers marked  with dust. This 
f inding suggests that  a visiting pol l ina tor  l ingered longer 
and covered more flowers with dust. 

As a result of  the effects o f  inflorescence size that  oper-  
ate on both  temporal  and spatial  scales, large inflorescences 
had a greater evenness of  genotypic diversity in their seed 
progeny at  the L A P  1 locus than did small inflorescences. 
Despite our  crude categorizat ion of  inflorescence size, the 
effect was a strong one, accounting for 32% of  the variance 
in evenness. This demons t ra t ion  of  the effect of  the size 
of  the floral display on the genotypic diversity of  progeny 
is the first that  we are aware of  for a natura l  populat ion.  
We suggest that  the effect occurs p redominan t ly  through 
the longer flowering dura t ion  o f  larger inflorescences, ena- 
bling their ovules to " s a m p l e "  a larger fraction of  the genet- 
ic diversity of  pollen in the popula t ion .  
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