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GENETIC DIVERSITY AND POPULATION STRUCTURE OF
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Using 19 allozyme loci we studied genetic diversity in 18 populations of Yucca filamentosa (Agavaceae) from the
southeastern United States. Of the 19 loci surveyed, 17 (89.5%) were polymorphic in at least one of the populations sampled.
There was considerable variation among populations in the percentage of polymorphic loci (range 5 31.6–84.2%, mean 5
67.6%). Similar heterogeneity among populations was observed for mean number of alleles per polymorphic locus (range
5 2.0–3.0; mean 5 2.48) and mean expected heterozygosity (range 5 0.113–0.288; mean 5 0.213). On average, 83% of
the total genetic diversity was found within populations. Duplications of three allozyme loci were detected in several
populations. The life-history characteristics of Y. filamentosa (a long-lived, semiwoody, predominantly outcrossing monocot
with a large geographical range) may contribute to the maintenance of such high levels of genetic diversity. These results
contradict expectations of the genetic structure of Y. filamentosa based on observations of the dispersal and pollination
behavior of its sole pollinator, Tegeticula yuccasella, the yucca moth.
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The genetic diversity maintained by a plant species is
influenced by specific characteristics of the species (Ham-
rick, Linhart, and Mitton, 1979; Hamrick and Godt,
1989) as well as by its evolutionary history. Species-spe-
cific traits such as life form, seed dispersal mechanism,
pollinators, and geographical range should affect the level
and distribution of genetic diversity within plant species.
Of all the traits examined, the breeding system appears
to have the greatest influence on genetic diversity and its
distribution (Hamrick and Godt, 1989). For example, self-
ing species typically have less genetic diversity than out-
crossing species and their populations are more strongly
genetically differentiated. On the other hand, outcrossing
species usually maintain more genetic diversity and a
much higher proportion of their variation occurs within
individual populations (Hamrick and Godt, 1989).

The genetic composition and structure of insect-polli-
nated species may be particularly dependent on the be-
havior of its pollinator(s). This may be especially true for
plant species whose breeding systems feature highly coe-
volved mutualistic interactions between the plant and its
pollinator. The interaction between Yucca species (Aga-
vaceae) and their yucca moth pollinators (Tegeticula and
Parategeticula: Prodoxidae) represents the type of spe-
cies-specific, coevolved mutualism that could significant-
ly influence the genetic structure of the plant. The specific
behavior of the female yucca moth should directly affect
gene movement via pollen within and among yucca pop-
ulations.

Yucca moths exhibit a specific behavioral pattern that
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results in pollination of the yucca plant (Engelmann,
1872; Riley, 1872). First, the female moth mates with a
male within a yucca flower. Next, she collects pollen
from one or more plants and oviposits in a locule of the
ovary of a yucca flower. Finally, she moves to the style
and deposits the pollen on the stigmatic surface. During
subsequent fruit and larval development, the moth larvae
consume a fraction of the seeds within the developing
fruit. The larvae leave the locule immediately prior to
seed release and burrow into the ground, where they pu-
pate and remain until the next reproductive season (En-
gelmann, 1872; Riley, 1872). The behavior of the yucca
moth ensures pollination, but it may not ensure outcross-
ing. Previous studies of Yucca filamentosa L. have found
that its pollinator (Tegeticula yuccasella) may self fertil-
ize the plant in 40% of the attempted pollinations (Pell-
myr et al., 1997). In contrast, a mating system analysis
using genetic markers within the population where moth
behavior was observed revealed that Yucca filamentosa
was predominantly outcrossed (Pellmyr et al., 1997). This
is somewhat surprising, since the species is genetically
self-compatible (Pellmyr et al., 1997). Evidently, there is
something in the moths’ behavior, in the fertilization pro-
cess, or in subsequent fruit and/or seed maturation that
ensures the differential production of outcrossed progeny.

The distribution of genetic diversity within and among
populations is a function of the rate of gene movement
between populations. The extent of gene movement in a
species depends on the distribution of the habitats it oc-
cupies, the size and degree of isolation of its populations,
and the movement of its pollinators and seed dispersal
vectors between populations. Yucca filamentosa is dis-
continuously distributed from Virginia to Louisiana in a
variety of xeric habitats including granite outcrops, sand-
hills, thinly wooded to cleared forests, and sand dunes.
The discontinuous distribution of these habitats should
affect the size and degree of isolation of individual pop-
ulations. For example, some populations on granite out-
crops are isolated by several kilometres of mesic forest
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Fig. 1. Location of Yucca filamentosa populations sampled: BLN—
Bladen Co., North Carolina; FRN—Franklin Co., North Carolina;
RIS—Richland Co., South Carolina; GES—Georgetown Co., South
Carolina; CES—Chesterfield Co., South Carolina; MAS—Marion Co.,
South Carolina; CHS—Charleston Co., South Carolina; RO1—Rock-
dale Co., Georgia; RO2—Rockdale, Co., Georgia; PIG—Pike Co.,
Georgia; BAF—Bay, Co., Florida; WAF—Walton Co., Florida; FRA—
Franklin Co., Alabama; GRA—Greene, Co., Alabama; CLL—Claibor-
ne Parish, Louisiana; OUL—Ouchita Parish, Louisiana; WIL—Winn,
Parish, Louisiana; SAL—Sabine, Parish, Louisiana.

and consist of ,20 scattered individuals. In contrast, pop-
ulations on sandy substrates often cover large areas and
may consist of .400 individuals. Furthermore, the ability
of Y. filamentosa to exchange genes among its popula-
tions may be limited because its seeds are gravity dis-
persed. Moreover, behavioral observations of Tegeticula
yuccasella indicate that the yucca moths might be inca-
pable of flying the long distances between more isolated
yucca populations.

Based on its large geographical range, longevity, and
predominantly outcrossing mode of reproduction, we
would expect Y. filamentosa to maintain relatively high
levels of overall species genetic diversity and within-pop-
ulation variation and low levels of population differen-
tiation. In contrast, its patchy distribution and the pre-
sumed limited dispersal potential of its seed and pollen
should result in relatively high levels of genetic differ-
entiation among its populations. In this paper, we report
the results of an allozyme study of 18 populations dis-
tributed throughout the geographical range of Y. filamen-
tosa.

MATERIALS AND METHODS

Study species—Yucca filamentosa is a long-lived perennial that repro-
duces vegetatively (Massey and Hamrick, unpublished data), as well as
sexually. An individual rosette typically flowers every year or every
other year, and a plant will flower many times during its lifetime (30–
50 yr; R. Sutter, The Nature Conservancy, personal communication).
An inflorescence often consists of .300 flowers. Typically there are
150 seeds per fruit and fruit set varies widely among plants. There is
no known seed vector for Y. filamentosa, but its flat seeds may occa-
sionally be blown across open habitats.

Yucca filamentosa ranges from Louisiana to Virginia. Collection sites
were located using herbarium sheets. It was difficult to find natural
populations in some areas without site locales (e.g., Mississippi). More
northern populations are probably anthropogenic, as Y. filamentosa
seedlings are not cold tolerant.

Electrophoresis and genetic analyses—Eighteen populations of Y.
filamentosa were sampled across the southeastern United States (Fig.
1). Depending on population size, leaves were sampled from 24 to 48
individuals per population. Leaves were kept on ice, transported to the
laboratory, and crushed with liquid nitrogen. A small amount of sand
was added to facilitate enzyme extraction. Once a fine powder was
obtained, an extraction buffer (Wendel and Parks, 1982) was added to
stabilize enzyme expression. Enzyme extracts were absorbed on filter
paper wicks and stored at 2708C.

Allozyme diversity was determined via horizontal starch-gel electro-
phoresis. Gels were stained for 11 enzyme systems (which produced 19
loci). Buffer system 6 was used to resolve phosphoglucose isomerase
(Pgi-1, Pgi-2), triosephosphate isomerase (Tpi-1, Tpi-4), fluorescent es-
terase (Fe-2), acid phosphatase (Acp-1), and alcohol dehydrogenase
(Adh-2, Adh-3, Adh-4). Buffer system 11 was used for shikimate de-
hydrogenase (Skdh-1), 6-phosphogluconate dehydrogenase (6-Pgd-1, 6-
Pgd-2), isocitrate dehydrogenase (Idh-1), malate dehydrogenase (Mdh-
1, Mdh-2), and phosphoglucomutase (Pgm-2, Pgm-3). A modified buff-
er system 8 was used to resolve diaphorase (Dia-2, Dia-3). We used
the buffer recipes and stains of Soltis et al. (1983), except for diaphorase
(Cheliak and Pitel, 1984).

Measures of genetic diversity (percentage polymorphic loci (P), mean
number of alleles per locus (A) and per polymorphic locus (AP), effec-
tive number of alleles per locus (Ae), and observed (Ho) and expected
heterozygosity (He)) were calculated for each population (designated by
subscript ‘‘p’’) and for the species (subscript ‘‘s’’) as a whole. The

effective number of alleles (Ae), was calculated using Hedrick’s (1983)
method. Genetic diversity, He, was calculated for each locus as He 5 1
2 Spi

2, where pi is the frequency of the ith allele at a given locus. Values
of Ae and He for each locus were averaged over all loci to yield a mean
value for each population.

Wright’s fixation index (FIS) was calculated according to the methods
of Nei (1977) to determine deviations from Hardy-Weinberg expecta-
tions for each locus and population. Using x2 tests, we tested for sig-
nificant deviations from Hardy-Weinberg equilibrium at each polymor-
phic locus (Li and Horvitz, 1953):

x2 5 F2N (a 2 1), df 5 a (a 2 1)/2

where F is the inbreeding coefficient for each locus and population, N
is the sample size, and a is the number of alleles at the locus.

Genetic diversity within and among populations was partitioned using
Nei’s (1973, 1977) genetic diversity statistics. The total genetic diversity
at polymorphic loci (HT) was partitioned into within (HS) and among
(DST) population components. For each polymorphic locus, an estimate
of the proportion of genetic variation attributable to the among-popu-
lation component (GST 5 DST/HT) was calculated. An average GST value
was calculated across all polymorphic loci to estimate total population
divergence. A x2 analysis for allele frequency heterogeneity among pop-
ulations was used to determine the statistical significance of the GST

values for each locus (Workman and Niswander, 1970). Another esti-
mate of genetic divergence between populations was estimated by cal-
culating Nei’s (1972) genetic distance and identity for all pairs of pop-
ulations.

Indirect estimates of gene flow among populations (Nm, the number
of migrants per generation) were calculated by two methods. First, we
used the ‘‘private’’ allele method, which is based on the average fre-
quency of alleles found exclusively in a single population (Slatkin,
1985; Barton and Slatkin, 1986). Second, we estimated gene flow using
Wright’s (1931) equation, as modified by Crow and Aoki (1984) for
small population sizes.

RESULTS

Genetic diversity—Yucca filamentosa maintains remark-
ably high levels of allozyme diversity. Of the 19 loci
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TABLE 1. Estimates of genetic diversity for 18 populations of Yucca
filamentosa based on 19 allozyme loci. N, number of individuals
sampled from the population; %P, percentage of polymorphic loci;
AP, average number of alleles per polymorphic locus; A, mean
number of alleles per locus; Ae, effective number of alleles per
locus; Ho, observed heterozygosity; He, expected heterozygosity;
SD, standard deviation.

Pop. N %P AP A Ae Ho (SD) He (SD)

Eastern populations
BLN
FRN
RIS
GES
CES
MAS
CHS

24
24
24
30
28
29
30

63.2
63.2
63.2
63.2
53.0
31.6
72.2

2.50
2.08
2.50
2.42
2.11
2.00
2.38

1.95
1.68
1.95
1.89
1.59
1.32
2.00

1.38
1.35
1.31
1.36
1.26
1.20
1.37

0.207 (0.020)
0.232 (0.020)
0.167 (0.018)
0.193 (0.018)
0.141 (0.019)
0.187 (0.018)
0.195 (0.019)

0.213 (0.049)
0.207 (0.048)
0.183 (0.048)
0.207 (0.047)
0.145 (0.044)
0.113 (0.042)
0.216 (0.044)

RO1
RO2
PIG
BAF
WAF
Mean:

48
42
42
32
32

63.2
76.5
73.7
66.7
50.0
61.6

2.92
2.46
2.50
2.50
3.00
2.45

2.21
2.12
2.11
2.00
2.00
1.90

1.35
1.34
1.46
1.37
1.40
1.35

0.165 (0.012)
0.169 (0.015)
0.224 (0.016)
0.175 (0.017)
0.170 (0.018)
0.185 (0.002)

0.187 (0.049)
0.207 (0.046)
0.256 (0.047)
0.199 (0.055)
0.197 (0.048)
0.194 (0.003)

Western populations
FRA
GRA
CLL
OUL
WIL
SAL
Mean:

32
31
24
33
32
31

79.0
73.7
79.0
83.3
84.2
79.0
79.7

2.40
2.43
2.67
2.67
2.56
2.53
2.54

2.11
2.05
2.32
2.39
2.32
2.21
2.23

1.42
1.45
1.54
1.34
1.53
1.54
1.47

0.238 (0.018)
0.226 (0.020)
0.302 (0.023)
0.209 (0.017)
0.248 (0.018)
0.247 (0.019)
0.245 (0.006)

0.227 (0.048)
0.221 (0.057)
0.288 (0.050)
0.221 (0.037)
0.266 (0.053)
0.276 (0.048)
0.250 (0.006)

Population
Mean

Species
estimate

67.6

89.5

2.48

3.47

2.01

3.21

1.39

1.45

0.205 (0.004) 0.213 (0.011)

0.264

TABLE 2. Estimates of genetic diversity parameters for 17 polymorphic
loci surveyed for 18 populations of Yucca filamentosa. HT, total
genetic diversity for the species; HS, mean within-population ge-
netic diversity; FIS, deviations from Hardy-Weinberg expectations
within individual populations; FIT, deviations from Hardy-Weinberg
expectations over all populations; GST, proportion of total genetic
diversity partitioned among populations.

Locus
(alleles) HT HS FIS FIT GST

Pgi-1 (3)
Pgi-2 (7)
Tpi-1 (2)
Tpi-4 (3)
Skdh-1 (3)
Fe-2 (5)

0.341
0.564
0.005
0.083
0.313
0.301

0.303
0.500
0.005
0.071
0.233
0.254

20.187
20.024
20.070
20.200

0.162
20.189

20.056
0.093

20.003
20.033

0.377
20.003

0.111
0.114
0.063
0.139
0.256
0.156

6-Pgd-1 (2)
6-Pgd-2 (3)
Idh-1 (5)
Dia-2 (2)
Dia-3 (3)
Acp-1 (3)

0.420
0.153
0.529
0.187
0.190
0.217

0.355
0.116
0.430
0.133
0.171
0.151

0.076
20.399

0.229
0.382

20.069
0.346

0.219
20.065

0.373
0.561
0.040
0.546

0.156
0.239
0.186
0.290
0.102
0.305

Adh-4 (4)
Mdh-1 (3)
Mdh-2 (2)
Pgm-2 (4)
Pgm-3 (3)
Mean

0.306
0.254
0.151
0.496
0.503
0.295

0.275
0.236
0.129
0.373
0.376
0.242

0.141
0.035

20.174
0.235
0.108
0.024

0.227
0.100

20.001
0.426
0.333
0.184

0.099
0.067
0.147
0.249
0.252
0.172

surveyed, 17 (89.5%) were polymorphic in at least one
of the populations sampled (Table 1). Only Adh-2 and
Adh-3 were monomorphic across all populations. For the
species, a mean of 3.47 alleles was detected per poly-
morphic locus (APs). The effective number of alleles per
locus (Aes) for the species was 1.45, whereas the expected
genetic diversity (Hes) was 0.264.

Within populations, an average of 67.6% of the loci
was polymorphic (Table 1). The percentage of polymor-
phic loci per population varied widely among popula-
tions, ranging from 31.6% (MAS) to 84.2% (WIL). The
mean number of alleles per polymorphic locus (range 5
2.0–3.0, mean 5 2.48) and the expected heterozygosity
(range 5 0.113–0.288, mean 5 0.213) also varied greatly
among populations. Furthermore, it appears that popula-
tions from Alabama and Louisiana have more genetic
diversity than populations in the eastern section of the
range from Florida, Georgia, and the Carolinas. The dif-
ference in percentage of loci polymorphic between the
two sets of populations was significant (t 5 3.5, df 5 16,
P , 0.005).

Of 306 fixation indices, 14 were significantly different
from zero (P , 0.05). Deviations were scattered across
populations and loci. Three significant fixation indices
were negative at Pgi-1, Fe-2, and 6-Pgd-2, and 11 overall
were positive at Skdh-1 (2), 6-Pgd-1 (1), Pgi-1 (1), Adh-
4 (2), Acp-1 (1), Dia-2 (1), Dia-3 (1), Mdh-2 (1), and
Idh-1 (1). Based on chance alone, we expect ;15 signif-

icant differences; thus, the 14 significant values observed
probably have no biological meaning. This conclusion is
supported by the low mean FIS value (0.024) observed.

Genetic structure—x2 analyses for allele frequency
heterogeneity among populations revealed significant dif-
ferences among populations for all 17 polymorphic loci.
On average, 83% of the genetic variation is found within
populations (Table 2). Variation among populations as
measured by Nei’s (1973) GST, ranged from 6.3% (Tpi-
1) to 29.0% (Dia-2) across the 17 polymorphic loci.
Based on Slatkin’s ‘‘private’’ allele model, the number of
migrants per generation (Nm) was estimated to be 1.22.
Similarly, the Nm estimate based on GST was 1.20.

Mean genetic identity (I) among populations was 0.929
(SD 5 0.027). The highest genetic identity was between
PIG and RIS (0.985), and the lowest value was observed
between FRN and GRA (0.863). The average genetic dis-
tance compared between the eastern and western ranges
(0.082, SD 5 0.028) was not significantly higher than the
genetic distance within the eastern range (0.068, SD 5
0.028) and within the western range (0.061, SD 5 0.030).
Genetic distance was significantly correlated with geo-
graphical distance (r 5 0.37, P , 0.0001), but only 15%
of the total variation in genetic distance was explained
by geographical distance.

Duplications of three allozyme loci (Adh-4, Pgi-2, and
Idh-2) were detected in several populations scattered
across the range of Y. filamentosa (Table 3). Idh-2 was
not used for the genetic diversity analysis because of its
complex banding patterns, but population duplication
could be detected at this locus. Without formal genetic
analyses it is difficult to demonstrate that duplication has
occurred. Duplication of loci was indicated, however, by
observed electromorph banding patterns. First, if every
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TABLE 3. Populations for which duplicated loci were indicated by the
observation of three or four alleles per locus. %D is the proportion
of individuals in each population for which a three- or four-banded
phenotype was detected.

Adh-4

Population %D

Pgi-2

Population %D

Idh-2

Population %D

CLL
OUL
BAF
RO1
PIG

13
24
13
6

29

WAF
BAF
CES

31
28

7

WIL
SAL
FRA

6
13
NDa

a Because of overlapping loci it was difficult to count how many in-
dividuals indicated duplication.

individual in a population is fixed for two (monomer) or
three (dimer) bands, but other populations are either
monomorphic for a single band or are polymorphic for
one or more alleles, it seems likely that the ‘‘fixed het-
erozygote’’ is due to a duplication at that locus in the
population. Second, duplications were detected when the
banding pattern at a locus indicated that an individual had
a third or fourth allele at that locus. For example, at a
nonduplicated monomeric locus, we should observe in-
dividuals with one (homozygotes) or two (heterozygotes)
bands. In contrast, if a monomeric locus is duplicated,
we can find individuals with one to four bands, depend-
ing on the alleles present at each duplicated gene. For
dimeric loci, banding patterns are more complicated, but
similar observations were used to identify duplicated
genes. The percentage of individuals in a population that
expressed more than two alleles is given in Table 3. In
some cases the entire population may have had the du-
plication, but we were unable to detect it from observed
banding patterns. Individuals with one- or two-banded
phenotypes in these populations may have had duplica-
tions that we could not detect, because the duplicated loci
shared the same two alleles. No new alleles were found
in the duplicated individuals, nor was there any distin-
guishable pattern to the duplications (i.e., one population
having one allele more than another).

DISCUSSION

Genetic diversity—Four factors appear to primarily affect
the amount of allozyme variation maintained by plant
species: life form, geographic range, taxonomic status,
and breeding system (Hamrick and Godt, 1989). Long-
lived, woody, perennial species with a regional distribu-
tion that are outcrossing monocots generally have more
genetic diversity than species with other combinations of
traits (Hamrick and Godt, 1989). Yucca filamentosa is a
long-lived, semiwoody, perennial monocot that is region-
ally distributed in the southeastern United States. This
species is also predominantly outcrossed (Pellmyr et al.,
1997). With this combination of traits, Y. filamentosa
should maintain high levels of genetic diversity. The val-
ues observed (Ps 5 89.5%; Hes 5 0.264) are, however,
higher than would be expected based on these consider-
ations. Indeed, this level of genetic diversity places Y.
filamentosa within the top 10% of all plant species sim-
ilarly analyzed (Hamrick and Godt, 1989).

Detailed observations of the yucca moth’s behavior of-
fer few clues as to why Y. filamentosa should maintain
such high levels of genetic diversity. Observations of the
moth’s behavior indicated that a large proportion of the
pollination events resulted in autogamous or geitonoga-
mous pollinations (Pellmyr et al., 1997). In contrast, the
outcrossing rate observed in that population (t 5 0.961,
SD 5 0.07: Pellmyr et al., 1997) indicates that the fruits
contain predominantly outcrossed seeds. There are three
possible explanations for this discrepancy. First, moths
may deposit pollen with pollen from visits to other plants
before they collect pollen from the same plant or there
may be multiple visits to the same flower by other moths.
Second, pollen competition may occur between outcross-
and self-pollen in such a way that outcrossed seeds are
preferentially set. Third, Y. filamentosa may selectively
abort selfed fruits (Pellmyr and Huth, 1994). The ob-
served behavior of the moth (facultative selfing) may be
regulated by the plant to ensure outcrossed progeny.
Thus, the specific interaction may have led to a coevo-
lutionary scenario that maintains genetic diversity. For
example, reduced selfed fruit set could select for moths
that move between plants to ensure outcrossing. Unfor-
tunately, we know of no other published accounts of allo-
zyme diversity in Yucca. In a similar relationship involv-
ing figs (Ficus) and their obligate wasp pollinators (Pe-
goscapus and Tetrapus), very high levels of genetic di-
versity were also observed (Nason, Herre, and Hamrick,
1996).

The difference between eastern and western popula-
tions in percentage of polymorphic loci may reflect an
ancient subdivision between these groups. The smaller
genetic distances between eastern populations vs. western
populations also may indicate that the range of the spe-
cies has been subdivided. Alternatively, there could be
unknown selective differences between these habitats that
influence the distribution of genetic diversity.

Genetic structure—The GST for Y. filamentosa, 0.172,
is near the average GST for outcrossing, animal-pollinated
species (0.197: Hamrick and Godt, 1989), but is higher
than the mean GST of 37 animal-pollinated woody plants
(0.099: Hamrick, Godt, and Sherman-Broyles, 1992).
Partitioning of genetic variation among populations is
primarily related to their geographical distribution and
the potential for gene flow among populations. Several
factors may contribute to the observation that Y. filamen-
tosa displays more interpopulation differentiation than
the majority of animal-pollinated woody plants. First,
most species with this combination of traits are forest
trees that occur at relatively low population densities.
Long-distance pollen movement within and among pop-
ulations of these species may be common. The patchy
distribution of the yucca populations, coupled with the
limited dispersal ability of its specific pollinators, may
reduce gene flow among its populations relative to that
of more continuously distributed species with strong-fly-
ing pollinators.

Nevertheless, the relatively low GST observed indicates
that there is (marginally) enough gene flow (Nm . 1.2)
to counteract the action of genetic drift on the genetic
composition of individual populations (Wright, 1951).
One explanation for the relatively high level of gene flow
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is that yucca moths may occasionally move between pop-
ulations. To our knowledge, there is no direct evidence
to support this speculation. A second explanation is that
the indirect methods used to calculate gene flow over-
estimate current rates. If recently separated populations
are not yet at gene flow/drift equilibrium, then low levels
of population differentiation might be observed even in
the absence of contemporary gene flow (Templeton and
Georgiadis, 1996). Such arguments are difficult to test.
However, paleoecological evidence suggests that the cur-
rent native vegetation in the southeastern United States
has been in place for the last 8000 yr (Davis, 1983; Del-
court, Delcourt, and Davidson, 1983). A related possi-
bility is that Y. filamentosa was more continuously dis-
tributed across the southeastern United States in the re-
cent past. Extensive disturbance experienced by south-
eastern plant communities during the past three centuries
could have extirpated many populations, and produced
the patchy distribution seen today.

The apparent occurrence of gene duplications limited
to certain populations also suggests that gene flow is lim-
ited between present-day populations of Y. filamentosa.
Most allozyme duplications characterize all populations
of a species, rather than occurring in a subset of popu-
lations (Gottlieb, 1977). Factors that could limit dupli-
cations to a subset of populations include selection, lim-
ited gene flow, and recent introduction into the popula-
tion. It is possible, however, that the geographical distri-
bution of each duplication in Y. filamentosa is more
extensive than detected by our limited sampling.

Gene duplications can involve duplication of whole
chromosome sets (polyploidy) or duplication of a single
chromosome or parts of a single chromosome. If dupli-
cation is due to polyploidization, all loci should be du-
plicated (unless there is gene silencing). In Y. filamentosa,
only three of the 19 allozyme loci resolved showed evi-
dence of duplication, suggesting that these events are
probably not the result of past polyploidy. Also, several
chromosome counts of Y. filamentosa have the same ba-
sic chromosome number, indicating that there is no evi-
dence for recent polyploidization (N 5 30: Morinaga et
al., 1929; McKelvey and Sax, 1933; Watkins, 1936). It
seems more likely that each duplication has occurred in-
dependently several times. This conclusion is supported
by the observation that observed duplications of the same
locus occur in geographically widely separated popula-
tions.

In conclusion, populations of Y. filamentosa maintain
high levels of allozyme variation. This result may be due
to a combination of factors including the yucca’s spe-
cialized pollination system, its status as a monocot, its
longevity, and its geographical distribution. The effect of
the yucca moth on the movement of yucca pollen within
and among populations will require further investigation,
because the moth’s behavior is inconsistent with the ob-
served distribution of genetic diversity. Until a better un-
derstanding of the potential for outcrossing and gene flow
is obtained, it will be difficult to interpret the geograph-
ical (i.e., east vs. west) or local differentiation (e.g., du-
plications) observed.
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