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Electrophoretic variability at six enzyme loci was used to examine genotypic variation in the haploid (gametophyte)
and diploid (sporophyte) stages of the moss Polytrichum juniperinum Hedw. from a population in eastern
Newfoundland. Samples from 16 sites revealed 13 six-locus haploid genotypes and a total of 18 gametophyte genotypes
(ten male and eight female) when the genotypic data were combined with sex. Gametophyte genotypic diversity was low
within each site and there was marked microgeographic differentiation between sites within the population. There was,
however, no relationship between genetic and microgeographic distances among the sites. The observed number of
six-locus genotypes and their relative frequency within the population did not differ significantly from the values
expected for a sexually reproducing population. This genotypic structure is consistent with sexual reproduction
generating the observed variation but vegatative reproduction and limited dispersal maintaining microgeographic
genetic heterogeneity within the population. Diploid, six-locus genotypes were determined for 137 sporophytes. The
sporophyte genotypic variation suggested that mating was occurring predominantly between female and male
gametophytes within the same site. Fewer gametophyte genotypes were observed than were expected to be produced by
sporophyte genotypes observed at each site, suggesting that genetical and/or ecological factors may be limiting the
recruitment of new haploid gametophyte genotypes into the population.

INTRODUCTION

The life-cycle of most higher plant and animal
species is dominated by the diploid phase while
the haploid phase is usually only present in the
form of gametes, or strongly reduced, pre-
dominantly endophytic gametophytes. The wide-
spread occurrence of a dominant diploid phase
has been considered as evidence for the adaptive
significance of diploidy and several theories have
been proposed to explain the adaptive advantage
of diploidy over haploidy. For example, diploids
can generate more genetic variation due to
heterozygosity, acquire adaptive mutations twice
as fast as haploids and can mask the expression
of recessive deleterious mutations (Paquin and
Adams, 1983; Bernstein et al., 1987, Bell, 1988).
In contrast, there have been fewer arguments
presented for the advantages of haploidy. Paquin
and Adams (1983) and Lewis (1985) suggested an
ecological rather than genetical explanation in
which haploidy was less costly than diploidy and
would therefore be favoured under conditions of
nutrient (e.g., nitrogen and phosphorus) limitation.

Few generalizations can be made about the relative
advantages and disadvantages of haploidy because
much less is known about the evolutionary genetics
of haploid compared with diploid organisms. For
example, most of the information on genetic vari-
ation in natural populations has been for organ-
isms with a dominant diploid phase. Many groups
of organisms (algae, mosses, liverworts, ferns,
fungi) have a life-cycle with varying degrees of
dominance and persistence of the haploid phase,
but few of these species have been investigated for
genetic variation in natural populations.

Mosses and liverworts (bryophytes) have a life-
cycle in which the haploid stage dominates (see
Newton, 1984 and Wyatt, Odrzykoski and
Stonebuner, 1989 for a discussion on haploidy and
polyploidy in moss gametophytes), often forming
large mats by vegetative growth (Longton and
Schuster, 1983). In dioecious species a
gametophyte is either male or female with probably
a chromosomal sex-determining mechanism
(Ramsay and Berrie, 1982). Fertilisation of arch-
egonia on female gametophytes depends on sperm
transfer via water from adjacent antheridia on male
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gametophytes. In Polytrichum the antheridia are
clustered in splash cups and rain drops splash the
sperm out. After fertilisation the zygote grows into
a diploid sporophyte which remains attached to
the female gametophyte. Meiosis takes place in the
distal sporangium of the sporophyte and the
released spores germinate, giving rise to haploid
male and female gametophytes. Both the fertilisa-
tion mechanism and restricted spore dispersal limit
potential gene flow with estimates ranging from
only 5-50 cm (gamete dispersal) to 1-2m (spore
dispersal), depending on the species (Anderson
and Lemmon, 1974; Reynolds, 1980; Anderson
and Snider, 1982; Wyatt, 1977; 1982). Much of the
information on the potential for gamete and spore
dispersal has been summarized in detail by Long-
ton (1976), Wyatt (1982), van Zanten and Pocs
(1981), Longton and Schuster (1983), Wyatt and
Anderson (1984) and Wyatt (1985).

Recent studies on selected moss and liver-
wort species (Krzakowa and Szweykowski, 1979;
Cummins and Wyatt, 1981; Yamazaki, 1981; 1984;
Daniels, 1982; Vries et al., 1983; Zielinski, 1984;
Wyatt, 1985; Shaw, Meagher and Harley, 1987;
Hofman, 1988; Wyatt, Odrzykoski and Stone-
burner, 1989; Wyatt, Stoneburner and Odrzykoski,
1989) suggest that the presence of a dominant
haploid stage has not resulted in reduced genetic
variation compared to diploid organisms, at least
as measured by allozyme variation. These studies
document the presence of genetic variation both
within and between populations of haploid
gametophytes. However, there have been few
attempts to use genetic markers to combine infor-
mation on the reproductive biology and genetic
structure of bryophyte species (Zielinski, 1986).
This is especially important because the mode of
reproduction can have a strong influence on the
level and organization of genetic variation within
and between populations. Many moss species
appear to lack sporophytes and only reproduce
asexually (Longton, 1976; Longton and Schuster,
1983). Even for species known to reproduce
sexually, there is no information on the relative
importance of gametophytes added to the popula-
tion by asexual reproduction of the existing
genotypes compared to new gametophyte
genotypes added by sexual reproduction (Longton,
1976; Wyatt, 1982; Longton and Schuster, 1983;
Mishler, 1988).

The present study examined allozymic vari-
ation in a population of the moss species Poly-
trichum juniperinum, which is known to produce
sporophytes. Multilocus genotypic variation pro-
vided information on the relative influence of vege-
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tative and sexual reproduction on genotypic diver-
sity and the extent of microgeographic differenti-
ation. Sexual reproduction in the population was
studied by comparing genetic variation among
male and female gametophytes and the sporophyte
associated with each female gametophyte. The
results show a moderate level of genotypic diver-
sity, but despite frequent sporophyte production
there appears to be limited recruitment of new
genotypes into the population.

MATERIALS AND METHODS
Collection and electrophoresis

Samples were collected during April of 1988 and
1989 from an approximately 200 m? area near Logy
Bay, Newfoundland (47°38'N, 52°40’'W). Sixteen
sites within this area (fig. 1) were identified by
numbered flags and individual plants selected from
within about a 10 cm radius of the marker. Single
shoots of male gametophytes and female
gametophytes with developing sporophytes were
collected from each site (sample sizes in table 1),
except for five sites (A1, D, K2, L, C2) in which
male gametophytes were not observed. Non-repro-
ductive gametophytes were not collected.
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Figure 1 Locations of the 16 sites of Polytrichum juniperinum
sampled from near Logy Bay, Newfoundliand.

Samples were stored in plastic bags at 5°C for
no longer than three weeks. Tissue from the three
life-history stages (haploid male and female
gametophytes and the diploid sporophyte) was
prepared for electrophoresis by grinding in a few
drops of pH 8-0 buffer prepared as described by
Shaw et al. (1987). Cellulose acetate electro-
phoresis (Helena Laboratories, Beaumont, Texas)
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Table 1 Sample sizes for the male and female gametophytes
and diploid sporophytes (2N) for Polytrichum juniperinum
collected in 1988 and 1989 from 16 sites

Sample sizes

1988 1989
Site 3 Q 2N 3é ? 2N Total
Al — 4 4 —_ 5 5 18
A2 3 3 3 5 5 5 24
B1 3 3 3 5 5 5 24
B2 4 4 4 5 5 5 27
C1 5 5 5 5 S 5 30
C2 — 5 1 — S 5 16
D —_ 5 S — 10 10 30
E 3 3 3 5 5 5 24
F 6 6 6 5 S 5 33
G 7 7 7 5 5 5 36
H 4 4 2 5 5 5 25
1 4 4 4 5 S 5 27
J 3 3 3 S 5 5 24
K1 3 0 0 5 4 4 16
K2 — 3 1 — S 5 14
L — 3 2 — S S 15
Totals 45 62 53 55 84 84 383

was carried out using a pH 8-5 Tris-glycine buffer
(3 g/litre Trizma Base, 14-4 g/litre glycine) and
each sample assayed for five enzymes; PGI (phos-
phoglucose  isomerase), PGM  (phospho-
glucomutase), GOT (glutamate oxaloacetate trans-
aminase), AMY (amylase) and ADH (alcohol
dehydrogenase). These enzymes were chosen
because they showed consistent resolution. Stain-
ing methods followed Harris and Hopkinson
(1976). Information from polymorphic enzyme
loci enabled the identification of genetically dis-
tinct gametophytes by combining the six-locus
genotype data with sex.

Microgeographic differentiation

Microgeographic pattern in genetic differentiation
was tested in two ways. First, genetic distance was
compared with the geographic distance among all
possible pairs of the 16 sites. Calculation of genetic
distance was based on presence/absence data for
the gametophyte genotypes observed among pairs
of sites in the population. A matrix of genetic
distances among the 16 sites was calculated as the
complement of the Jaccard similarity measure, S,
(Sneath and Sokal, 1973). A rank correlation was
then computed for the genetic and geographic
distances among the 120 site pairs.

A second approach for measuring microgeo-
graphic genetic differentiation was to compare the
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genetic similarity among the six-locus gametophyte
genotypes occurring at the same site and then test
if these were on average more similar than a ran-
dom sample of gametophyte genotypes from all
sites. Genetic similarity among all possible pairs
of genotypes was measured as the proportion of
alleles shared across all six polymorphic loci.

Genotypic diversity

Haploid genotypic diversity was determined by
enumerating the unique gametophyte genotypes
observed at each site. Due to vegetative growth,
multiple gametophyte samples within a site would
probably represent clones of the same genotype
and gametophyte genotype frequency would there-
fore be biased by variation in sample size among
sites. This was avoided by only counting
individuals within a site which were genetically
distinct based on their six-locus genotype and sex.
This approach resulted in a sample size of 33
individuals which was used to calculate allele
frequencies for the individual loci within the popu-
lation. Although not large, this sample size has
been found to be adequate for estimating allele
frequency variation in populations of other moss
species (Wyatt et al., 1988; Wyatt, Odrzykoski and
Stoneburner, 1989). Genotypic variation in the
population was quantified by the total number of
different six-locus genotypes observed as well as
a measure of genotypic diversity. Observed geno-
typic diversity was calculated as G=1/¥i_, &
where g; is the frequency of the ith six-locus
genotype for the k six-locus genotypes observed
in the population (Stoddard, 1983). Expected
values of genotypic diversity and number of six-
locus genotypes for an equivalent sexually repro-
ducing population with the same allele frequencies
were generated using a repeated sampling process
(Hoffmann, 1986; Innes et al, 1986). A random
number generator produced 100 samples of
haploid six-locus genotypes using the observed
allele frequencies and assuming free recombina-
tion among the loci. The mean genotypic diversity
and mean number of six-locus genotypes were then
compared with the observed values using a t-test
for comparing a single observation with a sample
mean (Sokal and Rohlf, 1981; Hoffmann, 1986;
Innes et al., 1986).

Sporophyte genotypic diversity

Six-locus genotypes were determined for each
sporophyte to provide information on mating
within the population. The genotype of the male
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parent was easily inferred because the sporophyte
remains attached to the female gametophyte. The
observed sporophyte six-locus genotypes were also
used to generate the expected gametophyte types
which would develop from spores, assuming ran-
dom association among the loci and between the
loci and sex.

RESULTS
Electrophoretic variation

Eight putative gene loci were resolved; Pgi-1 (most
cathodal), Pgi-2, Pgi-3 (most anodal), Pgm, Got-1
(most cathodal), Got-2 (most anodal), Amy and
Adh. All were polymorphic except Pgi-2 and Adh
(see below). This variation appeared to be geneti-
cally based. Only single bands were observed for
gametophytes as would be expected for haploid
tissue. Homozygous and heterozygous patterns
were observed for sporophytes as would be expec-
ted for diploid tissue. Furthermore, alleles found
in the maternal tissue were always present in the
tissue of the attached sporophyte. Identical band-
ing patterns were observed in 1988 and 1989 except
for the Amy locus where the slow allele (S) scored
in 1988 was resolved into two alleles (S and M)
in 1989 samples. A single occurrence of a very slow
allele (V) at this locus was observed in the 1989
samples. In addition, a second Goft locus (Got-1)
was resolved in 1989. Utilizing information from
all loci, samples from 1988 were combined with
the 1989 samples except where the multilocus
genotypes were ambiguous. For example, a single
1988 sporophyte heterozygous for Adh was elimi-
nated from the data set due to ambiguities concern-
ing its genotype at Amy and Got-1.

Gametophyte genotypic diversity

Thirteen haploid genotypes were observed based
on the six polymorphic loci. Five of the 13 were
associated with both male and female gameto-
phytes, five with only male gametophytes and three
with only female gametophytes (table 2). A total
of 18 (ten male and eight female) gametophyte
genotypes (table 2) were observed in the sample
of 246 individual gametophyte shoots from all sites
(table 3).

Gametophyte genotypic diversity was low
within each site (table 3) and there was no relation-
ship (Spearman’s rank correlation r,=0-33, P=
0-22) between sample size and the number of
gametophyte genotypes detected. Of the five sites
in which only female gametophytes were observed,

D. J. INNES

Table 2 Observed Polytrichum juniperinum gametophyte
genotypes (F=female, M =male) based on six poly-
morphic loct (Pgi-1, Pgm, Pgi-3, Amy, Got-2, Got-1)

Gametophyte

genotype Six-locus genotype*
1M M M F M F F
1F M M F M F F
M M M S M F F
2F M M S M F F
M M S F S F F
3F M S F S F F
aM M S S S F F
4F M S N S F F
5M M S S S S F
SF M S S N S F
6M M F F F F F
™ F M F M F F
8M F M F S F F
9IM M S S M F F

10M M N S M F S

11F M S F M F F

12F M S N \% S F

13F S S F M F F

* Allele designations: V=very slow, S=slow, M =medium,
F = fast.

two sites (Al,C2) consisted of only a single
gametophyte genotype and three sites (D, K2, L)
consisted of two different gametophyte genotypes.
Of the remaining 11 sites with both male and
female gametophytes, most (A2, B1, Cl, E, F, G,
I, J) consisted of only a single male and a single
female gametophyte genotype (table 3). The
remaining three sites (B2, H, K1) were each com-
posed of three gametophyte genotypes (table 3).

The distribution of the male gametophyte
genotypes among the 16 sites appeared to be more
restricted than the female gametophyte genotypes.
Nine of the ten male gametophyte genotypes were
only found at single sites and only one (9M) was
found at three different sites (table 3). Four
(1F, SF, 12F, 13F) of the eight female gametophyte
genotypes were found at single sites and genotypes
2F, 3F, 4F and 11F were found at two, four, six
and five sites, respectively (table 3).

Microgeographic differentiation

Four pairs of sites (Al-A2, B1-B2, C1-C2, K1-K2)
were separated by about 1 m (fig. 1) and shared at
least one gametophyte genotype (table 3).
However, many of the sites were genetically dis-
tinct regardless of their geographic relationship
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Table 3 Numbers of the 18 gametophyte genotypes of Polytrichum juniperinum for 16 sites

Gametophyte genotype
Site N IM 1IF 2M 2F 3M 3F 4M 4F SM SF 6M 7M 8M 9M 10M 11F 12F 13F
Al 9 9
A2 16 8 8
B1 16 8 8
B2 18 4 9 5
C1 20 10 10
C2 10 10
D 15 2 13
E 16 8 8
F 22 11 11
G 24 12 12
H 18 8 1 9
1 18 9 9
J 16 8 8
K1 12 1 8 3
K2 8 1 7
L 8 7 1
Totals 246 9 7 11 2 8 37 8 42 8 8 10 12 8 18 8 36 1 13

N =number of gametophyte shoots sampled at each site.

and there was no significant (Spearman’s rank
correlation r,=0-16, P=0-09) association
between genetic distance and geographic distance
among the 16 sites (fig. 1, table 3, table 4).
Genetic similarity among the 13 six-locus
genotypes fell into five categories. The most similar
genotypes shared alleles at five of the six loci and
the least similar shared an allele at only one locus
(table 2). The observed number of each of the five
similarity values between genotypes occurring at
the same site was compared to the number expec-

ted based on the frequency of each similarity
category in the matrix of similarity values among
all 13 genotypes. Genotypes occurring at the same
site were found to be no more similar (y*=6-37,
df =4, P> 0-05) than genotypes compared from
any site.

Genotypic diversity

Allele frequencies (table 5) for the six polymorphic
loci were calculated from the relative occurrence

Table 4 Geographic distance in metres (above diagonal) and genetic distance (below diagonal) for the 16 sites of Polytrichum

Jjuniperinum

Sample site

Al A2 B1 B2 C1 C2 D E F G H I J K1 K2 L

Al 092 522 510 7-78 858 664 690 7-56 10-14 3-98 4996 7-80 11-54 11-11  5-80
A2 0-50 5-18 493 736 806 608 611 7-43 1079 4-33 50-88 6:90 10-83 1035 490
B1 1-:00 1-00 072 359 475 361 561 2:39 7-96 9-18 51-14 7-75 860 866 6:40
B2 1-:00 075 0-75 314 424 294 489 2:50 8-68 908 5177 7-03 802 802 572
C1 1-:00 1-00 0-67 075 120 170 3-92  2:51 10-92 11-68 54-58 6-22 515 541 5-82
C2 100 1-00 050 067 0-50 200 360 3-64 21-10 12-38 5579 575 395 425 574
D 1:00 1-:00 100 075 100 100 239 364 11:50 10-40 5470 472 520 510 413
E 1-00 100 100 075 100 1-00 067 602 13:57 10-12 56:20 233 4-84 425 2:25
F 0-50 067 1-:00 100 100 100 1-00 1-00 8:49 11-54 5233 835 7-54 7-89 750
G 1-00 100 100 075 100 1-00 067 067 1-00 12:64 4400 15-64 16-03 16-32 1409
H 1-00 075 100 0-50 1-00 100 075 075 1-00 0-75 48-85 10-31 14-95 14:35 8-42
I 0-50 067 1-00 1-00 1-00 100 100 100 0-67 1-:00 1-00 57-66 59-71 59-79 55-70
J 1-00 1-00 100 100 1:00 100 100 1-00 1-00 1-00 1-:00 1-00 5-64 469 2:00
K1 1-00 1-00 075 080 075 067 100 100 1-00 1-:00 100 100 1-00 110 6-87
K2 1:00 1-00 067 075 067 050 100 1-00 1-00 1-:00 1-00 1-00 1:00 0-33 6-10
L 100 100 1-00 100 100 100 1:00 100 1-00 1-00 1-00 100 1:00 100 1-00
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Table 5 Allele frequencies for six polymorphic loci for the
Logy Bay population of Polytrichum juniperinum. Sample
size (N =33) based on the sum of the site occurrences for
the six-locus genotypes listed in table 2

Locus

Allele Pgi-1  Pgm Pgi-3  Amy  Got-2 Got-1

\% — - — 003 — —
S 003 076 052 046 009  0-03
M 091 021 — 049 — -

F 006 003 048 003 091 097

of the 18 gametophyte genotypes among the sites
(table 3). Almost identical allele frequency values
were obtained based on the total sample of 246
gametophytes. Calculated allele frequencies were
used to generate expected frequencies of the six-
locus haploid genotypes. Thirteen six-locus
genotypes were observed and the observed
genotypic diversity was 8-30. These values did not
differ significantly (+=0-28, df =99, P> 0-05 and
t=0-17df=99, P>0-05, respectively) from the
average number of six-locus genotypes (14-56, sd
2:36) or the average genotypic diversity (8-83, sd
1-77) for 100 simulated samples of size 33 sampled
from a population with the same allele frequencies
and assuming sexual reproduction and random
association among loci.
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Sporophyte genotypic diversity and matings

Diploid six-locus genotypes were determined for
the sample of 137 sporophytes collected from the
16 sites (table 6). Fifteen of the 16 sites had only
one or two sporophyte genotypes. Site D (table 6)
had four different sporophyte genotypes (two of
the five matings produced the same sporophyte
genotype). The genotype of the female parent of
each sporophyte is known and the six-locus
genotype of the male parent can therefore be infer-
red. Only two of the 137 matings (both at site D)
involved a single male genotype that was not one
of the ten male gametophyte genotypes previously
observed in the population (table 6). Both sexes
were sampled at eleven of the sites. In all but one
(4Fx3M at site C1) of 94 matings, the putative
male parental gametophyte was present at the same
site as the female parent (table 3 and table 6). The
inferred male genotype (3M) for the mating at site
C1 was also observed more than 5 m away at site
K1.

Five of the sites had females with a developing
sporophyte but no observable male gametophytes
within about a 10 cm radius. At three of these sites
(A1, C2, L), males with the required genotype were
observed at adjacent sites (A2, C1, J) all within 1
or 2m or less (fig. 1, table 4). Male genotypes for
two of the matings (13F x9M; 13F x 10M) at site
D were observed within 3 m at nearby sites B2 and

Table 6 Sporophyte genotypes of Polytrichum juniperinum observed and the postulated male

gametophyte genotypes mated to produce each diploid genotype

Mating Pgi-1 Pgm Pgi-3 Amy Got-1 Sites (N)
3JFXx9M MM SS FS SM FF A1(9), A2(8)
4F x SM MM SS SS SS FF B1(8)
4F x9M MM SS SS SM FF B2(4)

11Fx9M MM SS FS MM FF B2(5), H(1)
4F x 6M MM SF SF SF FF C1(9), C2(6)
4Fx3M MM Ss SF SS FF C1(1), K1(3)

13F x9M SM Ss FS MM FF D(1)

11Fx? MS Ss FS MM FS D(2)

13F x 10M SM SS FS MM FS D(6)

13F x3M SM SS FF MS FF D(4)

13F x2M SM SM FS MM FF D(2)

11F x 10M MM SS FS MM FF FS E(8)
3Fx2M MM SM FS SM FF F(11)

11Fx7M MF SM FF MM FF G(12)

11F x4M MM SS FS MS FF H(6)
3JFX1M MM SM FF SM FF 1(9)
5Fx 8M MF SM SF Ss SF FF J(8)
2Fx3M MM MS SF MS FF FF Ki1(1)
4F x 2M MM SM SS SM FF K2(5)
2Fx 1M MM MM SF MM FF K2(1)
1F x8M MF MM FF MS FF L(6)

12F x 8M MF SM SF VS SF FF L(1)

N = number of sporophytes samples at each site and ? =male genotype not observed in the population.
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E. The appropriate males for the remaining four
types of matings (site D: 13F x2M, 13F X 3M; site
K2: 4F x 2M, 2F x 1M) were found at distant sites
with other male gametophytes in between and
probably do not reflect the true location of the
male parents.

All sites showed fewer gametophyte genotypes
than expected based on the observed genotype of
the sporophytes at each site and assuming random
association among the six loci and sex (table 7).
In many cases the expected gametophyte
genotypes for any one site were not observed at
any of the sites sampled in the population. Diploid
sporophytes at sites J and L had a higher heterozy-
gosity (table 6) and consequently a larger number
of expected gametophyte genotypes, many of
which were not observed at any of the sites (table
7).

Table 7 Observed and expected number of Polytrichum
juniperinum gametophyte genotypes for the 16 sites. Expec-
ted number of gametophyte genotypes based on the
sporophyte genotypes observed at each site (table 6)

Gametophyte genotypic diversity

Not observed

Site Observed Expected at any site
Al 1 8 2

A2 2 8 2

B1 2 4 0

B2 3 6 2

C1 2 16 11

C2 1 16 11

D 2 28 18

E 2 8 5

F 2 16 6

G 2 8 4

H 3 8 2

1 2 8 3

J 2 32 25

K1 3 16 6

K2 2 10 3

L 2 70 56
DISCUSSION

The present study demonstrates the microgeo-
graphic scale at which genetic differentiation can
occur in a moss population. The observed micro-
geographic differentiation is probably influenced
by restricted dispersal, especially due to the limited
dispersal potential for male gametes (Anderson
and Lemmon, 1974; Reynolds, 1980; Wyatt, 1982).
Dispersal potential for spores may be somewhat
greater but still limited enough to promote genetic
differentiation on a microgeographic scale. Micro-
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habitat differences presumably exist in the area
but it is not known what role environmental
heterogeneity would play in generating the
observed genetic differentiation (see Longton,
1974; Shaw, Antonovics and Anderson, 1987). For
example, each of the 16 sampled sites appeared to
support only a small number of gametophyte
genotypes. Presumably this is the result of competi-
tion for space and nutrients through vegetative
reproduction among several gametophyte
genotypes with the outcome being a function of
genetic differences among gametophyte genotypes
in response to microenvironmental conditions.
Further information on these processes could be
obtained by comparing the relative expansion or
contraction of the area occupied by each
gametophyte genotype.

As expected from previous estimates of male
gamete dispersal distance (Longton, 1976, Wyatt,
1977, Reynolds, 1980; Wyatt, 1982; Longton and
Schuster, 1983; Wyatt and Anderson, 1984; Wyatt,
1985), mating depends on the close proximity of
male and female gametophytes. This means that
extensive vegetative growth of male or female
gametophytes could result in a decrease in the
frequency of sporophyte production if patches
consisted of only a single sex (Anderson and Lem-
mon, 1974; Wyatt, 1977; Longton and Schuster,
1983). A large amount of sporophyte production
can be maintained in Polytrichum juniperinum,
however, because male and female gametophytes
appear to grow intertwined (Longton, 1976). This
may be possible if there is reduced competition
between the two sexes compared to competition
among different gametophyte genotypes of the
same sex. Support for such a process is suggested
by the observation that eight of the 11 sites had
male and female gametophytes growing together
and composed of only one female genotype and
one male genotype, based on their six-locus
genotypes. A maximum of three gametophyte
genotypes were found together at any one site but
it is not clear if this simply represents an incom-
plete competitive process.

Genotypic diversity in the gametophyte stage
of moss species can also be affected by the amount
of asexual reproduction. For example, extensive
vegetative reproduction may produce a population
with limited genotypic diversity, especially if a few
clones come to dominate an area (Wyatt, 1982;
Longton and Schuster, 1983; Zielinski, 1986; Hof-
man, 1988). Vegetative reproduction in the popula-
tion of Polytrichum juniperinum gametophytes
sampled here has not resulted in a limited number
of large clones. Areas separated by only a few
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metres consisted of different gametophyte
genotypes, suggesting that clone sizes may be of
the order of one or two metres in diameter.
Genotypic diversity in the population conformed
to that expected for a random-mating sexual popu-
lation. This would seem to reflect the establishment
of the population by spores produced by sexual
reproduction. Any reduction in the original
genotypic diversity would be through random pro-
cesses, maintaining the characteristics of a sexually
produced population of gametophytes in the popu-
lation as a whole.

All of the sites in the population produced
some sporophytes and the genetic data confirmed
the occurrence of mating between adjacent male
and female gametophytes. Sporophyte and viable
spore production were not quantified but single
sporangia for some Polytrichum species are cap-
able of producing on the order of 10° or more
spores (Longton and Schuster, 1983). Little is
known about the fate of spores or the frequency
of recruitment of new gametophytes from spores
for any moss species (Longton and Miles, 1982;
Longton and Schuster, 1983; Mishler, 1988). Com-
parisons between gametophyte genotypes and
sporophyte genotypes suggest that recruitment of
new gametophytes from spores is relatively rare in
the population studied here. This does not appear
to be due to the production of inviable spores since
spores collected from the population produce
gametophytes under laboratory conditions
(unpublished observations). A limited number of
suitable microsites may be one factor preventing
the germination and establishment of gameto-
phytes from spores (Longton and Miles, 1982;
Longton and Schuster, 1983). It is also possible
that many of the undetected gametophyte
genotypes are present in the population as only a
very small number of shoots and sampling more
sites  would no doubt reveal additional
gametophyie genotypes. There was, however, no
evidence for the recruitment of new gametophyte
genotypes in the small area around each sampled
sporophyte where many of the spores would be
expected to be dispersed (Wyatt, 1982; Longton
and Schuster, 1983; Wyatt and Anderson, 1984).

Genetic factors may play a role in limiting the
number of gametophyte genotypes produced by
a sporophyte. Sporophytes develop for about a
year after fertilisation and may have accumulated
gametophytic mutations (genetic load) linked to
the marker loci during the period of cell division
prior to meiosis, similar to the gametophytic muta-
tions observed in fern species (Klekowski, 1984).
The marker loci may also be associated with invi-
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able gene combinations (synthetic lethals). Both
of these genetic factors may explain observations
on the production of large numbers of inviable
spores for several moss species (Mogensen, 1978;
Longton and Miles, 1982; Longton and Schuster,
1983). There are presently no quantitative esti-
mates of the importance of mutational load for
any bryophyte species. Some of these hypotheses
could be tested by growing gametophytes derived
from spores from single sporangia. It would be
interesting to germinate spores from the highly
heterozygous sporophytes at sites J and L to test
if genetic factors can explain the absence of par-
ticular genotypic combinations at the marker loci.

Polytrichum juniperinum can be added to a
growing number of studies which show that species
with a predominant haploid stage are no less
genetically variable than many diploid organisms
(Spieth, 1975; Krzakowa and Szweykowski, 1979;
Selander and Levin, 1980; Cummins and Wyatt,
1981; Daniels, 1982; Yamazaki, 1981; 1984; Vries
et al., 1983; Zielinski, 1984; Wyatt, 1985; Shaw et
al., 1987; Hofman, 1988; Wyatt, Odrzykoski and
Stoneburner, 1989; Woyatt, Stoneburner and
Odrzykoski, 1989). Low levels of genetic variation
have been observed in many Hymenoptera species
with the interpretation that the presence of haploid
males in some way reduces genetic variation (Met-
calf et al., 1975; Berkelhamer, 1983; Graur, 1985).
However, a careful reassessment showed that low
levels of genetic variation are not necessarily a
consequence of haplodiploidy in these species
(Graur, 1985). In addition, theoretical studies
demonstrate that under biologically realistic con-
ditions, selectively maintained polymorphisms are
possible for haplodiploid organisms (Ewing, 1977;
Curtsinger, 1980). The presence of a haploid stage
in the life-cycle does not, therefore, appear to
impose a limit on genetic variation.

Moss species show enough allozymic variabil-
ity to be useful for studying population genetic
processes in an organism with a persistent haploid
stage in the life-cycle. Future studies should be
able to assess the relative importance of genetical
and ecological factors in determining the genotypic
composition of a population. In addition, estimates
of gametophytic lethals can be compared with
estimates obtained for fern species to see if genetic
load is also an important component of the
evolutionary genetics of mosses. Further studies
on bryophytes, and other species with a dominant
haploid stage, will provide useful information for
understanding the evolutionary factors responsible
for the dominance of haploidy in some species and
the dominance of diploidy in others.
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