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Abstract
Karyotypic diversity is critical to catalyzing change in the evolution of all plants. By resulting in meiotic incompatibility
among sets of homologous chromosomes, polyploidy and aneuploidy may facilitate reproductive isolation and the
potential for speciation. Across plants, karyotypic variants in the form of allopolyploids receive greater taxonomic
attention relative to autopolyploids and aneuploids. In particular, the prevalence and significance of autopolyploidy
and aneuploidy in bryophytes is little understood. Using Fritsch’s 1991 compendium of bryophyte karyotypes with
augmentation from karyological studies published since, we have quantified the prevalence of karyotypic variants
among ~1500 extant morphological species of mosses. We assessed the phylogenetic distribution of karyological
data, the frequency of autopolyploidy and aneuploidy, and the methodological correlates with karyotypic diversity.
At least two ploidy levels were recorded from 17% of species potentially increasing current taxonomic diversity
of mosses to over 15,000 species. We find that for a given species, the number of unique karyotypes recorded is
correlated with the number of populations sampled. The evidence suggests that cytological diversity likely underlies
yet undescribed species diversity in mosses, and that intensive karyological sampling is a needed tool for its discovery.
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Introduction
In plants, shifts in chromosomal number are linked to sympatric or parapatric speciation through reproductive
isolation (Lewis 1980; Schemske 2000; Soltis et al. 2007). Accordingly, consideration for karyotype diversity as
another dimension of species delineation is warranted and has the potential to substantially impact taxonomy (Barker
et al. 2016). However, detection of these lineages is complicated by the cryptic morphology that is characteristic of
plant lineages that are the product of intraspecific genome doubling (Soltis et al. 2007; Eriksson et al. 2017). Within
a lineage, variation in chromosome number may be of two types: aneuploid or polyploid. Aneuploids possess an
irregular number of chromosomes in a haploid set while polyploids possess full multiple sets of homologs (Tate et al.
2005). Both types of karyotype variants have potential implications for speciation and evolution.
Polyploidy
Whole genome duplication (WGD), or polyploidy, is common in plants. Conspecific genome doubling (autopolyploidy)
or interspecific hybridization followed by genome doubling (allopolyploidy) can produce immediate reproductive
isolation from progenitors and related species with lower ploidies, typically referred to as the ‘triploid block’ (Marks
1966; Köhler et al. 2010). Although ploidal shifts present challenges to reproduction, both pre- and post-zygotically,
complicating homolog pairing and segregation in meiosis and syngamy (Jauhar 2003; Svačina et al. 2020), it’s clear
that these barriers can be overcome given the significance of polyploidy to the diversification of most major plant
lineages. In flowering plants, the majority of extant species have undergone polyploidy in their evolutionary history
(Cui et al. 2006; Jiao et al. 2011), in ferns an estimated 15–31% of speciation events involve polyploidy (Wood et al.
150

Submitted: 29 Oct. 2020; Accepted by Paulo E.A.S. Câmara: 11 Mar. 2021; published: 30 Jun. 2021

Licensed under Creative Commons Attribution-N.C. 4.0 International https://creativecommons.org/licenses/by-nc/4.0/

2009), and multiple WGD events have been noted in mosses (Gao et al. 2020). Some mechanisms for overcoming the
challenges of reproduction following WGD are known. For instance, the ‘triploid bridge,’ or reproductively competent
triploid individuals resulting from the fusion of an unreduced gamete with the reduced gamete of a diploid parent has
been recognized across plant lineages (Husband 2004; Schinkel et al. 2017). Similarly, in ferns, apomictic reproduction
is associated with odd-numbered ploidies allowing triploid hybrids to reproduce without syngamy (Grusz 2016; Patel
et al. 2018).
Aneuploidy
Aneuploidy occurs as a result of an aberration in a subset of chromosomes such as chromosomal fusion, fission, or
meiotic non-disjunction, or as a consequence of unequal partitioning of chromosomes at meiosis specifically following
WGD (Randolph 1935; Doyle 1986; Luceño and Castroviejo 1991; Henry et al. 2010; Zhang et al. 2013). Given
that aneuploids can be derived from polyploids, the presence of aneuploidy may signal past WGD (Comai 2005;
Mandáková and Lysak 2018). As with polyploids, aneuploids may also experience post-zygotic reproductive isolation
from progenitors. The progeny of aneuploid individuals and progenitors often experience reduced fertility reinforcing
reproductive isolation of the aneuploid lineage (Xiong et al. 2011; Zhang et al. 2013). Among plants, aneuploidy is
a frequently occurring mechanism for speciation in natural populations of model systems Mimulus and Arabidopsis
(Vickery 1995; Henry et al. 2010), as well as in crop plants switchgrass and wheat (Costich et al. 2010; Zhang et al.
2013).
Polyploidy, aneuploidy, and diversification
In plants, WGD is recognized as a critical means of speciation (Otto and Whitton 2000; Wood et al. 2009; Husband
et al. 2013). Though autopolyploidy and aneuploidy are known in plants, allopolyploids receive much more research
attention and taxonomic recognition (Soltis et al. 2007; 2014; Barker et al. 2016). In part, this is because allopolyploids
are more likely to be qualitatively distinct morphologically from their progenitors (Stebbins 1947). However,
autopolyploids, though often qualitatively morphologically cryptic, can meet the criteria of various species concepts
and thus have been highlighted by many as the next frontier in species discovery in flowering plants and ferns (Soltis
et al. 2007; Beck et al. 2010; Barker et al. 2016; Spoelhof et al. 2017).
In mosses, allopolyploidy, once considered infrequent and unimportant to moss speciation and evolution (Vitt
1971; Smith 1978), is now recognized as playing a critical role in ancient and ongoing speciation events (Natcheva
and Cronberg 2004; Shaw 2009). Recent studies employ molecular tools including isozymes, microsatellites, and
molecular phylogenetics and phylogenomics to elucidate the origins of allopolyploids in the moss families Funariaceae
(Beike et al. 2014), Sphagnaceae (e.g., Ricca and Shaw 2010), and Mniaceae (Wyatt et al. 1988) demonstrating the
importance of polyploidy in understanding extant species diversity in mosses. However, the significance of other types
of karyotype diversity in the context of speciation is underexplored in mosses. In the present study, we review and
summarize karyotype diversity in mosses and discuss its implications for speciation and taxonomy among these largely
morphologically defined species.

Methods
Sampling
We compiled published karyotype data from 12 literature sources ultimately representing 1414 species. Fritsch’s (1991)
Index to Bryophyte Chromosome Counts provides the vast majority of data as only 11 additional reports seemed to
have been published after 1990 (Supplemental File 1).
Data Transcription
We digitally transcribed all reported moss karyotype data into a Microsoft Excel spreadsheet (Supplemental File
2), recording for each karyotype value: the number of populations studied, the basis for the count (i.e., meiotic vs
mitotic divisions), and the number of publications reporting it. For each species we then summarized the karyological
spectrum and the total number of studies associated with each chromosome number. We included data indicating m,
accessory, fragment, and sex chromosomes.
We excluded counts represented only by an approximation, such as “ca. n=7” or by a range (e. g. “n=7–9”), and
those followed by “?”, as well as those counts reported for unidentified species (e.g., “Anomobryum sp.”). When main
numbers were complemented with a range of accessory chromosomes, we derived a conservative estimate, such that
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“n=9 + 1–5” would be recorded as “n=10.” When the number of populations was reported as “sev” or “sev?” we
reduced this to two populations as the most conservative possible estimate. When a population number was not given,
we assumed that at least one was studied. Additional cases requiring adjustments are listed in sheet 2 of Supplemental
File 2.
Taxonomic Updates
The taxonomy and nomenclature of all species in this dataset was updated to reflect the most modern circumscriptions.
We recorded and updated the generic name and species epithet (Supplemental File 3) and associated these species
with the most up to date family and order names. All taxonomic updates were derived from Tropicos (Tropicos.org
or Goffinet 2009). In cases of species names being synonymized following the original karyological publications, the
karyological and accessory data were merged into single entries. In instances of taxonomic splitting, the species entry
was deleted since it would be impossible to associate the given data with the modern species delineation.
Data Analysis
Defining ploidy: We assumed that the lowest chromosome count was the base haploid chromosome number, or the
lowest haploid chromosome number possible in a natural population. Ploidy and aneuploidy were then defined on the
basis of multiples of the base chromosome number.
Assessing autopolyploidy: Any chromosome count that is a whole number multiple of the base chromosome
number was counted as a distinct polyploid number. For instance, counts of n= 7, 14, and 21 for a given species, were
treated as haploid, diploid, and triploid, respectively. Given that these are apparent duplications within taxa currently
defined as species, they are presumed autopolyploids.
Assessing aneuploidy: To quantify aneuploidy, we calculated the number of times multiple relative to base haploid
chromosome number. Values that were not whole number multiples of the base haploid chromosome number were
considered aneuploids. For instance, a species with counts n= 7 and n= 10 was considered to have an aneuploid
karyotypic variant.
Proportion autopolyploid and aneuploid species: Only species for which two or more populations were counted
(i.e., 893 of the 1414) were retained for subsequent analyses. For each species, autopolyploidy and aneuploidy were
scored as present or absent. Autopolyploidy is present based on at least one non-haploid count as defined above
independently. Aneuploidy is present based on at least one non-haploid count that is not an even multiple, as defined
above, associated with a given species.
The total proportion of species sampled with autopolyploidy and aneuploidy was calculated. The proportion of
sampled species that are autopolyploid was calculated for various levels of sampling as represented by number of
populations and number of studies. The proportion of autopolyploid species was calculated for the six most sampled
families in the dataset.
Autopolyploidy detection correlations: We assessed the relationship between autopolyploidy and sample size
in terms of the number of populations sampled and number of studies published. For both, the proportion of species
displaying autopolyploidy at sample sizes up to 13 populations, and 12 studies were plotted; a limit chosen as higher
values were represented by fewer than ten species each. For both plots, a linear trend line was fitted and the R2 value
was calculated to assess the strength of the relationship between either metric of sampling effort and the probability of
sampling autopolyploidy. In addition, we assessed the relationship between autopolyploidy and the basis for the counts
(i.e., meiotic, mitotic or both types of divisions). The proportion of species associated with each cell type that were also
polyploid was calculated.

Results
Proportion of karyotypic variants
The final dataset comprised 1414 species, of which 893 were sampled from two or more populations (Supplemental
File 3). Among species sampled from two or more populations, 17% include at least one instance of autopolyploidy
and 53% include at least one instance of aneuploidy or autopolyploidy. Three percent of species included a polyploid
series of two or more ploidies (Table 1; Figure 1). Among the six most sampled orders, the mean proportion of species
including a polyploid is 0.19 (s=0.08)(Supplemental Table 1).
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Figure 1. A) The innermost ring represents total moss species diversity as estimated by Magill (2010), 13053. Among the
karyotyped species, the proportion of species sampled for two or more populations is indicated. Among the species sampled
for two or more populations, the proportion including autopolyploid karyotypes is indicated with a wedge at the outer edge.
B) Current species diversity and potential species diversity in light of autopolyploids and aneuploids as potential species.
The central circle represents accepted species diversity on the basis of Magill (2010). The circle expands proportionately
to include potential additional species diversity associated with autopolyploidy (left), as defined in the present study, and
any karyotypic variant (autopolyploid or aneuploid) (right). The first concentric circle on each side indicates the increase
in species diversity if, as a conservative approach, each species identified as including an autopolyploid or any karyotypic
variant, actually constituted two species. The outermost concentric circle on each side indicates the increase in species
diversity if each unique karyotype, autopolyploid (left) or any karyotype variant (right), constituted a species.
Karyotypic diversity and cryptic speciation
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Table 1. The proportions of species including at least one autopolyploid and aneuploid are given. The proportion of
species with three or more autopolyploid counts, with odd numbered autopolyploid counts, and the proportion of species
including an autopolyploid count that is also mitotically or meiotically derived are all given. All proportions are calculated
out of the number of species for which two or more populations are sampled (893).
Proportion of species

Number of species

Autopolyploids (whole number multiple karyotypes)

.17

151

Aneuploid and polyploids (all value multiple karyotypes)

.53

478

Odd number autopolyploid karyotypes (i.e. 3x, 5x)

.02

19

An autopolyploid series (2+ whole number
multiple karyotypes)

.03

24

Species karyotypes derived from mitotic cells
and having autopolyploid karyotypes

.01

10

Species karyotypes derived from meiotic cells
and having autopolyploid karyotypes

.06

62

Species karyotypes derived from mitotic and
meiotic cells and having whole number
multiple karyotypes

.08

79

Sampling correlations
Species karyotypes derived from meiotic cells were six times more likely to include autopolyploidy than those derived
from mitotic cells (Table 1). The likelihood of sampling an autopolyploid is highly correlated with the number of
studies (R2 =0.8247; Figure 2B) and the number of populations (R2 =0.8177; Figure 2A). Among species sampled for
exactly two populations, the lowest possible sampling effort, 5% included an autopolyploid (Table 2).
Table 2. The proportions of species including an autopolyploid or aneuploid karyotype are given. All calculations are
based on the trimmed dataset including only species for which exclusively two populations are sampled, to represent
minimum sampling effort.
Proportion of species

Number of species

Two populations counted
and whole number multiple karyotypes (autopolyploid)

.05

12

Two populations counted
and all number multiple karyotypes (autopolyploid and aneuploid)

.29

72

Discussion
The cumulative curve of accepted moss species names (Magill, 2010) suggests that most species of mosses have already
been described. However, given their simple architectures, bryophytes in general have a more reduced morphospace
to detect phenotypic signatures of evolutionary change (Bickford et al. 2007). The subtlety of morphological variation
and its insufficient study using a quantitative approach make bryophytes prone to include morphologically cryptic
taxa. The integration via reciprocal illumination of molecular and morphological character analyses has revealed novel
morphological synapomorphies for lineages presumed to be cryptic (e.g. Heinrichs et al. 2009; Medina et al. 2019;
Nieto-Lugilde et al. 2018; Hanusch et al. 2020). Based on karyotype diversity within current, largely morphologically
defined moss species, we propose that many of these comprise cryptic autopolyploid and aneuploid taxa.
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Figure 2. A) The proportion of species with polyploidy present among all species sampled for a given number of
populations (indicated on the x-axis). A linear line of best fit is indicated, from which the R2 statistic is derived. B) The
proportion of species with polyploidy present among all species sampled for a given number of studies (indicated on the xaxis). A linear line of best fit is indicated, from which the R2 statistic is derived.

Taxonomic implications of karyotype diversity
WGD most often results in strong postzygotic reproductive isolation (Ramsey and Schemske 1998; Levin 2002), and
hence polyploids are worthy of consideration as distinct species, as previously suggested for mosses by Lazarenko
(1967, fide Anderson 1974). Similarly, aneuploidy reduces fertility, but does not necessarily result in an immediate end
to gene flow with progenitors (Zhang et al. 2013; Pavlíková et al. 2017), such that perhaps not all distinct karyotypes,
other than entire multiples, should be distinguished at the species rank. Among polyploids, allopolyploids are
Karyotypic diversity and cryptic speciation
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theoretically more apt to persist as distinct lineages owing to fixed heterozygosity and transgressive niche requirements
(Ramsey and Schemske 2002; Oswald and Nuismer 2011; Barker et al. 2016). Autopolyploids, on the other hand, are
thought to be more likely than allopolyploids to suffer from reduced fertility, inbreeding depression, and the minority
cytotype exclusion principle (Levin 1975; Parisod et al. 2010). Nonetheless, in the present review, 17% of moss
species include at least one autopolyploid karyotype and 53% include multiple autopolyploid or aneuploid karyotypes.
By extrapolating these proportions to the current estimate of moss diversity of 13,053 species (Magill 2010), the
number of currently unrecognized moss species would vary between ~2000, if at least one new polyploid species is
described for each species including an autopolyploid karyotype, and ~12,000, if each unique karyotype, including
both autopolyploids and aneuploids, is taxonomically recognized (Figure 1B). Here, the estimate considering only
autopolyploid chromosome counts, or whole number multiples, is the most conservative, whereas that including
aneuploid counts is the less conservative. Given that aneuploid counts are often only one chromosome short of a
whole number multiple, and hence strict autopolyploid, some aneuploid counts noted in the present study may in fact
represent an erroneous count. The instances of autopolyploidy and aneuploidy presented here are rather intended to
represent the full range of possibilities for frequency of chromosomal and whole genome doubling events. However,
even under conservative estimates of karyotypic diversity, substantial species diversity (i.e., 17%) would remain to be
described.
Prevalence and frequency of karyotype variants
In addition to a high overall incidence of autopolyploid lineages (Table 1), the frequency of autopolyploids across
the most sampled orders (Supplemental Table 1), suggests that the propensity for autopolyploidy is consistent across
moss phylogenetic breadth. The overall incidence of autopolyploidy is in line with other similar lines of inquiry within
mosses. Kuta and Przywara (1997) and Crawford et al. (2009) also estimated the frequency of polyploids across
mosses based on Fritsch (1991), defining polyploids as species with chromosome numbers above a universal threshold.
Although these studies do not evaluate the implications of differences in base chromosome number or polyploidy as
compared to aneuploidy, they similarly interpret the data in Fritsch (1991) to suggest that a large proportion of species
(>20%) are polyploid (Kuta and Przywara 1997) or include polyploid populations. For angiosperms, Barker et al.
(2016) specifically distinguish autopolyploids from allopolyploids. They surveyed cytological data for over 4000
species and found that 13% were autopolyploid, of which 90% are taxonomically unrecognized. As they pointed out,
though morphologically cryptic, autopolyploidy is likely a frequent phenomenon.
In addition to being phylogenetically ubiquitous, the data reviewed here suggest that autopolyploidy is frequent in
natural populations. For species sampled for only two populations, 5% include at least one instance of autopolyploidy
and 17% of sampled lineages include at least one instance of autopolyploidy (Table 1; Table 2). Autopolyploidy as a
mechanism for genome doubling as well as autopolyploid lineages are seemingly frequent. The apparent frequency
of autopolyploid moss lineages should inspire further investigation of the evolutionary origins and consequences of
autopolyploidy and contribute to a shifting view of autopolyploids not as short-lived evolutionary dead-ends (Otto and
Whitton 2000; Comai 2005), but rather as key players in moss evolution and diversification.
Next Steps
1. Increasing karyotype sampling
Karyotypes vary within species of mosses and, assuming that shifts in ploidy, and perhaps even changes in number
of chromosomes lead to meiotic incompatibilities and reproductive isolation, they should be integrated in taxonomic
delineation. While in the present study and others, autopolyploidy appears phylogenetically widespread, efforts to
karyotype mosses have virtually vanished from bryological studies, leaving an enormous gap in our understanding
of genome evolution in mosses, not to mention a serious loss of expertise in karyotyping. The methodology was
comprehensively described by Newton (1973;1975;1984). Using apical regions of moss modules, i.e., primarily stems,
is facilitated by the availability of suitable tissue, whereas sporogenous tissue for meiotic counts, depends on sampling
developing sporophytes and catching meiosis, a process that is synchronous in mosses, and not easily induced, requiring
the surveying of sporophytes over perhaps many days for a successful count.
In light of the promise of integrating karyotypes in taxonomic studies, particularly in conjunction with molecular
phylogenetics, and the potential significance of autopolyploidy in the evolution and diversification of mosses, we
recommend resuming cytological studies, and this at various scales.
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1.1 Phylogenetic scale: increasing species sampling
Based on Magill’s (2010) estimate of 13,053 moss species, only 11% of taxonomically recognized moss species have
been karyotyped, leaving ~11,000 species without information on their karyotype (Figure 1A). A more complete
picture of karyotype diversity across mosses would serve to inform research in the area of genome size and polyploid
evolution subsequently.
1.2 Intraspecific scale: increasing population sampling
Sampling multiple populations per species may reveal ploidy variation (Figure 2). Ideally, a geographically broad and
even sampling is most apt to reveal the full breadth of karyotypic diversity (Hedenäs 2020). Cytological data, when
combined with molecular phylogenetic analysis, may also provide insight into the frequency of independent WGD
events, as in the Atrichum undulatum and Tortula muralis complexes (Jesson et al. 2011; Košnar et al. 2012). Such
karyological studies should be undertaken for at least a selection of species, contrasting geographically widespread and
restricted taxa. In light of the fact that an uneven global distribution of polyploidy has been observed in both vascular
and non-vascular plants, sampling multiple populations of geographically widespread species is especially important
(Brochmann et al. 2004; Rice et al. 2019; Zhang et al. 2020). Karyotyping can be technically difficult and is limited
by timely access to the required tissue type (e.g. actively dividing apical cells or sporocytes). Accordingly, large
scale moss cytological studies may benefit from an alternative to chromosome counts, such as flow cytometry. This
technique consists in estimating the size of a genome using fluorescence. It does not allow for inferences regarding
chromosome number, chromosomal pairing, and chromosome type. Barring access to either method, quantifying the
dimensions of various morphological structures can inform on relative genome size variation. Polyploidy is known to
leave a morphological signature known as the Gigas effect, largely impacting the average size of various structures such
as spore diameter (Stebbins 1950). The effective use of such genome size estimates in studies focused on karyotype
variation, and thus the use of these estimates as proxies of karyotype, requires that first the relationships between
genome size estimates and karyotype be established, and for this at least two, but ideally more populations must be
karyotyped and characterized by flow cytometry.
1.3 Intraspecific scale: Intensive karyotyping within populations
Sampling a large number of individuals within a population may further inform us on the frequency of WGD. If
such intensive sampling on a given population is conducted routinely over time, it may inform our understanding of
the selection acting on autopolyploids. The focal taxa for such sampling may be chosen on the basis of intraspecific
morphological variation, as significant shifts in cell size may be indicative of genome doubling (Mishra 1997; Robinson
et al. 2018).
1.4 Individual scale: karyotyping cells
The most prevalent mechanism for WGD in mosses remains unknown, though four theoretical processes have been
proposed: apospory, somatic doubling, diplospory (meiotic restitution), and syndiplospory (pre-meiotic genome
doubling) (Crawford et al. 2009; Rensing et al. 2013). Apospory refers to the development of gametophytes directly
from sporophytic tissue, i.e., bypassing the spore stage. It is easily triggered from juvenile sporophytes in vitro, but
has never been documented in wild populations (Kumar and Chopra 1980; Lobachevska et al. 2005). In somatic
doubling, mitotic non-disjunction produces diploid or aneuploid somatic cells (Doyle and Coate 2019). Diplospory
and syndiplospory result from meiotic non-disjunction or fusion of sporocytes prior to meiosis and both lead to diploid
spores. Both processes have been observed (Vaarama 1976; Smith 1978; Ramsay 1983), but it isn’t known which is
involved in the majority of autopolyploidization events in mosses, and hence greater attention should be devoted to
identifying those perhaps rare events within single sporangia.
2. Assessing gene flow among karyotypes
In order to assess the consequences of WGD and its role in speciation in mosses, experimental studies focusing on gene
flow between samples of distinct ploidy or karyotype is urgently needed. To fill this gap, we recommend at least two
distinct directions of research to test the following hypotheses.
2.1 Reproductive isolation between autopolyploids and progenitors
To our knowledge, not a single bryological study has tested whether autopolyploids, and ideally newly formed artificial
autopolyploids, are immediately unable to engage in sexual reproduction with their progenitor of a lower ploidy
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level. Experimental crosses are feasible among cultured mosses (von Wettstein 1924), and may broadly inform the
evolutionary dynamics of karyotypes in nature.
2.2 Autopolyploids as triggers of further polyploidization
Inter-ploidy reproduction has been noted in angiosperms as a ‘triploid bridge’, or a lineage with component genomes
derived from a reduced and unreduced gamete (Schinkel et al. 2017; Spoelhof et al. 2017). The presence of oddnumbered ploidy levels observed in at least some species suggests that syngamy between haploid and diploid mosses
is possible (Flatberg et al. 2006; Karlin et al. 2009; Karlin and Robinson 2017). Further, polyploid lineages evidently
tend not to evolve in isolation as moss species complexes have been noted in several genera including Cinclidium,
Polytrichastrum, and Physcomitrium (Derda and Wyatt 2000; McDaniel et al. 2010; Wyatt et al. 2013).
2.3 Reproductive isolation among ‘conspecific’ autopolyploids
The assumed frequency of polyploids in some species suggests that either polyploids are evolutionarily successful
(i.e., withstanding eradication by natural selection) or that they arise at a high rate (Barker et al. 2016). Ephemeral
and recurrent polyploids rather than polyploid lineages may not constitute species by virtue of limited reproductive
capacity. Independently arising autopolyploids may become reproductively isolated from each other via chromosomal
rearrangements following WGD (Comai 2005). Whether chromosomal rearrangements occur in neopolyploid mosses
is unknown, but if demonstrated could significantly affect the evolutionary consequences of autopolyploidization
(Husband and Sabara 2004).

Conclusions
Substantial karyotype diversity is evident within taxonomically recognized species of mosses. Karyotypes reviewed
here represent only a fraction of total recognized moss species diversity and hence should spur efforts not only in
assessing karyotype diversity across mosses, but also in revisiting and refining taxonomic concepts in karyotyped
species. This systematic and taxonomic work should be undertaken in tandem with efforts to better characterize the
cellular mechanisms both producing autopolyploids and aneuploids and precluding sexual reproduction with haploid
and polyploid relatives.
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Supplemental Table 1. For each of the six most sampled families, the proportion of species with two or more
populations sampled is given, and the proportion of those species with autopolyploidy present is indicated. The number of
species comprising each proportion is given.
Order

Total number of
species karyotyped

Number of species with 2+
populations karyotyped

Proportion of species with
autopolyploid karyotype

Number of species with
autopolyploid karyotype

Bryales

145

108

.32

35

Dicranales

197

127

.13

17

Hypnales

485

291

.13

38

Orthotrichales

74

45

.11

5

Polytrichales

71

54

.27

15

Pottiales

162

95

.15

15

Supplemental File 1. A list of literature sources for karyotypic data.
Supplemental File 2. All species and karyotypic data
Supplemental File 3. All species and karyotypic data with names updated according to taxonomic changes since
publication.
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