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Premise of the study: The Baas Becking tenet posits that ‘everything is everywhere, but the environment selects’ to explain
cosmopolitan distributions in highly vagile taxa. Bryophyte species show wider distributions than vascular plants and include
examples of truly cosmopolitan ranges, which have been interpreted as a result of high dispersal capacities and ecological
plasticity. In the current study, we documented patterns of genetic structure and diversity in the cosmopolitan moss Bryum
argenteum along an elevational gradient to determine if genetic diversity and structure is homogenized by intense migrations
in the lack of ecological differentiation.

Methods: 60 specimens were collected in the Sierra Nevada Mountains (Spain) between 100 and 2870 m and sequenced for
ITS and rps4. Comparative analyses, genetic diversity estimators, and Mantel’s tests were employed to determine the relation-
ship between genetic variation, elevation, and geographic distance and to look for signs of demographic shifts.

Key results: Genetic diversity peaked above 1900 m and no signs of demographic shifts were detected at any elevation. There
was a strong phylogenetic component in elevational variation. Genetic variation was significantly correlated with elevation, but
not with geographic distance.

Conclusions: The results point to the long-term persistence of Bryum argenteum in a range that was glaciated during the Late
Pleistocene. Evidence for an environmentally driven pattern of genetic differentiation suggests adaptive divergence. This sup-
ports the Baas Becking tenet and indicates that ecological specialization might play a key role in explaining patterns of genetic
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structure in cosmopolitan mosses.
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Elevational gradients offer many characteristics that make them
extremely suitable for uncovering the underlying causes of spa-
tial variation in diversity because of the dramatic changes in
environmental conditions across comparatively short distances
(Sanders and Rahbek, 2012). Alpine ecosystems have in par-
ticular become an increasing area of research since climate change
impacts on alpine and nival vegetation may be more pronounced
than on vegetation at lower elevation, with an upward shift of
tree lines and range reduction in alpine and nival plant species
preceding massive extinctions (Randin et al., 2009).

Bryophytes are among the last land plants to persist in snow
beds and other extreme high-elevation habitats up to 5800 m
(Mordaunt, 1998; Frey and Kiirschner, 2012). In fact, a feature
common among most bryophytes is their ability to grow at low
temperatures. More than half of the 40 mid-European bryophyte
species investigated by Furness and Grime (1982) showed a
growth reduction of less than 50% at 5°C compared to growth
at their optimal temperature. Most species, including tropical
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ones, seem to be preadapted to cold and survive temperatures
ranging from —10 to —27°C (Glime, 2007). As a result, bryophytes
generally have much broader elevation ranges than vascular
plants (Vittoz et al., 2010). Previous studies reported partition-
ing of morphological (Benassi et al., 2011; Pereira et al., 2013)
and genetic (Korpelainen et al., 2012b) variation across eleva-
tional gradients, but whether this reflects adaptation or dispersal
limitations and genetic drift remains ambiguous.

Little evidence of ecotypic differentiation was found in bryo-
phytes (Shaw, 1991). Their cold tolerance varies seasonally
(Riitten and Santarius, 1992, 1993), suggesting that they develop
tolerance in response to changes in environmental conditions.
In fact, it was experimentally shown that incubation at low, but
> 0°C, temperatures significantly increases survival rates upon
subsequent exposure to negative temperatures (Minami et al.,
2005). In the desert moss Syntrichia caninervis Mitt., morpho-
logical variation of populations from extreme microhabitats re-
sults from plasticity (Reynolds and McLetchie, 2011). In Bryum
argenteum Hedw., plants from clean and heavily polluted envi-
ronments exhibit indistinguishable growth responses to media
supplemented with heavy metals. It may be that this inherent,
relatively high level of tolerance makes the evolution of special-
ized races unnecessary (Shaw et al., 1989; Shaw and Albright,
1990). Although bryophytes are not genetically depauperate
and, in fact, display amounts of genetic diversity comparable
with angiosperms (Shaw, 2000a), this genetic variation does not
appear to be adaptive to specific environments (Shaw and Bartow,
1992). Thus, by contrast with flowering plants, physiological
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acclimatization is much more important for bryophytes than is
genetic specialization.

In addition, mosses are traditionally perceived as extremely
good dispersers (see Shaw et al., 2011, for review). Regular estab-
lishment occurs at the km-scale (Lonnell et al., 2012), while
1% of the regional spore rain is assumed to have a trans- or
intercontinental origin (Sundberg, 2013), which is consistent
with phylogeographic evidence for recurrent long-distance dis-
persal in the group (Werner and Guerra, 2004; Devos and
Vanderpoorten, 2009; Szovényi et al., 2012). The high dispersal
ability of bryophytes appears as a strong homogenizing force that
may prevent local differentiation and adaptation and explain the
wide distribution of mosses and their low rates of endemism as
compared to angiosperms (Vanderpoorten et al., 2010). The high
dispersal ability of bryophytes supports the first half of the
Baas Becking tenet (Baas Becking, 1934) ‘everything is every-
where’, which explains the seemingly cosmopolitan distributions
typically observed in micro-organisms by invoking a lack of dis-
persal limitation (see Sul et al., 2013, for review). Meanwhile, the
apparent failure of bryophytes to develop ecotypes because of
their inherently high ecological plasticity suggests that the second
part of the tenet, ‘but the environment selects’, does not apply.

In the present paper, we revisit the Baas Becking tenet, tak-
ing the cosmopolitan Bryum argenteum as a model. B. argen-
teum has one of the widest distributions of all plants on Earth. It
is found on all continents in contrasting climates from the equa-
tor up to polar and alpine habitats. In addition to sexual repro-
duction, B. argenteum can produce large numbers of deciduous
bulbils and branchlets that can detach and serve as a primary
mode of local dispersal (Selkirk et al., 1998). The dual mating
system of B. argenteum, along with its preference for disturbed
soils, makes the species a typical colonist (sensu During, 1992)
whose high dispersal capacity makes it capable of efficiently
tracking ephemeral habitats at both short and long distances.
The species is morphologically extremely variable, but this
variation does not appear to be adaptive (Longton, 1981; Shaw
et al., 1989; Shaw and Albright, 1990). Consequently, patterns
of genetic diversity and variation are expected to show no geo-
graphic structure among populations sharing the same evolu-
tionary history. This hypothesis is tested here along an elevational
gradient in the Sierra Nevada Mountains of southern Europe. If
this hypothesis is rejected, we attempt to (i) determine whether
populations from low, mid, and high elevation experienced con-
trasting demographic histories and (ii) disentangle the roles of
dispersal limitations and ecological specialization in spatial
patterns of genetic variation.

MATERIALS AND METHODS

Sampling design and molecular protocols—Sixty specimens of Bryum ar-
genteum were collected from 15 localities in the mountains of Sierra Nevada,
Spain, along an elevational gradient from 100 to 2870 m a.s.l. All accessions but
two were sterile at the time of collection. Voucher information, including eleva-
tion of each locality, geographic coordinates, and GenBank accession numbers, is
given in Appendix 1. Samples from within each locality were separated from each
other by at least I m. The maximum distance between any two localities was
52 km. Samples were air dried and stored until DNA extraction. Total genomic
DNA was extracted using a modified version of the NaOH extraction protocol (Wer-
ner et al., 2002) in which 5 pl of crude NaOH extract were diluted by the addition of
45 ul of 100 mM Tris — 1 mM EDTA (pH 8.3), stored frozen at —18°C, and used as
template for PCR. The ITS1- 5.8S rDNA—ITS2 nuclear genomic fragment
was amplified by PCR using primers (5-CCGATTGAATGGTCCGGTG-
AAGTTTTCG and 5-GCTGGGCTCTTTCCGGTTCGCTCGCCGTTAC)
specifically redesigned for B. argenteum from sequences obtained with universal
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primers. The rps4 cpDNA was amplified using the primers rps5 (Nadot et al.,
1995) and trnas (Buck et al., 2000). PCR reactions were performed in a thermo
cycler using 2 pl of the DNA solution in a 50 pl final volume. The reaction mix
contained 1.5 pl of each primer (10 uM), 5 ul 10X reaction buffer with MgCl,, 2 ul
(1 U ul-') DNA polymerase (Biotools, Madrid, Spain), 2 ul 10 mM dNTP mix, 1 pl
10% skim milk powder in water, and 35 ul nuclease free water. ITS amplification
included the following steps: (1) initial denaturation for 3 min at 95°C; (2)
40 cycles each of 94°C for 30 s, 60°C for 30 s and 72°C for 75 s; and (3) a final
extension at 72°C for 5 min. Amplification for the rps4 marker started with 3 min
denaturation at 95°C; 40 cycles each of 94°C for 30 s, 55°C for 30 s and 72°C for
60 s; and a final extension at 72°C for 5 min. We used agarose electrophoresis to
test for amplification of single fragments before cleaning PCR products with the
GenElute PCR Clean-Up Kit (Sigma-Aldrich Co., St. Louis, Missouri, USA).
Forward and reverse sequence fragments for both ITS1 and ITS2 and for rps4
were generated using BigDyeTerminator v3.1 (Applied Biosystems, Foster City,
California, USA) and separated on an ABI-Prism3730 sequencing machine
(Applied Biosystems). In addition to the amplification primers, the primers 5.8R
and 5.8F (Stech and Frahm, 1999) were used in the sequencing reactions of the
ITS region. Forward and reverse sequence fragments were edited and assembled
using Bioedit ver.7.0.5 (Hall, 1999) and every polymorphism was checked from
the chromatograms. The sequences were aligned by eye, allowing gaps where
necessary to conserve homology among sequences. No polymorphism was ob-
served in the 5.8S gene, which was excluded from further analyses.

Phylogenetic analyses—Indels were coded with SeqState 1.25 (Miiller,
2005) using simple coding (Simmons and Ochoterena, 2000) and added to a
separate binary character matrix. The nucleotide substitution models HKY+G
and TPM3uf were selected based upon the AIC and BIC criteria as implemented
by JModeltest2 (Darriba et al., 2012) for the ITS and rps4 partitions, respec-
tively. A model implementing identical forward and backward transition rates
was applied to the indel matrix. Independent phylogenetic analyses of each
cpDNA and nrDNA dataset were performed in MrBayes 3.1.2 (Ronquist and
Huelsenbeck, 2003). For each dataset, two Metropolis-coupled Markov Chain
Monte Carlo (MCMC) analyses, including three hot chains and one cold chain,
were run for 107 generations and sampled every 10* generations. To confirm
that the chains had reached stationarity and converged, we (1) graphically in-
spected the values of the log-likelihoods of the two MCMC analyses; (2) made
sure that the standard deviation of split frequencies was below 0.01 at the com-
pletion of the analysis; and (3) made sure that the potential scale reduction
factor for each of the parameters shown in the summary statistics of the analy-
ses was close to 1. The first 200 trees were discarded as burn-in and the remain-
ing trees were used to construct a 50% majority rule consensus tree. The rsp4
analysis resolved two haplotypes that correspond to the two main clades identi-
fied in the ITS analysis (see below under RESULTS). The partitions were there-
fore congruent and combined within a heterogeneous Bayesian analysis
employing the nucleotide substitution models indicated above for each parti-
tion. The other settings were identical as those described above.

The generalized least square models implemented by the Continuous option
of BayesTraits (Pagel, 1997) were used to investigate the phylogenetic compo-
nent of elevational variation through the scaling parameter lambda (L). A value of
A =1 indicates that the tree correctly predicts the patterns of elevational variation
observed, whereas A = 0 points to the phylogenetic independence of trait evolu-
tion (Freckleton et al., 2002). We employed an MCMC analysis to sample values
of A depending on their posterior probability. At each iteration, the chain selects a
tree and a value of A, and the combination is assessed though the Metropolis-
Hastings algorithm. We then reran the analysis, setting A to 0, and determined
whether imposing complete phylogenetic independence in elevational variation
(A =0) significantly decreases the log-likelihood by computing the Bayes factors.
The latter were measured as twice the difference in the harmonic means of the
log-likelihood of the two analyses, and differences of 2, 5, and 10 were consid-
ered as evidence, strong evidence, and very strong evidence for differences of fit
between the models, respectively (Pagel et al., 2004).

Population genetics analyses—Haploid diversity corrected for sample size
(uh) and nucleotide diversity (pi) were calculated with GENEALEX 6.5
(Peakall and Smouse, 2006) along the elevational gradient partitioned into three
elevational belts that correspond to vegetation zones in the Sierra Nevada
Mountains of southern Europe: low elevation, < 800 m; mid-elevation, 800-
1900 m; and high elevation > 1900 m (Anderson et al., 2011). Tajima’s D
(Tajima, 1989) and Fu’s Fs (Fu, 1996) were calculated in Arlequin 3.5
(Excoffier et al., 2005) for each of the three elevation levels to seek for a sig-
nature of demographic changes in patterns of genetic diversity. Both statistics
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Fig. 1. Fifty percent majority-rule consensus with branch length averaged across the trees sampled from the posterior probability distribution from the

Bayesian analysis of ITS and rps4 sequences in the moss Bryum argenteum along an elevation gradient in the Sierra Nevada Mountains of southern Europe.

Numbers below the branches are the posterior probabilities.

measure whether variation at the locus considered is consistent with the hypoth-
esis that the populations are at neutral mutation-drift equilibrium. If D and Fs
do not significantly depart from 0, there is no evidence for changes in popula-
tion size or for selection at the locus. Significantly negative D and Fs point to
purifying selection or expansion, while a positive value of those statistics is
suggestive of bottleneck or dominant selection.

Mantel’s tests were used to measure the correlation between genetic dis-
tances on the one hand, and geographical distance and elevational gradients on
the other. We therefore computed kinship coefficient among individuals, Nij,
which is analogous to J. Nason’s Fij estimator as defined by Loiselle et al.
(1995), but takes the phylogenetic relationship among alleles into account
(Vanderpoorten et al., 2011). Phylogenetic distance among alleles was mea-
sured from a Tamura 3-parameter model distance matrix with Mega 5 (Tamura
et al., 2011). The significance of the slope of the regression of Nij on the loga-
rithm of spatial distance between individuals, In(dij), was tested by means of
10* random permutations of population locations in SPAGeDi 1.3 (Hardy and
Vekemans, 2002). The same test was then applied between the matrix of Nij
and of the elevational difference among pairs of individuals. To obtain a
graphic representation of the change in genetic similarity with increasing ele-
vational difference among individuals, the mean Nij values were computed
over i, j pairs separated by predefined elevational intervals. Threshold distance
separating intervals were 0, 250, 670, 1300, 2000, and 2600 m, the first interval

corresponding to pairs of individuals from the same population. To remove the
potentially confounded signal of geographic distance in the matrix of eleva-
tional differences, partial Mantel’s tests were used. The latter were employed
to test the correlation between matrices of kinship coefficients and of elevational
difference among individuals, while controlling for the information present in
the geographic distance matrix. Partial Mantel’s tests were performed with ZT
(Bonnet and Van de Peer, 2002), and the significance of the correlations was
tested by means of 10* randomization runs.

RESULTS

There were 112 (80 indels and 32 mutations) and 6 polymor-
phic positions (no indels) in the ITS and rps4 matrices, respec-
tively. Two clades, hereafter labeled as A and B, were resolved
with full support in the 7ps4 tree. These two clades also corre-
sponded to the first dichotomy in the ITS phylogeny (Fig. 1). In
the combined analysis, these two clades were supported with
posterior probabilities of 0.97 and 1.00, respectively. Speci-
mens from clade A are restricted to localities above 1900 m,
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TasLe 1. Unbiased haploid diversity + SD (uh £ SD), nucleotide diversity = SD (pi + SD), Tajima’s D and Fu’s Fi statistics and associated P-values,
sample size (N), and number of haplotypes (n) in the moss Bryum argenteum along an elevational gradient in the Sierra Nevada Mountains of southern
Europe.
Diversity and Neutral test statistics All <800 m 800-1900 m > 1900 m
uh = SD 0.177£0.011 0.068 £0.012 0.082 +0.015 0.381+0.017
pi = SD 0.008 £ 0,004 0.001 £0,001 0.002 £0.001 0.010 £ 0.005
Tajima’s D (P-value) 0.397 (0.74) —0.805 (0.24) 0.472 (0.70) 1.424 (0.95)
Fu’s Fs (P-value) 14.601 (1.00) 5.610 (0.98) 6.249 (0.99) 16.380 (1.00)
N(n) 59(16) 16(5) 11(4) 29(9)

whereas specimens from clade B were sampled from the whole
elevational range (Fig. 1). There was a strong phylogenetic
component in elevational variation. In fact, the posterior prob-
ability of lambda (A = 0.87, min = 0.54, max = 0.99) did not
encompass 0, and constraining A to 0 resulted in a Bayes factors
of 100.7, unambiguously indicating that a phylogenetically de-
pendent model describes patterns of elevational variation sig-
nificantly better than a phylogenetically independent one.

Both haploid diversity and nucleotide diversity were lowest
at low elevation and highest at >1900 m (Table 1). Tajima’s D
and Fu’s Fs were not significant at any of the elevation belts.
The slope of the regression between Nij and geographic dis-
tance (isolation-by-distance test) was not significant (P > 0.05).
Mantel’s tests between Nij and elevation difference among in-
dividuals were significant. On average, mean Nij per class of
altitudinal difference decreased with increasing altitudinal dif-
ference among individuals (Fig. 2). This relationship remained
significant after removal of the geographical component of the
matrix of elevational difference among individuals (partial
Mantel’s test, r = 0.055, P < 0.01).

DISCUSSION

Striking levels of genetic diversity, similar to the highest lev-
els of ITS divergence reported within moss species (e.g., Shaw,
2000b), were found in ITS sequences of Bryum argenteum
along an elevation gradient in the Sierra Nevada Mountains,
confirming previous reports of high ITS diversity in the species
(Longton and Hedderson, 2000). The ITS region has been and
remains one of the most widely exploited sources of molecular
variation at the species level (e.g., Nagy et al., 2012; Pettigrew

et al., 2012; Kucera et al., 2013), but there has been an increas-
ing concern about its reliability for phylogenetic reconstruction,
especially due to the existence of paralogs and pseudogenes
(see Nieto Feliner and Rosselld, 2007, for review). The 5.8S
gene was completely invariant among B. argenteum accessions,
rendering the pseudogene hypothesis unlikely. The hypothesis
that several paralogous copies were sequenced is also weak-
ened by two lines of evidence. First, no conflicting base calls
during sequencing were observed. Second, although the levels
of polymorphisms in rps4 were low, there was a congruent
phylogenetic signal between rps4 and ITS. Altogether, these
observations suggest that the variation observed reflects actual
diversification of orthologous ITS sequences.

There was a substantially higher genetic diversity at high el-
evation as compared to that observed at mid and low elevations,
ruling out our primary hypothesis that everything is everywhere
in the absence of dispersal limitations and ecological differen-
tiation along the elevational gradient. Similar patterns were re-
ported in previous studies and have been interpreted as evidence
of adaptation to severe conditions at high elevation, human fac-
tors, or demographical shifts associated with climate change
(see Ohsawa and Ide, 2008, for review). Since Tajima’s D and
Fu Fs statistics did not significantly depart from 0, there was no
evidence for changes in population size, weakening the latter
hypothesis. Intense migration from lower areas could poten-
tially erase any signature of bottlenecks associated with found-
ing events and lead to nonsignificant Fs and D statistics (Busch
et al., 2007), but this hypothesis is not compatible with the ob-
served partitioning of genetic diversity. The results thus suggest
that Bryum argenteum successfully persisted in a high-elevation
range that was extensively glaciated during the Late Pleistocene
(Anderson et al., 2011). This parallels molecular support for

5 007 4 y = -4.24%10°x + 0.047

e P=0.013

5

5 0.02 A

L=}

8

o o

o 5

2 -0.03 A

&

M

-0.08 ; } . :

0 500 1000 1500 2000

Elevational difference (m)

Fig. 2. Mean kinship coefficients Nij between pairs of individuals of the moss Bryum argenteum based on their sequence variation at ITS and rps4
depending on the elevational difference among them in the Sierra Nevada Mountains. The slope of the regression between pairwise Nij and elevational

difference and its P-value are indicated in the upper right corner.



2004

Pleistocene persistence of the species in continental Antarctica
(Hills et al., 2010) and, more generally, of temperate bryophyte
species in microrefugia across largely glaciated landscapes
(Désamoré et al., 2012).

Bryophytes are almost never deliberately introduced and
Bryum argenteum is not a species that is harvested for com-
mercial purposes, so that the high levels of genetic diversity
found at the highest elevations cannot be attributed to human
factors, such as lower collection or exploitation intensity at
high elevation, which has been reported for some commer-
cially valuable taxa (Wen and Hsiao, 2001; Maghuly et al.,
2006). Human factors could potentially play a role in generat-
ing higher disturbance levels at low elevation, but recent evi-
dence suggests that moss populations from natural and disturbed
areas display similar levels of genetic diversity (Korpelainen
et al., 2012a, but see Patifio et al., 2010), especially in a colo-
nist species (sensu During, 1992) such as B. argenteum with a
life-history typically adapted to highly disturbed environ-
ments. Altogether, this suggests that although the influence of
human factors in the patterns of genetic diversity of B. argen-
teum along the elevation gradient cannot be ruled out, it is
unlikely to account for the substantially higher diversities ob-
served at high elevation.

A third possibility to explain the peak of genetic diversity at
high elevation is that the severe conditions at high elevation
trigger adaptation, and in particular, adaptive divergence foster-
ing genetic diversity (Porter and Rice, 2013). In Bryum argen-
teum, in fact, genetic variation was significantly correlated with
elevation. Furthermore, the elevational range displayed by the
species has a significant phylogenetic component, pointing to
heritable elevational preferences. Such a genetic differentiation
along a steep ecological gradient was unexpected, because
in bryophytes in general (Shaw, 2000a), and in B. argenteum
in particular (Longton, 1981; Shaw et al., 1989; Shaw and
Albright, 1990), physiological plasticity rather than ecotypic
differentiation is thought to account for the ability to occur in
contrasting ecological conditions. The results presented here
therefore support yet provide scant evidence (Shaw and Beer,
1999; Hutsemekers et al., 2010; Horsley et al., 2011) that al-
though ecologically highly plastic, moss species also develop
ecotypes to adapt to a wide range of environmental conditions
and achieve large distribution ranges. As in other organisms,
such as tardigrades (Faurby et al., 2012), the present results
fully support the Baas Becking tenet and indicate that ecologi-
cal specialization might play a much more important role than
dispersal limitation in explaining patterns of genetic structure in
cosmopolitan mosses.

LITERATURE CITED

ANDERSON, R. S., G. JIMENEZ-MORENO, J. S. CARrRRION, AND C. PEREZ-
MarrTiNez. 2011. Postglacial history of alpine vegetation, fire, and
climate from Laguna de Rio Seco, Sierra Nevada, southern Spain.
Quaternary Science Reviews 30: 1615-1629.

Baas BEcking, L. G. M. 1934. Geobiologie of inleiding tot de milieukunde.
W. P. Van Stockum and Zoon, The Hague, Netherlands.

BEeNassL, M., L. R. Stark, J. C. BRINDA, D. N. McLETCHIE, M. BONINE, AND
B. D. MisHrer. 2011. Plant size, sex expression and sexual repro-
duction along an elevation gradient in a desert moss. Bryologist 114:
277-288.

BonnET, E., AND Y. VAN DE Peer. 2002. ZT: A software tool for simple
and partial Mantel tests. Journal of Statistical Software 7: 1-12.

AMERICAN JOURNAL OF BOTANY

[Vol. 100

Buck, W. R., B. GorrINET, AND A. J. SHAw. 2000. Testing morphologi-
cal concepts of orders of pleurocarpous mosses (Bryophyta) using
phylogenetic reconstructions based on trnL-trnF and rps4 sequences.
Molecular Phylogenetics and Evolution 16: 180-198.

Busch, J. D., P. M. WasEr, anp J. A. DEwoopy. 2007. Recent demo-
graphic bottlenecks are not accompanied by a genetic signature in
banner-tailed kangaroo rats (Dipodomys spectabilis). Molecular
Ecology 16: 2450-2462.

DarriBa, D., G. L. TaBoapA, R. DoaLLo, AND D. Posapa. 2012. jModel-
Test 2: More models, new heuristics and parallel computing. Nature
Methods 9: T72.

DESAMORE, A., B. LAENEN, M. StEcH, B. Parp, L. HEDENAS, R. MATEO,
AND A. VANDERPOORTEN. 2012. How do temperate bryophytes
face the challenge of a changing environment? Lessons from the
past and predictions for the future. Global Change Biology 18:
2915-2924.

Devos, N., AND A. VANDERPOORTEN. 2009. Range disjunctions, specia-
tion, and morphological transformation rates in the liverwort genus
Leptoscyphus. Evolution; International Journal of Organic Evolution
63: 779-792.

During, H. J. 1992. Ecological classification of bryophytes and lichens.
In J.W. Bates and A.M. Farmer [eds.], Bryophytes and lichens in a
changing environment, 1-31. Clarendon Press, Oxford, UK.

EXCOFFIER, L., G. LAavAL, AND S. ScHNEIDER. 2005. Arlequin (ver 3.0): An
integrated software package for population genetics data analysis.
Evolutionary Bioinformatics Online 10: 47-50.

FaurBy, S., A. JorGENSEN, R. M. KRISTENSEN, AND P. Funch. 2012.
Distribution and speciation in marine intertidal tardigrades: Testing the
roles of climatic and geographical isolation. Journal of Biogeography
39: 1596-1607.

FreckLETON, R. P., P. H. HARVEY, AND M. PAGEL. 2002. Phylogenetic anal-
ysis and comparative data: A test and review of evidence. American
Naturalist 160: 712-726.

Frey, W., anp H. Korscuner. 2012, High altitude bryophytes from the
Cordillera Real in Bolivia. Nova Hedwigia 95: 165-182.

Fu, Y. X. 1996. New statistical tests of neutrality for DNA samples from
a population. Genetics 143: 557-570.

Furness, S. B., anp J. P. GRiME. 1982. Growth rate and temperature re-
sponses in bryophytes II: A comparative study of species of contrasted
ecology. Journal of Ecology 70: 525-536.

GLivg, J. M. 2007. Physiological ecology. In Bryophyte ecology,
vol. 1. Electronic book sponsored by Michigan Technological
University and the International Association of Bryologists. Website
http://www.bryoecol.mtu.edu/ [accessed 15 December 2012].

Harr, T. A. 1999. BioEdit: A user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT. Nucleic
Acids Symposium Series 41: 95-98.

Harpy, O. J., anp X. VEKEMANs. 2002. SPAGeDI: A versatile computer
program to analyse spatial genetic structure at the individual or popu-
lation levels. Molecular Ecology Notes 2: 618-620.

Hiis, S. F. K., M. 1. Stevens, anp C. E. C. GEmmiLL. 2010. Molecular
support for Pleistocene persistence of the continental Antarctic moss
Bryum argenteum. Antarctic Science 22: 721-726.

HorsLEy, K., L. R. Stark, AND D. N. McLETcHIE. 2011. Does the silver
moss Bryum argenteum exhibit sex-specific patterns in vegetative
growth rate, asexual fitness or prezygotic reproductive investment?
Annals of Botany 107: 897-907.

Hutsemekers, V., O. J. Harpy, P. MARDULYN, A. J. SHAwW, AND A.
'VANDERPOORTEN. 2010. Macroecological patterns of genetic structure
and diversity in the aquatic moss Platyhypnidium riparioides. New
Phytologist 185: 852-864.

KorprELAINEN, H., H. ForsmaN, V. VIRTANEN, M. PIETILAINEN, AND K.
Kostamo. 2012a. Genetic composition of bryophyte populations
occupying habitats differing in the level of human disturbance.
International Journal of Plant Sciences 173: 1015-1022.

KORPELAINEN, H., A. JAGERBRAND, AND M. VON CRAUTLEIN. 2012b. Genetic
structure of mosses Pleurozium schreberi (Willd. ex Brid.) Mitt. and
Racomitrium lanuginosum (Hedw.) Brid. along altitude gradients in
Hokkaido, Japan. Journal of Bryology 34: 309-312.



October 2013]

KucERra, J., J. KoSNAR, AND O. WERNER. 2013. Partial generic revision
of Barbula (Musci: Pottiaceae): Re-establishment of Hydrogonium
and Streblotrichum, and the new genus Gymnobarbula. Taxon 62:
21-39.

LoiseLLg, B. A., V. L. Sork, J. Nason, anp C. Granam. 1995. Spatial
genetic structure of a tropical understory shrub, Psychotria officinalis
(Rubiaceae). American Journal of Botany 82: 1420-1425.

LongGToN, R. E. 1981. Inter-population variation in morphology and phys-
iology in the cosmopolitan moss Bryum argenteum Hedw. Journal of
Bryology 11: 501-520.

LongToN, R. E., AND T. HEDDERSON. 2000. What are rare species and why
conserve them? Lindbergia 25: 53-61.

LoNNELL, N., K. HYLANDER, B. G. JoNSSON, AND S. SUNDBERG. 2012.
The fate of the missing spores—Patterns of realized dispersal be-
yond the closest vicinity of a sporulating moss. PLoS ONE 7(7):
e41987.

MacHuLy, F., W. PINsker, W. PrAzZNIK, AND S. FLuch. 2006. Genetic di-
versity in managed subpopulations of Norway spruce. [Picea abies
(L.) Karst.] Forest Ecology and Management 222: 266-271.

Minami, A., M. NaGao, K. Ikecami, T. KosHiBa, K. ARAKAWA, S. FUIIKAWA,
AND D. Takezawa. 2005. Cold acclimation in bryophytes: Low-
temperature-induced freezing tolerance in Physcomitrella patens is
associated with increases in expression levels of stress-related genes
but not with increase in level of endogenous abscisic acid. Planta 220:
414-423.

MorpaunT, C. H. 1998. Association between weather conditions, snow
lie and snowbed vegetation. Ph.D dissertation, University of Stirling,
Stirling, Scotland, UK.

MouLLEr, K. 2005. SeqState: Primer design and sequence statistics for
phylogenetic DNA datasets. Applied Bioinformatics 4: 65-69.

Napor, S., G. BirTar, L. CARTER, R. LACrROIX, AND B. LEJEUNE. 1995. A
phylogenetic analysis of monocotyledons based on the chloroplast
gene rps4, using parsimony and a new numerical phenetics method.
Molecular Phylogenetics and Evolution 4: 257-282.

Nacy, L. G., S. KocsuBg, Z. CsaNipi, G. M. KovAcs, T. PETKOVITS,
C. VAGVOLGYI, AND T. Papp. 2012. Re-mind the gap! Insertion—
deletion data reveal neglected phylogenetic potential of the nuclear
ribosomal internal transcribed spacer (ITS) of fungi. PLoS ONE
7(11): e49794.

NIETO FELINER, G., AND J. A. RosseLLO. 2007. Better the devil you know?
Guidelines for insightful utilization of nrDNA ITS in species-
level evolutionary studies in plants. Molecular Phylogenetics and
Evolution 44: 911-919.

Onsawa, T., anp Y. Ipe. 2008. Global patterns of genetic variation in
plant species along vertical and horizontal gradients on mountains.
Global Ecology and Biogeography 17: 152—163.

PaGeL, M. 1997. Inferring evolutionary processes from phylogenies.
Zoologica Scripta 26: 331-348.

PaGeL, M., A. MEADE, AND D. Barker. 2004. Bayesian estimation of
ancestral character states on phylogenies. Systematic Biology 53:
673-684.

PatiNo, J., O. WERNER, AND J. M. GoNzALEZ-MANCEBO. 2010. The impact
of forest disturbance on the genetic diversity and population structure
of a late-successional moss. Journal of Bryology 32: 220-231.

PeakaLL, R., anp P. E. Smouse. 2006.  GENALEX 6: Genetic analysis
in Excel. Population genetic software for teaching and research.
Molecular Ecology Notes 6: 288-295.

PEreRA, M. R., C. S. DamBRros, AND C. E. ZarTMaN. 2013. Will the real
Syrrhopodon leprieurii please stand up? Topographic and distance
effects on phenotypic variation in a widespread Neotropical moss.
Bryologist 116: 58—64.

PerTiGrREw, F. R. S., D. Jack, K. L. BELL, A. BHAGWANDIN, E. GRINAN, N.
JicLang, J. MEYER, ET AL. 2012. Morphology, ploidy and molecu-
lar phylogenetics reveal a new diploid species from Africa in the
baobab genus Adansonia (Malvaceae: Bombacoideae). Taxon 61:
1240-1250.

PorTER, S. S., anDp K. J. Rice. 2013. Trade-offs, spatial heterogeneity,
and the maintenance of microbial diversity. Evolution; International
Journal of Organic Evolution 67: 599-608.

PisA ET AL.— PATTERNS OF GENETIC VARIATION IN BRYUM ARGENTEUM (BRYACEAE)

2005

RanpiN, C. F., R. ENGLER, S. NorMAND, M. ZappA, N. E. ZIMMERMANN,
P. B. PEarmMaAN, P. VirToz, ET AL. 2009. Climate change and plant
distribution: Local models predict high-elevation persistence. Global
Change Biology 15: 1557-1569.

REeYNoLDS, L. A., AND D. N. McLETcHIE. 2011. Short distances between ex-
treme microhabitats do not result in ecotypes in Syntrichia caninervis.
Journal of Bryology 33: 148-153.

Ronquist, F., anp J. P. HueLsenBeck. 2003. MRBAYES 3: Bayesian
phylogenetic inference under mixed models. Bioinformatics (Oxford,
England) 19: 1572-1574.

RUTTEN, D., AND K. A. SaNTARIUS. 1992. Relationship between frost toler-
ance and sugar concentration of various bryophytes in summer and
winter. Oecologia 91: 260-265.

RUTTEN, D., AND K. A. SANTARIUS. 1993. Seasonal variation in frost toler-
ance and sugar content of two Plagiomnium species. Bryologist 96:
564-568.

SanDERs, N. J., anD C. RanBek. 2012. The patterns and causes of eleva-
tion diversity gradients. Ecography 35: 1-3.

SELKIRK, P. M., M. L. Skotnicki, J. NiNnuaM, M. B. CoNNETT, AND J.
ARMSTRONG. 1998. Genetic variation and dispersal of Bryum
argenteum and Hennediella heimii populations in the Garwood
Valley, southern Victoria Land, Antarctica. Antarctic Science 10:
423-430.

Suaw, A.J. 1991. Ecological genetics, evolutionary constraints, and the
systematics of bryophytes. Advances in Bryology 4: 29-74.

SHaw, A. J. 2000a. Population ecology, population genetics, and micro-
evolution. /n A. J. Shaw and B. Goffinet [eds.], Bryophyte biology,
369-402. Cambridge University Press, Cambridge, UK.

Suaw, A. J. 2000b. Molecular phylogeography and cryptic speciation
in the mosses, Mielichhoferia elongata and M. mielichhoferiana
(Bryaceae). Molecular Ecology 9: 595-608.

SHaw, A. J., anp D. L. ALBrIGHT. 1990. Potential for the evolution of
heavy metal tolerance in Bryum argenteum, a moss. Il. Generalized
tolerances among diverse populations. Bryologist 93: 187-192.

Suaw, A. J., AND S. M. BarTow. 1992. Genetic structure and phenotypic
plasticity in proximate populations of the moss, Funaria hygromet-
rica. Systematic Botany 17: 257-271.

Suaw, A. J., P. Szovenyr, anp B. Suaw. 2011. Bryophyte diversity and
evolution: Windows into the early evolution of land plants. American
Journal of Botany 98: 352-369.

Suaw, J., AND S. C. BEEr. 1999. Life history variation in gametophyte pop-
ulations of the moss Ceratodon purpureus (Ditrichaceae). American
Journal of Botany 86: 512-521.

Suaw, J., S. C. Beer, anp J. Lutz. 1989. Potential for the evolution of
heavy metal tolerance in Bryum argenteum, a moss. I. Variation
within and among populations. Bryologist 92: 73-80.

Smmmons, M. P., aNp H. OcHoTERENA. 2000. Gaps as characters in sequence-
based phylogenetic analyses. Systematic Biology 49: 369-381.

SteECH, M., AND J.-P. Franum. 1999. The status of Platyhypnidium mu-
tatum Ochyra and Vanderpoorten and the systematic value of the
Donrichardsiaceae based on molecular data. Journal of Bryology 21:
191-195.

Sur, W.J., T. A. OLIvER, H. W. DuckrLow, L. A. AMARAL-ZETTLER, AND M. L.
SoGIN. 2013. Marine bacteria exhibit a bipolar distribution. Proceedings
of the National Academy of Sciences, USA 110: 2342-2347.

SUNDBERG, S. 2013. Spore rain in relation to regional sources and beyond.
Ecography 36: 364-373.

SzovENyl, P., S. SUNDBERG, AND A. J. SHAw. 2012. Long-distance disper-
sal and genetic structure of natural populations: an assessment of the
inverse isolation hypothesis in peat mosses. Molecular Ecology 21:
5461-5472.

Tamma, F. 1989. Statistical method for testing the neutral mutation hy-
pothesis by DNA polymorphism. Genetics 123: 585-595.

Tamura, K., D. PETERSON, N. PETERSON, G. STECHER, M. NEI, AND S. KUMAR.
2011. MEGAS: Molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance and maximum parsimony
methods. Molecular Biology and Evolution 28: 2731-2739.

VANDERPOORTEN, A., S. R. GRADSTEIN, M. A. CARINE, AND N. Devos. 2010.
The ghosts of Gondwana and Laurasia in modern liverwort distributions.



2006

Biological Reviews of the Cambridge Philosophical Society 85:
471-487.

VANDERPOORTEN, A., J. LAMBINON, O. J. HARDY, AND O. Raspi. 2011. Two
reproductively isolated cytotypes and a swarm of highly inbred, dis-
connected populations: A glimpse into Salicornia’s evolutionary his-
tory and challenging taxonomy. Journal of Evolutionary Biology 24:
630-644.

Vitroz, P., M. CAMENISCH, R. MAYOR, L. MISERERE, M. VusT, aND J.-P.
THEURILLAT. 2010. Subalpine-nival gradient of species richness
for vascular plants, bryophytes and lichens in the Swiss Inner Alps.
Botanica Helvetica 120: 139-149.

Wang, C.-Y., anp J.-C. Znao. 2009. Phylogeny of Ptychostomum
(Bryaceae, Musci) inferred from sequences of nuclear ribosomal

AMERICAN JOURNAL OF BOTANY

[Vol. 100

DNA internal transcribed spacer (ITS) and chloroplast rps4. Journal
of Systematics and Evolution 47: 311-320.

WEN, C. S., anp J. Y. Hsiao. 2001. Altitudinal genetic differentiation
and diversity of Taiwan lily (Lilium longiflorum var. formosanum;
Liliaceae) using RAPD markers and morphological characters.
International Journal of Plant Sciences 162: 287-295.

WERNER, O., anDp J. GuErra. 2004. Molecular phylogeography of the
moss Tortula muralis Hedw. (Pottiaceae) based on chloroplast rps4
gene sequence data. Plant Biology 6: 147-157.

WERNER, O., R. M. Ros, anD J. GUERRA. 2002. Direct amplification and
NaOH extraction: Two rapid and simple methods for preparing bryo-
phyte DNA for polymerase chain reaction (PCR). Journal of Bryology
24: 127-131.



Pisa ET AL.— PATTERNS OF GENETIC VARIATION IN BRYUM ARGENTEUM (BRYACEAE) 2007

October 2013]

$S6£6v03 8+8¢67DN 6 dey 7998€°€00 M €76°0°'LE N ddutaoxd epeuern ‘uredg — 69207 ANIN wmauagin wndig €W Q0LT
— L¥8€6vDN — 7998€°€00 M €¥6°0°'LE N ddutaoxd epeuern ‘uredg — 8970% NN wmauagin wndig TWO0LT
£56£67031 9h8E6vON 6 dey 7998€°€00 M €76°0°'LE N 2dutaoxd epeuern ‘uredg — L920¥ NN wnajuagin wndig [ WQOLT
$96£6vOM  L6SS6YON  TL8E6+D ¢dey  8$9L¢7€00 M S09L0°'LE N doutroxd epeuers ‘uredg — 6L20% NN wmauagin windig ¥ W 0897
£96£6703 968€6vOM ¢r-dey  8$9/£°€00 M S09L0'LE N 9douraoxd epeuers) ‘uredg — 8LT0Y AN wnapuasiy wndig € W (897
796£6v0 $S8¢6+ON ¢rdey  8¥9L¢€00 M S09L0°LE N dourroxd epeuers ‘uredg — LLTOY NN wmauagin windig T w0897
196£6¥03 $S8E6YOM ¢rdeq  8p9L€7€00 M S09L0°LE N durroxd epeuern ‘uredg — 9L70% 4NN wnaua S wniig T W 0897
€E6E6VOS S88¢6VON 098€6vOM cideq  8998¢°€00 M TIS60°LE N ddutaoxd epeuern ‘uredg — L¥20r NN wnauagin wndig ¥ W 00ST
TE6E6VDN  L88E6FDS  198¢6vDN Trdeq  8998¢°€00 M TIS60°LE N ddutaoxd epeuern ‘uredg — 9vZ0y ANIN wmauadin undig € W 00ST
— 60656vD3  £88€6vON — 8998€°€00 M TIS60°'LE N 9dutroxd epeuelp) ‘uredg — SHTor 4NN wnauagin wndig TwW00ST
TE6£6VOY 8€8¢6vDN zdey  8998¢°¢00 M TIS60°'LE N 9durroxd epeuern ‘uredg — b0y dNIN wmauasin wndig T W 00ST
TT6E6YON T€8€6vD cdey  €6/6€7€00 M STL60'LE N ddoutroxd epeuery ‘uredg — £€20F ANIN wnapuagin wndig S w QST
126£6¥D3 1€8€6¥03 zrdeq  €6/6€°€00 M STL60'LE N ddutaoxd epeuern ‘uredg — T€T0F ANIN wmauagin wndig ¥ W 0STT
026£6¥DM 0£8€6¥OM tidey  €6L6€7€00 M STL60'LE N doutaoxd epeueln ‘ureds — 1€20¥ dNIN wnapuasiy wndig € w0sTT
€T6E6VOS 688¢6VO €98£6vOM T1°dey  €S/6€°€00 M STL6O'LE N @durroxd epeuely) ‘uredg — SeTor NN wmauagin windig TwW0STT
616£6v0X 628¢6vO ¢dey  €6/6€7€00 M STL60'LE N ddutroxd epeuern ‘uredg — 6220y ANIN wnauagin wndig [ W0szeT
TS6E6VO 968€6vDM  0L8E6YON ¢dey  L€8TH°€00 M SL60T'LE N dourroxd epeuer ‘uredg — 9920% 4NN wmauasin wndig T w00z
0£6£6v0 LE]EGTON 6°dey  €GL6E°€00 M STLEO'LE N @ouraoxd epeuely) ‘uredg — €20y dNIN wmauadin undig W (LIT
626£6vD3 9¢8¢6vD3 01°dey  €6/6€°€00 M STL60'LE N @dutroxd epeuelp) ‘uredg — Theoy dNIN wnauagin wndig LWOLIT
LT6E6YON SE8¢6VON ¢dey  €6/6€7€00 M STL60'LE N dutroxd epeuern ‘uredg — T¥20r dNIN wmauagin wndig QW (OLIT
8T6E6VOM $€8€6YON cdey  €6/6€7€00 M STL60'LE N doutroxd epeuery ‘uredg — 0v20y 4NN wnauagin wndig SwQLIT
926£6v0M £€8¢6¥DN 01 dey  €6L6€°€00 M STLE0'LE N @duraoxd epeuels) ‘uredg — 6£207 NN wmauasin wndig YWOLIT
— 888¢6YON  T98E6VON — €5L6€°€00 M STL60'LE N doutaoxd epeuern ‘ureds — 8¢T0r AN wnapuasiy wndig CWOLIT
STOE6YIS  906£6vD  088£6vON ¢dey  €6/6€7€00 M STL60'LE N ddourroxd epeuers ‘uredg — LETOY NN wmauagin wndig TWOLIT
$TOE6YOM  LOGS6YON  188€6+D3 ¢dey  €6/6€7€00 M STL60'LE N ddutroxd epeuern ‘uredg — 9¢€70¥ NN wmauadin undig TWOLIT
IS6E6VDM  S68€6¥DY  698¢6VD ¢ dey LLIEY €00 MEEITI'LEN  ddutaoxd epeuern ‘uredg — S9Z0v NN wnauagin wndig [ WwOs9[
8T6£6v0M 8T8E6YON ¢dey  £Z0LT'€00 M 8TTO0'LE N @dutroxd epeuern ‘uredg — 8CT0¥ NN wmauagin wndig S w Q0ST
LT16€6VDM LT8E6VON ¢dey  £Z0LT€00 M 81TO0'LE N 9dourroxd epeuery ‘uredg — LTT0¥ NN wnajuagin wndig ¥ W O0ST
916£6vOM 928¢6vDN ¢dey  £Z0LT'€00 M 8TTO0'LE N 9dourroxd epeuer ‘uredg — 9720¥ ANIN wmauagin windig € W Q0ST
S16£6v03 ST8E6YON ¢dey  £1Z0LT°€00 M 81200°LE N dourroxd epeuern) ‘uredg — STor dNIN wnajuasiy wndig Tuwo0s1
016£6v0 $T8E6vON ¢dey  £Z0LT'€00 M 8TTO0'LE N 9dourroxd epeuers ‘uredg — ¥T20¥ ANIN wmauasin windig T wo0sT
SE6£6YD 6£8€6v0 zdey  86994°€00 M 0TE9T'LE N dduraoad epeuern) ‘uredg — 6v20r AN wnapuasin wndig w001
PE6E6YOM  806£6vOM  T88E6¥DN ¢dey  86991°¢00 M 0TE9T'LE N ddourroxd epeuers ‘uredg — 8¥20r ANIN wmauagin wndig T w0001
0S6E6YOM  T6SE6YOM  998€6+D3 g dey  789YT'€00 M SLY6L9OE N edouraoxd epeuels) ‘uredg — PIE0F ANIN wmaua3in undig € w008
676£6vD  068€6vDM  $98€6vON L-dey  789YT'E00 M SLY6L9E N @durroxd epeueln) ‘uredg — ¥920¥ 4NN wnauagin wndig T w08
8Y6E6VOM  168€6vOM  S98€6vON 9-dey  789YT€00 M SLY6L'9¢ N @dourroxd epeuern ‘uredg — £920% NN wmauagin undig [ W08
9P6E6YO  S06E6VOM  6L8E6YON ¢dey  8ELITE00 M STO08°9¢ N 9dourroxd epeuery ‘uredg — 79207 4NN wnpuagin wndig 9w OGS
eP6E6rOS  ¥88E6POM  8S8E6YON G-dey  8¢LTT'E00 M STOO8'9E N @ouraoxd epeuels) ‘uredg — 1920+ dNIN wmauagin wndig S wgs
LY6E6vON  v06£6vOM  8L8E6VIM ¢dey  8ELIT'E00 M STO089E N ddouraoad epeuern) ‘uredg — 0920% 4NN wnajuasiy wndig ¥ W Oss
— €06£6¥D  LL8E6HDN — 8ELTIT'€00 M STO08'9E N oduraoxd epeuels) ‘uredg — 65207 NN wmauagin wndig € wgs
SP6E6YOST  TO6E6VO 9L8E6YON ¢dey  8€L1T'€00 M STO08°9¢ N durroxd epeuern ‘uredg — 8S70¥ NN wnauagin wndig TwQgS
PrOE6YOM  106£6vOM  SLYE6TIN ¢dey  8ELIT'E00 M STO08°9¢ N 9dourroxd epeuer ‘uredg — LSTOY NN wnaua 5o wndig [ W oSS
TH6E6YO  €68€6VO  L98E6YON ydeq  8€LTT'€00 M STO08'9¢ N 2dourroxd epeuern ‘uredg — 9S70¥ ANIN wmauadin undig [ WS¢
€I6€6VD3  868¢6VON  TL8E6YON ¢ dey S060S €00M SOFP8'9¢ N 2douraoxd epeuery ‘ureds — €220r dNIN wmapuagin wndig ¥ W 00T
PI6E6YOM  006£6vOM  +L8E6FD ¢ dey S060S €00M SOFH8'9¢ N ddourroxd epeuern ‘uredg — TT0r ANIN wmauagin wndig € w00z
TI6E6YON  668€6VON  €L8€6vON ¢ dey S060S €00M S9PP8'9¢ N 2douraoxd epeuery ‘ureds — 12207 4NN wnauagin wndig w0z
TI6E6VD3  +68€6¥D3  898¢6+DN ¢ dey S060S°€00M SOFF8'9¢ N ddourroxd epeuery ‘uredg — 0T20¥ 4NN wmauagin wndig [ W 00T
176£6vD3 SP8E6TON cdey  /8861°€00 M LITSL9E N ddourroad epeuern) ‘uredg — SSTor dNIN wnapuasiy wndig 9w (01
0r6£6vO Y8E6YON ¢dey  /8861°€00 M LTTSL'9¢ N 9dourroxd epeuers ‘uredg — ¥ST0¥ ANIN wmauagin windig SwQor
6£6£6v03 £P8E6YON ¢deq  /8861°€00 M LTTSL'9¢ N @durroxd epeuern ‘uredg — €6207 NN wnauagin uniig W O0T
8€6£6vDM TH8e6vON ¢dey  /8861°€00 M LITSL'9E N 9dourroxd epeuers ‘uredg — TST0r ANIN wmauagin wndig g w Qo[
LEGEGYON T¥8€6+03 ¢dey  /8861T°€00 M LTTSL'9¢ N 9dourroxd epeuern ‘uredg — 1S20t dNIN wmaua3in wndig Twoor
9¢6£6v0M 0v8€6vON [dey  £8861°€00 M LITSL'9E N odurroxd epeuelp ‘uredg — 0S20¥ 9NN wnauagin wndig ] w Qo[
#sdi 7SI 1S.LI adKyjordey sajeuIpI00)) o1ydeisoon uones0] uonedrqnd [eusLQ wnLeqoy soroadg i o1dwes

'soouanbas 7S 11-S8'S-TSLI [0y 03 puodsariod suwnjod 7SI pue [SI] JO S[PPIW 3y} UI PAJLd0] SOPOd JUBUAL) "SIIUINU UOISSIOOE Yuequan) pue Toquunu adKjordey ‘sajeurpioods omyderSoas

‘ooueuarod opdures ‘Arsnoraaid paysiqnd j1 9o1nos uonedorqnd ‘ToquINu JQYONOA puE WNLIRQIAY ‘Queu Sa10ads ‘(U0TJBAd[ UOTIOR[[00 Aq paduelie) parpns sojdwes Jo uonesynuapy

"] XIANHddY



AMERICAN JOURNAL OF BOTANY

2008

poig
068€6Sd 1128.8NH — — Qouraoxd ueuuny ‘eury) (6007) oeyz pue Suep ANGH  asuouvuuon wndig — asuduvuuand wnlig
13eMUYOS
L88E6SI L128L8NH — — oouraoid 19qoH ‘BuIy)  (600T) OrYZ Pue Suep NNgH wnnAmOoL wnkag  wnnAmI2L undig
TEESLOAV 60T8L8NH — — ooutaoxd ueuny ‘eury) - (6007) OBYZ pue Suepy NNgH mppunfundag  WIN myounf undig
“13eMYOS
76865 €128.8NA — — Qouraoid ueuung ‘eury) (6007) ovYZ pue Suep NNgH winpnordp wndag wnmpnordy wnkig
S96£6¥03 LS8E6YIM er-dey  ¢Ge/e€00 M ESTLO'LE N ddoutaoxd epeuers ‘uredg — 0820% 4NN wnapuasin wndig 1 WOL8T
096£67DOA £68E6YON 6 dey 7998€°€00 M €76°0°'LE N ddutaoxd epeuern ‘uredg - SLTOY NN wnajuasiy wnkig 6 W O0LT
6S6£6VD [45:13320)'} 97 "dey 7998€°€00 M €¥6°0°'LE N ddutaoxd epeuern ‘uredg — YLT0Y dNIN wmauagin undig 8 W (O0LT
8G6E6VOA  S88COYOM  6S8€6VONA 1 “dey 7998€°€00 M €76°0°'LE N 2dutaoxd epeuern ‘uredg — €LT0Y dNIN wnajuasiy wndig LW O0LT
LS6E6VON 1S8€6v DM G1 "dey 7998€°€00 M €¥6°0°'LE N ddutaoxd epeuern ‘uredg — L0y NN wmauagin windig 9 W (O0LT
966£67OA 0S8€67 DA 6 dey 7998€°€00 M €76°0°'LE N @outaoxd epeuern ‘uredg — 1L20v 9NN wnapuasiy wndig S W O0LT
SSOL6YON 678€6¥OMN ¢ dey 7998€°€00 M €¥6°0°'LE N ddutaoxd epeuern ‘uredg - 0L2c0¥ dNIN wmauagin wndig ¥ W O0LT
#sdi ZSLI IS.LI adKjordey sajeuIpioo)) oryderSoan uoneso| uonesrqnd [eurSuQ wnLeqroy soroadg i odureg
.ﬁOSCEEOU "] XIANAddY/



