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Bryophyte biogeography

Spore dispersal, Small size, 
Frequent asexual reproduction:
Many bryophytes have 
intercontinental distributions 
because bryophytes tend to be good 
at dispersing and persisting 

Mediterranean

High Latitude

Schofield 1980



Bryophyte biogeography

Desiccation tolerance, Small size:
Tend to favor niches where they can avoid 
direct competition with angiosperms. 
These include small microsites (e.g. tree 
trunks & rock outcrops in temperate 
zones, but also entire biomes (e.g. tundra,  
taiga and understory of temperate 
rainforests) 

Wikipedia

Temperate Rainforest

Mossy Oak Trunk



Mosses: 652 spp (as of 2023)


Liverworts: 145 spp (as of 2006)


Hornworts: 6 spp (as of 2006)

ca. 800 spp of bryophytes…


ca. 4500 spp of native vasculars…


… ~ 15% of CA native plants are 
bryophytes (!!!)

Thanks to Jim Shevock, Cal Academy of 
Sciences, for the updated moss numbers!!

The bryophyte flora of California



Carter 2014

Invasive species

Most of the species that can live in 
California (presumably) arrived before the 
Europeans did 


There are fewer than a dozen documented 
introduced spp and only a couple are 
‘invasive’ (i.e. introduced and ecologically 
problematic)

Lunularia cruciata- an arguably invasive 
liverwort in waterways around the Bay Area

Campylopus introflexus- a 
presumably introduced moss 
that appears to be spreading 
across the state
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Recent (2000-current) 
bryophyte floras & 
florulas

Bryophyte collections in CA 
(data from Consortium of North American 
Bryophyte Herbaria, compiled by J. 
McLaughlin)

Species in CA Collections in CA
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  FIGURE 2  Documentation of endemic North American moss species through time. Accumulation curves are 
based on " rst publication date for species. Inset " gure shows the relative contribution of species described 
with and without the aid of molecular data for the period 2000–2015.   

 Geographic patterns of endemic richness —   Endemic richness is 
concentrated in two areas, northern California extending to the Pa-
ci! c Northwest, and the southern Appalachians ( Fig. 4 ).  " ese two 
centers of richness correspond with the areas of highest overlap 
among the regions of endemism outlined. " e western region ex-
tends from central California to Vancouver Island and the Queen 
Charlotte Islands, with the overall highest richness in northwestern 
California and a second peak near the international boundary. En-
demic richness is moderately high in the neighboring regions of 
southeastern Alaska and the Aleutian Islands and in the mountains 
of eastern Washington, southern British Columbia, and northern 
Montana and Idaho, but drops o#  rapidly to the east of these areas. 
In the east, richness is highest at the extreme southern edge of the 
Appalachians, with moderately high richness along the central and 
northern Appalachians, in the Ozark Mountains, and along the 
Gulf Coast. 

 Like other large specimen data sets, this data set su# ers from 
several biases. A regression of the number of collections against 
range size (in pixels) demonstrated a strong relationship between 
the two (adjusted  R  2  = 0.80,  p  < 0.001; Appendix S3). We interpret 
this relationship, widespread species being represented by more col-
lections, as an indication that taxon bias (over- and undercollection 

of certain species) is not ex-
treme in the data set. A larger 
problem is spatial bias. Geo-
graphic patterns of collecting 
effort are aligned, in general, 
with patterns of endemic rich-
ness (online Appendix S4). " is 
alignment is most evident in 
the pixel centered on the ex-
treme southern Appalachians, 
which harbors nearly twice as 
many collections as heavily col-
lected pixels on the West Coast. 
We interpret this as being a 
product of both collection bias, 
the southern Appalachians are 
interesting bryologically and are 
also near two historically active 
bryophyte herbaria (DUKE and 
TENN), and also digitization/
georeferencing bias. Nearly all 
of the North Carolina mosses 
at Duke have already been 
georeferenced. 

 DISCUSSION 

 General summary —   Identifying 
biogeographic patterns at a con-
tinental scale is a challenging 
proposition for any group of or-
ganisms. In this study, we used 
two newly available resources that 
provide insights into moss distri-
butions across North America. 
" e ! rst is the completion of the 
two FNA volumes comprising the 

moss $ ora of North America, and the second is the large quantity of 
digitized specimen data recently made available at CNABH through 
a major NSF-funded digitization project (Digitization TCN Collab-
orative Research: North American Lichens and Bryophytes: Sensitive 
Indicators of Environmental Quality and Change, NSF ADBC 
1115116 ) . " e completion of the continent-wide $ ora provides a uni-
! ed nomenclatural and taxonomic treatment and recently updated 
distribution information at the scale of states and provinces. " is is 
complemented by the specimen data (more than 38,000 collections in 
this study), which have less taxonomic certainty but a much ! ner spa-
tial resolution. 

 Tabulation of the number of endemics and proportion of en-
demics for each family ( Table 1 ) revealed several lineages that 
would be good candidates for investigating mechanisms of diversi-
! cation in North America. Several of these have been targeted by 
species-level molecular phylogenetic studies. " e Fontinalaceae, 
Brachytheciaceae, Orthotrichaceae, Funariaceae, Sphagnaceae, and 
Grimmiaceae have been investigated, but so far the sampling within 
genera has not been su%  cient to identify sister group relationships 
across clades with multiple endemics. Other genera that have re-
ceived little or no attention but have high potential include  Fis-
sidens ,  Entosthodon , and  Bruchia . 

Carter et al., 2016

Updates to our knowledge 
of the flora



Since Norris & Shevock’s 
2004 catalog: 

- 104 taxa new for California 

- including 32 species new to 
science 

- 44 spp removed from the 
flora

Updates to our knowledge of the flora

 Jim Shevock, Cal Academy of Sciences



Conservation 

CNPS rank mosses liverworts
4.2 6 0
4.3 2 1

1B.1 1 2
1B.2 5 0
1B.3 6 0
2B.1 3 0
2B.2 7 1
2B.3 8 1
Totals 38 5

In Review: 12 mosses & 2 liverworts

Thanks to Ellen Dean & Doug Stone 
from CNPS for these numbers!!

Historically, documenting the flora 
has been a higher priority than 
ranking rare species


With the recent introduction of a 
bryophyte chapter to CNPS, we’re 
excited for more conservation 
action across the state
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Regions of Endemism in North America
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2.2  |  Alpha diversity metrics

Taxon richness was generally high in two areas (Figure 1a). In the west, 
taxon- rich cells extended along the coastal mountain ranges from ap-
proximately Vancouver to San Francisco. In the east, richness was high 
in the northeastern US from Maine to the southern terminus of the 
Appalachians and extending west through the Great Lakes region. There 
were four concentrations of very high richness. These were, in order, 
northwestern Washington (with outlying grid cells in the Haida Gwaii 
islands and western Montana), New England (central Maine through 
Massachusetts), north- central Colorado, and the southern tip of the 
Appalachians at the boundary between North Carolina and Tennessee.

Patterns of raw PD were broadly similar to TR (Figure 1b), with 
high areas along the west coast and throughout the northeast and 
north- central US; however the peaks were different. Highest PD 
was in the southern Appalachians and northwestern Washington, 

followed by a similar New England region and a region in south-
ern Ohio. In contrast, PE was concentrated in Florida and around 
Vancouver, with isolated grid cells near San Francisco, in southeast-
ern Arizona and at the southern tip of the Appalachians (Figure 1c).

Areas with significantly high PD were concentrated in the south-
eastern US (Figure 2a). Much of the rest of the continent was found 
to have significantly low PD, with particularly dense clusters through-
out Quebec and extending south through the Great Lakes, in the arid 
southwest, and throughout much of Northwestern Canada and Alaska.

Patterns of significantly high or low RPD were somewhat dif-
ferent from patterns of significant PD (Figure 2b). Significantly high 
RPD was found to be nearly ubiquitous across the southeastern 
US, with additional isolated cells throughout the Pacific Northwest 
and extending through mountainous regions of Canada and Alaska. 
Significantly low RPD cells were concentrated in southeastern 
Canada and the interior United States.

F I G U R E  1  Heat maps of (a) taxon richness, (b) phylogenetic diversity and (c) phylogenetic endemism (PE) of the moss flora of North 
America (PE is presented as log PE). All maps are in Albers equal area projection

F I G U R E  2  Significance of alpha diversity metrics: (a) phylogenetic diversity (PD)— red grid cells have significantly low PD and blue grid 
cells have significantly high PD; (b) relative phylogenetic diversity (RPD)— red grid cells have significantly low RPD and blue grid cells have 
significantly high RPD; and (c) regions of significant endemism, with centers of paleo- endemism in blue and centers of mixed endemism in 
purple. All maps are in Albers equal area projection

Carter et al. 2022

Significantly high mixed endemism
Significantly high paleo-endemism

California has regions with 
high mixed endemism (more 
neo- and paleo-endemics than 
expected), but generally not 
areas with only high neo-
endemism or paleo-endemism


*These results are strongly tied 
to the continental scale of the 
analysis- a more 
geographically restricted 
analysis would likely yield very 
different patterns


Just like with vascular plants, 
there are examples of recent 
divergence, and of relict 
species
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Patterns of beta diversity-  nestedness vs turnover

Nestedness: Region 2’s 
flora is a subset of Region 
1’s flora


Turnover: Region 3’s flora 
has a majority of species 
that are not found in 
Region 1



Partitioning Beta Diversity

    The betapart analysis aims to partition beta
diversity, measured with the Sørenson dis -
similarity index, into complementary compo-
nents of turnover (i.e., Simpson dissimilarity)
and nestedness (Sørenson dissimilarity minus
Simpson dissimilarity). The results of the analy-
ses of the seed plant and bryophyte matrices
indicated slight but noteworthy differences
between the 2 data sets (Fig. 5). For the bryo -
phytes, the estimated partition of nestedness
was slightly more important (higher along the
x-axis) than the turnover component; however,
the 2 distributions are largely overlapping,
with very small displacement between the 2
peaks. For seed plants, the turnover partition
is unambiguously of greater importance than
the nestedness partition as indicated by the
nonoverlapping estimated distributions for
the 2 partitions.

DISCUSSION

    Despite large differences across the Chan-
nel Islands in overall taxon richness of the 3
plant groups considered here, patterns in taxon
richness and composition are generally quite
similar. This general observation is noteworthy
because the proportions of endemics in the 3
floras (seed plants approximately 13%, ferns
0%, bryophytes approximately 1%) suggest that
gene flow, local adaptation, and other evolu-
tionary drivers of diversification play different

roles among these groups. Furthermore,
island-specific land-use history (especially
grazing), which is one of the potentially
important determinants of species distribu-
tions across the islands, may impact these
groups very differently.

Species Richness

    Patterns of taxon richness of the native
vascular flora (seed plants and ferns) have
been addressed in at least 2 prior studies.
Moody (2000) evaluated the importance of
island area and distance to mainland for
understanding richness of endemic, native,
and introduced vascular plants. For native
vascular species, that study documented a
very strong correlation between island area
and richness, with the residuals from that
correlation strongly correlated with distance
to mainland. The explanation for this correla-
tion pattern is that area is by far the most
important predictor of island richness, with
some additional variation explained by dis-
tance to mainland. Moody (2000) proposed that
differences in topography, land-use history,
and number of vegetation types likely ex -
plained additional unexplained variation in the
relationships, though these hypotheses were
not tested. Riley and McGlaughlin (2015) con-
ducted a separate analysis suggesting that
prevailing wind patterns (primarily from the
mainland through the northern islands toward
the southern islands) are better predictors of
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Patterns of beta diversity-  
nestedness vs turnover


The strength of nestedness 
in explaining beta-diversity 
holds in state-wide analysis 
of both pixels and eco-
regions

This highlights the importance of a very strong, 
ecological axis (water) that drives biogeographic 
patterns across the state, in contrast to more 
diverse drivers in seed plants



Ongoing work: Facets of 
biodiversity approach (Kling et 
al. 2018)

What are the bryophyte 
hotspots across the state with 
respect to conserving different 
facets of evolutionary diversity?


with Brent Mishler, Israel 
Borokini, John McLaughlin and 
Ixchel González



Interested in learning more 
about bryophytes?

CNPS bryophyte chapter website:


https://chapters.cnps.org/bryophyte/

Forays

workshops

zoom chats

ID help

mentors

and more!!


