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Significance of 
Barlow Pass

• Numerous disjunct northern bryophytes

• High Diversity of Moonworts

• Disjunct populations of northern flowering plants 



• (Riedel, 2017)



NSF, Neotoma, Department of Earth Sciences
Data: USGS

Cordilleran and Laurentide Ice Sheet 
18,000 years ago

Southern Refugia

Beringia

(Schafer et. al., 2010)



Relictualism
Remnants of Glacial and Pre-

glacial times 

Refugia

Ice-free, ecologically 
stable

Arctic taxa

Speciation
Evolutionary trajectory of 

northern taxa

Endemism

Byun & Coop, 2002 Credit: Eric DeChaine



Importance today

• Biodiversity

• Host endemic  and rare species

• Provide evolutionary histories

• “climate change refuges”

• Havens for species intolerant of a 
warming climate

• “Where will species retreat to?”



Identifying Ice Age Refugia

Ice Age Refugia

Climatic 
Conditions

Disturbance
Genetics

Ecology

Paleobiology

Processes

Biogeography

Functional Traits

Patterns

Simplified from Keppel, 2012

Glaciology



Ice Age Refugia testing: Biogeography

• Classical floristics approach

Survey an 
area

Evaluate 
disjunct taxa

Refugia? 

What about Barlow Pass?



What makes a glacial relict?

• Tolerant of Continental/glacial climates

• Disjunct distribution
• Regionally rare
• Ecologically conservative

• Associated with habitats that occurred during glacial times (Dítě et al., 2018)

•And for Bryophytes: Dispersal limitations (Patino, 2016; Wu,2020, Shaw, 2001)



What are Bryophytes? 

• Mosses, hornworts, 
liverworts

• Evolved 450 – 350 myr

• Second most species rich 
division of plants

• 19 – 24,000 species

• Non-vascular

• Single-celled leaves

• Haploid dominant life-cycle

• Restricted niches

• microhabitats 



Bryophytes as 
ice age 
refugia 

Indicators

Dispersal limitations

Never or rarely produce 
sporophytes suggesting 
vicariance(Shaw, 2001; Patino et. al., 2016 )

Ecological behavior

Reduce to clone-state 
in sub-optimal 

conditions(Longton & Schuster, 1983)

Niche Conservation

Retreat to microclimatic 
conditions analogous to 
previous climate (Anderson, 1963)



Approach

If Ice age refugia have a higher proportion 
of relictual/endemic taxa,

What is that proportion?



Step 1: 
Determining proportion of refugial to non-refugial 

species in putative ice age refugia



Refugia Ranks

Non-Refugial
• Distribution not restricted to 

refugia
• Dispersal limitations or not

Weak Refugial
• Arctic or distribution showing 

higher frequency in refugia
• No dispersal limitations

Strong Refugial
• Arctic or mostly restricted to refugia 

outside of Arctic
• Dispersal limitations



Mean Proportion of ice age 
refugial species in Refugia

5.49 %

Mean Proportion of ice age refugial 
species in non-refugial sites

3.08%



What about Barlow Pass?

• Current bryophyte flora of Barlow Pass 
shows a lower proportion of refugial 
species than the mean proportion of 
refugial species in non-refugia

1.4% < 5.49%

Barlow Pass not supported 
by current data



But how complete is the bryoflora of Barlow Pass? 
• Need to develop

And, how does it compare to adjacent non-refugial areas?
• Need to develop floras to compare

How do we know if these disjuncts are only a result of Long-distance 
dispersal?

• By testing for similar species envelope between Barlow Pass and control sites.



Hypothesis: 

The bryophyte flora of Barlow Pass shows a 
proportion of ice age relict species similar to the 

bryofloras of putative ice age refugia. 



Experimental Design
C1 C2 C3T

Bryoflora Bryoflora Bryoflora Bryoflora

Categorize Species based on frequency 
Chi-Square Test for Homogeneity

H0 No difference among groups; 
Micro Habitat available in all sites 

1. PCA analysis: Correlation Strength between Refugia Indicator Species (RIS) of 
Barlow pass and the putative ice age refugia in Part  1. 

2. Repeat PCA for Barlow Pass and the non-refugial from above control sites



Sampling

• Sampling: Non-Random Floristic habitat 
sampling to capture entire bryroflora

• Restricted to cliff band base, and adjacent 
talus fields and all substrates that occur 
within



similar topography
Similar Geology: Metamorphic/Volcanic
Similar Annual Precipitation:
Similar base elevation: 2000’

Credit: Dale York

Controlling for:

North Facing; Large vertical relief

Big Four Mtn., Barlow Pass 

Cyrtomnium hymenophylloides First record for Wa; unranked
Bucklandiella lawtoniae G3/4; State unranked
Bucklandiella micocarpon GRNQ/S1
Campylopus atrovirens G5 ; S1
Conostomum tetragonum G5; S1
Oedipodium griffithianum G5 ; 2nd loc. For Wa
Sphagnum rubiginosum Globally unranked; State 

unranked
Gymnomitrion concinnatum G5 ; State unranked
Macrodiplophyllum imbricatum New to Wa; Unranked
Macrodiplophyllum flaccidum Unranked
Conostomum tetragonum G5 ; S1
Psilopilum laevigatum New Genus to Wa; Unranked
Hookeria acutifolia G4/5; S1



Geology: Barlow 
Pass Volcanics

Base Elevation: 
1300’

Total Species Total Relicts Total Rare Species

85 0 8

Bryoerythrophyllum columbianum G5/State not ranked

Campylium stellatum G4/5; SNR

Campylopus atrovirens G5; S1

Fissidens osmundioides G5; S1

Hookeria acutifolia G4/5; S1

Orthothecium chryseum G5; S1

Bucklandiella lawtoniae G3/4; State unranked

Sphagnum alaskense 2nd loc. For Wa

Macrodiplophyllum flaccidum Unranked

Whitehorse Mtn. 



Sphagnum alaskense

Campylopus atrovirens Sphagnum alaskense



Credit: Nick Sweeney

Mt. Johannesburg
Base Elevation: 3000’

Geology: Shuksan Green Schist (Metamorphic)

Orthothecium
chryseum

G5; S1; new 
to NOCA

Conostomum

tetragonum

G5; S1; New 

to NOCA

Total 
Species

Total 
Relicts

Total Rare 
Species

84 0 1



Davis Peak

Base Elevation: 1300’Credit: Mike Woodmansee

Geology: Skagit Gneiss 
(Metamorphosed granite)

Sphagnum rubiginosum

Campyllium stellatum G5; SNR

Fissidens Osmundioides G5; S1

Grimmia attenuata New to WA

Macrodiplophyllum
flaccidum

Unranked

Total 
Species

Total 
Relicts

Total 
Rare 
Species

44 0 4



Results
• Encountering 

many of the same 
species in all sites. 

• Each site has rare 
species

• No strong refugial 
species in control 
sites

• Numerous Refugial 
species in Barlow 
Pass site

Collection count 904
Total Species 200+
Microscope 
determination 
time (hrs) 534+

Chi-Square result: No difference among floras; 
micro-habitat available in all sites 

X2(9,n=310)16.91 p=0.08, ɑ=0.05



Oedipodium
Griffithianum

Glacial Relict (Hallingback, 2002)

Glacial Relict (Belland, 1981)

Robert Ireland, 1962;
Summit of Mt. Pilchuck

Refugial Species



Cyrtomnium
hymenolophylloides

Glacial relict in 
southern Stations 
(Miller, 1996 & 1997)

New to WA



Macrodiplophyllum
imbricatum, New to 
Contiguous US. 



Psilopilum laevigatum
New to Contiguous US
Weak Refugial, 
regular production of sporophytes 



Special Thanks to: 

• Committee: Dr. Eric DeChaine, Dr. Mike Williams, Dr. 
Doug Clark

• Interns: Luke Turner, Hattie Bakke, Ruby Novogrodsky, 
Olivia Schmidt, Zach Zarling and others.

• Funding: Mazamas, Washington Native Plants Society, 
WWU

• Bryologists: David Wagner, Terry McIntosh, John Shaw  
Dale Vitt & Dave Kofanek

• Agency contacts: 
• Ann Broughton, Jon Reidel (Retired),  NPS NOCA
• Shauna Hee, M.B.-S. USFS





References
• Anderson, L. E. (1963). Mosses. The Bryologist, 66(3), 107–119. https://doi.org/10.2307/3240710

• Billings, W. D., & Anderson, L. E. (1966). Some Microclimatic Characteristics of Habitats of Endemic and Disjunct Bryophytes in the Southern Blue Ridge. The Bryologist, 69(1), 76–95. https://doi.org/10.2307/3240487

• Dítě, D., Hájek, M., Svitková, I., Košuthová, A., Šoltés, R., & Kliment, J. (2018). Glacial-relict symptoms in the Western Carpathian flora. Folia Geobotanica, 53. https://doi.org/10.1007/s12224-018-9321-8

• Dulfer, H. E., Margold, M., Darvill, C. M., & Stroeven, A. P. (2022). Reconstructing the advance and retreat dynamics of the central sector of the last Cordilleran Ice Sheet. Quaternary Science Reviews, 284, 107465. https://doi.org/10.1016/j.quascirev.2022.107465

• Byun, S. A., Koop, B. F., & Reimchen, T. E. (2002). Evolution of the Dawson caribou ( Rangifer tarandus dawsoni ). Canadian Journal of Zoology, 80(5), 956–960. https://doi.org/10.1139/z02-062

• Gignac, L. D. (2001). Bryophytes as Indicators of Climate Change. The Bryologist, 104(3), 410–420.

• Hallingback, T. (2002). Globally Widespread bryophytes, but rare in Europe. Portugaliae Acta Biol. 20:11-24

• Holderegger, R., & Thiel-Egenter, C. (2009). A discussion of different types of glacial refugia used in mountain biogeography and phylogeography. Journal of Biogeography, 36(3), 476–480. https://doi.org/10.1111/j.1365-2699.2008.02027.x

• Keppel, G., Van Niel, K. P., Wardell-Johnson, G. W., Yates, C. J., Byrne, M., Mucina, L., Schut, A. G. T., Hopper, S. D., & Franklin, S. E. (2012). Refugia: Identifying and understanding safe havens for biodiversity under climate change. Global Ecology and Biogeography, 21(4), 393–404. 
https://doi.org/10.1111/j.1466-8238.2011.00686.x

• Longton, R.E. & Schuster, R. M. (1983). Reproductive biology. – In: Schuster, R.M. (ed.) New manual of bryology, Vol. 1 pp 386 -462. J. Hattori Bot. Lab., Nichinan. 

• Miller, N. G., & Mogensen, G. S. (1997). Cyrtomnium hymenophylloides (Bryophyta, Mniaceae) in North America and Greenland: Male Plants, Sex-Differential Geographical Distribution, and Reproductive Characteristics. The Bryologist, 100(4), 499–506. 
https://doi.org/10.2307/3244412

• Miller, N. G. (1996). On the Distributional History of the Arctic-Alpine Moss Cyrtomnium hymenophylloides (Mniaceae) in North America. The Bryologist, 99(2), 187–192. https://doi.org/10.2307/3244547

• Patino, J., Goffinet, B., Sim-Sim, M., & Vanderpoorten, A. (2016). Is the sword moss (Bryoxiphium) a preglacial Tertiary relict? Molecular Phylogenetics and Evolution, 96, 200–206. https://doi.org/10.1016/j.ympev.2015.12.004

• PRISM Climate Group, Oregon State University https://prism.oregonstate.edu, data created 4 Feb, 2014, accessed 24 April, 2022.

• Riedel, J. L. (2017). Deglaciation of the North Cascade Range, Washington and British Columbia, from the Last Glacial Maximum to the Holocene. Cuadernos de Investigación Geográfica, 43(2), 467–496. https://doi.org/10.18172/cig.3236

• Shafer, A. B. A., Cullingham, C. I., Cote, S. D., & Coltman, D. W. (2010). Of glaciers and refugia: A decade of study sheds new light on the phylogeography of northwestern North America. Molecular Ecology, 19(21), 4589–4621. https://doi.org/10.1111/j.1365-294X.2010.04828.x

• Shaw, A. Jonathan. “Biogeographic Patterns and Cryptic Speciation in Bryophytes.” Journal of Biogeography, vol. 28, no. 2, Wiley, 2001, pp. 253–61, http://www.jstor.org/stable/2656101.

• Wu, E. T. Y., Liu, Y., Jennings, L., Dong, S., & Davies, T. J. (n.d.). Detecting the phylogenetic signal of glacial refugia in a bryodiversity hotspot outside the tropics. Diversity and Distributions, n/a(n/a). https://doi.org/10.1111/ddi.13449

https://doi.org/10.2307/3240710
https://doi.org/10.2307/3240487
https://doi.org/10.1007/s12224-018-9321-8
https://doi.org/10.1016/j.quascirev.2022.107465
https://doi.org/10.1139/z02-062
https://doi.org/10.1111/j.1365-2699.2008.02027.x
https://doi.org/10.1111/j.1466-8238.2011.00686.x
https://doi.org/10.2307/3244412
https://doi.org/10.2307/3244547
https://doi.org/10.1016/j.ympev.2015.12.004
https://prism.oregonstate.edu/
https://doi.org/10.18172/cig.3236
https://doi.org/10.1111/j.1365-294X.2010.04828.x
http://www.jstor.org/stable/2656101
https://doi.org/10.1111/ddi.13449

