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Partnerships in the Pacific Northwest Help Save an
Endangered Species, Whitebark Pine (Pinus
albicaulis): an Example of Dynamic Genetic

Conservation?
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Whitebark pine (WBP, Pinus albicaulis) is a keystone species distributed widely at high elevations across
western North America. It is in decline due to a combination of threats including infection from white
pine blister rust (WPBR, caused by the non-native fungal pathogen Cronartium ribicola), mountain pine
beetle (Dendroctonus ponderosae) predation, climate change, and altered fire regimes (Lintz et al. 2016,
Smith et al. 2013, Tomback and Achuff 2010) (figs. 1, 2). Whitebark pine has been classified as
Endangered on the latest IUCN Red List of Threatened Species (Mahalovich and Stritch 2013). It is a
federally listed endangered species in Canada under the Species at Risk Act (SARA) (Government of
Canada 2012), and was found warranted (but currently precluded) for listing under the Endangered
Species Act (ESA) in the United States (USFWS 2011a, 2011b, 2015).
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Figure 1—Extensive recent whitebark pine ortality from mountain pine beetle in Crater Lake National
Park. (Photo: R. Sniezko)

L i e T R A = TR T S S T

Figure 2—White pine blister rust resistance trial conducted at U.S. Department of Agriculture Forest
Service’s Dorena Genetic Resource Center in Cottage Grove, Oregon. The frame above shows family
variation by row in resistance to rust. Rows 3 and 11 have resistant families from Crater Lake National
Park and Deschutes National Forest, respectively. (Photo: E. Heck)

Partnerships and cooperation among organizations are essential in order to efficiently and effectively
maximize the conservation needs of threatened species such as WBP. Collaborations between land
managers and stewards across organizational boundaries in the Pacific Northwest portion of WBP’s
geographic range have set the stage for beginning the recovery of WBP ecosystems (fig. 3). In fact, the
majority of WBP habitat is controlled by conservation-oriented land management agencies and tribes in
the United States and Canada, presenting a unique opportunity to combine institutional research and land
management objectives to support the longevity of this iconic species, and to implement government
restoration policy such as U.S. Department of Agriculture Forest Service’s (USDA FS) directive to
“achieve landscape restoration goals by engaging the public, state and local governments and consultation
with Indian Tribes (USFS 2016).” Universities and government research units provide a conduit to
examine basic research issues, while the various land management groups seek to apply actions to retain
or restore the species (fig. 3).

For the USDA FS Pacific Northwest Region (Oregon and Washington, Region 6), concerns about
WBP began to escalate in the early 1990s, and staff of the Genetic Resources and Forest Health
Protection groups initiated an information survey (Sniezko et al. 1994). Seed collections for WPBR
resistance testing (from USDA FS and partners) began soon afterwards, and the first full scale test of
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genetic resistance began in 2002 (Kegley et al. 2012; Sniezko et al. 2007, 2011a, 2011b, 2012). Formal
surveys of the health of WBP began in 1998 (Goheen et al. 2002). Continuing concerns led to a 2005
conference, ‘Whitebark pine: A Pacific Coast perspective’ (Goheen and Sniezko 2007), and the 2008
publication of an initial restoration strategy for the Pacific Northwest Region (Aubry et al. 2008). Seed
collections specifically for genetic conservation began in 2008 (Sniezko et al. 2011c).

Genetic conservation activities continue and tremendous progress has been made in WBP in situ and
ex situ genetic conservation in the Pacific Northwest. The joint efforts between tribes, government
agencies, and academic institutions have provided a chance to examine WPBR resistance, collect seed for
long term genetic conservation, initiate provenance trials, examine genetic variation, plant the first
restoration trials, develop new genomic resources, and educate the public (e.g., Jahn 2003; Man et al.,
Joining forces for genetic conservation, these proceedings). Genomic advances that have generated new
tools to describe patterns of genetic variation and population structure in WBP (Gruhn 2016, Liu et al.
2016, Syring et al. 2016), research characterizing patterns of adaptive genetic variation in needle and
growth traits (Bennett et al. in press; Hamlin et al. 2011, Sniezko et al. in press a, b), investigations into
variation of fungal endophyte communities in needle tissue and their relation to WPBR (Bullington
2017), and recent trials to confirm the longevity of seed storage and refine stratification and germination
protocols (Sniezko et al. 2017), provide crucial background information for ongoing and future
restoration work, seed collections, and other genetic conservation efforts.

To date, seeds from over 1000 parent trees from the Pacific Northwest part of WBP’s geographic
range have been collected. The seedling families being grown from these seeds are in testing at Dorena
Genetic Resource Center (DGRC) for genetic resistance to WPBR. Resistance ratings from many of these
parent trees are now available and have been disseminated to the cooperating partners in the United States
and Canada, and useful levels and frequencies of genetic resistance have been found in some populations
of WBP (Sniezko and Kegley 2015, Sniezko et al. 2007, 2011a, 2011b, in press b) (fig 2). Seeds are being
collected from the parent trees to use for restoration and long-term genetic conservation, resistant parents
or progeny are being grafted and placed into seed orchards or clone banks, and field trials have been
established to study the adaptive genetic variation within WBP. The first restoration plantings (and
combination genetic trials) with WPBR resistant seedlings have been established in the United States and
Canada to validate the results of the seedling WPBR resistance testing and in situ and ex situ genetic
conservation purposes, and as a conservation education opportunity (e.g., Beck and Sniezko, in press;
Cartwright et al. 2016°°). Additional field trials, conservation plantings and seed orchards are slated for
2017. A subset of the Oregon and Washington seed collections is stored at the National Laboratory for
Genetic Resources Preservation (NCGRP) in Fort Collins, Colorado, and recorded in the GRIN-Global
database (GRIN-Global 2016). Additional collections and duplicates of many collections at NCGRP are
also stored at DGRC.

Already there is evidence of success—in 2015 the U.S. Fish and Wildlife Service downgraded the
endangered species listing priority number for WBP (USFWS 2015). This was due, in part, to the
recognition that some whitebark pine show genetic resistance to WPBR; key evidence for this comes
from the Pacific Northwest program (Sniezko et al. 2007, 2011b; Sniezko and Kegley 2015). The status
of WBP is re-evaluated annually, however, and a decision on its listing under ESA may come in 2018.
Continued cooperative effort across organizational boundaries will provide the best avenue for dynamic
genetic conservation and retaining WBP as a keystone species in high-elevation forest ecosystems.

20 Cartwright, C.; Ukrainetz, N.; Murray, M. 2016. Whitebark pine field screening for blister rust resistance. (Establishment
Report — 2015/2016). Unpublished report. 15 p.
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Figure 3—Contributions of partnerships and organizations instrumental to whitebark pine conservation in the Pacific Northwest. All rust resistance
screening in this Region conducted at Dorena Genetic Resource Center.



Proceedings of Workshop on Gene Conservation of Tree Species—Banking on the Future

Acknowledgments

Many thanks to the many dedicated people and organizations who have greatly advanced the efforts needed for
genetic conservation of whitebark pine in the Pacific Northwest part of its range. The USDA Forest Service’s Forest
Health Protection and Genetic Resource programs provided much of the funding and guidance for the United States
portions of the efforts. Evan Heck provided the primary design of fig. 3.

Literature Cited

Aubry, C.; Goheen, D.; Shoal, R.; Ohlson, T.; Lorenz, T. [et al.]. 2008. Whitebark pine restoration strategy for
the Pacific Northwest Region 2009-2013. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Region. 89 p. http://ecoshare.info/uploads/documents/WPB_Strategy_PNW_093008cl.pdf. (20 May
2017).

Bair, Z. 2017. Candidate genes associated with blister rust resistance in whitebark pine (Pinus albicaulis) revealed
through de novo transcriptome assembly and differential gene expression analysis. Corvallis, OR: Oregon State
University. Ph.D. dissertation.

Beck, J.S.H.; Sniezko, R.A. [In press]. Blister rust resistance in whitebark pine at Crater Lake National Park. In:
Schoettle, A.W.; Sniezko, R.A.; Kliejunas, J.T., eds. Genetics of five-needle pines, rusts of forest trees, and
strobusphere: proceedings of the IUFRO joint conference. RMRS-P-xxx. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station.

Bennett, P.; Hill, J; Savin, D.P.; Kegley, A.; Schoettle, A.; Sniezko, R.A.; Stone, J. [In press]. Genetic variation
in stomatal densities and needle traits in a range-wide sampling of whitebark pine (Pinus albicaulis). In:
Schoettle, A.W.; Sniezko, R.A.; Kliejunas, J.T., eds. Genetics of five-needle pines, rusts of forest trees, and
strobusphere: proceedings of the IUFRO joint conference. RMRS-P-xxx. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station.

Bullington, L. 2017. Molecular diversity of foliar fungal endophytes in relations to defense strategies and disease in
whitebark pine. Missoula, MT: University of Montana: M.S. thesis.

Cartwright, C. [In press]. Whitebark pine field screening for blister rust resistance in British Columbia:
germination results. In: Schoettle, A.W.; Sniezko, R.A.; Kliejunas, J.T., eds. Genetics of five-needle pines, rusts
of forest trees, and strobusphere: proceedings of the IUFRO joint conference. RMRS-P-xxx. Fort Collins, CO:
U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.

Germplasm Resources Information Network-Global [GRIN-Global]. 2016. Version 1.9.8.2 http://npgsweb.ars-
grin.gov/gringlobal/search.aspx. (20 May 2017).

Goheen, E.M.; Goheen, D.J.; Marshall, K.; Danchok, R.S.; Petrick, J.A.; White, D.E. 2002. The status of
whitebark pine along the Pacific Crest National Scenic Trail on the Umpqua National Forest. Gen. Tech. Rep.
PNW-GTR-530. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research
Station. 21 p.

Goheen, E.M.; Sniezko, R.A., tech. coords. 2007. Proceedings of the conference whitebark pine: a Pacific Coast
perspective. R6-NR-FHP-2007-01. Portland, OR: U. S. Department of Agriculture, Forest Service, Pacific
Northwest Region: 175 p.

Government of Canada. 2012. Order amending Schedule 1 to the Species at Risk Act. Canada Gazette Part II,
146(14): SOR/2012-113, June 20, 2012. http://www.sararegistry.gc.calvirtual_sara/files/orders/g2-14614i_e.pdf
(29 November 2016)

Gruhn, J.A. 2016. Ecological and genetic consequences of climate change impacting species distributions, with
specific cases in whitebark pine (Pinus albicaulis Engelm.). St. Louis, MO: Washington University. Ph.D.
dissertation.

Hamlin, J.; Kegley, A.; Sniezko, R. 2011. Genetic variation of whitebark pine (Pinus albicaulis) provenances and
families from Oregon and Washington in juvenile height growth and needle color. In: Keane, R.E.; Tomback,
D.F.; Murray, M.P.; Smith, C.M., eds. The future of high-elevation, five-needle white pines in western North
America: proceedings of the high five symposium. Proceedings RMRS-P-63. Fort Collins, CO: U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research Station: 133-139.
https://www.fs.fed.us/rm/pubs/rmrs_p063/rmrs_p063_133_139.pdf. (20 May 2017).

187



GENERAL TECHNICAL REPORT PNW-GTR-963

Jahn, E. 2003. Crater Lake dying forest. [Television broadcast]. Oregon Field Guide. Oregon Public Broadcasting.
February 1. http://www.opb.org/television/programs/ofg/segment/crater-lake-dying-forest/. (30 May 2017).

Kegley, A.; Sniezko, R.A.; Danchok, R.; Savin D.P. 2012. Blister rust resistance among 19 families of whitebark
pine, Pinus albicaulis, From Oregon and Washington — early results from an artificial inoculation trial. In:
Sniezko, R.A.; Yanchuk, A.D.; Kliejunas, J.T.; Palmieri, K.M.; Alexander, J.M.; Frankel, S.J., tech. coords.
Proceedings of the fourth international workshop on the genetics of host-parasite interactions in forestry: disease
and insect resistance in forest trees. Gen. Tech. Rep. PSW-GTR-240. Albany, CA: U.S. Department of
Agriculture, Forest Service, Pacific Southwest Research Station. 372 p.

Lintz, H.E.; Gray, A.N.; Yost, A.; Sniezko, R.; Woodall, C. [et al.]. 2016. Quantifying density-independent
mortality of temperate tree species. Ecological Indicators. 66: 1-9. doi:10.1016/j.ecolind.2015.11.011.

Liu, J-J.; Sniezko, R.; Murray, M.; Wang, N.; Chen, H. [et al.]. 2016. Genetic diversity and population structure
of whitebark pine (Pinus albicaulis Engelm.) in western North America. PLoS ONE 11(12): e0167986.
doi:10.1371/journal.pone.0167986.

Mabhalovich, M.; Stritch, L. 2013. Pinus albicaulis. The IUCN Red List of Threatened Species 2013:
e.T39049A2885918. http://dx.doi.org/10.2305/IUCN.UK.2013-1.RLTS.T39049A2885918.en. (20 May 2017).

Smith, C.M.; Shepherd, B.; Gillies, C.; Stuart-Smith, J. 2013. Changes in blister rust infection and mortality in
whitebark pine over time. Canadian Journal of Forest Research. 43: 90-96.

Sniezko, R.A.; Hill, J.; Savin, D.P.; Mutch, R.; Sticha, J.; Kegley, A.; Beck, J. [In press a]. Genetic variation in
needle traits of Pinus albicaulis seedling families: within- population variation at Crater Lake National Park. . In:
Schoettle, A.W.; Sniezko, R.A.; Kliejunas, J.T., eds. Genetics of five-needle pines, rusts of forest trees, and
strobusphere: proceedings of the IUFRO joint conference. RMRS-P-xxx. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station.

Sniezko, R.A.; Kegley, A. 2015. Report on results of Interior West (Region 1) whitebark pine seedlots evaluated in
two screening trials at Dorena Genetic Resource Center. Report R6-DGRC-2015-02. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Region. 11 p.

Sniezko, R.A.; Kegley, A.J.; Danchok, R.S. 2012. White pine blister rust resistance in Pinus monticola and P.
albicaulis in the Pacific Northwest U.S. — A tale of two species. In: Sniezko, R.A.; Yanchuk, A. D.; Kliejunas,
J.T.; Palmieri, K.M.; Alexander, J.M.; Frankel, S.J., tech. coords. Proceedings of the fourth international
workshop on the genetics of host-parasite interactions in forestry: Disease and insect resistance in forest trees.
Gen. Tech. Rep. PSW-GTR-240. Albany, CA: U.S. Department of Agriculture, Forest Service, Pacific
Southwest Research Station: 262—266.

Sniezko R.A.; Kegley. A.; Danchok, R.; Hamlin, J.; Conklin, D. 2011a. Rust resistance in seedling families of
Pinus albicaulis and Pinus strobiformis and implications for restoration. In: Keane, R.E.; Tomback, D.F.;
Murray, M.P.; Smith, C.M., eds. The future of high-elevation, five-needle white pines in western North America:
proceedings of the high five symposium. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station: 273.

Sniezko, R.A.; Kegley, A.; Danchok, R.; Long, S. [In press b]. Blister rust resistance in whitebark pine — early
results following artificial inoculation of seedlings from Oregon, Washington, Idaho, Montana, California and
British Columbia seed sources. In: Schoettle, A.W.; Sniezko, R.A.; Kliejunas, J.T., eds. Genetics of five-needle
pines, rusts of forest trees, and strobusphere: proceedings of the IUFRO joint conference. RMRS-P-xxx. Fort
Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain Research Station.

Sniezko, R.A.; Kegley, A.J.; Danchok, R.S.; Long, S. 2007. Variation in resistance to white pine blister rust
among 43 whitebark pine families from Oregon and Washington—early results and implications for
conservation. In: Goheen, E.M.; Sniezko, R.A., tech. coords. Proceedings of the conference whitebark pine:
whitebark pine: a Pacific Coast perspective; R6-NR-FHP-2007-01. Portland, OR: U.S. Department of
Agriculture, Forest Service, Pacific Northwest Region: 82-97.

Sniezko, R.A.; Kegley, A.; Savin, D.P. 2017. Ex situ genetic conservation potential of seeds of two high elevation
white pines. New Forests. 48: 245-261. doi:10.1007/s11056-017-9579-3.

Sniezko, R.A.; Linn, J.; Beatty, J.; Martinson, S. 1994. Whitebark pine information survey results. USDA Forest
Service, Region 6. In: Kendall, K.C.; Coen, B., eds. Workshop proceedings: research and management in
whitebark pine ecosystems. Fort Collins, CO: U.S. Department of the Interior, National Biological Survey,
Glacier Field Station: 71-77.

188



Proceedings of Workshop on Gene Conservation of Tree Species—Banking on the Future

Sniezko, R.A.; Mahalovich, M.F.; Schoettle, A.W.; Vogler, D.R. 2011b. Past and current investigations of the
genetic resistance to Cronartium ribicola in high-elevation five-needle pines. In: Keane, R.E.; Tomback, D.F.;
Murray, M.P.; Smith, C.M., eds. The future of high-elevation, five-needle white pines in western North America:
proceedings of the high five symposium. Proceedings RMRS-P-63. Fort Collins, CO: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station: 246-264.

Sniezko, R.A.; Schoettle, A.; Dunlap, J.; Vogler, D.; Conklin, D. [et al.]. 2011c. Ex situ gene conservation in
high elevation white pine species in the United States—a beginning. In: Keane, R.E.; Tomback, D.F.; Murray,
M.P.; Smith, C.M., eds. The future of high-elevation, five-needle white pines in western North America:
proceedings of the high five symposium. Fort Collins, CO: U.S. Department of Agriculture, Forest Service,
Rocky Mountain Research Station: 147-149.

Syring, J.V.; Tennessen, J.A.; Jennings, T.N.; Wegrzyn, J.; Scelfo-Dalbey, C.; Cronn, R. 2016. Targeted
capture sequencing in whitebark pine reveals range-wide demographic and adaptive patterns despite challenges
of a large, repetitive genome. Frontiers in Plant Science. 7: 484. doi:10.3389/fpls.2016.00484.

Tomback, D.F.; Achuff, P. 2010. Blister rust and western forest biodiversity: ecology, values and outlook for white
pines. Forest Pathology. 40: 186-225.

U.S. Department of Agriculture, Forest Service [USFS]. 2016. Ecosystem restoration policy. Federal Register.
Vol. 81, No. 81, Notices: 24785-24793.

U.S. Department of the Interior, Fish and Wildlife Service [USFWS]. 2011a. Endangered and threatened wildlife
and plants; 12-Month finding on a petition to list Pinus albicaulis as endangered or threatened with critical
habitat. Federal Register. VVol. 79, No. 138, Proposed Rules: 24785-24793.

U.S. Department of the Interior, Fish and Wildlife Service [USFWS]. 2011b. Whitebark pine species profile.
Environmental Conservation Online System.
http://ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=R00E. (20 May 2017).

U.S. Department of the Interior, Fish and Wildlife Service [USFWS]. 2015. Endangered and threatened wildlife
and plants; review of native species that are candidates for listing as endangered or threatened; annual notice of
findings on resubmitted petitions; annual description of progress on listing actions. Federal Register. Vol. 80, No.
247, Notices: 80584-80612. https://www.gpo.gov/fdsys/pkg/FR-2015-12-24/pdf/2015-32284.pdf. (20 May
2017).

189



