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Not on Our Watch: Scientists and Managers Rush to Save High-
Elevation, Five-Needle Pines
+LJK�HOHYDWLRQࡼ��YH�QHHGOH�ZKLWH�SLQH�VSHFLHV��NQRZQ�
E\�PDQ\�UHVHDUFKHUV�DQG�PDQDJHUV�DV�WKH�KLJKࡼ�YH�
SLQHV��DUH�VRPH�RI�WKH�PRVW�XQLTXH�DQG�LFRQLF�WUHH�
VSHFLHV�LQ�1RUWK�$PHULFD��/LYLQJ�IRU�FHQWXULHV�DQG�
LQKDELWLQJ�WKH�KDUVKHVW�VLWHV�SRVVLEOHȂFROG��ZLQG�
VZHSW�PRXQWDLQ�SHDNV�DQG�H[SRVHG�PRXQWDLQ�ULGJHVȂ
WKHVH�VSHFLHV�HSLWRPL]H�HQGXUDQFH��VXUYLYDO��DQG�
DGDSWDELOLW\�

<HW��PDQ\�RI�WKH�KLJKࡼ�YH�IRUHVWV�LQ�ZHVWHUQ�1RUWK�
$PHULFD�IDFH�D�PXUGHUHUVȆ�URZ�RI�WKUHDWV��LQFOXGLQJ�

FWS Lists Whitebark Pine as Threatened 
Species
On December 15, 2022, the U.S. Fish and Wildlife Service 
(FWS) listed whitebark pine as threatened with potential 
extinction under the Endangered Species Act. FWS 
determined that the primary stressor driving the status of 
whitebark pine is white pine blister rust, a fungal disease 
caused by the nonnative pathogen Cronartium ribicola. 
Whitebark pine (Pinus albicaulis) is also negatively affected 
by the mountain pine beetle (Dendroctonus ponderosae), 
DOWHUHG�¿UH�UHJLPHV��DQG�WKH�HIIHFWV�RI�FOLPDWH�FKDQJH�

The threatened designation is a long-time in the making. 
Whitebark pine has been a candidate for listing since 2011, 
with petitions for federal protection for the species stretching 
back to 1991. Whitebark pine is already listed as endangered 
in Canada under the Species at Risk Act.

“The listing provides an outstanding opportunity to expand 
collaboration across agencies to restore the species—for 
example, with the National Whitebark Pine Restoration Plan,” 
says Diana Tomback, a forest ecologist and conservation 
biologist with the University of Colorado Denver.  “We have 
the tools and capability to make populations more resilient 
to the threats. The hard work now begins to ensure that 
whitebark pine has a future.”

Great Basin bristlecone pine, USDA Forest Service 
photo by A.W. Schoettle
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DQ�LQYDVLRQ�E\�WKH�QRQ�QDWLYH�
IXQJDO�SDWKRJHQ�Cronartium 
ribicola�WKDW�FDXVHV�ZKLWH�SLQH�
EOLVWHU�UXVW��:3%5��DQG�RXWEUHDNV�
RI�WKH�QDWLYH�PRXQWDLQ�SLQH�EHHWOH�
�03%���Dendroctonus ponderosae���
ZKLFK�KDYH�LQFUHDVHG�ZLWK�ULVLQJ�
WHPSHUDWXUHV�DQG�GURXJKW�UHODWHG�
WR�FOLPDWH�FKDQJH�

7KH�KLJKࡼ�YH�VSHFLHV�LQFOXGH�
ZKLWHEDUN��Pinus albicaulis���
OLPEHU��3ࢆ��H[LOLV���VRXWKZHVWHUQ�
ZKLWH��P. strobiformis���IR[WDLO��P. 
balfouriana���5RFN\�0RXQWDLQ�
EULVWOHFRQH��P. aristata���DQG�*UHDW�
%DVLQ�EULVWOHFRQH��P. longaeva��
SLQHV��7KHVH�SLQHV�SOD\�LPSRUWDQW�
IXQFWLRQDO�UROHV�LQ�KLJK�HOHYDWLRQ�
HFRV\VWHPV��ZLWK�VRPH�DFWLQJ�DV�
NH\VWRQH�DQG�IRXQGDWLRQ�VSHFLHV��
SURYLGLQJ�VWDELOLW\�WR�ZDWHUVKHGV�
DQG�VXSSRUWLQJ�ELRGLYHUVLW\��0DQ\�
RI�WKHVH�SLQHV�SURGXFH�ODUJH��
KLJK�FDORULH�VHHGV��FRQWDLQLQJ�
DSSUR[LPDWHO\�����IDW��WKDW�DUH�
DQ�LPSRUWDQW�IRRG�VRXUFH�IRU�
GLYHUVH�ZLOGOLIH�VSHFLHV��LQFOXGLQJ�
VPDOO�PDPPDOV��JUL]]O\�EHDUV��DQG�
ELUGV�VXFK�DV�&ODUN
V�QXWFUDFNHUV��
+LJKࡼ�YH�WUHHV�FRQWULEXWH�WR�VQRZ�
FDSWXUH�DQG�UHWHQWLRQ�DW�KLJK�
HOHYDWLRQV��SUHYHQWLQJ�VRLO�HURVLRQ�
DQG�LPSURYLQJ�ZDWHU�TXDOLW\�

High-Five Species
A) whitebark pine, photo by D.F. 
Tomback; 
B) limber pine, photo by C.T. Holtz; 
C) southwestern white pine, photo by 
K.M. Waring; 
D) Rocky Mountain bristlecone pine, 
USDA Forest Service photo by A.W. 
Schoettle; 
E) Great Basin bristlecone pine, USDA 
Forest Service photo by A.W. Schoettle; 
F) foxtail pine, photo by S.T. McKinney.

Summary
7KH�KLJK�HOHYDWLRQ��¿YH�QHHGOH��KLJK�¿YH��SLQHV�SOD\�LPSRUWDQW�IXQFWLRQDO�UROHV�LQ�
high-mountain ecosystems, with several acting as keystone and foundation species, 
providing stability to watersheds and supporting biodiversity. 

7KH�KLJK�¿YH�SLQHV�LQFOXGH�WKH�PRQWDQH��VXEDOSLQH��DQG�WUHHOLQH�VSHFLHV²ZKLWHEDUN�
(Pinus albicaulis),  limber (3��ÀH[LOLV), Rocky Mountain bristlecone (P. aristata), Great 
Basin bristlecone (P. longaeva), foxtail (P. balfouriana), and  southwestern white (P. 
strobiformis) pines. 

0DQ\�KLJK�¿YH�SLQHV�DUH�WKUHDWHQHG�E\�D�FRQÀXHQFH�RI�GLVWXUEDQFHV�DQG�VWUHVVRUV��
including white pine blister rust caused by the nonnative pathogen Cronartium 
ribicola, outbreaks of mountain pine beetle (Dendroctonus ponderosae���ZLOG¿UH�
impacts, and water and temperature stress associated with climate change. 
Whitebark and limber pine forests are rapidly declining because of impacts from 
ZKLWH�SLQH�EOLVWHU�UXVW�DQG�PRXQWDLQ�SLQH�EHHWOH��7KH�RWKHU�KLJK�¿YH�SLQHV²*UHDW�
Basin bristlecone, Rocky Mountain bristlecone, foxtail, and southwestern white 
pine—have yet to experience the widespread declines observed in limber and 
whitebark, but all are also in imminent danger. 

$W�D�VHPLQDO�KLJK�¿YH�FRQIHUHQFH�LQ�2FWREHU�������VFLHQWLVWV��PDQDJHUV��DQG�
UHVRXUFH�SURIHVVLRQDOV�GLVFXVVHG�WKH�SOLJKW�RI�KLJK�¿YH�IRUHVWV�DQG�PDQDJHPHQW�
solutions. A special issue of the journal Forest Ecology and Management hosted 
keynote and plenary papers presented at the conference documenting the decline 
RI�KLJK�¿YH�HFRV\VWHPV��GHVFULELQJ�WKH�HFRORJ\�DQG�FXUUHQW�IRUHVW�FRQGLWLRQV��DQG�
presenting various tactics and strategies that can be implemented to conserve and 
UHVWRUH�WKH�KLJK�¿YH�SLQHV�WR�WKH�ODQGVFDSH�

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pinus-albicaulis
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:KLWHEDUN�DQG�OLPEHU�SLQH�DUH�
DOUHDG\�GHFOLQLQJ�DFURVV�WKHLU�UDQJHV�
LQ�WKH�8QLWHG�6WDWHV�DQG�&DQDGD��
:3%5�DQG�03%�KDYH�WUDQVIRUPHG�
KHDOWK\�VWDQGV�RI�ZKLWHEDUN�SLQH�
LQWR�YDVW�JKRVW�IRUHVWV�RI�VWDQGLQJ�
GHDG�WUHHV�LQ�D�PDWWHU�RI�GHFDGHV��
7KH�VWDWH�RI�ZKLWHEDUN�SLQH�LV�VR�
JULP�WKDW�WKH�8�6��)LVK�DQG�:LOGOLIH�
6HUYLFH�KDV�OLVWHG�ZKLWHEDUN�SLQH�
DV�D�WKUHDWHQHG�VSHFLHV�XQGHU�WKH�

(QGDQJHUHG�6SHFLHV�$FW��DQ�XQXVXDO�
VWHS�IRU�D�WUHH�VSHFLHV��VHH�6LGHEDU��
SDJH����

ȉ6RPH�RI�WKHVH�SRSXODWLRQV�WKDW�
DUH�RQ�WKH�HGJH�HYROYHG�RYHU�D�
ORQJ�WLPH�DQG�KDYH�D�KXJH�JHQHWLF�
SRRO�RI�WUDLWV�WR�KDQGOH�WKHVH�NLQGV�
RI�FKDQJLQJ�FRQGLWLRQV�Ȋ�VD\V�
%DUEDUD�%HQW]��5RFN\�0RXQWDLQ�
5HVHDUFK�6WDWLRQ��5056��UHVHDUFK�

HQWRPRORJLVW��ȉ:H�ZDQW�WR�NHHS�
WKRVH�WUDLWV�LQ�WKH�JHQHWLF�SRRO��%XW�
ZH�FRXOG�ORVH�WKHP�LI�WKLV�OHYHO�RI�
PRUWDOLW\�FRQWLQXHV�Ȋ

)R[WDLO�SLQH��VRXWKZHVWHUQ�ZKLWH�
SLQH��*UHDW�%DVLQ�EULVWOHFRQH�SLQH��
DQG�5RFN\�0RXQWDLQ�EULVWOHFRQH�
SLQH�KDYHQȆW�\HW�H[SHULHQFHG�WKH�
PDMRU�GHFOLQHV�REVHUYHG�LQ�OLPEHU�
DQG�ZKLWHEDUN�SLQHV��EXW�WKH\�DUH�

High-Elevation, Five-Needle Pine Species: Overview and Outlook

Whitebark pine, an upper subalpine and treeline species, 
ranges from southwest Canada south to the California Sierra 
Nevada and Great Basin; and the Canadian Rocky Mountains 
south through Wyoming. It often occurs abundantly as the 
only tree species on some of the coldest and driest sites in 
krummholz treeline communities. The outlook for whitebark 
pine is somewhat discouraging because mortality has been 
very high and resistance to WPBR is highly variable among 
populations. Researchers believe the species can adapt and 
recover but requires forest management and restoration to 
increase frequencies of WPBR-resistance in populations to 
ensure long-term population viability.

Limber pine has a broad western distribution and elevation 
range, from British Columbia and Alberta in Canada south 
to New Mexico and the Sierra Nevada in California. Limber 
pine sites tend to be warmer in the summer and have lower 
precipitation year-round than those supporting whitebark pine. 
Limber pine is highly susceptible to WPBR and bark beetles and, 
like whitebark pine, requires forest restoration where mortality 
is high. In areas where WPBR infection is low or not present, 
limber pine may adapt more readily to the effects of climate 
FKDQJH�WKDQ�RWKHU�KLJK�¿YH�VSHFLHV��DQG�SURDFWLYH�PDQDJHPHQW�
can help accelerate the increase of WPBR resistance to sustain 
healthy limber pine populations into the future.

Southwestern white pine occurs at mid to high elevations 
in mixed-conifer forests upslope from ponderosa pine (Pinus 
ponderosa) in Arizona, New Mexico, and northern Mexico. 
Southwestern white pine has moderate levels of genetic 
resistance to WPBR and has drought-tolerant traits but 
LV�VXVFHSWLEOH�WR�03%�DQG�GZDUI�PLVWOHWRH��:LOG¿UHV�FDQ�
also threaten entire populations on isolated “sky islands.” 
Southwestern white pine has high adaptive potential, and 
management strategies can address climate adaptation and 
other stressors in the mixed-conifer forest type.

Rocky Mountain bristlecone pine’s distribution is in central 
Colorado, and into New Mexico and northern Arizona. Rocky 
Mountain bristlecone pine grows from 8,200 to 12,000 feet in 

elevation in large and small stands, as well as isolated trees 
on rocky outcrops. It often forms spreading krummholz mats 
above the treeline. Rocky Mountain bristlecone forests are 
tolerant to drought and currently have low levels of WPBR 
infection and moderate levels of resistance to WPBR. Rocky 
Mountain bristlecone’s key vulnerability is its very low genetic 
diversity, which may hinder adaptation to these stressors in the 
future. Management actions that increase the abundance of 
younger cohorts with more diverse genetic combinations could 
improve its adaptive capacity and outlook.

Great Basin bristlecone pine, the longest-lived non-clonal 
organism globally, grows on isolated mountain ranges and 
sky islands in western Utah, Nevada, and eastern California 
at elevations between 6,400 and 11,600 feet. WPBR is not yet 
present within its range, but Great Basin bristlecone pine is 
susceptible to rust infection under lab conditions (a partnership 
between RMRS and the National Park Service is underway 
to proactively identify genetic resistance to WPBR in this 
species). Great Basin bristlecone pine is not a suitable host for 
bark beetles (unless severely stressed and growing with other 
pines that are hosts to bark beetles, as explained elsewhere in 
this bulletin). Its ability to recover from disturbances is limited 
by its low and sporadic levels of seedling establishment, 
which may become even less common under climate change. 
Coordinated monitoring for new mortality throughout the range 
of Great Basin bristlecone pine can identify populations that 
may require protection.

Foxtail pine has a restricted distribution, with one portion in 
the Klamath Range in northern California and the other in the 
southern Sierra Nevada Mountains. Foxtail pine forests are in 
good condition, primarily because WPBR is only present in the 
northern population and nearly absent in the southern foxtail 
stands. However, foxtail pine is vulnerable to the continued 
spread of the disease and could be further protected with 
interventions to increase the frequency of genetic resistance to 
WPBR. Foxtail pine has intermediate resistance to bark beetles, 
and monitoring with appropriate treatments will be required.
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DOVR�LQ�GDQJHU�IURP�:3%5��03%��
ZLOGࡼUH��DQG�LPSDFWV�IURP�FOLPDWH�
FKDQJH�

'HVSLWH�WKH�EOHDN�IXWXUH�IRU�WKHVH�
VSHFLHV��UHVHDUFKHUV�UHPDLQ�
RSWLPLVWLF�DERXW�RXU�FDSDFLW\�WR�
FRQVHUYH�DQG�UHVWRUH�WKHVH�XQLTXH�
IRUHVWV��2YHU�WKH�SDVW�IHZ�GHFDGHV��
VFLHQWLVWV�KDYH�KRQHG�D�VHW�RI�
VWUDWHJLHV�DQG�WHFKQLTXHV�DW�PXOWLSOH�
VFDOHV�WR�EXLOG�JHQHWLF�UHVLVWDQFH�
WR�EOLVWHU�UXVW�DQG�UHVLOLHQFH�WR�
GLVWXUEDQFH��,Q�2FWREHU�������
WKH�:KLWHEDUN�3LQH�(FRV\VWHP�
)RXQGDWLRQ�KHOG�D�FRQIHUHQFH�
WKDW�EURXJKW�WRJHWKHU�WKH�KLJK�
�YH�UHVHDUFK�DQG�PDQDJHPHQWࡼ
FRPPXQLW\�WR�GLVFXVV�SRWHQWLDO�
VROXWLRQV�WR�WKH�WKUHDWV�IDFLQJ�KLJK�
�YH�SLQH�IRUHVWV��7KH�MRXUQDO�)RUHVWࡼ
(FRORJ\�DQG�0DQDJHPHQW�SXEOLVKHG�
a VSHFLDO�LVVXH GHGLFDWHG�WR�SDSHUV�
SUHVHQWHG�E\�NH\QRWH�DQG�SOHQDU\�
VSHDNHUV�DW�WKH�FRQIHUHQFH��+HUH��
ZH�KLJKOLJKW�VRPH�NH\ࡼ�QGLQJV�IURP�
WKRVH�SDSHUV�DQG�GHVFULEH�WKH�HಀRUWV�
WR�SURPRWH�VHOI�VXVWDLQLQJ�KLJK�
HOHYDWLRQࡼ��YH�QHHGOH�SLQH�IRUHVWV�

The Big Picture
6DUD�*RHNLQJ��DQ�5056�VXSHUYLVRU\�
ELRORJLVW��GUDZV�RQ�KHUࡼ�YH�\HDUV�
DV�D�)RUHVW�,QYHQWRU\�DQG�$QDO\VLV�
�),$��FUHZ�OHDGHU�WR�H[DPLQH�WUHQGV�
LQ�IRUHVW�G\QDPLFV��SDUWLFXODUO\�
PRUWDOLW\�DQG�GLVWXUEDQFH��DQG�
ODQG�XVH�ODQG�FRYHU�FKDQJH�XVLQJ�
),$�GDWD��7KH�),$�SURJUDP�VDPSOHV�
IURP�D�QHWZRUN�RI�SHUPDQHQW�
PRQLWRULQJ�SORWV�DFURVV�WKH�FRXQWU\�
HDFK�\HDU�DV�D�VXUYH\�RI�WKH�QDWLRQȆV�
IRUHVWV��SURYLGLQJ�LQYDOXDEOH�DQG�
FRQWLQXRXV�LQIRUPDWLRQ�RQ�IRUHVW�
KHDOWK��WUHH�JURZWK�DQG�PRUWDOLW\��

'LVWULEXWLRQ�RI�WKH�KLJK�¿YH�VSHFLHV�LQ�ZHVWHUQ�1RUWK�$PHULFD��)URP�6FKRHWWOH�HW�DO��
2022

ZLOGOLIH�KDELWDW��DQG�ODQG�XVH�
FKDQJH��DPRQJ�PDQ\�DWWULEXWHV�

*RHNLQJ�XVHG�),$�GDWDVHWV�WR�
FRQGXFW�EURDG�VFDOH�GHPRJUDSKLF�

DVVHVVPHQWV�IRU�WKH�KLJKࡼ�YH�
SLQH�VSHFLHV��6KH�ORRNHG�DW�
FKDQJHV�LQ�DEXQGDQFH��QXPEHU�RI�
LQGLYLGXDOV���WUHH�GHQVLW\��VL]H�FODVV�
GLVWULEXWLRQ��UHFUXLWPHQW��JURZWK�

https://www.fs.usda.gov/research/treesearch/65245
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UDWHV��PRUWDOLW\��DQG�FDXVHV�RI�
PRUWDOLW\�IURP������WR������DFURVV�
WKH�ZHVWHUQ�8QLWHG�6WDWHV�

7KH�DQDO\VLV�VKRZHG�D�PDUNHG�
GHFOLQH�LQ�ERWK�ZKLWHEDUN�SLQH�
DQG�OLPEHU�SLQH�GXH�WR�LQFUHDVHG�
PRUWDOLW\�IURP�:3%5�DQG�03%�
DQG�GHFUHDVHG�UDWHV�RI�JURZWK�
DQG�UHJHQHUDWLRQ��:KLWHEDUN�KDV�
EHHQ�KDUG�KLW��DV�HYLGHQFHG�E\�
WKH�SHUFHQWDJH�RI�VWDQGLQJ�GHDG�
ZKLWHEDUN�SLQHV�UHFRUGHG�LQ�WKH�
),$�VXUYH\��,Q�������DERXW�����RI�
DOO�VWDQGLQJ�ZKLWHEDUN�SLQH�WUHHV�
ZHUH�GHDG��DQ�LQFUHDVH�IURP�����LQ�
�����DQG�RQO\�����LQ�������

*RHNLQJ�VD\V�WKDW�OLPEHU�SLQH�
SUHYLRXVO\�KDG�D�ORZHU�PRUWDOLW\�
UDWH�WKDQ�ZKLWHEDUN�SLQH��EXW�WKH�
DQDO\VLV�VKRZHG�VLJQV�RI�OLPEHU�
GHFOLQH�WKDW�ZHUH�OLNH�WKDW�RI�
ZKLWHEDUN����\HDUV�HDUOLHU��/LPEHU�
SLQH�WHQGV�WR�JURZ�LQ�GULHU�KDELWDWV�
WKDQ�ZKLWHEDUN�SLQH��ZKLFK�FDQ�
OHDG�WR�ORZHU�FKDQFHV�RI�:3%5�
LQIHFWLRQ��+RZHYHU��OLPEHU�SLQH�
DSSHDUV�WR�EH�IROORZLQJ�D�VLPLODU��
DOEHLW�GHOD\HG��WUDMHFWRU\�RI�GHFOLQH�

2QH�RI�WKH�PRUH�VXUSULVLQJ�UHVXOWV�
RI�*RHNLQJȆV�DQDO\VLV�ZDV�WKDW�PRVW�
RI�WKH�UHFUXLWPHQW�IRU�ZKLWHEDUN�
DQG�OLPEHU�SLQH�ZDV�LQ�RWKHU�IRUHVW�
W\SHV��ORGJHSROH�DQG�'RXJODVࡼ�U��DW�
ORZHU�HOHYDWLRQV�

ȉ0DQ\�SHRSOH�WKLQN�WKDW�ZKLWHEDUN�
DQG�OLPEHU�KDYH�D�YHU\�QDUURZ�
QLFKH�EHFDXVH�WKH\�DUH�REYLRXV�DW�
WKH�WRSV�RI�WKH�PRXQWDLQV�Ȋ�VD\V�
*RHNLQJ��ȉ%XW�WKH\ȆUH�IRXQG�DOO�
WKH�ZD\�GRZQ��,ȆYH�KLNHG�XS�WR�
ZKLWHEDUN�SLQH�VWDQGV�WKDW�ZHUH�

Characteristic white 
pine blister rust canker 
erupting on a Rocky 
Mountain bristlecone pine 
trunk. USDA photo by 
A.W. Schoettle

Limber pine mortality 
caused by mountain 
pine beetle, Humbolt-
7RL\DEH�1DWLRQDO�
)RUHVW��19��86'$�
photo by B. Bentz

A WPBR-infected whitebark pine 
krummholz at treeline in the northern 
Rockies. Photos by D.F. Tomback
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������WR�������IHHW�KLJKHU�WKDQ�
ZKHUH�,�VWDUWHG��EXW�,ȆYH�VHHQ�
ZKLWHEDUN�VHHGOLQJV�WKH�HQWLUH�ZD\�Ȋ

6KH�VXJJHVWV�PDQDJHUV�DOVR�
FRQVLGHU�WUHDWPHQWV�WR�UHGXFH�
WKUHDWV�IURP�ZLOGࡼUH��LQVHFWV��DQG�
GLVHDVHV�WR�WKH�ORZHU�HOHYDWLRQ�

ZKLWHEDUN�DQG�OLPEHU�SLQH�EHFDXVH�
WKHVH�VWDQGV�PLJKW�FRQWDLQ�WUHHV�
ZLWK�JHQHWLF�UHVLVWDQFH�WR�:3%5�

*RHNLQJȆV�VWXG\�DOVR�IRXQG�WKDW�
VRXWKZHVWHUQ�ZKLWH�SLQH�KDG�
GHFOLQHG��EXW�DQDO\VLV�VKRZHG�
WKLV�ZDVQȆW�GXH�WR�:3%5�DQG�

EDUN�EHHWOHV�EXW�D�VHULHV�RI�ODUJH�
ZLOGࡼUHV�LQ�WKH�6RXWKZHVW�WKDW�KDG�
VLJQLࡼFDQW�LPSDFWV�RQ�WKH�VSHFLHV�

Building Adaptive Capacity to 
WPBR and Climate Change
�UVW�DUULYHG�LQ�ZHVWHUQࡼ�3%5:
1RUWK�$PHULFD�LQ�WKH�HDUO\�����V�
WKURXJK�OLYH�SLQH�VHHGOLQJV�
LPSRUWHG�IURP�(XURSH��7KH�IXQJDO�
SDWKRJHQ�SURGXFHV�FDQNHUV�ZLWK�
RUDQJH�VSRUH�VDFV�RQ�WKH�EUDQFKHV�
DQG�WUXQNV�RI�LQIHFWHG�WUHHV�WKDW�
JLUGOH�WKH�VWHP�DQG�NLOO�WKH�WUHH��$OO�
WKH�KLJKࡼ�YH�SLQHV�DUH�VXVFHSWLEOH�
to C. ribicola��DW�YDU\LQJ�OHYHOV��EXW�
ZKLWHEDUN�SLQH�PRUWDOLW\�LV�DV�KLJK�
DV����SHUFHQW��OHDYLQJ�EHKLQG�ȉJKRVW�
IRUHVWVȊ�RI�GHDG�WUHHV��

ȉ6RPH�VSHFLHV�DUH�LQ�EHWWHU�VKDSH�
WKDQ�RWKHUV�EHFDXVH�WKH\�DUH�
H[SHULHQFLQJ�OHVV�SUHVVXUH�IURP�
ZKLWH�SLQH�EOLVWHU�UXVW��DOWKRXJK�
WKH�UXVW�FRQWLQXHV�WR�VSUHDG��,WȆV�
QRW�XQLIRUP��DQG�HDFK�VSHFLHV�
KDV�LWV�RZQ�YXOQHUDELOLWLHV��LWV�
RZQ�$FKLOOHV�KHHO�Ȋ�VD\V�$QQD�
6FKRHWWOH��DQ�5056�UHVHDUFK�SODQW�
HFRSK\VLRORJLVW�ZKR�KDV�EHHQ�
ZRUNLQJ�RQ�KLJKࡼ�YH�UHVSRQVHV�
WR�HQYLURQPHQWDO�FRQGLWLRQV�DQG�
EOLVWHU�UXVW�VLQFH������

Distribution of white pine blister rust (WPBR) 
RQ�WKH�KLJK�¿YH�VSHFLHV�LQ�ZHVWHUQ�1RUWK�
America, as of 2021. Red dots indicate locations 
where C. ribicola has been detected on high-
¿YH�VSHFLHV��EODFN�GRWV�ZKHUH�&��ULELFROD�KDV�
QRW�EHHQ�GHWHFWHG�RQ�KLJK�¿YH�VSHFLHV��VLQFH�
2000), and green stars are where C. ribicola 
KDV�EHHQ�FRQ¿UPHG�RQ�WKH�DOWHUQDWH�KRVW�5LEHV�
inerme but has not been detected on nearby 
¿YH�QHHGOH�SLQHV�KRVWV��*UH\�FURVVHV�LQGLFDWH�
areas where rust was not detected before 
2000 and more recent data is unavailable. The 
GLVWULEXWLRQ�RI�WKH�KLJK�¿YHV�LV�GLVSOD\HG�LQ�JUH\��
From Schoettle et al. 2022
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,Q�DQ�DQDO\VLV�RI�WKH�DGDSWLYH�
FDSDFLW\�RI�HDFK�KLJKࡼ�YH�VSHFLHV��
6FKRHWWOH�DQG�FR�DXWKRUV�KLJKOLJKW�
WKDW�QDWXUDO�VHOHFWLRQ�RFFXUV�DW�WKH�
SRSXODWLRQ�OHYHO��VR�WKH�FKDOOHQJH�
XQGHU�LQWHQVH�VHOHFWLRQ�E\�:3%5�
LV�WR�PDLQWDLQ�D�YLDEOH�SRSXODWLRQ�
VL]H�ZLWK�HQRXJK�JHQHWLF�GLYHUVLW\�
WR�VXSSRUW�D�VHOI�VXVWDLQLQJ�
SRSXODWLRQ��6FKRHWWOH�VD\V�WKDW�IRU�

WKH�KLJKࡼ�YH�VSHFLHV��WKLV�PHDQV�
WKDW�WKH�FRQWLQXRXV�SURFHVV�RI�
DGDSWDWLRQ�LV�D�FRQVHTXHQFH�RI�
:3%5�FDXVHG�PRUWDOLW\�RI�WUHHV�
ZLWK�OHVV�JHQHWLF�UHVLVWDQFH��WKH\�
DUH�VHOHFWHG�DJDLQVW��DQG�WKH�
VXUYLYDO�RI�WKRVH�ZLWK�JHQHWLF�
UHVLVWDQFH�WR�:3%5��$V�WKHVH�
UHVLVWDQW�WUHHV�UHSURGXFH��WKH�
IUHTXHQF\�RI�WUHHV�ZLWK�JHQHWLF�

UHVLVWDQFH�WUDLWV�LQFUHDVHV��HYHQWXDOO\�
OHDGLQJ�WR�UHFRYHU\��,I�WKH�UDWH�RI�
PRUWDOLW\�LV�WRR�UDSLG��IURP�:3%5�
DQG�RWKHU�VWUHVVRUV��WKH�SRSXODWLRQ�
VL]H�FDQ�GURS�EHORZ�D�WKUHVKROG�IURP�
ZKLFK�LW�FDQQRW�UHFRYHU�

)RU�PRVW�RI�WKH�KLJKࡼ�YH�VSHFLHV��
VORZ�PDWXUDWLRQ�WR�UHSURGXFWLYH�DJH�
PDNHV�DGDSWDWLRQ�DQG�UHFRYHU\�PRUH�

b

dc

a

*UHDW�%DVLQ�EULVWOHFRQH�SLQH�PRUWDOLW\��D��*HRJUDSKLF�ORFDWLRQV�RI�¿HOG�YHUL¿HG�*UHDW�%DVLQ�EULVWOHFRQH�SLQH�KDELWDWV��KLJKOLJKWLQJ�
locations with recently observed Great Basin bristlecone pine mortality; b) Great Basin bristlecone pine mortality at the Wah Wah 
Mountains site, USDA photo by B. Bentz; c, d) limber pine and Great Basin bristlecone pine mortality at the Telescope Peak site, 
photos by C. Millar
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FRPSOLFDWHG��,W�WDNHV�DW�OHDVW�������
\HDUV�IURP�VHHGOLQJ�HVWDEOLVKPHQW�
XQWLO�WKHVH�SLQHV�SURGXFH�WKHLUࡼ�UVW�
FRQH�FURS�DQG�GHFDGHV�PRUH�EHIRUH�
WKH\�PDWXUH�WR�SURGXFH�D�VL]DEOH�
FRQH�FURS��)RU�HDFK�RI�WKH�KLJKࡼ�YH�
SLQHV��EDUN�EHHWOHV��ZLOGࡼUH��DQG�
GURXJKW�KHLJKWHQ�WKH�ULVN�RI�VHYHUH�
SRSXODWLRQ�GHFOLQH�DQG�UHGXFH�WKH�
OLNHOLKRRG�RI�DGDSWDWLRQ�WR�:3%5�
DQG�FOLPDWH�FKDQJH��)RU�PDQDJHUV�
ZRUNLQJ�WR�FRQVHUYH�WKHVH�VSHFLHV�
DQG�DFFHOHUDWH�DGDSWDWLRQ�WR�WKH�
VWUHVVRUV��SUHVHUYLQJ�JHQHWLF�
GLYHUVLW\�LV�FUXFLDO��

ȉ:H�KDYH�WRࡼ�QG�JHQHWLFDOO\�
UHVLVWDQW�WUHHV�DQG�LQFUHDVH�WKHLU�
QXPEHUV�RQ�WKH�ODQGVFDSH�XVLQJ�WKH�
VLOYLFXOWXUDO�DQG�IRUHVW�PDQDJHPHQW�
SUDFWLFHV�WKDW�ZH�DOUHDG\�KDYH�Ȋ�
VD\V�6FKRHWWOH��ȉ)LQGLQJ�WKRVH�
LQGLYLGXDOV�RU�SRSXODWLRQV�WKDW� 
KDYH�KLJKHU�UHVLVWDQFH�LVQȆW�
VRPHWKLQJ�QHZ��6R��LWȆV�QRW�OLNH�
ZHȆUH�ZDLWLQJ�IRU�D�PLUDFOH��ZH� 
MXVW�KDYH�WR�JHW�WR�ZRUN�Ȋ�

A Surprise in Death Valley
5HVHDUFKHUV�KDYH�ORQJ�WKRXJKW�
*UHDW�%DVLQ�EULVWOHFRQH�SLQHV�
ZHUH�VDIH�IURP�WKH�WKUHDWV�
DಀHFWLQJ�RWKHU�KLJKࡼ�YH�VSHFLHV��
6R�IDU��UHVHDUFKHUV�KDYH�IRXQG�
QR�VLJQV�RI�:3%5�LQ�WKH�*UHDW�
%DVLQ�EULVWOHFRQH�UDQJH��WKRXJK�
WKH�VSHFLHV�LV�VXVFHSWLEOH�WR�WKH�
GLVHDVH���DQG�WKH�WUDLWV�WKDW�DOORZ�
WKH�VSHFLHV�WR�WKULYH�LQ�WKH�KDUVKHVW�
DQG�GULHVW�KLJK�HOHYDWLRQ�VLWHV�
VKRXOG�JLYH�LW�D�OHJ�XS�LQ�DGDSWLQJ�
WR�WKH�HಀHFWV�RI�FOLPDWH�FKDQJH��
$QG�XQWLO�UHFHQWO\��UHVHDUFKHUV�DOVR�
WKRXJKW�*UHDW�%DVLQ�EULVWOHFRQH�
SLQHV�ZHUH�UHVLVWDQW�WR�EDUN�EHHWOHV��

6R��LW�VXUSULVHG�5056�UHVHDUFK�
HQWRPRORJLVW�%DUEDUD�%HQW]�ZKHQ�
VKH�SHHOHG�EDFN�WKH�EDUN�RI�D�GHDG�
*UHDW�%DVLQ�EULVWOHFRQH�SLQH�RQ�
7HOHVFRSH�3HDN�LQ�'HDWK�9DOOH\�
1DWLRQDO�3DUN�DQG�IRXQG�03%�
JDOOHULHV��%HQW]�ZDV�FRQGXFWLQJ�D�
VXUYH\�RI�EULVWOHFRQH�PRUWDOLW\�ZLWK�
KHU�FROOHDJXH�&RQVWDQFH�0LOODU��
D�UHVHDUFK�HFRORJLVW�DQG�VFLHQWLVW�
HPHULWD�ZLWK�WKH�)RUHVW�6HUYLFHȆV�
3DFLࡼF�6RXWKZHVW�5HVHDUFK�6WDWLRQ��
7KH\�DOVR�IRXQG�DQRWKHU�EDUN�
EHHWOH��SLQ\RQ�LSV��Ips confusus���
DWWDFNLQJ�*UHDW�%DVLQ�EULVWOHFRQH�
SLQH�LQ�RWKHU�SDUWV�RI�WKH�UDQJH��
%RWK�EDUN�EHHWOH�VSHFLHV�KDYH�QRW�
SUHYLRXVO\�EHHQ�UHFRUGHG�LQ�*UHDW�
%DVLQ�EULVWOHFRQH�SLQH�

6KH�VD\V�WHPSHUDWXUHV�DUH�
LQFUHDVLQJ�IDVWHU�DW�KLJKHU�
HOHYDWLRQV�ZLWK�FOLPDWH�FKDQJH��
DQG�WKH�ZDUPHU�FRQGLWLRQV�KDYH�
OHG�WR�LQFUHDVHG�EDUN�EHHWOH�DFWLYLW\�
DW�KLJKHU�HOHYDWLRQV��HVSHFLDOO\�LQ�
OLPEHU�SLQH��ZKLFK�RIWHQ�FR�RFFXUV�
ZLWK�*UHDW�%DVLQ�EULVWOHFRQH�SLQH��
%XW�WKH�LQFUHDVH�LQ�EDUN�EHHWOH�
DFWLYLW\�UDLVHG�WKH�TXHVWLRQ�RI�
ZKHWKHU�EDUN�EHHWOHV�FRXOG�SURGXFH�
RಀVSULQJ�LQ�*UHDW�%DVLQ�EULVWOHFRQH�
LI�WKH\�ZHUH�DWWDFNHG���

,Q�������%HQW]�DQG�KHU�FROOHDJXHV�
VXUYH\HG�WKH�HQWLUH�UDQJH�RI�WKH�
VSHFLHV�DQG�GLG�QRWࡼ�QG�D�VLQJOH�
*UHDW�%DVLQ�EULVWOHFRQH�SLQH�ZLWK�
VLJQV�RI�D�VXFFHVVIXO�EDUN�EHHWOH�

Limber Pine Restoration after the East Troublesome Fire 
The East Troublesome Fire jumped the Continental Divide and burned through 
5RFN\�0RXQWDLQ�1DWLRQDO�3DUN��5013��LQ�2FWREHU�������7KH�¿UH�EXUQHG�QHDUO\�
200,000 acres, including 29,000 acres in the park and 173 acres of limber pine 
stands. While 173 acres may not seem like a large area, limber pine plays an 
outsized role in maintaining biodiversity in the park and greater landscape, and only 
about 5,500 acres of limber pine remain in the park. 

“We’ve been preparing for the invasion of WPBR and a disturbance like the East 
Troublesome Fire in the Park since 2008,” says Schoettle, a founding member of the 
park’s limber pine conservation program. 

The program is a partnership between the park managers, Schoettle, and Kelly 
Burns, a USFS Forest Health Protection pathologist, that started because of declines 
in limber pine in RMNP related to severe drought, an expanding MPB outbreak, and 
the imminent spread of WPBR. 

The collaborative program: (1) installed plots and monitors for forest health trends, 
(2) collects seeds from limber pines throughout the park for a genetic archive and 
for future planting needs, (3) conducted rust resistance screening trials, (4) protects 
trees from MPB attack annually, and (5) conducts other research activities. During 
the course of this work, WPBR was detected in the park in 2010. 

The information gained from the program provided the foundation for Schoettle, Burns, 
and others to work with park managers to write a proactive limber pine conservation 
strategy for the park (adopted in 2015) and an expanded strategy for the Greater 
Rocky Mountain National Park Area�WKDW�ZDV�¿QDOL]HG�D�\HDU�EHIRUH�WKH�¿UH��

“The strategy was very much a proactive strategy to look at limber pine conservation 
before blister rust enters and dominates the landscape,” says Chris Clatterbuck, the 
RMNP natural resource program manager. “Having a peer-reviewed conservation 
VWUDWHJ\�KHOSHG�XV�JHW�WKH�VXSSRUW�DQG�UHVRXUFHV�ZH�QHHGHG�IRU�SRVW�¿UH�UHFRYHU\�
planning, including a new partnership with American Forests.”

https://www.fs.usda.gov/treesearch/pubs/57621
https://www.fs.usda.gov/treesearch/pubs/57621


Clark’s nutcracker on a whitebark pine. 
Photo by D.F. Tomback
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DWWDFN��7KH�UHVHDUFKHUV�HYHQ�LQIHVWHG�
*UHDW�%DVLQ�EULVWOHFRQH�DQG�OLPEHU�
SLQHV�ZLWK�03%�LQ�WKHLU�ODE��DQG�
ZKLOH�WKRXVDQGV�RI�DGXOW�EHHWOHV�
FDPH�RXW�RI�WKH�OLPEHU�SLQH�VDPSOHV��
RQO\�D�IHZ�GR]HQ�HPHUJHG�IURP�WKH�
*UHDW�%DVLQ�EULVWOHFRQH�SLQH�

ȉ:H�FRQFOXGHG�WKDW�03%�GRQȆW�OLNH�WR�
DWWDFN�*UHDW�%DVLQ�EULVWOHFRQH�SLQH��
$QG�LI�WKH\�GR��WKHQ�WKHLU�RಀVSULQJ�
ZRXOG�GLH��,W�ZRXOG�EH�D�NDPLND]H�
DWWDFN�Ȋ�%HQW]�VD\V�

6KH�EHOLHYHV�WKH�QHZO\�REVHUYHG�
PRUWDOLW\�RFFXUULQJ�LQ�SDUWV�RI�WKH�
*UHDW�%DVLQ�EULVWOHFRQH�UDQJH�VKRZV�
VRPHWKLQJ�QRYHO�LV�RFFXUULQJ�LQ�WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�VSHFLHV�DQG�
EDUN�EHHWOHV��

ȉ2Q�7HOHVFRSH�3HDN��ZDUPLQJ�
WHPSHUDWXUHV�DOORZHG�WKH�EHHWOHV�WR�
EXLOG�WKHLU�QXPEHUV�XS�VR�KLJK�LQ�
WKH�OLPEHU�SLQH�WKDW�WKH\�VSLOOHG�RYHU�
LQWR�VRPH�RI�WKH�VWUHVVHG�PLOOHQQLDO�
DJH�*UHDW�%DVLQ�EULVWOHFRQH�SLQH�WKDW�
ZDV�PL[HG�LQ�WKH�OLPEHU�VWDQGV�Ȋ�
%HQW]�VD\V��

6LPLODUO\��WKH\�EHOLHYH�WKDW�SLQ\RQ�
LSV�LQIHVWLQJ�GURXJKW�VWUHVVHG�
SLQ\RQ�SLQHV�DW�ORZHU�HOHYDWLRQV�
ZHUH�EORZQ�XS�WR�WKH�*UHDW�%DVLQ�
EULVWOHFRQH�SLQH�VWDQGV�DW�KLJKHU�
HOHYDWLRQV��

%HQW]�VD\V�WKDW�ZKLOH�*UHDW�
%DVLQ�EULVWOHFRQH�SLQH�KDV�VWURQJ�
QDWXUDO�GHIHQVHV�DJDLQVW�EDUN�
EHHWOHV��FOLPDWH�FKDQJH�PD\�WLS�
WKH�DGYDQWDJH�WR�WKH�EHHWOHV�ZLWK�
LQFUHDVLQJ�EHHWOH�QXPEHUV�DQG�
GURXJKW�VWUHVV�RQ�WUHHV��

ȉ7KH�GURXJKW�WKDW�LV�RFFXUULQJ�
LQ�VRPH�DUHDV�LV�WKH�ZRUVW�LQ�
WKH�ODVW�������\HDUV�Ȋ�VD\V�%HQW]��
ȉ*UHDW�%DVLQ�EULVWOHFRQH�SLQH�
DQG�EDUN�EHHWOHV�KDYH�OLNHO\�KDG�
D�ORQJ�HYROXWLRQDU\�DUPV�UDFH��
DQG�XS�XQWLO�UHFHQWO\��*UHDW�%DVLQ�
EULVWOHFRQH�SLQH�KDGࡼ�JXUHG�RXW�
KRZ�WR�GHIHQG�LWVHOI��%XW�LW�VHHPV�
OLNH�FOLPDWH�FKDQJH�LV�GLVUXSWLQJ�
WKDW�ORQJ�HYROYHG�UHODWLRQVKLS�Ȋ

A Call to Action
'LDQD�7RPEDFN��D�IRUHVW�HFRORJLVW�
DQG�FRQVHUYDWLRQ�ELRORJLVW�ZLWK�
WKH�8QLYHUVLW\�RI�&RORUDGR�'HQYHU��
KDV�ZRUNHG�ZLWK�ZKLWHEDUN�SLQH�
IRU�GHFDGHV��JRLQJ�EDFN�WR�KHU�
GLVFRYHU\�RI�WKH�XQLTXH�UROH�RI�
&ODUNȆV�QXWFUDFNHU�DV�ZKLWHEDUNȆV�
SULPDU\�VHHG�GLVSHUVHU�LQ�WKH�
����V��0RUH�UHFHQWO\��7RPEDFN�
KDV�EHHQ�ZRUNLQJ�ZLWK�IHGHUDO�
DJHQFLHV�DQG�WULEDO�JRYHUQPHQWV��
DV�ZHOO�DV�FRQVHUYDWLRQ�QRQSURࡼWV�
OLNH�WKH�:KLWHEDUN�3LQH�(FRV\VWHP�
)RXQGDWLRQ��ZKLFK�VKH�KHOSHG�
IRXQG��DQG�$PHULFDQ�)RUHVWV��RQ�WKH�
1DWLRQDO�:KLWHEDUN�3LQH�5HVWRUDWLRQ�
3ODQ��7RPEDFN�VWDWHV�WKDW�WKH�&ODUNȆV�
QXWFUDFNHU�LV�NH\�WR�WKH�UHVWRUDWLRQ�
SODQ�IRU�ZKLWHEDUN�SLQH��EHFDXVH�
LW�FDQ�GLVVHPLQDWH�VHHGV��DQG�WKXV�

JHQHV�IRU�EOLVWHU�UXVW�UHVLVWDQFH��
EH\RQG�UHVWRUHG�VWDQGV�

ȉ:H�QHHG�WKH�LQIUDVWUXFWXUH�
WR�SURGXFH�VHHGOLQJV�WKDW�DUH�
JHQHWLFDOO\�GLYHUVH�DQG�KDYH�JHQHWLF�
UHVLVWDQFH��:H�QHHG�WR�JHW�WKHVH�
JURZQ�IRU�RXWSODQWLQJ�Ȋ�7RPEDFN�
VD\V��ȉ,I�ZHȆUH�JRLQJ�WR�EXLOG�
UHVLVWDQFH�LQ�WKH�6LHUUD�1HYDGD��
ZKHUH�EOLVWHU�UXVW�LV�QRW�\HW�D�PDMRU�
SUREOHP��ZH�KDYH�WR�SODQW��:H�KDYH�
WR�JHW�JHQHV�IRU�UHVLVWDQFH�LQ�WKDW�
SRSXODWLRQ��,Q�WKH�QRUWKHUQ�5RFNLHV��
ZKHUH�ZH�KDYH�PDQ\�SRFNHWV�ZKHUH�
�����RI�ZKLWHEDUN�SLQH�LV�GHDG��ZH�
KDYH�RXU�ZRUN�FXW�RXW�IRU�XV�Ȋ

,Q�WKH�VSHFLDO�KLJKࡼ�YH�LVVXH�RI�
)RUHVW�(FRORJ\�DQG�0DQDJHPHQW��
WKH�DUWLFOH�VXPPDUL]HV�PDQDJHPHQW�
WHFKQLTXHV�EDVHG�RQ�WKH�IRXU�
FRQVHUYDWLRQ�DQG�UHVWRUDWLRQ�
SULQFLSOHV�IRU�ZKLWHEDUN�SLQH�DQG�
RWKHU�KLJKࡼ�YH�VSHFLHV������FRQVHUYH�
JHQHWLF�GLYHUVLW\������SURPRWH�
:3%5�UHVLVWDQFH������SURWHFW�VHHG�
VRXUFHV��DQG�����GHSOR\�UHVWRUDWLRQ�
WUHDWPHQWV�ZKLOH�PLWLJDWLQJ�
FOLPDWH�FKDQJH��7KHVH�SULQFLSOHV�
DQG�WKHLU�DVVRFLDWHG�PDQDJHPHQW�
RU�FRQVHUYDWLRQ�DFWLRQV�FDQ�IRUP�
WKH�EDVLV�RI�D�QDWLRQDO�UHVWRUDWLRQ�
VWUDWHJ\��DQG�7RPEDFN�VD\V�WKHUH�LV�
DQ�XUJHQW�QHHG�IRU�DFWLRQ��

ȉ0DQ\�PRUH�WUHHV�QHHG�WR�EH�
VFUHHQHG�IRU�UHVLVWDQFH�WR�DFKLHYH�
VXࡺFLHQW�JHQHWLF�GLYHUVLW\��:H�
GRQȆW�ZDQW�WR�MXVW�SODQW�VHHGOLQJV�
IURP�D�KDQGIXO�RI�WUHHV��:H�ZDQW�WR�
SODQW�HQRXJK�WR�UHVFXH�WKH�JHQHWLF�
GLYHUVLW\�DV�EHVW�ZH�FDQ�IURP�WKHVH�
VSHFLHV��5LJKW�QRZ��RXU�FDSDFLW\�LV�
QRW�JUHDW�HQRXJK�Ȋ�7RPEDFN�VD\V�



Crown of the Continent Ecosystem Whitebark Pine 
Restoration Strategy
The Crown of the Continent Ecosystem (CCE) straddles the continental divide 
in the North American Rocky Mountains, spanning nearly 18-million acres in 
Montana, British Columbia, and Alberta. The CCE is one of North America’s 
most ecologically intact wildland landscapes, with a rich diversity of wildlife found 
nowhere else on the continent, from grizzly bear to woodland caribou. Whitebark 
pine is dramatically declining in the CCE because of a combination of blister rust, 
succession to more shade-tolerant conifers, and bark beetles, with greater than 
90% mortality on some sites. 

The CCE High Five Working Group formed in 2016 as a cross-jurisdiction, 
multistakeholder group with the mission to protect and restore whitebark and limber 
pine ecosystems. In 2019, the working group piloted a strategic approach for 
restoring whitebark pine on a smaller slice of the CCE that included Confederated 
Salish and Kootenai tribal lands, Glacier National Park, and the Flathead National 
Forest. 

Melissa Jenkins, Flathead National Forest silviculturist (retired) who led the pilot 
HIIRUW��VDLG�WKH�¿UVW�VWHS�LQ�WKH�DSSURDFK�ZDV�GHWHUPLQLQJ�WKH�SRWHQWLDO�UDQJH�ZKHUH�
whitebark pine is capable of growing. Next, they narrowed that larger area down to 
core areas with the highest conservation value—where it’s most important to restore. 
The core areas represent about 28% of the potential whitebark pine range across the 
pilot region (nearly 400,000 acres). Within those core areas, they considered existing 
site conditions and effects from blister rust, MPB, succession and climate change to 
determine where treatments were most likely to be successful.

Jenkins says that genetic principles were a major consideration when planning 
restoration treatments because of the high levels of mortality in the CCE. Rather than 
intact stands, whitebark in the area primarily exists in clumps or individual surviving 
trees on ridge tops. With the low tree density and declining genetic diversity in these 
SRSXODWLRQV��D�GRZQZDUG�VSLUDO�RI�JHQHWLF�¿WQHVV�FRXOG�HYHQWXDOO\�UHVXOW�LQ�WKH�ORVV�RI�
the species.

The project is now beginning the hard work of implementing the plan with an emphasis 
on restoration treatments that create or protect “component” populations of adequate 
size and genetic diversity. Planting is the primary treatment being used, while direct 
seeding, prescribed burning, thinning, and MPB protection, also play important roles. 
Jenkins says managers are also counting on a natural ally of the whitebark pine.

“We’re going to have to rely on the birds—Clark’s nutcrackers—to connect and 
expand those populations,” Jenkins says. “We need to work as a team with the 
Clark’s nutcrackers to restore the species, because humans can’t do it alone.”

Jenkins says the most valuable contribution of the pilot study was the development 
RI�D�ÀH[LEOH��GDWD�LQIRUPHG�GHFLVLRQ�PDNLQJ�SURFHVV�IRU�VSHFLHV�UHVWRUDWLRQ�WKDW�
managers can apply consistently across large geographic areas, including the rest 
of the CCE and other areas outside of the CCE, as part of the National Whitebark 
Pine Restoration Plan. The approach has recently been expanded to include both 
whitebark pine and limber pine across the entire CCE, including those portions in 
Canada, and is guiding restoration planning and activities in many jurisdictions.
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Robert Keane, an RMRS emeritus 
research ecologist and a co-author 
on the paper with Tomback, is a 
leading expert on strategies and 
techniques for whitebark pine 
management and restoration. 
Keane and co-authors also wrote 
a paper for the Forest Ecology 
and Management special issue 
expanding those management 
VWUDWHJLHV�WR�DOO�WKH�KLJKࡼ�YH�VSHFLHV�
in a changing climate.  

“We should protect and enhance 
resistance to the disease in 
whitebark pine, limber pine, and 
DOO�WKHࡼ�YH�QHHGOH�SLQHV�Ȋ�.HDQH�
VD\V��ȉ7KDW�PHDQVࡼ�QGLQJ�WKH�WUHHV�
that are resistant to rust, collecting 
cones from those trees, growing 
seedlings from the collected seeds, 
and planting those rust-resistant 
seedlings. It also means protecting 
those sources of resistance from 
mountain pine beetles, which can 
come in and kill trees that are 
UHVLVWDQW�WR�WKH�UXVW�Ȋ

.HDQH�VXJJHVWV�VDYLQJ�WKHVH�VSHFLHV�
entails ramping up management 
actions, which in addition to 
SODQWLQJ��LQFOXGH�JHQH�FRQVHUYDWLRQ��
resistance screening, protecting 
VHHG�VRXUFHV��SUHVFULEHGࡼ�UH�DQG�
VLOYLFXOWXUDO�WKLQQLQJ�WR�UHGXFH�
competition, and monitoring for 
DGDSWLYH�PDQDJHPHQW��5HVWRUDWLRQ�
HಀRUWV�XVLQJ�WKHVH�SULQFLSOHV��VXFK�
as the Crown of the Continent (see 
text box page 9), are underway 
across the country, but researchers 
agree that current management 
HಀRUWV�IDOO�IDU�VKRUW�RI�WKH�OHYHOV�
QHHGHG�WR�VDYH�WKH�VSHFLHV�

ȉ:H�KDYH�WKH�DELOLW\��:H�KDYH�WKH�
WHFKQLTXHV��:HȆYH�JRW�WKH�SDVVLRQ�Ȋ�
says Keane. “There currently isn’t 

the support and funding to grow 
DQG�SODQW�VHHGOLQJV�DW�WKH�OHYHO�
QHHGHG�IRU�WUXH�UHVWRUDWLRQ�Ȋ

https://whitebarkfound.org/our-work/national-whitebark-pine-restoration-plan/
https://whitebarkfound.org/our-work/national-whitebark-pine-restoration-plan/
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Building Resilience for the 
Long Term
%XLOGLQJ�KLJKࡼ�YH�SRSXODWLRQ�
UHVLOLHQFH�UHTXLUHV�LQFUHDVLQJ�
GLYHUVLW\�WR�VXSSRUW�JHQHWLF�
UHVLVWDQFH�WR�LPPHGLDWH�WKUHDWV�
OLNH�EOLVWHU�UXVW�DQG�ORQJ�WHUP�
DGDSWLYH�FDSDFLW\�WR�WKH�HಀHFWV�RI�
FOLPDWH�FKDQJH��,W�DOVR�UHTXLUHV�
DFWLYH�SURWHFWLRQ�RI�LQYDOXDEOH��
GLVHDVH�UHVLVWDQW�VHHG�WUHHV�IURP�
GLVWXUEDQFHV�OLNH�03%�DQGࡼ�UH��7KH�
WRROV�DQG�PHWKRGV�IRU�FRQVHUYLQJ�
DQG�UHVWRULQJ�KLJKࡼ�YH�VSHFLHV�
DUH�JURZLQJ��DV�WKH�UHFHQW�)RUHVW�
(FRORJ\�DQG�0DQDJHPHQW�VSHFLDO�
LVVXH�DWWHVWV�

+LJKࡼ�YH�UHVHDUFKHUV�HPSKDVL]H�
WKDW�SURWHFWLRQ�DQG�UHVWRUDWLRQ�RI�
ZKLWHEDUN�DQG�OLPEHU�SLQH��DV�ZHOO�
DV�SURDFWLYH�FRQVHUYDWLRQ�RI�WKH�
RWKHU�KLJKࡼ�YH�VSHFLHV��LV�QRZ�PRUH�
D�PDWWHU�RI�UHVRXUFHV�DQG�VWUDWHJLF�
IRFXV�WKDQ�VFLHQFH�DQG�NQRZ�KRZ�

ȉ$OO�IHGHUDO�DJHQFLHV�KDYH�PRUH�
RQ�WKHLU�SODWH�WKDQ�WKH\�FDQ�GHDO�
ZLWKȂZLOGࡼUHV��FOLPDWH�FKDQJH��DQG�
HSLGHPLFV�RI�GLVHDVH�DQG�SHVWVȂEXW�
ORVLQJ�ZKLWHEDUN�SLQH�LV�KXJH��DQG�
LWȆV�KDSSHQLQJ��$QG�VRPH�RI�WKH�
RWKHU�KLJK�HOHYDWLRQࡼ��YH�QHHGOH�
SLQH�VSHFLHV�DUH�QRW�IDU�EHKLQG�Ȋ�
VD\V�'LDQD�7RPEDFN��ȉ7KHVH�
HFRORJLFDOO\�LPSRUWDQW�VSHFLHV�DUH�
JRLQJ�GRZQ�RQ�RXU�ZDWFK��%XW�ZH�
NQRZ�ZKDW�PXVW�EH�GRQH��DQG�WKHUH�
LV�VWLOO�WLPH��LI�ZH�PDNH�LW�D�SULRULW\�Ȋ

6FKRHWWOH�VD\V�VKH�LV�RSWLPLVWLF�
UHVHDUFKHUV�DQG�PDQDJHUV�FDQ�
WLS�WKH�EDODQFH�ZLWK�PDQDJHPHQW�
IRU�ZKLWHEDUN�DQG�RWKHU�KLJKࡼ�YH�
VSHFLHV�

The six-step methodology for restoration planning of whitebark pine in the Crown of 
the Continent Ecosystem. Inset A: Step 1. Establish potential range. Step 2. Quantify 
FRQVHUYDWLRQ�YDOXH��&9���Inset B: Step 3. Quantify stressors (map combines all future 
VWUHVVRUV�UDWLQJV��L�H���ZLOG¿UH�KD]DUG��03%�ULVN��DQG�IXWXUH�FOLPDWH�ULVN���Center 
of Figure: Step 4. Determine likelihood of treatment success based on stressor 
effects. Inset C:�6WHS����,GHQWLI\���������RI�SRWHQWLDO�UDQJH�ZLWK�KLJKHVW�&9�DV�FRUH�
DUHD��³9HU\�+LJK´��L�H��&9���DQG�³+LJK´��L�H��&9���&9�GLVSOD\HG�ZLWKLQ�FRUH�DUHDV�
�1RUWK�)RUN�DUHD�RI�WKH�)ODWKHDG�1)���Inset D: Step 6. Implementation plan; planting 
treatment prioritization example with an overlaid 12 km grid (maximum distance 
recommended between component populations). From Jenkins et al. 2022



Science You Can Use Bulletin July/August 2023  |  Issue 61

12
Forest Service Rocky Mountain Research Station

ȉ:H�DUH�ZRUNLQJ�LQ�KDUVK�
HQYLURQPHQWV�LQ�D�YHU\�G\QDPLF�
VLWXDWLRQ�ZLWK�FOLPDWH�FKDQJH�DQG�
DOO�WKHVH�RWKHU�SHVWV�DQG�SDWKRJHQV�Ȋ�
VD\V�6FKRHWWOH��ȉ7KHUH�DUH�D�ORW�
RI�PRYLQJ�SLHFHV��%XW�ZHȆYH�JRW�
D�JRRG�IRXQGDWLRQ�LQ�WHUPV�RI�
HYROXWLRQDU\�WKHRU\��SRSXODWLRQ�
JHQHWLFV��DQG�VLOYLFXOWXUDO�SUDFWLFHV��
6R��,ȆP�RSWLPLVWLF��EXW�UHFRYHU\�DQG�
FRQVHUYDWLRQ�DUH�QRW�JRLQJ�WR�KDSSHQ�
RQ�WKHLU�RZQ��:H�QHHG�WR�GR�PRUH��
DQG�ZH�QHHG�WR�GR�LW�IDVWHU�Ȋ

Key Findings
 Ɣ Whitebark pine is declining rapidly 
because of increased mortality from 
WPBR and MPB and decreased 
rates of growth and regeneration. 
In 2019, about 54% of all standing 
whitebark pine trees were dead, an 
increase from 43% in 2009 and only 
12% in 1999. 

 Ɣ Limber pine is showing signs of 
decline that are similar to that of 
whitebark 10 years earlier. 

 Ɣ Southwestern white pine has 
declined because of a series of 
ODUJH�ZLOG¿UHV�LQ�VRXWKZHVWHUQ�8�6��
that impacted large trees. Great 
Basin bristlecone, Rocky Mountain 
bristlecone, and foxtail pine have low 
rates of mortality, but their mortality 
will likely rise with greater exposure 
to stressors and disturbances.

 Ɣ $OWKRXJK�WKH�KLJK�¿YH�VSHFLHV�
are each threatened by the same 
stressors, their exposure and 
sensitivity to each stressor differs as 
well as their demographic patterns 
and vulnerabilities. 

 Ɣ +LJK�¿YH�FRQVHUYDWLRQ�DQG�
restoration actions must occur 
over multiple temporal and spatial 
scales of land management, from 
populations to national forests to 
regions to species’ ranges.

From Tamm Review, Tomback et al. 2022. Top right photo by R. Sniezko; all others 
by D.F. Tomback

Management Implications
 Ɣ The four conservation and restoration principles for whitebark pine and other high 
¿YH�VSHFLHV�DUH������FRQVHUYH�JHQHWLF�GLYHUVLW\������SURPRWH�:3%5�UHVLVWDQFH��
(3) protect seed sources, and (4) deploy restoration treatments while mitigating 
climate change. 

 Ɣ 7KH�IXWXUH�RXWORRN�IRU�HDFK�RI�WKH�KLJK�¿YH�VSHFLHV�FDQ�EH�LPSURYHG�WKURXJK�
timely restoration treatments and proactive management activities. Inaction risks 
RWKHU�KLJK�¿YH�VSHFLHV��HVSHFLDOO\�OLPEHU�SLQH��IROORZLQJ�WKH�VDPH�GHFOLQLQJ�
trajectory as whitebark pine. 

 Ɣ 5HFRJQL]LQJ�WKH�XQLTXH�IHDWXUHV�RI�HDFK�VSHFLHV�HQDEOHV�LGHQWL¿FDWLRQ�RI�D�VXLWH�
of targeted management actions to address each species’ vulnerabilities and 
improve their resilience and future outlook.

 Ɣ 0DQDJHPHQW�DFWLRQV�PXVW�SURPRWH�KLJK�¿YH�SLQHV¶�DGDSWDWLRQ�WR�:3%5�DQG�
climate change as well as mitigate other mortality factors, including bark beetles, 
to successfully achieve the management goal of maintaining or restoring self-
VXVWDLQLQJ��JHQHWLFDOO\�¿W�KLJK�¿YH�SRSXODWLRQV�DFURVV�WKHLU�UDQJHV��

 Ɣ The National Whitebark Pine Restoration Plan and the Crown of the Continent 
5HVWRUDWLRQ�SODQ�DUH�ÀH[LEOH��GDWD�LQIRUPHG�GHFLVLRQ�PDNLQJ�SURFHVVHV�WKDW�
managers can apply consistently to U.S. and Canadian whitebark and limber 
pine forests.

Steps involved 
in growing 

WPBR-resistant 
seedlings

Protect ripening cones 
and harvest when ready.

Plant seedlings.

Grow seedlings.

Protect resistant seed 
sources against  
mountain pine beetles.

Screen seedlings for 
WPBR resistance.
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ShiNaasha; Renwick, Katherine; Sissons, Robert A. 2022. Restoring a forest keystone species: A plan for the restoration 
of whitebark pine (Pinus albicaulis Engelm.) in the Crown of the Continent Ecosystem. Forest ecology and management, 
522(8), 120282.
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¿YH�QHHGOH�ZKLWH�SLQH�IRUHVWV�LQ�ZHVWHUQ�1RUWK�$PHULFD�DW�PXOWLSOH�VFDOHV�XQGHU�FKDQJLQJ�FOLPDWHV. Forest Ecology and 
Management. 505: 119939.

Schoettle, Anna W.; Burns, Kelly S.; McKinney, Shawn T.; Krakowski, Jodie; Waring, Kristen M.; Tomback, Diana 
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pine (Pinus albicaulis Engelm.), an imperiled high-elevation Western North American forest tree. Forest ecology and 
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Tomback, Diana F.; Keane, Robert E.; Sniezko, Richard A. 2022. Why this special issue is focused on the high elevation 
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Clark’s nutcracker collecting seeds from a 
limber pine cone. Photo by D. Tomback

https://www.sciencedirect.com/journal/forest-ecology-and-management/special-issue/10JN0Z5W6GX
https://www.sciencedirect.com/journal/forest-ecology-and-management/special-issue/10JN0Z5W6GX
https://www.sciencedirect.com/journal/forest-ecology-and-management/special-issue/10JN0Z5W6GX
https://doi.org/10.1016/j.foreco.2022.120099
https://doi.org/10.1016/j.foreco.2022.120099
https://www.sciencedirect.com/science/article/pii/S0378112722004133
https://www.sciencedirect.com/science/article/pii/S0378112722004133
https://www.fs.usda.gov/research/treesearch/62781
https://www.fs.usda.gov/research/treesearch/62781
https://www.fs.usda.gov/research/treesearch/62425
https://www.fs.usda.gov/research/treesearch/64860
https://www.fs.usda.gov/research/treesearch/64860
https://www.fs.usda.gov/research/treesearch/64304
https://www.fs.usda.gov/research/treesearch/64304
https://www.fs.usda.gov/research/treesearch/64862
https://www.fs.usda.gov/research/treesearch/64862
https://doi.org/10.1016/j.foreco.2022.120168
https://doi.org/10.1016/j.foreco.2022.120168
https://www.fs.usda.gov/research/treesearch/64936
https://www.fs.usda.gov/research/treesearch/64936
https://www.fs.usda.gov/research/treesearch/65245
https://www.fs.usda.gov/research/treesearch/65245
https://doi.org/10.1016/j.foreco.2022.120204
https://doi.org/10.1016/j.foreco.2022.120204
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6FLHQWLVW�DQG�0DQDJHU�3UR¿OHV
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Research Station. Her research focuses 
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interacting biotic and abiotic stresses in a 
changing climate. 
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entomologist with the Rocky Mountain 
Research Station. Her research focuses 
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and adaptations of bark beetles and 
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a changing climate. 
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understanding of forest dynamics such as 
mortality, disturbance, and land use/land 
cover change.
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Mountain Research Station. His 
research is on the landscape ecology 
of ecosystem processes, especially 
disturbance, climate, and vegetation, 
and the scales at which these processes 
interact. 

Melissa Jenkins is a retired silviculturist 
with the Flathead National Forest and 
long-time board member of the Whitebark 
Pine Ecosystem Foundation. She has led 
pioneering efforts to restore whitebark 
pine in the northern Rockies, including 
the model Crown of the Continent 
Ecosystem Whitebark Pine and Limber 
pine Restoration Strategy.

Diana Tomback is Professor of 
Integrative Biology at the University of 
Colorado Denver. Her expertise includes 
the evolution, ecology, and population 
biology of bird-dispersed pines and their 
corvid dispersers; and the conservation 
DQG�UHVWRUDWLRQ�RI�¿YH�QHHGOH�ZKLWH�SLQHV�
in western North America. 
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The Rocky Mountain Research 
Station is one of 7 Forest Service 
Research & Development units. 
Within the 12 state RMRS footprint, 
we maintain 14 research locations; 
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research on 14 experimental 
forests, ranges and watersheds; 
and work in hundreds of research 
natural areas.
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