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Introduction  

Whitebark pine faces threats from the introduced disease white pine blister rust (caused by the fungus Cronartium ribicola), attack by mountain pine beetle (Dendroctonus ponderosae), fire, and the potential effects of climate change (Aubry et al. 2008).  These threats are resulting in the loss of both habitat and genetic resources of whitebark pine.  Given that these losses are likely to continue, the implementation of an ex situ (off site) gene conservation plan is critical.  The value of the ex situ genetic resources will depend on how these collections are sampled, stored, and distributed.  The USDA Forest Service, Pacific Northwest Region (Region 6) program will focus on seed, seed production areas, and clone banks (Aubry et al. 2008).  The National Forest System maintains and extensive network of protected areas; however, species experiencing high mortality from exotic pests and diseases may need additional protection.  In addition, in situ (in place) reserves are vulnerable to wildfire, and these losses are predicted to increase in the future under climate change scenarios.  High elevation, long-lived tree species will be most vulnerable to the effects of climate change due to limited opportunities for migration or in situ evolution (Erickson 2007).  Ex situ activities include forest seed banks intended for reforestation, regional seed banks used for genetic variation tests and disease resistance screening, national seed banks, seed orchards, clone banks, and progeny test sites (Erickson, 2007).
The Forest Service draft general framework for genetic conservation of U.S. forest tree species (Thacz 2008) recommends the development of a “tool kit of management options” for conservation activities, including both in situ conservation areas, and ex situ activities.  One of the most effective ex situ gene conservation approaches is seed collections which sample the span of genetic variation present in the species.  
Maintenance of genetic variation in any population primarily involves the conservation of genetic diversity (i.e. heterozygosity) and to a lesser extent, low-frequency alleles.  For traits controlled by many genes, these low-frequency alleles contribute little to genetic variation since they are found in so few individuals.  However, low frequency alleles with potentially major beneficial effects (e.g., those that confer disease resistance) do exist and should be considered for long-term conservation. (Tkacz 2008).  Modern gene conservation seed collection strategies are designed to capture allele at frequencies > 0.05 (Tkacz 2008).   The suggested number of parents needed to maintain a viable population which can adapt to changing selection pressures varies depending on the author and their frame of reference. (Marshal and Brown, 1975; Lawrence, Marshall & Davies, 1995; Yanchuk, 2001).  The US Forest Service protocol for genetic conservation seed collections (USDA Forest Service, 2008) suggests the following sampling strategy:

· Use established seed zones when known

· Within each zone, select 10 – 20 collection areas

· Try to sample 50 individuals per collection area (25 if seed is limited)

· Keep seed separate by parent tree

· Aim for 2,000 seeds per parent tree

Whitebark pine stands are often remote and difficult to access.  Seed production can be sporadic and inconsistent and cones must be caged to protect them from the Clark’s nutcracker.  These challenges, along with limited funding for cone collection, will make it difficult to reach 50 trees per collection area so our goal is 25 trees per collection area.  Theory and empirical study indicate that sample sizes of 20 to 30 individuals will capture the majority of quantitative variation (Yanchuk 2001) and a sample of 25 trees has a 92% probability of capturing all alleles in a population that have frequencies greater than 0.05 (Johnson & Lipow 2002).
To date, over 380 whitebark pine seedlots from national forests,  88 seedlots from national parks and 19 seedlots from the Confederated Tribes of Warm Springs have been processed at the Dorena Genetic Resources Center (Dorena).  The majority of these seedlots have been entered into the regional blister rust resistance screening program.  Of the 386 national forest seedlots, 52 have been exhausted and 51 have less than 100 estimated filled seed remaining (filled seed % determined by X-ray of a sample of seed).  Details of the existing seed collections are shown in Table 1.  Seed zones and the smaller conservation areas within these seed zones delineated for whitebark pine are shown in figures 1 and 2 (excerpted from Aubry et al., 2008).
The objective of this document is to present a plan for collection of whitebark pine seed from national forests in the Pacific Northwest for long-term ex situ storage.

Table 1. Whitebark pine seedlots stored at Dorena Genetic Resource Center by seed zone and conservation area.
Priority 0 = sufficient seedlots available, 1+ = highest priority: few or no seedlots currently available AND no trees tested for blister rust, 1 = top priority:  few or no seedlots currently available, 2 = second priority:  some seedlots currently available, 3 = low priority. (See captions for Tables 2, 3, 4 for more detail.)
	Seed 

Zone
	Conservation 

Area 

(see figure 1)
	Total Number of trees collected (since 1994)
	Number of seedlots tested for resistance
	Total number of seedlots available
	Number  of  seedlots 

with >300 seeds
	Number of  seedlots with  

>700 seeds
	Priority

	1
	101
	16
	9
	16
	12
	9
	2

	2E
	202
	-
	-
	-
	-
	-
	1+

	2E
	203
	-
	-
	-
	-
	-
	1+

	2E
	204
	10
	10
	5
	1
	-
	1

	2E
	205
	7
	7
	7
	2
	-
	1

	2W
	206
	24
	13
	24
	21
	12
	0

	2W
	207
	-
	-
	-
	-
	-
	1

	2W
	208
	10
	10
	9
	3
	1
	3a

	3
	301
	-
	-
	-
	-
	-
	1+

	3
	302
	27
	15
	6
	-
	-
	1

	3
	303
	19
	14
	3
	2
	1
	1

	4
	401
	-
	-
	-
	-
	-
	3

	4
	402
	4
	4
	4
	2
	2
	0

	4
	404
	25
	8
	25
	25
	18
	0

	4
	405
	14
	14
	13
	7
	4
	0

	5
	501
	22
	21
	19
	19
	18
	3

	5
	502
	8
	5
	5
	5
	3
	0

	5
	503
	29
	26
	22
	21
	16
	0

	5
	504
	10
	9
	9
	9
	6
	0

	5
	505
	20
	20
	17
	14
	4
	2

	6
	601
	-
	-
	-
	-
	-
	1+

	6
	602
	13
	13
	13
	11
	7
	0

	6
	603
	49
	47
	47
	45
	42
	0

	6
	604
	8
	8
	8
	7
	7
	2

	7
	701
	17
	10
	6
	5
	-
	1

	7
	703
	17
	14
	10
	7
	7
	2

	7
	704
	2
	2
	-
	-
	-
	1a

	8
	801
	-
	-
	-
	-
	-
	1+

	8
	802
	-
	-
	-
	-
	-
	1+

	8
	803
	35
	31
	13
	3
	-
	1

	TOTAL
	
	
	
	281
	221
	157
	

	
	NCNPb
	23
	
	22
	
	
	

	
	MRNPb
	27
	27
	25
	
	
	

	
	CLNPb
	38
	35
	14
	
	
	

	
	CTWSb
	19
	19
	15
	
	
	


a Small conservation area, not specifically targeted for cone collection, but access is easy and if cone crop is abundant, may be worth collecting from.

b NCNP = North Cascades National Park, MRNP = Mt. Rainier National Park, CLNP = Crater Lake National Park, CTWS = Confederated Tribes of Warm Springs
METHODS AND MATERIALS:

Cone collection:

The primary goal of this cone collection plan is to sample the genetic base of whitebark pine at a given location.  Established protocols for cone collection are given in Ward et al. (2006).  Infection by white pine blister rust is one of the primary reasons for the decline of whitebark pine, and naturally occurring resistance may be the best hope for survival of the species.  For this reason, trees free of rust, with fewer cankers than surrounding trees, or with evidence of healed cankers should be given priority for cone collection, as they may harbor genes for resistance.  However, due to the usually limited cone crop in whitebark pine and the difficulty in collecting cones, the presence of infection should not exclude a tree from cone collection.

It has been shown that due to seed dispersal by the Clark’s nutcracker, stems within clumps of tree are often related (Linhart and Tomback, 1985; Furnier et al., 1987).  If the stems separate at ground level (or below) then they should be assumed to be different individuals and to avoid potential relatedness, only one stem should be sampled.  If stems within a clump unambiguously fork above ground level, then they can be considered to be branches of the same tree, and therefore cones of both stems can be collected together.  Extreme care should be taken to examine the location of forks between stems, because two separate individuals that germinated several inches apart in the ground could potentially grow together over time as their diameter increases.  If there is any doubt, then a conservative approach should be taken and only a single stem collected.  Because of the random caching of seeds by the nutcracker, clumps of trees in close proximity are usually no more closely related than more distant clumps (Furnier et al 1987).  Therefore, traditional guidelines for spacing among trees that are to be collected do not necessarily apply to whitebark pine.  Cone crops in whitebark pine are often sporadic and limited; therefore presence of cones is likely to dictate the trees from which collection can be made.  If the cone crop is abundant, and it is possible to choose among numerous trees, it is still best to attempt to collect from widely spaced trees, as this will sample a larger pollen cloud within the stand and may increase the possibility of capturing rare alleles.
Conservation areas have been prioritized based on how much seed is currently available for conservation purposes and the number of parent trees in the rust resistance screening program.  The target number of trees to be collected and the particular management units that are likely to have the easiest access are given in Tables 2 – 4.  Notes on site accessibility are excerpted from Appendix 1 in the Whitebark Pine Restoration Strategy for the Pacific Northwest Region (Aubry et al. 2008) where additional information can be found.
Seed Storage:
Duplicate samples of seed will be stored at the USDA Forest Service Dorena Genetic Resources Center (Dorena) in Cottage Grove, OR and at the National Center for Genetic Resources Preservation (NCGRP) under a memorandum of understanding with the USDA Agricultural Research Service in Fort Collins, CO (USDA, 2005).  This MOU states that  

minimum quantities of seed will vary by species, but [the Forest Service] will strive, when possible, to provide a minimum of 500 seed, or seed for two regenerations or two re-establishments of the germplasm population. The maximum number of seed for any accession shipped to NCGRP will be 3,000.

A minimum of 300 seeds per family will be stored at Dorena with its primary purpose as a gene bank for conservation.  To maintain the integrity of the valuable resource into the future, these seed will not be available for restoration, but small amounts of seed may be made available with special approval for research.
To expedite the process of protecting and conserving seed, seedlots with more than 300 but less than 800 estimated filled seed will be stored only at Dorena.  As additional seedlots become available, lots that are only in storage at Dorena will be replaced with lots stored at both facilities.

There are some seedlots that currently have between 700 and 800 estimated filled seed.  For these seedlots and any future seed collections that yield less than 800 seed, priority will be given to providing 300 filled seed for local storage at Dorena, and the remaining amount will be sent to Fort Collins.

The percent of filled seed varies considerably for whitebark pine.  In order to meet the objective of long-term ex situ seed collections, it will be necessary to x-ray all seedlots prior to storage, to ensure that only filled seed are included in storage.
Table 2.  Priority 1 conservation areas for gene conservation seed collections:  areas with little or no seed currently available for conservation.
	Conservation Area
	Number of trees needed
	Management  Unit
	Access
	Notes

	202
	~10*
	1a, 2, 3 a
	Good road access to Hart’s Pass area on the  Pacific Crest Trail
	No rust testing – highest priority

	203
	~10*
	
	Difficult access to most of the area
	

	204
	~10*
	1 a
	Good road access
	

	
	
	2, 5
	Good roads to trails
	No rust testing – highest priority

	205
	~10*
	2 a
	Short steep trail access 
	

	
	
	4, 5
	Trail only
	

	207
	13 
	1, 2
	Trail access
	

	
	
	4 a
	Excellent road access
	

	208b
	25
	1 & 2
	Good road or ski area access
	

	301
	25
	1
	Excellent road access
	No rust testing – highest priority

	302
	25
	1
	Good trail access 
	Rust resistance present

	303
	24
	2, 5, 7a & 7b
	Good road access
	

	601
	25
	1 a
	Excellent access via Mt. Howard gondola and trails
	No rust testing – highest priority
Bulk seed in storage 

	
	
	2, 3, &4
	Good road access to trailheads
	

	701
	25
	1, 3, 5, 6 a,7, 8
	Many accessible areas
	

	704c
	25
	2
	Small
	Small population at Mt. Ashland

	801
	25
	1 a
	Excellent road access
	No rust testing – highest priority

	
	
	2
	Good road access to select tree area
	No rust testing – highest priority

	802
	25
	2, 3
	Good road access
	MU 2 - Priority survey condition

	803
	25
	1 a, 2
	Excellent road access
	

	
	
	3
	Road/trail access
	


* Total of 25 trees needed from seed zone 2E (conservation areas 202, 203, 204 & 205)
a Areas with easy access or established collection areas
b This conservation area is small and not targeted for cone collection but if cones are abundant, seed should be collected.
c This conservation area has a very small whitebark pine population and it is unlikely that collections can be made from 25 trees.
Table 3.  Priority 2 conservation areas for gene conservation seed collections:  less than half the target number of seedlots needed to meet conservation objectives have been collected
	Conservation Area
	Number of trees needed
	Management  Unit
	Access

	101
	16
	1
	Trail access only

	505
	21
	1
	Good road and trail access

	604
	20
	2
	Road access to lookout

	
	
	3
	Good road access

	
	
	4
	Good road access

	703
	18
	1
	Great road access

	
	
	4
	Good road and trail access

	
	
	5
	Trail access


Table 4.  Priority 3 conservation areas for gene conservation seed collections:  
more than half the target number of seedlots needed to meet conservation objectives have been collected.  
	Conservation Area
	Number of trees needed
	Management  Unit
	Access

	401a
	2
	
	Good road and trail access to several management units

	501
	7
	
	Good road access to several management unit


a 24 trees already in storage from 3 other conservation areas in seed zone 4.  If cone crop abundant, additional tree(s) needed for conservation objective may be collected from an easily accessed site.
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Figure 1.  Whitebark pine seed zones and conservation areas in Washington.  (From Aubry et al., 2008)
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Figure 2.  Whitebark pine seed zones and conservation areas in Oregon. (From Aubry et al., 2008)
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