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* How can thinning of trees be incorporated * What information is needed to make meaningful
with other techniques such as prescribed fire dynamic models of whitebark pine habitat in
to maintain whitebark pine habitat and deter a changing climate scenario, including models
mountain pine beetle attack? that could provide site-specific information to

« How would thinning affect mountain pine managers for determining the best places to

beetle activity in different stand and landscape
conditions?  Are there indicator species that can be used to predict
where it is no longer wise to attempt restoration or
places where restoration should be attempted? Are
there shrub and herb species that respond more
rapidly to climate change than whitebark pine that
could be used in such an endeavor?

undertake restoration efforts?

 Are there already areas, especially in whitebark
pine’s lower elevation habitat, where restoration
attempts are likely to be fruitless?

* Are there currently areas higher in elevation
than the obvious whitebark pine habitat where
restoration activities should be directed for
potential future habitat?

USFS

Planting whitebark pine seeds in a planting feasibility research project.



ApaPTIVE MIANAGEMENT

An adaptive management approach is highly
appropriate for whitebark pine restoration in the
Pacific Northwest. Given our lack of past experience
with whitebark pine planting and silviculture and the
urgency of doing some kind of mitigation as quickly
as possible in stands that are obviously suffering
significant amounts of mortality and decline, adaptive
management is the only realistic way to proceed.

We must try things, monitor results, and learn from
successes and failures.

This restoration strategy is intended to cover the next 5
years. At the end of that time, new information applicable
to whitebark pine restoration and conservation should

be used to prepare a refined strategy. Adjustments

in approach may be needed even sooner if based on
compelling evidence. Much significant information

will be generated by results of on-the-ground projects.
Although the emphasis for the next 5 years will be on
planting pertinent areas with whitebark pine seedlings,

it is to be hoped that significant new information will be
gained regarding principles of propagating, handling,

and planting the species as well as differences in survival
and growth associated with different sites and micro-sites
and different levels of vegetative competition within the
region.

Whitebark Pine Restoration Strategy for the Pacific Northwest Region

New information should be gathered in one place and
ultimately evaluated. This could be the responsibility
of a regional whitebark pine restoration coordinator,
as suggested in the previous section. Such a position

could also handle dissemination of results to managers

in the field, as well as training and education programs.
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GLOSSARY

acclimation—response by an organism that enables it
to tolerate a change in a single factor (eg temperature)
in its environment. Also, phenotypic adaptation to
environmental fluctuations; the gradual and reversible
adjustment of physiology or morphology as a result of
changing environmental conditions.

adaptation—In the evolutionary sense, some heritable
feature of an individual’s phenotype that improves its
chances of survival and reproduction in the existing
environment.

adaxial—Situated on the same side as or facing the axis.

aeciospore—A non-repeating, asexual spore borne in an
aecium; the spore type of C. ribicola that is produced
on a five-needle pine and spreads to and causes
infection on an alternate host.

allele—A shorthand form of allelomorph, one of a series
of possible alternative forms of a given gene differing
in DNA sequence, and affecting the function of a
single product (RNA and/or protein). If more than two

alleles have been identified in a population, the locus is

said to show multiple allelism.

allozymes—Allelic forms of an enzyme that can be
distinguished by electrophoresis, as opposed to the
more general term isozyme.

alternate host—A second host required for completion
of the life cycle of a rust fungus; in the case of C.
ribicola, for example, Ribes, Pedicularis, or Castellija
species are alternate hosts and five-needle pines are
considered to be primary hosts.

anthropogenic—Of, relating to, or involving the impact
of humans on nature.

basidiospore—A sexual spore produced on a basidium
where fusion of compatible nuclei and reduction
division occurs; the spore type of C. ribicola that

spreads from an alternate host and initiates infection on

a five-needle pine.

cache—In relation to seed dispersal by animals, refers
to a discrete site selected by an animal for temporary

cone or seed storage. Caches may contain one or many

cones or seeds depending on the species of animal
storing and the species plant being stored; also the
act of placing, hiding, or storing provisions in such a
place.

canker—An area of necrosis on a stem or branch,
usually with a sunken surface.
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chloroplast—The chlorophyll-containing

photosynthesizing organelle of a plant.

cold hardiness—A measurement of a plant’s response

to declining temperatures including acclimation, mid-
winter hardiness, and deacclimation.

common garden—A scientific study in which many

families of a given plant species sampled from an
identified geographic area are grown in a common
environment. Common garden studies generally
include replications in two or more growing
environments. Environmentally induced phenotypic
differences between the plants are minimized, allowing
observation and comparison of genetically adapted
traits. Common garden studies are used to determine
seed transfer zones.

connivent—Converging but not fused.

electrophoresis—The movement of the charged

molecules in solution in an electrical field. The solution
is generally held in a porous support medium such as
filter paper; cellulose acetate (rayon); or a gel made

of starch, agar, or polyacrylamide. Electrophoresis is
generally used to separate molecules from a mixture,
based upon differences in net electrical charge and also
by size or geometry of the molecules, dependent upon
the characteristics of the gel matrix.

embryo—The young plant within a seed, usually

comprised of the plumule, radicle, and cotyledons.

epigeal germination—Growing above the surface of

the ground, the cotyledon forced above ground by
elongation of the hypocotyl.

etiology—The causes of a disease or abnormal condition;

a branch of knowledge dealing with causes.

fascicle—A bundle or cluster of stems, flowers, or leaves,

such as the bundles in which pine needles grow.

fitness—The relative ability of an organism to survive

and transmit its genes to the next generation.

five-needle pine—A pine in the subgenus Strobus, also

known as a soft or white pine; characterized by having
five needles per fascicle.

fundamental niche—The total range of environmental

conditions that are suitable for a species’ existence,
without taking into account the effects of interspecific
competition and predation from other species.

gamete—A mature germ cell possessing a haploid

chromosome set and capable of initiating formation of
a new individual by fusion with another gamete.
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granivore—An animal that selectively eats seeds.

gene flow—The exchange of genes among different
populations of the same species produced by migrants,
and commonly resulting in simultaneous changes in
the gene frequencies at many loci in the recipient gene
pool.

genetic differentiation—The accumulation of
differences in allelic frequencies between isolated or
semi-isolated populations due to various evolutionary
forces such as selection, genetic drift, gene flow,
assortative mating, etc.

genetic drift—The random fluctuations of gene
frequencies due to sampling errors. While drift occurs
in all populations, its effects are most evident in very
small populations.

girdle—To kill a plant by interrupting the flow of water
and nutrients around the stem.

heterozygosity—The conditions of having one or more
pairs of dissimilar alleles.

homozygosity—Having identical rather than different
alleles in the corresponding loci of homologous
chromosomes and therefore breeding true.

hybridize—To cause the production of hybrids, to
interbreed; a hybrid is an offspring of two animals or
plants of different species.

inbreeding depression—Decreased vigor in terms of
growth, survival, or fertility following one or more
generations of inbreeding.

infection—The establishment of a pathogen in its host
after invasion.

infestation—Living on or in as a parasite; used to signify
successful colonization of a tree by bark beetles.

intolerant—Not adapted to enduring a specific
condition; in the case of trees, usually used to describe
a species that is intolerant of shade and does not grow
well in situations where it is shaded by other trees.

keystone species—A species whose effect in an
ecosystem is disproportionately large relative to its
abundance; the term has also been widely used to
denote a species on which associated species depend
for support.

krummbholz—A shrub-like or prostrate form of a high-
elevation tree that has developed its low, bent shape
because of frequent exposure to high winds.

larder-hoard—Method of food storage by animals in
which items are concentrated in one or few caches.
Larders are visited multiple times.

maladaptation—Incomplete, inadequate, or faulty
adaptation.

markers—A gene with a known location on a
chromosome and a clear-cut phenotype, used as a point
of reference when mapping a mutant.

megagametophyte—The eight-celled embryo sac that
develops within the ovule of an angiosperm.

microsatellite—Tandemly repeated DNA sequences of
one to six bases.

microsite—A small site with its own climatic conditions
that may differ from those in its surroundings; for
example, a damp, low-lying site in an otherwise dry
area.

midden—An accumulation of cone debris that collects
beneath the preferred feeding perches of squirrels.
Squirrels may use middens for food storage.

monoecious—Producing pistillate and staminate flowers
on the same plant.

monoterpenes—a specific class of terpenes, which
are hydrocarbons, and are the primary constituents
of essential oils in plants and a major component of
conifer resin.

mutate—To undergo a fundamental change in heredity,
producing new individuals that are basically unlike the
parents.

mutation—The process by which a gene undergoes
a structural change; a modified gene resulting from
mutation; by extension, the individual manifesting the
mutation.

mutualism—An interaction between two or more
species where both species derive benefit. Mutualisms
can be lifelong interactions involving close physical
and biochemical contact (known as symbiosis) such
as those between plants and mycorrhizal fungi; they
can also be briefer, non-symbiotic interactions, such as
those between flowering plants and pollinators or seed
dispersers. Mutualisms may be optional (facultative) or
obligatory.

mycelium—The mass of filamentous fungal strands
(hyphae) that forms the vegetative portion of a fungus.

ovoid—Shaped like an egg.



pathogen—A disease-causing agent.

phenology—The study of periodic biological
phenomena, such as flowering, breeding, and
migration, in relation to climatic conditions.

phenotypically resistant—Having the appearance of
being resistant; for example, a tree that appears to be
healthier than its neighbors when all have had equal
exposure to a pathogen such as C. ribicola.

polymorphic locus—A genetic locus, in a population,
at which the most common allele has a frequency less
than 0.95.

population—A local (geographically defined) group of
conspecific organisms sharing a common gene pool;
also called a deme.

pruning—Cutting branches off a tree’s stem for a
specific purpose.

pycniospore—A rust fungus spore type that is borne in
a pycnium and serves as a gamete; in the case of C.
ribicola, pycniospores are produced on the five-needle
pine host and do not induce additional infections.

realized niche—The part of the fundamental niche that a
species actually occupies.

refugia—Areas where special environmental
circumstances have enabled a species or a community
of species to survive after extinction in surrounding
areas.

resistance—The ability of an organism to overcome
completely or to some degree the effect of a pathogen
or other damaging factor.

restoration—To bring back or put back into a former
or original state; management aimed at reversing the
decline of a species and returning it more nearly to a
former desirable condition.

scatter-hoarding—A method of food storage by
animals in which items are cached in many locations
throughout an individual’s home range. Unlike larders,
scatter-hoards are usually visited only once for caching
and once for retrieval.

selection—The process of determining the relative
share allotted individuals of different genotypes in the
propagation of a population. The selective effect of a
gene can be defined by the probability that carriers of
the gene will reproduce.
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selfing—Undergoing self-pollination or self-fertilization.

sessile—Attached directly by the base and not raised
upon a stock or peduncle.

source-sink—A population structure where one
population, the source, is permanent and supplies
individuals to restart one or more transient populations
(sinks).

spore—A minute propagule that functions in the manner
of a seed but lacks an embryo.

stomates (stomata)—The minute pores in the epidermis
of a needle, leaf, or stem through which gases and
water vapor pass.

strobilus (plural strobili)—the fruiting body of a
gymnosperm.

stratification—A pre-germination treatment intended
to break dormancy in seeds that is accomplished by
exposing them for specific times to moisture in cold
and warm conditions.

sublingual pouch—A diverticulum or sack-like
extension of the floor of the mouth under the tongue
used by birds in the genus Nucifraga to carry seeds.

teliospore—The spore type of a rust fungus in which
male and female nuclei fuse and from which the
basidium arises. In the case of C. ribicola, teliospores
are formed on telial colums on the leaves of alternate
hosts.

trait—Any detectable phenotypic property an organism;
synonymous with phenotype, character.

urediniospore—An asexual dikaryotic rust spore
produced in an uredinium. In the case of C. ribicola,
uredinia and uredniospores are produced on the leaves
of alternate hosts and urediniospores re-infect alternate
host leaves contributing to build-up of inoculum.

variation—Divergence among individuals of a group,
specifically a difference of an individual from others of
the same species that cannot be ascribed to a difference
in age, sex, or position in the life cycle. The variations
of evolutionary significance are gene-controlled
phenotypic differences of adaptive significance.

virulent—Highly infective; marked by a rapid, severe,
and malignant course.

89



90 Whitebark Pine Restoration Strategy for the Pacific Northwest Region

Acronyms
ACRONYM FULL MEANING
ABAM Abies amabalis (Pacific silver fir)
ABLA Abies lasiocarpa (subalpine fir)
CA conservation area
DBH diameter at breast height
GIS geographic information system
Hwy highway
LALY Larix lyallii (subalpine larch)
MPB mountain pine beetle
MBS Mt Baker-Snoqualmie National Forest
Mt Mountain
NEPA National Environmental Policy Act
NPS National Park Service
OCRA Oregon Cascades Recreational Area
PAG Plant association group
PIAL Pinus albicalis (whitebark pine)
PICO Pinus contorta (lodgepole pine)
PIEN Pinus engelmannii (Engelmann spruce)
PIMO Pinus monticola (Western whitepine)
PSME Pseudotsuga menziesii (Douglas-fir)
TSME Tsuga mertensiana (mountain hemlock)

WPEF Whitebark Pine Ecosystem Foundation



