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IS, (Av/es): Description

Ables second largest genus
I Pine Eamily  (Pinaceae)

=45 species worldwide, —10
intNoerth America and: Mexico

Pyramidal coniiiers
Upright deciduous cones

Flat, blunt-tipped needles
Fraser fir foliage, Roan
Mountain, Tenn./N.C.
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Central/Southern Appalachian firs

TWo taxa
Eraser fir (Ab/es: lraseri)

Intermediate/Canaan fir (Ab/es
pajlsameaNar. prHanero/eps)

Small, fragmented populations

Under threat by exoetic pest and
climate change

Both related to balsam fir

Fraser fir at Mt. Rogers, Va.

Both associated with red spruce
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Central/Southern Appalachian; firs ==




NC STATE UNIVERSITY

Fraser fir

Six. main pepulatiens in
North Carolina,
Tennessee and Virginia
Boreal species

Moist and' cool conditions

Mostly feund aboeve S
~1,300 m (5,500 ft)

Dominant tree species _ _
above ~1,800 m (5,900 ft) oy mountaine National park
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Intermediate/Canaan fir

Very limited distribution

West Virginia (including
Canaan Valley)

High-elevation boggy sites (like canaan'\/ai|e¥ State Park,
northern: balsam fir) West Virginia

~4 populations ‘

Virginia: Shenandoah N.P-

High-elevation ridge top sites
2 small stands

Shenandoah National
Park, Virginia
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Intermediate fir

Legend

@ Intermediate fir stands

- Spruce-fir forest

| National forests
[ Shenandoah NP
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Balsam wooelly adelgid

Since 1950s, extensive
Fraser fir mortality frem
exotic balsam woolly adelgid
(BWA)

~00) percent mortality in
Great Smoky Mountains, Black
Mountains

Younger trees largely escape
infestation

New generation now: reaching

at whichi infestation m|ght re- Fraser fir snags at Clingman’s
Dome, Great Smoky Mountains
Occur
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Balsam woelly adelgid

More recently, BWA
has' resulted 1n
mortality in
Intermediate fir stands

Does| balsam
fir/intermediate. fir
have some resistance
to BWA?

Intermediate fir mortal Canaan Valley
State Park, W.V.
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Climate change

Will'changing climate
push Fraser: fir offi the
mountain; tops?

Fraser fir-red spruce —

forest could e
eliminated with*3% €
increase in mean
temperature

Are small, fragmented L : SR s
intermediate f”" Roan Mountain population from Grassy:

§ . Ridge Bald, N.C./Tenn.
populations at particular
risk?
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Evolutionary relationships

Genetic studies: taxa closely related

Fraser fir, intermediate fir and balsam fir have
peen classified as varieties of the same
SpPecies

Clinallvamnatien complicates delineation

Northi to southi (balsam,, intermediate and
Fraser fir): cone bract length, leaf oils, wood
properties
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Balsam fir (Ab/es balsaniea)

Abies balsamea cones
(University of New Brunswick)
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Eraser: fi (Abl/es fraser)

Abies fraseri cones
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Intermediate/Canaan fir (Ab/es
palsameaNanr. PrAanere/epss)

Abies balsamea var. phanerolepis
cones, Shenandoah National Park
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Subalpine fir (Ables /as/ocarnpa)

Abies lasiocarpa cones
(Philip Haddock, California Native Plant Society)
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Research guestions

[How: much genetic variation exists in
EFraser fir and intermediate fir?

How: clesely: related are these s e each
other and to balsamifir?

What do the genetic relationships of
these taxa tell' Us abeut their recent
biegeographical history?

Microsatellite molecular markers

Tandem repeats ofi simpler motifif DNA
seguences, (e.q., GTr or AAT) amplified by
polymerase chain reaction (PCR)

Highly: pelymorphic, co-deminant, consistent,
relatively easy to use

Locil developed from: Eraser fir at the: USDA
Forest Senvice Seuthern Institute ofi Forest
Genetics i Saucier, Mississippi

10 microsatellite loci in this study




—  Micresatellite analysis
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Genetic diversity

Fraser fir

T

Virginia
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Legend
@ Intermediate fir stands

- Spruce-fir forest
| National forests
[ Shenandoah NP
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Pairnwise genetic relatienships
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Delineating species

Eastern firs may. best be classified as one
species with three varieties
Not much differentiation (5.7%, Fo-=0.057)

Subalpine fir, however, is strongly differentiated

1
A. balsamea A. balsamea var. A. balsamea A. lasiocarpa
var. balsamea phanerolepis var. fraseri
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IHidden genetic structure

Bayesian clustering program InStruct
searnched fior hidden pepulation| structure

Combines infermation from several loci into a
single prebability medel

Useful with: continueus species; distribution

Used! results to determine “demes™ in
palsami fir, intermediate fir, Eraser fir

Delineated three demes in balsam and
intermediate, two in Fraser
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Legend
I Frase s

|| Mational forests
I | Great Smoky Mountains NP
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Balsam fir deme delineation

=

Inferred ancestry

of balsam fir individuals |
®  Maritime deme
L] Western deme

L] Northeastern deme
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Subalpine fir (SAF)

Intermediate fir, Virginia (VIF)

Balsam fir, Maritime (MBF)

Intermediate fir, Northern (NIF)

Intermediate fir, Southern (SIF)

Fraser fir, Southern (SFF)

Fraser fir, Northern (NFF)

Balsam fir, Western (WBF)

Balsam fir, Central (CBF)
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&

Inferred ancestry
of balsam fir individuals
®  Maritime deme
@  Western deme

® Northeastern deme
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Relationship among taxa, deme

Virginia
Intermediate

Gene pool assignment
by cluster

4

16



NC STATE UNIVERSITY

NC STATE UNIVERSITY

Evoelutionary, distributionall history.

May: have heeni three main fir glacial
refugia durng the late Pleistocene, each
assoclated with'a halsam fir deme

Unexpectedly, Eraser fir andiintermediate
fir more clesely related! to maritine lhalsam
fir deme than northeaster deme
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Fir refiugia, migration

Inferred ancestry
of balsam fir individuals
®  Maritime deme
@  Western deme

® Northeastern deme
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What's the origin of seuthern firs?

Two possibilitiesi (Jacols er al. [1984])

“Clinal fragment” hypothesis
Fraser, balsam fir indistinct during Pleistocene
Clinallvariation;developed during migration
Fraser fir further differentiated! by selection, drift

“Montane ecotype” hypothesis

Bract exsertion an adaptive extreme associated with
high elevation/moisture during Pleistocene

Fraser fir lost non-exsertedness with isolation
Intermediate fir diluted version of adaptive extreme
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Conclusions

Eraser fir, balsam fir, and intermediate: fir:
prokably best considered a single species

Low! levels: off genetic diversity in: Eraser
and intermediate’ fir

Eraser fir and intermediate fir: are' closely.
related, and both closely related to
Maritime, balsam; fir

Probable “moentane ecotype’™ origin of:
Eraser and intermediate fir
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Questions or comments?

Abies balsamea var. phanerolepis stand, Canaan Valley State Park, W.V.
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