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AbstrAct 

Eastern hemlock (Tsuga canadensis [L.] Carr.) is an ecologically important species facing two 
serious threats: extensive mortality caused by the invasive hemlock woolly adelgid (HWA) 
(Adelges tsugae Annand), and changing climatic conditions that could render much of its 
current habitat unsuitable. We are conducting the first rangewide population diversity study 
of eastern hemlock, using highly variable molecular markers, to (1) help guide gene conser­
vation efforts for the species, (2) assess the genetic effects of isolation on peripheral disjunct 
populations, and (3) assess regional differences in genetic variation to better understand the 
biogeographical processes that have shaped the genetic architecture of the species. This study 
encompasses 61 eastern hemlock populations, of which 9 are peripheral disjuncts, half are 
from areas north of the maximum extent of the Wisconsinian glaciations, and 17 have been 
infested with HWA. We selected 13 highly polymorphic and consistent nuclear microsatel­
lite loci to include in the analysis after screening 42 loci that were previously isolated from 
eastern hemlock, Carolina hemlock (Tsuga caroliniana Engelm.) and western hemlock (Tsuga 
heterophylla [Raf.] Sarg.). We have conducted a preliminary analysis using eight of the 13 loci. 

We found moderate levels of genetic differentiation among populations, with approxi­
mately 6 percent of the variation among, rather than within, populations (FST = 0.063). Overall 
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observed heterozygosity was less than expected heterozygosity (0.619 and 0.532, respective­
ly), and most populations throughout the range of the species had relatively high levels of in­
breeding, with the exception of some populations in the southern Appalachian mountains and 
the Northeast. Based on measures of allelic richness and heterozygosity, the species appears 
to have two main centers of genetic variation, in the southern Appalachians and New Eng­
land. Unique alleles, however, were present in the highest numbers in western populations, 
including disjuncts in Indiana and Kentucky. Northern populations, on average, had more 
unique alleles than southern populations, while southern populations had slightly higher al­
lelic richness and heterozygosity. Interior populations were more diverse than disjunct popu­
lations by nearly every measure. Disjuncts, however, had more private alleles on average, and 
were much more inbred. Populations uninfested by HWA had slightly higher levels of allelic 
richness and heterozygosity, and more unique alleles on average, than infested populations. 

Using a standard population clustering approach, eastern hemlock populations appear to 
cluster weakly into regional groups. A Bayesian clustering analysis of individual trees using 
the program InStruct, meanwhile, suggested that the species contains eight gene pools. Strong 
geographic patterns were apparent in the arrangement of these gene pools, with all eight gene 
pools dominant in southern populations, only four dominant in the Northeast, and only one 
dominant in the Great Lakes region. These findings may offer clues into the location of glacial 
refugia and patterns of post-Pleistocene movement of the species. Specifically, a glacial refuge 
may have existed in the South, with a main post-glacial movement into the Northeast, and 
from there into the Great Lakes region. A separate migratory path may have existed to the 
populations west of the southern Appalachian crest and south of the Great Lakes. 

We are incorporating these results into a genetic risk assessment that takes into account 
patterns of HWA infestation and potential climate change pressures.  We are using the Multi­
variate Spatio-Temporal Clustering approach to generate maps of currently acceptable habi­
tat for eastern hemlock, and then projecting future suitable habitat in 2050 and 2100 under 
two scenarios (high and low emissions) for each of two global climate models (Hadley and 
Parallel Climate Model [PCM]).  To quantify the risk of climate change pressure to eastern 
hemlock populations, we identified currently acceptable habitat that might not be acceptable 
in 2050 by overlaying the species’ current habitat with habitat projected under the Hadley 
low emissions scenario. While newly acceptable habitat may be available to eastern hemlock 
north of its current range in Canada, large areas west of the southern Appalachians and in 
New England may no longer be suitable. These areas contain high levels of genetic variation: 
higher heterozygosity and allelic richness in New England and unique alleles west of the Ap­
palachians. 

The preliminary results of this work suggest the following: (1) Efforts to conserve the ge­
netic variation of eastern hemlock should focus on the areas with the highest allelic richness 
and heterozygosity (the southern Appalachians and New England) and on areas elsewhere in 
the range with high numbers of unique alleles. (2) Gene conservation activities also should 
target disjunct populations. While these appear to be more inbred and less genetically diverse 
than interior populations, several also contain high numbers of unique alleles. (3) It is not too 
late to conserve eastern hemlock genetic variation, given that much genetic variation exists 
in locations that have not yet been impacted by HWA.  (4) The potential impacts of climate 
change should be considered alongside risk of HWA infestation when determining gene con­
servation strategies for eastern hemlock. 
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References to pesticides appear in some technical papers represented 
by these abstracts. Publication of these statements does not 
constitute endorsement or recommendation of them by the 
conference sponsors, nor does it imply that uses discussed have been 
registered. Use of most pesticides is regulated by state and federal 

laws. Applicable regulations must be obtained from the appropriate regulatory 
agency prior to their use. 

CAUTION: Pesticides can be injurious to humans, domestic animals, desirable 
plants, and fish and other wildlife if they are not handled and applied properly. 
Use all pesticides selectively and carefully.  Follow recommended practices given 
on the label for use and disposal of pesticides and pesticide containers. 

Most of the abstracts were submitted in an electronic format, and were edited to 
achieve a uniform format and typeface. Each contributor is responsible for the 
accuracy and content of his or her own paper.  Statements of the contributors 
from outside of the U.S. Department of Agriculture may not necessarily reflect 
the policy of the Department. Some participants did not submit abstracts, and 
so their presentations are not represented here. 

The use of trade, firm, or corporation names in this publication is for the 
information and convenience of the reader.  Such use does not constitute an 
official endorsement or approval by the U.S. Department of Agriculture of any 
product or service to the exclusion of others that may be suitable. 

*Cover map: Produced by USDA Forest Service, 2010. The map depicts coun­
ties with established populations of hemlock woolly adelgid (HWA) that have 
been confirmed by state forest-health officials. The coarse nature (scale) of the 
map does not provide information below the county level; highlighted coun­
ties are not necessarily entirely infested with HWA. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities 
on the basis of race, color, national origin, sex, religion, age, disability, political beliefs, sexual orientation, 
or marital or family status. (Not all prohibited bases apply to all programs.) Persons with disabilities 
who require alternative means for communication of program information (Braille, large print, audiotape, 
etc.) should contact USDA’s TARGET Center at 202-720-2600 (voice and TDD). 

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326-W, 
Whitten Building, 1400 Independence Avenue, SW, Washington, D.C. 20250-9410 or call 
202-720-5964 (voice and TDD). USDA is an equal opportunity provider and employer. 
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