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TITLE:  Yellow birch in the Southern Appalachians as an indicator of Climate Change risk 
LOCATION: National Forests in Southern Appalachian Mountains in NC  
DURATION: Year 3 of 3     FUNDING SOURCE: EM-SRS-Base Plan  
PROJECT LEADER: Kenneth W. Stolte, USDA-FS, Southern Research Station, RTP NC 
kstolte@fs.fed.us  
COOPERATORS:   
Michael Amacher, USDA Forest Service, Rocky Mountain Research Station, Logan UT  
Wally Shortle, USDA Forest Service, Northern Research Station, Durham, NH 
Charles H. Perry, USDA Forest Service, North Research Station, Saint Paul, MN 
FHP SPONSOR/CONTACT: Dale Starkey, FHP-R8, 318-473-7293, dstarkey@fs.fed.us  
PROJECT OBJECTIVES: (1) Determine relationships between condition of yellow birch trees, 
associated low-soil-calcium tolerant tree species, and associated soil  chemistry (pH, Al/Ca, toxins, etc.) in 
the Southern Appalachians (SoApps); (2) assess the potential of yellow birch to indicate forested areas 
susceptible to climate change and other regional stressors (e.g., insects and pathogens, etc.) and increased 
buildup of wildfire fuels and fuel ladders from high yellow birch mortality; (3) and develop maps of forest 
areas at elevated risk from regional stressors like climate change based on condition of yellow birch and 
associated soil chemistry.   
JUSTIFICATION: Yellow birch (Betula alleghaniensis Britt.) is a common tree species found from ME 
to GA, typically at higher elevations on cooler and moisture slopes in the Southern Appalachians 
(SoApps). This project examines in-situ relationships between the condition of yellow birch in SoApps and 
associated soil chemistry. In the Northeast yellow birch is impacted (e.g., damaged boles and crowns,, 
reduced growth, and increased rates of mortality in larger dbh trees) by low soil pH and nutrient cations; 
and high available aluminum (Al) and toxic metals (e.g., lead, zinc, etc.) linked to long-term acidic 
deposition on soils with low buffer capacity (pers. comm. Wally Shortle1).  Decades of acidic precipitation, 
sulfates, nitrates, and toxic metals have also been deposited on Southern Appalachian forests; acidic soils 
have also been implicated in the decline of red spruce on high elevation (typically>5000 feet) mountains of 
the SoApps, and with extensive mortality of overstory red spruce in the Northeast (Driscoll and others, 
2001). Aerial observations of loose clusters of large, standing dead trees in 2005 were later identified in 
ground surveys as yellow birch (YB) growing on SoApps slopes below areas with severe red spruce 
decline. Mineral soil samples (using FIA protocols) taken near 3 large, dead YB from a typical mortality  
site were found to have very low pH (< 3.5), low cation exchange capacity, low soil Ca, Mg, and K, high 
Al:Ca ratios; and high concentrations of Zn, Pb, and S and other pollutants typically associated with high 
acid deposition (Mike Amacher2).  In 2008 an FIA soil report showed large areas of the SoApps were 
highly acidified (pH<4.0); had low Ca:Al ratios; and many sites with an overall poor soil quality index 
(SQI is based on a number of soil fertility/toxicity factors) compared to many sites in the Northeast 
mountain areas where yellow birch, sugar maple, red spruce, and other tree species have been shown to be 
degraded by soil-calcium depletion. This study is geographically important because the results will be 
relevant to yellow birch and other Ca-sensitive tree species in the higher Southern Appalachians and 
surrounding forests. The biological impact and political implications are significant because it will identify 
whether yellow birch can be an acid-rain canary of high-elevation Southern forests; identify areas where 
soil acidification has weakened low-calcium intolerant species; and identify areas where soil acidification 
is threatening other trees species. This study has a high probability of successful completion for several 
reasons: (1) There is available FIA P3 data on soil chemistry (Mike Amacher2) and yellow birch condition 
in the SoApps (Liz LaPoint3); (2) recently large, dead yellow birch in SoApps were associated with 
extremely acidic, calcium-leached soils containing high levels of Al, Pb, and Fe; (3) the PI and 
collaborators collectively have extensive expertise in conducting regional forest surveys and monitoring, 
analyses and interpretation of forest trees and soils data, and linking Ca-depleted soils to the condition and 
mortality of yellow birch and other Ca-sensitive species.  
DESCRIPTION:  
a. Background: Acidic deposition and subsequent soil acidification has markedly reduced available soil 
Ca2+ in the cation exchange system of forest floors and upper mineral soils of mountain forests from Maine 
to Georgia (Amacher and Perry, 2008). Trivalent Al3+ is very phytotoxic and becomes available at low pH 
levels; it replaces the nutrient mono cation K+ and divalent cations Ca2+ and Mg2+, and creates destabilizing 
effects in forest ecosystems (Driscoll et al., 2001; Shortle et al., 2008). Yellow birch, like sugar maple, red 
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spruce, white ash, and some other tree species, is a poor re-absorber of within-tree calcium and thus is 
negatively affected by low concentrations of soil calcium (pers. comm. Wally Shortle1). Yellow birch 
retains Ca in older tissues and cannot move it to newer growing tissues because it does not have a 
functioning Ca-resorption system. Black cherry, oaks, southern beech, and other species, however, can 
translocate Ca and therefore are relatively tolerant of low soil-calcium conditions. Low soil-calcium 
intolerant species have a high demand for Ca for growth, maintenance, and in defense and repair of wood 
from infection, because the protective codit systems (compartmentalization of decay in trees) in roots, 
stems, and branches have a high Ca demand.  These species also have a high demand for photosynthate to 
actively absorb available Ca from a decreasing soil Ca pool while excluding available Al from an increasing 
soil Al pool. This greatly increases stress and vulnerability to damage from drought, cold, insect defoliation 
(e.g., gypsy moth), winter storm injury, root-rots, etc.  The decades of substantial increased acid deposition 
has increased the vulnerability of Eastern forests to these stressors. We expect to see marked differences in 
overall tree condition between co-occurring Ca-tolerant and Ca-intolerant species at sites with low soil Ca 
that should not be present at sites where available soil Ca is much higher. The differences in response of 
Ca-tolerant and Ca-intolerant tree species will help to differentiate whether poor YB tree condition is 
caused by other stressors than low soil Ca.  
b. Methods:  Analyze FIA Phase 2 and 3 data on trees, saplings, and seedlings of yellow birch, black 
cherry, red spruce, sugar maple, and other relevant species and associated soils data for Bailey’s ecoregion 
section M221 (by and across subsections M221Dc+d.  Stratify data by tree species and 3 dbh classes of 
>15”, 12-15”, and 5-12”. These dbh classes were chosen because larger dbh yellow birch (>15” dbh) often 
have the strongest response to low soil Ca; and the other dbh classes were based on FIA thresholds for 
delineating hardwood sawlogs (8-12” dbh) and hardwood sawtimber (> 12”). Other data stratifications will 
include physiographic (slope, elevation, and aspect) and topographic (ridge, slope, bench, cove, etc.) data, 
and other relevant co-variate factors to minimize ‘noise’ in discerning differences. Differences in crown 
condition, damage, growth, mortality, sapling vigor, and seedling regeneration among target tree species 
Ca-tolerant and intolerant) will be compared to associated soil chemistry. We will identify three strata 
(high, medium, and low yellow) of yellow birch condition from FIA data and conduct 24 surveys per year 
for years 1 and 2 to obtain a robust sample of current yellow birch and associated soil conditions. FIA 
protocols will be used to assess condition of yellow birch and associated Ca-tolerant and intolerant tree 
species; to collect 6 mineral soil samples (3 each at 0-4 in. and 4-8 in.); and collect other relevant data 
when possible. Each survey site and trees evaluated will be GPS’s for relocation and for GIS analyses of 
site conditions, area of polygons, etc. All survey data will be digitized and analyzed using descriptive, 
multivariate, regression, ordination, and other data analyses to evaluate the relationship of yellow birch and 
other tree species condition and soil chemistry. We will determine if yellow birch may be a good in situ 
indicator of acidified soils with high soil Al/Ca ratios and declining forest condition. GIS maps will be 
developed to evaluate areas with increased vulnerability to climate change and other stressors (e.g., air 
pollution; invasions of exotic plants and pests; and epidemic outbreaks of native insects and pathogens) 
(Stolte 2001); high potential for decreased water quality and biotic diversity (Shortle and others, 2008); and 
increased fuel loading and fire risk. Links may be explored between yellow birch condition and remotely-
sensed MODIS data and TOPs models (e.g., GPP, NPP, evapotranspiration, and others), if feasible.      
c. Products:  Products will include a report to the FHM program; poster presentation at FHM Workgroup 
meetings; and one or more peer-reviewed journal articles on most interesting results. 
d. Progress to Date: Survey methods were fine-tuned at beginning of season in June. We successfully 
used existing FIA P2 data to locate areas where larger dbh (>15”) YB were common. We established 48 
survey sites within Bailey’s ecoregion subsections M221Dc and M221Dd that contained on average 17 YB 
trees, with 5+ YB in 3 target size classes (>15”, 12-15”, and 5-12”). Samples of soil from 2 depths (0-4” 
and 4-8”) were collected under 3 randomly-selected largest YB trees at each site (288 samples total) and 
sent to FIA soils lab in Grand Rapids MI for analyses. Litter plus duff depth were collected at each soil 
sample point. Data collected included crowns (dieback, transparency, ratio; crown position); damage (type, 
location, and severity of 2 most serious damages per tree); and dbh and height. Additional data within 
polygons include basic site data (elevation, slope, aspect); seedling and sapling regeneration of YB; general 
plant community types (based on common herb, shrubs, and vines); and number of associated low soil-
calcium tolerant and intolerant tree species > 8inches.  Data digitization has been completed for 48 sites 



3 
 

and 731 trees. All trees were GPS’d within sampling polygons (created by distribution of sampled trees) to 
determine size and distribution of YB trees within polygon. An initial analysis of YB data indicates: 
 
 1. serious damages on larger YB trees were common (compared to smaller size classes of YB—this is a 
preliminary observation that will be quantified by the Damage Severity Index (FIA method) —however the 
number,  frequency, and severity of serious damages were highest on larger YB dbh class)(Fig. 1); 
2. There seems to be a paucity of YB regeneration at most of the YB sites—this was also observed in the 
FIA data for the whole of ecoregion section M221D and for YB in all of NC (fig. 2);   
3. black cherry (tolerant low soil-calcium species) and sugar maple (intolerant low-soil calcium species) > 
8 inches dbh were common associates w/YB at most sites. Red spruce was found at some of the YB sites. 
We were able to tally number of trees > 8" of these other soil-calcium species in the sampling polygons 
(various areas depending on distance between nearest-neighbor associations of YB trees at site). No size or 
condition data of these other tree species was possible in year 2.  
5. Very large coarse woody debris observed in sampling polygons was often large dead yellow birch; 
6.  Survey sites and trees within sites were recorded in GIS to evaluate geospatial distribution of sampling 
points, and as a permanent record of where sites and trees are located.  
 
General Plans for 2011: Analyze YB data from 48 sites and compare with soil analyses data to guide 
collection of field data in 2011. Identify sites where multiple soil ca-tolerant/intolerant species are found, 
and collect condition data (dbh, ht, crowns, damage, regeneration, large down wood) on associated black 
cherry, sugar maple, red spruce, and/or white ash. At each site collect 2 wood samples from a subset of 
trees of each species. Wood sample #1 is a 12mm tree core sample taken to 2 inches for analysis of growth 
in recent decades. Wood sample #2 is a 3/8 inch x 2 inch plug taken in same general area (around dbh) for 
analysis of wood chemistry in comparison with. The hole created by wood sample #2 will be photographed 
for later evaluation of wound healing capability of each tree (separate study) 
 
Evaluation of yellow birch condition, wound healing, and mortality risk will include the following 
approaches: 

• YB dbh size classes (3) by 3 molar Al:Ca classes (<1, 1-5, and >5) of rooting zone soils  
• Crown and damage condition (FIA variables) 
• Stem growth, years/inch DBH; latest inch; prior inch 
• Wound closure and dieback, 1st yr June to Oct.:  2nd yr Oct (post-wound healing) (Shortle) 
• CODIT, inverse of spread of infection after 2 seasons (2nd yr Oct.)(Shortle) 
• Map spatial distribution of YB and associated species condition and acid deposition  

 
d. Schedule of Activities:  
2011 (Year 3) 
January-March: Identify a subset YB 2010 survey sites to resample in 2011, based on 2010 data analyses.  
March-May: GIS survey sites. Obtain necessary collecting permits for sampling. 
June-August: Sample subset of YB sites for black cherry, red spruce, and white ash for condition. Collect 2 
wood plugs from a subset of trees for chemical analyses and wound response (Shortle)   
September-October: Digitize all survey data; first year evaluation of wound response (Shortle) 
October-December: Analyze and interpret data from 2011.  
January-March 2012: Write final report; develop poster for FHM annual meeting, publish in journals 
October 2012: 2nd evaluation of wound response (Shortle); publish results in journals 
November-December 2012: include Oct. 2012 wound responses in analyses; publish in journals 
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Budget:  
 

Item 
YEAR  3 (FY2011) 

Requested FHM EM Base Funding   

Administration/Salary 24 field days each for 2  2-person teams: $19066.00 
Data Digitization:   $3,240.00 
Project Management: $1000.00    

Travel:   $1392.00 (2 vehicles @ $0.58/mile; average 100 miles roundtrip; 24 survey sites each) 

Equipment/Materials: $302.00 

Contracting & 
Collaboration 

SRS-RWU4854 (Travel & Technical Assistance): $3000 
Equinox Environmental: $25,000 

Soil Analyses:  192 samples from 0-4” and 4-8” depths @ $50 each = $9600 (collected in 2010; 
analyzed in 2011) 
Total  $37,600 

Source of In-Kind Support: RMRS-FIA Soils; SRS-EFETAC; NRS-FIA Soils & Plant Pathologist  
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Figure 1. Relationship between YB dbh (blue) and FIA damage location 1 (red bars) for 732 YB trees from 48 
sites in Southern Appalachians. Note: lower numbers in FIA damage locations are more serious injury.  
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Figure 2.  Regeneration of YB seedlings and saplings at 48 survey sites in southern Appalachian mountains in 2010. 

 
 

 
 
 
 
 
 
 


