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Abstract

Butternut (Juglans cinerea) has been an important component of eastern hardwood forests in North America since the last ice-age, but an exotic
fungal pathogen (Siracoccus clavigignenti-juglandacearum) has been devastating the species throughout its native range since the late 1960s.
Restoration strategies have not been widely adopted in the southern part of the species’ range, in part due to lack of information on disease and stand
dynamics in the region. We initiated a study in 2004 to determine the feasibility of using butternut in tree ring analysis and to determine effects of
climate and competition on growth and mortality of butternut trees. We studied the tree ring characteristics and population dynamics of butternut
populations in southwestern Virginia and in central Tennessee. Butternuts in both populations were found to be relatively sensitive to annual
variation of climate, particularly Palmer Drought Severity Indices, and had easily distinguishable tree ring boundaries. Overstory tree competition
appeared to be accelerating butternut decline in a stand originating from a clearcut, while old-field succession was benefiting a butternut population
in another stand. Qur results indicate that potential exists to use dendrachronalacy ac a taal in nderctanding the dvnamice hafwoenm hiftarmt
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canker disease, exogenous factors (climate, disturbance), and endogenous factors (tree age, genetics) that will affect butternut population
restoration efforts. These results should be tested in other parts of the species’ range.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Butternut (Juglans cinerea L.) is a hardwood species native
to eastern North America valued for its attractive wood, edible
nuts, and as a mast source for wildlife (Clark, 1958; Rink, 1990;
Ostry and Pijut, 2000). In the southern part of its range,
butternut has comprised 1-3% of arboreal pollen since the last
ice-age (Delcourt, 1979) and was an important component of
species diversity in pre-settlement and early settlement forests
(Campbell, 1989; Shuler, 1997). Butternut was once abundant
enough to be used as a dye for Confederate Army uniforms in
the Civil War and was used by Native Americans for medicinal
purposes (Ostry and Pijut, 2000).

Butternut populations have been declining throughout the
species’ range due to a disease caused by a recently introduced
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fungus [Sirococcus clavigignenti-juglandacearum (Nair, Kos-
tichka, and Kuntz)] (Anderson and LaMadeleine, 1978; Nair
etal., 1979; Furnier et al., 1999). Spores of the butternut canker
disease first cause branch dieback on twigs in the lower canopy,
spores are later carried to the trunk and exposed roots through
rainfall, and multiple stem cankers will weaken and can
eventually kill the tree (Tissert and Kuntz, 1983, 1984).

Butternut is currently listed as a ““species of concern” under the

federal Endangered Species Act of 1973, and mortality from the
canker has exceeded 80% throughout most of its range (Prey
and Kuntz, 1981; Ostry and Pijut, 2000). The species was also
negatively impacted during the 20th century by damming and
channeling of riparian areas where the butternut typically
grows. The tree grows best on loamy soils in riparian forests,
but can also be found on drier soils derived from limestone
parent material (Ostry et al., 1994).

Butternut is a fast growing and shade intolerant species
(Rink, 1990; Ostry et al., 1994) and is considered early
successional due to low plasticity to leaf absorbance of light
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and establishment dynamics in forest stands (St. Jacques et al.,
1991; Doyon et al., 1998). In addition to butternut canker
disease, natural succession in remnant populations causes
butternut replacement due to its relatively short longevity, ca.
70-80 years (Ostry and Pijut, 2000). However, little empirical
evidence exists on establishment and stand dynamics for this
species, particularly in the southern portion of its range.

The tree rings of butternut have been characterized as semi-
ring porous with distinct ring boundaries (Miller, 1976).
However, no research as been conducted to determine the
species’ sensitivity to high-frequency variations in annual
growth caused by climatic fluctuations, a characteristic
preferred in dendrochronology research (Douglass, 1920;
Fritts, 1976). Reconstruction of stand history dynamics using
dendrochronology would allow identification and understand-
ing of processes controlling mortality, including the butternut
canker, succession, or other external factors, such as drought or
disturbance. Land managers could better guide restoration
efforts if they had information on life history, competition
effects, and butternut canker impacts on growth and survival.

Genetic analysis, resistance testing, and observational evid-
ence indicate that the butternut canker disease was introduced
sometime before 1967 when it was first distinguished from native
fungi (Nair et al., 1979; Fumier et al., 1999; Schlarbaum et al.,
1997). The disease generally infects all sizes and age classes of
trees on a variety of sites (Anderson and LaMadeleine, 1978,
Prey and Kuntz, 1981; Ostry et al., 1994). Genetic diversity of
butternut is currentlv low and the species mav have low

preliminary vegetation surveys that identified an unusually high
abundance of butternut in these areas (Fig. 1). Both stands
would be considered typical of other butternut stands surveyed
in the southeastern United States (S.E. Schlarbaum, unpub-
lished data) in that butternut at both sites are found close to
drainages. However, both stands are atypical in the high
abundance of butternut at each site. The first population is
located on private property in Dekalb County (approximately
36°N, —86°W) in a valley located in the Interior Low Platean,
Highland Rim Section of the Eastern Broadleaf Forest Province
(Bailey, 1995). This population, hereafter referred to as
Butternut Valley, is located on 430 acres of mixed hardwood
and riparian forests interspersed with old fields that have been
largely undisturbed since the late 1940s. Elevation averages
250 m. Butternut Valley may contain the highest known
concentration of butternut trees in the southeastern portion of
the species’ range.

The second population is located in a 30 acre hardwood cove
on the Clinch Ranger District of the George Washington-
Jefferson National Forest, Wise County, Virginia, hereafter
referred to as the Clinch site. The Clinch site is located in the
Northern Cumberland Mountain Section of the Central
Appalachian Broadleaf Forest Province (approximately
37.1°N, —82.7°W) (Bailey, 1995). The cove is predominately
east facing, averages 18% slope, 600 m elevation, and
originates from a clearcut in the early 1970s (exact year
unknown).



adaptability to changes in the environment, including the ability
to withstand the butternut canker (Morin et al., 2000).

Butternut restoration efforts and silvicultural presciptions
should be based on a knowledge of successional processes
needed to ensure a natural regeneration component in addition
to resistance and breeding programs (Ostry et al., 1994; Ostry
and Pijut, 2000). Dendrochronology and subsequent analysis
involving variation in tree ring growth can be used to study the
stand dynamics of species and populations, including relation-
ships between growth, climate, and competition (cf. Douglass,
1920; cf. Lorimer, 1980). To date, no tree ring database exists
for Juglans species in North America (Grissino-Mayer and
Fritts, 1997) and no previous studies have examined butternut
in natural stand conditions using dendrochronology.

We conducted a preliminary examination to determine the
feasibility of using butternut in tree ring analysis and to
reconstruct development of two butternut populations in the
southern portion of the species’ range in the United States. We
hypothesized that: (1) butternut will be a problematic species to
use in dendrochronology due to its semi-ring porous pattern and
low variability in annual growth related to climate, and (2)
butternut populations may be recruiting during periods of old-
field succession and following clearcutting, but are negatively
impacted by competition.

2. Study area

‘We chose two populations of butternut in the southeastern
United States for sampling based on personal accounts and

3. Methods
3.1. Field sampling

In 1998 and in 2004, all butternut trees (>>6 cm dbh) at the
Butternut Valley site were examined and 90% of live butternuts
were cored at this site (n = 61). Trees that had obvious sign of
internal bole rot were not cored. At the Clinch site, we
subjectively placed three 0.04 ha circular plots so that each plot
included concentrations of live butternut trees in order to
sample as large a population of butternuts and their competition
as possible. We collected increment cores from all trees
>10 cm dbh within each plot and we also collected increment
cores from butternut trees located outside the plots for a total of
23 butternuts cored at the Clinch site. At both sites, cores were
collected from the longest axis of the tree at a height of 1.4 m
and all trees were measured for dbh. Multiple cores were
sometimes collected if pith was not intercepted. At the Clinch
site, we identified five dead and downed butternut logs and
collected a cross-section from the base of the log for tree ring
analysis. Increment cores were rinsed in an alcohol solution
between core sample collections to reduce risk of disease
infection.

3.2. Sample processing and laboratory methods
Each core was dried, mounted and glued to a wooden core

mount. Cores were sanded with progressively finer grades of
sandpaper (100, 200, 320, 400 and 600 grit) until the cellular
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Fig. 1. Range of butternut in southeastern United States, as adapted from Rink (1990), and locations of study areas.

structure of the tree rings was distinguishable under a stereo-
microscope (10-50x). Cross-sections were dried, planed and
sanded (80, 100, 200, 400 grit). Variations in year to year ring
widths for each core were plotted onto graph paper and then
pooled to create a visual live-tree chronology of each species at
each site and to ensure accurate aging of each core to an exact
calendar year (Douglass, 1941; Stokes and Smiley, 1996).
Phloroglucinol was sometimes applied to yellow-poplar
(Liriodendron tulipifera L.) and basswood (Tilia americana
L.) cores collected from the Clinch site to increase distinction
of tree ring boundaries. For dead tree cross-sections, year of
death was unknown, and cross-sections were dated using visual
crossdating with the live tree chronology. Variations in yearly
tree ring widths from the butternut dead tree cross-sections
were plotted onto graph paper and visually matched with the
live butternut tree chronology to date each ring to an exact
calendar year (Douglass, 1941; Stokes and Smiley, 1996).
For butternut cores and cross-sections, tree ring widths were
measured to the nearest 0.001 mm using a Velmex stage
micrometer. If multiple cores were collected from a tree, we
measured the core that came closest to pith. For butternut cores

in which the pith was missed by an estimated 5 years or more, a
graphical technique was used to estimate the pith date;
otherwise, a visual estimation of number of years to pith was
made (Villalba and Veblen, 1997; Clark and Hallgren, 2004).
For all other tree species, we visually estimated number of years
to pith by examining tree rings nearest the pith and visually
estimating number of years to pith. For cores and cross-sections
with the pith missing due to rot, regression equations were
developed for each site and used to predict pith date using DBH
or diameter of cross-section (Clark and Hallgren, 2004).

3.3. Tree ring analysis and climate data

We used the program COFECHA, version 6.06P, to check
the accuracy of core and cross-section dating (Holmes, 1983;
Grissino-Mayer, 2001). COFECHA is used to test correlations
between successive segments of each tree ring series against the
master chronology, and identifies segments that have a
significantly low correlation at the 0.01 significance level.
For Butternut Valley cores, we used the default settings for
correlations to be computed successively in 50-year segments,
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lagged at 25 years. For the younger Clinch trees, we shortened
the segment length to 30 years, lagged at 15 years. If a segment
of aseries fell below the default critical value (0.32 for 50-year
segments; 0.42 for 30-year segments), the segment was flagged
as potentially inaccurately dated. The accuracy of dating for
each flagged segment was inspected by reexamining the core
under the stereo-microscope to identify measurement errors,
miscounts or missing or false rings. If the problem flagged by
COFECHA could not be identified and corrected by
reexamining the tree rings of the series, the core was not used
in further tree ring analysis. Some flagged segments were
identified as correctly dated after inspection and were used in
further analysis despite their low correlation with the master
chronology.

After all series were correctly dated and measured, we used
COFECHA to check the accuracy of crossdating the dead tree
cross-sections from the Clinch site with the live tree master
chronology. COFECHA matches segments of the undated dead
tree cross-sections against segments of the dated master
chronology and computes the 11 highest correlation values for
each segment. If a high correlation (>0.32) predicted in
COFECHA matched the dating determined through visual
crossdating, then accuracy of visual crossdating was confirmed
and each ring of the cross-section was assigned a calendar year.
If a high correlation predicted using COFECHA did not match
our dating made through visual crossdating, the cross-section
was not considered accurately dated to an exact calendar year,
and rine connte conld anlv he 11ced to make age determinatione

monthly temperature data were obtained from the National
Oceanic and Atmospheric Administration’s (NOAA) National
Climatic Data Center (NCDC) for weather stations within 8—
13 km of each study site (NOAA, 2004a). Climate variables
were averaged across six weather stations in the National
Weather Service’s Cooperative Station Network for Butternut
Valley (station IDs: 405216, 405882, 407811, 408404, 408405,
and 409866); and variables were averaged across six weather
stations for the Clinch site (station IDs: 151119, 441808,
441825, 154236, 154236, and 449215). Weather stations used
for each locality had significant positive correlations with one
another in precipitation (0.59 < r < 0.0.94) and temperature
values (0.85 < r < 0.94). Palmer drought severity index ranges
from —4 (extreme drought) to +4 (extreme wet) and represents
several environmental variables that affect tree growth,
including drought duration, soil water holding capacity,
temperature, and precipitation (Palmer, 1965). The PDSI
values were obtained from the NOAA’s NCDC using data for
Virginia, Division 6 for the Clinch site, and Tennessee, Division
2 for Butternut Valley (NOAA, 2004b).

We computed means and Pearson correlations among annual
ARSTAN index values, annual total precipitation, average
annual temperature, and average annual PDSI values using
PROC CORR in SAS (SAS, 2004). Means and Pearson
correlations were computed when tree core sample size was at
least 4; 1946-2004 for Butternut Valley and 1974-2004 for the
Clinch. The Butternut Valley location was the only chronology
with eanfficient lencth to nerform monthlv weather analvsis



After all cores had been dated accurately, we used the actual
or estimated (for cores in which the pith was missed or rotten)
pith date for all butternuts to characterize the age structure of
butternuts at Butternut Valley. For the Clinch site, we used the
sample of trees cored within the 0.04 ha plots to characterize
the age structure of all species within the stand.

COFECHA was used to calculate standard descriptive
statistics of tree ring data including mean raw tree ring growth,
series autocorrelation, mean sensitivity, and mean correlation
of each series with the master chronology. Autocorrelation is a
measure of the persistence of 1 year growth to the next year
growth and low values indicate low levels of persistence in year
to year growth. Sensitivity is used to describe the degree of
annual variation within a tree ring series and ranges between 0
(least sensitive) and 1 (most sensitive) (Fritts, 1976).

We used program ARSTAN (version 3.02 V) to produce an
ARSTAN tree ring indices chronology for each site (Cook,
1985; Cook and Holmes, 1999). We used all correctly dated
core and cross-section butternut samples at each site confirmed
through COFECHA to produce the ARSTAN chronology. The
ARSTAN indices chronology represents a robust estimation of
exogenous climate and endogenous growth dynamics in the tree
ring series and is considered to contain a strong climate signal
(Cook, 1985). The ARSTAN chronology is produced through
an autoregressive modeling technique that contains the
persistence common among a large portion of each series
(Cook and Holmes, 1999).

Climatic data were obtained for the Butternut Valley and
Clinch localities. Monthly total precipitation and average

using Dendroclim software (available at http://woods.geogra-
phy.unr.edu/dendrosite/software/DendroClim.html). This ana-
lysis used correlation and response function analysis to
determine which months have significant correlations among
mean weather data and tree ring growth patterns. Input weather
data were temperature, precipitation, and PDSI monthly values
from the current January through the current December for
1950-2003. Input tree response data was the ARSTAN
chronology for the same period. Significance was set at the
0.05 level for all analyses.

4. Results
4.1. Tree ring analysis and suitability for crossdating

Butternut cores and cross-sections in this study were semi-
ring porous with relatively distinguishable tree ring boundaries
(Fig. 2). False rings occurred on approximately 19% of trees
sampled and occurred in the first 10 years of growth 58% of
time. The false rings appeared as a dark tangential band usually
in the middle of the growth ring (Fig. 2), and were easy to
distinguish from the sharper boundary demarcating the
latewood boundary of a true growth ring. Averages of raw
tree ring widths ranged from 3.29 to 5.04 mm, depending on
site (Table 1). Average mean sensitivity was greater than 0.300
for both sites.

We were able to accurately date 54 (88%) and 21 (91%) of
the live tree butternut cores from Butternut Valley and the
Clinch site, respectively, using graphical techniques and
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Table |
Descrriptive statistics for tree ring and weather data at the Butternut Valley and
Clinc h sites

Variable Site

Butternut Valley

Number of cores used in tree 54 21
ring analysis

Average age 43 32

Average dbh (cm) 29.5 29.2

Average ring width (mm) 3.29 + 1.562 5.02 £ 2.365
+ standard deviation

Mean sensitivity 0.308 0.338

Auto correlation 0.564 0.459

Mean correlation with 0.653 0.655
master chronology

Annual precipitation (cm) 141 119

Average daily temperature (°C) 15 12

verification through COFECHA. Based on the relatively high
correlations with the live tree chronology, we were able to
crossdate all dead tree samples from the Clinch. In two of the
five samples, crossdating was confirmed with the highest
correlation predicted by COFECHA (r> 0.45). In the
remaining 3 samples, our visual crossdating was confirmed
with the second highest correlation predicted by COFECHA
(r > 0.33).

4.2. Population age structure and dynamics

Butternut Valley butternuts averaged 43-year-old, and the
oldest tree originated in 1929 (Table 1 and Fig. 3). Butternuts
have had relatively continuous recruitment at this site over the
last 70 years (Fig. 3). Average dbh of butternuts was
approximately 29 cm for both sites. At the Clinch, the live
trees averaged 32-year-old and the dead trees were slightly
younger at 26-year-old at time of death (Table 2). The butternut
trees at this site recruited during a 9-year period following the
clearcut in the early 1970s and several trees recruited prior to
the clearcut (Fig. 3). Yellow-poplar was the primary competitor
with butternut at this site, and basswood and black birch (Betuia
lenta L..) were secondary competitors. Most species had similar
regeneration patterns as butternut (Fig. 4), regenerating just
after the clearcut. The oldest trees at this site were a 36 cm red
maple (Acer rubrum L.) (inner ring ca. 1934) and a 13cm
northern red oak (Quercus rubra L.) (inner ring ca. 1935).

4.3. Climate analysis

Butternut Valley had slightly higher annual precipitation and
temperature values, but slightly lower mean annual growth than
the Clinch (Table 1). None of the correlations between annual
values of tree ring growth and climate were significant for each
site. However, when monthly climate variables were correlated
to annual tree growth at Butternut Valley, monthly PDSI had

significant relationships to tree growth. In particular, current
Avirvszscot eemrd Chnmémembhne PDITYNOT
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Fig.2. Pithand first annual growth ring boundary (AR) of a butternut increment
core sample. False ring (FR) is shown as a dark tangential band within the
annual ring.
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strongly related to ARSTAN indices (r < 0.45). Current year
April temperature (r=0.32) and June (r=0.30) and July
(r = 0.43) precipitation were also significantly correlated with
ARSTAN values. The positive relationship between summer
PDSI (July-September) and annual tree growth is shown in
Fig. 5. At Butternut Valley, years 1952, 1954, 1988, 2000, and
2002 were drought years with relatively narrow tree ring
widths. At Clinch, years 1976, 1984, and 1988 were years of
relatively small tree growth and low PDSI values. However,
ARSTAN index values did not always mirror PDSI values,
particularly when sample sizes were small. For example, at

Butternut Valley

N

<

Number of trees

n-54

1925 1930 1935 1940 1945 1950 1955 1960 1365 1970 1975 1980 1945 1990 1995

Fig. 3. Age structure of butternut trees cored at 1.4 m height at the Butternut Valley and Clinch sites.
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Table 2

Life history information on dead butternut tree cross-sections at the Clinch site
Tree Pith date Outer ring date Estimated age at death
1 1971 1997 27

2 1971 2001 31

3 1979 1997 19

4 1970 1995 26

5 1980 2003 23

Butternut Valley, 1945 had the lowest ARSTAN index value,
but relatively normal precipitation values.

5. Discussion
5.1. Feasibility of using butternut in tree ring analyses

Our first hypothesis that butternut cores would be
problematic for dendrochronology research was not supported
by the results. Mean sensitivity of Butternut Valley and Clinch
cores would be considered relatively high according to
standards for tree ring dating (Douglass, 1920; Fritts, 1976;
Grissino-Mayer, 2001). This result was surprising given that
sites were located in riparian areas near drainages, where trees
typically exhibit lower sensitivity (<0.30) than trees on drier
sites (Douglass, 1920; Fritts, 1976). Additionally, high mean
series correlation with the master chronology and distinctive
tree ring boundaries allowed for chronology development using
live tree cores and accurate visual crossdatine of dead trees.
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Although false rings were common, they were easily
distinguishable from the sharp demarcation of the latewood
ring boundary.

Our success at crossdating butternut samples was due to a
significant relationship between tree growth and climate, as
detected in the analyses between climate variables and tree ring
growth. A primary factor controlling tree growth appeared to be
growing season drought and precipitation, similar to other
deciduous species growing in temperate climates (Fritts, 1962,
1966). This relationship was weak in certain years, probably
due to exogenous disturbances or localized weather events.
These results demonstrate the need to locate a relatively large
number of older trees for use in tree ring analysis, which may be
difficult with species like butternut that are being progressively
decimated by an exotic pest. Despite these limitations, potential
exists for future studies to use dendrochronology as a tool in
understanding the pathology of butternut canker disease that
will aide in restoration of this species.

5.2. Population dynamics of butternut

Our second hypothesis that clearcutting and old-field
succession favors butternut recruitment was supported by the
results. Butternut recruitment increased following clearcutting
at the Clinch and then declined in abundance due to competition
from other species. The 1[0-year range in post-clearcut
recruitment dates of butternut trees at the Clinch is likely
due to the error in age determination related to missing the pith
during coring or coring at 1.4 m versus at ground level. If exact

1930 1935 1950 1955 1960 1965 1970 1975 1980 1985 990
Quercus rubra j

e
1930 1935 1950 1955 1960 1965 1970 1975 1980 1985 59

oD OB

Oxydendrum arboreum j

1930 1935 1950 1955 1960 1965 1970 1975 1580 1985 1990

Fig. 4. Age structure by species of trees cored at 1.4 m height within three
0.4 ha plots at the Clinch site.

ages of trees could be determined, we would expect that the
majority of trees likely recruited within 1 or 2 years of the
clearcut disturbance; however, off-center increment cores and
sampling above ground level can underestimate age (Villalba
and Veblen, 1997). Butternuts appeared to benefit from
disturbances in a closed canopy stand (Ostry et al., 1994);
however, our inferences are limited because we did not sample
prior to clearcutting. Butternut trees at the Clinch site died prior
to reaching the maximum ages attained in living trees on site
and compared to the older trees found at Butternut Valley. A
cursory examination of dead trees at the Clinch did not reveal
any canker development, although further analysis is needed.
We speculate that these trees died primarily from shading
effects of primary competitors such as yellow-poplar and
basswood and butternut canker disease was only a minor
contributor to mortality. Butternut exhibits low plasticity to
shading and may not survive without release from competitors
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Fig. 5. Butternut ARSTAN index chronology and Palmer Drought Severity Index (PDSI) chronology for Butternut Valley (a) and Clinch (b). The ARSTAN
chronology represents a robust estimation of climate and growth dynamics across tree ring series, and PDSI is a measure of drought intensity ranging from —4
(extrerne drought) to +4 (extreme wet).

(St. Jacques et al., 1991). However, additional analysis of stem  development within individual trees and the epidemiology of
sections from the dead trees is needed to confirm this  butternut populations could be reconstructed, providing
hypothesis. important information on rate of disease spread, changes in
Butternut Valley may contain the most intact population of  genetic resistance over time, and examination of relationships
butternuts in the southeastern United States, and this population ~ between canker development on tree growth and mortality.
does not appear to be currently declining due to the butternut In southern butternut nonulations damace from bntternit



canker. We speculate that old-field succession from abandoned
pasture and agricultural fields throughout Butternut Valley has
allowed butternuts to become established in relatively open
canopy conditions, conducive to growth of this species (Ostry
etal., 1994). As old fields succeed to closed canopy forests, we
would expect the butternut population in this area to decline
without continued disturbance that promote increased light
availability. Crossdating of dead tree stems with the live tree
chronology appears promising, and future studies at this site
could include historical reconstruction of canker development
over the last century. This type of information would add to the
knowledge base of butternut canker development that currenti y
exists for stands in the northern portion of the species range
(Kuntz et al., 1979).

6. Conclusions and implications for future research

Results show that butternut has potential for dendrochro-
nology studies even in relatively mesic areas where yearly
annual growth fluctuations related to climate is typically low.
Despite the geographic limitations of this study, our results
provide evidence that this species has potential for future
research involving dendrochronology. Our resuits should be
tested in other parts of the species range prior to initiating large-
scale research experiments using tree ring analysis. If cross-
dating dead tree sections can be accomplished as in this study,
cankers could be dated to an exact calendar year and stem
analysis of butternut trees could be conducted. Discase

L

N

canker disease appears to be periodic (R.L. Anderson, personal
communication), suggesting that the disease is related to
climatic conditions, including stress from drought. Identifica-
tion of weather-related variables related to disease development
would be important in resistance testing and breeding strategies
and may have relevance to management of surviving popu-
lations. Specific information on how long a tree or genotype can
withstand infestation of the butternut canker also would
enhance restoration efforts.

A large-scale research project on butternut that includes
dendrochronology could eventually help refine restoration
efforts by helping to predict growth response given local
climatic conditions and disease presence. Despite a lack of
observational or empirical evidence in this study that coring
live butternut trees may contribute to mortality or -disease
spread, coring of butternuts should be done with caution to
reduce risk of fungal infestation (Grissino-Mayer, 2003).
Locations with relatively old intact populations, such as
Butternut Valley, show the greatest potential for dendrochro-
nological studies. However, older stands of butternut will be
difficult to locate because most butternut populations were
likely decimated from the canker and through deforestation
activities to convert forest lands to agriculture and pasture
following European settlement. Similar to the American
chestnut (Castanea dentata [Marsh.] Borkh.) (Jacobs, 2007),
potential for butternut restoration through afforestation is
probably greatest on pasture and agricultural lands where
butternut was once present.
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Although more research is needed, the limited evidence
presented in this study indicates that butternut mortality may be
related to competition in addition to butternut canker disease.
Competition control should be considered when attempting
butternut restoration in forested conditions. Thinning, crop tree
release, or regeneration harvesting is recommended for
butternut stands (Ostry et al.,, 1994) and may be necessary
for restoring butternut on mesic sites in the southeastern United
States where competition from other tree species is often
intense. Enhanced knowledge of species life history and
pathological responses of the butternut canker coupled with
predictive modeling to locate potential restoration sites (van
Manen et al., 2002; Thompson et al., 2006) will be powerful
tools to enhance restoration of this species. Restoration of
butternut should be an important part of conservation planning
where the species occurs naturally because of the species’
increasing rarity, its ecological importance to biodiversity, and
its utilitarian values.
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