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Abstract: Thousand cankers disease (TCD) is an insect-mediated disease of walnut trees
(Juglans spp.) involving walnut twig beetle (Pityophthorus juglandis) and a fungal
pathogen (Geosmithia morbida). Although first documented on walnut species in the
western U.S., TCD is now found on black walnut (J. nigra) in five states in the eastern U.S.
Most collections of P. juglandis or G. morbida are from trees in agriculturally- or
residentially-developed landscapes. In 2013, 16 pheromone-baited funnel traps were
deployed in or near black walnuts in forested conditions to assess the risk of infestation of
forested trees by P. juglandis. Four of the 16 funnel traps collected adult P. juglandis from
three forested areas (one in North Carolina and two in Tennessee). These collections, while
in forested settings, may still be strongly influenced by human activities. The greatest
number of P. juglandis (n = 338) was collected from a forested location in an urbanized
area near a known TCD-positive tree. The other two forested locations where P. juglandis
(n = 3) was collected were in areas where camping is common, and infested firewood may
have introduced P. juglandis unintentionally into the area. Future studies to assess P.
juglandis on more isolated forested walnuts are planned.
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1. Introduction

Black walnut, Juglans nigra, is native to the eastern and midwestern U.S., where it is widely
distributed across a variety of sites from open fields to forests [1]. Black walnut is highly valued for its
wood and nut production, and the value of existing trees in its native range is estimated at over
$539 billion [2]. Beginning in 2001, widespread mortality of black walnut was documented in
Colorado and other states in the western U.S. where it had been transplanted and naturalized in many
areas [2,3]. Researchers concluded that this mortality was caused by a newly-documented disease
known as thousand cankers disease (TCD) [3]. This disease complex involves the fungus Geosmithia
morbida (Ascomycota: Hypocreales: Bionectriaceae) vectored by the walnut twig beetle,
Pityophthorus juglandis (Coleoptera: Curculionidae), which is native to the western U.S. [2,4]. This
disease 1s known to affect all Juglans species [5], with the highest susceptibility observed in black
walnut [3]. Although infected walnut trees in the western U.S. typically die two to three years
following manifestation of disease symptoms [3], P. juglandis and G. morbida may be present in the
tree for five to ten years before trees appear symptomatic [6].

Prior to 2010, this disease was believed to be restricted to the western U.S., where it was originally
discovered and described. In July 2010, TCD was documented for the first time in the native range of
black walnut in the eastern U.S. in Tennessee. Both P. juglandis and G. morbida were confirmed from
black walnut trees in Knoxville, Knox County, Tennessee [7,8] (Figure 1). Since this initial find in the
eastern U.S., TCD has been found in eight other Tennessee counties, as well as in Pennsylvania [9] and
Virginia [10] in 2011, North Carolina [11] in 2012, and Ohio [12] in 2013. This disease is now of
international concern, as TCD was found in J. nigra in Italy in 2013 [13]. Scientists and regulatory
agencies have investigated the extent of TCD in the U.S. using both branch sampling of symptomatic
trees [8] and deployment of pheromone-baited traps [14]. In the eastern U.S. black walnut is most
often associated with open and/or marginal habitats, and much of the efforts to sample
infested/infected trees and trap for P. juglandis have been conducted in agricultural or
urban/residential settings. However, more than 306 million black walnuts are estimated to grow in
forested conditions throughout its native range [15]. In counties in the eastern U.S. known to have
P. juglandis, walnuts in forests can reach densities as high as 26.5 trees/ha [15]. Additionally, in some areas
where TCD 1is not currently documented, forested black walnut densities can exceed 170 trees/ha [15].
Because P. juglandis is believed to be the main means of dispersal of G. morbida, a need exists to
determine if forested trees are susceptible to infestation by P. juglandis.

To investigate the occurrence and distribution of P. juglandis on black walnut in forests, a multi-year
project was initiated in 2012. During 2012, branch sampling was conducted in 20 locations throughout
eastern Tennessee. While G. morbida-infected trees were documented on the forest edges at two
locations in the Great Smoky Mountains National Park (GRSM) (Big Creek and Cataloochee Cove;
Figure 1) [11], no P. juglandis was confirmed from black walnut at any sampled location. In 2013, this
project was expanded to include pheromone-baited trapping [14], and the information presented here is
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associated with trapping conducted on forested black walnuts in eastern Tennessee and western North
Carolina during 2013.

Figure 1. Location of initial documentation of thousand cankers disease in the eastern U.S.
in Knox County, Tennessee, in 2010 (stars), and locations where forested walnuts were
sampled for Pityophthorus juglandis: Big Creek (A), Cades Cove (B), Cataloochee Cove
(C), Loyston Point (D), Maryville College (E), and Sugarlands Trail (F).
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2. Forested Black Walnut Assessment

Trapping locations were determined upon consultation with land managers from GRSM (two
locations in Haywood County, North Carolina (GRSM Big Creek and GRSM Cataloochee Cove) and
one location each in Blount (GRSM Cades Cove) and Sevier Counties (GRSM Sugarlands Trail),
Tennessee), Tennessee Valley Authority (TVA) (one location (TVA Loyston Point) Union County,
Tennessee) and Maryville College (one location (Maryville College) Blount County, Tennessee) from
May through July 2013 (Table 1). All trapping was conducted in counties known to have TCD [11,16].
Black walnuts at each location were in mixed hardwood forests of the yellow poplar-white
oak-northern red oak forest cover type (Type 59) [1,17], and black walnut was a minor component at
all locations. These locations were examined for TCD-symptomatic trees [8], and numbers of traps
deployed at each location varied based on the number of symptomatic trees found. Trees were
determined to be in forested conditions according to the U.S. Department of Agriculture Forest Service
(USDA FS) definition of forested conditions as (1) at least 10% stocked by forest-associated trees; (2)
not developed for non-forest use; (3) at least 0.40 ha in size; and (4) at least 37.6 m wide [18]. Traps
were placed between 30 m and 180 m from the forest edge (to reduce edge influences) in or near trees
that appeared symptomatic and met the criteria for forested conditions (Table 1). The traps placed near
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symptomatic black walnut trees at the Maryville College site were within 200 m of one of the open-
grown trees from which both P. juglandis and G. morbida were originally documented in 2010. In
addition to the traps in forested black walnut at the Big Creek and Cataloochee Cove sites, one trap
was deployed in each of the two trees on the forest edge from which G. morbida was documented in
North Carolina during 2012 [11] in an attempt to collect P. juglandis from these infected trees. Trap
trees at the Cades Cove, Loyston Point, and Sugarlands Trail locations had no known TCD-infected
trees within 5 km.

Table 1. Locations and individual traps in forested conditions with reported number of
Pityophthorus juglandis in North Carolina and Tennessee, 2013.

Trap Name State County  Date Deployed Distance (m)® No. P.j. *

GRSM ' Big Creek 01 NC Haywood 23 May 110 0
GRSM Big Creek 02 NC Haywood 29 May 100 1
GRSM Big Creek 03 NC Haywood 29 May 100 0
GRSM Big Creek 04 NC Haywood 29 May 45 0
GRSM Big Creek 05 NC Haywood 29 May 65 0
GRSM Cades Cove 01 TN Blount 11 July 42 0
GRSM Cataloochee Cove 01  NC Haywood 23 May 35 0
GRSM Sugarlands Trail 01 TN Sevier 26 June 60 0
GRSM Sugarlands Trail 02 TN Sevier 26 June 135 0
GRSM Sugarlands Trail 03 TN Sevier 26 June 177 0

Maryville College 01 TN Blount 12 July 70 168

Maryville College 02 TN Blount 12 July 92 170
TVA * Loyston Point 01 TN Union 15 May 67 0
TVA Loyston Point 02 TN Union 15 May 53 2
TVA Loyston Point 03 TN Union 15 May 48 0
TVA Loyston Point 04 TN Union 15 May 33 0

Notes: ' Traps located within the Great Smoky Mountains National Park; * Traps located within Tennessee
Valley Authority land holdings; > Approximate distance in meters from the forest edge; * Total number of
P. juglandis collected from trap.

Sixteen traps were deployed in forests to trap for P. juglandis. The first traps were deployed at the
Loyston Point location on 15 May 2013, and the last traps to be deployed were at the Maryville
College location on 12 July (Table 1). Trapping was conducted by suspending a single four-unit black
plastic Lindgren trap (Synergy Semiochemicals Corp., Burnaby, BC, Canada) baited with a P.
Jjuglandis-specific pheromone lure [19] from a branch ca. six to 12 m from ground level. Traps were
either suspended in the canopy of a symptomatic black walnut or in a neighboring tree not more than
6 m from a symptomatic tree at each location. The collection cup (500 mL) of each trap contained ca.
125 mL of a preservative mixture of equal parts propylene glycol and water, and trap cups were
changed bi-weekly (ca. 14-day interval) through October 2013. On each sampling date, the
preservative mixture was transferred in the field from the collection cup to individually labeled
250-mL plastic bottles, taken to the laboratory, and examined for P. juglandis. Specimens from each
suspected collection of P. juglandis were sent to Donald Bright and Whitney Cranshaw, Colorado
State University, for confirmation of species identification.
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3. Findings and Future Directions

Adult P. juglandis were collected from four of 16 traps at two forested locations in Tennessee
(Blount and Union Counties) and one forested location in North Carolina (Haywood County) (Tables 1
and 2). One P. juglandis was collected relatively early in the season on 31 May, and the remaining
beetles were collected later in the season from 31 July to 22 October (Table 2). No P. juglandis were
collected from either forest edge tree where G. morbida was found in North Carolina in 2012, but the
collection of P. juglandis at Big Creek was from a trap ca. 100 m from the G. morbida-positive tree.
No P. juglandis were collected from Cades Cove or Sugarlands Trail sites. The greatest number of
beetles was collected from Maryville College (n = 338), and the number of P. juglandis in traps
peaked on 14 August (Maryville College 02) and 9 October (Maryville College 01) (Table 2).

Table 2. Individual trap collections and collection dates of Pityophthorus juglandis from
black walnuts in forested conditions, North Carolina and Tennessee, 2013.

Trap Name State County Collection Date Distance (m) ? No. P.j. 4
GRSM Big Creek 02 NC Haywood 06 August 100 1
Maryville College 01 TN Blount 31 July 70 30
Maryville College 01 TN Blount 14 August 70 25
Maryville College 01 TN Blount 28 August 70 3
Maryville College 01 TN Blount 13 September 70
Maryville College 01 TN Blount 26 September 70 35
Maryville College 01 TN Blount 09 October 70 58
Maryville College 01 TN Blount 22 October 70 18
Maryville College 02 TN Blount 31 July 92 15
Maryville College 02 TN Blount 14 August 92 67
Maryville College 02 TN Blount 28 August 92 15
Maryville College 02 TN Blount 13 September 92 15
Maryville College 02 TN Blount 26 September 92 15
Maryville College 02 TN Blount 09 October 92 20
Maryville College 02 TN Blount 22 October 92 21

TVA ? Loyston Point 02 TN Union 31 May 53 1
TVA Loyston Point 02 TN Union 07 August 53 1

" Traps located within the Great Smoky Mountains National Park; > Traps located within Tennessee Valley
Authority land holdings; * Approximate distance in meters from the forest edge; * Total number of
P. juglandis collected from trap.

Although all traps used in this study were placed in forest conditions, as defined by USDA FS, trees
in more isolated forest settings may not have the same risk from P. juglandis or subsequent infection
by G. morbida as trees in urban forests. The forest at Maryville College is located within an urbanized
area with a history of TCD in the area, which may have enhanced colonization pressure and
contributed to high trap catches. Conversely, forested trees at locations in GRSM are more isolated
from urban development. Although G. morbida has been found at two locations in GRSM, catches of
P. juglandis in these areas were low or none. This disparity may indicate that even in areas where
individual walnut trees may be infested, trees located in the interior of the forest are buffered by trees
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of other hardwood species from infestation by P. juglandis. The effective distance of the lure
(i.e., what is the maximum distance the lure will attract P. juglandis?) is not known from published
literature. However, in field flight tests [19,20] and trapping guidelines [14], the recommended
distance to place traps from suspect trees is relatively small (three to five m). These distances are used
or recommended to insure collections of P. juglandis; however, because these published accounts
consistently use small distances, the lure may not be effective at distances of 50 to 100 m. Therefore,
the collections presented here are likely to be from black walnut trees nearest the traps, rather than
from trees greater distances away.

Association with repeated firewood introductions also may play a role in P. juglandis occurring in
forested black walnut. Both the Big Creek and Cataloochee sites are near campgrounds in the GRSM,
and people may unknowingly bring G. morbida-infected or P. juglandis-infested wood to burn while
camping. Although the Loyston Point site does not have a history of G. morbida or TCD in as close
proximity as the Big Creek or Cataloochee Cove sites, Loyston Point is a popular hunting location, and,
therefore, may be subject to hunters and campers bringing infected or infested wood into the area.
These findings underscore the importance of preventing the introduction of wood-boring insects and
wood-infecting pathogens into new areas via the movement of firewood, and discouraging movement
of firewood has become increasingly important in managing several forest pests [21-23].

Branch sampling of all trees from which P. juglandis was collected is underway. These branch
samples will be examined for P. juglandis and tested for G. morbida. Extensive trapping of more
interiorly-located walnuts located in larger, more remote (i.e., less human influence) forested sites is
planned, and further trapping will enhance our knowledge of the risk P. juglandis and G. morbida pose
to black walnuts in forests. This knowledge can be applied throughout the native range of walnut,
especially areas where forested walnuts occur at great densities [15], to better assess the spread and
provide early detection of P. juglandis within forest resources.
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