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Aerial Detection of Seed-Bearing Female Ailanthus
altissima: A Cost-Effective Method to Map an
Invasive Tree in Forested Landscapes

Joanne Rebbeck, Aaron Kloss, Michael Bowden, Cheryl Coon, Todd F. Hutchinson, Louis Iverson,
and Greg Guess

We present an aerial mapping method to efficiently and effectively identify seed clusters of the invasive tree, Ailanthus alfissima (Mill.) Swingle across deciduous forest
landscapes in the eastern United States. We found that the ideal time to conduct aerial digital surveys is early to middle winter, when Ailanthus seed clusters persist
and there is no interfering leaf cover. Because of the color, quantity, and seedpod arrangement, female seed-bearing Ailanthus trees are very conspicuous from the
air. With use of digital sketchmapping technology from helicopters, seed-bearing Ailanthus trees were mapped at a rate of 2,000—4,000 acres/hour (809-1,618
ha/hour). We estimated mapping costs at approximately $0.40/acre ($1.00/ha). We were able to relocate, within 100200 ft, 88—95% of the aerially mapped
seed-bearing Ailanthus trees using handheld consumer-grade global positioning systems (GPS) units. This provided enough accuracy to locate seed-bearing Ailanthus for
single-stem injection herbicide treatments. To apply these methods to map seed-bearing Ailanthus, land management agencies that already use digital mapping technology
(equipment and software) for surveys of insect and disease outhreaks will have minimal costs beyond helicopter time.
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cost estimates in the United States exceeding $120 billion an-
nually (Pimentel et al. 2005). The negative impacts of invasive
plant species traverse landscapes, ownerships, and jurisdictions. It is

l nvasive species management is a natural resource priority with

becoming increasingly important to coordinate scarce resources for
invasive species control across these boundaries. To be effective,
invasive plant populations need to be identified before control and
management plans can be prioritized and implemented, and aerial
detection surveys provide an efficient technique to map certain in-
vasive plants across large forested landscapes.

Aerial detection surveys are widely used throughout the United
States to map insect and disease outbreaks and other disturbances
that affect forest health (Johnson and Wittwer 2006). Such methods

include the use of intensive and costly ground surveys and high-res-
olution remotely sensed spectral imagery, which often requires in-
tensive postcollection processing (Joshi et al. 2004). In recent years,
mapping has become computerized and integrated with global po-
sitioning systems (GPS) technology. A digital aerial sketchmapping
system (DASM) runs on a laptop computer with a touch screen
display and stylus, allowing the manual recording of sketched fea-
tures onto a base map (US Department of Agriculture [USDA]
Forest Service 2015a). Features can be points, lines, or polygons
coded with attributes through user-defined keypads. Georeferenced
map bases and aircraft position are shown on the screen and are
refreshed on input from an attached GPS unit. Data files created
during a survey flight are exported to ArcGIS shape files (ESRI,
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Redlands, CA) for immediate use in a geographical information
system (GIS) environment for various management and planning
purposes. Data are easily downloaded to handheld GPS units for
ground crews to navigate to infested areas.

Typically, fixed-wing aircrafts, flying at elevations of
1,000-3,000 ft aboveground at speeds of 130 mph, are used for
DASM forest health surveys. Because helicopters are more maneu-
verable and can safely travel at slower speeds and lower elevations
than fixed-wing aircraft, we wanted to determine whether they
could be used to efficiently map nonnative invasive trees across large
(>1,000 acres) forested landscapes. Because helicopters are often
used by public agencies in the Central Appalachian region for radio
telemetry wildlife surveys and for aerial ignitions of prescribed
burns, they could also be available for efficient mapping of invasive
plants in these same topographically challenging forest landscapes.
In Idaho, The Nature Conservancy uses helicopters to digitally map
the invasive weed leafy spurge (Euphorbia esula L) (Schrader-Patton
2003) from fixed-wing aircraft. The National Park Service mapped
invasive species such as Australian pine (Casuarina spp.), Melalauca
(Melaleuca quinquenervia), and old world climbing fern (Lygodium
microphyllum) in the Florida Everglades (Pernas and Rodgers 2010)
from a helicopter at a cost of $0.06 per acre. A total of 2.9 million
acres were mapped in 162 hours with costs to include helicopter
rental ($950/hour), two observers ($120/hour), and 80 hours of
GIS data analysis ($30/hours) (Pernas and Rodgers 2010).

Ailanthus altissima (Mill.) Swingle (hereafter referred to as Ailan-
thus; also known as tree of heaven), an invasive tree native to China,
has been present in North American landscapes for more than 200
years (Hu 1979) and is widely distributed throughout the eastern
United States. The Eastern and Southern Regions of the USDA
Forest Service rank it in Weed Category 1: an exotic species known
to be invasive and persistent throughout much of both regions
(USDA Natural Resources Conservation Service 2015). Although it
is most often abundant in open sites such as roadsides (McAvoy et al.
2012), it frequently invades and establishes within disturbed forest
sites. Kasson et al. (2013) report recent widespread Ailanthus inva-
sions in Pennsylvania forests following salvage cutting in the after-
math of extensive gypsy moth (Lymantria dispar) outbreaks. Most of
Ohio’s southeastern forestlands have a history of agricultural use
and natural resource extraction, which may have facilitated the
spread of Azlanthus and other nonnative invasive plants (Parker et al.
2010). Ailanthus is capable of aggressive clonal spread, creating
dense thickets and is fast growing, reaching heights of 60-70 ftin 10
years (Knapp and Canham 2000). Kasson et al. (2013) report a
40-year-old open-grown Ailanthus with a diameter of 31.5 in. dbh.
Ailanthus has a negative impact on native tree regeneration because
of its competitive traits and production of the allelopathic com-
pound ailanthone (Heisey 1996, Gémez-Aparicio and Canham
2008). Although considered shade intolerant, clonal sprouts at-
tached to a parent tree can persist in a shaded forest understory for
up to 20 years (Kowarik 1995, Knapp and Canham 2000). It is
dioecious, with up to 325,000 wind-dispersed seeds produced per
female tree in a single growing season (Bory and Clair-Maczulajitys
1980). Prominent dense seed clusters, often more than 800
clusters/tree, can persist throughout the winter although they are
more dependably present in early winter (Figure 1) and disperse
long distances over several months. Landenberger et al. (2007) re-
ported that Ailanthus seed travel in excess of 330 ft within intact
deciduous forests. Mapping seed-bearing (female) Ailanthus by aer-
ial detection of these persistent clusters is the subject of this article.

Our goal was to capitalize on conspicuous seed clusters of Azlan-
thus and test whether application of DASM technology from heli-
copters could be used as a fast and cost-effective tool to map seed-
bearing Ailanthus in forested landscapes. We conducted these tests
across 289,000 acres of public and private forestlands. Field crews
assessed the accuracy of the aerial surveys through ground reference
data collection. Crews also conducted aerial surveys during the
leaf-on season to determine whether Ailanthus foliage and seed clus-
ters were distinguishable from those of other species. Finally, we
developed mapping protocols for use by the forest management
community. The georeferenced data could be used as a management
strategy to identify high priority areas to target the removal of Ai-
lanthus seed sources to minimize its dispersal and slow its spread.

Materials and Methods
Survey Areas
Tar Hollow State Forest (THSF)

Approximately 9,600 acres (3,900 ha) of the 16,046-acre (6,500
ha) THSF (39°21" N and 82°46" W) within Hocking, Vinton, and
Ross Counties in Ohio were mapped (Figure 2). This area falls
within the Unglaciated Allegheny Plateau where topography is
highly dissected, consisting of sharp ridges, steep slopes, and narrow
valleys (Beatley and Bartley 1959). The uplands are typically dom-
inated by mixed-oak forests, whereas the lower slopes and coves are
mixed mesophytic. The forest has had a history of timber harvesting
and farming since European settlement in the late 1700s. The land
became severely eroded and unproductive from more than 100 years
of exploitation and poor management practices. In the 1930s, the
Ross-Hocking Land Utilization Project funded the relocation of
subsistence farming families to more productive land. The aban-
doned land has since been managed by the Ohio Department of
Natural Resources (ODNR), Division of Forestry. THSF was refor-
ested primarily by natural regeneration. It currently has an active
timber harvesting program, a component of its multiple-use man-
agement. It also has an active prescribed fire program designed to
improve oak regeneration; more than 2,000 acres have been treated
since 2001. Several woody invasive plants are present and common,
but Aélanthus is the most prevalent and of most concern to forest
managers.

Athens, Marietta, and Ironton Units of the Wayne National Forest
(WNF)

These units are also located within the Unglaciated Allegheny
Plateau, across portions of 12 Ohio counties (Figure 2). The WNF
Proclamation Boundary covers 833,990 acres. However, 71% of the
land within those boundaries is in private ownership. It is a diverse
landscape but is primarily represented by mixed oak-hickory forests.
All three units have a long history of past disturbance including
deforestation for farming, livestock grazing, and charcoal produc-
tion, as well as mineral, gas, oil, and coal extraction, which began in
the early 1800s. Long-term impacts show a decreased diversity of
plant species in heavily grazed areas compared with clearcut or other
timber-harvested areas, and lowered water quality in those areas
heavily surface mined. Today, disturbances on the WNF include
some limited timber harvesting, prescribed burning, recreation
trails, and oil/gas extraction.
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Figure 1. Close-up (A) and aerial view (B) of Ailanthus seed clusters during the dormant season. Red polygons show clusters of females.
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Figure 2. Location of aerial survey areas within THSF and three units within the WNF in southeastern Ohio from December 2008 through

January 2013.
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Table 1.

Summary of Ailanthus aerial surveys conducted on THSF and three units on the WNF in Ohio between 2008 and 2013.

Size of mapped polygons
Mapped No. of mapped (fc[;es)P e
No. of days/hours Total area infested female No. of mapped

Survey unit Survey year/month of mapping surveyed area Ailanthus polygons Range Mean * SD
...... (acres). . . ... v .(acres). ...

THSF 2008/December 1/2.25 9,600 363 96 42 0.4-33 21.4 = 8.0
Athens 2013/January 2/10 87,307 41 259 23 0.5-7.8 1.8+ 1.8
Ironton 2011/March 2/12 83,522 65 18 20 0.3-10.2 3.6 =3.28
2013/January 2/10 112,832 4 39 3 0.9-1.6 1.3 £ 0.47
Marietta” 2011/January, 6/18 79,734 6,388 NA 1,356 0.1-71.6 4.7 =7.16

February

NA, not available.
" No ground reference data collected.

Aerial Survey Methods

A preliminary survey in early November 2008 determined
whether Ailanthus seed clusters could be recognized from a helicop-
ter. Known GPS coordinates of seed-bearing Ailanthus were pro-
vided for a mixed-oak stand at THSF. Helicopter crew members
were able to identify and map Ailanthus; however, during this pre-
liminary survey, many tree canopy leaves, primarily oaks, had not
yet fallen, making it difficult to distinguish Ailanthus seed clusters
where leaves had persisted. A second flight occurred on Dec. 11,
2008, when all hardwood trees were devoid of leaves. A Bell 206 B3
JetRanger helicopter owned by the ODNR Division of Wildlife was
used for all surveys. The crew included an ODNR helicopter pilot,
one spotter, and one sketchmapper. The spotter sat directly across
from the pilot and provided the sketchmapper sitting in the rear seat
with a description and approximate location of the Ailanthus trees.

In subsequent flights, the spotter was replaced with a second
sketchmapper to determine whether any efficiency could be gained.
After the pilot learned to identify seed-bearing Ailanthus trees, he
served as a spotter. Before the start of each surveying session, sketch-
mappers reviewed mapping protocols, use of digital sketching soft-
ware, and aerial photographs of seed-bearing Azlanthus trees. At the
beginning and end of each flight, both sketchmappers collected data
on the same trees to assess sketcchmapper consistency. Each recorded
the position of seed-bearing Ailanthus on one of the following tablet
laptop computers: a rugged Hammerhead XRT, a Dell XF (non-
rugged tablet), or a rugged Dell XT tablet which used a Holux
M-241 GPS logger. All were equipped with stylus-touchable screens
and loaded with GeoLink Powermap software (Michael Baker Jr.,
Inc., Jackson, MS). Reference base maps included US Geologic
Survey (USGS) 7.5-minute quadrangle maps (digital ortho quads at
a 1:24,000 scale and the survey boundaries. Laptops were linked to
a Bluetooth-enabled Garmin EMTAC GPS receiver and an on-
board Garmin 496 GPS unit (Garmin, Olathe, KS). Survey alti-
tudes were 150—600 ft above ground level at a speed of 55—80 mph,
depending on environmental conditions, forest density, and struc-
ture. Initially survey lines ranged from 373 to 1,600 ft apart (aver-
age = 1,000 ft) in a general east-west orientation. Spacing of survey
lines was determined by the distance of visibility, environmental
conditions, and vegetation attributes (forest density and structure).
After determination that a 1,000-ft distance between survey lines
was adequate for sketchmappers to detect seed-bearing Azlanthus
with no lapse of visual coverage, fixed flight lines of 1,000 ft with an
north-south orientation were routinely loaded with reference maps
for all subsequent flights. When a dense area of seed-bearing Ailan-
thus trees was spotted, the pilot would circle back around the in-
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fested areas to gain a better look and facilitate mapping of the area.
Single points were collected when one to several trees was spotted,
and polygons were collected for larger clusters of trees. ESRI ArcGIS
(version 10) software was used for postprocessing of data.

Surveys were expanded to include portions of the WNF in 2011
and 2013 (Table 1). In those initial 2011 surveys, because only
polygon data of seed-bearing Ailanthus were collected and Ailanthus
cover was not estimated, Marietta Unit data are not presented. In
the 2013 surveys, mapping techniques were modified to include
single-point and multipoint data. If multipoints were not feasible
(e.g., large areas with dense clusters of seed-bearing trees), a polygon
was recorded instead and the estimated percent cover of Ailanthus
within a given polygon was assigned into cover classes of =25,
26-50, 51-75, or 76—-100% cover. Because low numbers of seed-
bearing Ailanthus were detected at the Ironton Unit in March 2011,
the entire unit (112,832 acres) was surveyed in January 2013 to
determine whether the optimal surveying window had been missed
inMarch 2011 (e.g., due to seed clusters falling off). A portion of the
Athens Unit (87,307 acres) was surveyed in January 2013 (Table 1).

Ground Reference Data

Coordinates of single waypoints were downloaded to consumer-
grade handheld GPS units (Garmin GPSmap 76CSx) so that the
mapping accuracy of individual seed-bearing females could be ac-
cessed during ground reference data collection. The handheld units
included 2.0-GB microSD storage cards with a GPS accuracy of
<33 ft and a digital GPS accuracy of 1016 ft. Ground reference
data collection was conducted 6—8 weeks after aerial surveys at
THSF on a subset of 62 randomly mapped seed-bearing Ailanthus
with 31 points randomly selected within 10 separate management
units burned between 2001 and 2008 (total of 2,300 acres) and 31
points within unburned areas (7,337 acres) (Rebbeck et al. 2014).
Aerially identified polygons of Ailanthus were not ground refer-
enced. After navigation to an aerially mapped point using handheld
GPS units, the following ground data were collected: a georefer-
enced waypoint of the largest female tree, dbh of the largest female,
number of nearby females, population form (single tree, clump of
multiple trees, or dense thicket), and seed crop abundance classes
(none, sparse, moderate, or heavy). Georeferenced locations of any
seed-bearing Ailanthus that had not been aerially mapped were col-
lected at this time. The accuracy of aerially mapped locations was
assessed by overlaying the ground reference data locations for each of
the 60 seed-bearing females within ArcMap (ESRI, version 10). The
distance between each pair of georeferenced points was measured.
Ground reference data were not collected on the Ironton unit, but



georeferenced ground surveys of Ailanthus and other nonnative in-
vasives done by WNF field crews between 2011 and 2013 were
compared with the aerially mapped points and polygons. The Ath-
ens Unit was ground referenced in June and July 2013 using proto-
cols similar to those described for THSF. The ground referencing
areas were identified within ArcGIS ArcMAP 10.1 for aerial points
mapped either within WINF boundaries or within 82 ft of all classes
of roads and trails.

Results

In December 2008, the 9,600-ac area within the THSF was
surveyed in 2 1/4 h, with 96 seed-bearing females and 42 areas
(polygons) mapped (Table 1; Figure 3). Sixty of the aerially identi-
fied seed-bearing females were ground-referenced from mid-January
to late February 2009 with handheld GPS units (Table 2). In all,
only two trees were misidentified as Azlanthus: a sourwood (Oxyden-
drum arboretum) that had persistent seed clusters, and a fruit-bear-
ing grapevine (Vitis sp.) growing within the canopy of a sugar maple
(Acer saccharum). During the ground referencing, one of the aerially
mapped Azlanthus was not located, and field crews found six seed-
bearing Ailanthus that were undetected in the aerial surveys (6%
underreporting). GPS points taken at the ground-referenced seed-
bearing Ailanthus trees differed from 12.9 to 336.1 ft from aerially
mapped points. The mean = SD aerial mapping accuracy was
118.2 = 81.9 ft. Thirteen percent of the ground-referenced points
were within 32 ft of the aerially mapped points, whereas 75% of the
points fell within the standards and guidelines of 164 ft accuracy of
the USDA Forest Service Forest Health Technology Enterprise
Team aerial detection survey guidelines (Schrader-Patton 2003).

Of the 83,522 ac (74% of the entire unit) surveyed on the Iron-
ton Unit of the WNF in early March 2011, only 65.2 acres (0.08%
of the surveyed land) were mapped as infested with Azlanthus (Table
1). We had suspected that these late winter flights failed to detect
areas of infestation due to seed abscission. In January 2013, the
entire Ironton Unit (112,832 acres) was surveyed, and the results
confirmed that, indeed, few seed-bearing females were present on
that landscape with 39 female trees and 3 polygons aerially mapped
(Table 1). Fifteen of the 19 polygons mapped in 2011 were not
remapped in 2013, and some were mapped as individual trees in
2013. More than 68% of the 2011 polygons that were not re-
mapped in 2013 were small, ranging in size from 0.3 to 2 acres. Field
crews created georeferenced polygon data within the Ironton Unit
during herbicide treatments of Ailanthus and other invasive plants
between 2011 and 2013. Of those 5,440 acres treated, areas infested
with Ailanthus ranged in size from 0.03 to 353 acres. A wide range
(0-65%) of Ailanthus stem densities within a given treatment area
was observed. By comparing these georeferenced treated areas to our
aerially mapped Azlanthus polygons from 2011, we found that five of
the “missing” Ailanthus polygons were located within herbicide-
treated areas. The two remaining missing polygons (1.6 and 2.0
acres) may have been too small or had no visible seed clusters in
2013.

Within the Athens Unit survey area, 259 seed-bearing female
Ailanthus trees and 23 polygons were sketchmapped (Table 1). Of
the 23 polygons, 6 had Ailanthus cover of =25%, 8 had 26-50%
cover, 3 had 51-75% cover recorded, and 3 were not assigned an
Ailanthus cover value. Ground referencing surveys covering approx-
imately 50 miles of roads and more than 4,400 acres were conducted
in summer 2013. Within the ground reference area, 62 of the 70
aerially mapped females were located, 8 were not found, and 12

additional seed-bearing trees were mapped (Figure 4). These seed-
bearing females ranged from 3.6 to 20.5 in. dbh and averaged 8.2 =
7.2 in. dbh. Estimating the ratio of seed-bearing (female) to non-
seeding (presumably male) trees was outside of the scope of the study
and not calculated. However in the Athens Unit, non-seed-bearing
male trees were identified as individuals or in clumps for 8% of total
ground-mapped points, but most occurred mixed with seed-bearing
females (33% of total ground-mapped Azlanthus). The actual loca-
tion distance of ground-mapped seed-bearing Ailanthus ranged
from 3 to 492 ft from the aerially mapped location. Approximately
20% of these exceeded the 164 ft accuracy recommended by the
USDA Forest Health Technology Enterprise Team.

Given our initial mapping results during the dormant season at
THSF, we conducted preliminary leaf-on summer surveys to deter-
mine whether Ailanthus foliage and developing seed clusters could
be distinguished among the other canopy trees. The goal was to
determine whether the mapping window could be expanded beyond
the winter months into August and September. Over the course of 4
flight days in September 2009, approximately 40,000 acres were
aerially mapped within five ODNR state forests. Sketchmappers
were able to identify canopy seed-bearing Ailanthus during those test
flights. The observed yellowish-green seeds provided a good contrast
with the still green foliage, but sketchmappers recommended that
future leaf-on surveys be conducted before any changes in autumn
leaf color. Ground reference data collection indicated that many
polygons identified as non-seed-bearing Ailanthus patches were ac-
tually sumac (Rhus spp.) or black walnut (Juglans nigra L.) stems,
and in other cases, some polygons contained mixtures of sumac and
Ailanthus. This resulted in an overestimation of Ailanthus infesta-
tions within some stands. Another drawback is that the helicopter
had to fly at low altitudes (100200 ft aboveground) to accurately
map infestations, resulting in less area surveyed per hour, compared
to the dormant season aerial surveys. Approximately 12,000 acres
were surveyed per day at an average of 2,000 acres/hour (Greg
Guess, ODNR Division of Forestry, pers. comm., Apr. 2, 2010).

Discussion

We have demonstrated that helicopter digital sketchmapping
technology can be used to map locations of visually located seed-
bearing Aélanthus in forested landscapes during the dormant season,
when staff and aircraft may be more readily available. We found that
the ideal time to conduct aerial surveys for female Ailanthus is early
to middle winter (December and January), based on the persistence
of seed clusters into the months when there is no interfering leaf
cover. Because of the color, quantity, and seedpod arrangement,
female seed-bearing Ailanthus trees were very conspicuous from the
air. Although female seed-bearing trees as small as 1.2 in. dbh were
aerially detected, the inability to detect low seed producers or those
that drop seeds prematurely is a potential limitation of this tech-
nique. Because this methodology is restricted to identifying only
seed-bearing trees, it underestimates the total number of Ailanthus
stems within the surveyed areas. However, it does identify high-pri-
ority areas to target for removal treatments to minimize seed disper-
sal and future expansion to uninfected areas.

The horizontal accuracy of sketchmapped seed-bearing Ailanthus
locations was assessed using ground reference data. We were able to
locate, within 100-200 ft, 88-95% of the aerially mapped female
Ailanthus trees using handheld consumer-grade GPS units. These
inexpensive units provided enough accuracy to locate the general
vicinity of a given infestation. However, it should be noted that the
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Figure 3. Locations of Ailanthus female trees and polygons during aerial mapping at THSF in December 2008.
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Table 2. Summary of December 2008 helicopter survey and
January-February 2009 ground referencing of female Ailanthus
trees within 9,600 acres at THSF, Ohio.

Parameter Value

No. of female Ailanthus aerially mapped 98
No. of female Ailanthus ground referenced 62
Aerial mapping accuracy (ft)* 120 = 81
Range of mapping accuracy (ft) 13-336
Aerially mapped female trees not found 1
Misidentifications" 2
Unmapped females* 6
Ground referenced female tree dbh (in.)

Range 1.2-15.0

Mean * SD 7.4+ 8.0
Seed crop abundance (% of trees)

No seeds 11.7

Sparse 25.0

Moderate 33.3

Heavy 30.0
Ailanthus population structure (% of trees)

Single tree 18.3

Clump 46.7

Dense thicket 35.0

* Distance of aerial location from ground-referenced location of female tree
(mean = SD) using ESRI ArcMap.

" A sourwood (Oxydendrum arboretum) tree and a sugar maple (Acer saccharum)
tree covered with grape vine were misidentified as Azlanthus.

¥ These represent Ailanthus female trees located during ground truthing but were
not aerially mapped.

on-ground location of seed-bearing trees was slower and less
accurate when a full canopy was present, as was the case for
ground reference data collection in the Athens Unit. This was
attributed to viewing obstructions of seed clusters from the
ground and the limited number of accessible satellite signals
under canopy cover. However, if locations were measured in late
summer to early winter, finding aerially mapped female Ailanthus
would probably be less impeded. If ground locating of Ailanthus
must be done under full canopy, we recommend the field crews
be trained to identify its bark, which should facilitate faster re-
location of Ailanthus stems. We developed color photo guides of
bark, flower, seed, and leaf scars characteristics of both Aélanthus
and sumac for field use.

There is a distinct cost advantage to this sketchmapping tech-
nique over ground-based detection only. Our survey costs were
estimated at $0.40/acres ($1/ha). Additional populations of non-
seed-producing Ailanthus were often found during ground searches
of seed-bearing Ailanthus for chemical treatments. This suggests that
a multistage approach of conducting local ground searches near
aerially detected seed-bearing Ailanthus may be even more cost-ef-
fective. We based our costs on a commercial rate of $960/hour,
which included helicopter rental ($800/hour) and hourly wages for
the pilot ($60/hour) and two sketchmappers ($100/hour) for an
average 8-hour day. This estimate included round-trip flight time to
and from the airport and survey area (1-2 hours/day), as well as a
midday aircraft refueling and crew break at the closest airport. Ad-
ditional costs for training, setup, and postdata processing time were
minimal since we retooled an existing methodology currently used
by the ODNR Division of Forestry. However, we estimate that an
additional 16 hours ($50/hour) is required annually. Estimates of
coverage ranged from 2,000 to 7,000 acres/hour, depending on the
level of Ailanthus infestation and flight altitude. If more Ailanthus
was present, then more time per acre was required for mapping.
Another advantage of this mapping tool is quick access to the data.

Very little postflight processing is needed to generate georeferenced
maps and/or downloadable point data onto GIS devices. It should
be noted that downloading polygon data onto handheld units re-
quires more storage capacity than waypoint data.

Another benefit of using this digital aerial sketchmapping tech-
nology for mapping woody invasive plants is that many forest man-
agement agencies already use the equipment and software for forest
health insect and disease surveys. In addition, there is readily avail-
able support and training through the USDA Forest Service Forest
Health Technology Enterprise Team and the Forest Service State
and Private Forestry Forest Health Monitoring Program. Public
domain materials including DASM manuals, aerial detection survey
standards and guidelines, software, and other documentation are
available online (USDA Forest Service 2015b).

Management Applications

The georeferenced data collected in this project are being used to
develop and prioritize management plans to chemically treat Azlan-
thus on ODNR (Greg Guess, ODNR Division of Forestry, pers.
comm., June 26, 2010) and on WNF (Steven Blatt, USDA Forest
Service, pers. comm., July 14, 2014) lands. Based on our success, the
ODNR Division of Wildlife has been conducting annual helicopter
mapping surveys of the nonnative invasive perennial grass, Phrag-
mites australis, in wetland areas along Lake Erie since 2010. Because
of the flat topography within the Lake Erie Basin, National Agricul-
ture Imagery Program (NAIP) aerial imagery maps are used as base
maps instead of USGS quadrangle maps. Sketchmappers find it
easier to remain oriented and mapping accuracy is much improved
relative to that with topographic maps (Mark Witt, ODNR Divi-
sion of Wildlife, pers. comm., Apr. 7, 2014). This same approach
could also be used to aerially map invasive bush honeysuckles
(Lonicera spp.) by using their unique phenology of being the first to
leaf-out and last to abscise each growing season (Hutchinson and
Vankat 1998). Our sketchmappers were able to distinguish and map
the prominent seed clusters of the nonnative species princess tree
(Paulownia tomentosa). Its seeds were clearly visible and distinctive
from those of Ailanthus during these leaf-off surveys. Early indica-
tions show great promise for detection of this problematic nonnative
species as well. Unfortunately, not all invasive species can be
mapped at the same time because of differences in their phenology.
For successful mapping, timing of surveys must be linked to a prom-
inent and distinctive feature of the target species. In the case of
Atlanthus and Paulownia, winter leaf-off surveys are the most appro-
priate time but would be inappropriate for mapping bush
honeysuckle.

Challenges of Technology

There are limitations associated with this mapping method-
ology including access to and affordability of a helicopter and
pilot. Although hourly rates for fixed-wing aircraft are consider-
ably lower, this method does not provide the required lower
speed, maneuverability, and visibility needed for high-resolution
mapping. Itis much easier to accurately locate, sketch, and assign
attribute features at speeds of 55—80 mph in a helicopter than at
the speeds of approximately 130 mph in a fixed-wing aircraft.
The greatest limitation of this technology, however, is the accu-
racy of the skecchmapping.

According to McConnell et al. (2000, p. 15), “the most critical
element in aerial sketchmapping is also the most variable: the
sketchmapper.” Klein et al. (1983, p. 2), states that
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[Slketchmapping should be regarded more as an art than a sci-
ence. Sketchmapping is highly subjective, and the resulting data
can be no more accurate than the competence of the sketchmap-
per and the conditions under which the data were collected.

A sketchmapper should have a high level of comfort in an aircraft,
tolerance to air sickness and fatigue, knowledge of forest conditions,
and good map-reading skills. A sketchmap represents an observer’s
interpretation of what is seen on the ground. The accuracy of a
sketched feature is determined by the ability of the surveyor to keep
track of the aircraft’s position and to correctly relate features seen on
the ground to a topographic map. Given these potential limitations,
some caution is still required when interpreting sketchmapping re-
sults. Luckily, advances in GPS receiver hardware and associated
software allow for real-time display of the aircraft as an icon on the
touchscreen monitor.

Standardization of methods is the balance to the “art” side of
sketchmapping. Typically, a sketchmapper improves in perfor-
mance with experience. Early surveys of the Marietta Unit were the
first mapping session for many of the crew (3 of the 4). Based on
preliminary comparisons of these early flights with a recent Decem-
ber 2013 aerial survey of a 62,530-acre subsection of the same area
on the Marietta Unit, we found that approximately 45% of the 2011
Ailanthus infested polygons were not relocated in 2013, suggesting
an initial overestimation of Ailanthus-infested areas (J. Rebbeck,
USDA Forest Service, unpubl. data, Dec. 6, 2014). Annual training
before the season is critical and should include calibration and con-
formity sessions. A presurvey training flight is strongly encouraged
for sketchmappers. During our first flights, we did not have aerial
photos of seed-bearing Ailanthus. They are now part of the preflight
training and serve as a good calibration tool to improve mapping
accuracy. During all flights, surveyors should periodically record
known land features such as road intersections, bridges, or promi-
nent structures as spatial accuracy checks. We recommend imple-
menting the aerial survey standards and quality assurance and qual-
ity control guidelines developed by the USDA Forest Service Forest
Health Technology Enterprise Team (USDA Forest Service
2015b).

Ongoing Refinements

As with any new application use of an existing technology, re-
finements are ongoing. As more survey flights are conducted, we
continue to improve the accuracy of the sketched features. We
found significant improvements in georeferencing actual seed tree
locations by prioritizing the digitizing of single points or multi-
points over polygons. The multipoint keypad function allowed the
surveyor to map many points that have the same attribute (e.g.,
Ailanthus, Paulownia, and others). When the mapping of points was
not feasible (or, in the case of the Marietta Unit, early in the devel-
opment of protocols), a polygon was sketched and an estimate of
Ailanthus cover was recorded. Additional improvements will be
tested in upcoming Ailanthus aerial surveys, when the use and accu-
racy of utilizing USDA NAIP imagery base maps will be compared
with those for USGS quadrangle maps with ground truthing after
aerial mapping.

Conclusions

We determined that the conspicuous seed clusters of Ailan-
thus could be identified from helicopters and cost-effectively
mapped using DASM technology in forested landscapes. This
technology provided forest managers with readily available, land-

scape-level data for seed-producing Ailanthus populations, allow-
ing them to develop improved control plans and direct field
crews to the location of seed-bearing Ailanthus for treatment.
Proactive control of invasive plants in advance of a natural dis-
turbance or silvicultural treatment such as a harvest, prescribed
fire, or other stand disturbance provides a huge advantage for
managers in minimizing the impacts of invasive woody species,
as disturbances often create opportunities for rapid invasive ex-
pansion should seed sources be available.
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