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Warrensburg’s vision to promote and preserve thamuforest and improve the management of
public trees was a fundamental inspiration for tpisject. This vision will ensure canopy
continuity, which will reduce stormwater runoff amghprove air quality, public health, and
aesthetic values.

Warrensburg is thankful for the grant funding thregeived from the Missouri Department of

Conservation (MDC) in cooperation with the Missc@ammunity Forestry Council and the U.S.

Forest Service through its Tree Resource Improvesrah Maintenance (TRIM) cost-share grant
program. The TRIM grant program is designed to arage communities to create and support
long-term and sustained urban and community forestsgrams.

Notice of Disclaimer.lnventory data provided by Davey Resource Groupljvésion of The
Davey Tree Expert Company, are based on visuakdeap at the time of inspection. Visual
records do not include individual testing or analyand do not include aerial or subterranean
inspection. Davey Resource Group is not respon$ibldiscovery or identification of hidden or
otherwise non-observable hazards. Records may emain accurate after inspection due to
variable deterioration of inventoried material. Bg\Resource Group provides no warranty with
respect to the fitness of the urban forest for @sg or purpose whatsoever. Clients may choose
to accept or disregard Davey Resource Group’s regamdations, or to seek additional advice.
Important: know and understand that visual inspecis confined to the designated subject
tree(s) and that the inspections for this projeetmerformed in the interest of facts of the tree(s
without prejudice to or for any other service oy amterested party.
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Executive Summary

Inventory Summary Report

This plan was developed for the City of WarrensbioygDavey Resource Group, a division of
The Davey Tree Expert Company, with a focus on esking short- and long-term maintenance
needs for inventoried public trees. Davey Reso@®ip completed a tree inventory to gain an
understanding of the needs of the existing urbamstoand to project a recommended
maintenance schedule for tree care. Analysis okntwy data was utilized, along with
information about the City’s existing program andian for the urban forest, to develop this
Tree Management PlaThe economic, environmental, and social ben#fias trees provide to
the City are presented, and a strategy for adargssid managing the threat of the emerald ash
borer in the City’s urban forest is also includedhe plan.

State of the Existing Urban Forest

The multi-phased inventory included trees, stumgosd planting sites along public street
rights-of-way (ROW) and in specified parks and puiproperties. A total of 5,592 sites were
recorded during the inventory: 4,068 individualesge 121 stumps, and 1,403 planting sites.
Analysis of the tree inventory data found:

e The overall condition of the inventoried tree p@&tidn was rated to be Fair.

e The most common tree found during the inventory iaglans nigra(black walnut)
representing 8% of the inventoried tree population.

e On the street ROWCercis canadensigastern redbud) was found in abundance (13%),
which creates a concern for the streetscape’s\woslty.

e Overall, the age class distribution of the invelrtree population trended towards the
ideal, with a greater number of young trees thaabéshed, maturing, or mature trees.

e Warrensburg’s inventoried trees provide approxityat&255,500.00 in annual
environmental benefits.

e Energy Savings: $23,000/year

e Stormwater Interception: 12,478,000/gallons valae#i77,400/year

e Carbon Sequestration: 486 tons valued at $3,200/yea

¢ Avoided Carbon Emissions: $1,900/year

e Warrensburg's trees have an estimated replacenraéund of $5,460,000
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Tree Maintenance and Planting Needs

Maintenance needs recommended during the inveiotyde tree and stump removal (14%),
pruning (61%), and planting (25%).Trees should Bntpd to mitigate removals and create
canopy.

Trees provide many environmental and economic litsndfat justify spending the time and
bmoney for planting and maintenance. Reduce tried¢erk risk and prioritize maintenance by
addressing trees with the highest risk first. Matker(Rating 5, 6) and Low Risk (Rating 3, 4)
trees should be addressed after all Severe (R&int0) and High Risk (Rating 7, 8) tree
maintenance has been completed.

The inventory noted several Severe and High Riskstr(<1% and 19% of trees assessed,
respectively); these trees should be removed argarimmediately to promote public safety.

« Severe Risk = 9 trees

« High Risk = 367 trees

* Moderate Risk = 203 trees
* Low Risk = 76 trees

f * Severe Risk = 1 tree
Prunin ) ;
o = e

Routine Pruning (RP) Cycle » Number of trees in cycle each year =
approximately 455

Tree Removal

Young Tree Training (YTT)

Cycle * Number of trees in cycle each year = at least 237

Tree Planting » Number of trees each year = at least 281

In addition to priority maintenance, Warrensburgidan forest will benefit greatly from a
three-year young tree training cycle and a fiveryeatine pruning cycle. Based on inventory
data, at least 237 young trees should be strubtupalined each year during the young tree
training cycle and approximately 455 trees showddcleaned during the routine pruning cycle
each year.

In these proactive pruning cycles, all establistieds are visited at least once every five years
and young trees receive a training prune ever\ethiears. Proactive pruning cycles improve the
overall health of the tree population, and may &valy reduce program costs. In most cases,
pruning cycles will correct defects in trees befitrey worsen, which will avoid costly problems.

Planting trees is necessary to maintain canopyrcave to replace trees that have been removed
or lost to natural mortality (expected to be 1-3% pear) or other threats (for example,
construction, invasive pests, or impacts from wea#vents such as storms, wind, ice, snow,
flooding, and drought). We recommend planting aste281 trees of a variety of species each
year to offset these losses and maintain canopyreximum benefits.

Davey Resource Group iii March 2014



Citywide tree planting should focus
on creating canopy in areas the
promote economic growth (such a
business districts), in parking lots
and near buildings with insufficient
shade, and where there are gaps
the existing canopy. Trees o
varied species should be plantec
however, the planting of black
walnut or eastern redbud should t
limited until the species
distribution normalizes. Due to the
species distribution and impendin
threats from emerald ash bore
(EAB, Agrilus planipenniy all
Fraxinusspp. (ash) trees should b
temporarily removed from the
planting list or planted only when &
landscape plan is in place.

Photograph 1. The City of Warrensburg recognizestlis
urban forest is critical to ecosystem health andaomic
growth. Planning and action is required to promote

Urban Forest Program and sustain a healthy urban forest.

Needs

Adequate funding will be needed for the City to lempent an effective management program
that will provide short- and long-term public behefo ensure that priority maintenance is
performed expediently, and to establish proactiwntenance cycles. The estimated total cost
for the first year of this five-year program is $3800; this total will decrease by Year Three of
the program to approximately $177,135 per yearhHtigority removal and pruning is costly;
most of this work is scheduled during the first ty@ars of the program, which is why the budget
is higher for the first two years. After this pitgrwork has been completed, the urban forestry
program will mostly involve proactive work, whick generally less costly, so budgets for later
years are projected to be lower.

Supporting proactive management of trees througtdifig will, over the long term, reduce
municipal tree care management costs and possiblgdsts to build, manage, and support some
City infrastructure.

Warrensburg has many opportunities to improve itsan forest. Planned tree planting and a

systematic approach to tree maintenance will toansfan on-demand, priority-based operation

into a cost-effective, proactive program. Investimghis tree management program will promote

public safety, improve tree care efficiency, ancré@ase the economic and environmental benefits
the community receives from its trees.
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Introduction

The City of Warrensburg commissioned a multi-phasedntory of public trees in 2012, 2013,

and 2014. During the inventory, 5,592 sites werkected throughout the City's street ROWs

and public parks. Past urban forestry projects hdemonstrated a desire to improve the
environment through higher levels of tree care.

More than 19,000 full-time residents enjoy the lgand benefits of the urban forest within
Warrensburg’s City limits.

Funding for the City’'s urban forestry program confesm the Missouri TRIM grant fund.
Warrensburg finalized a phased inventory of puttkes in 2014. The City has a tree ordinance,
maintains a budget of more than $2 per capitarfe-telated expenses, celebrates Arbor Day,
and has been designated as a Tree City USA.

Approach to Tree Management

The best approach to managing an urban forest é&velop an organized, proactive program
using tools (such as a tree inventory and tree gemant plan) to set goals and measure
progress. These tools can be utilized to estalilesh care priorities, generate strategic planting
plans, draft cost-effective budgets based on prejeceeds, and ultimately reduce to a minimum
the need for costly, reactive solutions to crisesrgent hazards.

The City of Warrensburg worked with Davey ResouBceup to inventory trees and to develop a
management plan. This plan considers the generalittan, diversity, and distribution of the
inventoried trees and provides a prioritized systemmanaging street ROW and park trees. The
following tasks were completed:

o Inventory of trees, stumps, and planting sites iwithe street ROW and in community
parks
e Analysis of tree inventory data
o Development of a plan that prioritizes the recomdeehtree maintenance
This plan is divided into four sections:
e Section 1 {ree Inventory Analysissummarizes the tree inventory data and presents
trends, results, and observations.

e Section 2 Benefits of the Urban Forgssummarizes the economic, environmental, and
social benefits that trees provide to Warrensburg.

e Section 3 (ree Management Progrgmtilizes the inventory data to develop a priaet
maintenance schedule and projected budget fomtpgementation of the recommended
tree maintenance over a five-year period.

e Section 4 Emerald Ash Borer Stratepypresents proactive maintenance and policy
strategies for the prevention and mitigation okarerald ash borer infestation.
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Section 1: Tree Inventory Analysis

In March 2014, Davey Resource Group arborists asgeand inventoried trees, stumps, and
planting sites along the street ROW and trees nkspaA total of 5,592 sites were collected

during the inventory: 4,068 trees, 121 stumps, BA403 vacant planting sites. Of the 5,592 sites
collected, 58.51% were collected along the stre®iMRand the remaining 41.49% in parks.

Figure 1 provides a detailed breakdown of the nurahd type of sites inventoried.

6,000
5,000
g 4,000
=
©
(0]
o)
g 3,000
=}
b4
2,000
1,000
0
Number
of Sites
HTrees 4,068
® Vacant Sites 1,403
Stumps 121

Figure 1. Sites collected during the 2014 inventory

Data Collection Methods

Tree inventory data were collected using a systeneldped by Davey Resource Group that
utilizes a customized ArcP&drogram loaded onto pen-based field computerspegdi with
geographic information system (GIS) and global fmsing system (GPS) receivers. The
knowledge and professional judgment of Davey Resouwroup’s arborists ensure the high
quality of inventory data.
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Data fields are defined in the glossary, and the Iscation method is provided in Appendix A.
At each site, the following data fields were caiéet

aboveground utilities primary maintenance needs
block side mapping coordinate

clearance requirements observations

condition notes

grow space size risk assessment

grow space type risk rating

further inspection secondary maintenance needs
hardscape damage species

location stems

location rating tree size*

* measured in inches in diameter at 4.5 feet algpade (or diameter at breast height [DBH])

Primary and secondary maintenance are basedMN®&I A300 (Part 1)(ANSI 2008). Risk
assessment and risk rating are basedriwan Tree Risk Managemefrokorny et al. 2003)

The data collected were provided in shapefile ancrddoft Excel’, Access' and i-Tree Streets
formats on a CD-ROM accompanying this plan.

Project Area

Warrensburg street ROWSs and public parks were teeldry the City of Warrensburg for the tree
inventory.

Assessment of Tree Inventory Data

Data analysis and professional judgment are usedna&e
generalizations about the state of the inventdriegl population.
Recognizing trends in the data can help guide slaord long-
term management planning. In this plan, the foltayvcriteria
and indicators of the inventoried tree populati@revassessed:

Species diversitythe variety of species in a specifi
population; affects the population’s ability to &is

threats from invasive pests and diseases; impaets
maintenance needs and costs, tree planting gaads,
canopy continuity

Diameter size class distribution datastatistical

distribution of a given tree population's trunkesidass;

affects the valuation of tree-related benefits &l a&s

the estimation of maintenance needs and coststinar
goals, and canopy continuity; the diameter sizesscl
distribution be used to indicate relative age ofree

population

Condition: the general health of a tree populati
indicates how well trees are performing given trssie-
specific conditions; general health affects botbrshand
long-term maintenance needs and costs as wellragpy:
continuity

Photograph 2. Davey's ISA
Certified Arborists inventoried
trees along street ROW and in

community parks to collect
information about those trees
that will be used to assess the

state of urban forest, plan
maintenance activities,
prepare budgets and project
benefits those trees provide
the community.
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e Street ROW stocking levehe portion of existing street ROW trees compdcetthe total
number of potential street ROW trees (number oéimaeried trees plus the number of
potential planting spaces); stocking level can haddfpermine tree planting needs and
budgets

e Other observationsinventory data analysis that provides insight ip&st maintenance
practices and growing conditions; discusses ob#ens that may affect future
management decisions

Species Diversity

Species diversity affects maintenance costs, plgrgioals, canopy continuity, and the forestry
program’s ability to respond to threats from invaspests or diseases. Low species diversity
(large number of trees of the same species) cahtleaevere losses in the event of species-
specific epidemics such as the devastating resdltButch elm disease (DEDDphiostoma
novo-ulm) throughout New England and the Midwest. Becaudghenintroduction and spread of
DED in the 1930s and its presence today, massindars ofUimus americangAmerican elm),

a popular street tree in Midwestern cities and ®mwmave perished (Karnosky 1979). Many
Midwestern communities were stripped of most ofirtineature shade trees, creating a drastic
void in canopy cover. Many communities replantedeplace the lost elm trees. Ash ahcer
spp. (maple) trees were popular replacements forerfsan elm in the wake of DED.
Unfortunately, some of the replacement speciesAfaerican elm trees are now overabundant
and are a concern for biodiversity. EAB and Asianghorned beetle (ALBAnoplophora
glabripennig are non-native insect pests that attack sombeeofrtost prevalent urban shade trees
and some agricultural trees throughout the country.

The composition of a tree population should folldwe 10-20-30 Rule for species diversity: a
single species should represent no more than 10&teofirban forest, a single genera no more
than 20%, and a single family no more than 30%.

Warrensburg currently has no genus or speciesssstiao single genera represents over 20% of
the inventoried population, and no single specgsasents more than 10% of the inventoried
population.

Findings

Analysis of Warrensburg’s tree inventory data iaticl that the population had relatively good
diversity with 47 genera and 107 species repredeAlieng the street ROW, diversity was lower
with 16 fewer species present than in the ovenaktmtoried population.

Figure 2 compares the percentages of the most carsperies identified during the inventory to
the 10% Rule. There currently are no diversity éssat the species level.

Figure 3 compares the percentages of the most congereera identified during the inventory to
the 20% Rule. There currently are no diversity éssat the genus level.
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Figure 2. Five most abundant species of the inveird tree population compared to the 10% rule.
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Figure 3. Five most abundant genera of the invernigxt tree population compared to the 20% rule.

Discussion/Recommendations

Black walnut dominates the streets and parks.odilgih it is currently at an acceptable level, its
abundance in the landscape makes it a concern éindtiag species in terms of biodiversity.
Also, it is a target of the Thousand Cankers diseBsving a diverse population of trees is an
objective of Warrensburg that will ensure that utdan forest is sustainable at the street,
neighborhood, and management zone level, as wélitaside.

Considering the large quantity of black walnut athe present in the population and its
susceptibility to Thousand Canker disease, thetiplgrof black walnut should be limited to
minimize the potential for loss should Thousand Keardisease threatens Warrensburg’s urban
tree population. See Appendix B for a recommendsaigpecies list for planting.
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Figure 4. Comparison of diameter size class distttion for inventoried trees to the ideal
distribution.

Diameter Size Class Distribution

Analyzing the diameter size class distribution juleg an estimate of the relative age of a tree
population and insight into maintenance practices aeeds. The inventoried trees were
categorized into the following diameter size class®ung trees (0-8 inches DBH), established
(9-17 inches DBH), maturing (18-24 inches DBH), amature trees (>24 inches DBH). These
categories were chosen so that the population cbeldanalyzed following Richards ideal
distribution (1983). Richards proposed an ideahwditer size class distribution for street trees
based on observations of well-adapted trees incBgea New York. Richards’ ideal distribution
suggests that the largest fraction of trees (apprately 40% of the population) should be young
(<8 inches DBH) with a smaller fraction (approxielst10%) in the large-diameter size class
(>24 inches DBH). A tree population with the ides$tribution would have an abundance of
newly planted and young trees, with establishedurimg, and mature trees present in lower
numbers.

Findings

Figure 4 compares Warrensburg’'s diameter size dissibution of the inventoried tree
population (street and park trees) to the ideapgsed by Richards (1983). Warrensburg’s
distribution trends toward the ideal; however, thaturing tree population is under the ideal by
around 5%.

Discussion/Recommendations

Even though it may appear that Warrensburg may t@venany young trees that is not the case.
Actually, Warrensburg has too few established, nvagutrees and, thus, the distribution is
skewed. One of Warrensburg’s objectives is to reveineven-aged distribution of trees at the
street, neighborhood, and management zone levelehss Citywide. Davey Resource Group
recommends that Warrensburg support a strong ptaatid maintenance program to ensure that
young, healthy trees are in place to fill in gapsree canopy and provide for gradual succession
of older trees. The City must promote tree predemaand proactive tree care to ensure older
trees survive as long as possible. Tree plantird) taee care will allow the distribution to
normalize over time.
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Planting trees is necessary to increase canopy cover and
to replace trees lost to natural mortality (expected to be 1%
to 3% per year) and other threats (for example, invasive
pests or impacts from weather events such as storms,
wind, ice, snow, flooding, and drought). Planning for the
replacement of existing trees and finding the best places to
create new canopy is critical.

Condition

Davey Resource Group assessed the condition ofidhudil trees based on methods defined by
the International Society of Arboriculture (ISA)ev&ral factors were considered for each tree,
including root characteristics; branch structurenk, canopy, and foliage condition; and the
presence of pests. The condition of each inverddree was rat¢ Excellent, Very Goo¢ood, Good,
Fair, Poor, Critical, or Dead.

In this plan, the general health of th=
inventoried tree population was characteriz
by the most prevalent condition assign
during the inventory.

2,000

Comparing the condition of the inventoried tre
population with relative tree age can provi
some insight into the stability of the populatio
In this plan, relative age was based on DB
Since tree species have different lifespans
mature at different diameters, heights, a
crown spreads, actual tree age cannot
determined from diameter size class alof
However, general classifications of size can
extrapolated into relative age classes. T
following categories are used to descri
relative age: young (0-8 inches DBH
established (9-17 inches DBH), maturing (1 500
24 inches DBH), and mature (>24 inch
DBH).

Figure 5 and Figure 6 illustrate thergral
health and percent of young, established, 0
mature, and maturing trees to their condition.

1,500

Number of Trees

1,000

Number of Trees
Dead 199
Critical 192

= Poor 614

u Fair 2,578
Good 475
Very Good 10
Excellent 0

Figure 5. Condition of inventoried trees during the
2014 inventory.
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Figure 6 Tree condition by relative age during tt2914 inventory.

Findings

The condition of street ROW trees was about theesasnthe park trees inventoried. Most of the
inventoried trees were recorded to be in Fair oorRmndition, 63% and 15%, respectively
(Figureb). Based on these data, the general hetlthe overall inventoried tree population is
rated Fair. Figure 6 illustrates that the percemtaf trees rated Good to Excellent steadily
decreased as the population matured.

Discussion/Recommendations

Even though the condition of Warrensburg’s inveietbtree population is typical, the conditions
found lent some insight into maintenance needshéstdrical maintenance practices:

e The similar trend in tree condition across stre®WfRand park trees reveals that growing
conditions and/or past management of trees wergistent.

e Dead trees and trees in Critical condition shoudrémoved because of their failed
health; they most likely will not recover even &re is increased.

e Younger trees rated in Fair or Poor condition megdiit from improvements in structure
that in time may improve their health. Pruning dddollow ANSI A300 (Part 1JANSI
2008).

e Poor condition ratings given to mature trees wemegally due to visible signs of decline
and stress, including decay, dead limbs, sparsechitag, or poor structure. These trees
will require corrective pruning, regular inspecsorand possible intensive plant health
care to improve their health.

e Related to the long-term general health of theuifbegest is the need for proper tree care
practices. Many of the newly planted trees wereraperly mulched or had staking
hardware attached to them long after it should HBeen removed. Following guidelines
developed by the ISA and those recommendeANMgI A300 (Part 1JANSI 2008) will
ensure that tree maintenance practices will imptbeegeneral health of the urban forest.
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Street ROW Stocking Level

Stocking is a traditional forestry term used to muga the density and distribution of trees. For an
urban/community forest such as Warrensburg's, stgckevel is used to estimate the total
number of sites along the street ROW that couldehases. Because this is a measure of the
capacity of the street ROW to contain trees, padk@ublic property trees are excluded from this
measurement.

Stocking level is the ratio of street ROW spaces Hre occupied by trees to total street ROW
spaces that are suitable for trees. For exampdtreat ROW tree inventory of 1,000 total sites
with 750 existing trees and 250 vacant plantingssitould have a stocking level of 75%.

For an urban area, Davey Resource Group recomntkeatthe street ROW stocking level be at
least 90% so that no more than 10% of the poteptéaiting sites along the street ROW are
vacant.

Findings

The inventory found 3,288 trees, stumps and vapkamting spaces within the street ROW. Of
the inventoried sites, 423 were potential plantsiigs for large-sized trees (8-foot-wide and
greater growing space size); 162 for medium-sireelst(6- to 7-foot-wide growing space sizes);
and 818 for small-sized trees (4- to 5-foot-widevgng space sizes). There were also 60 stumps
along the street ROW that can be converted to vegiges once they have been removed and the
site is prepared for planting a new tree. Basedthendata gathered during this inventory,
Warrensburg’s current street ROW tree stockingllesv86%.

Discussion/Recommendation

Fully stocking the street ROW with trees i
a worthy goal. Inadequate tree planting ar
maintenance budgets and tree mortality w
result in lowered stocking levels
Nevertheless, working to attain a fully
stocked street ROW is worthwhile becau:
it will promote canopy continuity and
environmental sustainability. The City
should consider growing its street ROV
population from its current stocking level o
56% towards the ideal of 90% or bette
Generally, this entails a planned program
planting, care, and maintenance for tt
City's street ROW trees.

With a current total of 1,403 vacant plantin
sites along the street ROW, it will take

approximately five years for the City tc  Photograph 3. This Ailanthus altissima (tree-of-
reach the recommended stocking level heaven) located along Gay Street has poor structure
90% If possible exceed thic The location of this tree under power lines has

. required aggressive pruning techniques to keep the

recommendation to better prepare fC jines clear. The poor structure of this tree is the

impending threats and to increase the urb  result of the wrong tree planted under the lines.

forest’s benefits. Proper species selection under utility lines is an

important part of planning a successful urban fores
with lowered maintenance requirements.
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Stocking level can also be used to determine tmebien of trees per capita. Calculations of trees
per capita are important in determining how wellekted a city is. The more residents and
greater housing density a city possesses, the neae for trees to provide benefits.

Warrensburg's ratio of street trees per capita@9-8-well below the mean ratio of 0.37 reported
for 22 US cities (McPherson and Rowntree 1989) r& e one tree for every 10.8 residents and
Warrensburg's potential is one tree for every @sidents.

Other Observations

Observations were recorded during the inventorfutther describe a tree’s health, structure, or
location when more detail was needed.

Findings
Cavity/Decay and Poor Structure were observed @aedrded most often (12% and 6% of
inventoried trees, respectively) (Table 1). Of #81 trees noted as having Cavity/Decay, 169
were recommended for removal and 240 were rateé tdigh or Severe Risk trees.
Table 1. Observations Recorded During the Treentorg

Number

Observation Inventoried Percent
Cavity/Decay 481 11.82%
Poor Structure 236 5.80%
Poor Location 57 1.40%
Serious Decline 45 1.11%
Improperly Pruned 45 1.11%
Pest Problem 32 0.79%
Mechanical 26 0.64%
Damage

Grate or Guard 23 0.57%
Poor Root System 19 0.47%
Remove Hardware 13 0.32%
Memorial Tree 11 0.27%
Improperl

Mulched 2 0.05%
None 3,078 75.66%
Total 4,068 100%
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Discussion/Recommendations

Trees noted as having cavity or decay (481 treespoor structure (236 trees) should be
inspected regularly and corrective actions showdidken when warranted. If their condition
worsens, removal may be required.

Cabling and bracing hardware can help support tvgés poor structure in otherwise good
health. Location, species and contribution to tibe should be considered when selecting trees
for cable and brace hardware installation.

The costs for treating deficient trees must be idemsd to determine whether removing and
replacing the tree is the more viable option.

Infrastructure Conflicts

In an urban setting, space is limited both abowketmiow ground. Trees in this environment may
conflict with infrastructure such as buildings, eihlks, and utility wires and pipes, which may
then create risks to public health and safety. tixgsor possible conflicts between trees and
infrastructure recorded during the inventory ineéud

e Clearance Requirements—The inventory noted treeskislg the visibility of traffic
signs or signals, streetlights, or other safetyiaisy This information should be used to
schedule pruning activities.

e Overhead Utilities—The presence of overhead utilitgs above a tree or vacant planting
site were noted; it is important to consider thdatga when planning pruning activities
and selecting tree species for planting.

e Hardscape Damage—Sometimes trees adversely impedtdape, which may adversely
impact trees. The inventory recorded damage rel@tdcees causing curbs, sidewalks,
and other hardscape features to lift. These daialdtbe used to schedule pruning and
plan repairs to damaged infrastructure. To limitdsaape damage caused by trees, trees
should be planted only in growing spaces where watecaboveground and belowground
space is provided.

Findings

There were 50 trees recorded with some type ofrate® issue. Most of those (54%) were
related to conflicts with Pedestrian clearance.l@@kdisplays all types of clearance issues noted
during the inventory.

There were 414 trees with utilities directly over passing through the tree canopy. Of those
trees, 47% were large- or medium-size trees.

Hardscape damage was minimal; only 3% of the topeilation raised sidewalk slabs or curbs.
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Table 2. Trees Noted to be Conflicting with Infraatture

Tree and Infrastructure Conflict Number of Trees rcBat of Population

Pedestrian 27 0.67%
Light 11 0.27%
Sign or Signal 7 0.17%
Vehicle 4 0.10%
Building 1 0.02%
None needed 4,018 98.77%
Total 4,068 100%

Discussion/Recommendations

Tree canopy should not interfere with vehiculapedestrian traffic, rest on buildings, or block
signs, signals, or lights. Pruning to avoid cleaeaissues and to raise tree crowns should be
completed in accordance wikNSI A300 (Part 9JANSI 2011). Clearance distance guidelines
used by Davey Resource Group are: 14 feet ovestsir8 feet over sidewalks; and 5 feet from
buildings, signs, signals, or lights.

Planting only small-growing trees within 20 feetaderhead utilities, medium-size trees within
20-40 feet, and large-growing trees outside 40 fakthelp lessen future conflicts, improve
future tree conditions, and reduce the costs ohtaiing trees under utility lines.

When planting around hardscape, it is importangit@ the tree enough growing room above

ground. Guidelines for planting trees among hansdaatures are: give small-growing trees 4-5
feet, medium-growing trees 6—7 feet, and large-grgwrees 8 feet or more between hardscape
features. In most cases, this will allow for theesp of a tree’s trunk taper, root collar, and

immediate larger-diameter structural roots.

Growing Space

Information about the type and size of the growspgce was recorded. Growing space size was
recorded as the minimum width of the growing spaeeded for root development. Growing
space types are categorized as follows:

e Island—surrounded by pavement or hardscape (fanpbea parking lot divider)

e Median—Ilocated between opposing lanes of traffic

e Open/Restricted—open sites with restricted grovgipgce on two or three sides

e Open/Unrestricted—open sites with unrestricted gngvgpace on at least three sides
e Raised Planter—in an above-grade or elevated plante

e Tree Lawn/Parkway—Iocated between the street audltlze public sidewalk

e Unmaintained/Natural Area—Ilocated in areas that it appear to be regularly
maintained

¢ Well/Pit—at grade level and completely surroundgdidewalk
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Findings

Most (89%) of the inventoried trees and stumpsl@ated in Open or Unrestricted grow spaces
that range between 4- and 23-feet-wide. Inventovechnt planting sites are split between Tree
Lawns (63%) and areas that are Open/UnrestrictééloY3The greatest percentages (22%) of
vacant sites are located in 6-foot tree lawns.

Discussion/Recommendations

To prolong the useful life of street trees, smativgng tree species only should be planted in
tree lawns 4-5 feet wide, medium-size tree speiciesee lawns 6-7 feet wide, and large-
growing tree species in tree lawns that are at Rdset wide. The useful life of a public tree is
ended when the cost of maintenance is greaterttieamalue added by the tree. This can be due
to increased maintenance needed by a tree in dectidue to the costs of repairing damage
caused by the tree’s presence in a restricted site.

Further Inspection

This data field indicates whether a particular treguires further inspection, such as a Level Il
risk inspection in accordance wikNSI A300 (Part 9JANSI 2011), or periodic inspection due
to particular conditions that may cause it to beatety risk and, therefore, hazardous. If a tree
was noted for further inspection, City staff shouldestigate as soon as possible to determine
corrective actions.

Findings
Davey recommended one tree for further inspection.

Discussion/Recommendations

An ISA Certified Arborist should
perform additional inspections of
this one tree. If it is determined tha
this tree exceeds the threshold fc
acceptable risk, the defective
part(s) of the trees should b
corrected or removed or the entir
tree may need to be removed.

Potential Threats from Pests

Insects and diseases pose serio
threats to tree health. Awarenes
and early diagnosis are crucial t
ensuring the health and continuit
of the street trees. Appendix (

provides mformatlon_about some o Photograph 4. This Siberian elm along Murray Hill five needs

the current potential threats tC fyrther inspection with the assistance of an aerlit. Observations

Warrensburg's trees and include from the ground were inconclusive. Presence of stodamage in

websites where more detailel the canopy showed there was a large possibilityt tha main

information can be found. scaffold branch was rotted. An ISA Certified Arbetishould
perform the additional inspection.
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Many pests target a single species or an entireiggehhe inventory data were analyzed to
provide a general estimate of the percentage ektseisceptible to some of the known pests in
Missouri (see Figure 7). It is important to notaittlihe figure presents data only from the
inventory. Many more trees throughout Warrensbumgluding those on public and private
property, may be susceptible to these invasivespest

Findings

Granulate ambrosia beetl¥ylosandrus crassiusculusnd ALB are a known threat to a large
percentage of the inventoried street trees (61% 248, respectively). These pests were not
detected in Warrensburg, but if they were, the Cityld see severe losses in its tree population.

EAB has not yet been confirmed in Johnson County, Has been confirmed in neighboring
Jackson County. There were 138 ash trees in theewsurg inventory, but only 3 showed
potential symptoms. Private trees that were nadt @fathis inventory also showed symptoms of
infestation. The unknown amount of private treest there not part of this inventory may be a
future concern.

Granulate ambrosia beetle 61%
Gypsy Moth

Asian longhorned beetle
Oak wilt

Xm ambrosia beetle
Thousand cankers disease
Dutch elm disease
Emerald Ash Borer

Pine shoot beetle

Sirex woodwasp

Sudden oak death
Hemlock woolly adelgid

Threats to Trees

0% 10% 20% 30% 40% 50% 60% 70%

Percent of Tree Population

Figure 7. Potential impact of insect and diseasedats noted during the 2014 inventory.

Discussion/Recommendations

Warrensburg should be aware of the signs and syngpti infestations and should be prepared
to act if a significant threat is observed in thiege population or in a community nearby. An
integrated pest management plan should be estailishd include identifying and monitoring

threats, understanding the economic thresholdctasiethe correct treatment, properly timing

management strategies, recordkeeping, and evajuatiults.
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Section 2: Benefits of the Urban Forest

The urban forest plays an important role in supporting and improving the quality of life in urban
areas. A tree's shade and beauty contributes to the community’s quality of life and softens the
often hard appearance of urban landscapes and streetscapes. When properly maintained, trees
provide abundant environmental, economic, and social benefits to a community far in excess of

the time and money invested in their planting, pruning, protection, and removal.

Trees decrease energy
consumption and
moderate local climates
by providing shade and
acting as windbreaks.
Trees act as mini-
reservoirs, helping to slo
and reduce the amount ¢
stormwater runoff that
reaches storm drains,
rivers, and lakes. 100
mature  tree  crowns
intercept ~100,000 gallons
of rainfall per year (U.S.
Forest Service 2003a)
Trees help reduce noise
levels, cleanse
atmospheric  pollutants,
produce oxygen, and
absorb carbon dioxide.
Trees can reduce street-
level air pollution by up to
60% (Coder 1996). Lovasi
(2008) suggested that
children who live on tree-
lined streets have lower
rates of asthma.

Trees stabilize soil and
provide a habitat for
wildlife.

Tree-lined streets are safer; traffic speeds amedathount of stress drivers
feel are reduced, which likely reduces road raggkssive driving (Wolf

1998a, Kuo and Sullivan 2001b).

Chicago apartment buildings with medium amountgy@fenery had 42%

fewer crimes than those without any trees (Kuo $ualivan 2001a).

Chicago apartment buildings with high levels ofegrery had 52% fewer

crimes than those without any trees (Kuo and Sailig001a).

Employees who see nature from their desks expexi@B€6 less sick time
and report greater job satisfaction than those whonot (Wolf 1998a).
Hospital patients recovering from surgery who hadesv of a grove of trees
through their windows required fewer pain relieyeexperienced fewer
complications, and left the hospital sooner thamilar patients who had a

view of a brick wall (Ulrich 1984, 1986).

When surrounded by trees, physical signs of peftsiness, such as muscle
tension and pulse rate, were measurably reducédnwst-4 minutes (Ulrich

1991).

ENVIRONMENTAL
BENEFITS

Trees increase residential
property values an average
of 7% when present in the
yard or neighborhood.

Commercial property rental

rates were 7% higher when
trees were on the property
(Wolf 2007).

Trees moderate

temperatures in the summer
and winter, saving on

heating and cooling

expenses (North Carolina
State Univ. 2012, Heisler

1986)

On average, consumers will
pay about 11% more for

goods in landscaped areas,
with this figure being as

high as 50% for

convenience goods (Wolf
1998b, Wolf 1999, and

Wolf 2003).

Consumers also feel that the
quality of the products is

better in business districts
having trees than those
considered barren (Wolf

1998b).

The quality of landscaping

along the routes leading to
the business district had a
positive  influence  on

consumers’ perceptions of
the area (Wolf 2000).
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The i-Tree Streets application was used
assess the trees inventoried—th
management and analysis tool uses tr
inventory data to quantify the dollar value ¢
annual environmental and aesthetic benet
provided by trees, including energ
conservation, air quality improvement, €C
reduction, stormwater control, and increas
in property value. It estimates the costs al
benefits of a street tree population and crea
annual benefit reports that demonstrate t
value street trees have and give to
community.

The inventoried urban forest of City ha
recordﬁd f benefit savmgs_ of $25547 Photograph 5. Trees provide economic,
annually from energy savings, stormwate environmental, and social benefits, including

reduction, increased property values, al temperature moderation, reduction of air pollutants
overall air quality improvements. Figure { energy conservation, and increased property values.
provides a breakdown of the annual benefiws

provided to the city.

$4,393

$22,989 / 58,319

Energy
COo2
$77,363
M Air Quality
Stormwater

M Aesthetics/Other

Figure 8. Annual Benefits provided to the city.
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Stormwater

Trees intercept rainfall, reducing costs to mana
stormwater runoff—the City’s inventoried ROW
trees intercept 12,477,933 gallons of rainfe
annually. The estimated average savings for thg C
in the management of stormwater runoff is $77,3
annually.

Carbon Storage and Carbon Sequestration

Trees absorb carbon dioxide as a process

photosynthesis. Some of this carbon dioxide {d©®

stored as the woody tree biomass and some
sequestered during growth (Nowak et al. 2013). Bc
services reduce the total amount of carbon that is
the atmosphere at any given time. Carbon dioxi
storage is valued at $65,931 and Carbon sequestre

is valued at $3,206. Photograph 6. Tree benefits are maximized
The i-Tree Streets calculation takes into accohat 1 when the right tree is planted in the right

carbon emissions that aret released from power
stations, or avoided because of the subsequ
heating and cooling effect of trees (buildings ar
homes use less energy). It also calculates ...
additional emissions released during tree care ¢
maintenance (like driving to the site and operatil
equipment).

Air Quality Improvements

The inventoried tree population removes 6,269 peloid
air pollutants and avoids 5,684 pounds annually fbtal
value of these benefits is estimated to be $8,318.

Photograph 7. This business district could be impeal by the
addition of more trees that can improve aestheticsl attract
more patrons.

‘vapotranspiration

place and the tree is allowed to mature
without conflict. These street trees provide
many tangible benefits to the adjacent homes

and to the community.

Precipitation

Canopy interceptior
& evaporation

Transpiration

Impervious

/ surface

Runoff
Infiltration une

Roots take up soil
moisture, increasing
runoff storage potential

Trees reduce stormwater runoff by capturing
and storing rainfall in their canopy and
releasing water into the atmosphere.

Tree roots and leaf litter create soil conditic
that promote the infiltration of rainwater into
the soil.

Trees help slow down and temporarily store
runoff and reduce pollutants by taking up
nutrients and other pollutants from soils and
water through their roots.

Trees transform pollutants into less harmful
substances.
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Energy Use

Table 3. iTree Energy Report

Total % of
Total Natural Total % of
Electricity Electricity Gas Natural Tree Total Avg.
Species (MWh) (%) (Therms) Gas ($) Total ($) Numbers  $ $ltree
walnut, black 2479 168576 -238.47 -232.04 1,453.72 7.74  6.32 461
redbud, eastern 4.50 305.68 -19.47 -18.94 286.74 7.01 1.25 1.01
oak, pin 22.87 1,554.94 728.79 709.12 2,264.05 5.29 9.85 10.53
maple, silver 16.84 1,14514  497.67 48423 1,629.38  5.19 7.090 277
cedar, Eastern red 4.66 316.92 -114.72 -111.62 20530 504  0.89 1.00
elm, Siberian 17.37 1,181.06 25451 247.63 1,42870  4.70 6.22 8 7.4
elm, American 9.12 620.03 74.40 72.40 692.43 4.57 3.01 3.72
oak, shingle 15.28 1,038.79 48130 468.30 1,507.09  3.91 6.56 8 9.4
locust, black 7.47 507.84  205.60 200.05 707.88  3.61  3.08 4.82
hackberry, northern 8.92 606.60  181.13 176.24  782.84 3.59 341 5.36
cottonwood, eastern  11.14 757.46 38091 370.63 1,128.08 297 491 9.32
oak, white 12.99 883.14 42171  410.32 1,293.46  2.73 5.63 11.65
Pes Al 10.35 70411  339.78 330.61 1,03471 224 450 11.37
ash, green 6.47 440.13  193.60 188.37  628.50 2.19 273 7.06
oak, northern red 9.30 632.67 299.27 291.19 923.86 2.11 4.02 10.74
hickory, shagbark 575 391.03 165.05 160.59 551.62 1.87 2.40 7.26
pear, callery 1.99 13543 4125 4014 17557 187 076 231
maple, sugar 6.12 416.37  218.07 212.18 62855 1.84 273 838
mulberry, white 3.33 226,77 9403 9150 31827 1.82 138 430
osage-orange 4.90 333.38 14064 136.84  470.22 1.79 2.05  6.44
hickory, mockernut 3.70 251.69 -60.48 -58.84 192.84 1.65 0.84 2.88
apple 1.12 75.87 31.97 31.10 106.98 1.45 0.47 1.81
. 3.22 219.15 7195 70.01 289.16 135 126 5.6
maple, red 3.78 25710 12556  122.17  379.27 1.30 1.65 7.16
baldcypress 2.29 156.02 59.73  58.12  214.14 123 093 4.28
ash, white 1.99 135.18 59.68 58.07 193.26 1.20 0.84 3.94
sycamore, American  5.23 35571  163.92 159.49 515.20 118 224 10.73
cherry, black 2.55 173.61 71.57 69.64 243.25 1.08 1.06 5.53
cedar, northern white 0.17 11.37 2.73 2.66 14.02 1.08 0.06 0.32
Other 31.62 2,152.01 590.21 574.27 2,726.32 16.30 11.8502 4
Total 259.87 17,673.25 5,463.66 5,316.14 22,989.39 100.a®m0.00 5.65

The contribution of the public trees towards cowsey energy is reflected in their ability to
shade structures and surfaces, reduce electrisgyfar air conditioning in summer, and divert
wind in the winter reducing natural gas use.
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Based on the inventoried trees, the annual elegtricnatural gas savings are equivalent to 259.9
MWh of electricity and 5,463.7 therms of naturakg&Vhen converted into monetary values
using Reference City default economic data, thisoants for a savings of $22,989 in energy
consumption each year (Table 3).

Aesthetic/Other

Trees provide social benefits in numerous quabidiavays. These benefits stem, in part, from
increases in property and real estate values. Waliteg's inventoried trees contribute $142,407
worth of Aesthetic/Other benefits.

Section 3: Tree Management Program

This tree management program was developed to dphalrrensburg’s comprehensive vision
for preserving its inventoried urban forest. Thigfyear program is based on the tree inventory
data and was designed to reduce risk through pzedi tree removal and pruning and to improve
tree health and structure through proactive prunyaes. Tree planting to mitigate removals and
increase canopy cover and public outreach are itapbparts of the program, as well.

Implementing a tree care program is an ongoing ggsichowever, tree work must always be
prioritized to reduce public safety risks. DaveysB#&ce Group recommends completing the
work identified during the inventory based on thek rrating assigned; however, it is also

essential to routinely monitor the tree populatioridentify other Severe or High Risk trees so
that they may be systematically alleviated. Prurtygjes and tree planting should be completed
regularly; however, priority work (especially farees rated as Severe or High Risk) must at
times take precedence to ensure that risk is manageediently.

How Risk Was Assessed During the Inventory

Every tree has an inherent risk of tree failurelefiective tree part failure. During the inventory,
Davey Resource Group performed a risk assessmerdafth tree and assigned a risk rating
following protocol based orUrban Tree Risk ManagemeriPokorny et al. 2003 The
probability of failure, size of defective part, pability of target impact, and other risk factors
were evaluated for each tree inventoried. Indepanpl@nt values were assigned and summed to
generate the risk rating.

e Probability of Failure (1-4 points). Identifies threost likely failure and rates the
likelihood that the structural defect(s) will relsih failure based on observed, current
conditions.

e Size of Defective Part (1-3 points). Rates the sfabe part most likely to fail.

e Probability of Target Impact (1-3 points). Rates tlse and occupancy of the area that
would be struck by the defective part.

e Other Risk Factors (0-2 points). This categoryssdiif professional judgment suggests
the need to increase the risk rating. It is espigdmeelpful when growth characteristics
become a factor in risk rating. For example, soree species have growth patterns that
make them more vulnerable to certain defects sachieamk branch unions and branching
shedding.

Once the risk rating is calculated, a level of lislassigned to each tree based on its risk rating.
The assigned risk rating allows for effective ptiration of tree maintenance work.
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e Severe Risk (rating of 9 or 10): Trees describe®agere Risk have defects that cannot
be cost-effectively or practically treated. Mosttl¢ trees in this category have multiple
or significant defects in the trunk, crown, or ical root zone. Defective trees and/or tree
parts are generally larger than 20 inches in diamatd are found in areas of frequent
occupation, such as a main thoroughfare, a corfjetteet, and/or near a school.

e High Risk (rating of 7 or 8): Trees designated &ghHRisk have defects that may or may
not be cost-effectively or practically treated. Mad the trees in this category have
multiple or significant defects affecting more th4@% of the trunk, crown, or critical
root zone. Defective trees and/or tree parts anergdly 4—20 inches in diameter and are
found in areas of frequent occupation, such as ia tharoughfare, a congested street,
and/or near a school.

e Moderate Risk (rating of 5 or 6): Trees describediaderate Risk have defects that may
be cost-effectively or practically treated. Mosttloé trees in this category exhibit several
moderate defects affecting less than 40% of adreahk, crown, or critical root zone.
These trees may be in high-, moderate-, or lowansas.

e Low Risk (rating of 3 or 4): Trees designated as/IRisk have minor visible structural
defects or wounds and are typically found in ameidls moderate- to low-use areas.

e None (rating of 0): Used for planting sites andrgis.

Trees with elevated (Severe or High) risk levets @sually recommended for removal or for
pruning to eliminate the defects that warrantedt thek rating. However, in some situations,
risk may be reduced by adding support (cabling racing) or by moving the target away
from the tree. Davey Resource Group recommendsrentpval or pruning to alleviate risk.
But in special situations, such as with a significar memorial tree or a tree in an historic
area, Warrensburg may decide that cabling, bra@ngmoving the target may be the best
option for alleviating risk.

« Perform tree maintenance immediately to reduce haza  rds
* Includes tree removal and pruning

Severe ]
) » Mostly high-use areas
Risk yhid
« Perform tree maintenance immediately to reduce haza  rds and improve tree health
* Includes tree removal and pruning
* Generally high-use areas
« Perform tree maintenance as soon as possible to imp rove tree health
Moderat ¢ Includes tree removal and pruning
oRiiLa g . May be high- or low-use areas

 Perform tree maintenance when convenient to improve aesthetics and eliminate nuisance trees and stumps
¢ Includes tree removals and pruning
Low Risk * Mostly low-use areas but may be high-use areasasw  ell
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Priority and Proactive Maintenance

For many communities, a proactive tree managenregram is considered to be unfeasible, and
an on-demand response to urgent situations is dh@.nResearch has shown that a proactive
program that includes a routine pruning cycle wilprove the overall health of a tree population
(Miller and Sylvester 1981) (Figure 9). Proactiveet maintenance has many advantages over
priority maintenance; the most significant of whishreduced risk. When trees are assessed and
pruned regularly in a proactive program, most dsfedll be found and eliminated before they
escalate to a hazardous situation with an unadoeptavel of risk. Other advantages of a
proactive program include more predictable budgeis projectable workloads, reduced long-
term tree maintenance costs, and increased envamatahrend economic benefits from trees.

In this plan, the recommended tree maintenar 78 R
work was divided into either priority or .
proactive maintenance. Priority maintenan 6

includes tree removals and pruning of trees w
an assessed risk rating of seven or greater (H
and Severe Risk). Proactive tree maintenar

74

§ 72 o
includes pruning of trees with an assessed r = o
of six or less (Moderate or Low Risk) and trec &
that are young. Tree planting, inspections, a % s
community outreach are also considert © .
proactive maintenance. 66 -

Y=76.7+0.196X - 0.074%%

64

62

0 2 4 6 8 10 12 14

Number of Years Since Last Pruning

Figure 9. Relationship between average tree
condition class and number of years since last
pruning (adapted from Miller
and Sylvester 1981).

Determination of acceptable risk ultimately lies with Warrensburg
City managers. Trees often have associated risks; the location of a
tree is an important factor in the determination and the
acceptability of risk for any given tree. The level of risk associated
with a tree increases as the frequency of human occupation
increases in the vicinity of the tree. For example, a tree located
next to a heavily traveled street will have a higher level of risk than
a similar tree in an open field.
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Why Prune Trees on a Cycle?

Miller and Sylvester (1981) examined the frequency of pruning for
40,000 street and boulevard trees in Milwaukee, Wisconsin. They
documented a decline in tree health as the length of the pruning
cycle increased. When pruning was not completed for more than
10 years, average tree condition was rated 10% lower than when
trees had been pruned within the last several years. Miller and
Sylvester suggested that a pruning cycle of five
years is optimal for urban trees.

Priority Maintenance A

Identifying and ranking the maintenance needs dfea

population enables tree work to be assigned a ifyrio
based on observed risk. Once tree work is prietizt can

be accomplished systematically to eliminate theatgs

risk and liability first (Stamen 2011).

Risk is a graduated scale that measures potemgal 1
related hazardous conditions. A tree is conside
hazardous when the potential risks associated wwitl
exceed an acceptable level. Managing trees for |
reduction provides many benefits, including:

Frequency of Human Occupation

e Lower frequency and severity of accident

damage, and injury Size of Tree and Severity of Defect

e Less expenditure for claims and legal expenses
e Healthier, long-lived trees

e Fewer tree removals over time

e Lower tree maintenance costs over time

Regularly inspecting trees and establishing treent@aance cycles generally reduce the risk of
failure as problems can be found and addressedebitfey escalate.

In this plan, all tree removals and Severe and HRggk pruning are included in the priority
maintenance program.

Priority Tree Removal

Although tree removal is usually considered a tasbrt and may sometimes create a reaction
from the community, there are circumstances whenriecessary. Trees fail from natural causes,
such as diseases, insects, and weather conditomisfrom physical injury due to vehicles,
vandalism, and root disturbances. Davey Resourceigsrecommends that trees be removed
when corrective pruning will not adequately elimim#éhe hazard or when it is cost-prohibitive to
correct problems. Trees causing obstructions oerfimting with power lines or other
infrastructure should be removed when their defeatsot be corrected through pruning or other
maintenance practices. Nuisance trees and diseassdalso merit removal.
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Even though large short-term expenditures may beimed, securing the funding required to
expediently complete priority tree removals is impot to reduce risk and to promote public
safety.

Figure 10 presents inventoried trees by risk raing diameter size class. The following
sections briefly summarize the recommended removals

180
160
140
2 120
L
Z 100
o
2 80
£
z 60
40
20
0
1-3" 4-6" 7-12" | 13-18" | 19-24" | 25-30" | 31-36" | 37-42" | 243"
Severe 0 0 0 2 2 2 1 0 2
m High 2 43 119 110 52 21 9 9 2
u Moderate 67 43 39 36 9 8 1 0 0
Low 71 4 0 1 0 0 0 0 0
Diameter Size Class (inches)
Figure 10. Tree removals by risk rating and diameséze class.
Severe Risk

The inventory identified nine Severe Risk treed thare recommended for removal. The size of
the defect, the probability of failure, or the ltoa of the trees in relation to their surroundings
were reasons for Severe Risk ratings. These treesnadium to large in size (13-52 inches
DBH) and should be removed immediately to promatblip safety. Severe Risk removals can
be performed concurrently with Severe Risk pruning.

High Risk

High Risk removals have observable and sizeablectieivith elevated probabilities of failure.
The location of these trees in relation to theirraundings also increases their risk. The
inventory identified 367 High Risk trees recommeahéte removal. The diameter size classes for
these trees ranged between 3 and 56 inches DBHeTihees should be removed immediately

because of their assigned risk. Severe and Higkh Risovals and pruning can be performed
concurrently along with Severe Risk pruning.
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M oder ate Risk

Tree removals in this category still pose some, sk have a smaller size of defect and/or less
potential for target impact. The inventory idemifi203 Moderate Risk trees recommended for
removal. Most Moderate Risk trees were smaller tBarinches DBH. These trees should be
removed as soon as possible after all Severe agh Risk removals and pruning have been
completed.

L ow Risk

Low Risk removals pose little threat; these trees generally small, dead, invasive, or poorly
formed trees that need to be removed. Eliminatiegé trees will reduce breeding site locations
for insects and diseases and will increase théetstvalue of the area. Healthy trees growing in
poor locations or undesirable species are alsaded in this category.

The inventory identified 76 Low Risk trees recomuhesh for removal. Almost all of these trees
were smaller than 6 inches DBH. All Low Risk tredsuld be removed when convenient and
after all Severe, High, and Moderate Risk remosgal$ pruning have been completed.

Stump Removal

The inventory identified 121 stumps recommendedédaroval. Almost all of these stumps were
larger than 3 inches in diameter. Most of thesmptuwere in Marr Park.

Discussion/Recommendations

Trees noted having Cavity or Decay (481 trees)amr Btructure (236 trees) should be inspected
on a regular basis and corrective actions shouldaken when warranted. If their condition
worsens, removal may be required. Proactive tre@tereance that actively mitigates elevated-
risk situations will promote public safety.

Priority Pruning

Priority pruning generally requires cleaning theaay of both small and large trees to remove

hazardous defects such as dead and/or broken lesaticdt may be present even when the rest of
the tree is sound. In these cases, pruning theclhran branches can correct the problem and
alleviate risk associated with the tree. Priorityming includes trees with Severe and High Risk.

Figure 11 presents the number of trees recommeimigatuning by size class and the sections
that follow briefly summarize the recommendations.

Severe Risk

The inventory identified only 1 Severe Risk treeommended for pruning. The size of the
defect, probability of failure, or location of three in relation to its surroundings was the reason
for its elevated risk rating. Severe Risk prunihgdd be performed immediately when the need
has been identified. This pruning should be peréatrat the same time as Severe Risk removals.

High Risk

High Risk trees recommended for pruning have oled#evand sizeable defects with elevated
probabilities of failure. The location of theseetsan relation to their surroundings also increases
their risk. The inventory identified 424 High Riskes recommended for pruning. The diameter
size classes for these trees ranged between Sbaindlées DBH. This pruning should be
performed immediately because of assigned risknaayglbe done at the same time as other
Severe and High Risk removals and pruning.
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Figure 11. Severe and High Risk pruning by diametgze class.
Proactive Maintenance

Proactive tree maintenance requires that trees nameaged and maintained under the
responsibility of an individual, department, or age Typically, tree work is performed during a
cycle. Individual tree health and form are routynatidressed during the cycle. When trees are
planted, they are planted selectively and with psep Ultimately, proactive tree maintenance
should reduce crisis situations in the urban foesskevery tree in the managed population is
visited, assessed, and maintained regularly. D&esource Group recommends proactive tree
maintenance that includes pruning cycles, inspestiand planned tree planting.

Pruning Cycles

The goals of pruning cycles are to visit, assasd,@une trees on a regular schedule to improve
health and reduce risk. Typically, Davey Resourceud recommends that pruning cycles begin
after all Severe and High Risk trees are correttienligh priority removal or pruning. However,
because of the long-term benefit that will comenfranplementing pruning cycles, Davey
Resource Group may recommend it be implementedesodo ensure all trees receive the type
of pruning they need to mature with better struetand fewer hazards, two pruning cycles are
recommended: the young tree training cycle (YTT I€yand the routine pruning cycle (RP
Cycle). The cycles differ in the type of pruningetgeneral age of the target tree and the cycle
length.

The recommended number of trees in the pruningesyudlill need to be modified to reflect
changes in the tree population as trees are plaager] and die. Newly planted trees will enter
the YTT Cycle once they become established. As gdraes reach maturity, they will be shifted
from the YTT Cycle into the RP Cycle. When a treaahes the end of its useful life, it should be
removed and, thus, eliminated from the RP Cycle.
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YTT Cycle

Trees included in the YTT Cycle are generally lé¢gmn 8 inches DBH. These younger trees
sometimes have branch structures that can leadtémtal problems as the tree ages. Potential
structural problems include co-dominant leadersltipie limbs attaching at the same point on
the trunk, or crossing/interfering limbs. If thga@blems are not corrected, they may worsen as
the tree grows, increasing risk and creating paklebility.

YTT pruning is performed to improve tree form awsture; the recommended length of a YTT
Cycle is three years because young trees tendow gt faster rates (on average) than more
mature trees.

The YTT Cycle differs from the RP Cycle in that $ketrees generally can be pruned from the
ground with a pole pruner or pruning shear. Thesdiye is to increase structural integrity by
pruning for one dominant leader. Of course, thispscies-specific since many trees such as
Betula nigra(river birch) may naturally have more than onalera For these and similar trees,
YTT pruning is used to develop a strong structarahitecture of branches so that future growth
will lead to a healthy, structurally sound tree.

Discussion/Recommendations

Davey Resource Group recommends that Warrensbupgerinent a three-year YTT Cycle to

commence after all Severe and High Risk trees emsoved or pruned. The YTT Cycle will

include existing young trees smaller than 12 incB&H. Since the number of young trees
present is relatively few and the benefit of begignthe YTT Cycle is great, Davey Resource
Group recommends that 1/3 of these trees be staligtpruned each year beginning in Year 3.
If trees are planted, they will need to enter tHeTYCycle after establishment, typically a few
years after planting.

Figure 12 shows the number of young trees idedtdiering the inventory that are recommended
for the YTT Cycle. In future years, the number rgfes in the YTT Cycle will be based on tree
planting efforts and growth rates of young tredse Tity should strive to prune approximately
one-third of the City’s young trees each year.
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Figure 12. Trees recommended for the YTT Cycle gnukter size class.
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RP Cycle

The RP Cycle includes established, maturing, antumadrees (mostly greater than 8 inches
DBH) that need cleaning and crown raising and reduto remove deadwood and to improve
structure. Over time, routine pruning generally ioyges health and reduces risk as most
problems can be corrected before they escalatemiot@ costly priority tree work. Included in
this cycle are Moderate and Low Risk trees thatiregporuning and pose some risk but have a
smaller size of defect and/or less potential foydaimpact. The hazards found within these trees
can usually be remediated during the RP Cycle.

The length of the RP Cycle is based on the sizbetree population and what was assumed to
be a reasonable number of trees for a program uoepper year. Generally, the RP Cycle

recommended for a tree population is five yearsnhay extend to seven years if the population
is large.
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Figure 13. Trees recommended for the RP Cycle gnuéter size class.

Discussion/Recommendations

Davey Resource Group recommends that the City ledtal five-year RP Cycle where
approximately one-fifth of the tree population igiped each year. The 2014 tree inventory
identified approximately 2,702 trees that shouldpbened each year. Davey Resource Group
recommends that the RP Cycle begin in Year Twci five-year plan and that it commence
after all Severe and High Risk trees are removeuaned.

The inventory found most trees (56%) in the inveynteeeded routine pruning (small and large
tree cleaning). Figure 13 shows that a varietyas sizes will require pruning; however, most of
the trees that require routine pruning were smétian 24 inches DBH.
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Inspections

Inspections are essential to unveiling potentiabfgms with trees. They should be performed by
a qualified arborist who is trained in the art aotence of planting, caring for, and maintaining

individual trees. Arborists are knowledgeable abthé needs of trees and are trained and
equipped to provide proper care.

Trees along the street ROW and in parks shouldd@ected regularly and attended to as needed
based on the inspection findings. When trees ndddianal or new work, they should be added
to the maintenance schedule and budgeted for as@pade. In addition to locating new hazards,
inspections are an opportunity to look for signd aymptoms of pests and diseases.

Tree Planting

Planting trees is a worthwhile goal as long asstiggecies are carefully selected and correctly
planted. When trees are planted, they are plamiedtsrely and with purpose. Without upfront
planning and follow-up tree care, a newly planteg tmay become a future problem instead of a
benefit to the community.

When planting trees:
e Consider the specific purpose of the tree planting.

e Assess the site and know its limitations, for exempverhead wires, confined spaces,
and/or soil type.

e Select the species or cultivar best suited fostteeconditions.
e Examine trees before buying them and buy for gualit

Illustration based on the work of Casey Trees (2008

Inventoried Street ROW Planting Space

The goal of tree planting is to have a vigorous|the tree that lives to the limits of its natural
longevity. That can be difficult to achieve in atban growing environment because the soils can
typically be of poor quality and irrigation is lited. However, proper planning, species selection,
tree planting techniques, and follow-up tree maiatece will improve the chance of tree planting
success.
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Findings

The inventory found 1,403 planting spaces with 58%hose sites being for small-sized mature
12% for medium-sized trees, and 30% for large-sizeds (Figure 14). Plant small-sized trees
where the growing space is either too small for edionm- or large-sized species or where
overhead utilities are present.
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Figure 14. Vacant planting sites identified by matutree size.

Tree Species Selection

Selecting a limited number of species could simgplifecision-making processes; however,
careful deliberation and selection of a wide variet species will be more beneficial and can
save money. Planting a variety of species can dserthe impact of species-specific pests and
diseases by limiting the number of susceptiblestiaea population, which will reduce the time
and money spent to mitigate a problem if such anewere to occur. A wide variety of tree
species may help to limit the impacts from physieaénts such as strong storms, wind, ice,
flooding, and drought, as different tree speciestrdifferently to stress.

Warrensburg is located in USDA Hardiness Zone 6aghvis identified as a climatic region with
average annual minimum temperatures between -108-&°F. Tree species selected for
planting in Warrensburg should be appropriatelics zone.

Tree species should be selected for their durglalitd low-maintenance characteristics. These
attributes are highly dependent on site charatiesi®elow ground (soil texture, soil structure,
drainage, soil pH, nutrients, road salt, and rgatcéng). Matching a species to its favored soil
conditions is the most important task when planifiorg low-maintenance landscape. Plants that
are well-matched to their environmental site cdodg are much more likely to resist pathogens
and insect pests and will, therefore, require heasitenance overall.

The Right Tree in the Right Place is a mantraree planting used by the Arbor Day Foundation

and many utility companies nationwide. Trees commany different shapes and sizes and often
change dramatically over their lifetimes. Some gr@aN, some grow wide, and some have

extensive root systems. Before selecting a trepléotting, make sure it is the right tree.
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It should be known how tall, wide, and deep it voidl at maturity. Equally important to selecting
the right tree is choosing the right spot to plianBlocking an unsightly view or creating some
shade may be a priority, but it is important to sider how a tree may impact existing utility
lines as it grows taller, wider, and deeper. livatturity the tree’s canopy will reach overhead
lines, it is best to choose another tree or a diffelocation. Taking the time to consider location
before planting can prevent power disturbancesrapdoper utility pruning practices.

A major consideration for street trees is the amadititter dropped by mature trees. Trees such
as Acer saccharinun{silver maple)have weak wood and typically drop many small brasch
during a growing season. Others, such as blackunatirop high volumes of nuts. In certain
species, such &sinko biloba(ginko), female trees produce offensive smellaungyé fruit; male
ginko trees, however, produce no fruit. Furthermaréew species of trees, includi@gataegus
spp. (hawthorn) andleditsia triacanthos(honeylocust), may have substantial thorns. These
species should be avoided in high-traffic areas.

Seasonal color should also be considered when ipigiree plantings. Flowering varieties are
particularly welcome in the spring, and deciduaegd that display bright colors in autumn can
add a great deal of interest to surrounding larussa

Appendix B lists tree species recommended for pignbased on inventory findings; this list
provides expected height at maturity for each s®ea@nd is designed to promote species
diversity.

Tips for Planting Trees

To ensure a successful tree plantir
effort:

e Handle trees with care.
Trees are living organisms
and are perishable. Protec
trees from damage durinc
transport and when loading
and unloading. Use care no
to break branches and dt
not lift trees by the trunk.

e |If trees are stored prior to
planting keep the roots
moist.

Dig the planting hole
according to the climate.
Generally, the planting hole

is two to three tl_mes wider Photograph 8. Mulch or dirt piled too deep and tdung the
than and not quite as dee, trunk of the tree will harm and may kill the tredavey

as the root ball. The root Resource Group suggests that any mulch piled upwar a
flair is at or just above tree should be spread out into a thin layer oveethrowspace
ground level. and moved away from the trunk.
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e Fill the hole with native soil unless it is undedile, in which case add soil amendments
as appropriate for local conditions. Gently tampl add water during filling to reduce
large air pockets to ensure a consistent mediuswoigfoxygen, and water.

e Stake the tree as necessary to prevent it fronirghifoo much in the wind.

e Add a thin layer (1-2 inches) of mulch to help mevweeds and keep the soil around
the tree moist. Do not allow mulch to touch thenku

Newly Planted and Young Tree Maintenance

Equal in importance to planting trees is caringtfeem after they are planted. After planting a
tree, it must receive maintenance for several years

Watering
Initially, watering is the key to survival; new &= typically require at least 60 days of watering

establishing. Determine how often to irrigate trbased on the time of planting, drought status,
species selection, and site condition.

Mulching

Mulch can be applied to the growspace around ayplahted tree (or even a more mature tree)
to ensure that no weeds grow, the tree is protdiobesl mechanical damage, and the growspace
is moist. Mulch should be applied in a thin laygenerally one to two inches, and the growing
area covered. Mulch should not touch the tree taurite piled up around the tree.

Life-Long Tree Care

After the tree is established it will require ragitree care, which includes inspections, routine
pruning, watering, plant health care, and integrg@kest management as needed.

The City should employ qualified arborists to pa®imost of the routine tree care. An arborist can
determine the type of pruning necessary to mairgaimprove the health, appearance, and safety of
trees. These techniques may include eliminatingdres that rub each other; removing limbs that
interfere with wires and buildings or that obstrstteets, sidewalks or signage; removing dead,
damaged, or weak limbs that pose a hazard or mey tle decay; removing diseased or insect-
infested limbs; creating better structure to less@rd resistance and reduce the potential for storm
damage; and removing branches—or thinning—to irsardight penetration.

An arborist can help decide whether a tree shoeltemoved and, if so, how urgent the removal

is. Additionally, an arborist can provide adviceoab and perform tree maintenance when

disasters, such as storms or droughts, occur. Slarmaged trees can often be dangerous to
remove or trim. An arborist can assist in advisimgperforming the job in a safe manner while

reducing further risk of damage to property.

Plant Health Care, a concept of preventive maimteaao keep trees in good health, will help a
tree better defend itself against insects, diseas® site problems. Arborists can help determine
proper plant health so the City's tree populatial wemain healthy, providing benefits to the
community for as long as possible.

Integrated Pest Management is a process involvorgnmon sense and sound solutions for
treating and controlling pests. These solutiongriparate basic steps: identifying the problem,
understanding pest biology, monitoring trees, agigmnining action thresholds. The practice of
Integrated Pest Management can differ dramaticsitly by site, individual tree by individual
tree; a qualified arborist will be able to makeestivat the City’s trees are properly diagnosed and
that a beneficial and realistic action plan is deped.
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The arborist can also help with cabling or braciog added support to branches with weak
attachment, aeration to improve root growth, arstialtation of lightning protection systems.

Educating the community in basic tree care is adgeay to promote the City's urban forestry
program and encourage tree planting on privategotppThe City should encourage citizens to
water trees on the ROW adjacent to their homestamdach out to the City if they notice any
changes in the trees such as: signs or symptomests, early fall foliage, or new mechanical or
vehicle damage.

Community Outreach

The data that have been collected and analyzedevelap this plan contribute significant
information about the tree population and can lleed to guide the proactive management of
that resource. These data can also be utilizedotmgte the value of the urban forest and the tree
management program in that:

e Tree inventory data can be utilized to justify nesdpriority and proactive tree
maintenance activities as well as tree plantingmedervation initiatives.

e Species data can be utilized to guide the developro€ tree species selection for
planting projects with an objective of improvingesges diversity and limiting the
introduction of invasive pests and diseases.

e Information in this plan can be utilized to advigézens about the presence of threats,
such as Thousand Cankers disease and ALB, to trndxs

Various avenues for outreach exist. Maps can b&teneand posted on websites, in parks, or in
business areas. Public service announcements calevstoped. Articles can be written and
programs developed about trees and the benefitg pihevide. Arbor Day or Earth Day
celebrations can be magnified and signs can be frongtrees to show the contributions trees
make to the community. Even contests can be createdake people aware that trees are
important. Trees provide oxygen we need to breathade to cool our neighborhoods, and
canopies to stand under to get out of the rain.

Warrensburg has the data to provide solid, meanimgitreach about the urban forest.

Inventory and Plan Updates

Davey Resource Group recommends that the invemtodymanagement plan be updated so the
City can sustain its program and accurately prdjgcre program and budget needs:

e Conduct inspections of trees after all severe waadlvents. Record changes in tree
condition, maintenance needs, and risk/risk raitnthe inventory database. Update the
tree maintenance schedule and acquire the funddedet promote public safety.
Schedule work based on risk.

e Perform routine inspections of public trees as ededVindshield surveys (inspections
performed from a vehicle) in line witANSI A300 (Part 9JANSI 2011) will help city
staff stay current regarding changing conditionpdéte the tree maintenance schedule
and the budget as needed so that identified tre& way be performed efficiently.
Schedule work based on risk.

e If the recommended work cannot be completed as esigd in this plan, modify
maintenance schedules and budgets accordingly.

Davey Resource Group 32 March 2014



e Update the inventory database as work is perforradd. new tree work to the schedule
when work is identified through inspections or tizen call process.

e Re-inventory the street ROW and parks in five tegeyears updating all data fields.

e Revise theTree Management Plaafter five or seven years when the re-inventory ha
been completed.

Maintenance Schedule

Utilizing data from the 2014 City of Warrensburgedr inventory, an annual maintenance
schedule was developed detailing the number and ¢ofpgasks recommended for completion
each year. Budget projections were made by DavegiRee Group utilizing industry knowledge
and public bid tabulations; actual costs were rmecsdied by the City of Warrensburg. A
summary of the maintenance schedule is presentedand the complete table of estimated costs
for Warrensburg's five-year tree management progsapnesented in Appendix D.

The schedule provides a framework for completirggitiventory maintenanaecommendations
over the next five years. Following this scheduda shift tree care activities from an on-
demand system to a more proactive tree care program

To implement the maintenance schedule, the Cig/rmaintenance budget should be no less than
$345,600 for the first year of implementation ar@®%$345 in Year Two. Necessary funding is
expected to decrease to $177,135 for the followlmge years. Annual budget funds are needed
to ensure that hazard trees are remediated andriheal YTT and RP Cycles can commence.
With proper professional tree care, the safetyltheand beauty of the urban forest will improve.

If routing efficiencies and/or contract specificeis allow for the accomplishment of more tree
work, or if the schedule requires modification teehbudgetary or other needs, then it should be
modified accordingly. Unforeseen situations, sushsavere weather events, may arise and
change the maintenance needs of trees. Shouldtiomsdor maintenance needs change, budgets
and equipment will need to be adjusted to meehéve demands.
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« 376 Priority Removals

« 425 Priority Pruning

« 281 Trees Recommended for Planting and Follow-Up Ca  re

« Inclusion of Newly Found Priority Tree Work (Remova | or Pruning): Costs To Be Determined

Year 2 $221,345

* RP Cycle 1/5 of Public Trees Cleaned

* 279 Moderate & Low Risk Removals

« 121 Stump Removals

« 281 Trees Recommended for Planting and Follow-Up Ca re

« Inclusion of Newly Found Priority Tree Work (Remova | or Pruning): Costs To Be Determined

Year 3 $177,135

* RP Cycle 1/5 of Public Trees Cleaned

« 281 Trees Recommended for Planting and Follow-Up Ca  re

«YTT Cycle 1/3 of Young Trees Structurally Pruned

« Inclusion of Newly Found Priority Tree Work (Remova | or Pruning): Costs To Be Determined

Year 4 $177,135

* RP Cycle 1/5 of Public Trees Cleaned

« 281 Trees Recommended for Planting and Follow-Up Ca re

«YTT Cycle 1/3 of Young Trees Structurally Pruned

« Inclusion of Newly Found Priority Tree Work (Remova | or Pruning): Costs To Be Determined

Year 5
$177,135

* RP Cycle 1/5 of Public Trees Cleaned

« 281 Trees Recommended for Planting and Follow-Up Ca re

*YTT Cycle 1/3 of Young Trees Structurally Pruned

« Inclusion of Newly Found Priority Tree Work (Remova | or Pruning): Costs To Be Determined
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Section 4. Emerald Ash Borer Strategy

Throughout the United States, urban and commuoitgsts are under increased pressure from
exotic and invasive insects and diseases. Exofitsgkat arrive from overseas typically have no
natural predators and become invasive when oweéates and shrubs do not have appropriate
defense mechanisms to fight them off. Mortalitynfirthese pests can range from two weeks with
oak wilt (OW) (Ceratocystis fagacearunto seven years with EAB or more.

An integral part of tree management is being avsin@vasive insects and diseases in the area
and how to best manage them. Depending on thaliveesity within Warrensburg urban forest,
an invasive insect or disease has the potentiadgatively impact the tree population.

This chapter provides the different managementesires for dealing with EAB. Included are
sections on how to effectively monitor EAB, increagublic education, handle ash debris,
reforestation, work with stakeholders, and utiéaf wood. Appendix E contains additional EAB
reference materials.

Department of
sl  Aoricuitue Initial county EAB detections in North America

March 3, 2014

USDA  yeasiee Cooperative Emerald Ash Borer Project

Map Key
[ |+ it couny EaB setecton
b [ @ redert EaB quaranine boundanes
"~ State quarantine generady infested area
[T State quarantine (M1}
@4 Natlonai Forests
Canadian EAB requiated areas

Map 1. EAB detections throughout North America a§March 3, 2014.Map by United States Department
of Agriculture (USDA), Animal and Plant Health Inspction Service (APHIS).
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Emerald Ash Borer

Emerald ash borer is a small insect native to AlsidNorth America, the borer is an invasive
species highly destructive to ash trees in itsoticed range. The potential damage of EAB
rivals that of chestnut blight and Dutch elm disea€hestnut blight is a fungus that was
introduced in North America around 1900 and, byQl 9dvirtually wiped out most of the mature
American chestnut population. It is believed thhestnut blight was imported by chestnut
lumber or through imported chestnut trees. Dutoh disease is a fungus spread sexually by the
elm bark beetle. It was first reported in the Udiftates in 1928 and was believed to have been
introduced by imported timber. Since its discoverghe United States, it has killed millions of
elm trees. EAB is thought to have been introduced the United States and Canada in the
1990s but was not positively identified in North Arica until 2002 in Canton, Michigan. It has
now been confirmed in 14 states and has killeceast! 50 to 100 million ash trees so far and
threatens another 7.5 billion ash trees thoughautrNAmerica. Missouri’'s EAB infestation was
discovered July 2008 in the campground at the WagdfmLake US Army Corps of Engineers
(USACE) Greenville Recreational Area in Wayne Cguiithe insect has since been found in
Reynolds and Madison counties in southeast Missandii in Platte County near Kansas City.
The EAB is a serious pest that threatens the heaéldll ash tree species in the state. With an
estimated 3% ash trees at risk in Missouri woodsg—another 14% to 30% in cities and
towns—the state is committed to early detection #molughtful management of this pest
(http://extension.missouri.edu/emeraldashborerimesp.aspx). In the United States, EAB has
been known to attack all native ash trees, incly@vhite, green, blue, and black ash.

EAB has been identified in Missouri and poses @aserthreat to the health and condition of
Warrensburg.

Photograph 9. EAB adults grow to Photograph 10. EAB larvae (photo credit
5/8 inch in length (photo credit www.emeraldashborer.inft.
WWW.wisconsin.gov).
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Identification

The adult beetle is elongate, metallic gree
and &- to 58-inch long. The adult beetle
emerges from late May until early Augus
feeding on a small amount of foliage. Th
adult females then lay eggs on the trunk a
branches of ash trees and, in about a we
the eggs hatch into larvae, which then bo
into the tree. Larvae are creamy white |
color and can grow up to an inch long ar
are found underneath the bark of the tres
The larvae tunnel and feed on the inner be
and phloem, creating winding galleries ¢

they feed. This cuts off the flow of the water

Photograph 11. Stock Photo. Larvae consume the

and nutrients to the tree, causing diebac cambijum and phioem, effectively girdling the tread
and death.

Photograph 12. This ash tree is declining from

EAB infestation. The loss of water and
nutrients from the intense larvae tunneling

can cause the trees to lose between 30% and
50% of their canopies during the first year of

infestation (photo credit
http://labs.russell.wisc.edu/eab/
signs-and-symptoms/).

eventually causing death within a few years.

EAB can be very difficult to detect. Initial sympig
include yellowing and/or thinning of the foliagedan
longitudinal bark splitting. The entire canopy ndig
back, or symptoms may be restricted to certain
branches. Declining trees may sprout epicormic shoo
at the tree base or on branches. Woodpecker igury
often apparent on branches of infested trees,
especially in late winter. Removal of bark reveals
tissue callusing and frass-filled serpentine tuimgel
The S-shaped larval feeding tunnels are abduinth

in diameter. Tunneling may occur from upper
branches to the trunk and root flare. Adults esotf

the trunk and branches in a characteristic D-shaped
exit hole that is about 1/8 inch in diameter. Toslof
water and nutrients from the intense larvae tungeli
can cause trees to lose between 30% and 50% of thei
canopies during the first year of infestation. Bree
often die within two years following infestation.
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Missouri/Federal Response

In Missouri, the MDA is the lead agency responsiiolecontrol of invasive pests. The federal
agency USDA-APHIS assists with regulatory and adrdction of invasive pests. The MDA has
declared EAB a public nuisance in Missouri and &th@ quarantine restricting the movement
of ash trees and non-coniferous firewood. In JAYE it was reported that EAB had been found
in the campground at Wappapello Lake. In July 2008her infestations were found in Wayne
County. The insect has since been found in Reynahlts Madison Counties in southeast
Missouri and in Platte County near Kansas City.

S T ] e 1 L e Missouri Emerald Ash Borer
b L e | By (Agrilus planipennis) Quarantine
o " e | | | o | September 2013

"-.._;=.:_~w~|n__';m., M | T 2 CSR 70-11.050

Legend

I" —  Gounbes Under State and
- -I Fedwral CusranSne for Emerald Ash Bonar

Quarertingd Counlas Known bo B
Infpsied with Emeraid Ash Bocer

Map 2. Current Quarantine Boundary in Missouri (Mapourtesy of
http://extension.missouri.edu/emeraldashborer/quataes.aspx)

Federal agencies have been actively researchirigptameasures, including biological controls,
developing resistant species, and testing varimseciicides. Since 2003, U.S.-based scientists in
conjunction with the Chinese Academy of Forestryensearched for natural enemies of EAB in
the wild. This led to the discovery of several gamd wasps, namelyetrastichus planipennisi

a gregarious larval endoparasita@pbius agrili a solitary, parthenogenic egg parasitoid; and
Spathius agrili a gregarious larval ectoparasitoid. These paidsitasps have been released into
the Midwest as a possible biological control of EARates that released parasitoid wasps
include Minnesota, Indiana, and Michigan.
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Ash Population

With the threat of EAB nearing Warrensburg, itigaal that the City have an action plan. Some

of the most important questions to answer will b&gw many ash trees do we have, where are
they located, and what actions should we take®rdier to answer these questions, Warrensburg
needs to maintain an up-to-date inventory, knowtwisources are available, and understand the
City’s priorities.

Based on the current public tree inventory, theeel®8 ash trees distributed throughout the City.
Most of the ash trees less than 18 inches DBH watesl in Fair condition.

Ash Tree Risk Reduction Pruning and Removals

As the infestation of EAB nears Warrensburg, itdmees the City’s highest priority and it is
advisable to refocus budgeted funds and persoonebricentrate more closely on the ash tree
population. Davey Resource Group recommends thataWsburg perform both treatment and
safety related activities on ash trees. This agtiwill end up saving the City money and
increasing productivity. However, it is only recomnded due to EAB and the eventual removal
of infested ash trees.

Davey Resource Group also recommends that Warremgboactively remove ash trees during
road reconstruction projects and other public wodssociated activities. By proactively
removing ash trees during construction, the codtigpacts should be lower.

In the event that the City decides to proactivedynove ash trees, Davey Resource Group
recommends that Warrensburg remove all ash tresstfan 7 inches DBH and trees that are
rated as Dead, Poor, or Critical condition firshe$e trees are providing little benefit to the
community and the cost for removals should notitpeifscant.

EAB Management Options

Warrensburg should explore different options fornaging EAB. With the City striving to be
proactive in EAB management before an infestatiocuos, Warrensburg has provided itself with
multiple management strategies.
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The graphs that follow present a unique tool faita when deciding on what management options
are out there for varying levels of EAB infestaBolVarrensburg can currently be placed at Year 4-
5 on both graphs for year after first EAB infesiati At this position, the City has ample time to
prepare as well as select a management option. \Mfiestation occurs, as depicted in the graph,
the City’s options for management decrease.

Know Where You Are An Inverse Relationship

Ash Mortality from EAB Ash Mortality from EAB
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Source: Emerald Ash University (www.emeraldashbonefo)
EAB Management
EAB Management Options

At this time, Warrensburg has the opportunity tlesteone of several management types. With
no specific strategy or budget in place for theemging infestation of EAB, Warrensburg should
explore strategies for managing EAB that provideniost economic benefit and increase public
safety. These EAB management strategies includé&@tbing, Remove and Replace All Ash,
Treat All Ash, or a combination of the strategidhe following are current strategies for
managing EAB and costs associated wi‘'-
each.

EAB Strategy 1: Do Nothing

This means letting EAB run its course an
having no strategy for dealing with the
infestation. This strategy includes nc
removing and not treating any ash tree
This strategy is economical in the
beginning of an infestation because
costs the City no money, but it woulc
become a severe public safety isst
within a few years. Davey Resourc
Group does not recommend this
management strategy.

Photograph 13. This is an example off2o Nothing
strategy. These ash trees became infested with EAB
and eventually died. They have now
become a public safety issue.
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EAB Strategy 2: Remove and Replace All Ash

Remove and replace all 138 ash trees by 2015.sTiasitegy would benefit public safety from the
EAB infestation but would have an impact on theySibudget. In order to achieve this strategy
and remove all of the ash trees by 2015, the Caulevmost likely have to contract work out.
Removing mature ash trees that are in Good and deaidition would take away all of the
valuable benefits that these trees provide to ihe This strategy ultimately benefits the City by
increasing public safety but will require a lotugdfront cost. It will be very important to replace
all of these ash trees once they have been removed.

The total approximate cost for this strategy wdwgd$76,575; $40,960 would be the approximate
cost to remove all ash trees, $5,255 would be fgpEoximate cost to remove all stumps, and
$30,360 would be the approximate cost to repldcasaltrees (Table 4).

Table 4. Cost to Remove and Replace All Ash

Management Action # of Trees Cost
Removal All 138 $40,960
Replace All 138 $30,360

Stump Removal 138 $5,255
Total 414 $76,575

EAB Strategy 3: Treat All Ash

Treating all of the ash trees in Warrensburg coelduce the annual mortality rate, stabilize
removals, and would be less expensive than remandgeplacing all ash trees. Treating all ash
would allow these trees to continue providing Wastrirg with the monetary benefits enjoyed
from their presence. On the other hand, treatihgshl trees is not an ideal practice because some
of these ash trees will eventually become infestld EAB and some of these ash trees are less
desirable to retain.

If Warrensburg wanted to annually treat all of i®5 ash trees that are not recommended for
removal, it would cost approximately $17,460 ovdiva-year period. This means that it would
cost the City approximately $3,492 annually to tr2@% of Warrensburg’'s 125 ash trees not
recommended for removal.
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It would cost approximately $3,215 to remove theat® trees recommended for removal and
approximately $500 to remove all stumps. A fivetygaatment period (for the remaining 125

ash trees) and removing the recommended 13 trekstamps would cost the City an estimated
$21,175. Table 5 presents the treatment costsameter.

Table 5. Cost to Treat All Ash

. Quantity of Sub-
Diameter Cost Trees Total
1-3" $30 32 $960
4-6" $60 10 $600
7-12" $120 38 $4,560
] 13-18" $180 37 $6,660
Diameter
Class for 19-24" $240 8 $1,920
Treatments
25-30" $300 7 $2,100
31-36" $360 4 $1,440
37-42" $420 2 $840
43+" $500 0 $0
Activity Total(s) 138 $19,080

EAB Strategy 4: Combination of Removals and Treatment

This strategy is intended to give the City optiémsa combination of removing and treating ash

trees to stabilize annual removals and annual ladgel to prolong the life of ash trees that are
in Fair or better condition. Table 6 organizes drégat should be considered for removal and
trees that should be considered for treatment.eT@lgoes into detail about why certain ash trees
should be considered for removal or treatment.

Table 6. EAB Matrix Table

Diameter Class (inches)

Condition Class

1-3 4-6 7-12 13-18 19-24 25-30 31-36 37-42 43+ Total
Excellent 0 0 0 0 0 0 0 0 0 0
Very Good 0 0 0 0 0 0 0 0
Good 2 3 0 0 0 0 0 9
Fair 27 6 34 27 4 5 3 2 0| 108
Poor 3 1 4 5 3 2 1 0 o/ 19
Critical 0 0 1 0 0 0 0 2
Dead 0 0 0 0 0 0 0 0 0
Total 32 10 38 37 8 7 4 2 0 138
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Based on these numbers, Davey Resource Group riekéslowing recommendations:

| 59 Trees to Be Removed |

e Trees in the “Poor”, “Critical”, and “Dead” conditn class are recommended for removal
because they are more susceptible to EAB infestatial if not removed could pose a
public safety issue in the future.

o There are 38 trees <7 inches DBH that are recometkefat removal and replacement.
These trees do not provide as many benefits t@dh@munity compared to mature ash
trees. It would be in the best interest of the @ityemove these trees and replace them
with a more diversified mix of trees.

75 Candidate Trees for Chemical
Treatment (Low—Moderate
Priority for Treatment)

o The intent here is to defer removal of a large bloictrees within the Fair condition class
that are between 7 inches to 43+ inches DBH. Tliédseees are considered to be “low—
moderate priority” for chemical treatment. Evenlyiahost of these trees will become
infested with EAB and will need to be removed itinaely manner. Treating these trees
could stabilize annual budgets and removals eadl. ye this way, treatment can be
economically beneficial and reduce the chance farldic safety issue in the near future.

4 Candidate Trees for Chemical
Treatment (High Priority for Treatment)

o Candidates for chemical treatment will exhibit Faandition or better, no more than 30%
canopy dieback, and will be located in an approprite (i.e., not under overhead
utilities). Treating these four ash trees will hekeep these trees around for a long time,
and the City will profit from the monetary benefitese ash trees provide.

Private Trees

In addition to ash trees located on public propd&AB
will impact trees located on private property. Thuenber
of private ash trees is unknown but it could beataqu
more than the ash trees located on public prope
During the inventory, it was evident to the invegto
arborists that there is an abundance of ash toeedeld
on private properties. The cost to remove ash ingébe
higher on private property because of the grea
inaccessibility to these areas. It is crucial ttie City
promote public education about EAB so that it caluce
the potential of City involvement with regulatingee
removals on private properties. The public eduaati
section will explain more on how to minimize anyiet Photograph 14. Hangers will help
from private homeowners and give examples on how tmake private homeowners aware of the
go about informing the public about managing thasih management options available for
trees. EAB.
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Dying and infested ash trees on private propertypgise a threat to human and public safety. In
the event that City officials have to get involwetth private property owners about a potential

infested ash tree, Warrensburg should consideiziatl the current City tree and landscape
ordinance. Warrensburg should consider amendintidde®0-13 of the ordinance so that EAB is

acknowledged as a public nuisance and treatednitasifashion as Dutch elm disease and other
insect pests or plant diseases.

Public Education

It is crucial for Warrensburg property owners tovil
informed about EAB. Their assistance and coopearat
will be vital in helping detect EAB, managing aseets
on private property, and the reforestation prodéss
will come from the removal of ash trees. Warrengbt
should inform the public that EAB has been disceuer
in the City. If the public is well informed, thehey are
more likely to accept what is happening withol
panicking and cooperate with the City’s requestse T
following are examples of how Warrensburg should
about informing the public:

o New releases

o City newsletter articles

« Radio programs Photograph 15. Posting information
) ) ~ about EAB on ash trees around the City
e Post information about EAB on the City’s could promote private homeowners to

website become more proactive in managing

. . . their ash trees.
It is vital for Warrensburg to enlighten the pubba

how to detect EAB, become informed about treatmeptions, and the importance for
reforestation. If the public is advised on how ettt for EAB, then they can make proactive
choices about managing infested ash trees. Thikl dwlp put City officials at ease by not
having as many private trees becoming a publidygafeue. Property owners may want to keep
their ash trees because of the benefits they redem them.

The City should provide information about treatmeptions so that their trees can last for years
to come. It will be important for the City to inforthe public on reforestation. Explaining the
important benefits that trees provide to neighbodsoand how trees increase real estate value.
This can help fund and promote neighborhood treatpigs. The following are examples of
ways the City can inform the public about thesaass

o Display information packets at public buildings

e Postcard mailings to ash tree owners

o Door hangers explaining maintenance options

e Presentations to community groups

o Post information about EAB on the City’s website

o Tieribbons around ash trees and place tags amdgée with information about EAB
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Reforestation

As the ash tree population is being reduced in @estourg, the City will need to come up with a
plan to replant where ash trees have been remdWedCity could potentially lose over 6% of its

inventoried tree population due to EAB. It will fagal to promptly reforest Warrensburg because
of the numerous benefits that the ash trees pravidecommunity. Some of the benefits that
these ash trees provide to the City include, betreat limited to, removing pollutants from the

air, helping improve summer temperatures, redusiogn water runoff, and providing social and

psychological benefits.

If the City is to replace all the ash trees, itlwdst approximately $30,360. This would be a huge
financial burden on the City, but it will be impant that these trees be replaced. The cost of
replanting ash trees could be spread out over phelljiears by establishing a goal that a certain
amount of trees need to be planted each year.elfCity was to plant 14 trees a year, then
Warrensburg could replace all of the ash treesiwit® years. This cost could be reduced if the
City comes up with a plan to work with volunteersdaprivate property owners. Organizing
volunteer groups to participate in planting treesald help decrease the cost for planting trees.
This could include giving private property owneng bption of paying for the tree and getting to
pick the tree they want from a list of 10 specM&rrensburg should also explore grants for
reforestation.

It is important to consider species diversity wieplacing ash trees. Without diversification, a
community is much more vulnerable to catastropbgsés that impact budgets and community
appearance. Davey Resource Group recommends thatenspecies represent more than 10%
and that no one genus comprises more than 15%edbthl public tree population. Since EAB
has hit local communities, there might be a poksikihat local nurseries have a shortage of
trees. Warrensburg might want to consider nursamiegher regions for trees.

Conclusions

Managing trees in urban areas is often complicaBehling with the recommendations of
experts, the needs of residents, the pressurescalf €conomics and politics, the concerns for
public safety and liability issues, the physicabexds of trees, the forces of nature and severe
weather events, and the expectation for all of ghissues to be met at the same time is a
considerable challenge. The City should preparéAs Management Plan.

Warrensburg must carefully consider each spec#fsue and balance these pressures with a
knowledgeable understanding of trees and theirsidéthalance is achieved, The City’'s beauty
will flourish and the health and safety of its sead citizens will be maintained.
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Glossary
Monetary Values ($) reported in US dollar through@port except where noted.

aboveground utilities (data field): Shows the presence or absence of overhead stéitithe
tree site.

address number (datafield): The address number was recorded based on thé emervation

by the Davey Resource Group arborist at the tintb@inventory of the actual address number
posted on a building at the inventoried site. btances where there was no posted address
number on a building or sites were located by valzs with no GIS parcel addressing data
available, the address number assigned was maasheldsely as possible to opposite or adjacent
addresses by the arborist(s) and an “X” was addléget number in the database to indicate that
the address number was assigned.

Aesthetic/Other Report: The i-Tree Streets Aesthetic/Other Report preséme tangible and
intangible benefits of trees reflected in increasgwoperty values in dollars ($).

Air Quality Report: The i-Tree Streets Air Quality Report quantifiege air pollutants (ozone
[Og], nitrogen dioxide [NG|, sulfur dioxide [SQ], coarse particulate matter less than 10
micrometers in diameter [PN) deposited on tree surfaces and reduced emis§iomns power
plants (NQ, PMy, Volatile Oxygen Compounds [VOCs], §Cdue to reduced electricity use
measured in pounds (Ibs.). Also reported are thenpial negative effects of trees on air quality
due to Biogenic Volatile Organic Compounds (BVO@jissions.

American National Standards Institute (ANSI): ANSI is a private, nonprofit organization that
facilitates the standardization work of its membarthe United States. ANSI’s goals are to
promote and facilitate voluntary consensus stargdand conformity assessment systems, and to
maintain their integrity.

ANSI A300 StandardsTree care performance parameters established 81 &Mt can be used
to develop specifications for tree maintenance.

arboriculture: The art, science, technology, and business of caneiad, public, and utility tree
care.

block side (data field): Address information for a site that includes dinestreetfrom street and
to street Theon streets the street that the site is actually locatedTdrefrom streets the cross
street one is moving away from when moving in thieation of traffic flow. Theto streetis the
cross street one is moving toward when moving éndinection of traffic flow.

Benefit-Cost Ratio (BCR): The i-Tree Streets (BCR) is the ratio of the clative benefits
provided by the landscape trees, expressed in @mgnktrms, compared to the costs associated
with their management, also expressed in monetanyst

canopy assessment: Seeurban tree canopy (UTC) assessment.
canopy cover: As seen from above, it is the area of land surflaaeis covered by tree canopy.
canopy spread (data field): Estimates the width of a tree’s canopy in 5-fogréments.

canopy: Branches and foliage that make up a tree’s crown.
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Carbon Dioxide Report: The i-Tree Streets Carbon Dioxide Report presantsial reductions

in atmospheric C@due to sequestration by trees and reduced emssimm power plants due to
reduced energy use in pounds. The model accoun@@Qpreleased as trees die and decompose
and CQ released during the care and maintenance of trees.

Carbon Sequestration: the removal of carbon dioxide from the air by péarthrough
photosynthesis

Carbon Storage: The amount of carbon bound up in the above-gramt below-ground parts
of the woody vegetation

clean (primary maintenance need): Based orANSI A300 Standardselective removal of dead,
dying, broken, and/or diseased wood to minimizeipioal risk.

clearance requirements (data field): lllustrates the need for pruning to meet clearance
standards over streets and sidewalks, or wherelesrare considered to be interfering with the
movement of vehicles or pedestrians or where theyhbstructing signs and street or traffic
lights.

community forest: seeurban forest.

condition (data field): The general condition of each tree rated duriegriientory according to
the following categories adapted from the Intewradl Society of Arboriculture’s rating system:
Excellent (100%), Very Good (90%), Good (80%), K&0%), Poor, (40%), Critical (20%),
Dead (0%).

cycle: Planned length of time between vegetation maimesactivities.
diameter at breast height (DBH): Seetreesize.
diameter: Seetreesize.

Energy Report: The i-Tree Streets Energy Report presents thiibation of the urban forest
toward conserving energy in terms of reduced nhgas use in winter measured in therms [th]
and reduced electricity use for air conditioningiimmer measured in megawatt-hours (MWh).

espalier (secondary maintenance need): Type of pruning that combines supporting and tngjn
branches to orient a plant in one plane.

failure: In terms of tree management, failure is the brgalat stem or branches, or loss of
mechanical support of the tree’s root system.

further inspection (datafield): Notes that a specific tree may require an anmsgldction for
several years to make certain of its maintenanedsieA healthy tree obviously impacted by
recent construction serves as a prime example.tideswill need annual evaluations to assess
the impact of construction on its root system. Aeotexample would be a tree with a defect
requiring additional equipment for investigation.

genus. A taxonomic category ranking below a family andaba species and generally
consisting of a group of species exhibiting simdaaracteristics. In taxonomic nomenclature,
the genus name is used, either alone or followed bgtin adjective or epithet, to form the name
of a species.

geographicinformation system (G1S): A technology that is used to view and analyze tata
a geographic perspective.
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The technology is a piece of an organization’s aNénformation system framework. GIS links
location to information (such as people to addredseildings to parcels, or streets within a
network) and layers that information to give yobiedter understanding of how it all interrelates.

global positioning system (GPS): GPS is a system of earth-orbiting satellites thake it
possible for people with ground receivers to pinptheir geographic location.

grow space size (data field): Identifies the minimum width of the tree grow spdar root
development.

grow spacetype (data field): Best identifies the type of location where a isegrowing. During
the inventory, grow space types were categorizaslasd, median, open/restricted,
open/unrestricted, raised planter, tree lawn/paykwamaintained/natural area, or well/pit.

har dscape damage (data field): Indicates trees damaged by hardscape or harddeapsged by
trees (for example, damage to curbs, crackingndjfof sidewalk pavement one inch or more).

High Risk tree: Tree that cannot be cost-effectively or practicakated. Most High Risk trees
have multiple or significant defects affecting l&san 40% of the trunk, crown, or critical root
zone. Defective trees and/or tree parts are miadylbetween 4-20 inches in diameter and can
be found in areas of frequent occupation, suchraaia thoroughfare, congested streets, and/or
near schools.

Importance Values: A calculation in i-Tree Streets. Importance Val(®/) are displayed in

table form for all species that make up more thgnot the population. The Streets IV is the
mean of three relative values (percentage of totak, percentage of total leaf area, and
percentage of canopy cover) and can range fromilO@owith an 1V of 100 suggesting total
reliance on one species. Vs offer valuable infdiomeabout a community’s reliance on certain
species to provide functional benefits. For examplgpecies might represent 10% of a
population, but have an IV of 25% because of ieagsize, indicating that the loss of those trees
due to pests or disease would be more signifi¢eart their numbers suggest.

invasive, exotic tree: A tree species that is out of its original biokgjicommunity. Its

introduction into an area causes or is likely tossaeconomic or environmental harm, or harm to
human health. An invasive, exotic tree has thetalhd thrive and spread aggressively outside its
natural range. An invasive species that colonizesvaarea may gain an ecological edge since
the insects, diseases, and foraging animals thataily keep its growth in check in its native
range are not present in its new habitat.

inventory: Seetreeinventory.

i-Tree Streets: i-Tree Streets is a street tree management argsantool that uses tree

inventory data to quantify the dollar value of aahenvironmental and aesthetic benefits: energy
conservation, air quality improvement, €@duction, stormwater control, and property value
increase.

i-Tree Tools. State-of-the-art, peer-reviewed software suitenfthe USDA Forest Service that
provides urban forestry analysis and benefits agssest tools. The i-Tree Tools help

communities of all sizes to strengthen their urfsaast management and advocacy efforts by
quantifying the structure of community trees arglé¢hvironmental services that trees provide.

location (data fields): A collection of data fields collected during tmwéntory to aid in finding
trees, including address number, street namensitder, side, and block side.
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location rating (data field): Describes/rates the position of a tree based istirex land use of

the site, the functional and aesthetic contribwgiohthe tree to the site, and surrounding
structures or landscapes. Categories for locatdumevinclude: Excellent, Good, Fair, and Poor.
The location rating, along with species, size, emadition ratings, is used in determining a tree’s
value.

Low Risk tree: Tree with minor visible structural defects or wdann areas with moderate to
low public access.

Management Costs. Used in i-Tree Streets, they are the expenditasesciated with street tree
management presented in total dollars, dollardrper and dollars per capita.

mapping coor dinate (data field): Helps to locate a tree; X and Y coordinates wergegated for
each tree using GPS.

Moderate Risk tree: Tree with defects that may be cost-effectivelpi@ctically treated. Most
of the trees in this category exhibit several matiedefects affecting more than 40% of a tree’s
trunk, crown, or critical root zone.

monoculture: A population dominated by one single species oy f@wv species.

Net Annual Benefits: Specific data field for i-Tree Streets. Citywiblenefits and costs are
calculated according to category and summed. Nwtflie are calculated as benefits minus costs.

Nitrogen Dioxide (NO,): Nitrogen dioxide is a compound typically creatieting the
combustion processes and is a major contributemiog formation and acid deposition.

none (risk rating): Equal to zero. It is used only for planting siéesl stumps.

none (secondary maintenance need): Used to show that no secondary maintenance is
recommended for the tree. Usually a vacant plarditegor stump will have a secondary
maintenance need nobne

notes (data field): Describes additional pertinent information.

observations (data field): When conditions with a specific tree warrant ragbgn, it was
described in this data field. Observations inclogeity decay, grate guard, improperly installed,
improperly mulched, improperly pruned, mechaniahdge, memorial tree, nutrient deficiency,
pest problem, poor location, poor root system, gbarcture, remove hardware, serious decline,
and signs of stress.

ordinance: Seetreeordinance.

Ozone (O3): A strong-smelling, pale blue, reactive toxic cheahgas with molecules of three
oxygen atoms. It is a product of the photochempraktess involving the Sun’s energy. Ozone
exists in the upper layer of the atmosphere as agedit the Earth’s surface. Ozone at the Earth’s
surface can cause numerous adverse human heaittseff is a major component of smog.

palm prune (primary maintenance need): Routine horticultural pruning to remove any dead,
dying, or broken fronds.

Particulate Matter (PM0): A major class of air pollutants consisting of teglid or liquid
particles of soot, dust, smoke, fumes, and mists.

plant tree (primary maintenance need): If collected during an inventory, this data field
identifies vacant planting sites as small, mediamarge (indicating the ultimate size that the
tree will attain), depending on the growspace abédél and the presence of overhead wires.
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pollard (secondary maintenance need): Pruning method in which tree branches are intiall
headed and then reduced on a regular basis witlgturbing the callus knob.

primary maintenance need (data field): The type of tree work needed to reduce immediate
risk.

pruning: The selective removal of plant parts to meet $jgegoals and objectives.

raise (secondary maintenance need): Signifies a maintenance need for a tree. Rai$iag t
crown is pruning to remove low branches that ilmterfwith sight and/or traffic. It is based on
ANSI A300 Standards

reduce (secondary maintenance need): Signifies a maintenance need for a tree. Redubiag
crown is selective pruning to decrease height arapeead of the crown in order to provide
clearance for electric utilities and lighting.

removal (primary maintenance need): Data field collected during the inventory ideniify the
need to remove a tree. Trees designated for renhaval defects that cannot be cost-effectively
or practically treated. Most of the trees in thasegory have a large percentage of dead crown.

restore (secondary maintenance need): Signifies a maintenance need for a tree. Restasing
selective pruning to improve the structure, forng appearance of trees that have been severely
headed, vandalized, or damaged.

right-of-way (ROW): Seestreet right-of-way.
risk: Combination of the probability of an event occogrand its consequence.

risk assessment (data fields): The risk assessment is a point-based assessmesutiofree by an
arborist using a protocol based on the US Forasic&eCommunity Tree Risk Rating System.

In the field, the probability of tree or tree ptrilure is assighed 1-4 points (identifies the most
likely failure and rates the likelihood that theustural defect(s) will result in failure based on
observed, current conditions), the size of defedtigee part is assigned 1-3 points (rates the size
of the part most likely to fail), the probability target impact by the tree or tree part is assigne
1-3 points (rates the use and occupancy of thetha¢avould be struck by the defective part),
and other risk factors are assigned 0-2 pointg(iiggrofessional judgment suggests the need to
increase the risk rating). The data from the rsdeasment is used to calculate the risk rating that
is ultimately assigned to the tree.

risk rating: Calculated from the field risk assessment datar(skeassessment), this is the sum
of total risk assessment values. Risk ratings rdroge 3—10, with 3 being the lowest risk and 10
being the highest risk. In this Plan, the riskmatias used to identify the severity of risk
assigned to a tree and to prioritize tree maintemaieeds. The following categories were used:

» risk rating of 9 or 10 = Severe Risk tree

» risk rating of 7 or 8 = High Risk tree

» risk rating of 5 or 6 = Moderate Risk tree

e risk rating of 3 or 4 = Low Risk tree

» risk rating of O = no risk (used only for plargisites and stumps)

secondary maintenance need (data field): Recommended maintenance for a tree, which may be
risk oriented, such as raising the crown for cleeea but generally was geared toward improving
the structure of the tree and enhancing aesthetics.
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SevereRisk tree: Tree rated to be Severe Risk cannot be cost-efédgior practically treated.
Most Severe Risk trees have multiple and significkafiects present in the trunk, crown, or
critical root zone. Defective trees and/or tredgpare most likely larger than 20 inches in
diameter and can be found in areas of frequentpatmn, such as a main thoroughfare,
congested streets, and/or near schools.

sidevalue (datafield): Each site is assigned a side value to aid inilogahe site. Side values
include:front, side tq side awaymedian(includes islands), angar based on the site’s location
in relation the lot’s street frontage. Thent side is the side that faces the address sBe.to

is the name of the street the arborist is walkowgards as data is being collected. Flde from

is the name of the street the arborist is walkwgyafrom while collecting datéedian

indicates a median or island. Trear is the side of the lot opposite the front.

site number (datafield): All sites at an address are assignsdenumberSites numbers are

not unique; they are sequential to the side obatldress only (the only unique number is the tree
identification number assigned to each site). Rit@bers are collected in the direction of
vehicular traffic flow. The only exception is a emay street. Site numbers along a one-way
street are collected as if the street were actaailyo-way street, so some site numbers will
oppose traffic.

species: Fundamental category of taxonomic classificatranking below a genus or subgenus
and consisting of related organisms capable ofinteding.

stem: A woody structure bearing buds and foliage, awthgirise to other stems.

stems (data field): Identifies the number of stems or trunks splittiegs than one foot above
ground level.

Stored Carbon Report: Whereas, the i-Tree Streets Carbon Dioxide Repantifies annual
CO;, reductions, the i-Tree Streets Stored Carbon Reglties all of the Carbon (C) stored in the
urban forest over the life of the trees as a regudequestration measured in pounds as the CO
equivalent.

Stormwater Report: A report generated by i-Tree Streets that prastet reductions in annual
stormwater runoff due to rainfall interception Ibgds measured in gallons (gals.).

street name (data field): The name of a street right-of-way or road ideeatifusing posted
signage or parcel information.

street right-of-way (ROW): A strip of land generally owned by a public entityer which
facilities, such as highways, railroads, or poviged, are built.

street tree: A street tree is defined as a tree within thetrigfway.

structural defect: A feature, condition, or deformity of a tree aedrpart that indicates weak
structure and contributes to the likelihood ofdeal.

stump removal (primary maintenance need): Indicates a stump that should be removed.

Sulfur Dioxide (SO,): A strong-smelling, colorless gas that is formgdhe combustion of
fossil fuels. Sulfur oxides contribute to the pevhlof acid rain.

Summary Report: The i-Tree Streets Summary report presents thaariotal of energy,
stormwater, air quality, carbon dioxide, and adsttether benefits. Values are dollars per tree or
total dollars.
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thin (secondary maintenance need): Signifies a maintenance need for a tree. Thintiieg
crown is the selective removal of water sproutga@mic branches, and live branches to reduce
density.

Ton: short ton (US) (2,0001bs)

topping: Topping, reducing tree size using internodal aitkout regard to tree health or
structural integrity, is not an acceptable prurpnactice.

tree benefit: An economic, environmental, or social improventéat benefits the community
and results mainly from the presence of a tree.bEmefit received has real or intrinsic value
associated with it.

tree height (datafield): If collected during the inventory, it is the heigli the tree estimated by
the arborist and recorded in 10-foot increments.

treeinventory: Comprehensive database containing informatioroonds about individual
trees typically collected by an arborist.

tree ordinance: Tree ordinances are policy tools used by commundisving to attain a
healthy, vigorous, and well-managed urban forase Brdinances simply provide the
authorization and standards for management aetviti

treesize (datafield): A tree’s diameter measured to the nearest indméinch size classes at
4.5 feet above ground, also known as diametereatsbheight (DBH) or diameter.

tree: A tree is defined as a perennial woody plant thay grow more than 20 feet tall.
Characteristically, it has one main stem, althoongimy species may grow as multi-stemmed
forms.

urban forest: All of the trees within a municipality or a commtyn This can include the trees
along streets or rights-of-way, in parks and grpaoss, in forests, and on private property.

urban tree canopy (UTC) assessment: A study performed of land cover classes to gain an
understanding of the tree canopy coverage, paatfilguds it relates to the amount of tree canopy
that currently exists and the amount of tree cantbpicould exist. Typically performed using
aerial photographs, GIS data, or Lidar.

utility (secondary maintenance need): Selective pruning to prevent the loss of servioeuly
with mandated clearance laws, prevent damage tiprguat, avoid access impairment, and
uphold the intended usage of the facility/utilipase.

vista prune (secondary maintenance need): Pruning to enhance a specific view without
jeopardizing the health of the tree.

Volatile Organic Compounds (VOCs): Hydrocarbon compounds that exist in the ambient a
and are by-products of energy used to heat andotololings. Volatile organic compounds
contribute to the formation of smog and/or ared¢okixamples of VOCs are gasoline, alcohol,
and solvents used in paints.

young treetrain (primary maintenance need): Data field based oANSI A300 Standards
pruning of young trees to correct or eliminate weaterfering, or objectionable branches to
improve structure. These trees, up to 20 feet ighttecan be worked with a pole pruner by a
person standing on the ground.
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Appendix A
Site Location Methods

Equipment and Base Maps
Inventory arborists use CF-19 Panasonic Toughbook® unit(s) and Trimble® GPS Pathfinder®
ProXH™ receiver(s).

Base map layers were loaded onto these unit(s) to help locate sites during the inventory. Base
map layers were utilized along with source and format information for each layer.

Street ROW Site Location

Individual street ROW sites (trees, stumps, or vacant planting sites) were located using a
methodology developed by Davey Resource Group that identifies sites by address number, street
name, side, site number, and block side. This methodology allows for consistent assignment of
location.

Address Number and Street Name

The address number was recorded based on visual observation by
the arborist at the time of the inventory (the address number posted
on a building at the inventoried site). Where there was no posted

Rear

address number on a building or where the site was located by a c§‘

vacant lot with no GIS parcel addressing data available, the address < %
number assigned was matched as closely as possible to opposite or = =
adjacent addresses by the arborist and an “X” was added to the

number in the database to indicate that it was assigned (for Front
example, “37X Choice Avenue”). = Strect ROW
Sites in medians or islands were assigned an address number using v

the address on the right side of the street in the direction of

collection closest to the site. Each segment was numbered with an Street ROW m=mp
assigned address that was interpolated from addresses facing that

median/island. If there were multiple median/islands between cross Figure 1. Side values for
streets, each segment was given its own assigned address. street ROW sites.

The street name assigned to a site was determined by street ROW
parcel information and posted street name signage.

Side Value and Site Number

Each site was assigned a side value and site number. Side values include: front, side to, side
away, median (includes islands), or rear based on the site’s location in relation the lot’s street
frontage (Figure 1). The front side is the side that faces the address street. Side to is the name of
the street the arborist is walking towards as data are being collected. The side from is the name of
the street the arborist is walking away from while collecting data. Median indicates a median or
island. The rear is the side of the lot opposite of the front.
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All sites at an address are assigned a site number. Sites numbers are not unique; they are
sequential to the side of the address only (the only unique number is the tree identification
number assigned to each site). Site numbers are collected in the direction of vehicular traffic
flow. The only exception is a one-way street. Site numbers along a one-way street are collected
as if the street was a two-way street; thus, some site numbers will oppose traffic.

A separate site number sequence is used for each side value of the address (front, side to, side
away, median, or rear). For example, trees at the front of an address may have site numbers from
1 through 999 and, if trees are located on the side to, side away, median, or rear of that same
address, each side will also be numbered consecutively beginning with the number 1.

Block Side
Block side information for a site includes the on street, from street, and to street.

e The on street is the street that the site is physically located on. (The on street may not match
the address street. A site may be physically located on a street that is different from its street
address, for example, a site located on a side street.)

e The from street is the first cross street encountered when proceeding along the street in the
direction of traffic flow.

e The to street is the second cross street encountered when moving in the direction of traffic
flow.

Park and/or Public Space Site Location

Park and/or public space site locations were collected using the same methodology as street
ROW sites; however, the on street, from street, and to street was recorded as the park and/or
public space’s name (not street names).
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Site Location Examples

Figure 2. The tree trimming crew in the truck traveling westbound on
E Mac Arthur Street is trying to locate an inventoried tree with
the following location information:

Address/Street Name: 226 E. Mac Arthur Street
Side: Side To

Site Number: 1

On Street: Davis Street

From Street: Taft Street

To Street: E. Mac Arthur Street.

The tree site circled in red is the site the crew is looking for. Because the tree
is located on the side of the lot, the on street is Davis Street even though it is
addressed as 226 East Mac Arthur Street. Moving with the flow of traffic, the
from street is Taft Street, and the to street is East Mac Arthur Street.
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These two tree sites are on Taft St, but
have E Mac Arthur St addresses.

¥

These four tree sites are on Davis St, however,
™ the tree on the left has a different address
than the three on the right.

Figure 3. Location information collected for inventoried trees

at Corner Lot A and Corner Lot B.

Corner Lot A Corner Lot B
Address/Street Name: 205 Hoover St. Address/Street Name: 226 E Mac Arthur St.
Side/Site Number: Side To/ 1 Side/Site Number: Side To/ 1
On Street: Taft St. On Street: Davis St.
From Street: E Mac Arthur St. From Street: Hoover St.
To Street: Hoover St. To Street: E Mac Arthur St.
Address/Street Name: 205 Hoover St. Address/Street Name: 226 E Mac Arthur St.
Side/Site Number: Side To /2 Side/Site Number: Front / 1
On Street: Taft St. On Street: E Mac Arthur St.
From Street: E Mac Arthur St. From Street: Davis St.
To Street: Hoover St. To Street: Taft St.
Address/Street Name: 205 Hoover St. Address/Street Name: 226 E Mac Arthur St.
Side/Site Number: Side To/ 3 Side/Site Number: Front /2
On Street: Taft St. On Street: E Mac Arthur St.
From Street: 19th St. From Street: Davis St.
To Street: Hoover St. To Street: Taft St.
Address/Street Name: 205 Hoover St.
Side/Site Number: Front / 1
On Street: Hoover St.
From Street: Taft St.
To Street: Davis St.
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Appendix B
Suggested Tree Species

Proper landscaping and tree planting are critical components of the atmosphere, livability, and
ecological quality of a community’s urban forest. The tree species listed below have been
evaluated for factors such as size, disease and pest resistance, seed or fruit set, and availability.
The following list is offered to assist all relevant community personnel in selecting appropriate
tree species. These trees have been selected because of their aesthetic and functional
characteristics and their ability to thrive in the soil and climate (USDA Zones 5 and 6) conditions

found throughout Missouri.

Deciduous Trees

Large Trees: Greater than 45 Feet in Height at Maturity

Scientific Name
Acer rubrum
Acer saccharum
Acer nigrum
Betula alleghaniensis*
Betula lenta™
Betula nigra
Carpinus betulus
Carya illinoensis*
Carya lacinata™
Carya ovata*
Castanea mollissima™*
Celtis laevigata
Celtis occidentalis
Cercidiphyllum japonicum
Diospyros virginiana*
Fagus grandifolia*
Fagus sylvatica*
Ginkgo biloba
Gleditsia triacanthos inermis
Gymnocladus dioica
Juglans nigra*
Larix decidua™

Common Name
red maple
sugar maple
black maple
yellow birch
sweet birch
river birch
European hornbeam
pecan
shellbark hickory
shagbark hickory
Chinese chestnut
sugarberry
common hackberry
katsuratree
common persimmon
American beech
European beech
ginkgo
thornless honeylocust
Kentucky coffeetree
black walnut
European larch

Cultivar
Red Sunset®
‘Legacy’

. ®
Heritage
‘Franz Fontaine’

‘Prairie Pride’
‘Aureum’

(Numerous exist)
(Choose male trees only)
‘Shademaster’

Prairie Titan”

Liquidambar styraciflua American sweetgum ‘Rotundiloba’
Liriodendron tulipifera*® tuliptree ‘Fastigiatum’
Magnolia acuminata™ cucumbertree magnolia (Numerous exist)
Magnolia macrophylla™ bigleaf magnolia

Metasequoia glyptostroboides dawn redwood ‘Emerald Feathers’
Nyssa sylvatica blackgum

Platanus occidentalis*
Platanus x acerifolia

American sycamore
London planetree

‘Yarwood’

Quercus alba

~ white oak
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Large Trees: Greater than 45 Feet in Height at Maturity (Continued)

Scientific Name Common Name Cultivar
Quercus bicolor swamp white oak
Quercus coccinea scarlet oak
Quercus lyrata overcup oak
Quercus macrocarpa bur oak
Quercus montana chestnut oak
Quercus muehlenbergii chinkapin oak
Quercus palustris pin oak
Quercus imbricaria shingle oak
Quercus phellos willow oak
Quercus robur English oak Heritage”
Quercus rubra northern red oak ‘Splendens’
Quercus shumardii Shumard oak
Styphnolobium japonicum Japanese pagodatree ‘Regent’
Taxodium distichum common baldcypress ‘Shawnee Brave’
Tilia americana American linden ‘Redmond’
Tilia cordata littleleaf linden ‘Greenspire’
Tilia % euchlora Crimean linden
Tilia tomentosa silver linden ‘Sterling’
Ulmus parvifolia Chinese elm Allée”®
Zelkova serrata Japanese zelkova ‘Green Vase’

Medium Trees: 31 to 45 Feet in Height at Maturity

Scientific Name Common Name Cultivar
Aesculus < carnea red horsechestnut
Alnus cordata Italian alder
Asimina triloba* pawpaw
Cladrastis kentukea American yellowwood ‘Rosea’
Corylus colurna Turkish filbert
Eucommia ulmoides hardy rubber tree
Koelreuteria paniculata goldenraintree
Ostrya virginiana American hophornbeam
Parrotia persica Persian parrotia ‘Vanessa’
Phellodendron amurense Amur corktree ‘Macho’
Pistacia chinensis Chinese pistache
Prunus maackii Amur chokecherry ‘Amber Beauty’
Prunus sargentii Sargent cherry

Pterocarya fraxinifolia*

Caucasian wingnut

Quercus acutissima
Quercus cerris

sawtooth oak
European turkey oak

Sassafras albidum*

~ sassafras
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Small Trees:

15 to 30 Feet in Height at Maturity

Scientific Name Common Name Cultivar
Acer buergerianum trident maple Streetwise”
Acer campestre hedge maple Queen Elizabeth
Acer cappadocicum coliseum maple ‘Aureum’
Acer ginnala Amur maple Red Rhapsody
Acer griseum paperbark maple
Acer oliverianum Chinese maple
Acer pensylvanicum* striped maple
Acer triflorum three-flower maple
Aesculus pavia* red buckeye
Amelanchier arborea downy serviceberry (Numerous exist)
Amelanchier laevis Allegheny serviceberry

Carpinus caroliniana™

American hornbeam

Cercis canadensis

eastern redbud

‘Forest Pansy’

Chionanthus virginicus

white fringetree

Cornus alternifolia pagoda dogwood

Cornus kousa kousa dogwood (Numerous exist)
Cornus mas corneliancherry dogwood ‘Spring Sun’
Corylus avellana European filbert ‘Contorta’
Cotinus coggygria* common smoketree ‘Flame’

Cotinus obovata*

American smoketree

Crataegus phaenopyrum* Washington hawthorn Princeton Sentry
Crataegus viridis green hawthorn ‘Winter King’
Franklinia alatamaha* Franklinia

Halesia tetraptera™ Carolina silverbell ‘Arnold Pink’
Laburnum % watereri goldenchain tree

Maackia amurensis Amur maackia

Magnolia % soulangiana™ saucer magnolia ‘Alexandrina’
Magnolia stellata™ star magnolia ‘Centennial’
Magnolia tripetala* umbrella magnolia

Magnolia virginiana* sweetbay magnolia Moonglow”

Malus spp.

flowering crabapple

(Disease resistant only)

Oxydendrum arboreum

sourwood

‘Mt. Charm’

Prunus subhirtella Higan cherry ‘Pendula’

Prunus virginiana common chokecherry ‘Schubert’
Staphylea trifolia* American bladdernut

Stewartia ovata mountain stewartia

Styrax japonicus* Japanese snowbell ‘Emerald Pagoda’
Syringa reticulata ~ Japanese tree lilac - ‘Ivory Silk’

* Denotes species that are not recommended for use as street trees.
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Coniferous and Evergreen Trees
Large Trees: Greater than 45 Feet in Height at Maturity

Scientific Name Common Name Cultivar
Abies balsamea balsam fir
Abies concolor white fir ‘Violacea’
Cedrus libani cedar-of-Lebanon
Chamaecyparis nootkatensis Nootka falsecypress ‘Pendula’
Cryptomeria japonica Japanese cryptomeria ‘Sekkan-sugi’
x Cupressocyparis leylandii Leyland cypress
llex opaca American holly
Picea omorika Serbian spruce
Picea orientalis Oriental spruce
Pinus densiflora Japanese red pine
Pinus strobus eastern white pine
Pinus sylvestris Scotch pine
Pinus taeda loblolly pine
Pinus virginiana Virginia pine
Psedotsuga menziesii Douglas-fir
Thuja plicata western arborvitae (Numerous exist)
Tsuga canadensis eastern hemlock

Medium Trees: 31 to 45 Feet in Height at Maturity

Scientific Name Common Name Cultivar
Chamaecyparis thyoides Atlantic whitecedar (Numerous exist)
Juniperus virginiana eastern redcedar
Pinus bungeana lacebark pine
Pinus flexilis limber pine
Pinus parviflora Japanese white pine
Thuja occidentalis eastern arborvitae (Numerous exist)

Small Trees: 15 to 30 Feet in Height at Maturity

Scientific Name Common Name Cultivar
Ilex X attenuata Foster's holly
Pinus aristata bristlecone pine
Pinus mugo mugo  mugo pine

This suggested species list was compiled through the use of the excellent references Dirr’s
Hardy Trees and Shrubs (Dirr 2003) and Manual of Woody Landscape Plants (5th Edition) (Dirr
1998). Cultivar selections are recommendations only and are based on Davey Resource Group’s
experience; tree availability will vary by nursery.
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Appendix C
Invasive Pests and Diseases That Affect Trees

In today’s worldwide marketplace, the volume of international trade brings increased potential
for pests and diseases to invade our country. Many of these pests and diseases have seriously
harmed rural and urban landscapes and have caused billions of dollars in lost revenue and
millions of dollars in clean-up costs. Keeping these pests and diseases out of the country is the
number one priority of the United States Department of Agriculture’s (USDA) Animal and Plant
Inspection Service (APHIS).

Although some invasive species enter the United States naturally via wind, ocean currents, and
other means, most enter with some help from human activities. Their introduction to our country
is a byproduct of cultivation, commerce, tourism, and travel. Many species enter the United
States each year in cargo, mail, baggage, or contaminants of commodities.

Once here, hungry pests grow and spread rapidly because controls, such as native predators, are
lacking. Invasive pests disrupt the landscape by pushing out native species, reducing biological
diversity, killing trees, altering wildfire intensity and frequency, and damaging crops. Some pests
may even push species to extinction. Following are key pests and diseases that adversely affect
trees in America at the time of this plan’s development. This list is not comprehensive and may
not include all threats.

It is critical to the management of community trees to routinely check APHIS, USDA Forest
Service, and other websites for updates about invasive species and diseases in your area and in
our country so you can to be prepared to combat their attack.

USDA USDA National Agricultural Library

—— CWWW. invasivespeciesinfo.gov/microbes

USDA Northeastern Areas Forest Service, Forest
Health Protection

. ewww.na.fs.fed.us/fhp
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Asian Longhorned Beetle

The Asian longhorned beetle (ALB,
Anoplophora glabripennis) is an exotic pest
threatening a wide variety of hardwood trees
in North America. The beetle was introduced
in New York City, Chicago, and New Jersey
and is believed to have been introduced in the
United States from wood pallets and other
wood packing material accompanying cargo
shipments from Asia. ALB is a serious threat
to America’s hardwood tree species.

LU L
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Adults are large (3/4- to 1/2-inch long) with Adult Asian longhorned beetle.

very long, black and white banded Photograph courtesy of New Bedford Guide 2011.

antennae. The body is glossy black with

irregular white spots. Adults can be seen from late spring to fall depending on the climate. ALB
has a long list of host species; however, the beetle prefers hardwoods including several maple
species. Examples include the Acer platanoides (Norway maple), sugar maple, 4. saccharinum
(silver maple), red maple, A. negundo (box elder), Aesculus hippocastanum (horsechestnut),
Aesculus glabra (buckeye), Platanus % acerifolia (London planetree), Betula (birch), Ulmus
(elm), and Salix (willow).

Emerald Ash Borer

The emerald ash borer (EAB, Agrilus planipennis) is
responsible for the death or decline of tens of millions
of ash trees in 14 states in the American Midwest and
Northeast. Native to Asia, it has been found in China,
Korea, Japan, Mongolia, Taiwan, and eastern Russia. It
likely arrived in the United States hidden in wood-
packing materials commonly used to ship consumer
goods, auto parts, and other products. The first official
United States identification of EAB was in southeastern
Michigan in 2002.

Adult beetles are slender and 1/2-inch long. Males are Close-up of the emerald ash borer.
smaller than females. Color varies but adults are usually Photograph courtesy of APHIS (2011).
bronze or golden green overall with metallic, emerald-

green wing covers. The top of the abdomen under the

wings is metallic, purplish-red and can be seen when

the wings are spread.

The tree species preferred as hosts by the EAB are in the genus Fraxinus (ash).
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Gypsy Moth

The gypsy moth (GM, Lymantria dispar) is native to Europe
and first arrived in the United States in Massachusetts in 1869.
This moth is a significant pest because its caterpillars have
voracious appetites for more than 300 species of trees and
shrubs. GM caterpillars defoliate trees leaving them vulnerable
to diseases and other pests that can eventually kill the tree.

Male GMs are brown with a darker brown pattern on their
wings and have a 1/2-inch wingspan. Females are slightly larger
with a 2-inch wingspan and are nearly white with dark, saw-
toothed patterns on their wings. Although they have wings, the
female GM cannot fly.

The GM prefers approximately 150 primary hosts but feeds on
more than 300 species of trees and shrubs. Some trees are found Close-up of male (darker brown)
in these common genera: Betula (birch), Juniperus (cedar), and female (whitish color)

. European
Larix (larch), Populus (aspen, cottonwood, poplar), Quercus Gypsy Moths. Photograph courtesy

(oak), and Salix (willow). of APHIS (2011b).

Granulate Ambrosia Beetle

The  granulate  ambrosia  beetle

(Xylosandrus crassiusculus), formerly the

Asian ambrosia beetle, was first found in |

the United States in 1974 on peach trees '
near Charleston, South Carolina. The ' o

native range of the granulate ambrosia
beetle is probably tropical and subtropical
Asia and it is widely introduced Photograph courtesy Paul M. Choate, University of Florida
elsewhere. It is currently found in (Atkinson et al. 2011).

equatorial Africa, Asia, China, Guinea, Hawaii, India, Japan, New South Pacific, Southeast Indonesia, Sri
Lanka, and the United States. In the United States, this species has spread along the lower Piedmont
region and coastal plain to North Carolina, Louisiana, Florida, and East Texas. Populations were found in
Oregon and Virginia in 1992, and in Indiana in 2002.

Adult granulate ambrosia beetle.

Adults are small and have a reddish-brown appearance with a downward facing head. Most individuals
have a reddish head region and a dark-brown to black elytra (hard casings protecting the wings). Light-
colored forms that appear almost yellow also have been trapped. A granulated (rough) region is located
on the front portion of the head and long setae (hairs) can be observed on the back end of the wing
covers. Females are 2-2.5mm and males are 1.5mm long. Larvae are C-shaped with a defined head
capsule.

The granulate ambrosia beetle is considered an aggressive species and can attack trees that are not highly
stressed. It is a potentially serious pest of ornamentals and fruit trees and is reported to be able to infest
most trees and some shrubs (azalea, thododendron) except for conifers. Known hosts in the United States
include Acer (maple), Albizia julibrissin (mimosa), Carya (hickory), Cercis canadensis (redbud), Cornus
(dogwood), Diospyros (persimmon), Fagus (beech), Gleditsia or Robinia (locust), Juglans (walnut),
Koelreuteria (goldenrain tree), Lagerstroemia (crape myrtle), Liquidambar styraciflua (sweet gum),
Liriodendron tulipifera (tulip poplar), Magnolia (magnolia), Populus (aspen), Prunus (cherry), Quercus
(0ak), and Ulmus parvifolia (Chinese elm). Carya illinoinensis (pecan) and Pyrus calleryana (Bradford
pear) are commonly attacked in Florida and in the southeastern United States.
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Oak Wilt

Oak wilt was first identified in 1944 and is caused by the
fungus Ceratocystis fagacearum. While considered an
invasive and aggressive disease, its status as an exotic
pest is debated since the fungus has not been reported in
any other part of the world. This disease affects the oak
genus, and is most devastating to those in the red oak
subgenus, such as Q. coccinea (scarlet oak), Q.
imbricaria (shingle oak), Q. palustris (pin oak), Q.
phellos (willow oak), and Q. rubra (red oak). It also
attacks trees in the white oak subgenus, although it is not
as prevalent and spreads at a much slower pace in these
trees.

Just as with DED, oak wilt disease is caused by a fungus Oak wilt symptoms on red and white oak
that clogs the vascular system of oaks and results in leaves.
decline and death of the tree. The fungus is carried from Photograph courtesy USDA Forest Service
tree to tree by several borers common to oaks, but more (2011a).

commonly the disease is spread through root grafts. Oak
species within the same subgenus (white or red) will form root colonies with grafted roots that allow the
disease to move readily from one tree to another.

Pine Shoot Beetle

The pine shoot beetle (Tomicus piniperda L.), a native of Europe, is an
introduced pest of Pinus (pine) in the United States. It was first
discovered in the United States at a Christmas tree farm near Cleveland,
Ohio in 1992. Following the first detection in Ohio, the beetle has been
detected in parts of 19 states (Connecticut, Illinois, Indiana, lowa,
Maine, Maryland, Massachusetts, Michigan, Minnesota, New
Hampshire, New Jersey, New York, Ohio, Pennsylvania, Rhode Island,
Virginia, Vermont, West Virginia, and Wisconsin).

The beetle attacks new shoots of pine trees, stunting the growth of the
trees. The pine shoot beetle may also attack stressed pine trees by
breeding under the bark at the base of the trees. The beetles can cause

severe decline in the health of the trees and, in some cases, kill the trees Mined shoots on Scotch pine.

when high populations exist. Photo courtesy USDA Forest

Adult pine shoot beetles range from 3 to Smm long, or about the size of Service (1993).

match head. They are brown or black and cylindrical. The legless larvae are about Smm long with a
white body and brown head. Egg galleries are 10-25cm long. From April to June, larvae feed and mature
under the pine bark in separate feeding galleries that are 4-9cm long. When mature, the larvae stop
feeding, pupate, and then emerge as adults. From July through October, adults tunnel out through the
bark and fly to new or 1-year-old pine shoots to begin maturation feeding. The beetles enter the shoot
15cm or less from the shoot tip, and move upwards by hollowing out the center of the shoot for a
distance of 2.5-10cm. Affected shoots droop, turn yellow, and eventually fall off during the summer and
fall.

P. sylvestris (Scots pine) is preferred, but other pine species, including P. banksiana (jack pine), P. nigra
(Austrian pine), P. resinosa (red pine), and P. strobus (eastern white pine) have been infested in the Great
Lakes region.
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Sirex woodwasp

Sirex woodwasp (Sirex noctillio) has been the most
common species of exotic woodwasp detected at
United States ports-of-entry associated with solid
wood-packing materials. Recent detections of sirex
woodwasp outside of port areas in the United States
have raised concerns because this insect has the
potential to cause significant mortality of pines. |

Awareness of the symptoms and signs of a sirex
woodwasp infestation increases the chance of early Close-up of female Sirex Woodwasp.
detection, and, thus, the rapid response needed to Photograph courtesy of USDA (2005).
contain and manage this exotic forest pest.

Woodwasps (or horntails) are large robust insects, usually 1.0 to 1.5 inches long. Adults have a spear-
shaped plate (cornus) at the tail end; in addition females have a long ovipositor under this plate. Larvae
are creamy white, legless, and have a distinctive dark spine at the rear of the abdomen. More than a
dozen species of native horntails occur in North America.

Sirex woodwasp can attack living pines, while native woodwasps attack only dead and dying trees. At
low populations, sirex woodwasp selects suppressed, stressed, and injured trees for egg laying. Foliage of
infested trees initially wilts, and then changes color from dark green to light green, to yellow, and finally
to red, during the 3-6 months following attack. Infested trees may have resin beads or dribbles at the egg
laying sites which are more common at the mid-bole level. Larval galleries are tightly packed with very
fine sawdust. As adults emerge, they chew round exit holes that vary from 1/8 to 3/8 inch in diameter.

Sudden Oak Death

The causal agent of sudden oak death (SOD, also known as
Phytophthora canker disease), Phytophthora ramorum, was
first identified in 1993 in Germany and the Netherlands on
ornamental rhododendrons. In 2000, the disease was found in
California. Since its discovery in North America, SOD has been
confirmed in forests in California and Oregon and in nurseries
in California, Oregon, Washington, and British Columbia. SOD
has been potentially introduced into other states through
exposed nursery stock. Through ongoing surveys, APHIS
continues to define the extent of the pathogen’s distribution in
the United States and limit its artificial spread beyond infected

areas through quarantine and a public education program. Drooping tanoak shoot. Photograph
. . . courtesy of Indiana Department of
Identification and symptoms of SOD may include large cankers Natural Resources (2012.)

on the trunk or main stem accompanied by browning of leaves.

Tree death may occur within several months to several years after initial infection. Infected trees also
may be infested with ambrosia beetles (Monarthrum scutellare and M. dentiger), bark beetles
(Pseudopityophthorus pubipennis), and sapwood rotting fungus (Hypoxylon thouarsianum). These
organisms may contribute to the death of the tree. Infection on foliar hosts is indicated by dark grey to
brown lesions with indistinct edges. These lesions can occur anywhere on the leaf blade, in vascular
tissue, or on the petiole. Petiole lesions are often accompanied by stem lesions. Some hosts with leaf
lesions defoliate and eventually show twig dieback.

This pathogen is devastating to Quercus (oaks) but also affects several other plant species.
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Thousand Cankers Disease

A disease complex referred to as Thousand
Cankers disease (TCD) was first observed in
Colorado in 2008 and is now thought to have
been existence in Colorado as early as 2003.
TCD 1is considered to be native to the United
States and is attributed to numerous cankers
developing in association with insect galleries.

TCD results from the combined activity of the

Geosmithia morbida fungus and the walnut twig Walnut twig beetle, side view. Photograph
beetle (WTB, Pityophthorus juglandis). The courtesy of USDA Forest Service (2011b).
WTB has expanded both its geographical and

host range over the past two decades, and coupled with the Geosmithia morbida fungus, Juglans
(walnut) mortality has resulted in Arizona, California, Colorado, Idaho, New Mexico, Oregon,
Utah, and Washington. In July, 2010, TCD was reported in Knoxville, Tennessee. The infestation
is believed to be at least 10 years old and was previously attributed to drought stress. This is the
first report east of the 100th meridian, raising concerns that large, native populations of J. nigra
(black walnut) in the eastern United States may suffer severe decline and mortality.

The tree species preferred as hosts for TCD are walnuts.
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Appendix D

Estimated Costs for Warrensburg's Five-Year Tree Management Program

Estimated Costs for Each Activity 2014 2015 2016 2017 2018 Five-Year
Activity Diameter | Cost/Tree | #of Trees | Total Cost # of Trees Total Cost # of Trees Total Cost # of Trees Total Cost # of Trees Total Cost Cost
Severe-Risk Removal 1-3" $25 0 $0 0 $0 0 $0 0 $0 0 $0 $0
4-6" $105 0 $0 0 $0 0 S0 0 $0 0 $0 $0
7-12" $220 0 $0 0 $0 0 S0 0 $0 0 $0 $0
13-18" $355 2 $710 0 $0 0 $0 0 $0 0 $0 $710
19-24" $525 2 $1,050 0 $0 0 S0 0 $0 0 $0 $1,050
25-30" $845 2 $1,690 0 $0 0 S0 0 $0 0 $0 $1,690
31-36" $1,140 1 $1,140 0 $0 0 $0 0 $0 0 $0 $1,140
37-42" $1.470 0 $0 0 $0 0 $0 0 $0 0 $0 $0
43"+ $1,850 2 $3,700 0 $0 0 $0 0 $0 0 $0 $3,700
Activity Total(s) 9 $8.290 0 $0 0 $0 0 $0 0 $0 $8,290
High-Risk Removal 1-3" $25 2 $50 0 $0 0 S0 6 $150 0 $0 $200
4-6" $105 43 $4,515 0 $0 0 S0 1 $105 0 $0 $4,620
7-12" $220 119 $26,180 0 $0 0 $0 0 $0 0 $0 $26,180
13-18" $355 110 $39,050 0 $0 0 $0 3 $1,065 0 $0 $40,115
19-24" $525 52 $27,300 0 $0 0 $0 2 $1,050 0 $0 $28,350
25-30" $845 21 $17,745 0 $0 0 $0 1 $845 0 $0 $18,590
31-36" $1,140 9 $10,260 0 $0 0 $0 0 $0 0 $0 $10,260
37-42" $1.470 9 $13.230 0 $0 0 $0 0 $0 0 $0 $13.230
43"+ $1.850 2 $3,700 0 $0 0 S0 0 $0 0 $0 $3.,700
Activity Total(s) 367 $142,030 0 $0 0 S0 13 $3.215 0 $0 $145,245
Moderate-Risk 1-3" $25 0 $0 67 $1,675 0 $0 0 $0 0 $0 $1.675
Removal 4-6" $105 0 $0 43 $4,515 0 $0 0 $0 0 $0 $4,515
7-12" $220 0 $0 39 $8.580 0 S0 0 $0 0 $0 $8,580
13-18" $355 0 $0 36 $12,780 0 $0 0 $0 0 $0 $12,780
19-24" $525 0 $0 9 $4.725 0 $0 0 $0 0 $0 $4.725
25-30" $845 0 $0 8 $6.760 0 $0 0 $0 0 $0 $6,760
31-36" $1,140 0 $0 1 $1.140 0 $0 0 $0 0 $0 $1,140
37-42" $1.470 0 $0 0 $0 0 $0 0 $0 0 $0 $0
43"+ $1.850 0 $0 0 $0 0 S0 0 $0 0 $0 $0
Activity Total(s) 0 $0 203 $40,175 0 S0 0 $0 0 $0 $40,175
Low-Risk Removal 1-3" $25 0 $0 71 $1,775 0 S0 0 $0 0 $0 $1,775
4-6" $105 0 $0 4 $420 0 S0 0 $0 0 $0 $420
7-12" $220 0 $0 0 $0 0 $0 0 $0 0 $0 $0
13-18" $355 0 $0 1 $355 0 $0 0 $0 0 $0 $355
19-24" $525 0 $0 0 $0 0 $0 0 $0 0 $0 $0
25-30" $845 0 $0 0 $0 0 $0 0 $0 0 $0 $0
31-36" $1,140 0 $0 0 $0 0 S0 0 $0 0 $0 $0
37-42" $1.470 0 $0 0 $0 0 S0 0 $0 0 $0 $0
43"+ $1.850 0 $0 0 $0 0 $0 0 $0 0 $0 $0
Activity Total(s) 0 $0 76 $2,550 0 $0 0 $0 0 $0 $2,550
Stump Removal 1-3" $25 0 $0 2 $50 0 $0 6 $150 0 $0 $200
4-6" $25 0 $0 11 $275 0 $0 1 $25 0 $0 $300
7-12" $25 0 $0 22 $550 0 $0 0 $0 0 $0 $550
13-18" $40 0 $0 35 $1.400 0 $0 3 $120 0 $0 $1.520
19-24" $60 0 $0 13 $780 0 $0 2 $120 0 $0 $900
25-30" $85 0 $0 17 $1.445 0 S0 1 $85 0 $0 $1,530
31-36" $110 0 $0 11 $1.210 0 S0 0 $0 0 $0 $1.210
37-42" $130 0 $0 2 $260 0 S0 0 $0 0 $0 $260
43"+ $160 0 $0 8 $1.280 0 $0 0 $0 0 $0 $1,280
Activity Total(s) 0 $0 121 $7,250 0 $0 13 $500 0 $0 $7,750
High-Risk Prune 1-3" $20 0 $0 0 $0 0 $0 0 $0 0 $0 $0
4-6" $30 2 $60 0 $0 0 $0 0 $0 0 $0 $60
7-12" $75 59 $4.425 0 $0 0 $0 0 $0 0 $0 $4.425
13-18" $120 121 $14,520 0 $0 0 $0 0 $0 0 $0 $14,520
19-24" $170 99 $16,830 0 $0 0 S0 0 $0 0 $0 $16.,830
25-30" $225 81 $18,225 0 $0 0 S0 0 $0 0 $0 $18,225
31-36" $305 30 $9,150 0 $0 0 S0 0 $0 0 $0 $9.150
37-42" $380 23 $8,740 0 $0 0 S0 0 $0 0 $0 $8,740
43"+ $590 9 $5,310 0 $0 0 $0 0 $0 0 $0 $5,310
Activity Total(s) 424 $77,260 0 $0 0 $0 0 $0 0 $0 $77,260
Routine Pruning 1-3" $20 0 $0 12 $240 12 $240 12 $240 12 $240 $960
4-6" $30 0 $0 42 $1.260 42 $1,260 42 $1.260 42 $1.260 $5,040
7-12" $75 0 $0 167 $12,525 167 $12,525 167 $12,525 167 $12,525 $50,100
13-18" $120 0 $0 113 $13,560 113 $13,560 113 $13,560 113 $13,560 $54,240
19-24" $170 0 $0 62 $10,540 62 $10,540 62 $10,540 62 $10,540 $42,160
25-30" $225 0 $0 41 $9.225 41 $9,225 41 $9,225 41 $9.225 $36,900
31-36" $305 0 $0 14 $4.270 14 $4,270 14 $4,270 14 $4.270 $17,080
37-42" $380 0 $0 3 $1,140 3 $1,140 3 $1,140 3 $1,140 $4,560
43"+ $590 0 $0 1 $590 1 $590 1 $590 1 $590 $2,360
Activity Total(s) 0 $0 455 $53,350 455 $53,350 455 $53,350 455 $53.350 $213.,400
Young Tree Training 1-3" $20 0 $0 0 $0 139 $2,780 139 $2,780 139 $2.,780 $8.,340
Pruning 4-6" $30 0 $0 0 $0 97 $2,910 97 $2,910 97 $2.910 $8,730
7-12" $75 0 $0 0 $0 1 $75 1 $75 1 $75 $225
Activity Total(s) 0 $0 0 $0 237 85,765 237 $5,765 237 $5,765 $17,295
Tree Planting Purchasing l $110 281 $30,910 281 $30,910 281 $30,910 281 $30,910 281 $30.910 $154,550
Planting | $110 281 $30,910 281 $30,910 281 $30,910 281 $30,910 281 $30,910 $154,550
Activity Total(s) 562 $61,820 562 $61,820 562 $61,820 562 $61,820 562 $61,820 $309,100
Young Tree Mulching | $100 281 $28,100 281 $28,100 281 $28,100 281 $28,100 281 $28,100 $140,500
Maintenance Watering | $100 281 $28,100 281 $28,100 281 $28,100 281 $28,100 281 $28,100 $140,500
Activity Total(s) 362 $56,200 562 $56,200 562 $56,200 362 $56,200 562 $56.200 $281.000
Activity Grand Total 1362 1417 1254 1280 1254 6567
Cost Grand Total $345,600 $221,345 $177,135 $180,850 $177,135 $1,102,0ﬁj
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Appendix E
Emerald Ash Borer Information

In addition to the information provided there several websites to find additional information:

e http://extension.missouri.edu/emeraldashborer/pdf/EABCSIL.pdf

e http://mdc.mo.gov/discover-nature/field-guide/emerald-ash-borer

e http://www.aphis.usda.gov/plant_health/plant pest info/emerald ash b/downloads/
survey guidelines.pdf

e http://www.aphis.usda.gov/plant_health/plant pest info/emerald ash b/index.shtml

e http://www.emeraldashborer.info/map.cfm#sthash. POXWEJ8v.dpbs
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Insecticide Options for Protecting
AshTrees From Emerald Ash Borer
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Emerald ash borer (Agrilus planipennis Fairmaire),
an invasive insect native to Asia, has killed tens of
millions of ash trees in urban, rural and forested
settings. This beetle was first discovered in 2002 in
southeast Michigan and Windsor, Ontario. As of May
2009, emerald ash borer (EAB) infestations were
known to be present in 11 states and two Canadian ' '

. . EAB larvae damage the vascular EAB adults must feed on
provinces. Many homeowners, arborists and tree system of the tree as they feed, foliage before they become
care professionals want to protect valuable ash trees which interferes with movement  reproductively mature.
from EAB. Scientists have learned much about this of systemic insecticides in the tree.
insect and methods to protect ash trees since 2002.

This bulletin is designed to answer frequently asked
questions and provide the most current information
on insecticide options for controlling EAB.

Answers to Frequently Asked Questions [
What options do | have for treating my ash trees?

If you elect to treat your ash trees, there are several
insecticide options available and research has shown
that treatments can be effective. Keep in mind,
however, that controlling insects that feed under the
bark with insecticides has always been difficult. This

is especially true with EAB because our native North
American ash trees have little natural resistance

to this pest. In university trials, some insecticide
treatments were effective in some sites, but the same
treatments failed in other sites. Furthermore, in some
studies conducted over multiple years, EAB densities
continued to increase in individual trees despite annual
treatment. Some arborists have combined treatments
to increase the odds of success (e.g., combining a Healthy ash trees that have been protected with insecticides
cover spray with a systemic treatment). growing next to untreated ash trees killed by EAB.
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BEFORE THE BUG COMES TO TOWN

Developing a State or Regional Readiness and Response Plan for Exotic Invasive Insects

PLAN DEVELOPMENT

An invasive pest can be a huge threat to the balance of the urban ecosystem. Managing an
infestation — all the essential education, administration, information, communication, and
regulation issues that need to be coordinated — is a staggering task for any agency. The
main purpose for undertaking readiness planning before the bug comes to town is to learn
as much as possible ahead of time, collaborate to share resources and information, and
create a network to strengthen a coordinated response. The primary goal is to protect the
resource to the extent possible.

1. BUILDING A TEAM - Bringing together stakeholders

A team approach is essential to tackle the imposing threat of an exotic species invasion. A
strong and diverse team can be much more effective through collaboration, than any one
organization can be alone. Members of the team should bring useful and important
knowledge and experience to the planning effort. The team itself creates a critical network
for information sharing and dissemination and supports and energizes individual member
organizations in preparedness activities. A team working to plan for protection of the urban
and community forest should include the following partners:

Regulatory agencies
* USDA APHIS-PPQ*
e State Department of Agriculture
Supporting agencies
e USDA* Forest Service — State and Private Forestry
e State Department of Natural Resources
Researchers
¢ Universities/Colleges
¢ USDA Forest Service — Research
e State Natural History Survey
Educators
* Arboreta and Botanic Gardens
¢ Non-profit organizations related to tree/forest issues
Resource managers
Municipal Foresters Associations
Local, County, Regional, and State Park Agencies
Parks and Recreation Associations
Forest Preserves
Consulting Foresters Associations
Industry
* Arborist Associations
Landscape Contractors Associations
Nursery/Growers Associations
Wood Products Associations
Forestry Councils
Golf Course Superintendent Associations
Municipalities
¢ Regional Councils of Governments
¢ Mayors & Managers Associations
* Individual Municipalities
¢ County and Township Agencies
Organizations/Agencies involved in outbreaks in other states

e o o o o
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EAB Readiness Planning — Step by Step Page 2

2. WHAT IS AT RISK? - Calculating consequences of infestation
In order to garner support, interest, and collaboration for readiness planning, it is important
to determine the following:

o What is the extent of the resource at risk?
(e.g. 6% of the forest cover is ash, 19% of all public trees are ash, and 35% of the public
canopy cover is ash)
e Research FIA* data for rural forests
e State natural resources department
e Survey of city foresters for urban forest data

o What consequences could arise from the infestation?
(e.g. loss of canopy and resulting economic and environmental impacts such as
increase in stormwater runoff; expenses associated with removal and replanting;
visual/aesthetic impacts; property loss, hazardous conditions with dead standing
trees; private homeowner assistance needs — be specific!)
e Readiness planning team members can contribute from various perspectives
e Research consequences of infestation in other states

3. WHAT IS ALREADY BEING DONE? — Coordinate with existing plans

APHIS* is directing all states to develop “Plant Resource Emergency Response Guidelines.”
These guidelines outline the legal authority, roles and responsibilities of various agencies
and organizations, and a system for rapid response to an insect, disease, or weed that
impacts plants. These general guidelines may be useful in developing a species-specific
preparedness/response plan. For information about the status of your state’s guidelines,
contact your State Plant Health Director or State Plant Regulatory Official (visit the following
websites for directories by state):

« State Plant Regulatory Officials
http://nationalplantboard.org/member/index.html

» State Plant Health Directors
http://ceris.purdue.edu/napis/names/sphdXstate.html

Look to management plans from other state. APHIS PPQ develops manuals and guidelines
for all kinds of introduced pests. Review relevant manuals (e.g. New Pest Response
Guidelines Asian Longhorned Beetle) to glean ideas for regional readiness.

e APHIS manuals for introduced pests
http://www.aphis.usda.gov/ppa/manuals/onlinemanuals.html

Utilize the resources of the National Invasive Species Information Center, an
interdepartmental coordinating council of federal agencies that compiles numerous model
management and control plans into a Manager’s Toolkit.
» Invasive Species Manager’s Toolkit
http://www.invasivespecies.gov/toolkit/main.shtml

4. WHAT HAVE YOU GOT? ldentifying strengths, capacity, resources, and programs
o Determine who has authority and responsibility
o Inventory existing programs and efforts to educate, monitor and reduce risk
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o Identify strengths
(e.g. strong green industry professional networks to educate and disseminate information, previous ALB
experience had success with public awareness and support)
Find mechanisms to distribute information
Locate expertise in team organizations
(e.g. where are the entomologists, foresters, communications specialists, and lobbyists? )
o Look for sources of funds
(e.g. US Forest Service Forest Health Program, APHIS, State Department of Agriculture, professional
organizations, State Urban Forestry Grants, Councils of Governments, state and federal legislature)

Example: lllinois Authorities and Resources

Lead State Regulatory Agency Lead Federal Regulatory Agency
/IL Dept. of Agriculture — enacts IL \ (APHIS PPQ )
Pest and Disease Act e definitive identification of pest
e identification of pest e initiate delimiting survey

e declaration of nuisance (allows e coordinates with local
regulation to begin) governments

e initiate delimiting survey e oversees eradication

e establish interior quarantine e administers emergency funds

e has authority to enter property for \ /
control

\ e leads communication

Local government
e eradication
e communication
e cooperation

State Support Organizations Federal Support Organizations
/IL Dept. of Natural Resources\ /US Forest Service \
e monitoring e regional monitoring and forest health
e  technical assistance to support
communities e research
University of lllinois o reforestation resources
o technical expertise e wood utilization expertise
e professional education APHIS PPQ
\ / e information

\ o outreach

5. WHERE ARE THE GAPS? - Identifying needs, shortages, and hindrances
o Are the public agencies adequately staffed and supported?

o Are all at-risk land managers engaged?

o What information do we need to know before we can plan?

O

Are there any policies, attitudes or programs that would be obstacles to readiness?
(e.g. Do state regulatory statutes allow for rapid response? Is there political support?)

(=]

. WILL IT HAPPEN TO YOU? - Determining vulnerability
What geographic area is at highest risk?

o
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(e.g. most of the ash forests are in the Northeast part of the state--Windham,
Olmsted, Orleans, and Lawrence Counties, most of the public ash trees are
located in the highly populous areas of the Chicago metro)

o Where is the most probable source of an infestation?
(e.g. human movement such as nursery stock, wood products and firewood
transfer from out-of-state infested site)

o Where is the most probable port of entry into the state?
(e.g. 1. urban areas with newly planted ash (from nursery stock),
2. recreation areas like campgrounds from firewood transfer,
3. Chicago due to its large population and proximity to Michigan and Indiana;
because it is a major port for foreign shipments; there is a high concentration
of industry and because there are multiple ports of entry via train, auto, and
ship)

7. DRAFT A PLAN. - With consensus from major stakeholders draft a plan to guide
planning and prioritize action.

8. MAINTAIN READINESS.
o Share evolving issues, actions, information and technology with team members.

o Collaborate with team member to act on key steps in the readiness plan.
(e.g. Collaborate with land owners and universities to conduct a detection survey.)

o Inform stakeholders and constituents of plan and state of readiness.
o Communicate with the media about the plan and achievements to foster public
cooperation and confidence.

PLAN COMPONENTS

This is an example of a plan developed in lllinois to prepare for the emerald ash borer
(EAB):

1. Readiness- reduce risk, minimize impact, and respond more effectively to a possible
infestation and work towards overall health and sustainability of the urban forest in
lllinois and northeast Indiana

A. Administrative Readiness
1) Establish a network of agencies and organizations to be affected by EAB
a. Statutory Administrative Team — lead regulatory agencies
b. Technical and Administrative Team
b. Education and Communication Team
2) Finalize Develop an EAB Readiness Plan
3) Identify resources and needs
4) Take proactive steps to speed administrative processes i.e., shorten time
required to establish quarantine
5) Educate the media and assure accuracy of information
B. Technical Readiness
1) Review and distribute federal scientific guidelines to advise actions
2) Advocate for continued research for greater understanding of EAB and
management options
3) Transfer technology




EAB Readiness Planning — Step by Step Page 5

2. Prevention infestation — to assure that all means of introduction are known and
blocked, whenever possible
A. Assess Risk

1) Identify possible sources of EAB importation (i.e., firewood and nursery stock

from Michigan)
2) Assess the scope of the resource at risk (number of ash trees)
3) Track spread of EAB and distribute to Readiness Team
B. Reduce Risk
1) Advocate for appointment of vital vacant positions
Raise public awareness about risk from firewood importation

Educate industries about risk of ash importation

Assure plantings selections contribute to a diverse and sustainable urban
forest

6) Seek legislative support to reduce risk

cLen

3) Identification — minimize the spread and improve odds of containing an infestation
A. Survey urban ash populations to quickly find, or rule out the presence of EAB
B. Offer training and outreach to landscapers, arborists, nurserymen and other

green industry workers to accurately identify EAB

Educate general public about ash health and EAB

Establish a hotline and a website

Support full staffing of IDA Inspectors to respond quickly to possible sightings

moo

4) Response - contain infestation and manage the EAB population

Implement coordinated effort to contain the infestation

B. Provide accurate information to the media through EAB Teams

C. Communicate with public and industry professionals to foster cooperation to
D

>

maximize effective response
. Reforest

*ACRONYMS

Federal Organizations:

APHIS — Animal and Plant Health Inspection Service
PPQ — Plant Protection and Quarantine (Under APHIS)
FEMA — Federal Emergency Management Agency
USDA - United States Department of Agriculture

FS — Forest Service

State Organizations:

DNR — State Department of Natural Resources
DA — State Department of Agriculture

EMA — State Emergency Management Agency
FHP — Forest Health Program

Other:

FIA — Forest Inventory and Analysis (program of the USDA Forest Service)
ALB — Asian longhorned beetle

EAB - emerald ash borer

Track nursery stock, ash lumber and ash firewood importation in recent past
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Our understanding of how EAB can be managed successfully with insecticides has increased substantially
in recent years. The current state of this understanding is detailed in the bulletin. It is important to note
that research on management of EAB remains a work in progress. Scientists from universities, government
agencies and companies continue to conduct intensive studies to understand how and when insecticide
treatments will be most effective.

I know my tree is already infested with EAB. Will insecticides still be effective?

If a tree has lost more than 50 percent of its canopy, it is probably too late to save the tree. Studies have
shown that it is best to begin using insecticides while ash trees are still relatively healthy. This is because
most of the insecticides used for EAB control act systemically — the insecticide must be transported within
the tree. In other words, a tree must be healthy enough to carry a systemic insecticide up the trunk and into
the branches and canopy. When EAB larvae feed, their galleries injure the phloem and xylem that make up
the plant’s circulatory system. This interferes with the ability of the tree to transport nutrients and water, as
well as insecticides. As a tree becomes more and more infested, the injury becomes more severe. Large
branches or even the trunk can be girdled by the larval galleries.

Studies have also shown that if the canopy of a tree is already declining when insecticide treatments are
initiated, the condition of the tree may continue to deteriorate during the first year of treatment. In many
cases, the tree canopy will begin to improve in the second year of treatment. This lag in the reversal of
canopy decline probably reflects the time needed for the tree to repair its vascular system after the EAB
infestation has been reduced.

My ash tree looks fine but my county is quarantined for EAB. Should | start treating my tree?

Scientists have learned that ash trees with low densities of EAB often have few or no external symptoms of
infestation. Therefore, if your property is within a county that has been quarantined for EAB, your ash trees
are probably at risk. Similarly, if your trees are outside a quarantined county but are still within 10-15 miles
of a known EAB infestation, they may be at risk. If your ash trees are more than 15 miles beyond this range,
it is probably too early to begin insecticide treatments. Treatment programs that begin too early are a waste
of money. Remember, however, that new EAB infestations have been discovered every year since 2002

and existing EAB populations will build and spread over time. Stay up to date with current EAB quarantine
maps and related information at www.emeraldashborer.info. You can use the links in this Web site to access
specific information for individual states. When an EAB infestation is detected in a state or county for the
first time, it will be added to these maps. Note, however, that once an area has been quarantined, EAB
surveys generally stop, and further spread of EAB in that area will not be reflected on future maps.

I realize that | will have to protect my ash trees from EAB for several years. Is it worth it?

The economics of treating ash trees with insecticides for EAB protection are complicated. Factors that
can be considered include the cost of the insecticide and expense of application, the size of the trees, the
likelihood of success, and potential costs of removing and replacing the trees. Until recently, insecticide
products had to be applied every year. A new product that is effective for two years or even longer
(emamectin benzoate) has altered the economics of treating ash trees. As research progresses, costs and
methods of treating trees will continue to change and it will be important to stay up to date on treatment
options.

Benefits of treating trees can be more difficult to quantify than costs. Landscape trees typically increase
property values, provide shade and cooling, and contribute to the quality of life in a neighborhood. Many
people are sentimental about their trees. These intangible qualities are important and should be part of any
decision to invest in an EAB management program.

It is also worth noting that the size of EAB populations in a specific area will change over time. Populations
initially build very slowly, but later increase rapidly as more trees become infested. As EAB populations
reach their peak, many trees will decline and die within one or two years. As untreated ash trees in the area
succumb, however, the local EAB population will decrease substantially. Scientists do not yet have enough
experience with EAB to know what will happen over time to trees that survive the initial wave of EAB. Ash
seedlings and saplings are common in forests, woodlots, and right-of-ways, however, and it is unlikely that




EAB will ever completely disappear from an area. That means that ash trees may always be at some risk of
being attacked by EAB, but it seems reasonable to expect that treatment costs could eventually decrease as
pest pressure declines after the EAB wave has passed.

Insecticide Options for Controlling EAB

Insecticides that can effectively control EAB fall into four categories: (1) systemic insecticides that are applied
as soil injections or drenches; (2) systemic insecticides applied as trunk injections; (3) systemic insecticides
applied as lower trunk sprays; and (4) protective cover sprays that are applied to the trunk, main branches,
and (depending on the label) foliage.

Insecticide formulations and application methods that have been evaluated for control of EAB are listed in
Table 1. Some are marketed for use by homeowners while others are intended for use only by professional
applicators. The “active ingredient” refers to the compound in the product that is actually toxic to the insect.

Formulations included inTable 1 have been evaluated in multiple field trials conducted by the authors.
Inclusion of a product inTable 1 does not imply that it is endorsed by the authors or has been consistently
effective for EAB control. Please see the following sections for specific information about results from these
trials. Results of some tests have also been posted on www.emeraldashborer.info.

Strategies for the most effective use of these insecticide products are described below. It is important to
note that pesticide labels and registrations change constantly and vary from state to state. It is the legal
responsibility of the pesticide applicator to read, understand and follow all current label directions for the
specific pesticide product being used.

Table 1. Insecticide options for professionals and homeowners for controlling EAB that have been tested in multiple university
trials. Some products may not be labeled for use in all states. Some of the listed products failed to protect ash trees when they
were applied at labeled rates. Inclusion of a product in this table does not imply that it is endorsed by the authors or has been
consistently effective for EAB control. See text for details regarding effectiveness.

Insecticide Formulation Active Ingredient Application Method Recommended Timing

Professional Use Products

Merit® (75WP, 75WSP, 2F) Imidacloprid Soil injection or drench Mid-fall and/or mid- to late spring
Xytect™ (2F, 75WSP) Imidacloprid Soil injection or drench Mid-fall and/or mid- to late spring
IMA-jet® Imidacloprid Trunk injection Early May to mid-June

Imicide® Imidacloprid Trunk injection Early May to mid-June

Pointer™ Imidacloprid Trunk injection Early May to mid-June
TREE-3ge™ Eg:i’g‘:tg““ Trunk injection Early May to mid-June
Inject-A-Cide B® Bidrin® Trunk injection Early May to mid-June

Safari™ (20 SG) Dinotefuran Systemic bark spray Early May to mid-June

Astro® Permethrin

2 applications at 4-week intervals;
Onyx™ Bifenthrin P tive bark and first spray should occur when
fcgleiggg é\(/)‘\a/ef;pfar;/s black locust is blooming (early
May in southern Ohio to early
June in mid-Michigan)

Tempo® Cyfluthrin

Sevin® SL Carbaryl

Homeowner Formulation

Bayer Advanced™ Tree &

Shrub Insect Control Imidacloprid Soil drench Mid-fall or mid- to late spring




Using Insecticides to Control EAB
Soil-Applied Systemic Insecticides

Systemic insecticides applied to the soil are taken up by the roots and translocated throughout the tree.
The most widely tested soil-applied systemic insecticide for control of EAB is imidacloprid, which is
available under several brand names for use by professional applicators and homeowners (seeTable 1).
All imidacloprid formulations can be applied as a drench by mixing the product with water, then pouring
the solution directly on the soil around the base of the trunk. Dinotefuran is also labeled for use as a soil
treatment, but to date it has been tested only as a basal trunk spray (discussed below). Studies to test its
effectiveness as a soil treatment are currently underway.

Imidacloprid soil applications should be made when the soil is moist but not saturated. Application to
water-logged soil can result in poor uptake if the insecticide becomes excessively diluted and can also
result in puddles of insecticide that could wash away, potentially contaminating surface waters and storm
sewers. Insecticide uptake will also be limited when soil is excessively dry. Irrigating the soil surrounding
the base of the tree before the insecticide application can improve uptake.

The application rates for the homeowner product (Bayer Advanced™ Tree & Shrub Insect Control) and
professional formulations of imidacloprid are very similar. Homeowners apply the same amount of active
ingredient that professionals apply. However, there are certain restrictions on the use of homeowner
formulations that do not apply to professional formulations. Homeowner formulations of imidacloprid can
be applied only as a drench. It is not legal to inject these products into the soil, although some companies
have marketed devices to homeowners specifically for this purpose. Homeowners are also restricted to
making only one application per year. Several generic products containing imidacloprid are available to
homeowners, but the formulations vary and the effectiveness of these products has not yet been evaluated
in university tests.

Soil drenches offer the advantage of requiring no special equipment for application other than a bucket or
watering can. However, imidacloprid can bind to surface layers of organic matter, such as mulch or leaf
litter, which can reduce uptake by the tree. Before applying soil drenches, it is important to remove, rake or
pull away any mulch or dead leaves so the insecticide solution is poured directly on the mineral soil.

Imidacloprid formulations labeled for use by professionals can be applied as a soil drench or as soil
injections. Soil injections require specialized equipment, but offer the advantage of placing the insecticide
under mulch or turf and directly into the root zone. This also can help to prevent runoff on sloped surfaces.
Injections should be made just deep enough to place the insecticide beneath the soil surface (2-4 inches).
Soil injections should be made within 18 inches of the trunk where the density of fine roots is highest. As
you move away from the tree, large radial roots diverge like spokes on a wheel and studies have shown
that uptake is higher when the product is applied at the base of the trunk. There are no studies that show
that applying fertilizer with imidacloprid enhances uptake or effectiveness of the insecticide.

Optimal timing for imidacloprid soil injections and drenches is mid-April to mid-May, depending on your
region. Allow four to six weeks for uptake and distribution of the insecticide within the tree. In southern
Ohio, for example, you would apply the product by mid-April; in southern Michigan, you should apply
the product by early to mid-May. When treating larger trees (e.g., with trunks larger than 12 inches in
diameter), treat on the earlier side of the recommended timing. Large trees will require more time for
uptake and transportation of the insecticide than will small trees. Recent tests show that imidacloprid soil
treatments can also be successful when applied in the fall.

Trunk-Injected Systemic Insecticides

Several systemic insecticide products can be injected directly into the trunk of the tree including
formulations of imidacloprid and emamectin benzoate (see Table 1). An advantage of trunk injections is that
they can be used on sites where soil treatments may not be practical or effective, including trees growing
on excessively wet, compacted or restricted soil environments. However, trunk injections do wound the
trunk, which may cause long-term damage, especially if treatments are applied annually.




Products applied as trunk injections are typically absorbed and transported within the tree more quickly
than soil applications. Allow three to four weeks for most trunk-injected products to move through the

tree. Optimal timing of trunk injections occurs after trees have leafed out in spring but before EAB eggs
have hatched, or generally between mid-May and mid-June. Uptake of trunk-injected insecticides will be
most efficient when trees are actively transpiring. Best results are usually obtained by injecting trees in the
morning when soil is moist but not saturated. Uptake will be slowed by hot afternoon temperatures and dry
soil conditions.

Noninvasive, Systemic Basal Trunk Sprays

Dinotefuran is labeled for application as a noninvasive, systemic bark spray for EAB control. It belongs

to the same chemical class as imidacloprid (neonicotinoids) but is much more soluble. The formulated
insecticide is sprayed on the lower five to six feet of the trunk using a common garden sprayer and low
pressure. Research has shown that the insecticide penetrates the bark and moves systemically throughout
the rest of the tree. Dinotefuran can be mixed with surfactants that may facilitate its movement into the tree,
particularly on large trees with thick bark. However, in field trials, adding a surfactant did not consistently
increase the amount of insecticide recovered from the leaves of treated trees.

The basal trunk spray offers the advantage of being quick and easy to apply and requires no special
equipment other than a garden sprayer. This application technique does not wound the tree, and when
applied correctly, the insecticide does not enter the soil.

Protective Cover Sprays

Insecticides can be sprayed on the trunk, branches and (depending on the label) foliage to kill adult EAB
beetles as they feed on ash leaves, and newly hatched larvae as they chew through the bark. Thorough
coverage is essential for best results. Products that have been evaluated as cover sprays for control of EAB
include some specific formulations of permethrin, bifenthrin, cyfluthrin and carbaryl (seeTable 1).

Protective cover sprays are designed to prevent EAB from entering the tree and will have no effect on larvae
feeding under the bark. Cover sprays should be timed to occur when most adult beetles are feeding and
beginning to lay eggs. Adult activity can be difficult to monitor because there are no effective pheromone
traps for EAB. However, first emergence of EAB adults generally occurs between 450-550 degree days
(starting date of January 1, base temperature of 50°F), which corresponds closely with full bloom of black
locust (Robinia pseudoacacia). For best results, consider two applications, one at 500 DD, (as black locust
approaches full bloom) and a second spray four weeks later.

How Effective Are Insecticides for Control of EAB?

Extensive testing of insecticides for control of EAB has been conducted by researchers at Michigan State
University (MSU) andThe Ohio State University (OSU). Results of some of the MSU trials are available at
www.emeraldashborer.info.

Soil-Applied Systemic Insecticides

Efficacy of imidacloprid soil injections for controlling EAB has been inconsistent; in some trials EAB control
was excellent, while others yielded poor results. Differences in application protocols and conditions of

the trials have varied considerably, making it difficult to reach firm conclusions about sources of variation

in efficacy. For example, an MSU study found that low-volume soil injections of imidacloprid applied to
small trees averaging 4 inches in DBH (diameter of the trunk at breast height) using the Kioritz applicator (a
hand-held device for making low-volume injections) provided good control at one site. However, control
was poor at another site where the same application protocols were used to treat larger trees (13-inch DBH).
Imidacloprid levels may have been too low in the larger trees to provide adequate control. Higher pest
pressure at the second site also may have contributed to poor control in the large trees.

In the same trials, high-pressure soil injections of imidacloprid (applied in two concentric rings, with one at
the base of the tree and the other halfway to the drip line of the canopy) provided excellent control at one




site. At another site, however, soil injections applied using the same rate, timing and application method
were completely ineffective, even though tree size and infestation pressure were very similar. It should be
noted that recent studies have shown that imidacloprid soil injections made at the base of the trunk result in
more effective uptake than applications made on grid or circular patterns under the canopy.

Imidacloprid soil drenches have also generated mixed results. In some studies conducted by MSU and
OSU researchers, imidacloprid soil drenches have provided excellent control of EAB. However, in other
studies, control has been inconsistent. Experience and research indicate that imidacloprid soil drenches
are most effective on smaller trees and control of EAB on trees with a DBH that exceeds 15 inches is less
consistent.

This inconsistency may be due to the fact that application rates for systemic insecticides are based on
amount of product per inch of trunk diameter or circumference. As the DBH of a tree increases, the amount
of vascular tissue, leaf area and biomass that must be protected by the insecticide increases exponentially.
Consequently, for a particular application rate, the amount of insecticide applied as a function of tree size

is proportionally decreased as trunk diameter increases. Hence, the DBH-based application rates that
effectively protect relatively small trees can be too low to effectively protect large trees. Some systemic
insecticide products address this issue by increasing the application rate for large trees.

In an OSU study with larger trees (15- to 22-inch DBH), Xytect™ (imidacloprid) soil drenches provided most
consistent control of EAB when applied experimentally at twice the rate that was allowed at that time.
Recently, the Xytect™ label was modified to allow the use of this higher rate, which we now recommend
when treating trees larger than 15-inch DBH. Merit® imidacloprid formulations, however, are not labeled
for application at this high rate. Therefore, when treating trees greater than 15-inch DBH with Merit® soil
treatments, two applications are recommended, either in the fall and again in the spring, or twice in the
spring, about four weeks apart (for example in late April and again in late May). This is not an option for
Bayer Advanced™Tree and Shrub Insect Control and other homeowner formulations of imidacloprid, which
are limited by the label to one application per year. Homeowners wishing to protect trees larger than
15-inch DBH should consider having their trees professionally treated.

All treatment programs must comply with the limits specified on the label regarding the maximum amount
of insecticide that can be applied per acre during a given year.

Trunk-Injected Systemic Insecticides

In several intensive studies conducted by MSU and OSU researchers, a single injection of emamectin
benzoate in mid-May or early June provided excellent control of EAB for at least two years, even under
high pest pressure. For example, in a highly-replicated study conducted on trees ranging in size from 5-

to 20-inch DBH at three sites in Michigan, untreated trees had an average of 68 to 132 EAB larvae per m?

of bark surface, which represents high pest pressure. In contrast, trees treated with emamectin benzoate
had, on average, only 0.2 larvae per m?, a reduction of > 99 percent. When additional trees were felled and
debarked two years after the emamectin benzoate injection, there were still virtually no larvae in the treated
trees, while adjacent, untreated trees at the same sites had hundreds of larvae.

In two OSU studies conducted inToledo with street trees ranging in size from 15- to 25-inch DBH, a single
application of emamectin benzoate also provided excellent control for two years. There was no sign of
canopy decline in treated trees and very few emergence holes, while the canopies of adjacent, untreated
trees exhibited severe decline and extremely high numbers of emergence holes.

One study suggests that a single injection of emamectin benzoate may even control EAB for three years.
Additional studies to further evaluate the long-term effectiveness of emamectin benzoate are underway. To
date, this is the only product that controls EAB for more than one year with a single application. In addition,
in side-by-side comparisons with other systemic products (neonicotinoids), emamectin benzoate was more
effective.




Imidacloprid

Trunk injections with imidacloprid products have provided varying degrees of EAB control in trials conducted
at different sites in Ohio and Michigan. In an MSU study, larval density in trees treated with Imicide®
injections were reduced by 60 percent to 96 percent, compared to untreated controls. There was no apparent
relationship between efficacy and trunk diameter or infestation pressure. In another MSU trial, imidacloprid
trunk injections made in late May were more effective than those made in mid-July, and IMA-jet® injections
provided higher levels of control than did Imicide®, perhaps because the IMA-jet® label calls for a greater
amount of active ingredient to be applied on large trees. In an OSU study inToledo, IMA-jet® provided
excellent control of EAB on 15- to 25-inch trees under high pest pressure when trees were injected annually.
However, trees that were injected every other year were not consistently protected.

In a discouraging study conducted in Michigan, ash trees continued to decline from one year to the next
despite being treated in both years with either imidacloprid (Imicide®, Pointer™) or Bidrin (Inject-A-Cide B®)
trunk injections. Imicide®, Pointer™ and Inject-A-Cide B® trunk injections all suppressed EAB infestation
levels in both years, with Imicide® generally providing best control under high pest pressure in both small
(six-inch DBH) and larger (16-inch DBH) caliper trees. However, larval density increased in treated and
untreated trees from one year to the next. Furthermore, canopy dieback increased by at least 67 percent

in all treated trees (although this was substantially less than the amount of dieback observed in untreated
trees). Although untreated trees were more severely impacted, these results indicate that even consecutive
years of treatment with these trunk-injection treatments may only slow or delay ash decline when pest
pressure is severe.

In three other side-by-side comparisons, Imicide® consistently provided higher levels of control than did
Pointer™. In another MSU study, ACECAP® trunk implants (active ingredient is acephate) were not effective
under high pest pressure.

Noninvasive Basal Trunk Sprays with Dinotefuran

Studies to date indicate that systemic basal trunk sprays with dinotefuran are about as effective as
imidacloprid treatments. MSU and OSU studies have evaluated residues in leaves from trees treated

with the basal trunk spray. Results show that the dinotefuran effectively moved into the trees and was
translocated to the canopy at rates similar to those of other trunk-injected insecticides, and faster than other
soil-applied neonicotinoid products.

As with imidacloprid treatments, control of EAB with dinotefuran has been variable in research trials.

In an MSU study conducted in 2007 and 2008, dinotefuran trunk sprays reduced EAB larval density by
approximately 30 percent to 60 percent compared to the heavily infested untreated trees. The treatment was
effective for only one year and would have to be applied annually. In general, control is better and more
consistent in smaller trees than in large trees, but more research is needed with larger trees. Studies to
address the long-term effectiveness of annual dinotefuran applications for control of EAB are underway.

Protective Cover Sprays

MSU studies have shown that applications of Onyx™, Tempo® and Sevin® SL provided good control of EAB,
especially when the insecticides were applied in late May and again in early July. Acephate sprays were
less effective. BotaniGard® (Beauvaria bassiana) was also ineffective under high pest pressure. Astro®
(permethrin) was not evaluated against EAB in these tests, but has been effective for controlling other
species of wood borers and bark beetles.

In another MSU study, spraying Tempo® just on the foliage and upper branches or spraying the entire tree
were more effective than simply spraying just the trunk and large branches. This suggests that some cover
sprays may be especially effective for controlling EAB adults as they feed on leaves in the canopy. A single,
well-timed spray was also found to provide good control of EAB, although two sprays may provide extra
assurance given the long period of adult EAB activity.

It should be noted that spraying large trees is likely to result in a considerable amount of insecticide drift,
even when conditions are ideal. Drift and potential effects of insecticides on non-target organisms should be
considered when selecting options for EAB control.




Key Points and Summary Recommendations

¢ |nsecticides can effectively protect ash trees from EAB.

¢ Unnecessary insecticide applications waste money. If EAB has not been detected within 10-15 miles,
your trees are at low risk. Be aware of the status of EAB in your location. Current maps of known EAB
populations can be found at www.emeraldashborer.info. Remember, however, that once a county is
guarantined, maps for that county are no longer updated.

¢ Trees that are already infested and showing signs of canopy decline when treatments are initiated may
continue to decline in the first year after treatment, and then begin to show improvement in the second
year due to time lag associated with vascular healing. Trees exhibiting more than 50 percent canopy
decline are unlikely to recover even if treated.

e Emamectin benzoate is the only product tested to date that controls EAB for more than one year with a
single application. It also provided a higher level of control than other products in side-by-side studies.

e Soil drenches and injections are most effective when made at the base of the trunk. Imidacloprid
applications made in the spring or the fall have been shown to be equally effective.

e Soil injections should be no more than 2-4 inches deep, to avoid placing the insecticide beneath feeder
roots.

¢ To facilitate uptake, systemic trunk and soil insecticides should be applied when the soil is moist but not
saturated or excessively dry.

e Research and experience suggest that effectiveness of insecticides has been less consistent on larger trees.
Research has not been conducted on trees larger than 25-inch DBH. When treating very large trees under
high pest pressure, it may be necessary to consider combining two treatment strategies.

e Xytect™ soil treatments are labeled for application at a higher maximum rate than other imidacloprid
formulations, and we recommend that trees larger than 15-inch DBH be treated using the highest labeled
rate. Merit® imidacloprid formulations are not labeled for use at this higher rate. When treating larger
trees with Merit® soil treatments, best results will be obtained with two applications per year. Imidacloprid
formulations for homeowners (Bayer Advanced™Tree & Shrub Insect Control and other generic
formulations) can be applied only once per year.

e Homeowners wishing to protect trees larger than 15-inch DBH should consider having their trees
professionally treated.

e All treatment programs must comply with label restrictions on the amount of insecticide that can be
applied per acre in a given year.
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