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1. Project Goals and Objectives
Management goals and objectives capture fundamental information about the project area or property and provide a starting point
for considering climate change.

1a. Central Oak-Pine: Goals and Objectives

Oak and oak-pine forests are found in dry to mesic conditions across a variety of sites, from low to high elevations. This type occurs
as a large matrix and patches and dominates the central Mid-Atlantic region. Fire history largely determines community
composition at individual occurrences. Dominant species in these forests include drought-tolerant oaks, especially northern red,
white, black, chestnut, or scarlet oak. Soils are often acidic, and range from dry, and nutrient-poor to relatively basic and moist.
Eastern white pine and numerous hardwood species may be present as co-dominants based on the site conditions, including red
maple, sassafras, pignut hickory, and mockernut hickory. Pines (pitch, red, shortleaf, Virginia) can outnumber oaks on exposed
ridgetops and outcrops. Fire can have a large in!uence on species composition; appropriate "re regimes will promote xerophytic
oaks and pines on the same site that mesic species dominate in the absence of "re.

The KCC upland forest is a mature/over mature Piedmont forest made up primarily of red oak, beech, and tulip poplar. Hickory,
red/silver maple, white ash, and hornbeam make up less than 20% of the inventory. Much of the forest is located on slopes greater
than 25% with signi"cant evidence of surface erosion noted. Lower story inventory is dominated by spice bush, multi!oral rose,
privet, and Asian honeysuckle. Beech, red oak, and ash mortality has been high due to age, disease, and insect infestation. Blow
downs creating large areas of little or no high canopy are seen with resultant areas being dominated by invasives. Beech is the
dominate young species. Although there are areas of fern and other native ground covers, much of the forest !oor is dominated by
garlic mustard, lesser celandine, and non-native annual grasses leading to poor soil retention during heavy rain events. The vision is
to maintain and insure the recreational and inspirational value of the forest to the residents of the community into the next century
and provide a rich and varied habitat for native species.

Goal Objectives and Timeframes

Encourage the vigor and growth of our upland forest Establish a sustainable mixture of native species in all canopy
levels of the forest. (< 20 years)
Create su#cient habitat to foster a wide diversity of native
insect, bird and animal species. (< 30 years)



1b. Riparian: Goals and Objectives

Vegetated areas bordering or adjacent to surface waters, including !oodplains

The KCC riparian corridor encompasses a half mile section of a second order stream, Bennetts Run, and its "rst order tributaries.
Up until the 1970’s this section of the watershed was used either for pasture or submerged by small impoundments. Since then,
reforestation has occurred naturally over two thirds of the area with a mixed inventory of ash, poplar, red/silver maple, red/white
oak, and beech. Recent plantings of riparian species of trees and lower story native species have occurred in the corridor. The
dominant species in the corridor are privet, multi !oral rose, non native honeysuckles, stilt grass, and spice bush. KCC’s section of
Bennetts Run is monitored by two in-stream stations that transmit continuous data on water temperature, conductivity, and stream
!ow. This section of Bennetts Run has been studied by the Stroud Water Resources Center and it is their opinion that it has the
potential to be classi"ed as an Exceptional Quality cold water stream if water temperature can be better controlled. The vision is to
restore a native !ood plain habitat with the potential to provide shading of the waterways, protect the quality of the water, stabilize
the stream bed, improve the environment for cold water native vertebrate and invertebrate species, and limit downstream damage
from high water !ows.

Goal Objectives and Timeframes

Resore a multistory native riparian forest The riparian environment will consist of a sustainable
mixture of native riparian plant species su#cient to inhibit
invasive growth . (< 20 years)

Protect the water quality of Bennetts Run The summer water temperature will drop by at least 3
degrees C between upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-invertebrate population
studies will be at consistent "ndings to move the
classi"cation of Bennetts Run to a “high value” status (<15
years)

Mitigate the potential !ood damage to downstream structures
and properties.

Planted vegetation will stabilize the stream bed of Bennetts
Run. (< 10 years)
Planted vegetation will inhibit the excessive erosion of the
banks of Bennetts Run during high water events. (< 10 years)
Floodplain vegetation will capture and slow water from a 6
inch 24 hour rainfall su#cient to allow the water from
Bennetts Run to !ow freely through the culverts under the
maintenance road. (< 15 years)



1c. Riparian and Lowland Hardwood: Goals and Objectives

Land beside a stream and the immediate adjacent woods

KCC maintains a 27 acre spray "eld for disposal of the communities’ grey water. The spray "eld will receive approximately 34 inches
of grey water in addition to the average 44 inch rainfall over the course of a year. The forest inventory presently consists primarily
of mature/over-mature beech, red oak, and tulip poplar. The inventory was already well established before the installation of the
spray "eld. It’s health and e$ectiveness are currently impaired by age and beech, oak, and root diseases. Signi"cant invasions of
Norway maple, paulownia, lower story invasives, garlic mustard, invasive annual grasses, and lesser celandine are seen. The
e$ectiveness of the "eld is monitored monthly through ground water testing at multiple sites and periodic testing of Bennetts Run
and its tributaries. The forest also receives large volumes of storm water runo$ from the community. Evapotranspiration in warm
months prevents excessive soil saturation, but its loss during the cold month leaves the soil over saturated. The vision is to restock
the forest inventory with native upper and lower story vegetation that will better tolerate the wet conditions, maintain the
e$ectiveness of the spray "eld, and better stabilize the soil.

Goal Objectives and Timeframes

Sustain the e$ectiveness of the forest spray "eld. 75% of the spray "eld forest inventory will be made up of
native forest species best able to thrive in the spray "eld
environment. (< 30 years)
The spray "eld forest inventory will demonstrate e$ective
species and age diversities. (< 50 years)
Ongoing well water and stream monitoring will demonstrate
no leaching of e%uent substances into the ground water or
Bennetts Run. (< 30 years)



1d. Landscaped Areas: Goals and Objectives

The residential part of the community which consists of an actively maintained arboretum.

Goal Objectives and Timeframes

Add Tree Species that Promote a Healthy, Diverse, and Vibrant
Arboretum.

From 2022, 50% of all landscape species new to the
Arboretum collection will be hardy in Zones 7 & 8. (Ongoing)
Identify and map tree species on site that are most likely to
be vulnerable to climate change. a. Monitor accordingly - do
not add any vulnerable tree species. (Review annually)
Identify and map tree species on site that are least
vulnerable to climate change. a. Take special care of
identi"ed species. b. Add additional species as budget
permits. (Review annually)
Remove older trees that do not respond to management of
associated diseases and/or may be hazardous. (Review
annually)
Locate a protected place on each campus to plant tree
species from one or two more southern zones - nurture well.
(< 3 years)
Increase the number of native tree species in the landscaped
areas by 5%. (< 10 years)
Add three shrub groupings as understory between/below 3
large shade trees. (< 3 years)
To create optimal conditions for tree health, grounds sta$
will use Best Management Practices as recommended in the
KC Urban Forest Management Plan. (Ongoing)





2. Climate Change Impacts and Vulnerabilities
Climate change will not a$ect all places in the same way. This section describes the anticipated e$ects of climate change within a
region, and then provides additional details how speci"c places within the project area may be a$ected.

2a. Regional Climate Impacts and Vulnerabilities

Potential Climate Impact - Regional Property or Project Area Considerations

Temperatures in the Mid-Atlantic region are projected to
increase on average by 5.27 to 9.11 °F by the end of the century.
(20, 45, 1)

There is a limited forest species inventory that will thrive in the
higher temperatures and are also not at risk from disease and
insect damage. New species will need to be introduced. There
are species that will be negatively a$ected within the
landscaped areas but the increased temperatures will open
opportunities to introduce other species.

The growing season in the Mid-Atlantic is generally expected to
increase by 21 days or more by the end of the century, due to
fewer days with a minimum temperatures below 32°F. (46, 1)

Fewer days below freezing may negatively impact seed
strati"cation. Fewer days below freezing will foster growth in the
population of damaging insects and diseases. A longer growing
season will most likely bene"t invasive non-native vegetation
more than native, but both natives and non-natives should
increase growth rates.

Intense precipitation events will continue to become more
frequent in the Mid-Atlantic. (47, 1)

Increased frequency of these events create potential problems
for speci"c areas of our forest (see individual areas),
opportunities for increased erosion, and damage to
property/landscaped areas due to storm water runo$.

Soil moisture patterns will change in the Mid-Atlantic with the
potential for drier soil conditions later in the growing season.
(48, 1)

This will have varying impacts across our property. See
individual areas for more information. The extensive high grass
meadows both on our property and Longwood and are adjacent
to the landscaped areas and forests could increasing become a
"re danger as they dry out in the late summer and fall months.

Forest vegetation may face increased risk of physiological
drought during the growing season. (1, 29)

This will have varying e$ects across our property. See individual
areas for more information.

Many invasive species, insect pests, and pathogens in the Mid-
Atlantic will increase or become more damaging. (41, 1)

The forest areas will be impacted more signi"cantly than the
landscaped areas. Management plans have been established to
manage plant pests and diseases in the landscaped areas.

Southern or temperate species are expected to be favored by
climate change in the Mid-Atlantic Region. (1, 6, 12)

This provides opportunities for the forest and landscaped areas
of our property.

Forest composition will change across the landscape (1, 46, 49) Our forest areas are already undergoing signi"cant changes due
to age and disease. There are species in our landscaped areas
that will need to be replaced.

Tree regeneration and recruitment will change (46, 49, 1) This will have major impacts on our forest and will require
replacing several species due to poor regeneration and
continuing threats to speci"c inventory species. There are no
nearby seed sources to foster natural migration of more
adapted species.

Surface water temperatures are expected to rise due to
warming air temperatures (38)

This will have a major impact on the water !owing in Bennetts
Run from the Longwood ponds.



Inland lakes are warming, and continued warming will decrease
seasonal mixing of strati"ed lakes and reduce available
dissolved oxygen (38)

Due to the ponds on Longwood property this will have a major
impact on our goal of reaching the cold water status of Bennetts
Run.



2b. Central Oak-Pine: Climate Impacts and Vulnerabilities

Potential Impacts: Disruptive  Adaptive Capacity: Low-Moderate  Vulnerability: High

Potential Climate Impact - Central Oak-Pine Property or Project Area Considerations

Central oak-pine forests thrive across a variety of soil moisture
tolerances and is expected to "nd micro-habitats and refugia in
order to persist in some form on the landscape, increasing its
adaptive capacity.

Area has a very deep soil. Elevations can vary by more than 250’
with small "rst order streams, springs, and seeps originating in
the valleys providing micro habitats and potential refugia.

Late summer and fall moisture de"cits and prolonged higher
temperatures may increase "re risk in central oak-pine forests,
especially in places where vegetation dries or coarse woody
debris accumulates from natural mortality or storm damage.

Fire risk is low due to fragmentation of forests by roads and
streams. Two "re stations are within 4 miles. Easy access to
water supplies. Adjacent tall grass meadows on our property
and Longwood and are adjacent to the woodland could be a
source of "re as the meadows dry in the late summer and fall
months.

Moderate increases in the frequency of drought and wild"re,
particularly on hotter or drier sites, may favor pine species.

There are no pine species in the forest inventory.

Many dominant species in oak-pine forests are projected to
remain stable or increase, including many oaks (black, chestnut,
northern red, scarlet, and white), pines (pitch, shortleaf, and
Virginia), American chestnut, and mockernut and pignut hickory.

Except for red oak and some hickories, there are limited to no
forest species identi"ed in the impact statement.

Forest pests including gypsy moth and southern pine beetle are
already a serious threat to oaks and pines, and are expected to
bene"t from warmer and drier conditions. Drought stress may
increase the risk of oak decline or sudden oak death.

Oak, ash, and beech diseases and pests have been identi"ed on
our property and in our forest.

Deer herbivory is currently very limiting to oak seedling
establishment and growth, and deer populations are not
expected to change dramatically due to climate alone.

Damaging population levels of deer are present on our and
neighboring properties. The population has remained stable in
the presence of a supervised hunting program.

Invasive species such as buckthorn, honeysuckle, and garlic
mustard are expected to become more problematic under
climate change.

Honeysuckle, privet, garlic mustard, lesser celandine, and non-
native warm weather annual grasses are prevalent throughout
the forest.

High levels of diversity may increase the ability of forests to
adapt to climate change.

The level of diversity of our inventory is low, especially for those
native species that are not at risk from diseases and insects that
are already present within all of our forests.

Temperatures in the Mid-Atlantic region are projected to
increase on average by 5.27 to 9.11 °F by the end of the century.

Species loss of more northern species is noted already. Boreal
species make up a very small component of the forest
inventory. This creates the opportunity to change our species
inventory and diversify our forest.

The growing season in the Mid-Atlantic is generally expected to
increase by 21 days or more by the end of the century, due to
fewer days with a minimum temperatures below 32°F.

The high inventory of invasives will thrive. There is limited
inventory of native species (not placed at risk by disease or
insects) to take advantage of the increased growing season. This
will create opportunities for new plantings to grow more rapidly.

The winter season will be shorter and milder across the Mid-
Atlantic region, with less precipitation falling as snow and
reduced snow cover and depth.

Potential negative impacts will be seen on seed germination of
native species. Conditions that naturally limit disease
expansions and insect infestations will decrease.



The amount and timing of precipitation will change (robust
evidence, high agreement). There is strong agreement that
precipitation patterns will change across the Mid-Atlantic region.

The lack of adequate ground cover and little to no du$ coverage
will adversely a$ect evaporation and water retention. The loam
soil type retain retains moisture and help mitigate the e$ects.
The native species in the inventory have successfully survived
past droughts.

Intense precipitation events will continue to become more
frequent (robust evidence, high agreement). There is strong
agreement among climate models that the number of heavy
precipitation events will continue to increase in the Mid-Atlantic
region. If they do increase, impacts from !ooding and soil
erosion may become more damaging.

The anticipated conditions will increase erosion and nutrition
loss due to the lack of vegetative ground cover, inclines of
greater than 25%, and low to no du$ coverage. Storm water
runo$ from impervious surfaces on KCC property and
Longwood will be increased.

Soil moisture patterns will change in response to temperature
and precipitation (medium evidence, high agreement). Warmer
temperatures and altered precipitation are expected to change
soil moisture patterns throughout the year, but there is
uncertainty about the direction and magnitude of the changes
at speci"c locations.

The invasive inventory is better adapted to future conditions.
The present native species inventory would be severely stressed
in high emission model. The present native species inventory
should be moderately stressed in low emission model and not
until 2100. The soil type retains moisture.

Climate conditions will increase wild"re risk by the end of the
century (medium evidence, medium agreement). Some national
and global studies suggest that conditions favorable for wild"re
will increase, but few studies have speci"cally looked at wild"re
risk in the Mid-Atlantic region. Wild"re risk will also depend on
ignition, "re weather, ecosystem type, topography,
fragmentation, and other regional characteristics.

Fire risk in the forest itself is low. Proximity to tall grass
meadows could increase danger in late summer and fall as
meadow and grass dry.

Certain insect pests and pathogens will increase in occurrence
or become more damaging (medium evidence, high agreement).
Evidence indicates that an increase in temperature, longer
growing seasons, and more frequent disturbances will lead to
increased threats from insect pests and pathogens, but research
to date has examined relatively few species.

The high percentage of vulnerable native species (Beech, ash,
oak) and presence of diseases and insect threats in the forest
will be negatively impacted by this change. Beech make up the
majority of young tree growth.

Habitat will become more suitable for southern species
(medium evidence, high agreement). All three forest impact
models project an increase in suitability and growth for
southern species such as loblolly pine and shagbark hickory
compared to current climate conditions.

Fragmentation and separation from southern seed sources will
prevent natural species migration. Due to age and disease,
space will be available in forest for the planting and
establishment of new native species.

Tree regeneration and recruitment will change (medium
evidence, high agreement). Seedlings are more vulnerable than
mature trees to changes in temperature, moisture, and other
seedbed and early growth requirements; they are also expected
to be more responsive to favorable conditions.

Poor natural regeneration (except for beech) already occurs.
Isolation from native seed sources, disease, and age will inhibit
non-assisted native species diversity. New plantings may need
additional protection by carefully timing the plantings to reduce
vulnerabilities.

Forest productivity will increase during the next several decades
in the absence of signi"cant stressors (medium evidence,
medium agreement). Some studies have examined the impact
of climate change on forest productivity within the Mid-Atlantic
region, but they disagree on how other factors such as species
composition, stand age, disturbance, or pollution may interact
to in!uence productivity. Changes are not expected to be
consistent within a species, and the diversity of forest conditions
across the landscape suggests that changes will be spatially
variable.

Age, disease, and present native species inventory will limit the
forests’ abilities to take advantage of this change. Careful
selection of new species when planting could bene"t from this
impact.



Deer herbivory is currently very limiting to oak seedling and
understory establishment and growth, and deer populations are
not expected to change dramatically due to climate alone.

A stable deer population is hindering forest regeneration even
in the presence of a supervised hunting program.

The potential for more and higher wind events along with
increased probabilities of ice rather than snow events could
pose increased hazards, but climate models for the Mid Atlantic
region are unclear to their intensity and frequency.

Large populations of old and diseased trees are already
demonstrating signi"cant limb and blow down e$ects in oaks,
ash, poplar, cherry, and poplar.

Central oak-pine forests thrive across a variety of soil moisture
tolerances and is expected to "nd micro-habitats and refugia in
order to persist in some form on the landscape, increasing its
adaptive capacity.

Area has very deep soil, numerous springs, and seeps, and
elevation variation of over 250 ft provide several micro habitats
and potential refugia.

Late summer and fall moisture de"cits and prolonged higher
temperatures may increase "re risk in central oak-pine forests,
especially in places where vegetation dries or coarse woody
debris accumulates from natural mortality or storm damage.

Tall grass meadows adjacent to the forests present dangers in
the late summer and fall. Water sources, fragmentation, and
proximity to "re stations limit danger to the forest.

Many dominant species in oak-pine forests are projected to
remain stable or increase, including many oaks (black, chestnut,
northern red, scarlet, and white), pines (pitch, shortleaf, and
Virginia), American chestnut, and mockernut and pignut hickory.

Except for northern red/ white oaks and limited hickories there
is a limited population of other native oak and hickory species
that could thrive as the climate changes. The present inventory
lacks any pines, chestnut, or elms.



2c. Riparian: Climate Impacts and Vulnerabilities

Potential Impacts: Disruptive  Adaptive Capacity: Low-Moderate  Vulnerability: High

Potential Climate Impact - Riparian Property or Project Area Considerations

Growing seasons will lengthen (robust evidence, high
agreement). There is strong agreement that projected
temperature increases will lead to longer growing seasons in the
Mid-Atlantic region.

The large and diverse inventory of invasives will be able to take
advantage of this change. The change should foster the faster
growth of recent and new plantings.

The amount and timing of precipitation will change (robust
evidence, high agreement). There is strong agreement that
precipitation patterns will change across the Mid-Atlantic region.

Decreased stream !ow in summer and fall will adversely a$ect
water temperatures, macroinvertebrate and vertebrate aquatic
life, but would have minimal e$ect on vegetation.

Intense precipitation events will continue to become more
frequent (robust evidence, high agreement). There is strong
agreement among climate models that the number of heavy
precipitation events will continue to increase in the Mid-Atlantic
region. If they do increase, impacts from !ooding and soil
erosion may become more damaging.

Land structures that increase velocity and concentrations of
!ow, lack of stream bank stabilizing vegetation, impervious
storm water sources, and invasive vegetation that prevents
adequate soil cover will combine with these events to pose
increased !ooding hazards, dangers to aquatic life, and
increased instability of the Bennetts Run stream bed.

Surface water temperatures are expected to rise due to rising
air term-erasures.

This will impact the ability to have Bennetts Run reach the
objective of a high level cold water stream.

Inland lakes and ponds are warming and continued warming
will decrease seasonal mixing of strati"ed lakes and ponds,
reducing available dissolved Oxygen.

The water draining into Bennetts Run from the ponds on
Longwood property will create increasing di#culties to reaching
the goal of making Bennetts Run a high quality cold water
stream.

Certain insect pests and pathogens will increase in occurrence
or become more damaging (medium evidence, high agreement).
Evidence indicates that an increase in temperature, longer
growing seasons, and more frequent disturbances will lead to
increased threats from insect pests and pathogens, but research
to date has examined relatively few species.

The beech, aged red oak, and presence of green ash along
Bennetts Run are already demonstrating the adverse e$ects of
disease and insect damage. This is only expected to increase.
The recent plantings along Bennetts Run will bene"t from the
increased growing season.

Many invasive plants will increase in extent or abundance
(medium evidence, high agreement). Evidence indicates that
increases in temperature, longer growing seasons, and more
frequent disturbances will lead to increases in many invasive
plant species

The dominate population of invasives that constitute the
majority of the forest inventory in many areas of the Bennetts
run corridor will become an increasing problem. Recent
plantings are not yet su#ciently established to compete with
the invasives.

Habitat will become more suitable for southern species
(medium evidence, high agreement). All three forest impact
models project an increase in suitability and growth for
southern species such as loblolly pine and shagbark hickory
compared to current climate conditions.

The Bennetts Run watershed is fragmented and separated from
southern native species migration sources. Relatively young
plantings on the Longwood property may be a potential seed
source but that would not occur for decades. Openings in the
forest canopy and removal of invasives will o$er opportunities
for assisted migration of southern native species.

Low stream!ow events may become more frequent and deliver
lower water volumes.

Bennetts Run is a second order stream and subject to low water
!ows. There is a limited capacity to increase water !ow during
low water events. Such events could hinder attainment of the
ecological objectives for Bennetts Run.

Surface water temperatures are expected to rise due to Areas of Bennetts Run have minimal high canopy cover and



warming air temperatures. there are large populations of ash and beech that are impaired.
Until recent plantings are grown, higher water temperature of
Bennetts Run will be di#cult to manage.

Forest composition will change across the landscape (medium
evidence, high agreement). Forest impact model results predict
that habitat and biomass of individual tree species will change,
and that tree species will respond uniquely. However, few
studies have speci"cally examined how assemblages of species
may change.

Poor natural regeneration of native species (except for beech),
isolation from native seed sources, disease, age, and presence
of invasives will place signi"cant pressures on the development
of a diverse riparian forest without assistance.



2d. Riparian and Lowland Hardwood: Climate Impacts and Vulnerabilities

Potential Impacts: Disruptive  Adaptive Capacity: Low-Moderate  Vulnerability: High

Potential Climate Impact - Riparian and Lowland Hardwood Property or Project Area Considerations

Growing seasons will lengthen (robust evidence, high
agreement). There is strong agreement that projected
temperature increases will lead to longer growing seasons in the
Mid-Atlantic region.

Forest inventory consists of large areas of invasive mid
canopy/ground cover vegetation and aged/diseased non-
wetland species. Norway maple and paulownia are becoming
established and expected to increase with climate change. The
longer growing season will allow more evapotranspiration
improving spray "eld function.

The amount and timing of precipitation will change (robust
evidence, high agreement). There is strong agreement that
precipitation patterns will change across the Mid-Atlantic region.

The predicted increase in winter precipitation will decrease
spray "eld e#ciencies. An increase in winter temperatures may
increase soil evaporation. Expected decreases in fall
precipitation, improved spray "eld function with changes in
inventory species, and timing of spraying events based on soil
moisture readings could all improve spray "eld e$ectiveness.

Intense precipitation events will continue to become more
frequent (robust evidence, high agreement). There is strong
agreement among climate models that the number of heavy
precipitation events will continue to increase in the Mid-Atlantic
region. If they do increase, impacts from !ooding and soil
erosion may become more damaging.

Poor vegetative ground cover, inclines of 15%, and storm water
runo$ from impervious surfaces will combine with increased
heavy rain events to exacerbate erosion and !ooding. Limiting
spraying before predicted and after heavy rain events and
spraying based on soil moisture readings will improve the forest
response to the increased heavy rainfall events.

Certain insect pests and pathogens will increase in occurrence
or become more damaging (medium evidence, high agreement).
Evidence indicates that an increase in temperature, longer
growing seasons, and more frequent disturbances will lead to
increased threats from insect pests and pathogens, but research
to date has examined relatively few species.

Age of forest, the high percentage of vulnerable species (Beech,
ash, oak) in our inventory, current presence of diseases and
insect threats in the forest and campus; and the dominance of
beech in the inventory of young trees will combine with this
e$ect to place greater stresses on the spray "eld. There are
minimal to no native species that are at low risk of vulnerability
to disease in the present inventory.

Many invasive plants will increase in extent or abundance
(medium evidence, high agreement). Evidence indicates that
increases in temperature, longer growing seasons, and more
frequent disturbances will lead to increases in many invasive
plant species

Large populations of invasives through out the forest will thrive
in the changed climate. Except for spicebush, no native mid
story competition is seen. No native ground cover is present to
compete with garlic mustard, lesser celandine, and stilt grass.

Habitat will become more suitable for southern species
(medium evidence, high agreement). All three forest impact
models project an increase in suitability and growth for
southern species such as loblolly pine and shagbark hickory
compared to current climate conditions.

The separation of the KC property from southern seed sources
limits natural migration. Assisted migration will be needed and
space in the forest will become available due to blowdowns
from high present number of aged and diseased trees.

Tree regeneration and recruitment will change (medium
evidence, high agreement). Seedlings are more vulnerable than
mature trees to changes in temperature, moisture, and other
seedbed and early growth requirements; they are also expected
to be more responsive to favorable conditions.

Poor natural regeneration, except for beech, is occurring in the
spray "eld. The dissolved substances in the grey water may
adversely a$ect seedling and young tree survival. Older
plantings of new species may need to be used. Given the degree
of regeneration needed and the potential problems posed by
the dissolved substances in the grey water, new plantings
should proceed with caution and be assessed regularly.

Forest productivity will increase during the next several decades The increased forest productivity expected with climate change



in the absence of signi"cant stressors (medium evidence,
medium agreement). Some studies have examined the impact
of climate change on forest productivity within the Mid-Atlantic
region, but they disagree on how other factors such as species
composition, stand age, disturbance, or pollution may interact
to in!uence productivity. Changes are not expected to be
consistent within a species, and the diversity of forest conditions
across the landscape suggests that changes will be spatially
variable.

should bene"t the reforested spray "eld and its e$ectiveness.

Deer herbivory is currently very limiting to oak seedling and
understory establishment and growth, and deer populations are
not expected to change dramatically due to climate alone.

Deer herbivory will remain high adversely a$ecting new
plantings and regeneration.

The potential for more and higher wind events along with
increased probabilities of ice rather than snow events could
pose increased hazards, but climate models for the Mid Atlantic
region are unclear to their intensity and frequency.

Large populations of old and diseased trees will be put at
increased risk for blow downs and limb damage.



2e. Landscaped Areas: Climate Impacts and Vulnerabilities

Potential Impacts: Mixed/Neutral  Adaptive Capacity: Moderate  Vulnerability: Moderate

Potential Climate Impact - Landscaped Areas Property or Project Area Considerations

1. Growing seasons will lengthen (robust evidence, high
agreement). There is strong agreement that projected
temperature increases will lead to longer growing seasons in the
Mid-Atlantic region.

Stressors: Minimal inventory of invasive plants; limited species
type will take advantage of growing season in worst case
situation in 2100. Adaptive Capacities: low Impact: Minimally
disruptive Vulnerability: Low

2. The amount and timing of precipitation will change (robust
evidence, high agreement). There is strong agreement that
precipitation patterns will change across the Mid-Atlantic region.

Stressors: Lack of adequate mulch e$ects evaporation and
water retention. Adaptive Capacities: High - Clay soil type retains
moisture; Major species resistant to past droughts. Impact:
neutral Vulnerability: moderate

3. Intense precipitation events will continue to become more
frequent (robust evidence, high agreement). There is strong
agreement among climate models that the number of heavy
precipitation events will continue to increase in the Mid-Atlantic
region. If they do increase, impacts from !ooding and soil
erosion may become more damaging.

Stressors: storm water runo$ from impervious surfaces
Adaptive capacities: High Impact: Moderate to Minor disruption
Vulnerability: Low

4. Soil moisture patterns will change in response to temperature
and precipitation (medium evidence, high agreement). Warmer
temperatures and altered precipitation are expected to change
soil moisture patterns throughout the year, but there is
uncertainty about the direction and magnitude of the changes
at speci"c locations.

Stressors: Invasive plants will be better adapted to conditions;
present species inventory unlikely to be stressed in worst case
situations. Adaptive Capacities: Moderately high. Present
species should not be stressed in least case situations. Soils type
retains moisture. Impact: Neutral Vulnerability: Moderate

5. KCA trees may face increased risk of physiological drought
during the growing season (medium evidence, medium
agreement). Warmer temperatures can lead to decreased soil
moisture even without an associated decrease in precipitation,
resulting in a temporary inability for a tree to meet water
demand.

Stressors: Invasive plants will be better adapted to conditions;
present species inventory would be stressed in worst case.
Negative impact on regeneration. Adaptive Capacities: High.
Present species should not be stressed in least case situations.
Soils type retains moisture. Some stress in worst case situations.
Impact: Neutral Vulnerability: Low

6. Climate conditions will increase wild"re risk by the end of the
century (medium evidence, medium agreement). Some national
and global studies suggest that conditions favorable for wild"re
will increase, but few studies have speci"cally looked at wild"re
risk in the Mid-Atlantic region. Wild"re risk will also depend on
ignition, "re weather, ecosystem type, topography,
fragmentation, and other regional characteristics.

Stressors: Minimal Adaptive Capacities: High Isolated species;
close water sources. Impact: neutral Vulnerability: Low

7. Certain insect pests and pathogens will increase in occurrence
or become more damaging (medium evidence, high agreement).
Evidence indicates that an increase in temperature, longer
growing seasons, and more frequent disturbances will lead to
increased threats from insect pests and pathogens, but research
to date has examined relatively few species.

Stressors: Age of KCA trees; high percentage of susceptible
species - Beech, Ash, Pin Oak, Dogwood; River Birch and the
presence of diseases and insect threats from both the forest
and campus; Adaptive capacities: Low- because large
percentage of susceptible species in inventory. Impact: Very
Disruptive Vulnerability: High

8. Many invasive plants will increase in extent or abundance
(medium evidence, high agreement). Evidence indicates that
increases in temperature, longer growing seasons, and more
frequent disturbances will lead to increases in many invasive

Stressors: Wind-born, bird carried seed spread from natural
areas. Adaptive capacities: Low Impact: Minimal disruption
Vulnerability: Low



plant species

9. 163 KCA tree species will face increasing stress from climate
change (medium evidence, high agreement). Ecosystem models
agree that these species may have reduced suitable habitat and
declines in biomass across the Mid-Atlantic region.

Stressors: non-native species will be less likely to take advantage
of longer growing seasons and warmer temperatures Adaptive
Capacity: Low Impact: Medium Vulnerability: Low

Habitat will become more suitable for southern species
(medium evidence, high agreement). KCA tree species will see
an increase in suitability and growth for low vulnerability species
such as Willow Oak, Eastern Red Cedar and Black Gum.

Stressors: separated from southern seed sources. Adaptive
Capacity: Moderate. Due to tree removals (age and disease)
space will be available on the KCA campus for the establishment
of new species. Impact: Very supportive Vulnerability: Low

KCA Tree species will change across the landscape (medium
evidence, high agreement). Forest impact model results predict
that habitat and biomass of individual tree species will change,
and that tree species will respond uniquely. However, few
studies have speci"cally examined how assemblages of species
may change.

Stressors: Poor natural regeneration; isolation from native seed
sources; disease, age, insect pests. Adaptive Capacity: High. Due
to age and disease removals, space will be available. Growing
seasons will lengthen (robust evidence, high agreement).
Impact: Moderately disruptive Vulnerability: Low

12. The amount and timing of precipitation will change (robust
evidence, high agreement). There is strong agreement that
precipitation patterns will change across the Mid-Atlantic region

Stressors: Lack of adequate mulch a$ects evaporation and
water retention. Adaptive Capacities: Supportive - Loam soil type
retains moisture; Major species type resistant to past droughts.
Impact: neutral Vulnerability: Moderate

13. Intense precipitation events will continue to become more
frequent (robust evidence, high agreement). There is strong
agreement among climate models that the number of heavy
precipitation events will continue to increase in the Mid-Atlantic
region. If they do increase, impacts from !ooding and soil
erosion may become more damaging.

Stressors: Lack of mulch causes soil nutrition loss. Adaptive
capacities: High Impact: Minimal disruption Vulnerability: Low

Deer herbivory is currently a$ecting campus garden plants and
deer populations are not expected to change dramatically due
to climate alone.

Stressors: Large population of resident deer whose population
is stable in the presence of a supervised hunting program.
Adaptive Capacity: Moderate. Controlled hunting Impact:
Disruptive Vulnerability: Moderate

15. The potential for more and higher wind events along with
increased probabilities of ice rather than snow events could
pose increased hazards, but climate models for the Mid-Atlantic
region are unclear to their intensity and frequency.

Stressors: Large populations of old and diseased trees. Adaptive
Capacity: Low Impact: Moderately disruptive and expensive
Vulnerability: High





3. Evaluation of Management Objectives
Climate change might make management objectives for this property harder or easier to achieve, presenting challenges and
opportunities. This section also includes a simple rating and description for the feasibility of meeting management objectives under
current management. This is a critical step to evaluate whether management objectives are robust, or whether any might need to be
changed.

3a. Central Oak-Pine: Evaluation of Management Objectives

Management Goal: Encourage the vigor and growth of our upland forest

Management Objective Challenges and Opportunities Feasibility

Establish a sustainable mixture of native
species in all canopy levels of the forest.
(< 20 years)

Challenges:

The forest inventory is dominated by
red oak, beech, tulip, and ash with only
limited numbers and species of other
Piedmont hardwoods. No pine and
limited numbers of other species that
are expected to thrive are seen in the
woods. Limited species diversity is
recognized as a threat as the climate
warms and rainfall patterns change.
The forest inventory has a high
percentage of mature and over
mature trees with limited numbers
and species of middle age and young
trees except for beech which
constitute the majority of younger
trees. Beech, due to disease, is not
expected to thrive. The sustainability
of the inventory would be threatened.
Diseases and insect damage to beech,
red oak, cherry, and are expected to
increase.
Lower canopy species are dominated
by invasive honeysuckles, privet,
multi!oral rose, non native viburnum,
and spicebush. Limited numbers of
dogwood, American holly, hornbeam,
sassafras, and redbud are present. The
increased growing season due to
climate change is expected to favor
invasive species due to their early leaf
out and later leaf loss over native
species.
Forest !oor structure demonstrates a
limited du$ layer, evidence of
signi"cant erosion, areas of no or
limited vegetation coverage, and
limited native species diversity.
Climate change and the aggressive
nature of invasives will imperil native
species as climate warms. Poor du$
and native vegetation coverage will
exacerbate erosion and poor moisture

Feasibility: Low

Feasibility Comment:

Given that future climate change models
present conditions that would exacerbate
the current problems of our forest and
the potential for the forest to become
dominated by beech is very high, the
ability to meet this objective without
signi"cant intervention is low.

Other Considerations:

As measured by community
questionnaire, the KC Community values
the forest for multiple reasons: bird
watching, exercise, spiritual renewal, and
the opportunity of just experiencing
nature. The KCC woods although
endangered by multiple factors including
climate change o$ers the KC Community
the opportunity to do its part to "ght
climate change by increasing carbon
sequestration and by "nding the
resources to meet the objective.



retention due to changes in rainfall
pattern.
Signi"cant erosion is occurring in
drainage areas undercutting trees. The
probabilities of more and higher
intensity rain events will increase the
potential for more and bigger erosion
events.
The combinations of inventory age,
disease, and high wind events are
causing catastrophic windfalls
involving multiple trees and causing
areas with large losses of canopy.
Climate models are unclear whether
the high wind events with become
more intense or frequent. The models
do demonstrate that further events
can be expected.

Opportunities:

The ongoing and expected losses of
the old and diseased elements of the
inventory create the opportunity over
time to introduce a diversity of species
that will best thrive in the expected
climate models.
The increased growing season due to
climate change would facilitate the
growth of newly planted native
species.

Create su#cient habitat to foster a wide
diversity of native insect, bird and animal
species. (< 30 years)

Challenges:

The limited diversity of native trees,
shrubs, and ground covers reduces
the variety and extent of insect species
that would feed on their leaves. The
lack of the diversity and abundance of
these foraging insects limits the food
base upon which species in other
levels of the food chain can diversify
and multiply. Climate change will
encourage invasive plant growth and
further imperil the species diversity of
our forest.
The forest has no inherent seed
sources to expand its diversity of tree,
shrub, and understory species that can
thrive in the conditions.

Opportunities:

The ongoing and expected losses of
the old and diseased trees will create
opportunities to carefully manage the
dead wood as a resource for native
animal and fungal species while
carefully assessing its potential to

Feasibility: Low

Feasibility Comment:

Given that future climate change models
would present conditions that would
exacerbate the current problems of our
forest, the potential for the forest to
become dominated by beech and non
native invasives is high, the ability to meet
the objective without signi"cant
intervention is low.

Other Considerations:

As measured by community
questionnaire, KC Community is made up
of residents who value experiencing
nature. Bird watching and nature
photography are very important and
meaningful pastimes for many members.
Understanding how climate change will
negatively impact the reaching of this
objective without signi"cant intervention
could assist in "nding the administrative
and community resources to meet this
objective.



damage other trees and threaten the
safety of community members walking
in the forest.
The increased growing season would
facilitate the growth of newly planted
native species.



3b. Riparian: Evaluation of Management Objectives

Management Goal: Resore a multistory native riparian forest

Management Objective Challenges and Opportunities Feasibility

The riparian environment will consist of a
sustainable mixture of native riparian
plant species su#cient to inhibit invasive
growth . (< 20 years)

Challenges:

Due to past land use practices which
removed almost all native riparian
species from the area, the resultant
limited native upper and lower story
species diversity will imperil the
attainment of this objective. The
majority of the inventory now consists
of non-native shrub species and a
native inventory of primarily beech,
red oak, ash, tulip poplar, and
spicebush.
Disease and insect damage to the
major component of the native
inventory (beech, red oak, and ash) are
expected to increase.
Lower canopy and ground cover
species are dominated by invasive,
non-native honeysuckles, privet,
multi!oral rose, garlic mustard, lesser
celandine, and annual grasses. The
conditions produced by both climate
models are expected to facilitate their
growth. Invasive seed dispersal will be
fostered by increased frequencies of
high water events.
Signi"cant erosion is occurring along
the stream bank undercutting native
trees and shrubs. Increased higher
intensity rain events will exacerbate
the erosion and imperil recent
plantings.

Opportunities:

Past and ongoing invasive removal and
replanting with native upper and lower
story vegetation will bene"t from the
increased growing season predicted by
both climate change models.
With the maturing of the past
plantings of native upper and lower
species on the upstream Longwood
property, increased high water events
could have the impact of increasing
seed dispersal of these species.
The ongoing and expected losses of
the old and diseased elements of the
inventory create the opportunity to
introduce a diversity of species that

Feasibility: Low

Feasibility Comment:

Due to the recent removal of some
invasives and plantings of native upper
and lower story species, the potential for
meeting this objective improves. The
expected e$ects of climate change will
have both potential bene"cial and
negative impacts on attaining this
objective. Without a continuation of the
present interventions and a careful
selection of species for planting, the
longterm outlook is not as favorable.

Other Considerations:

The past land use practices of pasture
and water impoundments signi"cantly
impaired the watershed’s future ability to
restore its native composition. KCC,
Longwood, other watershed property
owners, local government organizations,
Stroud Water Resources Center, and
several nonpro"t conservation
organizations have formed a Study
Group to develop a Bennetts Run
Watershed Conservation Plan. When
implemented, such a Plan should bene"t
the KC section of the watershed
(approximately one third of that area).
The KC administration has contracted
with an engineering "rm and they have
produced a plan for the removal of Scotts
Pond and restoration of a large section of
the KCC Bennetts Run watershed. The KC
Community (measured by community
questionnaire) values the watershed area
for multiple reasons: bird watching,
exercise, spiritual renewal, photography,
and the opportunity of just experiencing
nature. The KC community highly values
Bennetts Run and its watershed which
increases the opportunity for the
administration and community to "nd the
resources to meet the objective.



will best thrive in the changed
environment.



Management Goal: Protect the water quality of Bennetts Run

Management Objective Challenges and Opportunities Feasibility

The summer water temperature will drop
by at least 3 degrees C between upstream
and downstream monitoring stations on a
daily basis. (< 15 years)

Challenges:

The majority of the upper story
species (beech, red oak, ash) that
inhabit Bennetts Run’s south bank are
susceptible to pests/diseases that are
present on our property. The future
changes predicted by the two climate
change models are expected to foster
these pest/diseases. Loss of the shade
provided by these species would have
a negative impact on reaching the
objective.
The e$ects of past land use practices,
the east/west orientation of Bennetts
Run, and Scotts Pond all create
opportunities for direct sun exposures.
The expected longer and hotter
springs, summers and falls and
potential lower summer/fall water
!ows predicted by both climate
models will make meeting this
objective more di#cult.
Increased and more intense high
water events will increase stream bank
erosion and destabilize stream bank
vegetation causing a reduction in
shading of the stream.

Opportunities:

The increased growing season
predicted by the models will facilitate
the growth of the plantings that have
occurred in the past two years.
The ongoing and future losses of the
old and diseased elements of the
forest inventory create the opportunity
over time to introduce species that are
better adapted to the riparian
environment, shade Bennetts Run and
its tributaries, and thrive in the
conditions produced by climate
change.

Feasibility: Medium

Feasibility Comment:

Under current conditions daily summer
water temperatures consistently measure
a 1-2ºC drop between the upper and
lower monitoring stations. Preventing
further loss of vegetation shading
Bennetts Run and its tributaries and
planting native species providing more
e$ective shade are possible under
present plans.

Other Considerations:

The majority of land in the Bennetts Run
corridor was either pasture or bottom
land behind small impoundments of
Bennetts Run until the 1970’s. The e$ects
of those uses remain in the form of Scotts
Pond, past impoundment structures,
stream bed locations, and native/non-
native species inventories that pose
signi"cant problems and opportunities.
The KC administration has contracted
with an engineering "rm and they have
produced plans for the removal of Scotts
Pond and restoration of a large section of
the KCC Bennetts Run watershed. The KC
Community (measured by community
questionnaire) values the woods and
Bennetts Run for multiple reasons: bird
watching, exercise, spiritual renewal,
photography, and the opportunity of just
experiencing nature. The KC community
highly values Bennetts Run and its
watershed.

Aquatic vertebrate and macro-
invertebrate population studies will be at
consistent "ndings to move the
classi"cation of Bennetts Run to a “high
value” status (<15 years)

Challenges:

The majority of the upper story
species (beech, red oak, ash) that
inhabit the south side of Bennetts Run
are susceptible to pests/diseases that
are present in the forest. The future
changes predicted by climate change
modeling would encourage the

Feasibility: Low

Feasibility Comment:

The major impediment to accomplishing
this objective are the high summer water
temperatures produced by the upstream
Longwood ponds. Summer water
temperatures of the South Branch of
Bennetts which !ows into the last



population growth the these
pests/diseases and threaten these
species. Loss of the shade provided by
these species would have a negative
impact on reaching the objective.
. The expected longer and hotter
springs, summers and falls are
expected to raise water temperature
in all surface waters.
The water temperatures of inland
lakes and ponds are expected to rise.
The ponds on the Longwood property
impound the upstream waters of
Bennetts Run and produce water
temperatures that presently imperil
the survival of both native cold water
vertebrate and invertebrate
populations.
Increased and more intense high
water events will imperil stream bank
structure and make establishment of
vegetation that can e$ectively shade
the stream more di#cult.
Increased water temperature
produced by warming air temperature
and potential less e$ective shading of
the stream will limit the opportunity of
sustaining the present refugia for
native cold water vertebrate and
invertebrate species that exist along
Bennetts Run.
Increased variability in stream !ow
rates producing both low and
extremely high !ow events will be
disruptive to the establishment and
maintenance of cold water aquatic
organisms.
Increased silt deposition produced by
debris from high water events are
disruptive to cold water aquatic
organisms.

Opportunities:

The increased growing season will
facilitate the growth of the plantings
that have occurred in the past two
years.
The ongoing and future losses of the
old and diseased elements of the
forest inventory create the opportunity
over time to introduce species that are
better adapted to the riparian
environment, shade Bennetts Run and
its tributaries, provide better food
sources for macroinvertebrate
populations.

Longwood pond are signi"cantly lower
than those that leave the pond. After
leaving the pond water temperatures
drop rapidly even in the presence of
suboptimal vegetative cover. If Longwood
could develop and implement a plan to
better redirect the water coming from the
south branch of Bennetts Run or lower
the water temperatures exiting the pond,
the objective would have a good
probability of being met within this time
frame.

Other Considerations:

KCC, Longwood, other watershed
property owners, government
organizations, Stroud Water Resources
Center, and several nonpro"t
conservation organizations have formed
the Bennetts Run Watershed Association
to develop and implement joint action
plans that should bene"t our section of
the watershed. The KC administration has
contracted with an engineering "rm and
they have produced plans for the removal
of Scotts Pond and restoration of a large
section of the KCC Bennetts Run
watershed. The completion of those
projects would have a bene"cial e$ect on
lowering water temperatures. The KC
Community (measured by community
questionnaire) values the woods for
multiple reasons: bird watching, exercise,
spiritual renewal, photography, and the
opportunity of experiencing nature. The
KC community highly values Bennetts Run
and its watershed.





Management Goal: Mitigate the potential !ood damage to downstream structures and properties.

Management Objective Challenges and Opportunities Feasibility

Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10 years)

Challenges:

The majority of the upper story
species (beech, red oak, ash) that
inhabit the south side of Bennetts
Run’s south bank are susceptible to
pests/diseases that are present in the
forest. The
Increased and more intense high
water events expected in the climate
models will imperil stream bank
structure making the establishment of
vegetation that can e$ectively limit
stream bed migration more di#cult.
Lower canopy and ground species are
dominated by non-native invasive
honeysuckles, privet, multi!oral rose,
garlic mustard, and annual grasses
which have shallow root systems and
are expected to !ourish. The
expansion of these species will
negatively impact the ability to
stabilize the stream bed.
Scotts pond and the remaining former
impoundment structures focus !ows
and increase water velocities. The
resultant disruptive forces produced
by these forces on the stream bed and
!ood plain during high water events
will increase as the frequency and
intensity of these events are expected
to increase.

Opportunities:

Opportunities to introduce a diversity
of species that will more e$ectively
stabilize the stream bank and !ourish
in the environments produced by both
climate models will be present.
The increased growing season due to
climate change would facilitate the
growth of newly planted native species

Feasibility: Medium

Feasibility Comment:

Given the previous plantings and the
administration’s exploration of options
for the removal of Scotts Pond, this
objective has a fair ability to be met with
additional intervention.

Other Considerations:

The KC administration has contracted
with an engineering "rm and they have
produced plans for the removal of Scotts
Pond and restoration of a large section of
the KCC Bennetts Run watershed. The
removal of Scotts Pond would address its
increasing potential failure as the
intensity and frequency of high water
events increase. Removing the berm that
is the remnant of a past impoundment
would allow Bennetts Run to spread out
its increased volumes during high waters
events and mediate potential down
stream damages to its property and the
properties of others in the watershed.

Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water events. (<
10 years)

Challenges:

The majority of the upper story
species (beech, red oak, ash) that
inhabit both banks of Bennetts Run’s
are susceptible to pests/diseases that
are present in the forest. Loss of these
species would destabilize the stream
bed and prevent the reduction of
water velocities during high water

Feasibility: Medium

Feasibility Comment:

Given the previous plantings and the
administration’s exploration of options
for the removal of Scotts Pond, this
objective has a fair ability to be met with
additional intervention

Other Considerations:



events.
Increased and more intense high
water events will imperil stream bank
structure making the establishment of
vegetation that can e$ectively slow
and de!ect high volumes more
di#cult.
Lower canopy and ground species are
dominated by non-native invasive
honeysuckles, privet, multi!oral rose,
garlic mustard, and annual grasses
which have shallow root systems and
are expected to !ourish. These species
are not as e$ective as many of the
native shrub species in resisting high
volume !ows.
Scotts pond and the remaining former
impoundment structures focus !ows
and increase water velocities. They
also prevent the dispersal of high
water events across large areas of the
!ood plain. These structures plus
increased frequency and intensity of
these events will prevent the
attainment of this objective.

Opportunities:

The ongoing and expected losses of
the old and diseased elements of the
inventory create the opportunity over
time to introduce a diversity of species
that will more e$ectively stabilize the
stream bank.
The increased growing season would
facilitate the growth of newly planted
native species that will be more
e$ective is slowing and containing
high water events.

The KC administration has contracted
with an engineering "rm and they have
produced plans for the removal of Scotts
Pond and restoration of a large section of
the KCC Bennetts Run watershed. The
removal of Scotts Pond would address its
increasing potential failure as the
intensity and frequency of high water
events increase. Removing the berm that
is the remnant of a past impoundment
would allow Bennetts Run to spread out
its increased volumes during high water
events and mediate potential
downstream damages to its property and
the properties of others in the watershed.

Floodplain vegetation will capture and
slow water from a 6 inch 24 hour rainfall
su#cient to allow the water from
Bennetts Run to !ow freely through the
culverts under the maintenance road. (<
15 years)

Challenges:

The majority of the upper story
species (beech, red oak, ash) that
inhabit both banks of Bennetts Run’s
are susceptible to pests/diseases that
are present in the forest. Loss of these
species would destabilize the stream
bed and prevent the reduction of
water velocities during high water
events.
Increased and more intense high
water events will imperil stream bank
structure making the establishment of
vegetation that can e$ectively slow
and de!ect high streams more
di#cult.

Feasibility: Medium

Feasibility Comment:

Even though future climate change
models would increase the intensity and
frequency of high water events, the ability
to meet this goal is reasonable given the
present capacity of the culverts.

Other Considerations:

Four inch, 24 hour rain events presently
threaten the ability of the !ood waters to
pass through the culverts under the
Maintenance Road without backing up
!ood waters behind them. The KC
administration has contracted with an
engineering "rm and they have produced



Lower canopy and ground species are
dominated by non-native invasive
honeysuckles, privet, multi!oral rose,
garlic mustard, and annual grasses
which have shallow root systems and
are expected to !ourish. These species
are not as e$ective as many of the
native shrub species in resisting high
volume !ows.
Scotts pond and the remaining former
impoundment structures focus !ows
and increase water velocities. They
also prevent the dispersal of high
water events across large areas of the
!ood plain. These structures plus
increased frequency and intensity of
these events will prevent the
attainment of this objective.

Opportunities:

The ongoing and expected losses of
the old and diseased elements of the
inventory create the opportunity over
time to introduce a diversity of species
that will more e$ectively stabilize the
stream bank.
The increased growing would facilitate
the growth of newly planted native
species that will be more e$ective is
slowing and containing high water
events.

plans for the removal of Scotts Pond and
restoration of a large section of the KCC
Bennetts Run watershed. The removal of
Scotts Pond would address its increasing
potential for failure as the intensity and
frequency of high water events increase.
Removing the berm that is the ruminant
of a past impoundment and rerouting the
present stream bed would allow Bennetts
Run to spread out its increased volumes
during high waters events and mediate
potential dangers to the maintenance
road by dispersing high water events
throughout the !ood plain.



3c. Riparian and Lowland Hardwood: Evaluation of Management Objectives

Management Goal: Sustain the e$ectiveness of the forest spray "eld.

Management Objective Challenges and Opportunities Feasibility

75% of the spray "eld forest inventory will
be made up of native forest species best
able to thrive in the spray "eld
environment. (< 30 years)

Challenges:

Limited diversity- The forest inventory
consists primarily of red oak, beech,
tulip, and ash with only limited
numbers and species of other upland
Piedmont hardwoods. No hard or soft
wood native species are found that are
well adapted to the high moisture
levels of the spray "eld.
The forest inventory has a high
percentage of mature and over
mature trees with limited numbers
and species of middle age and young
trees except for beech which
constitute the majority of younger
trees. Beech, due to disease, is not
expected to thrive as the temperature
warms. Limited species diversity is
recognized a risk.
Disease and insect damage to the
species (beech, red oak, and ash) are
expected to increase.
Changes in seasonal rainfall patterns
(increase in winter and spring;
decrease in later summer and fall) will
both bene"t and pose problems for
the forest.
Lower canopy species are dominated
by invasive honeysuckles, privet, and
spicebush. The presence of lower story
vegetation of any type is reduced in
comparison to other areas of the
forest.. The increased growing season
is expected to favor invasive species
due to their early leaf out and later
leaf loss over native species.
Forest !oor structure demonstrates: a
limited du$ layer, evidence of
signi"cant erosion, areas of no or
limited vegetation coverage, and
limited native species diversity.
Climate change and the aggressive
nature of invasives will imperil native
species as the climate warms. Poor
du$ and native ground cover coverage
will exacerbate erosion and dampen
the e$ect of heavier rains due to
changes in rainfall patterns.

Feasibility: Low

Feasibility Comment:

Given both climate change models, future
conditions would exacerbate the current
problems of our forest and create the
potential for the forest to become less
e$ective in managing the grey water load
especially during winter and spring
months. Without signi"cant intervention
the objective has a low probability of
being reached.

Other Considerations:

The spray "elds are an integral
component of the community’s
infrastructure. Their future management
and funding should treat them as such
with annual allocations of funding for
maintenance, depreciation, and
replacement. The KC Community values
the woods for multiple reasons but has a
poor awareness of the function of this
part of the forest and the special stresses
that exist in this area. In the past the
administration and community have
taken this area of the forest for granted.
The present state of the forest and
damage to infrastructure due to tree falls
have brought into the focus the need to
develop a longterm management plan
that represents its special function and
needs.



Signi"cant erosion is occurring in
drainage areas undercutting trees.
More and increased higher intensity
rain events will exacerbate the
erosion.
The combinations of inventory age,
disease, and high wind events are
causing catastrophic windfalls
involving multiple trees and causing
areas with large losses of canopy and
damage to the spray "eld
infrastructure. Climate models are
unclear whether the high wind events
will become more intense or frequent.
The models do demonstrate that
further high wind events can be
expected at present levels.

Opportunities:

The ongoing and expected losses of
the old and diseased elements of the
inventory create the opportunity to
introduce a diversity of species that
are best adapted to the modeled
temperature and moisture conditions
and function e$ectively as a grey water
disposal area.
Total summer and fall rainfall amounts
are expected to decrease. That in
combination of increased
evapotranspiration during these
month will decrease soil moisture
levels.
The increased growing season would
facilitate the growth of newly planted
native species.

The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)

Challenges:

The spray forest consists primarily red
oak, beech, tulip, and ash with only
limited numbers and species of other
Piedmont hardwoods. There are no
species in the woods that are resistant
to the disease/pest hazards on our
campus and adapted both to the high
moisture levels and the future stresses
produced by climate change. Low
species diversity is recognized as a
threat.
The forest is mature and over mature
with limited young growth except for
beech. Climate models predict
conditions that will make the
regeneration of these species in the
spray "eld more di#cult. Spray "eld

Feasibility: Low

Feasibility Comment:

Given that future climate change models
present conditions that exacerbate the
current problems of our forest. Without
signi"cant intervention, the probability of
meeting this objective is low.

Other Considerations:

There needs to be an increased
awareness throughout the administration
and the KC Community that the spray
"eld forest "lls multiple needs within our
community. Those needs require special
funding and management to make sure
that the inventory is maintained to
maximize spray "eld e$ectiveness.



research indicates that tree species
are most e$ective in processing the
substances contained in the e%uent
when they are in their middle years.
Disease and insect damage to the
species (beech, red oak, and ash) are
expected to increase.
Lower canopy species are dominated
by invasive honeysuckles, privet,
multi!oral rose, non native viburnum,
and spicebush. Except for spicebush
there are no native lower story species
that are adapted to the environment
posed by the spray "eld. The present
invasive populations will have an
advantage over native species
Norway maple and paulownia are
becoming established in the spray
"eld and are modeled to thrive in
future climate models.
Forest !oor structure demonstrates: a
limited du$ layer, evidence of
signi"cant erosion, areas of no or
limited vegetation coverage, and
virtually no native species diversity.
The invasive species of garlic mustard,
lesser celandine, non-native annual
grasses, and young honeysuckles
dominate the forest !oor population.
Climate change and the aggressive
nature of these invasives will expand
their in!uence on the forest !oor.
Poor du$ and lack of native vegetation
coverage will exacerbate erosion due
to changes in rainfall patterns.
Erosion is occurring in drainage areas
and is undercutting trees. More and
higher intensity rain events are
expected.
The combinations of inventory age,
disease, and high wind events are
causing catastrophic windfalls
involving multiple trees and causing
areas with large losses of canopy.
Climate models are unclear whether
the high wind events with become
more intense or frequent. The models
do demonstrate that further events
can be expected.
Future changes in rainfall patterns and
temperature should further limit the
self regeneration of native species in
the spray "eld forest

Opportunities:

The ongoing and expected losses of



the old and diseased elements of the
inventory create the opportunity over
time to introduce a diversity of species
that will best thrive in the special spray
"eld environment and the climate of
60-100 years from today.
The increased growing season would
facilitate the growth of newly planted
native species.

Ongoing well water and stream
monitoring will demonstrate no leaching
of e%uent substances into the ground
water or Bennetts Run. (< 30 years)

Challenges:

Prevention of the leaching and
erosional loss of dissolved grey water
materials into Bennetts Run will
become more of a challenge during
the winter and spring seasons when
rainfall is expected to increase.
Tree falls from high wind events and
increased erosion from more frequent
and intense rainfall events will stay at
the same intensities or increase.
Infrastructure damage from those tree
falls has produced grey water releases
into Bennetts Run.
More and higher intensity rain events
which will increase the probability of
more intense storm water volumes
from the impervious surfaces
surrounding the forest producing
increased erosion and potential
leaching of e%uent residuals into
Bennetts Run.

Opportunities:

The ongoing and expected losses of
the old and diseased elements of the
inventory create the opportunity over
time to introduce a diversity of species
that will best thrive in the climate of
60-100 years from today.
Due to the increase in expected winter
temperatures, some increase in
evaporation should be seen.
Due to predicted increased fall
temperatures and decreased fall
rainfall, increased evapotranspiration
would be seen during the fall leading
to lower soil moisture levels entering
winter

Feasibility: Medium

Feasibility Comment:

Monthly samplings from the spray "eld
testing wells presently demonstrate no
contamination of ground water from the
spray "eld. The infrequent sampling of
Bennetts Run and the spray "eld tributary
has demonstrated minor increases in
some substances. Given the present
status of the forest and the predicted
stresses on it by both the low and high
emission climate models, the ability of the
spray "eld forest to meet this objective
would appear to be impaired, but
potentially achievable under present
conditions with moderate assistance.

Other Considerations:

Recent infrastructure damage to the
spray "eld by tree falls due to high wind
events and their resultant release of grey
water into Bennetts Run has been
recognized by the administration and the
community as a threat to Bennetts Run.
Reduction of that risk is a recognized goal
of the community. There is no ongoing
regular chemical monitoring for
pollutants from the spray "eld or the
spray "eld tributary to Bennetts Run and
Bennetts Run. Developing an ongoing
regular monitoring of Bennetts Run and
the spray "eld tributary for evidence of
contaminants both from ground water
and surface sources should be
implemented. In addition there is no
system to regularly monitor soil moisture
levels to adjust spray pattern. All of these
are options to insure the optimal safe
operation of the spray "elds and are
reasonable interventions to meet the
goal.



3d. Landscaped Areas: Evaluation of Management Objectives

Management Goal: Add Tree Species that Promote a Healthy, Diverse, and Vibrant Arboretum.

Management Objective Challenges and Opportunities Feasibility

From 2022, 50% of all landscape species
new to the Arboretum collection will be
hardy in Zones 7 & 8. (Ongoing)

Challenges:

1. Availability 2. Increased transport
costs 3. Arboretum Curator approval

Opportunities:

Phila study data

Feasibility: Medium

Feasibility Comment:

No comments

Other Considerations:

No other considerations

Identify and map tree species on site that
are most likely to be vulnerable to climate
change. a. Monitor accordingly - do not
add any vulnerable tree species. (Review
annually)

Challenges:

1. Limitations of current GIS (Tree
Plotter) 2. Limited availability of
Arboretum Assistant 3. Requires
Arboretum Curator approval/action.

Opportunities:

1. Phila Study data 2. Education for
residents and Administration

Feasibility: Medium

Feasibility Comment:

No comments

Other Considerations:

1. Resident interest in Arboretum is high.
2. Residents support Climate Change
activities.

Identify and map tree species on site that
are least vulnerable to climate change. a.
Take special care of identi"ed species. b.
Add additional species as budget permits.
(Review annually)

Challenges:

1. Limitations of current GIS (Tree
Plotter) 2. Limited availability of
Arboretum Assistant 3. Susceptibility
to disease and pests

Opportunities:

1. Create a Gift Tree List of desireable
species 2. Longer life/lower
susceptibility species = lower long-
term costs

Feasibility: Medium

Feasibility Comment:

No comments

Other Considerations:

1. Resident interest in Arboretum is high.
2. Residents support Climate Change
activities.

Remove older trees that do not respond
to management of associated diseases
and/or may be hazardous. (Review
annually)

Challenges:

1. Limitations of current GIS
(TreePlotter) 2. Limited Arb Assistant
time 3. Resident resistance to
removing large, carbon-capturing
shade trees. 4. Could bring in new
diseases/insects

Opportunities:

1. Funds saved on treatment can be
used for removal.

Feasibility: Medium

Feasibility Comment:

No comments

Other Considerations:

1. Resident interest in Arboretum is high.
2. Residents support Climate Change
activities.

Locate a protected place on each campus
to plant tree species from one or two
more southern zones - nurture well. (< 3
years)

Challenges:

1. Available areas that are mostly
sunny with adequate shelter from
winter winds. 2. Local availability of
southern species. 3. Suitable spaces
likely small - limits number of test

Feasibility: Low

Feasibility Comment:

No comments

Other Considerations:

No other considerations



plantings. 4. Could introduce new
diseases/insects.

Opportunities:

1. Gain experience. 2. Engage
residents in education and monitoring

Increase the number of native tree
species in the landscaped areas by 5%. (<
10 years)

Challenges:

1. Curator approval needed. 2. Local
availability. 3. Many residents prefer
exotic species.

Opportunities:

1. Plan ahead to replace older, failing
or diseased trees.

Feasibility: High

Feasibility Comment:

No comments

Other Considerations:

1. Resident interest in Arboretum is high.
2. Residents support Climate Change
activities.

Add three shrub groupings as understory
between/below 3 large shade trees. (< 3
years)

Challenges:

1. Curator approval needed.

Opportunities:

1. Energy savings with less grass to cut.
2. Funds available from a $1,000 gift.

Feasibility: Medium

Feasibility Comment:

No comments

Other Considerations:

No other considerations

To create optimal conditions for tree
health, grounds sta$ will use Best
Management Practices as recommended
in the KC Urban Forest Management Plan.
(Ongoing)

Challenges:

De"ning Best Management Practices
for KC Arboretum

Opportunities:

De"ne and establish Best
Management Practices for KC
Arboretum

Feasibility: High

Feasibility Comment:

No comments

Other Considerations:

No other considerations





4. Adaptation Tactics
After considering the challenges and opportunities climate change might present for this management objective, these actions were
identi"ed to help prepare for climate change impacts. Each adaptation tactic is linked to one or more Adaptation Strategies and
Approaches, which provide connections to more general concepts related to forest management and conservation. Tactics that are
recommended can be implemented or explored further.

4a. Central Oak-Pine: Adaptation Tactics

Tactic: Leave dead and downed wood (coarse woody debris) in the uplands and riparian areas to enhance carbon capture,

moisture, and soil. Planting of native ground covers in the spray "eld area. Modify forest operations techniques and equipment to
minimize soil compaction, rutting, or other impacts to sensitive ecosystems, surface water bodies, soils and residual trees. In open
spaces adjacent to wetlands, incorporate deep-rooted perennials to reduce runo$ and improve in"ltration. (10 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and enhance in"ltration and
water storage capacity of forest soils

Bene!ts:

Better water retention; erosion control,
containment of dissolved grey water
substances; improved nutrient base of
soil, tree growth, carbon capture,
microhabitats for increased diversity.

Drawbacks and Barriers:

No draw backs are seen in the upland and
riparian forests. Discovering what
vegetation will be most appropriate for
the spray "eld area will require
consultation and probably some
experimentation. The funding and
prioritization of these activities in relation
to other forest needs will need to be
considered.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Tactic: Creating suitable physical conditions for natural regeneration after tree falls or repair of spray "eld infrastructure. Planting

native species expected to be better adapted to future conditions and resistant to insect pests or present pathogens, especially
where natural regeneration is a$ected by disturbance and is widely failing. Planting plant plugs, and larger vegetation (saplings
versus seedlings or containerized stock versus bare-root stock) to help ensure establishment and survival, particularly in disturbed
sites where dry conditions are expected. Seed fast-growing cover crop to quickly secure substrate initially and protect slower-
growing native planted species from the elements and competition. After reestablishment of perennial vegetation, immediately
secure substrate by using silt fences, erosion control fabric, or weed-free mulch. Prepare for future disturbances by identifying
stands most vulnerable to disturbance events (disease, wind, drought) and develop action plans for remediation. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Promptly revegetate areas after
disturbance

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; decreased
erosion; inhibit invasive plant migration;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Selection of species and speci"c genetic stock to reduce the impact of known pests and pathogens. Implementation of an

integrated deer management plan including herd culling, fencing, tree tubes, and use of protective environments created by tree
debris and dense areas of spicebush and other deer repelling species. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Maintain or improve the ability of
forests to resist pests and pathogens

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; decreased
erosion; improved water quality of
Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Eradicate existing populations or seed sources (e.g. upstream) of invasive plants through physical or chemical treatments.

Maintain closed-canopy conditions to reduce the ability of light-loving invasive species to enter the understory. Increase monitoring
for known or potential invasive species to ensure early detection. Follow best management practices to reduce invasive species
spread such as treating infestations prior to any on-site soil-disturbing work, and working only in conditions where soil disturbance
is minimal (frozen ground, snow, dry). (15 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Prevent invasive species establishment
and remove existing invasive species

Bene!ts:

Improved native wildlife habitats;
improved attractiveness of our forested
and riparian areas; improved water
quality of Bennetts Run; decreased
erosion; !ood mediation.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Tactic: As natural disturbances occur use forest management techniques to encourage the development of multiple age cohorts.

Planting native species with a diverse timing of phenological events (e.g. !owering, fruiting, leaf out, leaf drop) to provide necessary
resources over a longer time frame to forest-dependent wildlife species. Use scari"cation, planting, nurse logs, tip-up mounds, or
other techniques to support natural regeneration. Planting desired native species within an area that is otherwise expected to
regenerate naturally in order to add diversity. Evaluations of the success of the plantings should occur on regular basis, especially in
the spray "eld. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Enhance species age classes and
structural diversity in forests

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Heavily manage invasive species, especially during wet periods when soils are moist and when invasive species may actively

re-root. Reroute trails away from at-risk communities to reduce damage from tra#c and to reduce the risk of introducing invasive
species. Prioritize stream restoration activities in areas most likely to retain cool late-summer !ows that may bu$er the survival of
aquatic organisms during extreme weather conditions, and at particular life history stages. Protect seedlings that could survive
wetter conditions in areas trending towards increased !oods and more frequent inundation. Identify feeder tributaries and seeps
that may o$er cold water refuges for aquatic organisms during the late summer and fall. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Identify, maintain, and enhance
important habitats for "sh and wildlife

Bene!ts:

The repositioning of the Bennetts Run
stream bed would create opportunities to
create refugia for cold water aquatic
species, improve wildlife habitats for
many terrestrial species, and reduce
!ooding and erosion.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Tactic: Planting or seeding a mixture of native species currently found in the areas that are not typically grown together but may be

a suitable combination under future conditions. Allowing a species native to the region to establish where it was not historically
present, if it is already encroaching and likely to do well there under future climate conditions. Plant a mix of native species on small
hummocks within forested wetlands. Enhance !oodplain and wetland sites with a seed mix of species tolerant to both wet and dry
conditions to enhance recovery after extreme or recurrent !ooding to maintain system as species turnover and accommodate
changing condition. Use the Tree and Shrub Planting Guides for the three areas. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate forest ecosystem
adjustments through species
transitions

Establish or encourage new mixes of
native species

Bene!ts:

Diverse species and age forest inventory;
improved terrestrial and aquatic wildlife
habitats; improved spray "eld function;
decreased erosion; improved water
quality of Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Planting oaks, pines, and other drought-tolerant species on sites within the current range that are expected to become drier

and that have not been historically occupied by those species. Planting !ood-tolerant species, such as swamp white oak and silver
maple, on sites that are expected to become more prone to !ooding and that are currently not occupied by !ood-tolerant species.
Planting disease-resistant cultivars of elm or chestnut where they are likely to have suitable habitat. Planting southern species north
of its current range on suitable sites based upon its projected range expansion. Use the Tree and Shrub Planting Guides for the
three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate forest ecosystem
adjustments through species
transitions

Introduce species that are expected to
be adapted to future conditions

Bene!ts:

Diverse species and age forest inventory;
improved aquatic and terrestrial wildlife
habitats; improved spray "eld function;
decreased erosion; improved water
quality of Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Modifying forest operations techniques and equipment to minimize soil compaction, rutting, or other impacts on water,

soils, and residual trees. Retaining coarse woody debris to maintain moisture, soil quality, and nutrient cycling. Restricting
recreational access in areas that show signs of excessive wear on natural resources in order to allow for revegetation or soil
stabilization. Using soil amendments to restore or improve soil quality. Restoring native herbaceous ground cover following
management activities in order to retain soil moisture and reduce erosion. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental ecological
functions (Forest)

Reduce impacts to soils and nutrient
cycling

Bene!ts:

Better water retention; erosion control,
containment of dissolved grey water
substances; improved nutrient base of
soil; improve wildlife habitat, improved
water quality of Bennetts Run; decreased
erosion; improved !ood mediation;
reduced invasive growth.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Tactic: Using herbicide or mechanical thinning to prevent the encroachment of woody competitors and invasive species, especially

after disturbance. Thinning forest stands to remove crowded, damaged, or stressed trees in order to reduce competition for light,
nutrients, and water. Fertilizing or amending soil to address nutrient de"ciencies. Controlling beech suckers, sprouts, and brush
with herbicides or mechanical treatment in areas a$ected by beech bark disease in order to reduce competition with the
regeneration of other species. Development of a proactive forestry plan using best forestry practices to improve the health of the
forest. Evaluation of the location of trails. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental ecological
functions (Forest)

Reduce competition for moisture,
nutrients, and light

Bene!ts:

Better water retention; erosion control;
containment of dissolved grey water
substances; improved nutrient base of
soil; improved wildlife habitat, improved
water quality of Bennetts Run; decreased
erosion; improved !ood mediation;
reduced invasive growth.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Tactic: Applying repellant or installing fences, bud caps, and other physical barriers to prevent herbivory. Promoting abundant

regeneration of multiple species in order to supply more browse than herbivores are expected to consume. Using tree tops from
tree falls or plantings of non palatable tree species as locations for “hiding” desirable species from herbivores to reduce browse
pressure. Partnering with neighbors to monitor herbivore populations and reduce populations to appropriate levels. Use an
integrated, multiple intervention approach to manage deer damage. Use best planting practices to avoid rodent damage to saplings
in tree tubes. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Reduce the impact of biological
stressors (Forest)

Manage herbivory to promote
regeneration of desired species

Bene!ts:

Better water retention; erosion control; a
diverse forest inventory in species and
age: containment of dissolved grey water
substances; improved nutrient base of
soil; improved wildlife habitat, improved
water quality of Bennetts Run; decreased
erosion; improved !ood mediation;
reduced invasive growth.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Tactic: Using mapping programs to match seeds collected from a known origin to planting sites based on climatic information.

Identifying and communicating needs for new or di$erent genetic material to seed suppliers or nurseries. Planting seedlings
germinated from seeds collected from various locations throughout a species’ native range. Use the Tree and Shrub Planting Guides
for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain and enhance genetic
diversity (Forest)

Use seeds, germplasm, and other
genetic material from across a greater
geographic range

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined. Non local vendors need to
be identi"ed.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Planting or seeding a mixture of native species currently found in the area that are not typically grown together but may be

a suitable combination under future conditions. Allowing a species native to the region to establish where it was not historically
present, if it is already encroaching and likely to do well there under future climate conditions. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Establish or encourage new mixes of
native species

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation.

Drawbacks and Barriers:

Planting or seeding a mixture of native
species currently found in the area that
are not typically grown together but may
be a suitable combination under future
conditions. Allowing a species native to
the region to establish where it was not
historically present, if it is already
encroaching and likely to do well there
under future climate conditions.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Tactic: Preventing and removing undesired species, including invasive nonnative or aggressive native species, in order to reduce

competition for moisture, nutrients, and light. Controlling beech suckers, sprouts, and brush by using herbicide or mechanical
treatment in areas a$ected by beech bark disease in order to reduce competition with the regeneration of other species. Planting
or seeding su#cient stocks of desired species before undesirable species have the chance to establish or compete. Use the Tree
and Shrub Planting Guides for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Guide changes in species composition
at early stages of stand development

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Favoring species that are currently present that have wide ecological amplitude and can persist under a wide variety of

climate and site conditions. Planting or otherwise promoting species that have a large geographic range, occupy a diversity of site
conditions, and are projected to have increases in suitable habitat and productivity. Promoting long-lived conifers with wide
ecological tolerances. Identifying and promoting species that currently occupy a variety of site conditions and landscape positions.
Use the Tree and Shrub Planting Guides for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Manage for species and genotypes
with wide moisture and temperature
tolerances

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Tactic: Identify and manage cooler and wetter locations that are expected to be more resistant to changes in climate as refugia for

speci"c , sensitive native plant communities. Identify, manage and protect areas with diverse biophysical settings and community
types where species can shift locally as conditions change. Identifying areas with a high diversity of geology, landform, vegetation,
or soils for increased protection or conservation. Identifying and protecting a network of sheltered slopes, valleys, or forests with
continuous shading canopy. (15 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Prioritize and maintain unique habitats
for refugia

Bene!ts:

Maintaining species diversity in our forest
inventory; unique habitats for local and
migrating wildlife; providing opportunities
for cold water vertebrate and
invertebrate organisms.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



4b. Riparian: Adaptation Tactics

Tactic: Leave dead and downed wood (coarse woody debris) in the uplands and riparian areas to enhance carbon capture,

moisture, and soil. Planting of native ground covers in the spray "eld area. Modify forest operations techniques and equipment to
minimize soil compaction, rutting, or other impacts to sensitive ecosystems, surface water bodies, soils and residual trees. In open
spaces adjacent to wetlands, incorporate deep-rooted perennials to reduce runo$ and improve in"ltration. (10 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and enhance in"ltration and
water storage capacity of forest soils

Bene!ts:

Better water retention; erosion control,
containment of dissolved grey water
substances; improved nutrient base of
soil, tree growth, carbon capture,
microhabitats for increased diversity.

Drawbacks and Barriers:

No draw backs are seen in the upland and
riparian forests. Discovering what
vegetation will be most appropriate for
the spray "eld area will require
consultation and probably some
experimentation. The funding and
prioritization of these activities in relation
to other forest needs will need to be
considered.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Increase native wetland species and structural diversity to reduce vulnerability and losses related to pest pressures. Restore

hydrology of wetlands by incorporating practices that increase absorption, retention of water, and monitored application of grey
water. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and restore forested
wetlands and lowland areas

Bene!ts:

Decreased erosion, stabilized structure,
decreased !ow energies and maximized
use of the !ood plain during high water
events. Improved water quality and
decreased water temperatures creating
improved aquatic and riparian forest
habitats.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)
The summer water temperature will
drop by at least 3 degrees C between
upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10
years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)



Tactic: Restore or promote a diversity of native tree and plant species to: increase shading of Bennetts Run and the seeps, springs,

and small tributaries that feed it; provide sources of woody debris; stabilize the soil in all of the forest areas; reduce erosion; restore
!uvial processes; maximize nutrient uptake; and provide habitat and connectivity for wildlife. Create bu$ers along riparian areas
based on the landform, hydrology, and vegetation of the riparian zone. Maintain vegetation and plant canopy coverage to protect
soils from raindrop impact, and minimize soil disturbances that a$ect sub-surface roots and residues holding soil in place.
Anchoring with natural materials in order to stabilize eroding stream banks. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Maintain or restore forest and
vegetative cover in riparian areas

Bene!ts:

Improved water quality of Bennetts Run;
decreased erosion; improved aquatic and
terrestrial wildlife habitats; !ood
mediation; improved functioning of spray
"eld.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



Tactic: Creating suitable physical conditions for natural regeneration after tree falls or repair of spray "eld infrastructure. Planting

native species expected to be better adapted to future conditions and resistant to insect pests or present pathogens, especially
where natural regeneration is a$ected by disturbance and is widely failing. Planting plant plugs, and larger vegetation (saplings
versus seedlings or containerized stock versus bare-root stock) to help ensure establishment and survival, particularly in disturbed
sites where dry conditions are expected. Seed fast-growing cover crop to quickly secure substrate initially and protect slower-
growing native planted species from the elements and competition. After reestablishment of perennial vegetation, immediately
secure substrate by using silt fences, erosion control fabric, or weed-free mulch. Prepare for future disturbances by identifying
stands most vulnerable to disturbance events (disease, wind, drought) and develop action plans for remediation. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Promptly revegetate areas after
disturbance

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; decreased
erosion; inhibit invasive plant migration;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Eradicate existing populations or seed sources (e.g. upstream) of invasive plants through physical or chemical treatments.

Maintain closed-canopy conditions to reduce the ability of light-loving invasive species to enter the understory. Increase monitoring
for known or potential invasive species to ensure early detection. Follow best management practices to reduce invasive species
spread such as treating infestations prior to any on-site soil-disturbing work, and working only in conditions where soil disturbance
is minimal (frozen ground, snow, dry). (15 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Prevent invasive species establishment
and remove existing invasive species

Bene!ts:

Improved native wildlife habitats;
improved attractiveness of our forested
and riparian areas; improved water
quality of Bennetts Run; decreased
erosion; !ood mediation.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Heavily manage invasive species, especially during wet periods when soils are moist and when invasive species may actively

re-root. Reroute trails away from at-risk communities to reduce damage from tra#c and to reduce the risk of introducing invasive
species. Prioritize stream restoration activities in areas most likely to retain cool late-summer !ows that may bu$er the survival of
aquatic organisms during extreme weather conditions, and at particular life history stages. Protect seedlings that could survive
wetter conditions in areas trending towards increased !oods and more frequent inundation. Identify feeder tributaries and seeps
that may o$er cold water refuges for aquatic organisms during the late summer and fall. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Identify, maintain, and enhance
important habitats for "sh and wildlife

Bene!ts:

The repositioning of the Bennetts Run
stream bed would create opportunities to
create refugia for cold water aquatic
species, improve wildlife habitats for
many terrestrial species, and reduce
!ooding and erosion.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)



Tactic: Planting or seeding a mixture of native species currently found in the areas that are not typically grown together but may be

a suitable combination under future conditions. Allowing a species native to the region to establish where it was not historically
present, if it is already encroaching and likely to do well there under future climate conditions. Plant a mix of native species on small
hummocks within forested wetlands. Enhance !oodplain and wetland sites with a seed mix of species tolerant to both wet and dry
conditions to enhance recovery after extreme or recurrent !ooding to maintain system as species turnover and accommodate
changing condition. Use the Tree and Shrub Planting Guides for the three areas. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate forest ecosystem
adjustments through species
transitions

Establish or encourage new mixes of
native species

Bene!ts:

Diverse species and age forest inventory;
improved terrestrial and aquatic wildlife
habitats; improved spray "eld function;
decreased erosion; improved water
quality of Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Planting oaks, pines, and other drought-tolerant species on sites within the current range that are expected to become drier

and that have not been historically occupied by those species. Planting !ood-tolerant species, such as swamp white oak and silver
maple, on sites that are expected to become more prone to !ooding and that are currently not occupied by !ood-tolerant species.
Planting disease-resistant cultivars of elm or chestnut where they are likely to have suitable habitat. Planting southern species north
of its current range on suitable sites based upon its projected range expansion. Use the Tree and Shrub Planting Guides for the
three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate forest ecosystem
adjustments through species
transitions

Introduce species that are expected to
be adapted to future conditions

Bene!ts:

Diverse species and age forest inventory;
improved aquatic and terrestrial wildlife
habitats; improved spray "eld function;
decreased erosion; improved water
quality of Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Adjust forest stocking densities to adapt for the varying requirements for transpiration and water retention in the three

forest areas. Restore in-stream complexity by adding meanders, depressions and scour pools using natural stream channel
classi"cation and restoration techniques to increase water retention in-channel. Apply soil amendments such as wood ash or
biochar that boost water-holding capacity, soil productivity, and carbon storage. Re-engineer or design roads and well designed
infrastructure storm water pathways to discharge runo$ into natural areas and hillslopes slopes to increase water capture, reduce
water losses and minimize runo$ velocities Remediate areas of signi"cant erosion in the forest areas caused by storm water runo$
from Crosslands, Kendal and Longwood. Use contour felling techniques, mulching with tree branches and fertilization to enhance
retention of soil-water for deeply rooted trees and maintain the e$ective functioning of the spray "eld. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Accommodate altered hydrologic
processes

Enhance the ability of systems to
retain water

Bene!ts:

Better water retention; erosion control,
containment of dissolved grey water
substances; improved nutrient base of
soil; improve aquatic and terrestrial
wildlife habitat, improved water quality of
Bennetts Run; decreased erosion;
improved !ood mediation.

Drawbacks and Barriers:

Discovering what vegetation will be most
appropriate for the spray "eld area will
require consultation and probably some
experimentation. The funding and
prioritization of these activities in relation
to other forest needs will need to be
considered.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)



Tactic: Manage riparian ands spray "eld areas to include a diversity of species and genotypes; favor future-adapted native species

tolerant to saturated conditions or adapted to high water levels such as obligate wetland plants. Target invasive species control in
newly !ood-prone areas to retain or recruit desirable riparian species. Protect, and expand setbacks in riparian areas, !oodplains,
around wetlands and o$-channel basins to reduce !oodwater velocity, and to minimize downstream water losses. If and when the
Land Studies proposals are implemented, speci"c guidance should be given to create stream channel complexity. Implement a soil
moisture monitoring system in the spray "eld. The operation of the spray "eld, whenever possible, should be guided by soil
moisture guidelines. Structural changes to better manage storm water run from impervious surfaces on KC property and
agriculture "eld at Longwood should be implemented. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Accommodate altered hydrologic
processes

Adjust systems to cope with increased
water abundance, and high water
levels

Bene!ts:

Better water retention; erosion control;
containment of dissolved grey water
substances; improved nutrient base of
soil; improved terrestrial and aquatic
wildlife habitat; improved water quality of
Bennetts Run; decreased erosion;
improved !ood mediation.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



Tactic: Applying repellant or installing fences, bud caps, and other physical barriers to prevent herbivory. Promoting abundant

regeneration of multiple species in order to supply more browse than herbivores are expected to consume. Using tree tops from
tree falls or plantings of non palatable tree species as locations for “hiding” desirable species from herbivores to reduce browse
pressure. Partnering with neighbors to monitor herbivore populations and reduce populations to appropriate levels. Use an
integrated, multiple intervention approach to manage deer damage. Use best planting practices to avoid rodent damage to saplings
in tree tubes. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Reduce the impact of biological
stressors (Forest)

Manage herbivory to promote
regeneration of desired species

Bene!ts:

Better water retention; erosion control; a
diverse forest inventory in species and
age: containment of dissolved grey water
substances; improved nutrient base of
soil; improved wildlife habitat, improved
water quality of Bennetts Run; decreased
erosion; improved !ood mediation;
reduced invasive growth.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Using mapping programs to match seeds collected from a known origin to planting sites based on climatic information.

Identifying and communicating needs for new or di$erent genetic material to seed suppliers or nurseries. Planting seedlings
germinated from seeds collected from various locations throughout a species’ native range. Use the Tree and Shrub Planting Guides
for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain and enhance genetic
diversity (Forest)

Use seeds, germplasm, and other
genetic material from across a greater
geographic range

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined. Non local vendors need to
be identi"ed.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Planting or seeding a mixture of native species currently found in the area that are not typically grown together but may be

a suitable combination under future conditions. Allowing a species native to the region to establish where it was not historically
present, if it is already encroaching and likely to do well there under future climate conditions. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Establish or encourage new mixes of
native species

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation.

Drawbacks and Barriers:

Planting or seeding a mixture of native
species currently found in the area that
are not typically grown together but may
be a suitable combination under future
conditions. Allowing a species native to
the region to establish where it was not
historically present, if it is already
encroaching and likely to do well there
under future climate conditions.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)



Tactic: Preventing and removing undesired species, including invasive nonnative or aggressive native species, in order to reduce

competition for moisture, nutrients, and light. Controlling beech suckers, sprouts, and brush by using herbicide or mechanical
treatment in areas a$ected by beech bark disease in order to reduce competition with the regeneration of other species. Planting
or seeding su#cient stocks of desired species before undesirable species have the chance to establish or compete. Use the Tree
and Shrub Planting Guides for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Guide changes in species composition
at early stages of stand development

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)



Tactic: Favoring species that are currently present that have wide ecological amplitude and can persist under a wide variety of

climate and site conditions. Planting or otherwise promoting species that have a large geographic range, occupy a diversity of site
conditions, and are projected to have increases in suitable habitat and productivity. Promoting long-lived conifers with wide
ecological tolerances. Identifying and promoting species that currently occupy a variety of site conditions and landscape positions.
Use the Tree and Shrub Planting Guides for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Manage for species and genotypes
with wide moisture and temperature
tolerances

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Tactic: Better management of the head waters of Bennetts Run above KC property. Possible removal or modi"cation of the

Longwood and Scotts Ponds. Design storm water drainage structures to adequately and safely pass projected high !ows. Redirect
trails, and facilities to areas away from ephemeral or permanent surface waters, particularly facilities located on steep slopes that
might in!uence erosion and runo$ during heavy rain or extreme events. Adapt culvert under the Maintenance Road to allow easier
passage of aquatic organisms through out the watershed in order to access refugia. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and restore hydrologic
connectivity

Bene!ts:

Improved water quality and summer
temperatures; improved aquatic
environments

Drawbacks and Barriers:

Longwood’s approval and funding of the
removal of the third pond or the
bypassing of the 3rd pond by the South
Branch of Bennetts Run would be
needed. A Land Studies proposal to
remove or secure Scotts Pond and
remodel the area in the area of the berm
is under consideration. An evaluation of
the culverts under the maintenance road
would need to be proposed. The funding
of these projects will need to be
determined and prioritized in relation to
other needs.

The summer water temperature will
drop by at least 3 degrees C between
upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



Tactic: Better management of the head waters of Bennetts Run above KC property. Use in-stream restoration techniques to

dissipate stream!ow energy that enhances bank stability during and after large storm events, by using rock vanes, weirs, large
boulders and large wood. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and restore stream channel
form and function

Bene!ts:

Fewer !ow choke points that intensify
stream !ow energies causing erosion.
Creation of more refugia of aquatic
organism. Allow maximum use of !ood
pain during high water events.

Drawbacks and Barriers:

A proposal to remove Scotts Pond and
remodel the area in the area of the berm
has been delivered.The funding of these
projects will need to be determined and
prioritized in relation to other needs.

The summer water temperature will
drop by at least 3 degrees C between
upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10
years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



Tactic: Better management of the head waters of Bennetts Run above KC property. Possible removal or modi"cation of Scotts

Ponds, the remaining berm from a breached dam below Scotts Pond and planned remodeling of the Bennetts Run stream bed
between the two structures.. Use in-stream restoration techniques to dissipate stream!ow energy that enhances bank stability
during and after large storm events, by using rock vanes, weirs, large boulders and large wood. Re-sculpt functioning ditches in
agricultural areas and storm water drainage areas to two-stage designs that mimic a !oodplain providing more consistent !uvial
form and process, greater channel stability and to slow delivery of water through the watershed. (10 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and restore stream channel
form and function

Bene!ts:

Decreased erosion, stabilized stream
structure, decreased !ow energies and
maximized use of the !ood plain during
high water events. Improved aquatic
habitat and creation of refugia.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The summer water temperature will
drop by at least 3 degrees C between
upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



Tactic: Establish or widen existing riparian areas to increase canopy coverage shading surface waters on Bennetts Run and its

tributaries. Prioritize restoration of headwaters of Bennetts Run to retain cool, late summer !ows. Selection of species for planting
should be guided by Tree and Shrub Planting Guides for the three areas. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain and enhance water quality
Moderate surface water temperature
increases

Bene!ts:

Decreased erosion, stabilized stream bed
structure, decreased !ow energies and
maximized use of the !ood plain during
high water events. Improved water
quality and decreased water
temperatures. Improved aquatic habitat
and increased refugia.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The summer water temperature will
drop by at least 3 degrees C between
upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10
years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)



Tactic: Avoid chemical use on wet soils or around water bodies. Control nutrient loaded waters from infrastructure to vegetated

areas likely to absorb, uptake and settle out nutrients. Maintain riparian forests, increase density of vegetation. Revegetate bare
soils along Bennetts Run and its feeder streams and seeps to shade and slow the delivery of nutrients to surface waters and
increase absorption of grey water from the spray "eld. Collaborate with Longwood to reduce sources of land-based nutrient loads
and thermal pollution. Design wetland creations and enhancements during the modi"cation or removal of Scotts Pond and the dam
berm to increase the area and duration of soil saturation to improve denitri"cation rates. (10 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain and enhance water quality
Reduce export and loading of
nutrients and other pollutants

Bene!ts:

Decreased erosion, stabilized structure,
decreased !ow energies and maximized
use of the !ood plain during high water
events. Improved water quality through
increased absorption of nitrogen,
phosphorous and other pollutants by the
vegetation. Improved aquatic habitat.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

The summer water temperature will
drop by at least 3 degrees C between
upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)



Tactic: Identify and manage cooler and wetter locations that are expected to be more resistant to changes in climate as refugia for

speci"c , sensitive native plant communities. Identify, manage and protect areas with diverse biophysical settings and community
types where species can shift locally as conditions change. Identifying areas with a high diversity of geology, landform, vegetation,
or soils for increased protection or conservation. Identifying and protecting a network of sheltered slopes, valleys, or forests with
continuous shading canopy. (15 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Prioritize and maintain unique habitats
for refugia

Bene!ts:

Maintaining species diversity in our forest
inventory; unique habitats for local and
migrating wildlife; providing opportunities
for cold water vertebrate and
invertebrate organisms.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)



Tactic: Strategically place downed wood to de!ect, slow and pool overland !ow water as snow melts over saturated soils and

frozen soils. Use wattles and water bars to slow overland !ow water velocity and increase retention and recharge into soils.
Increase roughness characteristics on slopes receiving overland !ows by planting woody vegetation rather than grasses to quickly
reduce water velocity and sedimentation. Plan development of impervious areas (such as roads, trails, skid trails, campgrounds,
parking lots) away from surface waters to minimize initiation of direct !ow paths and rill and gully formation. Promptly revegetate
exposed soils and establish vegetation tolerant of increased soil saturation, submergence and force from high velocity !ows such as
species with shorter-stature, with well-developed deep and wide root systems, and species able to quickly regenerate and
propagate in areas that experience frequent, rapid and short-term !uctuations of water !ow. Redesign road infrastructure and
storm water run o$ pathways to divert overland !ows into forests or woody vegetation and away from surface waters. Vegetate hill
slopes with a mix of species, favoring woody vegetation to slow overland !ows. Use the Tree and Shrub Planting Guides for the
three areas in decision making (10 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Accommodate altered hydrologic
processes

Respond to or prepare for excessive
overland !ows (surface runo$)

Bene!ts:

Better water retention; erosion control;
containment of dissolved grey water
substances; improved nutrient base of
soil; improved terrestrial and aquatic
wildlife habitat, improved water quality of
Bennetts Run; decreased erosion;
improved !ood mediation

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)
Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10
years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



Tactic: Maintain vegetation, or revegetate stream banks to absorb and dissipate water velocity and energy, slow storm water run

o$, control road surface drainage and reduce sedimentation by directing water into forested or densely vegetated areas with lead
o$ ditches, broad based dips, bioswales and water bars. Delay spraying following heavy rains and prior to expected rain events. Use
erosion resistant materials and slope stabilization methods around cross drain culverts and storm water run o$ areas to reduce
risks of erosion after short duration, high intensity, rainfall events. (15 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain and enhance water quality
Reduce soil erosion and sediment
deposition

Bene!ts:

Decreased erosion, stabilized stream bed
and soil structures, decreased !ow
energies and maximized use of the !ood
plain during high water events. Improved
water quality through increased
absorption of nitrogen, phosphorous and
other compounds by the vegetation.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10
years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



Tactic: Planting of ground covers and deeply rooted shrubs in the woods and riparian areas. Finding ground covers and shrubs to

stabilize the soil and build up a du$ will require consultation with local native plant experts. Develop an ongoing program to
improve soil composition, especially in the spray "eld. If and when the Land Studies proposals are implemented, speci"c guidance
should be given to create stream channel complexity. Implement a soil moisture monitoring system in the spray "eld. The
operation of the spray "eld, whenever possible, should be guided by soil moisture guidelines. Structural changes to better manage
storm water run from impervious surfaces on KC property and agriculture "eld at Longwood should be implemented. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Accommodate altered hydrologic
processes

Respond to or prepare for excessive
overland !ows (surface runo$)

Bene!ts:

Better water retention; erosion control;
containment of dissolved grey water
substances; improved nutrient base of
soil; improved terrestrial and aquatic
wildlife habitat; improved water quality of
Bennetts Run; decreased erosion;
improved !ood mediation

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10
years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)
Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



4c. Riparian and Lowland Hardwood: Adaptation Tactics

Tactic: Leave dead and downed wood (coarse woody debris) in the uplands and riparian areas to enhance carbon capture,

moisture, and soil. Planting of native ground covers in the spray "eld area. Modify forest operations techniques and equipment to
minimize soil compaction, rutting, or other impacts to sensitive ecosystems, surface water bodies, soils and residual trees. In open
spaces adjacent to wetlands, incorporate deep-rooted perennials to reduce runo$ and improve in"ltration. (10 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and enhance in"ltration and
water storage capacity of forest soils

Bene!ts:

Better water retention; erosion control,
containment of dissolved grey water
substances; improved nutrient base of
soil, tree growth, carbon capture,
microhabitats for increased diversity.

Drawbacks and Barriers:

No draw backs are seen in the upland and
riparian forests. Discovering what
vegetation will be most appropriate for
the spray "eld area will require
consultation and probably some
experimentation. The funding and
prioritization of these activities in relation
to other forest needs will need to be
considered.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)
The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)
Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



Tactic: Increase native wetland species and structural diversity to reduce vulnerability and losses related to pest pressures. Restore

hydrology of wetlands by incorporating practices that increase absorption, retention of water, and monitored application of grey
water. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and restore forested
wetlands and lowland areas

Bene!ts:

Decreased erosion, stabilized structure,
decreased !ow energies and maximized
use of the !ood plain during high water
events. Improved water quality and
decreased water temperatures creating
improved aquatic and riparian forest
habitats.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Tactic: Creating suitable physical conditions for natural regeneration after tree falls or repair of spray "eld infrastructure. Planting

native species expected to be better adapted to future conditions and resistant to insect pests or present pathogens, especially
where natural regeneration is a$ected by disturbance and is widely failing. Planting plant plugs, and larger vegetation (saplings
versus seedlings or containerized stock versus bare-root stock) to help ensure establishment and survival, particularly in disturbed
sites where dry conditions are expected. Seed fast-growing cover crop to quickly secure substrate initially and protect slower-
growing native planted species from the elements and competition. After reestablishment of perennial vegetation, immediately
secure substrate by using silt fences, erosion control fabric, or weed-free mulch. Prepare for future disturbances by identifying
stands most vulnerable to disturbance events (disease, wind, drought) and develop action plans for remediation. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Promptly revegetate areas after
disturbance

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; decreased
erosion; inhibit invasive plant migration;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Tactic: Selection of species and speci"c genetic stock to reduce the impact of known pests and pathogens. Implementation of an

integrated deer management plan including herd culling, fencing, tree tubes, and use of protective environments created by tree
debris and dense areas of spicebush and other deer repelling species. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Maintain or improve the ability of
forests to resist pests and pathogens

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; decreased
erosion; improved water quality of
Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Tactic: As natural disturbances occur use forest management techniques to encourage the development of multiple age cohorts.

Planting native species with a diverse timing of phenological events (e.g. !owering, fruiting, leaf out, leaf drop) to provide necessary
resources over a longer time frame to forest-dependent wildlife species. Use scari"cation, planting, nurse logs, tip-up mounds, or
other techniques to support natural regeneration. Planting desired native species within an area that is otherwise expected to
regenerate naturally in order to add diversity. Evaluations of the success of the plantings should occur on regular basis, especially in
the spray "eld. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain or restore forests and
vegetative cover

Enhance species age classes and
structural diversity in forests

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)
The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)



Tactic: Planting or seeding a mixture of native species currently found in the areas that are not typically grown together but may be

a suitable combination under future conditions. Allowing a species native to the region to establish where it was not historically
present, if it is already encroaching and likely to do well there under future climate conditions. Plant a mix of native species on small
hummocks within forested wetlands. Enhance !oodplain and wetland sites with a seed mix of species tolerant to both wet and dry
conditions to enhance recovery after extreme or recurrent !ooding to maintain system as species turnover and accommodate
changing condition. Use the Tree and Shrub Planting Guides for the three areas. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate forest ecosystem
adjustments through species
transitions

Establish or encourage new mixes of
native species

Bene!ts:

Diverse species and age forest inventory;
improved terrestrial and aquatic wildlife
habitats; improved spray "eld function;
decreased erosion; improved water
quality of Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)
The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)



Tactic: Planting oaks, pines, and other drought-tolerant species on sites within the current range that are expected to become drier

and that have not been historically occupied by those species. Planting !ood-tolerant species, such as swamp white oak and silver
maple, on sites that are expected to become more prone to !ooding and that are currently not occupied by !ood-tolerant species.
Planting disease-resistant cultivars of elm or chestnut where they are likely to have suitable habitat. Planting southern species north
of its current range on suitable sites based upon its projected range expansion. Use the Tree and Shrub Planting Guides for the
three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate forest ecosystem
adjustments through species
transitions

Introduce species that are expected to
be adapted to future conditions

Bene!ts:

Diverse species and age forest inventory;
improved aquatic and terrestrial wildlife
habitats; improved spray "eld function;
decreased erosion; improved water
quality of Bennetts Run; !ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Tactic: Using mapping programs to match seeds collected from a known origin to planting sites based on climatic information.

Identifying and communicating needs for new or di$erent genetic material to seed suppliers or nurseries. Planting seedlings
germinated from seeds collected from various locations throughout a species’ native range. Use the Tree and Shrub Planting Guides
for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain and enhance genetic
diversity (Forest)

Use seeds, germplasm, and other
genetic material from across a greater
geographic range

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined. Non local vendors need to
be identi"ed.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Tactic: Planting or seeding a mixture of native species currently found in the area that are not typically grown together but may be

a suitable combination under future conditions. Allowing a species native to the region to establish where it was not historically
present, if it is already encroaching and likely to do well there under future climate conditions. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Establish or encourage new mixes of
native species

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation.

Drawbacks and Barriers:

Planting or seeding a mixture of native
species currently found in the area that
are not typically grown together but may
be a suitable combination under future
conditions. Allowing a species native to
the region to establish where it was not
historically present, if it is already
encroaching and likely to do well there
under future climate conditions.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Tactic: Preventing and removing undesired species, including invasive nonnative or aggressive native species, in order to reduce

competition for moisture, nutrients, and light. Controlling beech suckers, sprouts, and brush by using herbicide or mechanical
treatment in areas a$ected by beech bark disease in order to reduce competition with the regeneration of other species. Planting
or seeding su#cient stocks of desired species before undesirable species have the chance to establish or compete. Use the Tree
and Shrub Planting Guides for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Guide changes in species composition
at early stages of stand development

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)
The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)



Tactic: Favoring species that are currently present that have wide ecological amplitude and can persist under a wide variety of

climate and site conditions. Planting or otherwise promoting species that have a large geographic range, occupy a diversity of site
conditions, and are projected to have increases in suitable habitat and productivity. Promoting long-lived conifers with wide
ecological tolerances. Identifying and promoting species that currently occupy a variety of site conditions and landscape positions.
Use the Tree and Shrub Planting Guides for the three areas in decision making. (10 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate community adjustments
through species transitions. (Forest)

Manage for species and genotypes
with wide moisture and temperature
tolerances

Bene!ts:

Diverse species and age forest inventory;
improved wildlife habitats; improved
spray "eld function; decreased erosion;
improved water quality of Bennetts Run;
!ood mediation

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Tactic: Adjust forest stocking densities to adapt for the varying requirements for transpiration and water retention in the three

forest areas. Restore in-stream complexity by adding meanders, depressions and scour pools using natural stream channel
classi"cation and restoration techniques to increase water retention in-channel. Apply soil amendments such as wood ash or
biochar that boost water-holding capacity, soil productivity, and carbon storage. Re-engineer or design roads and well designed
infrastructure storm water pathways to discharge runo$ into natural areas and hillslopes slopes to increase water capture, reduce
water losses and minimize runo$ velocities Remediate areas of signi"cant erosion in the forest areas caused by storm water runo$
from Crosslands, Kendal and Longwood. Use contour felling techniques, mulching with tree branches and fertilization to enhance
retention of soil-water for deeply rooted trees and maintain the e$ective functioning of the spray "eld. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Accommodate altered hydrologic
processes

Enhance the ability of systems to
retain water

Bene!ts:

Better water retention; erosion control,
containment of dissolved grey water
substances; improved nutrient base of
soil; improve aquatic and terrestrial
wildlife habitat, improved water quality of
Bennetts Run; decreased erosion;
improved !ood mediation.

Drawbacks and Barriers:

Discovering what vegetation will be most
appropriate for the spray "eld area will
require consultation and probably some
experimentation. The funding and
prioritization of these activities in relation
to other forest needs will need to be
considered.

The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)



Tactic: Manage riparian ands spray "eld areas to include a diversity of species and genotypes; favor future-adapted native species

tolerant to saturated conditions or adapted to high water levels such as obligate wetland plants. Target invasive species control in
newly !ood-prone areas to retain or recruit desirable riparian species. Protect, and expand setbacks in riparian areas, !oodplains,
around wetlands and o$-channel basins to reduce !oodwater velocity, and to minimize downstream water losses. If and when the
Land Studies proposals are implemented, speci"c guidance should be given to create stream channel complexity. Implement a soil
moisture monitoring system in the spray "eld. The operation of the spray "eld, whenever possible, should be guided by soil
moisture guidelines. Structural changes to better manage storm water run from impervious surfaces on KC property and
agriculture "eld at Longwood should be implemented. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Accommodate altered hydrologic
processes

Adjust systems to cope with increased
water abundance, and high water
levels

Bene!ts:

Better water retention; erosion control;
containment of dissolved grey water
substances; improved nutrient base of
soil; improved terrestrial and aquatic
wildlife habitat; improved water quality of
Bennetts Run; decreased erosion;
improved !ood mediation.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)
Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



Tactic: Modifying forest operations techniques and equipment to minimize soil compaction, rutting, or other impacts on water,

soils, and residual trees. Retaining coarse woody debris to maintain moisture, soil quality, and nutrient cycling. Restricting
recreational access in areas that show signs of excessive wear on natural resources in order to allow for revegetation or soil
stabilization. Using soil amendments to restore or improve soil quality. Restoring native herbaceous ground cover following
management activities in order to retain soil moisture and reduce erosion. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental ecological
functions (Forest)

Reduce impacts to soils and nutrient
cycling

Bene!ts:

Better water retention; erosion control,
containment of dissolved grey water
substances; improved nutrient base of
soil; improve wildlife habitat, improved
water quality of Bennetts Run; decreased
erosion; improved !ood mediation;
reduced invasive growth.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)
Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



Tactic: Using herbicide or mechanical thinning to prevent the encroachment of woody competitors and invasive species, especially

after disturbance. Thinning forest stands to remove crowded, damaged, or stressed trees in order to reduce competition for light,
nutrients, and water. Fertilizing or amending soil to address nutrient de"ciencies. Controlling beech suckers, sprouts, and brush
with herbicides or mechanical treatment in areas a$ected by beech bark disease in order to reduce competition with the
regeneration of other species. Development of a proactive forestry plan using best forestry practices to improve the health of the
forest. Evaluation of the location of trails. (5 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental ecological
functions (Forest)

Reduce competition for moisture,
nutrients, and light

Bene!ts:

Better water retention; erosion control;
containment of dissolved grey water
substances; improved nutrient base of
soil; improved wildlife habitat, improved
water quality of Bennetts Run; decreased
erosion; improved !ood mediation;
reduced invasive growth.

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)
Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



Tactic: Better management of the head waters of Bennetts Run above KC property. Possible removal or modi"cation of Scotts

Ponds, the remaining berm from a breached dam below Scotts Pond and planned remodeling of the Bennetts Run stream bed
between the two structures.. Use in-stream restoration techniques to dissipate stream!ow energy that enhances bank stability
during and after large storm events, by using rock vanes, weirs, large boulders and large wood. Re-sculpt functioning ditches in
agricultural areas and storm water drainage areas to two-stage designs that mimic a !oodplain providing more consistent !uvial
form and process, greater channel stability and to slow delivery of water through the watershed. (10 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain fundamental hydrologic
processes

Maintain and restore stream channel
form and function

Bene!ts:

Decreased erosion, stabilized stream
structure, decreased !ow energies and
maximized use of the !ood plain during
high water events. Improved aquatic
habitat and creation of refugia.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



Tactic: Maintain vegetation, or revegetate stream banks to absorb and dissipate water velocity and energy, slow storm water run

o$, control road surface drainage and reduce sedimentation by directing water into forested or densely vegetated areas with lead
o$ ditches, broad based dips, bioswales and water bars. Delay spraying following heavy rains and prior to expected rain events. Use
erosion resistant materials and slope stabilization methods around cross drain culverts and storm water run o$ areas to reduce
risks of erosion after short duration, high intensity, rainfall events. (15 years)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Maintain and enhance water quality
Reduce soil erosion and sediment
deposition

Bene!ts:

Decreased erosion, stabilized stream bed
and soil structures, decreased !ow
energies and maximized use of the !ood
plain during high water events. Improved
water quality through increased
absorption of nitrogen, phosphorous and
other compounds by the vegetation.

Drawbacks and Barriers:

Securing the funding for these activities
and prioritization of these activities in
relation to other needs would need to be
determined.

Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



Tactic: Planting of ground covers and deeply rooted shrubs in the woods and riparian areas. Finding ground covers and shrubs to

stabilize the soil and build up a du$ will require consultation with local native plant experts. Develop an ongoing program to
improve soil composition, especially in the spray "eld. If and when the Land Studies proposals are implemented, speci"c guidance
should be given to create stream channel complexity. Implement a soil moisture monitoring system in the spray "eld. The
operation of the spray "eld, whenever possible, should be guided by soil moisture guidelines. Structural changes to better manage
storm water run from impervious surfaces on KC property and agriculture "eld at Longwood should be implemented. (15 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Accommodate altered hydrologic
processes

Respond to or prepare for excessive
overland !ows (surface runo$)

Bene!ts:

Better water retention; erosion control;
containment of dissolved grey water
substances; improved nutrient base of
soil; improved terrestrial and aquatic
wildlife habitat; improved water quality of
Bennetts Run; decreased erosion;
improved !ood mediation

Drawbacks and Barriers:

The funding and prioritization of these
activities in relation to other forest needs
will need to be considered.

Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



4d. Landscaped Areas: Adaptation Tactics

Tactic: 1. Add/increase mulch circles around Arboretum trees to minimum three foot diameter mulch and plant new trees with

minimum three foot diameter mulch. (ongoing)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Sustain or restore fundamental
ecological functions (Urban)

Maintain or restore soils and nutrient
cycling in urban areas

Bene!ts:

maintain water, remove foot
tra#c/mower tra#c over tree roots,
reduce soil compaction, suppresses
invasive

Drawbacks and Barriers:

requires weeding which is resource
intensive.

From 2022, 50% of all landscape
species new to the Arboretum
collection will be hardy in Zones 7 & 8.
(Ongoing)



Tactic: 1. Include a diverse mix of locally and regionally native species in plantings especially in plantings that are near natural

areas. 2. Identify native species that may decline; nurture or replace. (Ongoing)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate composition adjustments
through species transitions (Urban)

Establish or encourage new mixes of
native species

Bene!ts:

Arboretum better withstands projected
climate changes.

Drawbacks and Barriers:

Not speci"ed

From 2022, 50% of all landscape
species new to the Arboretum
collection will be hardy in Zones 7 & 8.
(Ongoing)
Identify and map tree species on site
that are least vulnerable to climate
change. a. Take special care of
identi"ed species. b. Add additional
species as budget permits. (Review
annually)
Locate a protected place on each
campus to plant tree species from one
or two more southern zones - nurture
well. (< 3 years)
Increase the number of native tree
species in the landscaped areas by 5%.
(< 10 years)



Tactic: Select trees that are hardier to extreme storm events and less likely to break when pruned correctly. (Ongoing)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Facilitate composition adjustments
through species transitions (Urban)

Select tree species to match current
and future site conditions

Bene!ts:

Promotes healthier Arboretum.

Drawbacks and Barriers:

Not speci"ed

From 2022, 50% of all landscape
species new to the Arboretum
collection will be hardy in Zones 7 & 8.
(Ongoing)
Locate a protected place on each
campus to plant tree species from one
or two more southern zones - nurture
well. (< 3 years)



Tactic: 1. Promote diversity across taxonomies. 2. Increase diversity in the approximately 100 species planted annually by choosing

a variety of cultivars and native species. 3. Prepare and refer to Climate Change Vulnerability Tables for desirable species. (< 2 years)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Reduce the impact of biological
stressors (Urban)

Prevent the introduction and
establishment of invasive plants and
remove existing invasive species

Bene!ts:

1. Promotes cooperation between Arb
Team and Horticulture Committee 2. Early
detection and response to pests,
invasives.

Drawbacks and Barriers:

Requires resources.

Identify and map tree species on site
that are most likely to be vulnerable to
climate change. a. Monitor accordingly
- do not add any vulnerable tree
species. (Review annually)
Identify and map tree species on site
that are least vulnerable to climate
change. a. Take special care of
identi"ed species. b. Add additional
species as budget permits. (Review
annually)
Increase the number of native tree
species in the landscaped areas by 5%.
(< 10 years)



Tactic: 1. Maintain trees on a regular pruning cycle; use ANSI standard and best management practices. 2. Engage in structural

pruning to reduce wind hazards. 3. Refer to guidance in Kendal Crosslands Urban Forest Management Plan. (Ongoing)

Practicability: High

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Reduce the risk and long-term impacts
of severe disturbances (Urban)

Maintain trees and remove hazards to
reduce severity or extent of wind and
ice damage

Bene!ts:

Improves care and maintenance of trees.
Improves Arboretum health.

Drawbacks and Barriers:

Requires resources to schedule and
conduct the work.

Identify and map tree species on site
that are most likely to be vulnerable to
climate change. a. Monitor accordingly
- do not add any vulnerable tree
species. (Review annually)
Identify and map tree species on site
that are least vulnerable to climate
change. a. Take special care of
identi"ed species. b. Add additional
species as budget permits. (Review
annually)
Remove older trees that do not
respond to management of associated
diseases and/or may be hazardous.
(Review annually)
Locate a protected place on each
campus to plant tree species from one
or two more southern zones - nurture
well. (< 3 years)
Increase the number of native tree
species in the landscaped areas by 5%.
(< 10 years)



Tactic: 1. Limit use of known invasive species in horticultural plantings. 2. Choose species least susceptible. 3. Treat susceptible

species as needed 4. Replace declining species with more diversity. (Ongoing)

Practicability: Medium

Adaptation Strategies and Approaches Bene!ts, Drawbacks and Barriers Associated Management Objectives

Reduce the impact of biological
stressors (Urban)

Prevent the introduction and
establishment of invasive plants and
remove existing invasive species

Bene!ts:

Avoids introducing problems. Education
of residents.

Drawbacks and Barriers:

Requires monitoring resources.

Locate a protected place on each
campus to plant tree species from one
or two more southern zones - nurture
well. (< 3 years)
Increase the number of native tree
species in the landscaped areas by 5%.
(< 10 years)





5. Monitoring Plan
Monitoring is critical for understanding if management actions are e·ective or if management should be altered in the future to
account for new information. The following monitoring variables were described for this particular management objective and
adaptation tactics.

5a. Central Oak-Pine: Monitoring Plan

Monitoring Variable: Records will be maintained of species, numbers, and locations of all trees, shrubs, and ground covers

planted.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no tree
species made up more than 25% if the
forest inventory in de"ned areas of the
forest. Records will demonstrate that no
planted ground cover or shrub species
will make up more than 75% of the
inventory in de"ned areas of the forest.
Records will demonstrate that the age
and species diversity of the forest will
increase every "ve years.

The Nature Conservancy Committee will
maintain and review the records. An
independent forestry assessment will be
performed every 10 years.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)
Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



Monitoring Variable: Recorded species, numbers, dates of plantings, and locations of all trees, shrubs and ground covers. Species

mortalities will be recorded. Infrastructure damage will be recorded.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no tree
species made up more than 30% of the
forest inventory in de"ned areas of the
forest. Records will demonstrate that no
planted ground cover or shrub species
will make up more than 75% of the
inventory in de"ned areas of the forest.
Records will demonstrate that the age
and species diversity of the forest will
increase every "ve years. Decreased
infrastructure damage from tree falls will
be noted after the "rst 10 years.

The Nature Conservancy will maintain
and review the records of all plantings
and tree deaths. The administration will
maintain records of then number of
incidents of infrastructure damage due to
tree falls.

Establish a sustainable mixture of
native species in all canopy levels of
the forest. (< 20 years)



Monitoring Variable: The type, number, date planted, and location of planted native tree, shrub, and ground cover species. Annual

bird counts.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records of all plantings will show a
continual increase in the diversity in
species, age, and population mix of the
forest for 20 years. Records from the
annual bird counts will demonstrate
increased diversity of species and
population numbers by 20% in 10 years.

The Nature Conservancy will maintain
and review the records of all plantings.
The annual bird count performed on the
campus will provide data on species and
populations.

Create su#cient habitat to foster a
wide diversity of native insect, bird and
animal species. (< 30 years)



5b. Riparian: Monitoring Plan

Monitoring Variable: Records will be kept of all species planted, their locations, and their numbers.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no one
planted species makes up more than 25%
of planted inventory. Evaluations of
plantings will document species survival.
Hours spent on invasive management will
demonstrate a decrease to less than 25%
of the preplanting management time and
resources.

The Nature Conservency Committee will
maintain records on species plantings,
survival, and invasive management time
and resources utilized. The administration
will document time and resources spent
on invasive species management.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Monitoring Variable: Records will be maintained of species, numbers, and locations of all trees, shrubs, and ground covers

planted.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no tree
species made up more than 25% if the
forest inventory in de"ned areas of the
forest. Records will demonstrate that no
planted ground cover or shrub species
will make up more than 75% of the
inventory in de"ned areas of the forest.
Records will demonstrate that the age
and species diversity of the forest will
increase every "ve years.

The Nature Conservancy Committee will
maintain and review the records. An
independent forestry assessment will be
performed every 10 years.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Monitoring Variable: The type, number, date planted, and location of planted native tree, shrub, and ground cover species. Annual

bird counts.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records of all plantings will show a
continual increase in the diversity in
species, age, and population mix of the
forest for 20 years. Records from the
annual bird counts will demonstrate
increased diversity of species and
population numbers by 20% in 10 years.

The Nature Conservancy will maintain
and review the records of all plantings.
The annual bird count performed on the
campus will provide data on species and
populations.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Monitoring Variable: Recorded species, numbers, dates of plantings, and locations of all trees, shrubs and ground covers. Species

mortalities will be recorded. Infrastructure damage will be recorded.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no tree
species made up more than 30% of the
forest inventory in de"ned areas of the
forest. Records will demonstrate that no
planted ground cover or shrub species
will make up more than 75% of the
inventory in de"ned areas of the forest.
Records will demonstrate that the age
and species diversity of the forest will
increase every "ve years. Decreased
infrastructure damage from tree falls will
be noted after the "rst 10 years.

The Nature Conservancy will maintain
and review the records of all plantings
and tree deaths. The administration will
maintain records of then number of
incidents of infrastructure damage due to
tree falls.

The riparian environment will consist
of a sustainable mixture of native
riparian plant species su#cient to
inhibit invasive growth . (< 20 years)



Monitoring Variable: The temperature di$erence between the upstream and downstream monitoring stations.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

By 2035 the di$erence in daytime water
temperatures will be equal to or greater
than 3ºC 90% of the time during the
period of the beginning of June to the end
of October.

The recorded temperature data from the
two stations will be monitored monthly by
the Nature Conservancy Committee.

The summer water temperature will
drop by at least 3 degrees C between
upstream and downstream monitoring
stations on a daily basis. (< 15 years)
Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)



Monitoring Variable: Aquatic vertebrate and invertebrate populations.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Stream ratings using aquatic invertebrate
and vertebrate populations will show
continue improvement toward a goal of
attaining a high value rating in 15 years.

Stroud Water Resources Center will
perform the stream studies every 5 years.

Aquatic vertebrate and macro-
invertebrate population studies will be
at consistent "ndings to move the
classi"cation of Bennetts Run to a
“high value” status (<15 years)



Monitoring Variable: Stream bed locations and degree of bank erosion.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Stream bed locations will show minimal
displacements when evaluated every 5
years. Those evaluations will also assess
whether the planted vegetation is
stabilizing the stream bank by measuring
erosion of particular sections of the
stream.

The Nature Conservancy Committee will
map and compare stream bed locations
every 5 years and assess the degree of
erosion occurring in the stream banks.

Planted vegetation will stabilize the
stream bed of Bennetts Run. (< 10
years)
Planted vegetation will inhibit the
excessive erosion of the banks of
Bennetts Run during high water
events. (< 10 years)



Monitoring Variable: Monitoring of stream height during or debris "eld locations after every rain event of over three inches in 24

hours

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Direct observation and identi"cation of
debris "eld locations after rain events of
greater than 3 inches in 24 hours will be
assessed. Stream height and debris "eld
locations will not be higher than the top
of the culvert under the maintenance
road after a 6 inch 24 hour rain event in
15 years.

The Nature Conservancy Committee and
Administration will monitor water heights
after rain events of greater than 3 inches
in 24 hours.

Floodplain vegetation will capture and
slow water from a 6 inch 24 hour
rainfall su#cient to allow the water
from Bennetts Run to !ow freely
through the culverts under the
maintenance road. (< 15 years)



5c. Riparian and Lowland Hardwood: Monitoring Plan

Monitoring Variable: Records will be kept of all species planted, their locations, and their numbers.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no one
planted species makes up more than 25%
of planted inventory. Evaluations of
plantings will document species survival.
Hours spent on invasive management will
demonstrate a decrease to less than 25%
of the preplanting management time and
resources.

The Nature Conservency Committee will
maintain records on species plantings,
survival, and invasive management time
and resources utilized. The administration
will document time and resources spent
on invasive species management.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)
The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)



Monitoring Variable: Records will be maintained of species, numbers, and locations of all trees, shrubs, and ground covers

planted.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no tree
species made up more than 25% if the
forest inventory in de"ned areas of the
forest. Records will demonstrate that no
planted ground cover or shrub species
will make up more than 75% of the
inventory in de"ned areas of the forest.
Records will demonstrate that the age
and species diversity of the forest will
increase every "ve years.

The Nature Conservancy Committee will
maintain and review the records. An
independent forestry assessment will be
performed every 10 years.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)



Monitoring Variable: The type, number, date planted, and location of planted native tree, shrub, and ground cover species. Annual

bird counts.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records of all plantings will show a
continual increase in the diversity in
species, age, and population mix of the
forest for 20 years. Records from the
annual bird counts will demonstrate
increased diversity of species and
population numbers by 20% in 10 years.

The Nature Conservancy will maintain
and review the records of all plantings.
The annual bird count performed on the
campus will provide data on species and
populations.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)
The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)



Monitoring Variable: Recorded species, numbers, dates of plantings, and locations of all trees, shrubs and ground covers. Species

mortalities will be recorded. Infrastructure damage will be recorded.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Records will demonstrate that no tree
species made up more than 30% of the
forest inventory in de"ned areas of the
forest. Records will demonstrate that no
planted ground cover or shrub species
will make up more than 75% of the
inventory in de"ned areas of the forest.
Records will demonstrate that the age
and species diversity of the forest will
increase every "ve years. Decreased
infrastructure damage from tree falls will
be noted after the "rst 10 years.

The Nature Conservancy will maintain
and review the records of all plantings
and tree deaths. The administration will
maintain records of then number of
incidents of infrastructure damage due to
tree falls.

75% of the spray "eld forest inventory
will be made up of native forest
species best able to thrive in the spray
"eld environment. (< 30 years)
The spray "eld forest inventory will
demonstrate e$ective species and age
diversities. (< 50 years)



Monitoring Variable: Results from monthly well testing and results from periodic testing of Bennetts Run

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Monthly testing of the wells will
demonstrate no increasing
concentrations of nitrogen and
phosphorous compounds for the next 50
years. Periodic water testing of Bennetts
Run will demonstrate maintenance of
pollutant concentrations below PA-DEP
limits.

The administration will maintain the
monthly well analysis. A periodic
monitoring system for Bennetts Run will
need to be established.

Ongoing well water and stream
monitoring will demonstrate no
leaching of e%uent substances into
the ground water or Bennetts Run. (<
30 years)



5d. Landscaped Areas: Monitoring Plan

Monitoring Variable: Monitor mulch circles around trees planted each year.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

For each newly planted tree, is the mulch
circle at least three feet in diameter.

Count at end of planting season. Con"rm
100% of new trees meet mulch circle
requirement.

From 2022, 50% of all landscape
species new to the Arboretum
collection will be hardy in Zones 7 & 8.
(Ongoing)
Increase the number of native tree
species in the landscaped areas by 5%.
(< 10 years)



Monitoring Variable: Determine if newly planted trees are chosen for low-moderate susceptibility to pests and diseases.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

At lease 50% of new trees meet
monitoring variable.

At end of planting season, count number
of species that have low-moderate
susceptibility to pests and diseases
compared to total trees planted.

From 2022, 50% of all landscape
species new to the Arboretum
collection will be hardy in Zones 7 & 8.
(Ongoing)



Monitoring Variable: Determine if newly planted trees are cultivars/nativars new to the Arboretum.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

At least 50% of new trees are
cultivars/nativars new to the Arboretum.

At the end of the planting season, count
the number of newly planted species that
are cultivars/nativars compared to total
trees planted.

From 2022, 50% of all landscape
species new to the Arboretum
collection will be hardy in Zones 7 & 8.
(Ongoing)



Monitoring Variable: Pruning Plan for young shrubs/trees.

Criteria for Evaluation Plans for Implementation Associated Management Objectives

Determine number of young trees in KCA
Urban Forest Plan Report and identify
them.

At the end of the year, determine the
number of the trees identi"ed have been
pruned.

From 2022, 50% of all landscape
species new to the Arboretum
collection will be hardy in Zones 7 & 8.
(Ongoing)
Identify and map tree species on site
that are most likely to be vulnerable to
climate change. a. Monitor accordingly
- do not add any vulnerable tree
species. (Review annually)
Identify and map tree species on site
that are least vulnerable to climate
change. a. Take special care of
identi"ed species. b. Add additional
species as budget permits. (Review
annually)
Remove older trees that do not
respond to management of associated
diseases and/or may be hazardous.
(Review annually)
Locate a protected place on each
campus to plant tree species from one
or two more southern zones - nurture
well. (< 3 years)
Increase the number of native tree
species in the landscaped areas by 5%.
(< 10 years)
Add three shrub groupings as
understory between/below 3 large
shade trees. (< 3 years)
To create optimal conditions for tree
health, grounds sta$ will use Best
Management Practices as
recommended in the KC Urban Forest
Management Plan. (Ongoing)
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