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Abstract

Terrestrial Invasive PlantBroblem Statement and Management Strategy for Properties under
the Care and Control of the DCR Division of Water Supply Proteetipfains the threat of
terrestrialinvasive species, deribesthe current status othese speciesn the Department of
Conservation and Recreation/Massachusetts Water Resources Authority (DCR/MWRA)
reservoir system, and describes thetential strategies available twontrol existing infestations
and prevent new introductions.
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1 Introduction

The Massachusetts Department of Conservation and Recreation, Division of Water
Supply ProtectionQffice of Watershed Manageme(@WSP, or the Division) manages and
protects the drinking water supply watersheds that provide water for approximately 2.2 million
Massachusetts residents (séegure 2. The mission of the Divisiontasutilize and conserve
water and other natural resources to protect, preserve and enhance the environment of the
Commonwealth and to assure the availability of pure water forreigenerations. This report
explains the threat of terrestrial invasive species, describes the current status of these species
on the Department of Conservation and Recreation/Massachusetts Water Resources Authority
(DCR/MWRA) reservoir system, and ddssithe potential strategies available to control
existing infestations and prevent new introductions.

A significant percentage of the plants in natural landscapes in Massachusetts are
introduced, nonindigenous, exotic or alien species. Some have common names that indicate
0 KSANI 2 NR 3 A Y Jlacé,BeimBdagrasg&renéhrockgt\orSl@panesenazus. Other
less blatantly introduce exotics include the familiarutter-and-eggs or thecommonmullein.
However, none of these is considered a problem species, because each shares its habitat with
other native and common plants. Sonlearly native species, such as kspented érn, can
dominate an area when the conditions are right and may be considered |dzaisive in this
way. However, the terndinvasive plartis generally saved for those species that are both-non
indigenous and aggressive habitat monopolizers at scales ranging from a small patch to
hundreds of contiguous acres.

The problem of invasive plants has been widely articulated. The plants of greatest
concern have been transported out of their native environment and consequently are free of
the evolved biological controls that manage population expansions and maintdayiual
diversity. Without these constraints, invasives have monopolized communitiespoybeting
a wide range of prexisting natives. This monopolization can have economic consequences,
impact rare and endangereathtive species, dramatically altdong-established balances of both
species composition and habitat qualities, and may result in losses of both human uses and the
ecological integrity of the affected environment. The changes accompanying invasions are
often subtle, even attractive, so théhe dproblene is not always immediately obviou3he
following, however are just a few examples of the undesirable effects of invasive plants:

1. Purple loosestrife has expanded to cover an estimated 500,000 acres in northern US and
southern Canada and is now presenmostof the wetlands used by breeding
waterfowl! along the Atlantic and Mississippi flywgBtossey et al 2001) Its density in
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some shallow wetlands has rendered them inhospitable not just for ducks, but also
muskrats, turtles, and even spawning northern pike.

. While theWest Virginia white butterflg, diminishing throughout its rangehas long
utilized native mustards, larvae that emerge from eggs laid on the invasive garlic
mustard @lliaria petiolata)fail to develop[March 2026 accessibility version updates
original hyperlink to thevebsitesupporting this statemenpublished here in 2011 is no
longer working. No equivalent web page hosted by this organization is currently
available howevetthe topic is discusseslith numerouseferencesitedin this
Wikipedia articld

Invasive plants can cause letegm indirect changes to habitatdMelaleuca an

Australian tree species introduced in south Florida, has escaped plantations and
converted nearly half a million acres of marsh into swamp forest that is hydrologically
altered and devoid of native herbaceous specjdtarch 2026 accessibility version
update:the original hyperlink to thevebsiteas published here in 2011 is no longer
working. Thisveb pagehosted by the same organization provides equivalent
information] There is evidence that the invasive Chinese tallow tfemdica sebifera
a.k.a.Sapium sebiferums altering nutrient cycling and introducing toxic allelopathic
chemicals in the soil where it invades, causing a decline in the native soil invertebrates
as a consequenc@March 2026 accessibility version updétee original hyperlink to the
websitesupporting this statement published here in 2011 is no longer working. No
equivalent web page hosted by this organization is currently available, however the topic
is discussed with numerous references cited invthigpedia article]

. The Nature Conservancy has estimated tha68o of imperiled species have been
impacted tosome extent by invasive plangsd thatdall of the lands and waters that

TNC and its partners have protected in our entire history are at risk from the invasive
species threat (TNC Invasive Species Business Plan, March 2001 draft). Invasive species
are considered to be the second most important threat to biological diversity

worldwide, following habitat destruction.

. The Massachusetts Executive Office of (Energy and) Environmental Affairsiidpsrt
State of Our Environmea{April, 2000) states thaikhe two biggest threats to

biodiversity in Massachusetts are the destruction and fragmentation of wildlife habitats
and the introduction of invasive nemative species. In the Connecticut River valley,
Phragmitess becoming the dominant species in wetlands of international importance
as exemplary communities (The Connecticut River Watershed/Long Island Sound
Invasive Rnt Control Initiative: Strategic Plan, March 1999).
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6. In 1993, the Congressional Office of Technology Assessment concluded that just 79 non
indigenous species in the US caused documented losses in agriculture, industry, and
human health of $97 billion during the period from 1906 to 1991. (®GBANful Non
Indigenous Species in the United States
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2 Definitions ofdnvasive
2.1 GeneralDefinitions

dnvasive plants fall into at least two categoriesnative or nonnative species. Most of
the difficulties associated with invasive plants involve plants that arenative. This is true in
part because these nenative éalieng have been transported out of the ecosystem in which
they evolved and may have escaped specific populatamtrolling insects and diseases in the
process. It is important to point out that not all nortive plants are invasive. Most have been
intentionally introduced into agriculturair horticultural environments, and many are unable to
reproduce outside of these intensively managed environments. There are, unfortunately,
hundreds of others that were introduced either deliberately or accidentally to natural settings
and have managetb aggressively force out native plants, raising serious biodiversity issues and
potential threats to water quality protection.

It has taken time for these issues to become apparent. Some of the invasive plant
problems on DWSP properties are the result of deliberate plantings of species that effectively
addressed other concerns (for instance, planting autumn olive to improvafeitdibitat), but
then became invasive. Other invasive species are escapees from landscaping that predates
52{tQa | OldzAaAldA2YyY 2F NBASNI2ANI LINPLISNIASas A
Japanese knotweed, the buckthorns, Asiatic privets, henekles, and purple loosestrife. In all
Ol &4 Sazx dhvashdnessisiconiposed of several defining qualities:

1 The plant grows and matures rapidly in abundantly available habitats.

1 The plant is capable of producing vast quantities of seed that is easily dispersed by
animals; often it can also reproduce vegetatively.

1 There are no diseases or pests effectively controlling its reproduction and spread (which
generally means there are no close relatives in the habitats it invades).

1 The plant does not require intensive management to thrive.

Terrestrial Invasive Plants: Problem Statement and Management Strategy
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2.2 Federal and Massachusetiefinitions

¢tKS CSRSNIt RSTFAYAUGUAZY 2F Ay OIE&RumEOrdetJSOA S A
13112 which simply refers to invasive speciesias alien species whose introduction does or is
likely to cause economic or environmental harm or harm to human healtin the Executive
Summary of the National Invasive Species Management Plan (NISMP) thevaswe specids
further clarified and defined a&a species that is nomative to the ecosystem under
consideration and whose introduction causes or is likely to cause economic or environmental
harm or harm to human healttE

The Massachusetts Invasive Plants Advisory G(MIBAGhasproduced a methodically
developed list of invasive and potentially invasive plants in the Commonwealth, through
cooperation and objective, scientific review among biologists, government staffpradits,
nurseries, and landscape organizations. MIFsBgenerated the following definitions of
invasivenessoNonnativespecies that have spreaato native or minimally managed plant
systems in Massachusetts. These plants cause economic or environmental harm by developing
selfsustaining populations and becoming dominant and/or disruptive to those systéxas
defined heregspecies includes all synonyms, subspecies, varieties, forms, and cultivars of that
species unless proven otherwise by a process of scientific evaluation.

MIPAGurther developed detailed criteritb objectively evaluate and categorize plant
species suspected of being, or with the potential to become, invasive in Massachusette. The
criteria enable the separation of plants into the following categories:

M Invasive Plantgy Massachusetts
1 Likely Invasive Planis Massachusetts

1 Potentially Invasive Planits Massachusetts (species not currently known to be
naturalized in Massachusetts, but that can be expected to become invasive within
minimally managed habitats within the Commonwealth)

For details of these definitions and a current list of plant species that have been ranked,
refer to the MIPAG website

Terrestrial Invasive Plants: Problem Statement and Management Strategy
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3 FederalinvasiveSpeciesPrograms andMandates

In February of 1999, President Clinton signed Executive Order 1314®#et@nt the
introduction of invasive species and provide for their control and to minimize the economic,
ecological, and human health impacts that invasive species gai€® 13112 further requires
federal agencies to pursue the duties set forth in consultation with the National Invasive
Species Council (NISC), consistent with the National Invasive Species Management Plan and in
cooperation with stakeholders, as appropriagad, as pproved by the Department of State,
when working with international organizations and foreign natioRsaither than establish a
separate agency to cover the problem, EO 13112 assembled the NISC as alewgparter
departmental organization to coordinate the invasive species management efforts of the 13
departments and agencies of the Federal governmtmd,Secretaries and Administrators of
which serve as members of the NISC. The Councicisased by the Secretaries of the
Interior, Agriculture, ad Commerce. The Invasive Species Advisory Council is comprised of
non-federal representatives who collectively advise the NISC.

NISGvas created tarecommend plansand actions at local, tribaltate, regional, and
ecosysterrbased levelsto address prevention and control of invasives. The first edition of a
National Invasive Species Management RIS MPJrom this Council was produced in January
of 2001, serving as a blueprint for invasive spe@ctions. This plan providedth additional
mandates and an overview of the costs and agency responsibilities to begin to gain control over
invasives.The 2001 NISMP was revisedwiihe 20082015 NISMP, which details the objectives
for meetinggoals to

Prevent the introduction of invasive species

Find and stop new invasive species

Stop the spread and minimize impacts

Restore native species and habitats; rehabilitate higlue ecosystems and processes
5. Maximize effectiveness and collaboration on invasive species issues

P wnpE

(SeeFactsheet from The National Invasive Species Council [NISC)
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4 Massachusett$rograms andMandates

Since 1995the Massachusetts Invasive Plants Advisory Group (MIRA&)itionto
methodically develomg alist of invasive and potentially invasive plants in the Commonwealth,
has developedtrategic recommendations for managing invasive plants in Massachusetts
outlined below

4.1 MIPAG Strategic Recommendations

The 2009MIPAGStrategic Recommendations for Managing Invasive Plants in
Massachusettsvere intended to provide guidance to public and private landowners seeking to
address the issue of invasive plants in an effective and efficient manner. The document
includes the following nine principle recommendations:

1. Massachusetts should develop and implement a strategic management plan based on the
recommendations of the MIPAG and integrated with the existing Massachusetts Aquatic
Invasive Species Management Plan to address introduced invasive plant species.

2. A strategic management plan for managing invasive plants in Massachusetts should
include a scientifically objective assessment process; a system for early detection and
rapid response; criteria for setting research, management and education priorities; and
develop broad public and private partnerships integrating efforts from the local to
national scales.

3. Massachusetts should adopt the MIPAG criteria for invasive plant assessment and
recognize the list of plant species determined by this process to be Invasive, Likely
Invasive or Potentially Invasive within the Commonwealth. It should maintain an ongoing,
transparent assessment process using the MIPAG criteria and with the participation of
both public and private interest groups. This assessment should inform invasive species
management strategies. Prevention strategies should predominantly focus oespeci
assessed as Potentially Invasive and controlling the spread of Invasive species into priority
conservation areas. Candidate species for eradication strategies should be selected from
among those assessed as Likely Invasive.

4. Massachusetts should establish and support a centralized means within state government
for inter-agency coordination on invasive species management, in partnership with public
and private sector interests. This mechanism should facilitate the productian o
strategic management plan for invasive plant species in the Commonwealth based on
aLt! DQa NBO2YYSYRIUlAZ2Yao® LG akK2dzZ R KSf LJ
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efforts within the Commonwealth and integrate efforts with regional and national
partners.

Massachusetts should establish and support an effective early detection and rapid
response system for invasive species that is well integrated with regional and national
efforts.

Massachusetts should assign to a responsible entity the task of assessing invasive species
research needs and priorities for Massachusetts. It should integrate the work of public

and private research partners, actively develop sources of funding foretbesrch, and
maintain a centralized database of this research in easily accessible form and linked to
regional or national databases of this type. Funding sources for needed research should
be developed and promoted.

. A strategic management plan for invasive species in Massachusetts should set priorities
for prevention, control, eradication and restoration efforts. Prevention should emphasize
an early detection and rapid response system for new invasions and eduehton best
management and prevention practices directed at the primary vectors for spreading
invasive plant material. Except where eradication is feasible, control efforts should always
manage toward a desired status or outcome for conservation resowaepromised by
invasive plant species, rather than the invasive species itself. Priority areas for
management should be determined by identifying at all scales the natural and cultural
resources at risk from invasive species and conducting baseline m&s#sf invasive

species at those sites.

Massachusetts should adopt a policy of targeted outreach and education to raise
awareness of the extent of the invasive plant problem and of the importance of each of
our roles in preventing and controlling invasive species. Public education shoulefocus
those vectors of spread most likely to introduce invasive plants into priority areas. The
Commonwealth should endorse and adopt the voluntary protocols established under the
Saint Louis Declaration for all government agencies, and promote their addptio

nursery professionals, landscape architects, the gardening public, and botanic gardens
and arboreta in Massachusetts. Specifically, the Commonwealth should prohibit state
agencies from purchasing or intentionally introducing species determined boviasive,
Likely Invasive, or Potentially Invasive through the scientifically objective assessment
process of the MIPAG. Commercial industries should adopt a carefully constructed phase
out of these species in the trade while accommodating the econonficsreent

inventories and existing contracts. Education and outreach described herein should be
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sufficiently funded and implemented assertively in order to steadily reduce the consumer
demand for these species.

9. Public and private partnerships should be endorsed and strengthened as part of a
strategic management plan for invasive plants in Massachusetts. The transparent,
collaborative work of the MIPAG should be encouraged and supported as the means of
assessingvasive species for the Commonwealth. Regional and national Partnerships
and sources of funding for invasive plant management should be promoted and
integrated into invasives management efforts in Massachusetts.

4.2 State Terrestrial Invasive Plant Legislation

Following the creation of the list of invasive and potentially invasive plants in
Massachusetts, the Massachusetts Department of Agricultural Resources, Division of Regulatory
and Consumer Services filed legislation to phase these species out of commerdiaition and
use._This legislation passed and became effective on January 1, 2006, effectively phasing out the
sale and importation of 140 plant specieger a threeyear period
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5 TheProblem ofTerrestrial InvasivePlants onDrinking Water Supply
Watersheds

Terrestrial invasive plants may not categorically threaten the stewrh protection of a
drinking water supply. In fact, they aggressively reoccupy disturbed ground, stabilize soils,
assimilate nutrients, and mitigate the erosive power of precipitatiBuat they also can
monopolize the species compositiand simplify the structural complexitf the watershed
cover, which conflicts with watershed objectives for a diverse, resistant and resilient forest cover.

With a few exceptions (e.g., Norway maple, Foédeaven), the nomative invasive
plants that occur on DWSP watersheds are herbs, grasses, shrubs, or vines, so that they do not
provide the water supply protection benefits of trees (deeper root systemegtgr control of
temperature and therefore control over decomposition rates, and the simple depth or thickness of
a treedominated versus a shruttominated biological filter, which lengthens the path of
precipitation to the ground and increases the opporities to remove precipitatiofborne
pollutants), putting them further in conflict with objectivésr water supply protectionMany of
these invasive plants compete directly with tree regeneration, and the invasive vines (e.g.
bittersweet, milea-minute) are capable of infesting individual trees sufficiently to shade their
leaves and eventually kill them. Finally, their displacement of native plants puisative
invasive plants categorically in conflict with biological mBitg objectives that favowide and
varied distribution of plant communities composed of diverse, native species.

Beyond issues of biodiversity conservatimsilient plant communities arenportant to
watershed management for loAgrm control of the erosion of soil and nutrients following the
range of natural disturbances (e.g., droughts, insect outbreaks, fire, wind, heavy snow and ice).
Resilience is dependent upon species and sizesityen the plant community, because
disturbances are frequently species and/or size specific. When plants become aggressively
invasive, replacing the diverse native flora witbmocultures of nornative plantsthere is
concern that this reduction in diversity will reduce the capacity of the watershed forest to recover
following other disturbances. The prevention of forest regeneration by certain aggressive invasive
plants has become a problem on some areahefwatersheds, displacing what would have
returned as a diverse forest cover of maturing trees with-thiwersity cover of shrubs (e,g.

Berberis thunbergjior vines (e.gCelastrus orbiculatys This pattern is common elsewhere; in
Australian watersheds, for instance, native forest seedlings decrease exponentially in abundance
and richness as invasive biomass increases (Standish, 20@i).

Around the Quabbin Reservoir, barberry that was planted on historic home sites took
advantage of high deer populations to colonize and monopolize the understories of significant
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areas of the watershed forest and severely Igtiiee regeneration when the overstory is
subsequentlytost to disturbance or deliberately removed. On limited areas within the Ware River
watershed, nomative buckthornsRhamnus cathartica, Rhamnus frangudaie replacing native
understory vegetation. At the Wachusett Reservoir, autumn oll@gagnus umbellajehas
aggressively occupied open fields, delaying or precluding their return to forest cover. These are
just examples of the growing encroachmdayt nonnative invasive plant species on DWSP
watersheds. As seed sources continue to rise on or adjacent to these watershedstiven

invasive plants may be more effective than natives in colonizing disturbed areas and may overrun
young trees even adf these trees have become initially established.

There is a limited but growing literature reporting research findings ordttext effects of
invasive plants versus native plantsdnmnkingwater supplies, although the impact of noratives
on relatedecosystem processes has been studied for several decades (e.g., Vitousek and Walker,
1989). The effects of invasive plants on water quality are variable and may be direct or indirect.
Some invasive plants, includiffiragmites are used as part of water treatment facilities due to
their nutrient captureand growth characteristics (Moshiri, ed., 1993; Williagisal.,1995) or in
remedial treatment of nutrierimpoverished landscapes, such as the use of nitrgemg, non
native olives to rapidly revegetate strip mines (Wadal.,1985). Some invasive plants are known
to alter soil nitrogen cycles and pH with potentially negative consequences for associated water
quality. Japanese barberry and microstegium grass both produce increased pH and increased
nitrification in eastern forests (Ehrenfedd al., 2001) litter from invasive species in mesic
hardwood forests in New York generally decomposes and releases nitrogen more rapidly than
adjacent forests dominated by native species (Ash&tral.,2005), which may result in changes in
soil water chemistry. Japanese barberry will not thrive unless existing available nitrogen levels are
above minimum thresholds (Cassklyal.,2004), and barberry litter is higher in N concentration
than the litter of native species, decomposes more rapidly, and immebiN less effectively
(Ehrenfeldet al.,2001). Churclet al., (2004) reported significantly greater nitrate leaching during
the dormant season under autumn olive, a Roative invasive that is also a nitrogen fixer, than in
un-invaded open fields of native early successional species. Goldstein (2009) found that in
first order ephemeral streams draining watersheds with mixed forest cover and a rang&b5é6 0
autumn olive cover that the percent of autumn olive cover was positively correlated with mean
stream nitratenitrogen concentrationsHow these observations of changes to soil chemistry or
stream nutrient levels might translate into the degradation of a water supply reservoir has yet to
be modeled.

In general, wetland macrophytes (large plants) have evolved characteristics that allow
them to capture nutrients in flooded conditions and thereby populate these habitats by also
taking advantage of the abundant available sun and water. Macrophytes latetigsignificantly
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to the importance of wetlands in cleaning water supplies. Invasive macrophytes that occupy
wetlands are no exception to this rule. Some are in fact better adapted to grow and take
advantage of these conditions than native plants, which is why they agjgedsoutcompete the
natives.

Throughout the northeasPhragmites for example, has gained competitive advantage
over cattails, which it gradually replaces as the dominant macrophyte in wetlands and roadside
ditches (Bellavance and Brisson, 2010). While this represents a setback in native plant diversity, it
may resultin an improvement in the quality of the water flowing from these wetlands.
Phragmitess routinely a component of bioremediation in engineered sewage treatment plants
around the world because of its effectiveness inueitig waterborne nutrients, through more
effective uptake (Hoffman, 1990; Cooper and Green, 19@liams, et al., 1995

The indirect effects of invasive plants on water supplies include the changes they bring
about in watershed hydrologyThese effects are often scale dependent. For instance, while
stomatal conductance through the leaves amatigninvasive species has been shown to be
higher than for native species, the significance of this difference is dependent on the number of
leaves per planand plants per unit area for native versus rAoative plants (Cavaleri and Sack,
2010). Calder and Dye (2001) report on watese by native tree and short crops versus alien
species in Scotland, South Africa, and India. There are hydrological shifts associated with the
replacement of shorter native shrubs with notive trees species. Because trees generally
intercept and tanspire more water than shorter vegetation, water yields, especially during the dry
seasons or from wateimited portions of the watershed may be altered by this replacement.

In Massachusetts watersheds, the most prevalent invasive trend is the replacement of
forest cover by nomative and invasive shrubs, vines, and other low vegetation, which, according
to the Calder and Dye paper should increase water yields. While thibendgsirable during low
water years, increased water yield also carries the risk of increased nutrient and sediment
transport. Deliberate conversion from native to noative watershed vegetation can affect water
yield in less obvious ways. In Chinanpéd nonnative rubber trees increase root water uptake
during the dry season, while the native vegetation has evolved to coordinate high water demand
with the arrival of monsoon rainfall, so that planting with the Aoattive significantly depletes
deep @il moisture, a type of effect that is not simulated in traditional hydrologic models
(GuardiolaClaramonteet al.,2008).

Success as an invader relies on variable characteristics in these plants that may or may not
affect water resources. Some are successful by simple tolerance of low light conditions in
combination with their own ability to outshade native competitors (Fexigal.,2007(a)). Others
are more adept than competing natives in their capture or allocation of nutrients (Eealg
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2007(b)) and their ability to accumulate above or below ground biomass. Some invasive plants
reduce the native mycorrhizal densities on which some native plants, including trees, depend for
vigorous growth and survival (Vogelsang and Bever, 2009). ¥dmile characteristics of invasive
plants may relate directly to the quality and quantity of the water leaving sites that they
dominate, the general trend in Massachusetts toward large monocultures of primarilfreen
non-native invasive plants clearlynms contrary to the resiliency sought through the diversification
of the watershed forest cover and may prove to be the most significant water supply threat posed
by nonnative terrestrial invaders.
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6 TheRelationshipBetween EcosystenDisturbance andnvasions

The susceptibility of an area to invasion by aative invasive plants depends on
propagule pressure (aropaguleis any structure with the capacity to give rise to a new plant,
e.g.,a seed, a spore, or a part of the vegetative body capable of independent growth if
detached from the parentpropagule pressures a function of the number of propagulesa
release eventthe number of release events, and the health/vigor of the propagded the
availability of resources necessary &stablishment andjrowth. While potentially invasive
plants may rain seed on an area fully occupied by native plants, the ability of the invasive
species to populate that area depends on its ability to compete for water, nutrients, or sunlight.
A stable and vigorous assefrage of native plants may be relatively resistant to invasion until
something alters the availaiiyf of resources. For instance, a strong wind disturbance might fell
and/or killoverstory trees, reducing both the number of established natives and their combined
consumption of available resources. Immediately following that disturbance, invasive seeds are
competing with native seeds to reoccupy the site and seize the availalderces, rather than
trying to compete against wedlstablished native plants. It is characteristic of invasive species
to be very rapid growers and very successful competitohen a disturbance levels the playing
field and restarts the game.

Historical land use plays a critical role in determining the presence and abundance of
invasive species, due both to direct manipulation of the l@nd, for agriculture or the
development of the property for other human ugesd the deliberate introduction of nen
native species for economic or aesthetic purposes, which thenrbedovasive in the
landscapento which they were introduced Recent research on the Quabbin watershed
showed that the presence of Japanese barberry within a currently forestsmwas strongly
correlated to the past agricultural use (followed by abandonment and return to forest)retd
modern forest harvestingctivities within areas that had been continuously forested did not
affect the abundance or presence of barberry (DeGasperis and Motzkin, 2007). The basic
occurrence of this invasive species varies with site fertility (favoring lower than average acidity
and higher than average nutrient levels; in particular, N availability is strongly correlated to
barberry success &Ssidy, et al., 2004)) while abundance of the plant was strongly correlated
with agricultural clearing that had occurred after the initial introduction of the species on the
landscape (generally around house sites). High deer populations, which avaésk&apa
barberry when browsing, have also played a significant role in its expansion at Quabbin.

Another factor that may influence the dynamics of plant invasions is the presence and
abundance of nomative (European) earthworms. Narative earthworms have been shown
to cause remarkable changes in solil structure, nutrient cycling and availalwiitigiagic
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communities, and laoveground plant communitiedMany of the negative effects of earthworm
invasion result from the destruction of the litter layer. The combination of the loss of surface
litter and increased soil bulk density is likely to lead to increasedlland flow during
precipitation eventsandrelated erosionof nutrients and sedimentsn earthworminvaded

forest (Shuster, 2000).

Nonnative earthworms and nonative plants have been observed to occupy the same
habitats, leading some to suggest potential facilitation between the two groups of invaders.
Belote and Jones (2008) wrote thaome ecologists have suggested that awtive plants
may change soil characteristics, which allows for-native earthworms to invade. Others
suggest that earthworms facilitate plant invasions, or that both-native earthworms and
non-native plants rgpond similarly to coarying factors suchs disturbance or proximity to
agricultural landusé. ¢ KS NXB adzZ Ga 2F . St23S IyR w2ySaqQ SEL
mesocosms in a greenhouse suggest that invasion by aatwe tree (Ailanthus) and the litter
layer it produces, coupled with invasion by roative earthworms might directly facilitate
further understory plant invasions. Nuzaal., (2009) studied native vegetation, ngrative
earthworm biomass, and leaf litter volume in 15 northeast forests. Their results suggest that
earthworm imasion, rather than nomative plant invasion, is the driving force behind changes
in forest plant communities including declines in native plant species, and that earthworm
invasions appear to facilitate plant invasions in those forests.

Madrich and Lindroth (2008) posit that fagtowing shrubs such as honeysuckle and
buckthorn with high quality leaf litter are likely to increase earthworm populations.
Correspondingly, large earthworm populations are likely to favordesiving invasiveshrubs
by increasing nutrient cycling rates and availability, thus forming a positive feedback loop or
mutual facilitation that can result in a smlleddinvasion meltdows ¢ accelerated invasion
rates and accelerated replacement of the native communiityso, interrupting the positive
feedback loop could benefit ecosystem function and integrity. Exploring the potential
management implications, Madrich and Lindroth found that removal of invasive shrubs
(buckthorn and honeysuckle) reduced exotic eartihmea@abundance by roughly 50% for the
following 3 years, though earthworm biomass was reduced to a lesser extent.

Disturbance is a relentless component of ecosystem development. Even without
deliberate human disturbance, the typical average pace of mortality in the temperate forests of
the Northeast is in the range of 0.5% to 2.0% annually (Attiwill, 1994). Eeeghlsome
individuals might live several centuries, it is uncommon in this region for a large area of
maturing forest to persist for more than 100 yeavihout standinitiating disturbances.
Consequently, where invasive plant propagule pressure is stibisgust a matter of time
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before opportunity presents itself for the species to become established. Deliberate human
disturbance, through development or timber harvesting or agriculture can potentially
accelerate the spread of invasive species, but does not by dtsmise the invasion.

Some invaders create their own disturbance by overtaking native plant populations.
Vines, in particular, compete this way. An invasive vine (e.g., Oriental bittersweet) can
capitalize on both the sun at the edge of the forest and the scaffolding provogevelt
branched trees. Once a vine has grown to the top of the forest by way of the forest edge, it can
continue its way across the abundantly widltreetops, stealing the light away from the trees
and eventually killing its hosts, thus prolongihg &vailability of light for its own growth.

Though more protracted than a catastrophic ice storm or a silvicultural patch cut, this self
perpetuating disturbance is ultimately equally effective in shifting resources to the invasive
plant.
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7 Principles folManagingInvasivePlants

The list of examples of invasive plants is long and neither defining the problem with
invasive plants nor presenting a viable solution is a simple task. Many of these invaders have
become so well established across our landscape that eradication of\aryspecies is at least
impractical, if not impossible. But this does not mean that nothing is possible. On the contrary,
there areclear choices about what our landscape will look like in the future and how its
ecosystems will functionSeveral princiles of invasive management need to deknowledge
before developing a strategic plan to address them:

1. Developing a meaningful strategy of control requires first defining what is to be
conserved and protected from invasion. Conserving native biological diversity requires
first defining minimum levels of ecological function to preserve, then describingtprio
habitats and species to protect.

2. ltis possible to exert some control over invasives, but collectively and individually they
are not a problem with a shoterm solution. Successfully managing invasive species
requires a commitment to vigilance and action in perpetuity.

3. Resources devoted to control of invasives will never be sufficient to fund and staff all
desirable management approaches. Therefore, it is critical to find ways to identify
priority species, populations, and control methods so that available resources are
allocated wisely.

4. Regardless of the extent of the area of concern, the least expensive method of control is
to prevent new invasions at every entry port and to move quickly to control recently
discovered populations. Eradication of established invasives may be impolssible,
committing to prevention of new invasions is possible, logical, efficient, and imperative.

5. Effective watershed or landscape level control requires effective communication among
public and private landowners, government agencies, and NGOs. Carefully designed
and targeted education is the foundation of effective communication. Propagule
pressurefrom invasives is not deterred by property boundaries or differences of
opinion.

6. Effective specific management techniques for invasives will require better information,
acquired through ongoing research on the growth and reproduction of individual
species and the effect of these species on both habitats and the associated native
commurity.
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7.1 Determining Control Objectives

Followingthe recognitionof the potential negativeeffects of invasive plants on other
resources, a common response is to declar@allwar, to request or initiate the process of
obliterating these species from the landscape of concern. Yet, for all the reasons that the
species are successful at inviagla habitat, the desire to eliminate them is often met with

se

frustration. Without careful consideration of reasonable objectives that can be accomplished

with the available resources, expensive control efforts may produce very-bhedtresults.
The pant may be set back by the initial charge, but then its ability to reproduce rapally
propagule pressure from nearby uncontrolled populatioeslls the area, sometimes more
aggressively than before the effort to eliminate it, because the disturbdncegthe
elimination effort provided more suitable habitat and removed competing vegetation. A m
rational and more effective program begins with assessiegdistribution and abundance of
invasive plant populations, determinimyailable control resurces andhen setting priorities

ore

for species and areas to treat and objectives for control. While detailed objectives need to be

specific to the site and need to adapt to changing conditions, in general, these objectives
from prevention to eradication to manageme And where eradication is not possibtsmntrol
efforts should always manage toward a desired status or outcome for the resources
compromised by invasive plant species, rather than the invasive species itself.

range

A Method for Intensive Invasive Species Surveys on Large Properties

al 84 ! dzRdzo2y Qa 902t 23A0ltf 9EGSyarzy {S§
method for use on large properties such as the 2;306: Assabet River National Wildlife
Refuge and the 2,408cre Westover Air Reserve Base. Desktop GIS software itousedte a
grid of contiguous 50neter square cells over the study area. The grid is then loaded into a
ArcPad project on a handhe@P $almtop computer. In the field, the investigator uses the
LJ- £ Y (i 2 HIOGPS éndzthé diid, and aerial photos to navigate to and then explore eac
cell. A customized data entry form on the palmtop allows the investigator to usedinops
to enter species encountered, percent cover, and other data for each cell. Data is regula
backed up to a desktop computer and later analyzed with desktop GIS.

Mass Audubon states that this intensive method allows for rapid and accurate navigati
inventory, and data capture over wide areas. One person can map as much as 50 acres/
forested settings. Mass Audubon estimates their cost in the field at tg\&ftd/acre but says
that efficiencies of scale could lower the cost by half on a very large property.

At these rates, an inventory of approximately 100,000 acres of DWSP holdings would
one person anywhere from 4 to 8 years and cost $500;(10000,000. The result would be
complete and fingesolution picture of the invasive plant populations owBP watershed
lands. The method could be adapted by enlarging the size of the grid cells, thereby lower
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the time and cost involved, but with concomitant loss of detail.
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7.1.1 Survey/Inventory

Conducting an inventory (catalogue of species in an entire area) or survey (sample of a
representative portion of an area) of invasive plants in the watersheds is required in order to

determine what species are present, their general distribution and ikegdatbundance in
relation to other resources of interest or concern. This in turn allows the development of

priorities for management action based upon an assessment of the risks presented by the alien

plant populations, and also establishes a recordadgdiine conditions for future monitoring of

new arrivals (early detection), effects of control efforts, invasion spread rate, and impacts on

native plants.

IPANE

The Invasive Plant Atlas of New England project (IPA&lEloped an invasive plant inventory

method designed to determine presence or absence of invasive species in specific habitats,
rather than providing a detailed mapping of the areal extent of these species. Starting in 2004,

the IPANE approach was ajol for several years on Division watersheds, both by Natural
Resources staff and IPANE voluntefvkarch 2026 accessibility version update: the original
hyperlink to thed PANE websitas published here in 2011 is no longer workargd IPANE
appears to havéeen absorbed into aational effort]

This simple presence/absence data was a useful and much less costly starting point for
surveying invasive plants on the watersheds, and provided a complimentary component to
S5APAA&A2Yy Qa NBIdzZ I NJMarhNeBRa dcceasipbilthSugrsion Nddlatet tiiel A
original hyperlink to theearchable invasive plant databaas published here in 2011 is no
longer working. Thigieb pagehosted by the same organization provides equivalent
information]

There are three general inventory/survey approactresnote sensing, direct
observation from aircraft, and groudosised methods. It is extremely difficult to inventory
invasive plants remotely because they are commonly understory plants. Some pilatctesea
has taken advantage of the early leaft of some invasive species to pick out these plants on
early season aerial photos, but this technology is still under development and not widely
published. Direct observation from aircraft can be practical messituations. For example,

the
GAGAS

populations of purple loosestrife and common reed were successfully identified and mapped

from the air at Quabbin. C.D. Huebner (2007) reported on a test of common ghased
methods used to inventory invasive plants, inchglsystematic plot, stratifiedandom plot,
the modified Whitaker method (which uses nested plots of a range of sizes), and the timed
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meander method (in which species present are recorded as the observer walks throughout the
site for a specific amount of time until no new species are encountered in 10 minutes of
meandering). Each of these is designed for, and captures a different cemipaininventory

goals. The timedneander appears to be the best method for simply establishing species
richness. Systematic plots allow a quantification of the abundance or frequency of occurrence
of a species, but can be expensive to implement. Assaltrof testing these methods, Huebner
recommends combining a timemeander and stratifiedandom sampling method to initially
inventory invasive plants, followed by lotgrm monitoring using just the stratifiecandom

method.

Ideally, the Division would have sufficient staff and resources to conduct a complete and
thorough census of each watershed. That not being the case, ongoing inventory work will
consist of surveys and sampling regimes tailored to support each of the eraeag goals and
objectives outlined in Chapters 10 and 11. The level of survey detail must be in balance with
the resources available for control effort. The more one spends on inventory, the clearer the
scope and nature of the problems, but the lessrthés available to manage the

7.1.2 Prevention

By far, the cheapest and most effective approach to controlling any threatening invasive
species is to detect its approach to the site of interest and prevent its establishment at that site,
either by reducing the adjacent propagule pressure or by avgidiranges in the site that invite
the spread of the plant. Site changes are not always predictable. Even in the absence of
deliberate disturbances, such as timber harvesting or land use conversions, natural
disturbances such as wind or disease or ice @lgencan open a site to invasion if the seed
sources are nearby. So sometimes the most important component of prevention is keeping
track of the arrival of invasive species on adjacent properties, and when possible, controlling
them there.

The Massachusetts Invasive Plants Advisory Group (MIPAG) has been developing an
Early Detection/Rapid Response system as part of its overall strategic plan for managing
invasive plants in Massachusetts. This approach wplséed on the MIPAG websiwhen
completed. Predicting the pace and direction of spread for any invasive species is a
complicated modeling exercise. Researchers are working on models to attempt to at least
generally predict spread at the regional, landscape, and local scalegwisat is known about
eachLJ I y(i Qa 0SKIF@A2NI AYy AdGa ylIrGAGS SYy@iANRYyYSyi
invaded arede.g., Ibanez et al., 2009). In time, these models will help managers develop more
refined priorities for treatment based on the greatest threat of spread.
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Prevention in the context of an actively managed watershed forest also requires
attention to transport sources that may bring in seeds or viable pieces of invasive plants from
distant areas into the DWSP holdings. For instance, private logging equigmehts been
working in an area with invasive plants can transport these plants to DWSP properties in the
mud left on the tires or the organic debris that accumulates on the surface of the machine.
When that equipment is being brought from an area knowrave invasives onto a DWSP
property on which invasives are not yet presamiguiringsteam cleaning, pressure washing or
other methodsof thorough cleaning masignificantly reducéhe risk of invasive transport.
Similarly, the movement of gravel or organic material during road maintenance carries the
potential to transport propagules of invasives from one area to the next. Mowing of roadsides
or fields infested with plants sucls dapanese knotweed, which readily reproduce vegetatively,
or when invasie seeds are mature can result in moving these plants to other areas. Ideally,
mowing should occur before seeds mature (for instance, when the plants are still in flower) and
mowing machines should be regularly pressure washed to reduce the likelihdhsport of
propagules.

7.1.3 Eradication

- - 4

2 KSYy (NHzZ @& Aaz2flFGSR LRLMzZFGAz2ya | NB RSGSOD
0dzZRQ aKz2dzZ R y2i 06S dzyRSNBadAYlIGiSR® ¢tKS Oz2aila
exponentially, as it spreads beyond its point of origin. Local eatidn in the early stages of
establishment is much more feasible, especially when staffing and budget are limited, which
they almost always are. Like so many natural resource issues, it is uncommon for the problem
to raise concern until it becomes moradespread, at which point it is much more difficult to
successfully control. Smaller populations make the likelihood of success with simple methods,
like mowing or hangpulling or covering, more feasible.

The challenge in setting the priority for eradication is more a challenge of inventory and
policy. To be eligible for eradication, an invasive population needs first to be detected; making
invasive plant inventory a component of any regular survey optioperty is critical. Field
managers also need to understand and have the resources to enact control policies that call for
immediate eradication when a relatively new population is below maximum thresholds for
extent and density. For instance, a spedigat is known to spread very rapidly (e.g., Mite
minute vine,Polygonum perfoliatum may only be a candidate for eradication while it is quite
limited, while slower growing species might be possible to eradisameetimeafter their initial
detection.
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7.1.4 Management anddontrol

A very common starting point for the decisiondo something about all these invasive
plants is well after they have become firmly established on the landscape of concern. They
often go undetectedr unchallengedintil they begin to push out somethingrhiliar, for
instance when commoreed Phragmites austral)sreplaces commonat-tail (Typha latifolid
in a wetland or when purplebsestrife Lythrum salicarigfills in the low heathland at the top
of a large pond or when a population of Asidtittersweet Celastrus orbiculatjsmerges at
the tops of large trees after quietly climbing its way up their trunks and lower branches, killing
them by strangling and then shading and eventually toppling them to the ground. What begins
Fa + aAftSyd WAyl aA2uyforiurd®l@ g6 ainndticed widil the 2y | a & |
invadingarmy is well entrenched.

While eradication eventually becomes economically and perhaps even ecologically
impossible after populatioestablishment (at least without severe collateral damage), it may
alAtt 0SS LlRaaAroftsS (G2 FTAYR glea (2 tA0S ALK
impact enough to accommodate other objectives. On the DWSP watersheds, maintaining a
diverse species composition of vigorous tree regeneration in the understory of the forest is
considered by the agency to be of paramount importance lierlbongterm protection of the
water supply, especially in areas considered to be of greatest hydrological sensitivity.
Furthermore, there are statutory obligations to protect plants considered to be rare enough to
be threatened, a condition that is exatated by the arrival of aggressive invasive plants.

Within the realm ofécontrok, there are essentially three approachemechanical,
chemical, or biologicaj as well as at least one variant of mechanical control, the use of
prescribed fire.

7.2 Principles oManual andMechanicalControl

The manual removal or killing of invasive plants generally represents the most direct
and specific method for control. The range of mechanical or manual methods for removal
includes cutting, pulling (by hand or with tools such aseed wrenclg), girdling, mowing,
grazing (with controlled herds of goats or sheep), smothering (with mulch, plastic sheeting,
plywood, etc.), and burning (either prescribed fire or spot application with torches). In each of
these, the concept is to either remove tipdant altogether or injure it sufficiently to kill it in
place.
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While seemingly more benign than either chemical or perhaps biological methods of
control, there are exceptions to this premise. For instance, sometimes the simple matter of
pulling many plants from the ground can cause a soil disturbance that welcomestthin of
the target species or other undesirable plants, thus exacerbating rather than solving the
LIN2EOf SY® az2gAy3ads AT y2G R2yS OFNBFdAteszs Oy
capable of reproducing the plant. Similar to pulling, fia® create an ideal substrate for the
return of the plant or of other invasive species. Cutting can stimulate plants like the olives to
produce abundant root suckers that develop into mature plants.

In most cases, manual methods of control require persistent monitoring and more than a
single treatment to be successful; single treatments without follgware generally a
significant waste of effort. Nonetheless, for small populations of easily remgaats and in
situations requiring extreme caution with chemical or biological controls, manual methods may
well be the best choice.

7.3 Principles of Chemical Control

The way that herbicides kill plants is referred to asdim®de of actior¢ and is either a
biochemical or physical mechanism. Some modes of action disrupt metabolic processes; others
disrupt cellular membranes, causing contents of thiisd® leak out. Specific modd-action
categories include auxin mimics, mitosis inhibitors, photosynthesis inhibitors, amino acid
synthesis inhibitors, and lipid biosynthesis inhibitors. Modern herbicides principally affect
processes exclusive to plants like photosysis or the production of aliphatic amino acids.

Some herbicides selectively Kill certain types of plants, eagnocots but not dicots, because
of their particular mode of action.

Since most modes of action influence plant growth, the choice of which chemical to use
and when to use it is tied strongly to the physiology of the target plant and the season or time
of year. For example, in the Northeast, some herbicides are optinailyed in autumn, 3to 6
weeks before the target plant goes dormant. This is because many plants transfer sugars and
nutrients from their stems and leaves to below ground storage organs at this time and will carry
herbicides along to these areas as well.

Herbicides are less effective if applied when plants are already stressed and have
reduced their metabolic activity, such as during a drougletause most herbicides work by
attacking growing tissue and active metabolic procesdgsrbicides that work by inhibiting
amino acid or lipid synthesis may show a long time lag between the time of application and the
appearance of symptomatic effects while the plants are relying on stored supplies to continue
growing.
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In addition to the range of modes of action, there are many methods of herbicide
application. The most common methods of chemical control for invasive upland plants include
mist-blown and wick foliar applications, basal bark treatments, frill or dirgettion, and cut
stump applications. A variety of herbicides can be applied to the surface of leaves via mist
blowing from a lowpressure sprayer. This method is usedarge, dense invasive plant
populations that arenot beyond the reach of a low pres® backpack sprayer. Foliar spray is
commonly done during the growing season when plants are in flower or fdgtbicide can
also be applied to leaf surfaces via ledmgndled sponge or wick, generally in solution with a
surfactant that dilutes the chemical and increases its absorption. Basal bark treatments involve
the direct application of the herbicide to thin bark near the bottom of younger trees.

Enough chemical is applied to girdle the tree by killing the inner bark. Herbicide may also be
applied into a gap behind a girdling frill made by ax or machete, or injected through the bark.
This technique is used on individual trees greater tham Sliameter or those with thicker

bark. Injection can also be used on herbaceous stengs,Japanese knotweed). For plants
that are capable of sprouting or root suckering after being cut, herbicide can be applied via
sponge or brush directly to the cut surface immediately after cutting, so that the chemical is
absorbed into the stem and roots drkillsreproductive tissue.This method is used for shrubs,
trees, vines, and knotweed.

The sponge/wick, basal bark, frill, injection and cut stump methods of applying
herbicides are labor intensive, but provide a high level of control and specificity in the delivery
of the chemical and therefore minimize contact with riamget plants or otler organisms.
Adjuvants, surfactants, carriers, dyes or other ingredients are usually included in or added to
herbicide formulations to improve their effectiveness or make them safer to handle or easier to
apply. For example, dyes mixed with herbicides enable applicators to easily see which plants
have been treated.

Many terrestrial invasive plants are very successful at reproducing vegetatively, so that
some mechanical control methods (mowing, cutting) alone may do little to eradicate the plant
and can increase dispersalhus, chemical (herbicide) control of invasive terrestrial plant
species is often the most cesfficient and effective way to eradicate or reduce the number of
invasive plants in an area. Using chemical methods in conjunction with mechanical methods
also has advantages. In order to reduce &meount of herbicide used ifoliar applicatiors, an
invasive plant infestation with lots of small diameter but relatively tall stems might be cut or
mown first, then sprayed later when the cut stems havespeouted with a significantly
diminished leaf area needing to be sprayed. In situations whezeetare fewer but larger
stems, a lowvolume of concentrated herbicide may be immediately applied to the cut stem,
which draws the herbicide into the roots and kills the plant. This method may not result in a
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lower total amount of the active ingredient of an herbicide applied per acre compared te mist
blowing, because the solution applied directly to the cut stem is more concentrated than that
used in spray applications. But because it is applied directlgdb &arget plant, the danger of
unintended damage to adjacent, ndargeted species, or general environmental
contamination,can besubstantially reduced.

In addition to choosing an herbicide that is effective against an invasive plant, it is
imperative that the combination of the properties of the chemical formulation and te¢hod
of application will avoidirift and/or contact with nortarget vegetation or organisms, leaching
to groundwater, runoff into streams or water bodies, and persistence in the environment.

The Massachusetts Department of Agricult@dDAR)Maintains a websiten rights-of-
way vegetation managemethat includesadetailed list of material8MDAR _hagpproved for
use inssensitive areas(water supplies, wetlands, stadested species habitats, and inhabited or
agricultural areas)Each pesticide listed is linked to a detailed fact sheet that covers uses and
toxicity.

7.4 Principles ofBiological Control

The absence of native insects or diseases capable of controlling alien invasive plants is
among the major factors that allow invasives to monopolize resources and dominate native
plant species.The basic principle of biological control is to discover and then introduce insects
or other biological agents capable of injuring or killing the invasive plant. Generally this
involves surveying the origin of these plants for their pests (for instasea@ching Japan for
insects that thrive on Japanese barberayd then importing these pests into areas where the
plant has become invasive.

There are unfortunately too many examples in which this kind of approach led to
unanticipated collateral damage to ndarget native species. Successful biological control
requires extensive preliminary testing for potential damage to natives and alSngder the
ability of the imported control to survive and reproduce in the importing environment, followed
by rearing of sufficient numbers of the control agent in the lab to provide sufficient distribution
at the sites of interest. Despite these chaljes, biological control provides the best possible
chance for longerm, low-cost management of potentially invasive species.
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7.5 Principles ofControl UsingPrescribedFre

Intense wildfire is generally problematic on water supply watersheds, because it
releases nutrients that can leach into the water supply, reduces the organic layers that protect
the mineral soil from erosion, and causes largined hydrophobic substancésg, resins) to
move downward into the soils, condense, and produce a wadpellent layer that can lead to
overland flow of water and associated sediments and nutrients (DeBano, 2000). Hot fires that
remove organic layers and expose mineral soilsreanlt in the sealing of soil pores by ashes
and may also result in the compaction of that soil by subsequent rains, thus further reducing
infiltration rates (Ralston and Hatchell, 1971).

In contrast to wildfire, prescribed fire is deliberately controlled in both extent and
intensity in order to limit its deleterious effects while taking advantage of its positive value as a
management tool. Prescribed fire has long been employed to commeéds and has a role in
the management of invasive plants. Successful use of prescribed fire for invasive plant control
requires coordinating detailed knowledge of both the phenology of the plants of interest and
the effects of fire across the spectrunom least to most intense. For example, prescribed fires
are traditionally scheduled for the dormant season, when fuels make them more likely to catch
and after most wildlife is beyond its nesting season. However, this timing also means that plant
resaurces have been stored below ground, so that most fires will burn off the dead or dying
plant residues above ground, but leave below ground structures capable of vigorous recovery
the following spring. For effective invasive plant control, this timing seede adjusted.

Fire used in invasive plant control may range from direct heating of stems with a
propane torch to relatively intense area fires. A few basic principles apply in this management
approach:

1. To successfully reduce or eliminate invasive plants with fire, the fire must kill all
reproductive structures, including roots, stems, and seeds. Fire sufficiently hot to Kill
underground structures may need to be localizedy(,via torch heating) to avoid
unintended destructiorof adjacentsoil organic matter.

2. Timing of fire used to control invasives is critical and problematic. By the time plants are
mature and dry enough to burn, they may well have thrown their seed for that year,
requiring fire that is sufficiently hot and extensive to consume dispersed. seatd
flowering plants may be susceptible to dry season burns prior to seed formation.
Prescribed burns may also be successful if used during the best burn period to reduce
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the plant mass, but followed with other control methods to respond to germinating
seedlings or vegetative sprouting that succeeds the fire.

3. Invasive plants that do not reproduce vegetatively are good candidates for fire control,
but are uncommon. For the majority of woody invasive plants, which reproduce by
sprouting, an alternative to fires intense enough to burn their roots may be repeat
burns within one or several growing seasons, causing the plants eventually to exhaust
stored resources in repeated regenerations following burns. Where the treatment area
or the number of plants to be treated is relatively small, direct applicationgaf Yia
torches may kill the rootstock without intensively burning the surrounding understory.

Fire has been tested as a control method for many invasive plant species, with variable
results. Plants with a preference for hydric soils or wetlaeds. ourple loosestrife) are clearly
more difficult to burn, although dried common reed burns easily and is considered a fire hazard
in some areasFire can be used to retard the growth of common reed and other invasives such
as Japanese barberry temporarily, but without folloyw treatment,e.g.,with herbicides or
torch heating, the surviving roots Wikstore the population aggressivelinvasive trees such
as black locust can be controlled with crowning fires, but these are difficult to control, so
burning black locust while it is still relatively short is preferable. For some species, such as the
buckthorns, burning can be effectivatifs repeated for three to five years, and/or repeated® 2
times within the same growing season. While planning that includes detailed understandings of
both plant reproduction and fire dynamics is critical, the w$ fire can provide cosdffective,
rapid invasive plant management under ideal conditions and presents minimal threat to
drinking water if properly scheduled and controlled. Research on using fire to control invasive
plants has intensified as agencesd NGOs look for efficient solutions to this daunting
problem.

Brooks and Lusk (2008) developed an assessment of the general impacts of fire on
invasive plants, adapted in the following table:
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Tablel: General effects of fire on invasive plants

Life form

Regenerative tissues

Damage by fire

Examples

Annual or biennial
plants

Seeds that reside on
or under the soil
surface, or on dead
plants

Dependson whether
seeds are located above
ground on the parent
plant, or at or below the
soil surface after they hav
been dispersed.

Garlic mustard

Rhizomatous plants

Living tissue just
above or below soil
surface

Depends on the
percentage of litter
burned and amount of
smoldering combustion

Japanese
barberry

above soil surface

or by surface fire that

girdles the tree

Shrubs Living tissue just Non fireadapted shrubs | Multi-flora rose
above the soil can be killed by fire due tq
surface their positioning directly in
the flame zone of surface
fires
Trees Living tissue well Can be killed by crown fir¢ Black locust

Figure2: Treating invasive plants with fire

Terrestrial Invasive Plants: Problem Statement and Management Strategy
28




7.6 RelativeCosts ofControl Methods

The cost to achieve a particular control objective regarding an invasive plant population
depends on many factorgicluding the species involved, its growth habit, life cycle stages
present, the magnitude and character of the infestation (density, extent, astdlglition), size
of the plants,and sizeof the seed bank, access, topography, and the type of control method.
Each situation is unique.

In general, manual/mechanical methods are more expensive and less effective than
chemical methods. Biological control methods, if available, can be more or less costly on a per
acre basis than other alternatives. Regardless of the control methods eethlaynultiyear
commitment is generally required to reach the desired level of control, and resources will need
to be devoted in perpetuity to maintain the level of control that has been achieved.

CGontrol expense datavere gatheredrom several organizations working at different
scales and with a variety of methods that ilkade the range of control costsThe USDA
Natural Resource Conservation Service offers cost share assistance to landowners to undertake
invasive plant control projects through the Wildlife Habitat Incentives Program. The 2010 NRCS
cost share rates were based on the following per acravestd costs fodConservation
Practice MAG95, Pest Management, Invasive Plant Cor#rol.

Table2: NRCS Conservation Practices #9895, InvasivéPlant Control

Type of Control Description Cost per acre
Mechanical/chemical | Use of herbicide or by mechanical pulling. Cost
includes all labor. Multiple treatments allowed as $450
necessary.
Intensive Treatment entails cutting by chainsaws etc.

mechanical/chemical | immediately prior to an herbicide application. Cost
includes all labor, equipment and materials. Only o

intensive treatment is allowed per area. Additional $850
treatments of nonintensive control may be
schedulel.

Biological control of | Entails the release of a minimum of 10,06@lerucella

purple loosestrife beetles per acre of infestation. Multiple treatments $1,500

allowed as necessary.

Chemical control of | Treatment ofPhragmiteausing chemical control.
Phragmites Includes labor and materials for one treatment. $3,000
Multiple treatments allowed as necessary.
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Twocontractors working in New Englaf@ and B) and one in Tennesg€ggavethe
estimates inTable3 as per acre costs for several treatment methods.

Table3: ContractorEstimates of Treatment Costs/Acre

Treatment Infestation Hours/ Rate/
Method Contractor level acre hour Cost/acre
Foliar spray A Moderate 1-2 $50 $50-100
Foliar spray B Lightheavy - - $125400
Foliar spray C Low/Med/High | 4/8/16 $75 | $300/$600/$1,200
Cut@gmp A Moderate 2-4 $50 $100-200
herbicide
Cut/stump
Moderat
herbicide, B oderate i i $1,0002,000
L heavy
stem Injection
Cut/st 1,000/$2,500/$5,00
HUSTMP C Low/Med/High | 13/33i67 | $75 | $1000/$2.500/%
herbicide 0
Basal bark C Low/Med/High | 8/16/32 $75 | $600/$1,200/$2,400
Mow B - - - $300400
2,000/$4,000/$8,00
Hand pull C Low/Med/High | 27/53/106 | $75 $ $O $

The Connecticut Agricultural Experiment Station Research Foundation reduced barberry
cover by an average of 85% and barberry frequency of occurrence by 42% using handheld
propane torches as an initial treatment on stands less than 3 ft. tall. For eyeancént
barberry cover, the treatment require@d 52 gallons/acre of propane art6 hours/acre of
labor (Ward 2008). Thus, a stand with 50% cover would require 26 gallons of propane and 30
hours of labomper acre They estimate that to initially treat éhsame stand with a brush saw
would take 6 hours/acre of labor. For follow up treatment, labor required when using the
propane torch falls to 22 hours/acre. Follay with herbicides would take 6 hours/acre plus
the cost of the herbicide.

Hfective control of Japanese barberry can be achieved in a single growing season by
integrating an earhseason initial treatment (prescribed fire or mechanical) that kills the
aboveground tissues with a midseason follop/treatment such as directed heag or
targeted herbicide applicatio(Ward et al, 2010)
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The Wilds, @onservation organization located on 3,700 hectares of reclaimed surface
mine land in southeastern Ohio, experimented with chemical contraltdimn olive
(Elaeagnus umbella), which had been planted as part of the surface mine reclamation
process.They achieved 98% mortality aftene growing season usirfgliar application, and
71% mortality using dormant season stéerbicide applications at a contracted cost of
$750/ha ($304/ac) (Byrd and Cavender 2010).

In the United Kingdom, the estimated costs of using herbicides to control Japanese
knotweed are about $1.60 per square meter, which is about $6,500 per(ldetbaway 1999)
This does not include the costs of revegetation after herbicide treatment.

Gontractor costs to treat the invasive trédelaleuca felaleuca quinquenervjat a site
in south Floridausing frill/injection or cut stump with herbicidesost$1,823/acre(Laroche
and McKim 2004) The tree density on the site was 9,152 small diameter stems per acre.

A pilot program was conducted at Quabbin in the summer of 2007 using a variety of
manualand mechanicatontrol techniques on four species of invasive plants (see section 10.2).
The seasonal staff conducting the pilot arrived at per acre figures for thorough mechanical
control of at least $3,515, depending on site conditions and species.

The final set of cost figures comes from the Marin Municipal Watershed District, Marin
County, California (MMWD). MMWD has estimated that over 900 acres of its 22,000 acre
watershed is infested with French broom, an exotic invasive shrub (Klein, ZD&a1e4 shows
the estimated per acre costs for a variety of control methods used by the MMWD over the
years. The cumulative 1§ear cost reflects the efficacy of the treatment methods over a time
frame more likely to realistically achieve the stated obijgtwhich in this case is a reduction
of broom density to below 5,000 stems per acre. At this density, MMWD can prevent French
broom seed production by devoting fewer than 16 person hours per acre to maintenance
control work, and also allows the MMWD tonsider reintroduction of native perennial species
to particularly speciepoor sites.Ly | RRAGA2Y (2 O0A2RAGSNEAGE O2y
goals is to remove broom (or keep it from infesting) 960 acres of fire breaks on the watershed.
The broonrequires annual mowing in the fire breaks whereas native vegetation requires
mowing only every & years.
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Table4: Estimated peracre costs for French broom treatments, MMWD, 202006

Person
Hours per Costper Acre Costper Acre

Methods Labor Source Acre (1 Treatment) (10 Yearg
Excavator/Tiger | i\ iyp 5 $350 $3,500
Mower
Power Contractor or
Brushcutting MMWD 20 $500 $4.875
Prescription Insufficient
Burning MMWD data $1,500 $8,850
Mulching* MMWD 16 $475 $1,825

. Contractor or
Propane Flaming MMWD 75 $1,975 $6,025

Contractor or
Handpulling AOWP** or 300 $2,400 $9,850
Volunteer
Contractor
*%k%

Terra Torch WIMMWD 7 $725 $2,775
Grazing Contractor w/
(goats)*** MMWD 10 $975 $5,300
Waipuna Hot
Eoanm MMWD 110 $3,550 $6,800
Cut Stump/ Contractor or
Herbicide MMWD 30 $750 $2,850

* Requires removal of adult plants prior to application.
** AOWP Adult Offenders Work Program.
*** These methods were tried on an experimental basis and deemed either impractical or ineffective.

In 2009, synthesizing data from the MMWD as well as from experienced private
contractors and other public agencies, a consulting firm hired by MMWD estimated the overall
average annual cost for an integrated pest management program (IPM) oveyeal@eatment
period that included the use of herbicides as well as-obemical means at $650 per acre. The
average annual cost of hand and mechanical treatments without herbicides was projected at
$3,750 per acre, or 5.8 times as mudtese are estimates fone watershed as a whole and
take into account conditions ranging from extensive stands of broom to areas where the broom
stands are smaller and/or less denfidarch 2026 accessibility version update: original hyperlink
to the websiteas published here in 2011 is no longer workMyIWDQ éurrent \égetation
Management Plameferencestudiesdoneby contractors between 2003 and 20&8d provides a
summary tableshowing cost estimatels
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8 CurrentSatus of Terrestrial Invasives on DWSEands

8.1 InvasivePlant Presence on Continuous Forest Inventadots

The Continuous Forestdentory (CFlsystem on DWSP land consists of permanent 1/5
acre circular plots established on a ¥z mile grid across two of the four watersSwetisat each
plot represents 160 acresThere ar&61 plotsrepresenting 57760acresat Quabbin, and 124
plotsrepresenting 19,84@cres at Ware River. In addition to taking measurements on the
maturetrees in the plots (species, height, diameter, etmyl regeneration (seedlings and
saplings)the plots are checked for presence and abundance of invasive plamsasfve
plants arepresent, abundance is classified in terms of percent cover.

8.1.1 Quabbin

The2010 Quabbin Clrheasured tree and understory data on 361 dfifth acre plots
Of these, one or more invasive plant species were found to be preses® piots (175%). Of
these63 plots, 49 hadjust one invasive speciggesent eighthad two species, ansixhad
three species. In 1plots(4.2% of all plots, 23.8% of thoggth invasive presengethe percent
cover was gater than 25% Of the299plots where no harvesting had occurred in the
previous decade48 plots (166) had at least one invasive plant presenhirteenof those plots
(4.3%) had greater than 25% invasive cover. Ofplots that had seen harvest in the last
ten years, justwo plots (3.2%) hadan invasive species present wiheater than 25% cover.
The percent cover of invasive plants on harvested plots prior to the harvest is unknown.- Eighty
four percent of the299plots where no harvest had taken place hetpreviousdecade are free
of non-native invasive plants

On the 63 plots with at least one invasive plant spectas most frequently occurring
species is Japanese barberp)( followed by bush honeysuckle (18uckthorn (13, oriental
bittersweet ), multi-flora rose (3), Japanese knotweed (2), and autumn or Russian olive (2)
Treeof-heavenandburning busloccurred on one plot each(SeeFigure4 for a graphic display
of the distribution of barberry and buckthorn on Quabbin CFl.)

Factors interfering with tree regeneration are also umbéd in the CFI dataset. Forty
one percent of the plots had no regeneration interfereneehile 59% of thglots had one or
more interfering factors. The most common interference factorshaiosvsing (120andnative
ferns (80) followed bywitch hazel (61and mountain laurel (47)with invasive plant§l8) and
striped maple (8}he least frequent regeneration interference factor
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Division of Water Supply Protection Cr
Offi ce of Watershed Management Massachusetts

Quabbin CFI plots containing barberry and/or buckthorn in 2010 GD
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Figure3: Quabbinwatershed CFI plots containing barberry or buckthorn

(Note that theyellowsquares in Fig. 3 areymbolic of the 160 acres represented by each CFI
plot (NOT the 1/5 ac of the plgthndare not scaled exactly [March 2026 update: the
preceding textefers to symbalgy used in theriginal, noncompliant mapIn the updated

map, dots and symbols represexgproximate plot center locations, and no symbols are used
to indicate any acreage®presented by each plot.
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8.1.2 Ware River

CFI plots on the Ware River watershed were revisited in 2009. One or more species of
invasive plants were found on 34 of 124 plots (27.4%). One species was foR&dfahe
plots; two speciesvere foundon sixplots. On the 15plots where harvesting had occurred,
sevenplots had one or more invasive plant species presamntthree plots (20%) had greater
than 10% cover. Eight of the 15 plots (53%) were invasive fireeasives were present on 27 o
the 109 plots where no harvest hadcurred in the pevious decadeOn 10 of these plots
(37%), invasive cover was at least 2Béventy percent of plots where no harvest had
occurred in the previous decadeere free of invasivesThe presence or percent cover of
invasives on the harvested plots prior to harvest is unknown.

Buckthorns were the most common species (30 occurreratetle Ware River
Barberry was found osevenplots, and oriental bittersweet, honeysuckle, and purple
loosestrife on one each.

Forty-three of the plots (34.7%) were judged to have regeneration interference.
Invasive plants accounted for only two of those cases or 1.6% (both buckthorn and barberry
were found on both plots). The most common cause of regeneration interferencaatias
ferns (14 plots) followed by wildlife (11 plots), witch hazel (8 plats)l mountain laurel (6
plots).

8.2 OtherInventory andAssessmentgforts
8.2.1 RegenerationSuccessversusinvasivePresence at Wachusetnd Sudbury

Inthe spring of2011,the success of forest regeneratioiveculture versus thepercent
cover by invasive plant speciess estimated and recorded on Wachusett and Sudbury
harvesting sites to verifgeneralperceptions of these relationshi@sd to begin to quantify
thresholds of invasion that can prevent regeneration succé¥achusett Foresters walked
transects 200 feet apart and recorded information at plots spaced 100 feet apart along these
transects. Within approximately 1/18acre plots, the cumulative percent cover by all invasive
plant species was categorized as none, trae25%, 2650%, 5175%, or 76L00%. Plots were
also categorized as either within the silvicultural opening or within adjacent, atetdeforest.

In addition, the drester recorded an expert opinion of the likely success or failure of attempts
to establsh or release tree regenerati@s likely to succeed, uncertain, or likely to fairom
these observations, the study created an invasives incidewes (percent of plots containing
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invasives) by opening versus forest cover and by general invasive cover category, and a species
detection ratio for each species, again by cover category.

Sites were deliberately dsen to represent the extreme ends of the spectrum, ranging
from areas considered very likely to fail to areas where regeneration efforts were either already
successful or considered very likely to succe8ies were also sampled where the foresters
had already successfully established or released advance tree regeneration, or where site
conditions appear very likely to support such regeneration (i.e., where invasive plants do not
appear likely to impedé)i

8.2.1.1 Wachusett/SudburyStony Brook Ash.ot

The first site is a 12 acre area at the Sudbury Resemah has not been managed
since 19141916, when there was a failed attempt to convert the area to a white pine
plantation. In 1988, this site was noteworthy for the white ash overstory and the honeysuckle
understory. As thash haslowly succumbed to ash yellows, bittersweet has taken advantage
of the increased lightThe Overall Incidence Level is 92% meaning that 92% of thletdchad
invasives presentTwentyfour percentof the plots had more than 75% invasive cover and 56%
(32 + 24) had more than 50% invasive co\Rittersweet occurred in 84% of the plots with
honeysuckle occurring in 60% of the plots.all, six species were detected in the plots with a
seventh, Ailanthus (Treef-heaven), seen at the site but not picked up in the plothie expert
opinion from the bresters that forest regeneration is unlikely to succeed on this site is fully
supported by these numbers.
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RESULTS [Area/Sale/Working Unit: Stony Brook Ash

Overall Invasives
Incidence Level

92% Date:  5/3/11 Regen Class: 3

Incidence by Density of Invasive Cover
Plots Taken Incidencoratio. || Ratio o iots Ratio of | Ratio of | Ratio of | Ratio of | Ratio of
Inside/Outside iwide/outside with N(l:ne plots with | plots with | plots with | plots with | plots with
Openings Trace 5-25% | 26-50% | 51-75% | 76-100%
g‘)
é 0 N/A (Openings) N/A N/A N/A N/A N/A N/A
7
g 25 92% (Forest) 8 0 16 20 32 24
=
E=)
2
:-"é 25 92% (Combined) 8 0 16 20 32 24
S
9}
Overall Speci Any Species Green % a0 o
. SR ; 3 v y -25% - 509 - - %
ki Bain 0 | & potsol in wos None Trace 5-25% | 26-50% | 51-75% |76 -100%
84 Bittersweet 4 24 36 16 4
8 Euonymus 4 4
60 Honeysuckle 8 20 16 12 4
24 Jap. Barberry 12 12
Norway maple
28 Multiflora Rose 16 4 4 4
4 Garlic Mustard 4
Buckthorn
Ailanthus
Jap. Knotweed
Autumn olive
Swallow-wort
Cork tree
Locust

8.2.1.2 Wachusett/Sudbury Lot 5233

The second site, Lot 5233, removaarow strips of white pine along Rt. 140 in West
Boylston in 2009. White pines that were planted following the 1938 hurricane were removed
primarily for public safety reasons as thistinmned plantation began to deteriorate. The site
also had an excellent understory of hardwood saplings, including sugar mépié
bittersweet was present prior to the cut, it was not initially an impediment to the sapling
understory. However, as the sampling shows, bittersweet xgdoeled in growth and
coverage.The Overall Incidence Level is 92% in the 52 plots taken with bittersweet occurring in
88% of the plots with 42% of the plots having more than 50% coverage of bitterstiggit
different invasive species were detected at this site.
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RESULTS [Area/Sale/Working Unit: Lot 5233
Overall Invasives o
Incidence Level 92% Date: 5/9/11 Regen Class: 3
Incidence by Density of Invasive Cover
Plots Taken Fisidinne it Ritio'of olots Ratio of | Ratio of | Ratio of | Ratio of | Ratio of
Inside/Outside sidelataide with N(l:ne plots with | plots with | plots with | plots with | plots with
Openings Trace 5-25% | 26-50% | 51-75% | 76-100%
&
g 52 92% (Openings) 7 0 32 13 25 21
2]
5 0 N/A (Forest) N/A N/A N/A N/A N/A N/A
=
E=)
2
'-g 52 92% (Combined) 7 0 32 13 25 21
=)
O
Overall Species | Any Species Green o D 5 A
Detection Babio () ] i ot i nces None Trace 5-25% | 26-50% | 51-75% |76 -100%
88 Bittersweet 32 13 21 21
Euonymus
3 Honeysuckle 3
1 Jap. Barberry 1
1 Norway maple 1
1 Multiflora Rose 1
Garlic Mustard
19 Buckthorn 7 11
Ailanthus
Jap. Knotweed
3 Autumn olive 3
Swallow-wort
Cork tree
1 Locust 1
Crabapple

8.2.1.3 Wachusett/Sudbury Lot 5210A

The firstsuccessfusite is Lot 5210A, an 89 acre timber sale cut in 2006 Sterling.
At the time that this lot was proposethvasive plantsvere not known to bepresent in this
area. The sampling resultsupport this with an Overall Incidence Level of 8one were
foundin any ofthe 71 plots(22 plots in openings and 49 in the uncut fojest
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RESULTS

Area/Sale/Working Unit:

Lot 5210A

Overall Invasives

0, . .
Tcilenea T vel 0% Date:  5/6/11 Regen Class: 1
Incidence by Density of Invasive Cover
Incid i Ratio of plots Ratio of | Ratioof | Ratio of | Ratio of | Ratio of
Inside/Outside 11111: d’i’/‘gzt‘:l‘ d‘: w;fh"Ngn‘; plots with | plots with | plots with | plots with | plots with
Trace 5-25% | 26-50% [ 51-75% | 76-100%
o
'i 0% (Openings) 100 0 0 0 0 0
©)
b7
g 0% (Forest) 100 0 0 0 0 0
23
k=)
=
'-g 0% (Combined) 100 0 0 0 0 0
o)
)
Overall Species Any Species Green o . - o
D= ection Baio Soi | - present in ares None Trace 5-25% | 26-50% | 51-75% |76 - 100%
Bittersweet
Euonymus
Honeysuckle
Jap. Barberry
Norway maple
Multiflora Rose
Garlic Mustard
Buckthorn
Ailanthus

Jap. Knotweed

Autumn olive

Swallow-wort

Cork tree

Locust

Crabapple
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8.2.1.4 Wachusett/Sudbury Sterling Fairgrounds Lot

Not all successfully regenerated sites have 0% detection of invasiviedot from the
Sterling Fairgrounds arda the north of West Waushacum waa 20 acre red and white pine
plantation that was first cut in 1983 with the goal of establishiegeneration. Advance
regenerationthat was established by the first treatmewas then released iB003. The
operator successfully protected tlteensewhite pine and hardwood understoryHowever,
invasive species were detected on 62% of the 36 plots (57% mirggeand 66% in the
unreleased forest) Forty-five percentof the plots had less than 26% coverage by invasives.
Buckthorn Rhamnus frangulgis the primary invasive and it was detected in 62% of the plots.
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RESULTS [Area/Sale/Working Unit:  Sterling Fairgrounds
Overall Invasives o i ) -
e 62% Date:  5/6/11 Regen Class: 1l
Incidence by Density of Invasive Cover
Plots Taken . . . Ratio of | Ratio of | Ratioof | Ratio of | Ratio of
Inside/Outside I:‘ﬂi‘}‘;:?;:g;: Rfv‘;fh"lggi‘;‘s plots with | plots with | plots with | plots with | plots with
Openings Trace 5-25% 26-50% | 51-75% | 76-100%
Eﬂ
s 19 57% (Openings) 42 15 15 21 5 0
7
s 18 66% (Forest) 33 22 38 5 0 0
[+ %
=
g
‘-E 37 62% (Combined) 37 18 27 13 2 0
6
Overall Species | Any Species Green i o o o
Detection Ratio (%) | 8 presentin area None Trace 5-25% | 26-50% | 51-75% | 76 - 100%
5 Bittersweet 5
Euonymus
2 Honeysuckle 2
13 Jap. Barberry 2 8 2
Norway maple
Multiflora Rose
Garlic Mustard
62 Buckthorn 27 21 10 2
Ailanthus
Jap. Knotweed
Autumn olive
Swallow-wort
Cork tree
Locust
Crabapple
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8.2.1.5 Wachusett/Sudbury Conclusions

Using the sampling methoddescribed abovethe Wachusett Bresters surveyed 13
different locations and arrived at the following general conclusions:

1. Bittersweet is the most problematic invasive plant in these watershed faréttsing a
high incidence of bittersweet even with very low coveragkkely to prevent tree
regeneration from successfully establishialgen the overstory is removed or
significantly opened.

2. Soils play aignificantrole in the presence and especidlie behavior of invasive plants
Smalldepressios, with greater soil moistureften result in significant increases in the
presenceof and coveragdy invasiveplants Bittersweet, in particular, seems to be far
more aggressive on the more mesic sit€nversely, the best chances for successfully
regenerating the forest even in the presence of invasives is on the driest soils.

3. Successful regeneration efforts in the presence of invasives can sometimes be
misleading.There are DWSsttes that were cut nearly 20 years ago that were
exceptionallysuccessful in regenerating the forestvasivesincludingbittersweet, are
present but not interfering aside from the occasional mdmmeter stem climbing a
hardwood. However, thage of the bittersweesuggests itvas not present at the time
of the overstory removal but moved in within a few yeathile advance hardwood
regenerationwas able to quicklgndfully occupy the site before the bittersweet got a
strong foothold now that bittersweet igresent it may respond aggressively to further
opening of these sites

8.2.2 Monitoring of Post-harvestConditions on Wachusett

In 2010, a study was conducted of tinee regeneration levels, mature tree retention
levels, and competition potential from native and invasive species presence in &sasimp
forest openings created Isilvicultural operations from 2001 through 2009 in the Wachusett
Reservoiwatershed, coinciding with the time frame of t2001¢ 2010 Wachusett Reservoir
Land Management Plan

Eight hundred and ninplots weremeasured tasample71 of the 642silvicultural
openings that were created from 20€2D09. The openings rang&om one-half acre totwo
acres, and averaggustless tharoneacre. At each plot four different samples occurred:
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1. Basal area of residual mature trees in the opening using a 10 BAF prism from the plot
center.

2. Numbers by species of tree seedlings and saplings >1 foot in height up to 5.5 inches dbh
(in three groupings) rooted inside a 1/1000th acre (milacre).plot

3. Heavy or light presence of native interfering speadaurel, witch hazel, and hay
scented fern in the milacre

4. Degreeof infestation of nonAnative invasive species in a echandredth acre plot
around the same center.

Nine species of invasives were encountered during this suralgle Sbelow lists them
in decreasing order of frequency of encounter.

Table5: Encounter frequencyfor invasiveson plots andharvestopenings, Wachusett

Frequency by

Frequency By Opening
Common Name Plot (percent) (percent)
European buckthorn, glossy buckthorn 8.7 21.1
Oriental bittersweet 5.2 15.5
¢CFNIFNRFEY 2N a2 NNEP ¢ 0.9 2.8
Norway maple 0.4 2.8
Japanese barberry 0.4 2.8
Ailanthus altissimgTreeof-heaven) 0.1 1.4
Multiflora rose 0.1 1.4
Black locust 0.1 1.4
Autumn olive 0.1 1.4

Forty-six of theseventyone openings sampled (65%) had no invasive plants on any
sample plots. Itwenty-five openings (35%), invasive plants were present on at least one plot;
seventeerof those openings (24%) had a trace or light presence (@myr two plots had any
invasives, and typically onbne plant per plot), anceightopenings (11%) had a significant
presence (invasives were present on a majority or all of the plots).

Foliar coverage of individual invasive species and all invasive species combined was
estimated in five categories: None; 1 to 25%; 26 to 58%40 75 %; and 76 to 100940 plots
had >75% coverage. Ongn plots in four openings had >50% coverage; two of those openings
were older, and buckthorn and honeysuckle were the species encountered, while in the two
young openings bittersweet was predominant.
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Heavy presence of invasive plants does not appear to be crowding out all native tree
regeneration, but there clearly is a reduction in the average numbé&eefstems counted per
plot with increasing density of invasiveseeFigure5).

Invasive Density and Stem Counts

©
o
o
o
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0 - T . .

None 1-25% 26-50%  51-75%
Combined invasive species density

er acre of regeneration
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Figured: Regeneration by invasive plant density in Wachusett harvest openings
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Figure5: Sample mapping of invasive plant populations at Wachusett

8.2.3 2008 Quabbirfurvey andMapping

In the summer of 2008, a seasonal crew of three traveled every road inside the gates on
the Quabbin watershed, recording with GPS the roadside occurrence of ten species of
terrestrial invaste plants:.Japanese barbernBérberis thunbergij Oriental bittersweet
(Celastrus orbiculatysJapanese knotwee®¢lyganum cuspidatujpautumn olive Eleaganus
umbellatg, common reedRhragmites austral)s purple loosestrifel(ythrum salicari glossy
buckthorn Erangula alnu®. Mill), honeysucklelLoniceraspp.), multiflora rose Rosa
multiflora), and Norway mapleAcer platanoides Occurrences were recorded as circles
around points (most of 10 ft. radius but some ranging up to 100 ft. radius), or polygons (ranging
in size from 87 sq. ft. to 24&cres) Cover density estimates for the circles and polygons were
recorded as trace, low, lomedium, medium, mediurhigh, and high. Shoreline populations
of Phragmitesand Lythrumwere located and mapped by boat and from the air. Areas between
roads inseveral portions of the watershed were also reconnoitered on foot and the invasives
encountered were recorded and mapped. All together across the watershed, 30@%% and
circles representing 45 acres, and 187 polygons representing 808 acres were tallied and
mapped. The largest polygon, 244 acres at Webster Road in the Park, is bgimgenged since
it wassubsequently determinedhat at least 49 acres and perhaps more of the polygon were
actually invasive free. Some summary comments and maps follow
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Table6: Results of 2008 Quabbin invasive plant survey

Number of Number of points
Invasive Species polygon acres* (total=3,937)*
Japanese barberry 290** 2,676
Glossy buckthorn 49 28
Bush honeysuckle 120 631
Common reed 174 126
Oriental bittersweet 116** 507
Autumn olive 15 44
Multiflora rose 42 117
Japanese knotweed 49 258
Norway maple 17 0
Purple loosestrife 34 134

*Two or more species were recorded at many of the points and polygons.
**Does not include the Webster Road polygon

Japanese barberryBarberry was by far the most prevalent and widely distributed invasive

plant species within the Quabbin watershed (2,676 out of 3,937 points of occurrence on the
road system). Infestations covering large areas were mapped in Quabbin Park, Dana Common,
andin parts of the Prescott Peninsuldapanese barberry was encountered least frequently in

the Pelham Block.

Glossy buckthorn28 ¢pointst 10 ft. radius, classified £ (low density), were found in the

vicinity of Pottapaug Pond and the north end of Prescott Peninsula. Eight patches (from .05 ac.
to 16.6 ac.) were mapped at the mouth of the east branch of the Swift River and south of Rt.
202 where it crosses the middieanch of the Swift River near gate 30 in New Salem.

Bush honeysuckle631 points, the majority around the north side of Pottapaug Pond, central
Prescott and the Observatory, Dana Commons, gate 38 Road, Quabbin Park.

Common reedPhragmitesvas found mostly in the northern half of the main reservoir on the
eastern shore, and at the mouth of Pottapaug, but not in the main body of the pond. It was
also mapped in ponds or wetlands on islands. ©nbpopulation was found in the western
arm of the reservoir.

Oriental bittersweet: Heavy infestations were concentrated in areas around the Administration
Building, the stand of white pines and other areas below the dam, along Webster Road
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between gates 53 and 54 in Quabbin Park, Enfield lookout, and around Dana Common.
Relatively few occurrences were noted elsewhere, although anecdotally Quabbin foresters have
suggested it is common on Prescott Peninsula.

Autumn olive:44 points, mostiylow density in pockets at Goodnough Dike.

Multiflora rose: 117 points, mostly on the Prescott peninsula, around Pottapaug Pond, and
New Salem area near gates.

Japanese knotwee®58 points. There is a&hvy infestation near the &e 39 road andhe
first junction afterthe power line, and north of Dana Center. Also, populations were recorded
on Doubleday Road on Prescott south of2@nd also at the Observatory,-9B and Gate-5.

Norway maple:None were noted in the vicinity of the road system.

Purple loosestrife134 points, mostlydtracet or dow densitg. The majority was found in
Pottapaug Pond. Some was found in north Prescott eé8 20204.

This effort provided a good starting point for further inventory work. A number of areas
of heavy infestation were located, and the nature, scope and extent of the problems are better
understood. The road system inside the gates was thoroughly travad@cumented. The
scouting that was accomplished away from the roads covered some areas but was far from
complete. Most of the territory away from the roads has not been mapped. Even the roadside
inventory probably underestimates the frequency, sinkce foresters know of infestations that
were not identified by the summer survey crew.

The figures on the following pages illustrate the locations of the occurrences of several
invasive species based on the data collected in the 2008 survey.
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Japanese Barberry
Reservoir

Figure6: Point occurrences of Japanese barberry along Quabbin roads

(NOTEJapanese barberry is by far the most widely distributed terrestrial invasive plant at Quabbin.
Dots show location of plants within ~fi0of the roads, but not actual population size. At this scale
(1:150,000), a dot representing a 20 ft. diameter population would be 14heuasandths of an inch in

diameter)
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Oriental Bittersweet
Reservoir

Figure7: Point occurrences of Oriental bittersweet along Quabbin roads
(NOTEDots show location of Oriental bittersweet found within ~10 feet of Quabbin roads, but not
actual population size. At this scale (1:150,000), a dot representing a 20 ft. diameter population would

be 16 tenthousandths of an inch in diametgr.
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Honeysuckle
Reservoir

Figure8: Point occurrences of bush honeysuckle found along Quabbin roads

(NOTEDots show location of nanative honeysuckle within ~10 of the roads, but not actual population
size. At this scale (1:150,000), a dot representing a 20 ft. diameter population would be 16 ten
thousandths of an inch in diametér.
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Buckthorn
Reservoir

Figure9: Point and polygon occurrences of glossy buckthorn at Quabbin

(NOTEPolygons of mapped populations range in size from 0.05 to 16.6 acres. Dots show plant locations
within ~ 10 feet of Quabbin roads, but not actual population size. At this scale (1:150,000), a dot
representing a 20 ft. diameter population would be 164@ousandths of an inch in diametgr.
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B Lythrum

B Phragmites
Reservoir

FigurelO: Phragmitesicommon reed and Lythrum (purple loosestrifg populations at Quabbin
(NOTECommon reedFhragmite$ was found mostly in the northern half of the main reservoir on the
eastern shore. Purple loosestrifleythrum was found principally in Pottapaug Pond.
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Table7: Terrestrial invasive plant species present on DWSP watersheds as of 2008

Common name Latin name Habitat Satus! | Qu | WR| Wa | Su
Norway maple Acer plantanoides Forest edges, mesic woodlands I X| X | X | X
Goutweed Aegopodium podagraria Flood plains, riparian areas I X| X | X | X
Treeof-heaven Ailanthus altissima Open areas, disturbed areas I X X | X
Garlic mustard Alliaria petiolata Flood plains, moist edges, roadsides I X| X | X | X
Japanese barberry Berberis thunbergii Forest, mesic to moist soils, open areas I X| X | X[ X
Common barberry Berberis vulgaris Forest, calcareous outcrops, thin canopy wo¢ LI X

Oriental bittersweet | Celastrus orbiculata Forest edges, woodlands, fields I X X | X | X
Black swallowvort Cynanchum louiseae Open areas and edges, roadsides I X | X
Russian olive Elaeagnus augustifolia Open areas DNL | X | X | X | X
Autumn olive Elaeagnus umbellata Open areas, tolerates poor soils, roadsides I X X | X | X
Winged euonymus Euonymus alata Open woods, fields, edges, wdlained soils I X X | X
Glossy buckthorn Frangula alnus Forest or opepmost dense in wet areas I X X | X | X
Honeysuckles Lonicera sp. Woods, edges, floodplains, wetlands, roadsiq Varies| X | X | X | X
Purple loosestrife Lythrum salicaria Wetlands and moist, disturbed sites I X| X | X | X
Japanese stiltgrass Microstegium vimineum Open areas, wet areas, riverbanks, fields LI X
Amur corktree Phellodendrommurense Upland forest, wide range of shade and soils| LI X
Common reed Phragmites australis Wetlands I X| X | X | X
Japanese knotweed | Polygonum cuspidatum Riverbanks, wet edges, roadsides I X| X | X | X
Common buckthorn | Rhamnus cathartica Open forests, welllirained calcareous sites I X X | X | X
Black locust Robinia pseudoacacia Edge of forest/field, sandy soils, woodlands I X X | X | X
Multiflora rose Rosa multiflora Open, fertile, moist areas and edges I X X | X | X
Coltsfoot Tussilagdarfara Open areas, wet edges, riverbanks, roadside LI X

IMIPAG Status: I=Invasive; LI = Likely InvaBiNg;= Do Not List at this time

Terrestrial Invasive Plants: Problem Statement and Management Strategy

53




8.3 Invasion History and Current Regional Distribution of Three Terrestrial Invasive
Plant Species

To provide additional context to present day invasive plant management concerns, it is
instructive to trace the invasion history of several amative plant speciestheir éescapeé
from cultivation, and spread over the regional landscape.

Japanese barbernBgérberis thunbergli 61 & AYGNRBRdzOSR Ay GKS | ®f
Arnold Arboretum (Silander and Klepeis, 1999). Eastern Massachusetts nurseries were selling it
as a hedge plant and ornamental by the late 1800s. There is little evidence that it had
naturalized in the reign prior to 1920, but by the 1930s Japanese barberry had spread in
concentric circles around Boston and New York. Based on herbarium records and other
sources, Japanese barberry was recorded in fewer than 10 ceuntie920. By 1940 it was
reported in 25 counties, and in another 20 years, it was recorded in nearly 50 counties. By the
1960s and 1970s it had become recognized as a serious invader of many natural communities in
the landscaped.g.,closed forests, woodlands, wetlands, meadows, pastures, fence rows,
waste places, etc.)t had spread to 100 counties biye late 180s.

Today Japanese barberry is widespread, often forming dense continuous stands,
especially in the Middle Atlantic States, and southern and central New Englanéidseel?2).

Oriental bittersweet Celastrus orbiculatuShunb.), native to Japan, Korea, and northern
China, was introduced into the U.S. in 1860 as an ornamental and for erosion control.
Naturalized plants were first collected in Connecticut in 1918pread to Massachests by
1919, and New Hampskiby 1938.By 1974, Oriental bittersweet had spread to 33 states and
was considered invasive in 21. Presgistributionis throughout the northeastern and
southeastern U.S. extending to the southeastern Great Rlains

Winged euonymus, also known as burning bushohymus alatp was also first
introduced in the United States in the 1860s as an ornamemd. S a2y YR / NR VY |j dzA
Manual of vascular plants of northeastern United States and adjacent Calesdabed it as
widely cultivated but onlglocally escaped from cultivatiérn the Northeast.By the turn of
the 21st century, burning bush was considered locally invasive in n@tlyeastern states
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Burning bush

Figurell: Regional distribution (presence/absence by county) of three invasive plant species.
EDDMapsS, 2011

Humans were responsible for the initial introduction and spread of these invasive
plants. But even today this process continues in many states where there are no regulations or
prohibitions on the sale of invasive plants through the nursery trade. Hdvassachusetts
and in New Hampshire, the sale of all three of these invasive plant species is prohibited. But in
Connecticut and Vermont only one of these three species, Oriental bittersweet, is banned.
Maine and New York do not restrict the sale of afhyhem.
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Table8: Site preferences and effects of common terrestrial invasive plants on DWSP watersheds

Header RovKey: LR, Light Preferences; SfSite Preferences; EQEffects On; FoQFrequency oOccurrence

SP SP
LP LP LP Dry | Moist SP
Full | Partial | Full to to SP Riparian EO EO EO FoO
Species | sun | shade | shade| moist | hydric | Wetlands| areas | Overstory | Understory Soll (all watersheds)
Autumn Uncommon| _ . , Uncommon except
. X - - X - - - None . Nitrogen fixer P
olive in forest planted
Japanese Alters soil | Common on moist tg
barberry biota, wet sites
chemistry
X X X - X X X None Competes
(pH),
structure, and
function
Black locust . . Variable b
X X - X - - - Competes| Competes | Nitrogen fixer y
watershed
Black Competes -
swallow- X X - X - - - None via -
wort smothering
Asiatic Strangles Common; prefers
_ Competes . .
bittersweet | X X - X X - - and ) - disturbed sites,
for light .
smothers calcareous soils
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SP SP
LP LP LP Dry | Moist SP
Full | Partial | Full to to SP Riparian EO EO EO FoO
Species | sun | shade | shade| moist | hydric | Wetlands| areas | Overstory | Understory Soll (all watersheds)
Common Infrequently
and glossy X X X X X X X None Compete - common
buckthorn
Common Alters soil | Increasingly commol
Competes . ,
reed X - - - X X X None . hydrology; | in wetlands with
in wetlands| | . . .
bioremediator| cattails
Garlic Common except not
mustard X X X X X X X None Competes - currently present @
Quabbin
Goutweed X X X X - - None Competes - Uncommon (?)
Non-native Early Infrequently
honeysuckle| X X - X X - - None leafing; - common
competes
Japanese Roadside, Common along
X X - - X X X None . - .
knotweed not interior roadsides
Multiflora Increasingly commol
X X - - X - X None Competes - gy
rose
Norway Seedlings Common as roadsid
maple X X X - X - - Competes| are shade - planting
tolerant
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SP SP
LP LP LP Dry | Moist SP
Full | Partial | Full to to SP Riparian EO EO EO FoO
Species | sun | shade | shade| moist | hydric | Wetlands| areas | Overstory | Understory Soll (all watersheds)
Purple . X X ) ) X ) None .Competes ) !ncreasmgly commol
loosestrife in wetlands in wetlands
Treeof- Competes; Spotty
heaven X X X - - - rapid Competes| Allelopathic
growth
Winged Expansion from
euogymous competes IanF()JIscape plantings
. X X X None but needs

burning <un
bush

NOTE: Detailed descriptions of each of the most common species are included in the Appendices of this document
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9 PastManagement oflnvasiveTerrestrial Plants on DWSRVatersheds

Over the past decade or so, as the problem with invasive plants began to receive more
attention, a variety of efforts to control these plants has taken place across the watershed
system:

1 Roadside mowing of Japanese knotweed has occurred as part of the regular
maintenance program, but largely resulted in the continuatieamd sometimes in the
spread of these populations.

1 Some of the wildlife plantings of species like autumn olive or winged euonymus that
were dutifully installed in the 198 were systematically removed in the late 189
although some of these had spread well beyond the initial plantings.

1 For several years, purple loosestrife has been pulled along the banks of Pottapaug Pond
in the Quabbin Reservoir watershed and in other areas, but without much landscape
level effect.

1 Reductions of common reed have mostly been associated with flooding activities by
beaver, although expansions have outpaced reductions.

1 Several large and smaller Norway maples were removed from roadsides in Dana
Common at Quabbin.

1 Quabbin Park maintenance crews have battled with limited effectiveness against the
continuous expansion of oriental bittersweet. A population of bittersweet that was
infringing on a small population of the wattisted mapleleaved goosefoot in the
Pottapaug Natural Area has been repeatedly cut and pulled by hand.

1 Small sections of Japanese barberry have been bsasled, mowed, pulled by hand
and by grapple, and burned with limited lotgrm reduction.

1 Garlic mustard has been pulled and repeatedly mowed at the Ware River and
Wachusett watersheds.

1 Glossy and common buckthorns have been mowed on disturbed sites and pulled with a
WgSSR oNBYOKQ | FSg LXIFyda d | GAYS FTNRY
Ware River watersheds.

1 Multiflora rose frequently occurs near roadsides or on the edges of fields, where it has

been either deliberately or routinely mowed back, resulting in at least temporary
reductions.

Until 2007, none of these effortsexe carefully monitored.
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9.1 TerrestrialinvasivePlant Management at Wachusett and Sudbury Reservoir
Watersheds, 20082010

Beginning in 2005, DWSP Foresters on the Wachusett and Sudbury watersheds began
deliberate efforts to control invasive plants, foaugon garlic mustard, black swallowwort, and
Japanese stiltgrass.

9.1.1 GarlicMustard

The forestry staff began noticing patches of garlic mustard in May and June of 2005.
Twoextensive patches were foundne in West Boylston off the end of Malden Street, and one
in Southborough around the shaft building and landfill off of Route 30 just west of the Dam.
Smaller patches were found that year at the detention basin outflow on the entrance road into
the Sudbuy Dam. In June of 2005, weed trimmers were used to cut all plants.

In May of 2006, those same areas were again cut with trimmers. In addition, several
more areas were found and cut. In May of 2007, all the same areas were cut again, in addition
to many new sites, including a site over an acre in size on Wachusett Btidelden opposite
the north end of Unionville Pond. A hiatus occurred in 2008, but treatments were resumed in
2009, when staff started hanplulling and bagging plants from the scattered small
populations. The existing larger populations were not tredtin 20091n 2010, extensive
control efforts resumed and attempts are being made to pull or cut every known population at
Wachusett and most at Sudbury.

Where populations occur along DWSP property lines, efforts have been made to
educate abutters about the issue. In some cases staff has been given permission by an abutter
to cut garlic mustard outside the DWSP boundary where the population is contigndusa
be efficiently treated. Wachusett Greenways has agreed to work at controlling an infestation
found in 2009 at the Rail Trail in West Boylston. Control work began ith@@&L0
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To datenine separate populations of garlic mustard at the Sudbury Reservoir have been
mapped and documented on DCR land (several others have been identified on adjacent, non
DWSP land), some small and some quite extensive. At Wachusett, the countis up to 41
locations. There is only one treatment site where mustardyhave been eliminatedThe
location is a small population that was newly discovered in 2009 near one of the gaibs.
robust mature plants were seen then, and were hgndled and baggedThe followingyear no
plants were seen at that siteOtherwise the infestations persisit every other site.Treatment
will continue until seed banks can be exhausted at each location.

Labor effort was not tracked in prior years, but in 2010 approximatelyeBSorthours
were spent hanepulling and 13ersorrthours weedtrimming garlic mustard.

9.1.2 BlackSwallowwort

Forestry staff have documented three separate patches of swallowatdfifachusett
The first was found in 2004 at the entrance to the Paddock acquisition on Griffin Road in
{GSNI AYy3TID CKA& LILIzZ I GA2Y 0&BDWSBate ghdhay | 6 dzi G S
since spread extensively. The second location is on the DCR North Dike in Clinton. In 2005 it
was seen growing on the fence line inside Gate 38. Since then, it has invaded grassy open
areas, shoreline, ripapped areas, and forest from G&38 all the way to the Spillway. The
third location, discovered in 2005, is located at the intersection of the power lines and West
Boylston Brook inside Gate 25 in West Boylston.

The only attempt at control was made in the summer of 2006. Weed trimmers were
used on a portion of the colony inside Gate 38, along the shoreline and rip rap. Only a few
hours were spent doing this, but the foresters quickly concluded that it wasaiog o have
much of a longerm impact on the population. The plants are tough, and the ability of the
machines to reach all the areas was limited.
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9.1.3 Japaneseliltgrass

Japanese stiltgrass is beginning to appear on the Wachusett Reservoir watershed in
small but expanding patches. In 2010, Forestry and Natural Resources staff spent parts of three
days pulling stiltgrass from an area along Muddy Brook, justreet enters the reservoirAn
area estimated at just under an acre asitbatedalongeither side of approximately 1,200 feet
of the brook was cleaned of readily visible plan&xtypersonthours were used to clean this
area, from the delta at the mouth of Muddy Brook to a railroad track above, fikin@0-gallon
trash bags with plants. While this effort should slow the spread of the plant to the reservaoir,
where seed could move further along the shore, theransadditional half acref dense
stiltgrassabove the railroad trekthat is not on DWSP propettgo followup is definitely
required to gairfull control over this population.

9.2 Pilot Quabbin Watershed Forest Invasive Plant Management Program

In the summer of 2007, the Division hired a crew consisting of an Assistant Forester (crew
leader) and two seasonal park laborers to implement a pilot program to deliberately reduce
invasive plants in specific locations and to document the effort, its eost its shortand long
term effectiveness. This crew did not use herbicides but instead used a variety of mechanical
removal techniques to address pselected representative invasions. The initial obyesare
describedbelow.

9.2.1 Summer 2000bjectives

The pilot program was designed to testinual treatmentcontrol methodtechniques on
five invasive species apecifiedareas(seeTable 9. The Division will monitor the effects of
these treatments to inform future, largescale efforts to control these species.
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Table9: Quabbin invasive plant control efforts, summer 2007

Species Areas Method of Control Method of Disposal
Japanese | 1. Gate 8 Pull carefully to remove most of plant. Covl Bag and remove to
knotweed pulled area with black plastic or thick burn site. Treat as
cardboard or other lightxcluding material. | toxic; fragments as
Alternatively, cut and remove plants. Repg small as ¥z inch can
every 12 weeks through August. restart a colony.
Oriental 2. Pine south of Cut larger diameter stems that have climbg Bag all removed

bittersweet

Windsor dam

3. Administration

ground stems should be pulled. Repeat
cutting as regrowth occurs

plants and compost
or burn. Large stems

building cut and leave in trees
4. Rotary by power to die.

plant
Japanese | 5. Roadside uphill | Cut with brush saw or mow (skid steer with| On site. Cut and
barberry from Enfield lift able rotary mower); then torch or pull leave or chip or pile

Lookout stumps. Repeat treatment as rgrowth to burn.

occurs

Purple 6. Pottapaug Pond | Timing is critical. Mechanically pull and ba( Bag and remove to
loosestrife plants after flowering but before seed is se{ compost or burn site

(note: one plant can throw 500,000 seeds)

9.2.2 Summer 200ProgramResults; 2008, 201Qpdates

The purpose of the Quabbin Invasive Management Proghenpilot projectwas to test

the use of different types of mechanical treatments for the removal and elimination of various
invasive plant species. The species that were chosen for removal were the invasive plants that

are most abundant on the Quabbin watershed. Thes#es that were chosen represent a
broad selection of soil types and topography. Future treatments of invasive plants will be
informed by the results of this pilot project.

9.2.2.1 Areal
Location Gate #8, PelharfseeFigurel3).

Species targetedtapanese knotweedolygonum cuspidatum

Treatment:Pulling, cutting and covering

OverviewIn this location the invasive treatment was by hand pulling and cutting of all larger
stems. The material was removed from the site and was composted in an area that would
minimize the chance of spreading thept to noninfected areas.Knotweed is very easily
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spread. Even small pieces of the plant stem or root will start a new colony if the material
comes into contact with moist soiDne section of the treatment area was covered in 6 mil
black plastic to remove light and water from the residual root systems of the phdhareas
were monitored and any rgrowth was cut oraweekly basis.

ObservationsThe plant is being spread by road maintenantle cutting of roadside plants
spreads them further along the roaddany small plants were discovered in areas where road
spoils were dumpedAlso sediment traps and drainage areas were prime sites for new colonies
to start. These areas collected fair amounts of cut plant material from roadside mowing. Also
notable was the existence of colonies in gravel banks and parking areas where sites would be
assumed to be hostile to its growtiAfter first treatment, re-growth occurred at a rate of one

to two feet per week. Follow up treatment commenced immediately. Mechanical treatment
eventually reduced plant growth to around 3 inches per waglseason progressedreatment

was very labor intensiveTotal treatment area was less than 300 square feet and consumed
over 140 labor hours ovehe course of the projectAs of last field inspectiono re-growth has
occurred under plastic covered areas.

2008 Follow upThe black plastic was still in place, but had degradedoaet puncturedn a

few places by wildlife. Knotweed stems were growing through these breaks in the plastic. The
plastic was left in place, and the surrounding area that had been treated in 2007 was cleared to
bare soil with brush saw, weed whacker and backpack blgavet thenreseeded with bank

mix grasses.

2009, 2010:There was no additional treatment in 2009. Inspected in May of 2010, the black
plastic is still in place, with knotweed stems growing through the scattered holes noted in 2008.
The surrounding area that had been mechanically cleared and seeded ima2d®d&en re

colonized by knotweed.

9.2.2.2 Areall
Location:Pine stand south of Windsor Dam.

Species targetedriental bittersweetCelastrus orbiculata.
Treatment:Cutting

OverviewThis area was heavily infested with bittersweet. Most of the pine trees had large
colonies of vines growing into the trees in excess of thirty feet. Many trees had their crowns
completely covered. The forest floor was also covered with the vine assvptivet, barberry,

and other invasive species. All vegetation (except for the trees) was cut in the treatment area.
The vines that grew into the trees were cut into sections to kill the vines and prevent
strangulation of the trees.

Terrestrial Invasive Plants: Problem Statement and Management Strategy
64



6/19/07 = Untreated 6/19/07 — After cutting and hand pulling,

Treatment area not
covered by plastic was re-
cut weekly through the
growing season

"y ‘,., “pvi h : X ’- : ‘-; - E

?'»ﬂ { ". - A ) ~ ' : e : A:’ {_5" -
6/4/08 — One year later. Knotweed not 5/20/10 - Three years post treatment.
covered by black plastic continues to thrive, Knotweed growing through holes in plastic

and robust elspwhere.

Figurel2: Area 1- Gate 8 road knotweed test treatment
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ObservationsSome of the vines were over 6 inches in diameter and could only be cut with a
chain saw. Upon cutting all plants died quickly-gR®vth occurred within two weeks and the
plants began to climb back over existing brush. Larger cut stems began to apdocitmb

once again up the trunks of the trees. Due to the density of the trees, treatments could only be
done with powered hands tools as tractor access was impossible.

Follow upOne follow up treatment was performed to attack the plant in its vegetative state
before it became woody. Total labor expended was 175 hours and treatment area was less
than three quarters of aracre.

9.2.2.3 Areallll

Location:Administration building.

Species targetedriental bittersweetCelastrus orbiculata.
Treatment:Cutting and removal.

OverviewThis was an area of 900 square feet where invasive bittersweet had over taken the

original plantings. All plant material was cut and remosad the area later reseeded to return

G2 tlLoyod b2 FdzZNHKSNIJ GNBFGYSYyGa 6SNBE LISNF2NXYS
was also treated as was the roadsides where invasives were present.
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ObservationsFifty labor hours were used in this treatment area that was reseeded. The area
will be repeatedly mowed so invasive control should be successful. This treatment would not
be practical in most of the Quabbin landscape as seeding and regulaeékly) nowing would

not be practical or desirable. The sides of the road and theapparea adjacent to the

reservoir will need, at a minimum, yearly cutting to maintain the reduction of the invasive.
Initial treatment in this area consumed 150urs of labor. Yearly cutting may take as long due
to the difficult terrain.

9.2.2.4 ArealV
Location:Rotary byWinsor Danpower plant(seeFigure 4).

Speciesargeted:Oriental bittersweetCelastrus orbiculata
Treatment:Qutting and removal and covering

OverviewA 400 square fooareaof bank was treated by cutting and hand pulling all plants.
The bank was raked and all material was removed for compostihg.entire area was covered
with 6 mil black plastic to prevent water and sunlight from reaching the treated axEnother
treatment was performed.The plastic will remain until well after frost or later.

ObservationsNo regrowth occurred under the plasticSmall sprouts began and succumbed to
lack of sunlight.Fortyhours of labor were used on this treatmerit.is unknown how longhe

site will remain free from invasives once plastic is remowddwing or overseeding may be an
option on sites treated this wayThis may be a viable treatment of small sensitive areas, as
long as follow up treatments are continued.

2008 Follow upThe plastic tarp had partially slid down the 45 degree slope over winter. Few
plants had survived under the portion of the treatment area that had remained covered. A
slope mix of perennial grasses was sowmid-June

2009, 2010:No additional treatment in 2009. In July of 2010, the treatment area had become
completely overgrown with approximately 50% bittersweet and 30#usvhere the grass
had been sown.

Terrestrial Invasive Plants: Problem Statement and Management Strategy
67



e .

8/20/08 - Grass had been sown in mid June. 7/30/10 - Rubus and hittersweet have out-
competed the grass.

Figurel3: Area IV, bittersweet test treatment at rotary by Winsor Dam power plant
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9.2.25 AreaV
Location:Roadside below Enfield lookout.

Species targetedtapanese barberigerberis thunbergii.
Treatment:Cutting and removal.

OverviewThe treatment area was a roadside patch of very heavy Japanese barberry. A
treatment area of 600 square feet was selected and all of the invasive plants were cut with a
brush saw and removed. The purpose was to remove the seed source but also to gasmtacc
the stumps of the cut plant. A group of 10 of these plants was selected to be burned with a
propane torch. A high flame was applied to each stump for three to five minutes to ensure
total desiccation. Another group of five stumps wakestd for pulling or digging for total
removal. The rest of the treatment area was left as a control area. The total area was treated as
needed to control any rgrowth.

ObservationsRegrowth was significant aftefiour weeks on the site.The burned stumps did

not re-sprout from the stumps themselves, but did from the intact root malse root mass

was unaffected by the heat treatmenihe soil around dug stumps did not sprout as quickly.
New plants began from the roots left in the soil showing that total removal was not
accomplished.The control plants started to fsprout from the cut stems and put on rapid
growth once started. The entire site wasaet to set back the rgrowth further. Total labor
hours were over 100 and continugdesence of the invasive is certain.

9.2.2.6 Area VI

Location:Pottapaug Pond
Species targeted?urple loosestrifeLythrum salicara
Treatment:Hand pulling

OverviewThe target area was the bank of the pond heading northeast away from the fishing
area and the main body of the reservoi survey of the reservoir itself found no evidence of
the invasive.The goal was to prevent the spread of the plant into unaffected aréas. banks

of the pond showed scattered infestation starting at the boat launching area and proceeding
along both banksUsing access by both foot and by boat, the banks were searched and any
plants found were removed by hand pullingpthe areas where boat access was impossele
foot survey was doneThis ensured complete coveragklants were bagged and removed off
site for composting.

Observationsltdentification was difficult otil the plants were in full bloomThe same areas
needed to be examined multiple times to ensure that plants were not missed as younger plants
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matured. It was common to find new plants in areas that were assumed to be free from the
invasive. Pulling was almost impossible where the loosestrife grew interspersed with
blueberries. The loosestrife roots would become tangled with native woody species making it
impossible to remove before they snappela this case, as much of the stalk and flowers were
removed as was practical. Including fpreatment screeningover 160 labor hours was

involved in the treatment.At most, no more than 30% of thetal bankarea was treated.
Massive populations of plants in the northern end where deemed not practically treatable in
this fashion

9.2.3 Costs forSummer 2007Pilot Program

In an effort to understand the costs associated with using a strictly manual approach to
reducing these plant populations, the labor and acreage figures above were summarized as
follows:

Knotweed

300 sq ftequals0.007 aceq300/43,560)

140 hourgimes$15/hr = $2,100 for 300 s@grefeet

* note that this area was revisited and retreated weekly and included the spreading of black
plastic to test its effectiveness in killing the remaining plant material

Bittersweet

Area |

0.75 acres treated; 175 houas $15/hr = $2,625

Area ll

900squarefeet equals0.02 aces(900/43,560kreated; 50 hoursat $15/hr equals$750
Area lll

400squarefeet equals0.009acres(400/43,560) 40 hoursat $15/hr equals$600

Japanese Barberry
600squarefeet equals0.014 aces(600/43,560) 100 hoursat $15/hr equals$1,500

This crew also pulled purple loosestrife from the banks of Pottapaug Pond when it was in
bloom. The area covered is unclear, but they devoted 160 hat$$5 per hourequals$2,400.

Total crew time recorded above was 665 hours, or $9,975, with which they treated
approximately3 acres totglincluding the loosestrife. Total average cost is therefore about
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$3,000 per acre for initial treatmentSome of the area treated received multiple follewp
treatmentsduring the same summer; all of the area treated will need follgptreatment in
subsequent years to remain invasifree, but as control is gained, folleup treatment should
decline in cost.

9.3 Other Gontrol Bforts at Quabbin and Ware RivaNatersheds
9.3.1 AsiaticBittersweet Threatening aRare Plant

In August 2003, a single small population of Mdpkeved goosefootGhenipodium
gigantospermum)a MA Watch List species, was identified on the €&sihg cliff and talus slopes
within the Pottapaug Pond Natural Area. At the same time, an approximatehef by 20
meter patch of Asiatic bittersweet was noted in the immediate vicinity. During the fall of 2003
and again in the spring of 2004, this isolated occurrence of bittersweet wasghaledl and
removed in an effort to protect the rare plant froencroachment. Unfortunately, a porcupine
took up residence in the talus and used a path that included the goosefoot during 2004, so that
the rare plant was heavily impacted. Repeated observations since that time have confirmed that
the rare plant is goa from this site. The bittersweet was successfully under control at the 2004
observation of this site.

-

Figurel4: Pulling bittersweet in Pottapaug Pond Natural Area
9.3.2 GarlicMustard at Ware River

A small roadside infestation of garlic mustard was discovered on the north side of Old
Turnpike Road in the vicinity and mostly east of gate3@TMay 2007. Each spring for four years
several small patches (the largest being approximately 600 squatraridd,000+ plants) have
been treated by manually pulling the stems and roots of the second year plants (prior to
flowering) and as many of the first year seedlings as possible. Plants are bagged and removed
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from the site. In 2010, pulling occurred four times over a six week period starting in early April,
with 6 hours time spent.

A couple of the colonies have shown partial reduction in numbers in 2010. One colony, the
largest, extends under a concentration of downed branches, making access difficult. Knowing that
the seed bank takes 5 to 7 years to become exhausted, manual teffoas will most likely be
necessary for another couple of seasons.
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10 DWSRGoals forTerrestrial InvasivePlant Management

The following sections outline the broad goals for a program of terrestrial invasive plant
management on DWSP watershagtsng forward Details for meeting these goals are summarized
in Section 11 as objectives for future management.

10.1 Goals forEducation of Saff and Public

Successful management and control of terrestrial invasive plants requires a broad general
awareness of the problem. DWSP field staff should have a basic orientation to the issues associated
with these plants and, to the extent possible, the ability tontily the problem species so that their
management can be addressed during the course of regular land management practices. For Natural
Resources and Forestry staflis, well as Environmental Quality, Ranger, and Watershed
Maintenance staffsthe abilityto accurately identify both known invasives and those migrating onto
Division watersheds is critical to a successful early detection and eradication program. The public
that spends time visiting these watersheds can also be an important ally in thevieydant control
process, by providing information on populations seen and by understanding the ways in which their
activities can exacerbate the problem (e.g., by inappropriate disposal of vegetative waste that
includes invasive plant propagules). Theref it is the goal of the Division to provide both staff
training and public education in the issues of invasive plants and in identification and notification
procedures.

10.2 Goals for Early Detection/Rapid Response (ED/RR)

It is likely that new nomative plants with invasive properties will regularly arrive on the
watershed over the course of timeThe simplest invasive plant population to control is ¢imet is
detected early, when it is present on a small enough area to make eradication relatively simple.
Therefore,early detectionED)isa primary goal for control of invasive plants, which relies in turn on
the successful education of both internal staff and the general public in the recognition and reporting
of thesepopulations. Understanding the threats posed by these species is critical to prioritizing their
identification and control in a timely manneEarly detection must be followed by a rapid response
(RRX)hat thoroughly eradicates a new invasion before it can become established and spread.

10.3 BroadGoals forTerrestrial InvasivePlant Control

For invasive species that have become established, the broadest goals for control are to
understand which of these pose the most direct threat to the primary objective of producing clean
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drinking water in perpetuity as well as to native species populations (flora and fauna) and in
particular those that are protected by endangered species regulations.

10.3.1 Goals forWater Supply Protection

The Land Management Plans for each of the DWSP watersheds have built the case that a
vigorous, diverse, and actively regenerating forest provides superior protection for an unfiltered
drinking water supply. Therefore, to the extent that invasive spetiesaten the maintenance of
this forest cover and its ability to regenerate following natural or deliberate disturbances, these
invasive populations threaten the best protection of the drinking water supply. A broad Division
wide goal is to understand wherand under what conditions each invasive plant species may have an
impact on the maintenance or regeneration of the forest, then to reduce that impact.

While the Division owns significant percentages of its watersheds, invasive plants do not
respect boundaries. The efficient, effective control of invasive intrusions depends on the reduction
of the species not just on Division property but on adjacentgta or other public lands as well. Itis
therefore a broad goal of the Division to promote awareness of the relationship between invasive
species and water supply protection among abutting landowners.

10.3.2 Goals for theProtection of BiologicalDiversity

10.3.2.1 Goals forProtecting Rare Populations

DWSP is required by law to provide protection for both state and federally listed rare or
endangered species. Invasive plants have the potential to disrupt the best designed plans for
protecting populations of listed plant species, either by directly aveiming the plants or by
altering critical conditions of the habitats in which they are growing. Therefore, it is a Division goal to
identify both the location of these rare species and the proximal presence of invasive plant
populations, and to preverthe invasives from negatively impacting the rare species.

10.3.2.2 Goals forHabitat Protection

In addition to rare species, there are habitats or communities within the watersheds that are
considered rare or uncommon (e.g., shalsuwiled outcrops or talus slopes supporting such plants as
Adlumia fungosar Clematisoccidentalisor a pitch pineoak forest type) or otherwise critical
habitats supporting overall biolagal diversity €.g.,wetlands). Within rare upland communitieshe
specificgoalregarding invasive plantstis prevent changes to the habitat that might result from
monopolization by an intruding invasive pla/ithin wetlands, invasive terrestrial plants such as
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Phragmites australier Lythrum salicaridnave been documented to dramatically alter hydrology,
nutrient cycling, and/or species ngosition. It is aDivisiongoal for bothhabitat and water quality
protectionto reduce the impact these species have on the functioning of wetlands.
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11 DWSHnvasivePlant ManagementObjectivesand Methods

Addressing the goals summarizedsaction 10 will be an incremental process,
implemented as time and budget allow, within a dynamic set of priorities that respond to
changes in the regional and local populatiafserrestrial invasive plant speciesd to an
increasingunderstanding of the ways in which these species are in conflict with Division
management priorities and ways in which they are best controlled.

11.1 Eucation of DWSMaff and the General Public

The terrestrial invasive plant problem is only dramatic to those who are aware of the
difference between a predominately native flora and one that is being invaded. This fact
O2yiNROdzESa (2 (GKS AYaARA2dza yI (azbBfor T |y Ay D
members of the general public learn to identify the most common invasives and their
monopolizing growth habits, they begin ésee them everywherg and at that point become
more interested in objectives for control and management. The will to manage and control is
therefore dependent upon successful education.

DWSP Natural Resources and Forestry staff are professionally responsible for plant
identification, including terrestrial invasives, and are acutely aware of the problem, confronting
it regularly in planning and implementation of land management. Othédf ata variably
aware of these plants, even though some activiteag(mowing, moving brush, scraping
organic material from roads) can significantly exacerbate the problem by spreading seed and
vegetative propagules.

Objective for education of DWSP staNR section will work with staff whose jo|b
responsibilities intersect with terrestrial invasive plants and provide them wit
training opportunities for understanding the issue, learning to identify the plgnts
of concern, and understanding the concepts ofigaetection, prevention, and
control.

=

Invasive plant awareness in the general public is also widely variable. There are
significant volunteer efforts undertaken regularly by state and federal agencies (e.g., DAR, DCR,
DFG, USFWS Silvio O. Conte National Fish and Wildlife Refuge) and NG (Hagure
Conservancy, New England Wild Flower Society, Massachusetts Audubon Society, the Invasive
Plant Atlas of New England project) in Massachusetts to provide education and to work on
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identification and/or control, but there remains significant need for education of the general
public regarding the problems and the potential role of individuals in preventing them.

In May and June of 1997, through a small grant from the Massachusetts Forest
Stewardship Program, DWSP staff and trainers from outside the agency put on thanday
workshops on protecting rare native plants and discouraging exotic invasives through
identification and management. These workshops drew 44 participants to sites at Quabbin and
in the Blue Hills for intensive classroom and field training. In September, 2008, NR staff hosted
a oneday workshop at Quabbin for the general public specificalliherproblem of terrestrial
invasive plants on DWSP watersheds. In addition to both class discussions and field training in
identification, this workshop initiated an effort to directly encourage the public to fill out field
forms to identify invasive pldrpopulations they encountered, with@ewarce (a copy of a
publication) for turning in 10 or more forms.

DWSP interpretive staff has assisted this effort on an ongoing basis, providing literature
that becomes available, support for workshops, and displays at the Quabbin Visitor Center. The
summer control and mapping efforts of seasonal staff during Z@Pwere summarized in a
large poster displayed at the Visitor Center during the spring and summer. It is difficult to
gauge the success of these displays in reaching and informing the general public, but the
Quabbin Visitor Center is visited by thousant@isnembers of the public in a typical year, so
there is lots of exposure.

Objective for public education NR staff will continue to work with Quabbin
Interpretive staff to provide displays and reports on DWSP terrestrial invasive
plant management efforts for general distribution as well as opportunities fo
teachers, school groups, or other organizationbécome better informed on
the problem and its solutions through presentations and workshops. Similaj
efforts will be organized by NR working with the interpretive staff in the
Wachusett section.

11.2 Terrestrial InvasivePlant Control

Given the current extent of terrestrial invasive plant populations within and adjacent to
DWSP properties on the Quabbin, Ware River, Wachusett, and Sudbury watersheds, and the
limited availability of staff and budget to address this problem, DW&Bet current priorities
for the allocation of these resources.
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11.2.1 Priority 1: BufferingRare Plant Populations

Existing and newly discovered rare plant populations are protected by endangered
species laws and regulations and by priorities for biological diversity on DWSP properties.
Invasive plants encroaching on these populations present a clear danger tsuhéaval and
addressing these threats is a direct responsibility of the agency. Therefore, these populations
will be visited annuallpy NR stafind assessed for the threat of invasive plants withgDa
foot buffer area surrounding the populatio hvasive plantgliscovered within this buffewill
be eliminated in part to meet the requirements of 321 CMR 10:00 Massachusetts Endangered
Species Act Regulations, which states tailess specifically required otherwise by statute,
localities orstate owned lands that provide habitat for state listed species shall be managed for
the benefit of such listed specieSaid agencies shall give management priority to the
protection, conservation, and restoration of Endangered, Threatened, and Special Concern
species occurring on state owned lards

Objective for invasive control near rare species populatiobRemove terrestrial
invasive plants discovered within 300 feet of known rare plant populations.
Removals or other treatment of invasive plants within these areas will be dope in
consultation with professional botanists and/or the Natural Heritage and
Endangered Species Program to assure there will be no collateral damage to the
protected species.

11.2.2 Priority 2 Early Detection/Rapid Response (ED/RR)

Early detection and rapid response are ongoing activities and are the second priority of
an invasive terrestrial plant species that has not been previously recorded on or near DWSP
properties, or has not yet expanded beyond localized, small populati@®epidRS & LJ2 y & S ¢
implies the immediate eradication of the species while its population is small and sufficiently
contained to allow complete control (kill or reawe) and the prevention of rgrowth.

Objective for Early Detection/Rapid Response support of the goal to protect
the watersheds against the establishment of new invasive terrestrial plant
populations, the Division Wimplement an Early DetectioRapid Response
(ED/RR) system
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11.2.2.1 Early Detection

1.

Preliminary risk assessment for high priority specigése Massachusetts Invasive Plant
Advisory Group (MIPAG) maintains a list (see #dfafly Detectiofispecies This list will
be reviewed regularlpy NR staffo determine which of the listed species would pose the
greatest threat to the DWSP watersheatsa direct threat to human healtti they were to
become established here, and where they are most likely to g@nd to publish updated
lists periodically (at least annually)

Formaldetection activities:Quantitative and qualitative measures of invasive plant
presence and abundance are now formally included in existing surveys, including annual
regeneration surveys, forest stand analyses, annual silvicultural lot reviews, and the
decadalContinuousForestinventory. Specific invasive plant surveys that occur in support
of the other priority objectives described in this section will also monitor for new
invaders. NRstaff will summarizethe results of these formal surveys periodically.

Informal detection activitiesDWSP staff will be trained in the identification of high
priority potential new invaders so that they can extend the reach of the early detection
network to areas of the watershed that they traverse in the course of their regular field
work. For exampleRangers traverse widely within the watersheds, Environmental
Quiality staffroutinely survey major tributaries arghnually visit every island, and the
Watershed Maintenance staff kaa strong presence on the road network aaid
disturbed areas and open fields, areas that are likely habitats for some new invatiRrs.
will develop invasive plant report forms for these staffs to carry with them in the field.
addition,NR staff will coordinate with Interpretive Services staff in developipgogram

of workshops, posters at thQuabbin Vsitor Center, and reporting sheet®r the visiting
public.

ResearchDWSP is represented on tiPAGand thus has regular access to the latest
research and developments regarding new and potentially invasive plant species. MIPAG
publishes a list of species that have been evaluated and classified as either invasive, likely
invasive or potentially invasive and either have not yet been found in Massachusetts or
occur in small enough populations that eradication is still a realistic possifiligse lists

are updated with alerts, via email and web postings, on the discovieribe stateof
populations of new species.

Training:NR staff will take the lead in arranging training DMWSP staff ingtly Detection
species identification and reporting.

Voucher specimen collectioAvoucher specimen of any newasivespecies wilbe
collectedby NRfollowing protocols provided by the UMass Herbarium.
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7. Authoritative verification: If necessaryspecies identification will be verified by a
professional botanist before the eradication response is started.

11.2.2.2 Rapid Response

1. Standing response teanT.here will be aore response tearnomprised of a staff member
from NR JForestry,and WatershedMaintenanceat each watershed

2. Training in control methodsExperience in control methods likely to be used against an
Early Detectionspecies will be gained through ongoing efforts to control existing invasive
plant populations.

3. Response contingency budgéthe core response team will develop a contingency
budget. he funds in such a budget line itemmaygo unusedn some yearsbut when the
need does ariseg stitch in timé& will indeeddsave nine

4. Prior understanding of potential legal constraint3he core response teawmill consult
with NHESP whenever aarly Detectionspecies is discovered, to ensure that any control
actions will not negatively impact a listed rare or endangered species.

11.2.3 Priority 3. ForestRegenerationNear Intakes

The riparian zones adjacent to tributaries and the reservoirs that are also close to
intakes are considered to be critical zones of hydrologic sensitivity for the protection of the
quality of the water entering the distribution system. This zone is ddfgenerally as the area
of land within onehalf mile radius of any intake and also within the watershed of that intake.
The ability of the forest within this intake protection zone to regenerate to a diverse forest
following natural or deliberate distudnces is considered by DWSP to be critical to maintaining
the biological filtration that protects the water supply. The estimated area of land within these
zones at each watershed B0 acres around the Chicopee Valley Aqueduct at the Quabbin
Reservoir (most of the zone around the CVA is either water ewatiérshed land)180 acres
around the Shaft 12 intake to the Quabbin aqueduct; 250 acres around the Ware River intake to
the Quabbin aqueduct; and 70 acres around the Cosgrove aqueduct intake at Wachusett
Reservoir, for an overall total of 520 acres.

Objective for maintaining regeneration near intakeSurvey intake areas for
invasive plants and maintain terrestrial invasive plant populations at levels that
allow native tree regeneration to become established and persist to maturity,.
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11.2.4 Priority 4: Inventory andControl of Terrestrial InvasivePlants within Proposed
RegenerationHarvests

DWSP Land Management Plans call for active forest management to regenerate small
portions of the watershed forest each year, in an effort to diversify age structure and species
composition of these forests. As deliberate disturbances, these regeneraiwedis have the
potential to stimulate the expansion of invasive plant populations that may be present or
nearby. These proposed harvest areas are reviewed internally each year, at least one year prior
to their implementation. The Forestry staff will caduct standardized surveys for invasive
plants designed to both detect every invasive species present and provide quantitative
measures of density and distribution of the invasive plant population. The results of these
surveys as well as maps will be udgd in the preharvesting review reportBefore the harvest
proceeds, the populationswithin the harvest areavill be assessed andontrolled to levels
believed to allownative forest regeneratioto become established andisvive to maturity
Forestry ad Natural Resources stafill selectmethods for controlling these populatioriom
among those agreed upon by DWSP

Objectives for invasive control within harvest aredaventory TIPs during

internal review process for proposed harvests and prior to harvest, control
discovered populations to levels that will allow the establishment and growth of
regeneration.

11.2.5 Priority 5: Protection ofBiological Diversity in Wetlands

Similar to the riparian zones within the intake protection zones, wetlands are generally
critical water resource areas for a variety of reasons. They provide-t@rortstorage that
attenuates flooding and the associated movement of sediments and nusiamid they
provide for uptake of nutrients prior to release of these waters to surface flow. Wetlands are
also critical habitats for many plants and animals, and as such are important components
supporting biological diversity. The most common wetlandsives within Division properties
arecommon reedPhragmites australissp.Australis)and purple loosestrifgLythrum
salicaria). The literature does not indicate direct water quality threats associated with these or
other wetland invasive plants versus native wetland plants, so the concern of the Division is the
impacts on biologicaliversity in these wetlandsNR staff will continue to survey permanent
wetlands for the presence of invasive species and, as time and budgetswiliowork to first
remove recentlyestablished small populations and then to control the expansion of larger,
well-established populations of these invasive species.
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Objectives for control of biological diversity in wetlandSurvey permanent
wetlands for presence of invasive plant species, and as time and budgets aljow,
remove recently established populations and work to control the expansion pf
well-established populations.

11.3 Modifications to Existing ManagementPractices
11.3.1 SilviculturalAdjustments toReducelnvasions

In areas of the watersheds in which propagule pressure (the presence and abundance of
seeds and other sources of plant reproduction) is high, the relationship between the range of
invasive plant habits and the range of habitats produced by silvicultwaiments may be
critical to adjusting silviculture to reduce invasions. While these areas will likely eventually be
invaded as natural disturbances take place, careful limitations in silvicufycan reduce the
suitability of the habitat for the invasives that are presard b) may reduce susceptibility to
AYyOlLaroSa 20SNItftx o0& AYONBFraAy3da yFGA@GS LIXFyd
2005).

For instance, a€elastruorbiculatusis primarily an edge species, silviculture proposed
within an area subject t€elastrusnvasion should reduce the ratio of edge to opening rather
than increase it. This would mean focusing on fewer, larger openings rather than on more,
smaller openings. As evidence of this issue on DWSP properti€seldstrughat now
occupies Webster Road plantations in Quabbin Park was unintentionally exacerbated by heavy
thinning, which provided ideal habitat for the expansufithe vine (lots of edges with tall
dadderg to climb in the form of widely scattered mature residuals). On the other hand, if a
shade intolerant invasive plant (e.@iJanthus altissimpis the species of concern, then limiting
large openings and focusing on single tree or small group selection silviculture might discourage
the expansion of the invasive.

Objectivefor silvicultural modifications Within the annual internal review of
proposed timber harvesting operations, DWSP will specifically survey the
proposed lot and adjacent areas for invasive plants and will initiate invasive |plant
control measures and/or tailor the proposed silvicultureaaingly.
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11.3.2 Loggingequipment Inspection

Logging equipment routinely picks up soil and vegetative debris during the course of
operating a timber harvest. When this equipment moves from one area to the next, it is
potentially a vector for transporting invasive plant propagules. While abspheteentionis
not practical, there is an ongoing need for education of the operators about the issue and for
basic rules to limit this form of invasive transplantation.

Objective for logging equipment inspectionin order to limit the spread of
terrestrial invasives via logging equipment, Division foresters will work to
educate loggers about the issutn addition, DWSP will implemelatgging
equipment cleaning policies designed to minimize the likelihood that seeds ¢r
rhizome fragments of invasive plants are brought on to watershed lands,
especially to areas that currently do not have invasive plant infestations. These
policies are arrently under development by DCR and will apply to both DWSP
properties and those managed by the Division of State Parks and Recreatio
Bureau of Forestry.

=]

11.3.3 FieldMowing Practices

Watershed maintenance crews routinely mow fields and administrative or recreational
areas. Mowing chops the vegetation in the mowers path and frequently carries debris along
the route. When mowing passes through existing invasive plant populationsrénagpable of
reproducing vegetatively, the risk of spreading these populations throughout the mowed area
and/or the travel path of the mower can be substantial. A combination of education, routine
mower cleaning, and avoidance of established invasivetpl@iniess the intent is to mow these
specie$ will reduce inadvertent spreading of invasives during mowing. Timing mowing around
invasive plants to occur prior to seed maturation may also reduce spreading.

Objective for modifying mowing practiceg o reduce the spreading of invasive
plant populations through mowing, maintenance crews will receive traifiog
NR stafin identifying invasive plant species and the timing of seed productign.
When mowing in areas containing invasive species, mowers will be cleaned
before moving to uninfected areas. Infected areas will be avoided unless
mowing is part of a treatment plan.
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11.3.4 RoadMaintenanceActivities

Routine road maintenance includes the collection and transportation of soils and gravels
that may contain invasive plant propagules. In order to assist with preventing this
transportation, maintenance crews need to be aware of the plants considered itovbsive
that grow on woods roads or roadsides.

When loam or gravel is taken off site from an area that contains invasive plants,
contamination of the destination site may be prevented by watching piled material for evidence
of these plants and eradicating new growth via mulching or otherwise killeggtplants
before the material is spread again. Routine road work also includes mowing, which may result
in the transportation and spread of invasives if seed or vegetative material is captured on the
mowing machine and released at other locations. Tevent this, operators must either avoid
mowing when seed from the invasive plants in the area is viable, and/or pressure wash the
mowing machine periodically to prevent the spread of propagules.

Objective for road maintenance modificatioffo limit the spread of invasive
material during routine road maintenance activiti®R staffwvill educate
operators about theneed toadjust the timing of these activities according to
seed maturation dates, antthe need to perfornroutine cleaning of mowing or
other road maintenance equipment to reduce the spread of seed or vegetatiye
material.

114 InvasivePlant Gontrol Methods on DWSRNVatershedLands

DWSP intends to continue to use nohemical control methods for the management of
terrestrial invasive plants and will monitor and evaluate the results of these efforts for their
safety, effectiveness and cost. However, there may also be situations wieepadicious use
of herbicides is the preferred approachAn example might be a rare plant population, sensitive
to the disturbance associated with mechanical control methods, where professional botanists
specifically recommend herbicide treatments, Buas cut stump application, as the most
protective and least threatening approach to removing the threat to the rare plant population.
In these situations, a detailed sigpecific management approach will be written that will
include the justification foherbicides, the specific protocol that will be followed, and the
precautionary measures that will be taken to ensure all resources are protectegse site
specific documents will be written as needed and will be presented to the appropriate advisory
committees and the public for review and comment.
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11.5 SpecificProjects Qurrently Designed ortUnderway

11.5.1 Protection ofListed (Special Conceriurple dematis (Clematis occidentalis
Population ¢ Quabbin Reservoir

11.5.1.1 Background

While the location will not be specified here in order to protect the plant, there are two
known populations of purple clematis, a Special Concern species in Massachusetts, within
Division watershed properties. The letegm management of these populatisnncludes
efforts to eliminate populations of invasive plants from within a 300 foot buffer as part of the
protection of rare and endangered speci@sidrity 1). While these populations are within
unmanaged reserves on the watersheds, away from popelereational areas, the NHESP
status sheet on the species suggests thavasive exotic plarspecies may oveshade or out
compete purple clematis at some sigesin an effort tgorevent this, the Division will survey for
and control invasives within this buffer.

11.5.1.2 Extent of Problem

In the summer of 2011, a transect method designed to thoroughly observe the roughly
6.5 acre area contained withthe 300 foot buffer surrounding both of these populations was
surveyed by two NR staff. At one population, no invasive species were found. At the other,
one large nomative honeysuckle angpproximately 1&mall Japanese barberry plants were
discovered.

11.5.1.3 Control Approach

Due to the small numbers of invasive plants within these buffers, control will simply be
eradication through mechanical pulling.
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11.5.1.4 Resources Needed

This effort can be conducted by Division staff using Division equipment. Specifically the
following will be needed:

1. One to twostaff in late summer to pull these 11 plants
2. Possibly a weed wrench or spade to ensure complete root removal.

3. OneNR staff to evaluate the effectivenesstbé removal on subsequent annual
visits to the site.

11.5.2 Japanese StiltgrassWachusett Watershed

11.5.2.1 Background

Japanese Stiltgrasslicrostegium vimineumis an annual grass native to Japan, China,
India, Malaysia, and Korea. Individual plants can produce u®@® keeds per year that fall
close to the parent plant, but may be easily moved by heavy rains, foot traffic, or vehicles.
Seeds can remain viable in the soil for at Idagtyears. Stiltgrass can form dense, extensive
patches that displace native plants. The Invasive Plant Atlas of New England has documented
stiltgrass in relatively few locations in Massachusetts, making it a strong candidate for an early
detection and eradtationprogram(priority 2)when it is found.

11.5.2.2 Extent of Problem

Japanese Stiltgrass was first noticed in 2009 by a federal botanist as he travelled along
Route 140 in West Boylston. Upon investigation, he documented that the grass along the
shoreline of Wachusett Reservoir could be traced to a small tribsmgfrigure B). This
population seems to have originatedbong the railroad tracks and has made its way along the
drainage ditch associated with the tracks and entered a small stream that flows downbhill
towards the reservoir.The highest concentration coverp@oximatelyone acre on either side
of the track. About 2.5 acres further down the tracks have fewer plants, and the remaining
three acres on either side of the stream and the cove of the reservoir contain pockets of dense
grass or scattered individuals.
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11.5.2.3 Control Approach

In the late summer of 2010, Division staff attempted to control the further spread of the
grass by hangbulling and bagging the grass beforesé$ seed. Starting at the reservoir, small
teams spent 3 days harallling, working their way upstream towards the railroad tracks. This
effort was extremely labor intensive and did not address the source population. Future plans
would rely on mechanal control. Specifically, the plan is:

1. Starting at the core population along the railroad track, the Stiltgrass will be mowed in
late summer (August or September) when the plants are flowering, but have not
produced seed. Mowing will be done by hand using weed trimmers.

2. Mowing will be conducted along the length of the affected railroad and along the
stream to the reservoir. Because the Stiltgrass is often mixed in with other vegetation
and can occur in small pockets, all vegetation within 10 feet of either side ofréenst
or railroad will be mowed.

3. Monitoring will be done annually to assess the extent of the population.

4. Mowing will continue as needed annually to exhaust the seed bed in this location.

11.5.2.4Resources Needed

This effort can be conducted by Division staff using Division equipment. Specifically the
following will be needed:

1. Three to fiveLabor staff fotwo to three days during late summer to mow the entire
population of Stiltgrass.

2. Three to fivegas powered weed trimmers

3. OneNR staff to evaluate the effectiveness of the annual mowing and make
recommendations for future mowing.
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Figurels: Japanese stiltgrass removal area near Route 140

11.5.3 JapanesdBarberry ¢ Quabbin Park

11.5.3.1 Background

Japanese barberry, historically planted around home sitas become problematic for
the regeneration of diverse native tree species asabie to compete aggressively in areas
with high deer populations, mesic to hydric soils, and partially to fully shaded light conditions.
Barberry also may alter soil chemistry and nutrient loads in undesirable ways and supports high
population densitie®f Ixodes scapularjshe blacklegged or deer tick, which carries and
transmits the spirochete bacteriunB0rrela burgdorfer) that causes Lyme disease in humans.
¢CKdzAX OoFNBSNNE A& FY2y3d (KS aLlSOASa 2F KAIKSa
Ward et al. (201Qyeported reasonably successful control of Japanese barberry using a
combination of mowing and direct heating (propane torch). The purpose of this project is to
see if this new technique can be applied cost effectively while achieving the desired control
results on DWSP watersheds.
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Figurel6: Webster Road barberry treatment area locus map

11.5.3.2 Extent of Problem

The Webster Road area within Quabbin Park contains foundations, old dump sites, and a
small quarry, all of which draw the public a short distance into the generally open woods,
where barberry cover ranges up to 100% and tick populations are figdatmentwill focus on
areas in which barberry plants are generally less than four feet tall and occurring at densities
not greater than approximately 30%, whates believed control of these populationsan be
accomplishedising the methods described belowhere are several sites along Webster Road
where barberry is cover is nearly 100%, the initial strategy is to control the shorter, less
dense expansion beyond these sites, where control is more likely.
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Figure I shows the general area for proposed treatment at Webster Road. The pale
yellow polygon is an area of approximatéiye acres of low to moderate barberry infestation
around foundations and stonework that attract visitors. This will be the main focus area for
initial treatment. The smaller, red and orange polygons are heavier concentrations of barberry.
Barberry in these areasill not be treated (too tall, too dense for the Ward methods to
succeed), but, if time allows, the ledense populations surrounding these more concentrated
siteswill be treatedto limit the expansion of barberry along Webster R@¢seeFigure 1.

11.5.3.3Cortrol Approach

Applying the methods developed by Ward, et al., 2010, a crew of three spent three half
days mowing barberry plants in the study amith brush saws in midune,2011. The cut
plants were allowed to resprout during the subsequent eight weeks. A crew of three then
returned in midAugust, one to torch and two to rake on a day when the ground was
sufficiently moist to prevent unintended burning beyond the immediagéatment. About half
of the sprout clumps were heated to glowing with the propane torcabout an hour and a
half before the tank chilled and lost pressure due to the rapid flow rate of the gas. A second
torching session (3.5 person hours) was conducted in early October, torching the remaining
sprout clumps and r¢orching those that had beeburned in August and that were again
developing sprouts. A third session (3 person hours) was spent torching overlooked clumps
that had been previously cut but not burned, plus some clumps that had been previously
burned and were resprouting. So farYeaJ- NER (2 2 I NR@acrewdrgldively 3a > A (
more time at the mowing task and less time in the torching component. The treatment area
will be monitored in the spring of 2012 to determine the percent mortality of the treated
barberry clumps as compared to the-80% mortality reportd by Ward.

11.5.3.4 Resources Needed

1. Equipment Using prtable brush saws the most practical waip mow in this rough
terrain. NR purchased two propane torches for Heating component of the study.
Fire rakes worked well for prying small clumps from the ground or scraping duff from
around the base of the clumps and exposing the root crown in advance of the torching.

2. Staffing Ward, et.al, monitored time requirements for these treatments angported
that the initial mowingrequired 0.12 hours per percent cover and the propane torch
treatment required 0.44 hours per percertoverper treatment. Using these figures,
and assumind0% cover, wavould expecthat treatingfour acres will require a total of
approximatelyfive hours for mowing and 8 hours each for two torch treatments, or a
total of 41 hours.
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TablelQ: Staffingestimates forJapanese barberrgontrol in Quabbin Parkpilot program

Webster Road: four| Hours/acre percent| hours

acres of treatment | percentage| acres| cover | required
Initial brush sawing 0.12 4 10 5
Followup torch 1 0.44 4 10 18
Followup torch 2 0.44 4 10 18
TOTAL - - - 41

Figurel7: Webster Road barberry treatment areas photographs
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12 Estimating the Costs for Invasive Terrestrial Plant Management on DWSP
Watersheds

There are significant sources of variability in each invasive plant control situation
making budgeting for the control of invasive plants on large ownerships such as the DWSP
watersheds challenginglable 1L and its many footnotes are an effort to merge the somewhat
limited cost data available with the current conditions of terrestrial invasive plants and their
habitatson DWSP watersheg® make a firsobrder estimate of the range of costs that might
be expected in order to implement the primary objees identified in this plan.

There are high and low cost estimates and copious footnotes to explain the origin of
thesecalculations The reader should also recognize that these are estimates for the initial
treatment of areas included in each priority. It is uncommon for an established invasive plant
population to be completely eradicated by the initial treatment, especially if seeggetative
sources of regeneration remain within or proximal to the treatment area. However, once initial
treatment has been achieved, the cost oflbw-up maintenance, if vigilantly maintained,
should remain significantly lower on a per acre basis than the initial treatment.

Note that where information is still lacking but eventually critical to setting budgets, the
table below ncludes blank placeholder cells reminders. Further monitoring efforts over time
will enable these cells to be filled.
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Tablell: Estimating costs of implementing DWSP terrestrial invasive plant management objectives

Key to Priority Objectives:
1. Buffer rare plant populations

2. Early detection and rapid response (ED/RR)
3. Promote forest regeneration success in riparian areas near intakes
4. Promote regeneration success on lots to be harvested.
5. Protecting biodiversity in wetlands.
Treatment Treatment Treatment
Priority Inventory Treatment Costs, Costs, Costs,
Objectives Watershed Acres Inventory Cost Acres Mechanical Chemical Biological
. $1,599
1 1 2,4 4 5 ' 1,040%2,11
Quabbin 30 $2,400%$4,80¢ 6.5 $12,188 $1,0406%$2,113
1 Ware River 19.5° $360$720 18 $246$1,875 $160$325°
1 Wachusett 32.51 $600-$1,2002 1.68 $394$3,000* | $256$520°
2 All watersheds| All watersheds| See noté® 21 $790$7,500% | $470$1,300°
. $5,214 $3,102
3 abbin 200%° 735%$1,47G* 13.22 ' ’
Quabbl $7359 $49,500° $8,580"
3 . $6,518 $3,878
Ware R 250 900$1,8006° 16.5 ’ ’
are River 390081, $61,8757 $10,725°
3 $1,81% $1,081
Wachusett 70 270$540° 4.6% ' ’
ACNHSE $2708 $17,256" $2,9902
. $10,270 $6,110
4 bb 400% 1,2004 26% ’ ’
Quabbin $ $97,500° $16,9067
4 . $4,740 $2,820
Ware River 175% 525° 12 ' ’
v ¥ $45,000" $7,8007
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Treatment Treatment Treatment
Priority Inventory Treatment Costs, Costs, Costs,
Objectives Watershed Acres Inventory Cost Acres Mechanical Chemical Biological
4 $3,555 $2,115
Wachusett 1334 4004 g% ’ ’
$ $33,750° $5,8507
. Partiall
5 Quabbin y 348 2 N.A. $51,000°
complete
5 Ware River T.B.D.
S Wachusett T.B.D.

Footnotes for Table 11

1. Survey for invasive plants within a 3@®f radius buffer zone around 20 rare plant sites. 6.5 apsitetimes20 sitesequals130 acres.

2. 8 hours persitetimes 20 sitesat $15-30 per hour depending on survey team composition. Time includes travel, survey, data entry,
mapping, and report writing.

3. Assumes 5% of the acres surveyed have some presence of invasives, based on preliminary CFl data drawn from plots on areasnaged
at Quabbin (see Section 8). Most rare plant sites are located in areas that are not managed. Also assumes albadreateillno
matter how low the density of invasive plants present in the buffer area, and that the average percent cover on theseaoves exl16%
(see next note).

4. The lower figure is derived from Ward (2008) for a preliminary treatment of barberry (assuming 16% cover) with brustheavesper

acre at$25per hou) followed by midseason directed heating (propane torchpidrs per acre at $per hour plussix gallons opropane

at $3.40per gallon): $246per acreb 2 NRQa FAIdzNBa FLIWLJX e (2 oF NDSNNE dzyRSNJ o TFilo
higher figure is derived from the Marin Municipal Water District (MMWD) estimate of the awenagual cost of $3,750 per acre over a ten
year period using hand and mechanical techniques on lands that average approximately 30% cover of the invasive shrubdfrenEbrb

the purposes of this set of calculations, it will be assumed that treatiegsathat have approximately half the percent cover as the MMWD
lands (16% vs. 30%) will cost half as much ($1p&racrevs. $3,75(er acrg. The data on density of invasives on the Quabbin CFI plots

was recorded as:-25%, 2650%, 5175%, and 7400% The percent cover on Ware River CFl plots was estimated in 10% increments. The
CFI data from both watersheds were combined (after assigning median values of 13%, 38%, 64% and 88% to the four categeries of

the Quabbin data) giving an overallemage value of 16% cover on invaded acres. Another source of uncertainty (among many) in applying
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19.

20.

cost figures from these two sources is that they are based on treating one species, whereas on DWSP watersheds thgeeokspeares
and growth habits (tree, shrub, vine, herb etc.).

The lower figure is derived from Ward (2008yo hours per acre &25per hoursof initial brush saw clearing followed by a rsdason

foliar spray fwo hours per acre a50per hour) plus $1(er acrefor the herbicide for a total of $160er acre The upper figure uses the
MMWD estimate of $65@er acredivided by 2 that equal$325 for IPM methods that include herbicide (also assuming, as in note 4, that
the cost of treating an area with half the density would cost half as much).

Threesitestimes6.5 acreger site equalsl9.5 ac.

Eight hours per site time thresitestimes$15-30 per hour.

Uses the same assumptions as note 3. 5% ofddualsl.

Same assumptions as note 4.

. Same assumptions as note 5.

. Fivesites x 6.5 acreger site equals32.5 acres.

. Eighthours persitetimes fivesitestimes $15-30per hou equals$600-$1,200.

. Same assumption as note 3.

. Same assumptions as note 4.

. Same assumptions as note 5.

.52 {t aldlFF 6Aftft 0S GNIXAYSR (2 NBO23yAl S LXIyila 2y Gréseal a4l OKdza &

Species List and will monitor for these plants whenever working in the field.

. If a pioneer population of an invasive species new to the DWSP watersheds is discovered, it is presumed thatitoralttes or less if it

has been detected early enough.

. The lower figure is derived from Ward (2008) for a preliminary treatment of barberry (assuming 25% cover) with brugtreawsirs

per acre at$25per houn followed by midseason directed heating (propane torchhadrs per acre at @6 per hour plu$.5 galons of
propaneat $3.40per gallon: $395per acre The higher figure is derived from the MMWD estimate of the average annual cost of $3,750
per acre over a ten year period using hand and mechanical techniques on lands that average approxi¥tatelye3@f the invasive shrub
French broom.

The lower figure is derived from Ward (2008) for treating Japanese barberry at 25%thosehours per acre &25per hourof initial

brush saw clearing followed by a rrsdason foliar spray{ree hours per acre &50per hour plus $1@er acrefor the herbicide for a

total of $235per acre The upper figure uses the MMWD estimate of $pB0acre for IPM methods that include herbicide.

The area of land within a or®alf mile radius of any intake that is also within the watershed of that intake.
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21.

22.

23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.

34.

35.
36.
37.
38.

39.
40.
41.
42.

49 hoursat $15-30 per hour depending on survey team composition. (Teoneals200 acreper5 acregper hou (Huebner, C.D. 2007),
plusnine hours for travel, data entry, mapping, and report writing).

For purposes of illustration, if areas with greater thanr28¥ invasive cover are targeted for treatment, the preliminary CFl data (combined
from both Quabbin and Ware River) suggest that one would find 6 or 7% of the acres surveyed at or aboveithithoesiwold. 200
times0.066equals13.2 ac.

Same as note 18.

Same as note 19.

60 hours at$15-30 per hour.

169times0.066equalsl6.5 ac. See note 22.

See note 18.

See note 19.

18 hrsat $15-30 per hour.

See note 22. 76mes0.066equals4.6

See note 18.

See note 19.

The 400 acres of planned regeneration openings at Quabbin each year will be surveyed as part of the annual lot propopabcegie
See Quabbin Land Management Plan 20077, p. 165.

400acres divided by five acres per hour atgB0 hours. Multiplied by$15per hour equal$1,200. Cost of survey effort required to
supplement existing prbarvest lot proposal field review protocol.

Uses same assumptions as note 22.

See note 18.

See note 19.

The 175 acres of planned regeneration openings at Ware River each year will be surveyed as part of the annual lot piepogeicess.
See Ware River Watershed Land Management Plan-2003, p. 85

See note 34.

175times0.066equalsl2. See note 22.

See note 18.

See note 19.
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43.

44,
45,
46.
47.
48.

49,
50.

The 133 acres of planned regeneration openings at Wachusett each year will be surveyed as part of the annual lot prepopabcesgs.
See Wachusett Reservoir Watershed Land Management PlanZf@ p. 98.

See note 34.

133times Q066equals9. See note 22.

See note 18

See note 19.
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Species List and will monitor for these plants whenever working in the field.
Treat purple loosestrife in Pottapaug Pond.
Cost of $1,50per acre derived from NRCS cost share rate for the release of a minimum of 10,000 Galerucella beetles per acre of

infestation.
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14 Appendices

14.1 Images andescriptions of theMost Common InvasiveTerrestrial Pant Soecies
on DWSRNatersheds

NOTEThe descriptions that follow are summaries of what is known about
these invasive plant species, based on a literature review and local/regional
experiencesibservations.These are NO3pecific recommendations for
invasive plant controbn DWSP properties.

Control methods ultimately chosen for reducing specific invasive plant
populations on DWSP properties will be seletitstfrom amongst the
options that are possible within prevaililC_RDWSRand MWRApolicies at
the time, andthen based ortheir relative coseffectiveness ocontrol
efficiency.

The constraints of an unfiltered public drinking water supply and a limited
state budget may preclude largeale treatment of some populations of
terrestrial invasive plant species on DWSP watershed properties, or at least
delay their control until viableptions that satisfy these constraints are
developed.
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14.1.1 Autumn olive (Elaeagnus umbellafa

\WRailia Tech Weed ID Guide Y % RS %\ |,
Native origin:Korea, China, and Japan. Species masited tothe US in 1830 from Japan.
Preferred habitat:Full sun, drought tolerant; various soil types, but NOT wetlands; non

leguminous nitrogen fixer; deliberately planted in the past for wildlife food and cover, and land
reclamation.

Habit: deciduous shrub 120 feet.

Invasive habitsSoreads gradually but vigorously across open woodlands, fields, grasslands and
disturbed habitats. Resprouts vigorously if cut. Abundant fruit (up ted8@dsper bush) and
seed.

Frequency of occurrence on DWSP watershddsst common in fields in which or near which
it was historically planted for wildlifeexamples: Planted in open areas in Petersham lobck
Quabbin watershedbetweenthe East Branclof Fever Brook and Rattlesnake Hill.

Recommendediontrols

Mechanical Hand or machineassisted pulling can be effective, but tirnensuming. Mowing
alonedoes not vark due to vigorous resprouting, bean work in conjunction with stump
applications of 20%glyphosate

Biological Goats and sheep are known to browse autumn olive, otherwise no known biological
control.

Chemical Treatments known to be effective includelifir applications of 2% ticlopyr or
2%glyphosate aut stump treatment with 20%glyphosate basal bark treatment with 2%
triclopyr mixed in oil.

Fire Prescribed burningasnot beeneffective in controlling established population; abundant
resprouting follows.
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14.1.2 Barberry, JapaneseBgrberis thunbergii D
P g P - ) 4

Japanese barberry Common barberry Barberry in mesic Woo&iand
Native origin:Japan.Species wasitroduced to the U.S. as an ornamental plant in 1875 in the
form of seeds sent from Russia to the Arnold Arboretum in Bostiori896, shrubs grown from
these seeds were planted at the New York Botanic Garden.

Preferred habitat:Full sun to [partial] full shade; mesic to moist soils; fields, thickets, wetland
edges, swamps, closadnopy forests and woodland®rest edge and interior. Drought
tolerant.

Habit: Dense deciduous shrub-feet tall

Invasive habitsForms dense thickets th@xclude most other species. This specegsaoduces
by seed or vegetativel0% germination rate for seefdsBarberry is @oided by deer, which
givesit a competitive advantage in areas with high deer populations.

Frequency of occurrence on DWSP watershgdsmmon at Quabbin; especially well
developed in areas with historically high deer levédgamples: along Gate 17 road on Prescott
in mesic plantations; in mesic plantations near Dana Common

Recommendediontrols

Mechanical Barberry shrubs up to about 3 ft in height can be pulled, preferably when the soil is
moist. Root fragments can regrow, swst bepulled thoroughly. Repeated mowing can also
work, as resprouting is slow.

Biological None known in North America although tests are being conducted in Europe that
suggest control by the tephritid fly may be possible.

Chemical For larger populations pplications ofa 2% solution of glyphosate xeid with water
and a surfactanearly in the growing seasaran be effective Triclopyr orglyphosatemay
control if appliedon cut stumps or as a basal bark application in a 25% solution with water,
covering the outer 20% of the stump.

Fire Barberry can be controlled with spring burns to initially kill the mature plants followed in
late summer to fall by heating of new sprouts with a propane torch (Ward, 2010).

Terrestrial Invasive Plants: Problem Statement and Management Strategy
106



14.1.3 Bittersweet, oriental or Asiatic Celastrus orbiculatus

Native origin:Asia. This species wastroduced into the U.S.in the 1860s as an ornamental plant.

Preferred habitat:Full sun to partial full shade, wide variety of soils, favors calcareous soils;
prefers edges, roadsides, open forests, recently thinned plantation forests, hedgerows.

Habit: Upright branching shrub to 1f@et and trailing vine

Invasive habitsClimbing vine that strangles and smothers the trees and shrubs on which it
climbs This species establishes under closed canopy forest conditions and persists indefinitely
until it is released by a disturbance that creates conditions optimal for rapid grolvilivades
forested land but has also been known to persist on coasts. Can overtop and girdle native trees
and shrubs along roads, in clearings and in forest gBfitersweet eproduces prolifically by

seed (dispersed by birds) @wegetatively through root suckering.

Frequency of occurrence on DWSP watershgdesmmon in favorable habitats, geacially in
park-like settings.Examples: Quabbin Paikreas near Wachusett Dam; 300 ft northeast of Old
Stone Church, Wauakett Reservoihetween EIm St and Intervale Rithe Ware River.

RecommendedXontrols

Identifying and eradicating populations before they are released by an opening in the canopy is
the easiest method of controlCorrect identification is importantdrause Oriental bittersweet

can be confused witthe less common native American bittersweélglastruscandeny

Mechanical Manual, mechanical and chemical control methods can all be effective;
combinatiors may be best. Regular mowing of edges and open areas will exclude expansion of
bittersweet into these areas.

Biological None knownto date.

Chemical Whenever possible and especially for vines climbing up trees or buildings, a
combination of cutting followed immediately by estirface application of concentrated systemic
herbicide like triclopyr and glyphosatekisownto be most effective. For large infestations
spanning extensive areas of ground, a fdtiarbicide may be required for effective treatment

A
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14.1.4 Black locustRobinia pseudoacacia)L

www.naturfoto.cz © JiFi Bohdal = 5349083 UGA5274036

Native origin:Southeastern USPlanted in the north to produce reesistant fence posts.

Preferred habitat:Sandy, weltrained soils; full sun to partial shade; immature forests,
roadsides, grasslands.

Habit: Fastgrowing tree up to 10@eet

Invasive habitsHeight growth up tdwo feet annually; reproduces and spreads by seed, root
suckering, and stump sprouting. Nectar competes with natives for pollinators.

Frequency of occurrence on DWSP watershédaries Examples: Just outside Gate 20 at
Quabbin. Significanttomponent of numerous stands on the north side of the Wachusett
Reservoir between Gates-38.

Recommendediontrols

Mechanical Small seedlings/saplings can be pulled. Because black locust reproduces through
root suckering so readily, cutting will only temporarily treat the population. It may be possible
to eliminate the population with repeated cuttings for several years.

Biological The locust boremMegacylline robinia, can cause serious injuayd/or
disfigurementof black locust.No information is available, however, on the use of the borer as
a control method.

Chemical For saplings/seedlings smaller than about 6 inches dbh, basal bark applications of 2%
triclopyr that thoroughly soak the stem to a height of about 20 inches above the ground have
been successful. Once black locust has become established beyond theagpiiad) stage, the

most effective method for control is to cut the trees down and immediately soak the stumps

with a 20% solution aflyphosate

Fire Black locust is usually teilled by fire when youngShrubsize black locust can be killed
by a lowseverity, prescribed spring fire.
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14.1.5 Black swallowwort (Cynanchum louisege

Native origin:Native to France, Italy, Portugal, and Spafack swallowwort is believed to
have arrived in North America as a horticultural plant.

Preferred habitat:Occurs in a wide range of habitats from dry and sunny to shady and moist,
from shallow soils on limestone bedrock to deep, vaedined siltioam soils. Tolerates alkaline
soils with a possible preference for calcareous soils. Responds to disturbance.

Habit: Herbaceous perennial twining vine63¥eet in height, depending on support

Invasive habitsReproduces from windborne, tufted seed released from fruit pods in late
summer through the fall, so downwind areas are susceptible to infestation. Also spreads
clonally from deep, dense rhizomes. Aggressively smothers and competes with natives for
water and nutrients. May confuse ovipositing monarch butterflies looking for native
milkweeds; hatching caterpillars cannot develop on swakovt.

Frequency of occurrence on DWSP watershddscommon. Examples: Several areas around
Wachusett Reservoir, including a band along the north shore above the Cosgrove intake.

Recommendediontrols

Mechanical Mowing or hanepulling of seed pods as they appear reduces seed production
Isolated plants should be pulled, dug and bagged for proper dispédalts must be
thoroughly removed as reproduction from remaining rhizomes will reestablish the population.

Biological None tested for North American release although several pests from black swallow
2N Qa yIFrGABGS KFEoAGEFEG Ay 9dzNBLIS INB 6SAy3a 02y

Chemical Controlled best using glyphosate in late summer or early fall, either applied to foliage
with a surfactant (most effective) or via estem treatment.

Fire Fire alone isot effective in reducing mature populations of black swaleart because
the rhizome is protected from the heat and will aggressively resprout. However, the less
established seedling layer may be controlled by flame burners after the mature plants are
removed or killed by herbicide.
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Common buckthorn Glossy buckthorn

Native origin:Frangula alnu®orth Africa, Asia, Europe; intro. US 1800s for horticultural purposes.

Rhamnus catharticanost of Europe; north & west Asiddlampe and Bairlein (2000) stat#ollen

records show that the alder buckthorn F. alnus (Miller) was one of the firstdispersed woody

plants that recovered much of temperate Europe from Mediterranean refugia in the early Holocene

(Moe 1984k

Preferred habitat:Generalist. Full sun, partial shade, full shade, disturbed sites, urban sites, edges,
agricultural sites, old fields, forest gaps, early successional, forest interior, plantations, riparian
zones, wetlands, rocky soils, calcareous soils, acid soilgeefe

Habit: Frangula alnus upright shrub/small tree @1 feet. Rhamnus catharticaupright shrub/small
tree 6-18feet.

Invasive habitsDense wetland stands threaten native spp. Seeds dispersed by birds, animals,
water currents.

Frequency of occurrence on DWSP watershesigotty occurrence€xamples: dense stands of
buckthorn in some disturbed areas in the Ware River forest

Recommendedontrols (Combination approaches over multiple years may be effectjve.

Mechanical 1) maintaining mowed areas prevents establishm&ptulling/grubbing small
populations increases the risk of recolonization; 3) Manual cutting 2x/seasor3fgryields
ofewer/shorter¢ stems. 4) Girdled stems do not resprout; this may be done all winter w/ no negative
soils/wetlands impact. 5) Underplanting didbed woods with native spp otentially effective to
prevent primary invasion or rgvasion oRhamnuspp.

Biological Results unknown of experiments (Malicky et al. 1970%edtosia vetulatand Triphos
dubiata (insects) orR. catharticaandTricothecum roseurffungus) orR. frangula

Chemical Freshly cut stumps should be treated with a 50% solution of glyphosate to prevent
resprouting. As buckthorns enter dormancy later than most species, treatments should be applied
mid to late autumn to reduce risk to netarget species.

Fire Fire may reduce resprouting vigor but enhance density of sprouts & new seedifigedss of
annual burn may be needed.
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14

.1.7 Common reed (Phragmites australis ssp.)

Native origin:Phragmites australis found on every continent in the world except for
Antarctica, and in every state in the US except Alaska and Hawaii. It is known to have been
present in the US for 40,000 years and present in New England for at least 4,000N@&@&rs.
native strains have been introduced in the lagb centuries and most New England

populationsare non-native.

Preferred habitat:Tidal and nontidal brackish and freshwater marshes, river edges, shores of
lakes and ponds, wet meadows, roadsides, disturbed areas.

Habit: Tall perennial grass

Invasive habitsThis grasorms huge monocultures that spread for acres, excluding native
species, altering hydrology and wildlife habitat, and increasing fire Aiskense network of

roots and rhizomes can be several feet in depth, with horizontal runners growingri®rer

feet in a single seasorlhe plant preads both by seed dispersal and by vegetative spread via
fragments of rhizomes that break off and are transported elsewhere.

Frequency of occurrence on DWSP watershddsreasingly common in wetlands that support
cattails. Example: Large wetland west of Dana Common in the Quabbin watershed.

Recommendedontrols

Mechanical Repeated mowing may be effective at slowing the spread of established stands but
is unlikely to kill the plantExcavation of sediments may also be effective at control but small
fragments of root left in the soil may lead to reestablishment.

Biological 140 herbivorous insects feed on common reed in Europe and 21 have been
accidentally introduced in North America, but no deliberate controlled releases have been made.

Chemical Glyphosatebased herbicides control established populatioffsa population can be
controlled soon after it has established chances of success are much higher because the below
ground rhizome network will not be as extensiugerbicides are best applied in late summer/
early fall after the plant has flowered, either as a cut stump treatment or as a foliar spray.
Retreatment for several years is required to prevent any surviving rhizomes from resprouting.

Fire Plants should not be burned in the spring or summer before flowering as this may
stimulate growth. Prescribed burning after the plant has flowered, either alone or in
combination with herbicide treatment, may be effective and reduces standing dead stem and
litter.
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recorded on Long Island, NY in 1868.

Preferred habitat:Generalist. Droughtolerant. Full sun, partial shade, full shade (preferred),
disturbed sites, urban sites, edges, forest interior, plantations, riparian zones, wetlands, rocky
soils, calcareous soils preferred

Habit: 1-3 feet; biennial herb

Invasive habits600 seeds per stalk, up to 12 stalks per plant on average; seeds dispersed on
people, animals; by water currents; seed bank viabled&y.

Frequency of occurrence on DWSP watershegtsittered, but occasionally dense and
expanding No current known populatioon DWSP landst Quabbin, but present at Ware
River and WachusettExamples: several populations identified at Wachusett, including two
populations east of Thomas Basin and within 500 feet of the shore of the reservoir.

Recommendedlontrols

Mechanical Small areasan be treated byepeated hanepulling including root crowns, and
removal of pulled plantespeciallyif flowers present.New plants can sprout from root
fragments. Seed ripening can continue even after the plant is pulled, so all parts must be
removed from site and destroyed. Seed remains viable in the soil for up to five years, so
repeated pullings are required. Largeeasrequire multiple cuts throughout season, repeated
annually.

Biological Researclon biological controls has beemderway since 1998%veral species are
being tested for host specificity, but no North American releases yet.

Chemical Recommended treatment is fall application 2% glyphosate.

Fire Carefullytimed spring fires may be effective in very large infestations, but these
encourage germination of banked seed, so must be repeated-foyé&ars to gain control.

Terrestrial Invasive Plants: Problem Statement and Management Strategy
112



14.1.9 Goutweed (Aegopodium podagraria L.)

Native origin:Most of Europe and northern Asia, to eastern Siberia. Brought to North America
as an ornamental during the early stages of European settlement; well established in the U.S.
by 1863.

Preferred habitat:Partial sun to shade, although seedlings do not do well in shade; tolerant of
varied soil conditions

Habit: reeping, herbaceous perennial up to 1 m tall

Invasive habitsSoreads aggressively through stolorf@atches of goutweed typically form a
dense canopy and can exclude most other herbaceous vegetation and inhibit the establishment
of conifers and other native tree species.

Frequency of occurrence on DWSP watershddst common;Example: Dana Common.

Recommendedlontrols

Mechanical Small patches of goutweed can be eliminated by careful and persistent hand
pulling or digging up of entire plants along with underground stems (rhizonégying must
be thorough; fragmentation of the root system stimulates reproductiénequent short
mowing may control a population or slow its spread. Smothering is effective for small
populations.

Biological None known

Chemical Systemic herbicides such as glyphosate are most effective but can damage or kill
non-target species. Contact herbicides are usually ineffective.

Fire Not known
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14.1.10 Japanese honeysucklégnicera japonica hun))

Native origin:Bush honeysuckles were introduced toith Amricabetween 1752 andhe late 1800s.

Preferred habitat:Full sun to full shade, forest edge
Habit Upright shrubs &0feet.

Invasive habitsThe early leafing of these species is particuldmtgateningto native spring
ephemerals, which have evolved to bloom before trees and shrubs have leafed out.

Frequency of occurrence on DWSP watershdgimadly present but spottyExamples: Gate 49, near
wAOKINRQa [ SR3IS&X (G vdzZd ooAyod

Recommendedontrols

Both mechanical and chemical control methods must be repeated for at least three to five years in
order to stop new plants emerging from the seed baRkeventionof re-invasion by bush
honeysuckles may be aided tynderplanting disturbed areas with tolerant native species.

Mechanical Hand removal of seedlings with minimal soil disturbance is effective for light infestations
of shrubs that are less thahree years old.In shaded forest habitats, where exotic bush honeysuckles
tend to be less resilient, repeated clippings to ground level during the growing season may result in

high mortality. Clipping must be repeated at least once yearly to prevent dense regrowth

Biological None known

Chemical 1) Systemic herbicide like glyphosate at a do¥ationsprayed onto the foliage or applied by
sponge. Established stands: cut stems to ground and paint or spray stumps with higher rate of
glyphosate (23%); 2) Cut stems at the base and treat immediately with a 20% active ingredient
glyphosate solution. If not followed by herbicide treatment, cuts madeiimer will encourage

vigorous resprouting. Spraying after the plant blooms may kill mature and seedling fqamés/ing

prior to the emergnce of native shrubs and ground flora is the safest time to spray without impacting
native species.

Fire Prescribed burning has shown some promise for exotic bush honeysuckles growing in open
habitats. In fireadapted communities, spring prescribed burning may kill seedlings arkiltdarger
plants; results have been mixe®esprouts may occur, so repeated prescribed burning annually or
biennially for several years may be necessary.
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14.1.11 Japanese knotweedRolygonum cuspidatum

Native origin:East Asia. Introduced from Japan to UK as horticultural before 1855; by 1894
introduced plants had naturalized in US.

Preferred habitat:Full sun preferred, partial shade, full shade, disturbed sites, urban sites, edges,
agricultural sites, old fields, forest gaps, early successional, riparian zones, wetlands

Habit: Upright perennial herb, 145 feet.

Invasive habitsDense wetland/riparian thickets; thed to native spp. Species can survive severe
flooding and is bat and salinity tolerantVery effective vegetative reproduction; rhizomes spread
to 65feet and sprout from fragments. Little viable seed. Eradication difficult.

Frequency of occurrence on DWSP watershddsstly limited to roadsides or fielgdoes not
penetrate woods.Examples: QuabbinMount Pleasant, by old fieldGate 17, first field in from gate

Recommendedlontrols

Mechanical Grubbing must remove entire plant to prevent vigorous regrowdhitting close tahe
groundtwice a month or more between April and August, and then once a month or more until the
first frost for 23 growing seasons may successfully control small but well established patches

Biological Fungal and herbivorous insect pests have been identified, but no specificity testing or
natural releases in North America to date.

Chemical Difficult to eradicate established populations, but repeated applications of glyphosate
following cutting will weaken plantsSmall infestationsCut or mow stalks in late June; allow
knotweed to regrowCut again fier August 1and drip an 185% glyphosate solution into the
stems, or use an injector gun. Larger infestations: Cut in June, then in late summer when other
populations are flowering, use a low volume fok@rayof 3-8%glyphosate Spot treat the

following year.

Fire Effects uncertain.
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Native origin:East AsiéJapan, Korea, eastern Chin&pecies wasitroduced in 1700s as
rootstock for cultivated rosesFrom 1930 to 1960 planting of multiflora rose was advocated in
the US for living fences, erosion control, wildlife fpadd cover.

Preferred habitat:Full sun, partial shade, full shade, disturbed sites, edggs;ultural sites
old fields, forest gaps, forest interior, plantatiomsdriparian zones

Habit: Shrub to small tree (2f2et).

Invasive habitsForms dense, impenetrable thorny thicket&rows most vigorously in full sun,
but can persist for many years beneath canopyants produce up to 500,000 seeds annually.

Frequency of occurrence on DWSP watershédariable, often near cellar holeSBxample:
Gate 47 at Quabbin, by cellar hotmdo @ OSf £ I NJ K2t S ySI NJ wiA OKIF NRQa

Recommendedontrols

Mechanical Light infestationgan be successfully eliminated wahleast six cuts per year near
the ground for two or more years. Mowing can conftmlit not eliminate larger infestations.
Seedlings can be pulled by harfsimall plants can be dug out; larger ones pulled using a chain
or cable and a tractor, but care needs to be taken to remove roots &lsase thickets may
require a bulldozer Repeated mowing for@ years can be effective.

Biological:Rose rosette disease (RRD), transmitted by the eriophyidPhiydocoptes
fructiphilushas the potential to eliminate R. multiflora in areas of dense staiRise seed

chalcid Megastigmus aculeatysa Japanese wasp that has become established in the eastern
United States, may provide contrdPeriodic browsing of foliage by livestock may effectively
control R. multiflora.Domestic sheep and goats will feed on leaves, new buds, and new shoots.

Chemical Where mowing is not practical, cutting followed by stump treatment wiyphosate
to prevent resprouting is effective in many ared&egardless, followp monitoring and
retreatment during the subsequent growing season may be required to ensure effectiveness

Fire Prescribed burning is effective for eradication and may be preferred over introducing rose
rosette disease, which will affect native and other ornamental roses as well as multiflora rose.
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