Grassland Management Plan
World’'s End

Hingham, Massachusetts

J. Andrew Walsh, Southeast Regional Ecologist
The Trustees of Reservations

December 12, 2003

of Reservations

Grassland Management Plan - DRAFT 1
World’s End



Grassland Management Plan
World’'s End

Page
1. INETOAUCTION ... e e e e e e e e e e e e e e e e s s neee e e e e e as 1
1.1 Purpose of the Grassland Management Plan...............oooovviiiiiiiiiiiiinnneenn. 1
1.2 Plant Community Types at World’s ENd.....cccceevviviiiiiiieiieeeeeeeeeeeeeeeiiies 2
2. Grassland Communities and Current Management............cccovvvvvvvvvviiiiiiinieeeeeeeenn, 3
2.1 Grassland Type, Size and COMPOSITION .....ceeriiiiiiiiiiiiiiiiiieeee e 3..
2.2 Current Grassland Management ...........cceeeereeiiiieeeeeiiii e 5
2.3 RESOUICE MONITOIING ...cevvveeeeiiiiiiiieeee e e e e e e e e e e e eeeeeeraee s s e e e e e e e e e e e e aaeeeeeaeees 5
3. Grassland Habitat ValUS...........uuuuiiiiiiiiiiiiiiieeeee et 7
3.1 Ecology of Grasslands at World’'s ENd...ccccceeoooooieeiiiiiiiiiiiiiiii 7.
3.2 Historic Values of Grasslands at World's ENGu.........ccooovviiiiiiiiiiiiiinnnnee, 10
3.3 Cultural Values of Grasslands at World’'s End...........cccooeeeiiiiiiiiiiiiiinnnnnns 10
3.4 Economic Values of Grasslands at World's End...............oooooiiiiiiiiinnnne. 11
4. Existing and Potential Threats to Grasslands atVorld’s End...............ccceevvvvenens 12
4.1 Non-native INVasiVe PlantS .............occccce e 12
4.2 Plant CommUNity SUCCESSION .....uuuuiiiieeeeeeeiiieeeeeeeeeeeeeeeeeeeeeennnnnnn e 13
4.3 EArly MOWING ...coeiiiiiiiieeeiiii e e en e e e e e e e e e s 14
Tl - 11 0] o PP PPPPRRURPPPPPPP 14
5. Grassland Management Tools and Feasibility.............cccccceeeeiiiiiiiieiiiiiiiias 16
S0 R [T {0 o [0 Tod 1 o] o FR PP URRPPUURPPPPPTRRR 16
5.2 Management Tools and their Feasibility...cccee..uueeeiieeiiiieiiiiieeeeiiiis 6.1
5.2.1 PrescCriDed Fire .......oooiiiiiiiiiiit e e e e e e e eeeeeaeeebennnnees 17
S8 |V o .Y/ T 23
5.2.3 Prescribed Grazing...........uuuuuueucmmmmmmiiiaeeeee e e s 26
5.2.4 HanNd ClEANNG .....uuuuuiiiiiei e e eeeeeeeeeeeeetss s e e e e e e e e e e e e e e e e eeeaeeeens 30
5.2.5 HEIDICIHES ... 32
5.2.6 RE-SEEAING.......iiiiieiiiiiiiiiii s cmmmmmm e e e eeeeeteaanse s s e e e aeaaaaeeeeeeeseennneeees 36
5.2.7 Combination of Above Management TOOIS...........ccceeeeeiiiiiiiiiiiiinns 36
5.3 Evaluation and Selection of a Management TOOI...............ccceevvvvveeiiinnnnnn. 37
6. Grassland Management Plan for World’s End..............cccccciiiiiiiiiiieeeeccceeeeeeee 39
6.1 Introduction and Stewardship Goals............cooviiiiiiiiiiiiiiie e 39
6.2 Management Actions to Achieve Stewardship §aal...........ccccoeeevvieeennnn. 39
6.2.1 MOWING SChEAUIE .......ceveeiiiiiiee e 39
6.2.2 Tree and Brush Clearing ..........ccooeeeeeeeueuiiiiiiiee e eeeeeeeeeeeisiinninnns 43
6.2.3 Seasonal and Permanent Trail ClOSUIesS..............veiiiiiiiieeeeeeineenne. 44
I Y T [ = Vo = 45

Grassland Management Plan - DRAFT
World’s End



6.3 Approximate Costs of the Management Plan...............cccccooeeeiiiiiiineeenens 45

6.4 Feasibility of the Management Plan ... 45

6.5 MONITOMNG Plan ......cooo i ee e e eeeeees 45

6.6 Adaptive Management Strategy...........ceeeeeeeeerrrrmrmmiiiiieseeeeeeeereeeesennnnnn 47
7.0 Summary of Grassland Management Plan..............cccoovvvveeviiiiiiiiiss e, 48

7.1 Summary of Management ODJECHIVES......cmiiiiieeiiiiiiee e 48

7.2 Summary of Management ACHIONS ........cccoeeeeeiiieeiiiiiiieieee e e e e e e e eeeeeeaeens 48

7.3 Summary of Monitoring Plan and Adaptive Mamagat Strategy................ 48
8.0 REFEIENCES CIBM. ... uuuiiiie et e e e e e e e e 50
Tables

Table 1 - Field Units, World’s End

Table 2 - Percent Cover of Invasive Plants in Eglitegetative Survey — 2000
Table 3 - Percent Cover of Woody Plants in Fieltegetative Survey — 2000
Table 4 - Prescribed Fire — Summary

Table 5- Mechanical Mowing — Summary

Table 6 - Prescribed Grazing — Summary

Table 7 - Hand Clearing — Summary

Table 8 - Herbicide Use — Summary

Table 9 - Re-seeding — Summary

Table 10 - Mowing Schedule — World’s End

Table 11 - Mowing Schedule by Season — World’'s End

Figures

Figure 1 — Site Locus

Figure 2 — Plant Communities

Figure 3 — Field Units

Figure 4 — Conservation Targets

Figure 5 — Vegetation, Breeding Bird, and ExperitaEMowing Plots
Figure 6 — Mowing Plan

Appendices

Appendix 1 — Cost Estimate for Current Grasslanacdgement at World’s End (Jim Freeborn,
Superintendent, South Shore Management Unit, Ap2003)

Appendix 2 - Cost Estimate for Proposed Grasslaadddement at World’s End (Jim Freeborn,
Superintendent, South Shore Management Unit, [date]

Appendices (cont'd)

Appendix 3 — Experimental Mowing Plan, World’s Eftingham, MA (June 21, 2002; revised
August 14, 2003)
Appendix 4 — World’s End Butterfly Survey (NovemI2&00), Brian Cassie

Grassland Management Plan - DRAFT 3
World’s End



Grassland Management Plan
World’'s End

1.0 Introduction

World’s End is a 251-acre peninsula located inTtbein of Hingham between Hingham Harbor and
the Weir River (Fig. 1). Rolling fields interspetswith woodlands and winding, tree-lined avenues
are perhaps the most enduring image of World’s EFite property’s grasslands, forest patches, and
four miles of undeveloped shoreline provide impatrtaabitat for a variety of plant and animal
species. Over five miles of walking paths allowitars access to all parts of the Reservation,
including the drumlin hills of World’s End propegenic ledge overlooks along Rocky Neck, and
the coastal pond and marshes of Damde Meadows.

Grasslands, which are broadly defined in this plsugrass-dominated communities and early
successional habitats with an abundance of woaahytfl cover just under half of the total acreage
of World’s End. The fields at World’s End providanctuary for a variety of common and
uncommon species including grassland birds, bligsfimoths, and rare plants. In addition to
providing vitally important habitat for numerousesges, these open, airy environments allow
visitors the unique opportunity to enjoy broad, spiag views of the surrounding landscape. The
expansive grasslands at World’s End contributeifsogmtly to its pastoral quality, a visitor
experience that is increasingly threatened inghr$ of the Commonwealth.

The grasslands at World’s End, however, are ndbgamally stable environments, but are subject to
rapid change due to community succession and campetrom invasive exotic plants. Moreover,
some grassland species (e.g., nesting birds) aily desturbed by inappropriate recreational use.
The rapid decline of grasslands and their assatitecies in the Northeast over the last 150 years
underscores the need to conserve the ecologicadaerdc value of grasslands at World's End.
However, without active management, these impogeadsland values at World’s End will
diminish, resulting in the loss of regional biologii and scenic diversity.

1.1 Purpose of the Grassland Management Plan

The World’s End Management Pf&identified the need for a detailed grassland mamage plan

to address the conservation goals and primarythtedhe grasslands at World’'s End. The primary
management goal for grassland management at Wa&tdlss maintaining a grassland/early
successional mosaic that supports a diversity efisg that depend on these habitats. Specific
conservation targets include: native grasslandheatagrassland wildlife including butterflies and
nesting birds, rare species, and plant diverdfyeserving the pastoral, open character associated
with grasslands was also identified as a primacgmanendation in the management plan.

The primary threats to the ecological and scenigegsof grasslands at World’s End include the
encroachment of woody vegetation, invasive plaetgs, and inappropriate recreational use (e.g.,
unleashed dogs). Therefore, the purpose of thesigiad management plan for World’s End rises
largely from the need to maintain the grasslandsstate that optimizes their habitat and scenic
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values while controlling uses and processes thaatan these important values. The intent of the
grassland management plan is to apply appropriateagement actions to meet the grassland
stewardship goals and to mitigate existing or pidéthreats to these resources.

1.2 Plant Community Types at World's End

Grasslands are the most common plant communitydypéorld’s End, covering approximately 40
percent (or roughly 100 acres) of the Reservattog. ). Both coastal and freshwater wetlands
occur at World’s End, including small pockets dt saarsh along the shoreline and a small
pond/shrub swamp (known as Ice Pond) on Rocky N&amde Meadows, a 14-acre tidal pond and
marsh whose connection to the sea was restoreatlyn2003, is the largest wetland system on the
property. Forest habitat is mostly confined to Roeck and the area east of Damde Meadows.
Rocky Neck is vegetated by relatively young fomanhmunities that have developed on lands that
were historically grazed up until the first halftbe twentieth century. A mature oak-hickory fayes
known as the Loud Lot, is located east of Damdeddes. Small patches and strips of mixed
forest occur elsewhere on World’s End, many of Whitvide or fragment grassland patches. As
elsewhere at World's End, invasive exotic spediecammon in many of these forest patches.
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2.0 Grassland Communities and Current Management

2.1 Grassland Type, Size and Composition

Grassland is the most common plant community typ&orld’s End, covering approximately 100
acres of the Reservation. Although fragmentedég-lined avenues and hedgerows, World’'s End
supports some of the best remaining grasslandeigreater Hingham area. Moreover, grasslands
at World’s End provide some of the only habitatdoassland dependent fauna (birds, butterflies,
etc.) in the greater Boston and South Shore areas.

Most of the grasslands at World’s End can be diasisas mowed fields; that is, “non-agricultural
grasslands that are maintained by mowiffg"While grasses and forbs define this community,
woody vegetation is also present in the fieldsiandcreasing. This is particularly true in masfy
the smaller fields and along the margins of lafgdds. Woody shrubs and vines represent at least
25 percent of the total vegetative cover in thielfet World's En@, and significantly more in some
areas. Therefore, the term grassland, as usesfiteech community type at World’s End, should be
interpreted broadly to include not only true grassdks but successional habitats with abundant
woody plants.

The grasslands at World’s End generally occur strdite units separated by tree-lined avenues or
small forest patches. Nineteen grassland unite baen identified at World’'s End, and are
referenced with a unique code (Fig. 3; Table 1l.oAthe fields are less than 20 acres in sizéhwi
the majority of the fields 8 acres or less in aréhe largest, unfragmented field at World’s End is
located on Planter’s Hill (PH-2), and is 18-19 adresize. Four additional fields range in sizenir
8-9 acres, while there are seven fields that afe8res in size. There are seven small fields that
range in size from less than an acre to just uBagares. The fields are generally irregular irpgha
with most fields having a relatively high ratiofofest edge to field.

With a few notable exceptions, the fields at W@lBnd are vegetated by cool-season grasses.
These mainly non-native species were introducedrmp and pastureland because they grow well in
the cool, moist spring and fall weather conditiohthe Northeast® They are dormant during the
summer, and can be grazed closer to the groundgltire summer and winter than warm-season
grasses without reducing vigor. Cool-season gsagsen a dense cover due to reproduction by
rhizomes and less suitable for some nesting grag$lmds. Orchard grasBéctylis glomeratg
Kentucky bluegrasdPoa pratensiy red-top Agrostis albg, and sweet vernal gras&nthoxanthum
odoratum) are common cool-season grasses in the fieldsoaldh® End. Several forbs, including
Canada thistleCirsium arvensg butter and eggd.(naria vulgaris), as well as numerous species of
goldenrod §olidagospp.) and asteAéterspp.) are common in the fields. Common woody iggec
include poison ivy Toxicodendron radicansmultiflora rose Rosa multiflord, common blackberry
(Rubus allegheniengisand dewberryRubussp.).

Table 1
Grassland Units, World’'s End

A Based on vegetation plot data collected in 2000.
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Location ID No. Approx. Size Conservation Targets
(acres)
Pine Hill PiH-1 3.6
PiH-2 3.7
PiH-3 3.3 Showy goldenrod
PiH-4 8.6 Grassland breeding bir
native grassland
Planter’s Hill PH-1 6.4 Grassland breeding birds
PH-2 18.6 Grassland nesting birds,
native grassland
PH-3 2.9 Old field habitat
PH-4n 6.4 Spartina pectinata
PH-4s 6.6 Spartina pectinata
PH-5 2.2
World’'s End WEi-1 8.5 Breeding birds, showy
drumlin (inner) goldenrod
WEi-2 9.3 Breeding birds, showy
goldenrod
WEI-3 1.4
WEIi-4 0.4
WEI-5 0.9 Showy goldenrod
WEi-6 1.3 Showy goldenrod
World’'s End WEo-1 8.5 Native grassland
drumlin (outer)
WEo-2 5.5
NE of Damde | DM-1 1.3 Native grassland
Meadows

Native grasslands, those dominated by indigenousvgagason and cool-season grasses and forbs,
occur in a few, relatively small patches at Worldisd (Fig. 4). Ecologically, these grasslands more
closely resemble the original grasslands of Masssetis before the introduction of exotic, cool-
season grasses and European style agriculturem\ason grasses grow in the summer when
cool-season grasses are dormant, and are drolgibiiard, winter hardy, and adapted to sandy,
infertile soils. Little bluestemSchizachyrium scopariyss the dominant warm-season grass in most
native grassland patches at World’s End. SwitesgPanicum virgatur)y another warm-season
native grass, was introduced locally by plantinggroebably also occurs naturally along the upper
edge of salt marshes bordering World’s End. Calbggoint Calamagrostis canaden$js native
cool-season grass, comprises roughly half of thieengrassland patch located east of Planter's Hill
Small patches of prairie cordgra§péartina pectinatp a native grass of freshwater and brackish
marshes, are found in a few low-lying areas at WefEnd. Warm-season grasses typically grow
in clumps that allow ground nesting birds to molewt. Although native grasslands provide more
suitable breeding habitat for some grassland bidisplinks (the most common grassland nesting
bird ag World’s End) prefer more uniformly densarsts of cool-season grasses with high litter
cover:
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The largest area of native grasses at World's Bpgroximately 2.5 acres in size, is located on the
outermost drumlin of World’s End (WEo0-2). Much dhaapatches persist on the east and west
flanks of Planter’s Hill, as well as northeast airdde Meadows (1.3 ac.). Some native grassland
patches, such as the field used for Solstice Eyarking, may exist today due to past management
(e.g., late spring mowing). The total area ofvegrasslands at World’'s End is approximately 6
acres, or about 6 percent of the total area ostaads on the reservation.

2.2 Current Grassland Management

With few exceptions, all of the grasslands at Werkehd are mowed on an annual basis after July
15" to allow nesting grassland birds to fledge youtige small native grassland located on the west
slope of Planter’s Hill is mowed during the firsegk of June to allow parking for the summer
solstice event. Field management staff typicalows the fields at World’s End using a rotary disc
mower and a brush hog. The rotary disc mower, lWwiiside mounted onto a New Holland 545D
backhoe, is the most efficient tool for mowing grasd forb-dominated fields with little woody

plant cover. Fields overgrown with woody plants arowed using the brush hog, which is pulled
behind a John Deere tractor (Model 5200). Thelsiblr mower is essential for mowing along the
tree-lined avenues and roadside trenches.

The largest fields (e.g., PH-2) are generally mofirsd (after July 15). The typical open field
mowing pattern involves 2-3 passes along the peeintd the field, then mowing from the field
interior to its edges. Fields are cut to heighaymroximately six inches, and cuttings are lethim
fields. Field staff spend a considerable amourinoé every year trimming around trees and field
edges with weed whackers and hand cutting woodgte¢ign along field edges where necessary.
The only field not cut on an annual basis is PMA3ich was mowed in 2000 and 2002. Herbicides,
burning, and grazing have not been employed as geament tools by Trustees’ staff to maintain the
property's grasslands.

The South Shore Management Unit annually dedicatesstimated 930 man-hours (or nearly 8
weeks of labor for three men) to mow all the fiedohsl clear field edges at World's End (Appendix
1).1° An estimated 34 additional man-hours is spenotine and non-routine maintenance tasks.
The estimated annual labor costs to currently raairthe fields at World’s End is approximately
$15,400. Fuel and parts for the mower equipmedtpanver tools cost an additional $1,500
annually. The estimated depreciation of mowersteaxtors over 10 years is approximately $3,300.
Refer to Appendix 1 for a detailed breakdown ofrent grassland management costs at World’s
End.

2.3 Resource Monitoring

The dynamic nature of grasslands and other eadgessional habitats at World’s End require
regular field monitoring as management proceedssure that stewardship goals are being met.
Breeding bird and vegetation surveys follow staddenustees protocol for resource inventory and
monitoring. Eight, 50-meter radius plots were @mntl established in the grasslands at World’s
End in 2000 to survey grassland breeding birds. iy Three, 4-meter radius plots are nested
within each 50-meter radius breeding bird plotieintory plant species. The vegetation plots are
located 25 meters from the center of the plofalR0° and 240 compass bearings. Plots 9 and 10
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are single, 4- meter radius plots and are survéyreplant species only. Plots 1 and 2 are located
Pine Hill, and plots 3, 4, 5, and 9 are locatedPtanter’s Hill. Plots 6 and 7 are located on the
World’s End drumlin north of The Bar, while Plois8Blocated on the outermost drumlin. Plot 10 is
located east of Damde Meadows in a small patcltatwe grassesField data was collected from all
plots in 2003.

An Experimental Mowing Plan for World’s End wastiated in 2002 to assist ecology and property
management staff in determining the effects ofedé#ht mowing frequencies on plant species
composition (Appendix 2). Seven experimental mawpfots (Fig. 5), each approximately Ys-acre
in size, are undergoing mowing treatments at foeeky2 plots), six week (2 plots), and three
month (3 plots) intervals through the growing s@asom June to October. Plant species and
frequency data was collected in 17 subplots nesititiin each experimental mowing plot prior to
the initial cutting in mid to late June 2002. V&g®n within the experimental mowing plots will be
inventoried following three growing seasons to iifgrany changes in species composition and
abundance. Continuing the experimental mowing pféar the 3-yr. study period will depend on
the results of the study and the existing worklokfleld management staff.
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3.0 Grassland Habitat Values

3.1 Ecoloqgy of Grasslands at World’'s End

General Wildlife UseThe grasslands at World’s End support a varietyitflife species, including
birds, small and medium-sized mammals, and insdat&g all or some part of their life cycle. The
size of World’s End and its peninsula setting meyidish its capacity to support larger, wide-
ranging species that utilize non-forested habitaish as coyote and white-tailed deer. The side an
shape of the fields at World’s End as well as th&ant species composition influence the type of
grassland birds and insects that can be found.|dvnavailability of freshwater sources may also
limit the range of wildlife that occurs at WorldE&nd, including those species that depend on
grasslands.

Little specific information is currently availabtegarding mammals at World’s End. Although large
mammals are generally uncommon, red fox are resatahare regularly observed during daylight
hours. Coyotes, on the other hand, are seldonnadibat World’s End, although residents
occasionally observe them along Martins L&neWhite-tailed deer are also scarce at World’s,End
and those that are observed on the property typidalnot stay. Other mammals, such as the
eastern cottontail, woodchuck, opossum and stiggedk, have been recorded at World's End and
are likely to be commoff. Small mammals, including meadow vole, northérorstailed shrew,
and probably the meadow jumping mouse, are commdmei grasslands at World’s End. The little
brown myotis (bat) has also been recorded on tiseRation®® Although upland fields are not
their preferred habitat, the little brown myotidiaés grasslands for feeding during the breeding
season.

A number of birds utilize early successional habitt World’s End during all or some part of the
year. Of the several species that breed at WoEdt most require open, shrubby, or edge habitats
while few are true grassland specialists. Bobolangrassland dependent species, is common in
several of the larger fields at World’s End durthg breeding season. Savannah sparrow and
eastern meadowlark, also grassland specialistg, t@sasionally been observed in the fields at
World’s End although neither species has been deatad in breeding bird surveys in recent time.
Several common bird species that utilize early sssional and forest edge habitats occur at World’s
End including song sparrow, tree swallow, eastangtkird, northern mockingbird, Carolina wren,
and red-winged blackbird. Red-winged blackbirdsenrecorded in at least four of the eight
breeding bird plots in 2003. Uncommon breeding$at World’s End that utilize early
successional habitats include brown thrasher, odobi@ole, and eastern bluebird. The fields also
provide feeding habitat for over-wintering raptetgeh as the red-tailed hawk and the less common
northern harrier (state threatened species).

Little is currently known regarding invertebratédNorld’s End. However, recent inventories by
Brian Cassie have determined that World’s Enfdports an astonishing variety of butterffies.
Forty-eight species have been documented at Wdglaks with an additional 28 species identified
as probable or possible residents. Of those lfiytsgecies observed to date, five species have bee
recorded as “Massachusetts record single-day,eslagality counts”, including pearl crescent
(1600), little wood satyr (7300), common ringle@(®), long dash (195), and Hobomok skipper
(30). Several rare butterfly species have beerrobd including the variegated fritillary, sachem,
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pipevine swallowtail, and hickory hairstreak. Tasge upland meadows of World's End support
grasses and wildflowers that provide larval fooaihps and adult nectaring plants for many of the
observed butterfly species (e.g., pearl crescamiggated fritillary, common ringlet, sachem, and
long dash). While fields provide critical habitat many species, early successional environments
(e.q., brushy fields and old field habitat) areeesi®l for others such as the juniper hairstreak (a
probable resident) whose host plant is easterceddr.

Most early successional habitat at World’s End esau relatively dry, upland settings, therefore,
limiting its value to many species of amphibiand egptiles. In addition, the overall lack of
freshwater resources at World’s End, which many lspecies rely on for breeding habitat, is
scarce.

Grassland-dependent BirdS he fields of World’s End host at least two békcies, bobolink and
eastern meadowlark, that require grasslands fadomg. Bobolinks are long-distance migrants that
over-winter mainly in central South America, and known during the breeding season for their
striking black and while plumage and noisy, bubfpliongs. They begin arriving in Massachusetts
during the first week of Mdywith breeding activity typically occurring betweMay 25 and July 5.
While most grassland breeding birds require lamgsgjand tracts for breeding, bobolinks will nest
in fields as small as five acres. In New Englamtimal nesting habitat consists of dense, older
stands of taller grasses with little or no alfafal legume cover, high litter cover, and scattered
broad-leaved forbs to provide nest site céveEaterpillars, grasshoppers, and beetles are the
primary food source for adult birds and nestlingsry the summer. Although bobolinks are
common in many hayfields throughout the northdasir numbers have declined since the mid-
1900's as agricultural fields have reverted to$ofe Early and more frequent mowing (before July
15" threatens the breeding efforts of bobolinks & emaining fields where they do occur.

Bobolinks have reliably been observed during bregdird surveys in 2002 and 2003 in fields
located on both of the outer drumlins (Plots 7 &nds well as in the large field on the southwest
side of Planter’s Hill (including Plot 4). Two orore breeding pairs have been observed in each of
these locations. Male bobolinks have also beerrobd in fields on the north side of Planter’s Hill
and the west side of Pine Hill, although disturteaacfield conditions may be preventing nesting
from actually taking place. Based on previous sysy the distribution of bobolinks identified
during the breeding season at World’s End has dariéne 2000 breeding bird survey detected
bobolinks in Plots 6 and 7 (on the drumlin locatedth of the Bar), as well as Plot 5 (northease sid
of Planter’s Hill) and Plot 2 (west side of PindlHi These findings suggest that nesting actieiy
the west side of Pine Hill and northeast side ahBr's Hill might be achieved if management and
seasonal use activities are adjusted. The abséadolinks in field unit WEI-1 (Plot 6) duringeh
2002 and 2003 surveys suggest that field conditioag no longer be appropriate for nesting
bobolinks and should be investigated. Human agt{(along with unleashed dogs), plant
community composition, and/or the size and confgon of fields are likely the primary factors
influencing the selection of breeding sites by Himiks at World’s End.

Eastern meadowlarks, also declining regionally ue loss of grassland habitat, are much less
common than bobolinks at World’s End. Meadowlar&st in a variety of grassland habitats
including grassy meadows, hayfields, agriculturakglands of alfalfa and clover, and open weedy
orchards. Typically, they require at least 15-2fka of open fields for breeding. Meadowlarks

Grassland Management Plan - DRAFT 11
World’s End



prefer a variety of grass heights (10-20 in.) aedsities for nesting, with scattered shrubs ordorb
for perching®  Up to two broods may be produced in a year, ngaitie meadowlark nests and
their young particularly susceptible to mowing af/fields prior to mid-August. Insects,
particularly grasshoppers and beetles, and weed@asd seeds are the most important food items
for meadowlarks. While two meadowlarks were obsémuring both the 2000 and 2002 breeding
bird surveys (outside plots), none were observeteard during the 2003 survey. Meadowlarks
typically nest only in fields greater than 15-20escin size, which may partly explain their absence
as breeders at World’'s End.

The savannah sparrow is a grassland generalishaisdteen observed at World’s End in May.
However, they have not been documented during brgdxrd surveys over the last five years. This
species uses grasslands of all ages, toleratirggssional growth, and breeding in areas of scaittere
saplings, shrubs and forbs. The size of mostl@rassland patches at World's End is probably
inadequate for breeding savannah sparrows, whaplires relatively large areas of open habitat,
typically on the order of 20-40 acres.

Rare SpeciesThe grasslands at World’s End support four species: showy goldenro8dlidago
speciosy spartina borerSpartiniphaga inops hickory hairstreakSatyrium caryaevorujpand the
eastern bluebirdSjalis sialig. Showy goldenrod, currently “watch-listed” byetMassachusetts
Division of Fisheries & Wildlife (MDFWY’, typically occurs in dry fields underlain by limepils

It occurs in greatest abundance on the drumlirhnoiriThe Bar, with smaller patches elsewhere on
the reservation including northeast of Damde Meadamd on the southeast-facing slope of Pine
Hill (Fig. 4). The large flowers and late summarleg fall flowering of showy goldenrod attract

large concentrations of insects at World’s Endudoig migrating monarch butterflies in
September. Currently, there are 10-11 documeritesi for this species in Massachusetts. The
World’s End population represents the only knowtaekpopulation in the greater Boston area, with
the closest populations occurring in Worcester @ptmthe west and southern Bristol County to the
south.

The hickory hairstreak is also a watch-listed speciAlthough the preferred food plants of the
hickory hairstreak are common, it is rarely repdr@ywhere in the state. The caterpillar of this
butterfly feeds primarily on hickories, especidiijternut hickory Carya cordiformi$, but oak,
chestnut and ash are also repoftedThe hickory hairstreak prefers open fields aefji¢o

deciduous woods and is apparently uncommon thraugteorange. Bitternut hickory is a common
understory tree in several forested areas adjaod¢he fields. Current resource management and the
continued presence of bitternut hickory should reamthis species’ presence at World’s End.

The eastern bluebird is currently on the MDFW’sahdtst® due to significant population declines
as a result of competition from exotic species,(heuse sparrows and starlings), pesticides, @sl |
of agricultural lands. They inhabit open areashsagfields and orchards, and require low cavities
for nesting and perches for foragihgBluebirds have increased in numbers since tlie880’s as
a result of nesting box programs in rural and sbéurareas, including World’s End. At least five
pairs of bluebirds nested at World’s End in 200@hwthers probably nesting in natural cavities.
(Although eastern bluebirds were observed durieg2thD2 and 2003 breeding bird surveys, none
were recorded within the survey plots.)
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Small patches of freshwater cordgraSpdrtina pectinatp(Fig. 4) at World’'s End support the
spartina borer, a moth whose occurrence in Massattsuthas been documented in only a few
locations in southeast Massachusetts. Its geogragmge includes the northeast coast and the
upper plains states where freshwater cordgrasssgréwhough currently listed as a species of
“special concern” in Massachusetts, the spartimarbnay be more widespread than suggested by
current field data. However, the patchy distribntof freshwater cordgrass and the moth’s
parochial habit may explain its apparent raritydulk moths fly for a brief period during very late
August and early September, probably laying thggsenear the rootstalk of the freshwater
cordgrass.

Freshwater cordgrass grows in several locationshabdats at World’s End, but mainly near the
wetland/upland transition zone near Damde Meadamwsrasmall patches in nearby fields. Annual,
late season mowing probably maintains cordgragsién areas by reducing competition from

woody shrubs, and allows the adults to emerge uested. Freshwater cordgrass can also be found
growing along the upper edges of salt marsh albagrtargins of World’s End. Continued tidal
inundation will likely sustain these populationslhlgiting competition with other plant species.

3.2 Historic Values of Grasslands at World’s End

The first cultivated fields in the town of Hinghamere located on the drumlins of World’s End.

Even before the town was settled in 1634, NativeeAcans cleared land at World's End to grow
corn®® Over the next 100 years, the “Old Planters” ofgham cleared almost all of the remaining
woodland left at World’s End to grow rye, barleydazorn. Most of the fields remained in

cultivation throughout the post-settlement periotile cattle, horses and sheep owned by John
Brewer were occasionally pastured on the outer ingmThe agrarian landscape that characterized
World’s End for over three centuries persists te tlay in the form of extensive fields, stonewalls,
and fence remains that probably mark original priygeoundaries dating back to the laté'17
century. Today, the relatively large expanse asgland acreage at World’s End echoes an
agricultural past that typified almost all of soeith New England 150 years ago.

3.3 Cultural Values of Grasslands at World's End

The rolling fields at World’s End and the sweepuigtas they provide figure prominently in the
visitor experience at the Reservation. The sceleiments that define World’s End, and are most
highly valued by the visiting public, include itagtoral/open character, designed landscape, unusual
and expansive views, and diversity of landscapeiteX® All of these landscape values are directly
or indirectly linked to the large area of grasskatdWorld’s End. Annual visitation at World's End
has averaged 38,000 visitors per year since 198 alvout 75% of those being repeat visitors. A
visitor survey conducted in 2000 indicated thatriyeal! visitors come to World’s End to take a
walk, with the majority coming to enjoy the scen&tyWhether the scenery is defined by long
views of the surrounding bays, inlets and urbanlaedscape, or vignettes contained within the
immediate landscape, it is the grasslands of Weildid that typically provide the context. Given
that the pastoral, open landscape of World’s Erahisitegral part of its scenic value, regular
visitors have come to expect that management nekbgrve this aspect of the reservation.
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The fields at World’s End do not currently serve agricultural purpose. However, they do have a
rich agricultural history principally involving theultivation of vegetables and pasturage for
livestock.

3.4. Economic Values of Grasslands at World’s End

No income has been directly generated or is cUyréirectly generated from the grasslands at
World's En&. However, as previously mentioned, the sceneayitha major attraction for most
visitors to World’s End is related in large parthe abundance of fields and other successional
habitats. The summer solstice event at the tdplasiter’s Hill is a traditional community event tha
has drawn large numbers of people in recent yegr$o(600). Increasingly, it has become an
important source of income for The Trustees, wikimanies generated directed back into the
operating budget for World’s End. Hayrides, muaiwg refreshments are featured during the event.
However, without the spectacular view from thedgebn Planter’s Hill, it is unlikely that the event
would attract many participants. Hence, the incgeerated from member dues, non-member
entrance fees, and special events is associatedie level, with grasslands at World’s End.

B Most or all of the fields at World's End are unahie for the production of hay for forage duehe abundance of
woody plants and the low quality of its grasses.
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4.0 Existing and Potential Threats to GrasslandstaVorld's End

Non-native invasive plants, plant community sucessand recreational use are among the most
significant threats to the ecological values ofsgtands at World’s End. In addition, fragmentation
of grasslands by existing tree-lined avenues adddr®ws diminishes the value of some fields to
certain area-sensitive grassland breeding birds as@astern meadowlark and bobolink. Without
appropriate management, grassland habitat at VédEdd will likely support fewer grassland birds
and invertebrates as species composition and steushifts toward a more shrub-dominated
community.

4.1 Non-native Invasive Plants

Invasive exotic plant species are common in alragsty plant community type at World’s End,
including grasslands. The primary impact of invasexotic plants on native plant communities is
the reduction of plant diversity, which, in turnfluences the variety of wildlife species supported

by the plant community. Invasive plants generaligre several biological traits including 1)
production of large quantities of seeds; 2) higiffective dispersal mechanisms; 3) rapid
establishment and growth, and 4) high competitivieptial with native plant speciés. The
combination of these characteristics gives invaspecies an advantage over many less aggressive,
native plants.

Although much of the grassland acreage at Worldd is vegetated by introduced, cool-season
grasses, these species are generally not aggressngetitors with associated herbaceous plants.
Non-indigenous, invasive plants, on the other hamaly quickly spread and dominate any given
plant community. Based on plant surveys in 24 oamg selected plots in 2000, invasive plants
comprise almost 2% of the vegetative cover in deasts at World's End (Table 2§. The
abundance of invasive plants is considerably greéatsome grassland areas, particularly field
borders, and will increase over time without mamagyet.

Table 2
Percent Cover of Invasive Plants in Fields (n = 24)
Vegetation Survey - 2000

Species Common Name % Cover
Rhamnus frangula Glossy buckthorn 0.85
Rosa multiflora Multiflora rose 0.52
Lonicerasp. Honeysuckle 0.23
Cynanchum nigrum Black swallow-wort 0.13
Linaria vulgaris Butter and eggs 0.10
Celastrus orbiculatus Asiatic bittersweet 0.06
Rumex acetosella Sheep sorrel 0.04
Euphorbiasp. Spurge 0.02
Ulmussp. Elm (exotic) 0.02
Total 1.98
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Glossy buckthornRhamnus frangubda multiflora rose Rosa multiflord, honeysucklel(onicerasp.)
and black swallow-wortGynanchum nigrujncurrently pose the greatest threat to the fialus$
wildlife at World’s End. Invasive shrubs form dertbickets that shade out wildflowers and grasses
that provide important microhabitat for grasslarittikife (e.g., butterflies, small mammals). The
dominance of invasive shrubs and vines encroaddomy field edges also diminishes or eliminates
other native berry-producing shrubs of value talfé (e.g., blackberry, viburnum, winterberry,
etc.). On the other hand, the prevalence of sowesive plants may benefit certain wildlife species
For example, the abundance of multiflora rose endhdscape may be partially responsible for the
northern expansion and overwintering of mockinghirdbins and cedar waxwings. Native
biodiversity is affected by invasive plants in athmore insidious, ways as well. Black swallow-
wort, a member of the milkweed family, is a hogtrplfor monarch butterflies, which lay their eggs
on this exotic plant. Unfortunately, the larvaamat survive on swallow-wort and they die,
effectively reducing the number of monarchs thathematurity.

Tree saplings of exotic invasive species, sucha@svbly maple, European turkey oak, and English
oak, are common along field edges. Turkey oakastrmommon in fields on the outer drumlins, and
is replaced by English oak elsewhere on the redenzaNative tree saplings, including basswood
(Tilia americang and quaking aspe®¢pulus tremuloidgsalso invade fields at World’s End at the
expense of grasses and herbaceous plants. Theflaggressive invasive plant management in the
grasslands at World’s End will gradually reducecsge biodiversity, including rare and uncommon
species.

4.2 Plant Community Succession

The grasslands at World’s End represent an eadgessional stage that requires regular disturbance
at relatively frequent intervals to persist. Withoegular disturbance, whether natural or human-
induced, the quality of grassland habitat will deeldue to woody succession. The increase in
woody vegetation in the fields reduces grass artudoversity by over-shading and out-competing
native plants, including rare species (e.g., shgalgenrod). The loss of high quality grassland
habitat and the reduction in field size will ultitaly jeopardized the existence of grassland wadlif

at World's End. Loss of plant species diversityl aiso reduce the number and variety of buttesflie
and other invertebrates that contribute to theaVbrodiversity at World’s End.

The 2000 vegetation survey found that woody planter 25% of the fields at World’s End (Table
3).# Four native woody plants (bristly dewberry, poisvy, and two species of raspberry) account
for over 20% of the woody cover in the fields. ldugh woody growth is common throughout

many fields, it is most common around field margansl in some linear field units along the
perimeter of World’s End (e.g., PH-4). The inciegsaabundance of woody plants in the fields also
has management implications. Heavy woody growtls amower blades, punctures tires, and
prolongs the mowing of fields particularly if wood{ems become tangled around the mower blades.

Table 3
Percent Cover of Woody Plants in Fields (n = 24)
Vegetation Survey - 2000
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Species Common Name % Cover

Rubus hispidus Dewberry 8.42
Toxicodendrown radicans Poison ivy 5.42
Rubus idaeus Red raspberry 4.63
Rubus sp. Raspberry 2.10
Rhanmus franguta Glossy buckthorn 0.85
Myrica pensylvanica Bayberry 0.81
Rhus typhina Staghorn sumac 0.71
Ulmus americana American elm 0.65
Rosa multiflora* Multiflora rose 0.52
Parthenocissus quinquefolia Virginia creeper 0.29
Lonicera sp.* Bush honeysuckle 0.23
Rosa virginiana Virginia rose 0.23
Viburnum dentatum Arrow-wood 0.08
Celastrus orbiculatus* Asiatic bittersweet 0.06
Prunus serotina Black cherry 0.06
Pyrus sp.* Apple 0.06
Juniperus virginiana Eastern red cedar 0.02
Populus tremuloides Quaking aspen 0.02
Tilia americana Basswood 0.02
Vacinium corymbosum Highbush blueberry 0.02
Unknown sp.* Exotic elm 0.02
Total 25.23

* = non-indigenous plant species

4.3 Early Mowing

While mowing is an important tool in maintainingagslands and preventing field succession, proper
scheduling is critical for the conservation of gtasd breeding birds. Most of the grasslands at
World’s End are mowed on an annual basis after D8fyto allow nesting grassland birds to fledge
young and to promote a diversity of wildflowers the benefit of invertebrates. Mowing prior to

this date in fields used by nesting birds wouldoataly destroy nests and juvenile birds and may
eliminate wildflowers that are essential caterpiftaod plants and adult nectaring plants.

4.4 Recreation

World’s End is one of The Trustees of Reservationsst popular destinations, attracting over
38,000 visitors every yedr. In general, the impacts to grassland wildlifeti visiting public are
minor since most visitors stay on the trails and paths. Trails that traverse fields (e.g., unpeap
trail on the north side of Planter’s Hill) may fragnt fields and further limit the available breegin
habitat for grassland birds. Unleashed dogs atse p significant threat to grassland wildlife,
especially nesting birds, which are sensitive égfirent disturbance. Despite a policy instituted by
The Trustees’ in 1995 prohibiting dogs except dgagh, many visitors continue to ignore this rule.
In addition, house cats are frequently observed thesentrance to World’s End. Cats are effective
predators on small mammals and may pose a signifibeeat to ground nesting birds at World’s
End.
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5.0 Grassland Management Tools and Feasibility Aessment
5.1 Introduction

The World’s End Management Pf&ridentified the need to preserve both scenic andibérsity
values associated with grasslands at World’s Bnarder to meet these objectives, a management
strategy is needed that maintains the existingstaad/early successional mosaic and preserves the
resources necessary to meet the specific grasstarsgtrvation targets identified in the management
plan. The conservation targets identified in thenlsigement Plan for World’s End include native
grassland patches, grassland wildlife (nestingstémld butterflies), rare species, and plant diyersi

Several management tools and techniques have bganyed to maintain and restore the open
habitat required by early successional speciedtu@ligrasslands in the northeast were created ove
historic time by a predominantly agrarian sociégttcleared the land by hand and often maintained
its open character with grazing livestock. The ag@ment tools used today basically seek to imitate
the collective efforts of countless farmers andrtineestock albeit on a much smaller scale.

Managing the grasslands at World’s End to achieeais and conservation objectives is
complicated by the fact that no single managenteates)y will achieve each of the goals uniformly.
Control of woody vegetation that is invading thelds at World’s End is perhaps the most pressing
management need. Reducing or eliminating woodytpldnowever, requires aggressive
management techniques that would likely conflidhwnanagement that promotes grassland bird
productivity or sustains rare species (e.g., shgalgenrod) and invertebrates.

Land management, particularly as it applies toyesutcessional communities, is an inexact science
and the impact of various management practicesaimtaining open landscapes is not clearly
understood. Thus, a conservative and adaptiveoapprto managing the grasslands at World’'s End
is necessary to allow flexibility in managementqices over the long-term. Resource monitoring
(e.g., birds, vegetation) at World’s End will béicel over the coming years, allowing The Trustees
to evaluate the effects of management and shiflgement as needed to achieve the desired
conservation objectives.

5.2 Management Tools and their Feasibility

Several management tools are available to restwhg guccessional landscapes including mowing,
prescribed fire, grazing, herbicides, hand clearimg combination of the above tools. A number of
guestions must be asked when evaluating the féisdifiany management option at World’'s End:

* How practical is this tool in achieving the dediseenic and conservation goals?

* How well does the management option fit with théjue physical setting at World's End
(i.e., hilly, open terrain insulated by bay wat@rs)

* Will the tool pose a safety hazard to visitorsiearby residences?

* Will the tool have negative impacts on rare speeaied sensitive resources?

* Can results be achieved with a reasonable amdwfitoot? What are the short and long-
term dollar costs?

» Does the tool provide a sustainable managemeittropver the long-term?
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Each of the management tools are described andatedl for use at World’s End based on the
above considerations.

5.2.1 Prescribed Fire

Fire is an important process in maintaining gragtdaas well as many other ecological
communities. The ecology of fire-dependent havititpend on periodic burns to maintain the
specific conditions required by plants and aninaalapted to them. Historically, lightning ignited
fires on the landscape. Native Americans also fisetb clear land for agriculture, improve forage
for game species, enhance berry and acorn prodyetnal to ease travel. Although Native
Americans had established plantings on World's Befbre the arrival of the first colonidisthe

use of fire by Native Americans for clearing landAorld’s End is undocumented.

Most research on prescribed fire pertains to wagasen grasslands, while little is known regarding
the use of fire on cool-season grads&&hat comprise the majority of fields at World’sdEnin
southeastern Massachusetts, prescribed fire hadib@ted largely to pine barrens habitat in
Plymouth County.

The Benefits of Prescribed Fire

Prescribed burning is the controlled applicatioffiref to accomplish a specific conservation or land
management goal. Land managers use prescribeafaa effective means of plant community
restoration, rare species management, and invapaaes control. Prescribed burning also
mitigates fire hazard risks by reducing fuel loéds., deadwood, plant litter), thereby reducing th
threat of catastrophic wildfire. Burning early sassional habitat may stimulate grass and forb
production, although it can sharply reduce the nemalh some species. Controlling the intensity of
a prescribed burn and its attendant ecologicattsffis more difficult, and can generally be done
only by scheduling the burn for a specific season.

Timing of the Burn

The effects of fire on the ecology of early suca®ss communities vary depending on the time of
year when the fire is set. Summer (or growing eepfires typically burn deeper into the soil (due
to lower soil moisture) than spring (or dormantssey fires, killing the roots of woody plants and
consuming more soil organics. Thus, summer bymisdlly are more effective in reducing woody
growth and restoring early successional conditf8nsSpring fires, on the other hand, may control
but not eliminate shrubby growth since below-grouatbohydrate reserves remain available to
support the growth of new sprouifs. Invasive plant control using prescribed fire b@nmaximized
by conducting burns during periods of low belowtgrd carbohydrate storage (i.e., immediately
after spring flushing and growth), followed by @@ed growing season burn before carbohydrate
levels are replenished.

The timing of prescribed fire influences plant Spscomposition and structufé®*° Dormant
season burns generally favor warm-season graskéds,summer (or growing season) burns favor
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cool-season grass&s. Spring burning may also increase the abundahiegenseason forbs, such
as goldenrod spfy.

The direct impacts of prescribed fire on wildlifls@largely depend on timing, with late spring or
early summer fires interfering with nesting birddile late season burns may impact invertebrate
populations or, in the case of World's End, raecsgs such as showy goldenrod. Although periodic
growing season burns (June to September) woulgtwaal for controlling or eliminating woody
plants in the fields at World’s End, prescribea frefore July 15 in the larger fields would impact
grassland nesting birds. However, breeding agthwtgrassland birds has been documented from
only 5 of 19 grassland units at World’s End. Toialtacreage of the five grassland units that
support nesting grassland birds is approximatelg&@s, leaving the remaining 50 acres available
for potential burning with little or no impact omagsland birds. The effects of prescribed fire on
sensitive species can be mitigated by limitingdize of the burn and allowing species to re-coleniz
burned areas from nearby refugia.

Size and Frequency of Burn

The size of any given burn at World’s End wouldcbetrolled by the size of the grassland unit.
Burns may not be practical in small field patchiieagres or less) or irregularly shaped fields with
significant forest edge. Prescribed fire at WarlEhd may also damage trees along avenues that
border many of the fields. The frequency of prist fire treatments often dictates its effects on
the landscape. While frequent burning may elinarfaie sensitive species from the landscape, it
may not eliminate some persistent species withamreraggressive measures such as herbicide
applications or combining mowing and ffre Any proposed fire regimen should achieve
management goals, yet allow for the recolonizatibdesirable species.

Although permits are still required, spot burningasive woody plants with a propane torch is
cheaper and simpler that implementing a more lacgée prescribed burn. Spot burning can be used
to target individual or groups of plants, and hasrbused to kill seedlings and saplings of
buckthorn®® As with a larger prescribed burn, repeat bueatiments are necessary to kil re-
sprouts and seeds in the soil that will germinater] Obviously, spot burning is most appropriate

for small infestations.

Ecological Effects of Prescribed Fire

The effect of prescribed fire on plants dependtherspecies, timing of the burn (season), and fire
behavior”® Whether a woody plant survives a fire is relateis ability to re-sprout, the thickness
of its bark, location of its root zone, and the amioof carbohydrate reserves stored in the plant’s
root system. Pitch pine, black huckleberry, avddosh blueberry, for example, are fire-adapted
species that are better suited to survive freqgbents than fire sensitive species such as hemlock,
beech, and sugar magfe. Fire generally enhances the growth of nativemwseason grasses and
forbs?® Periodic burning benefits most grassland biedg. ( bobolink, savannah sparrow) by
removing accumulating thatch, which promotes grassyps interspersed with bare, open areas
that allow nesting birds to forage or escape predat®
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Although prescribed fire offers many potential @gptal benefits to grasslands at World’s End,
there are several potential drawbacks. While bokslwill nest the year following a burn, they
avoid recently burned areas where all ground Iiites been consumé&dl. Moreover, burning may
discourage nesting by eastern meadowlarks for @adisyuntil plant composition and structure
recovers sufficiently to meet its needs. Inverébpopulations, including butterflies and mothis, a
sensitive to fire and can be significantly reducedumber by late season burns. Summer burning
would impact invertebrate populations by destroyengs and larvae. The impact of fire on other
wildlife (e.g., small mammals) may not be signifitgince animals can avoid fire by going below
ground or moving to unburned patches of vegetatfowerall, the primary effect of fire on wildlife

is habitat alteration, not mortality.

Prescribed Burn Planning and Permitting

The use of prescribed fire as a management toalnega trained burn crew (including a “burn
boss”), equipment, permits, and appropriate weatbeditions?® Most dormant season burns are
performed between mid-March and the end of Apoilpiving snowmelt and before the leaf-out and
the arrival of nesting birds. Although summer lsuane known to be more effective than dormant
season burns in controlling woody invasives, Mdsssetts air quality regulations restrict most
burning to the sprin®

A rigorous planning process is undertaken befoeei$i applied to determine acceptable conditions
under which the burn will be conducted. Relativenidity, wind speed and direction, air
temperature, soil moisture, and fuel conditionsaan®ng the factors influencing the timing of the
burn. The burn plan (or “prescription”) must aldentify the location of firebreaks, both existing
and constructed. Smoke management is a key compohthe burn plan, particularly in densely
developed areas similar to World’s End. Prescrima&thing techniques and burning during
favorable atmospheric conditions can minimize pubégalth and safety risks while still achieving
management goals. Prior to applying prescribeg &n air quality permit (5 yr. permit) must be
obtained from the Massachusetts Department of Bnmental Protection, as well as a burn permit
from the Hingham Fire Departméeht.The local fire chief issues the burn permit loa day of the
burn, and may order a burn to cease at any tipelfic safety is at risk. The U.S. Environmental
Protection Agency must also approve the burn plarinally, landowners abutting the burn site
must be notified and a public meeting must be kekblicit public comment. The planned burn is
postponed if conditions fail to meet the conditiahentified in the prescription.

Costs of Fire

The costs associated with prescribed burning ireclabor, equipment, planning, administration, and
monitoring. The development of a burn plan ratbesinitial costs, as does equipment, staffing and
training, if none is available. In addition, arpexrenced burn boss is required to direct any
controlled burn. Prescribed burns for ecologiestoration are currently performed by a seasonal
fire crew employed by The Nature Conservancy, dsagevolunteer crews consisting of individuals
from many organizations including The Trustees fodanately, fire crews have been unable to
keep pace with the demand for prescribed fire. dureent average cost for prescribed burning,
once the burn plan, staffing, equipment, and trgjrire in place, is roughly $300 per aéreln
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general, the overall costs of using prescribeddae be lowered by burning larger patches and
partnering with local fire departments or stateraies (e.g., DEM) that have trained staff and
equipment. However, additional expenses wouldhberred if prescribed fire were used at World's
End; these costs would include: community outrédadhform the public of the goals of prescribed
burning, coordination with burn partners, and lasbme due to closure of the Reservation while
burning was taking place. Resource monitoringasil exist regardless of the management tool
used.

Practical Considerations of Prescribed Fire at Wisl End

Due to smoke and public safety concerns, only gpondormant season burning is likely to be
permitted at World’s End. As previously mentionddfmant season burns generally have little
impact on woody vegetation, the reduction of whgcthe primary management goal at World’s
End. However, limiting burning to the dormant seaavoids several limitations for prescribed fire
at World’s End including grassland nesting birdsgeict populations (particularly butterflies), and
rare plants. Assuming prescribed fire is limitedie dormant season, its function would mainly be
to reduce plant litter buildup, eliminate fire sging plant species (if this is desirable), and to
stimulate herbaceous growth by cycling nutrientskbato the soil.

Since prescribed burning is labor and equipmeensive, it is most cost effective as a management
tool for successional landscapes typically largesize than those existing at World’s End. The use
of prescribed fire at World’s End is complicatedtbg relatively small size of field patches andrthe
fragmentation by tree-lined avenues. Many fielduare rectilinear in shape, small in size (most 8
acres or less), and characterized by relativelly igounts of edge with little interior field hahita
The close proximity of forest edge in most, if atlf fields increases the risk that fire may damage
tree crowns or escape into adjacent forest whalddads may be higher. However, the cost
effectiveness of burning small field patches isimined if the patches are adjacent to one another
and can be treated as one @hitln addition, collateral damage to adjacent wandland tree-lined
avenues can be minimized or avoided by modern pbestburning techniques (e.g., wetting grass
around trees). In all likelihood, only the lardietds suitable for nesting grassland birds
(approximately 50 acres) would be burned, althoatbler small fields could be burned if time
allowed.

The Regional Ecologist (or other TTOR staff) woliketly lead the effort to organize a burn crew,
prepare the burn plan, obtain necessary permitsaeainas the primary contact between burn
partners and The Trustees. Training would be reduipfront before the Regional Ecologist can
perform any of these functions. The Nature Core®ey, which performs most of the prescribed
burning in Massachusetts, focuses most of thearisfion rare species habitats such as barrens and
fens, and would not likely view burning at Worldsd as a priority® Therefore, any prescribed
burning at World’s End would probably entail thetpapation of local fire department and state
agency staff (e.g., DEM), as well as TTOR stafheTocal community would also need to be
informed (and educated) regarding the use of chatrdurning well ahead of any planned burn
activities.

The aesthetics of controlled burning is an impdrtamsideration given that World’s End is one of
The Trustees most popular reservations. World® dmaws over 38,000 visitors every year, most of
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which come to walk and enjoy the scen&ryMany visitors may find the blackened fields and
residual smoke from prescribed burning objectioeatWhile smoke from a controlled burn can be
managed by proper planning to minimize or avoidligutealth and safety concerns, smoke
management is a major concern due to the proxiofitense residential development.
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Table 4
Prescribed Fire — Summary

Management]
Tool

Advantages

Disadvantages

Practical
Considerations and
Estimated Costs

Prescribed Fire

Reduces build-up of plant ¢

litter that retards new
growth. Heavy thatch
also creates unfavorable
nesting habitat for some
grassland birds.
Stimulates grass and for
production by releasing
nutrients into the soil.
Can control species
composition and structu
depending on burn timin
Produces a patchwork o]
burned and unburned
habitats due to variability
in fire temperature,
intensity, and rate of
spread.

=T o

Will damage or kill fire
sensitive plant species.
Can only be applied
once every few years in
order to allow plant
regeneration.
Discourages nesting of
some grassland birds {
a year or more
following the burn (e.g
bobolink,
meadowlarks).
Impacts sensitive
butterfly and moth
populations and kills
eggs and larvae

(growing season burns).

* Estimated cost =
$300/acre minimum

* Highly regulated in the|
Northeast.

* Smoke and public safe
concerns may limit
burns to dormant
(spring) which will not
likely achieved
management goals of
woody plant removal.

* Requires trained crew
and large amount of
equipment. Trained
crews are very limited.
Initial training and
equipment costs are
high.

* Requires rigorous
planning process (i.e.,
prescription), and
application requires
precise conditions.

* Smoke management
important to prevent
impacts to densely
developed area
surrounding World's
End.

* Visitor impacts (e.g.,
aesthetic, temporary
closures of parts of
reservation) may affec
Reservation use.

e Spot burning may be
useful for treating sma
areas of well-
established invasive

[

shrubs.
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5.2.2 Mowing

Mowing has been used to maintain hayfields in thrtheastern United States since the arrival of the
earliest European settlers. Today, mechanical mgvg commonly used for maintaining grasslands
and other early successional communities. Thetdessof Reservations has maintained the
formerly cultivated lands on World’s End by mowisigce 1967. The 1971 Master Plan for

World’s End recommended mowing fields on Plantarid Pine Hills on an annual basis and fields
on World’s End (outer drumlins) once every threargd®

To date, the fields at World’s End have been mathg@ginarily for their ecological and scenic
value, allowing for a flexible mowing schedule. wiver, annual mid to late season mowing has
not reduced the abundance of woody vegetation a imfact, be increasing the density of certain
shrub species.

The Benefits of Mowing

Mowing has several advantages over other manageoudst particularly in terms of flexibility in
mowing frequency and timing. For example, a figdth be mowed more than once in a given year
or season, and can be cut regardless of its shieggeeo In addition, mowing can also be done
virtually any time during the growing season toidvmpacting key plant or animal species.

Mowing also allows the land manager to select ael@vegetation structure by adjusting the height
of the mower blades. Control of target woody specian be optimized by adjusting the mowing
schedule to a time of year when carbohydrate stmethe lowest in below-ground storage orddns.
As with other management tools, the timing of fieatment may be more important than the type of
treatment itself in controlling invasive plarits.

Ecological Effects of Mowing

Mowing affects the ecology of grasslands by algpiant species composition and structure, woody
plant growth, and the quantity of plant litter. wWia plant community is affected by mowing

depends largely on the timing and frequency ofctiteas well as the intensity of cutting (i.e.,
number of passes) and blade hefghtAnnual mowing is generally thought to controlasive

woody growth while maintaining grass and forb spediversity*® Frequently mowed grasslands
support fewer plant species and support less staladiversity by eliminating plants intolerant of
regular disturbance (i.e., forbs) and favoring geasthat withstand regular cutting. Mowing also
results in the accumulation of plant litter (unlesgtings are removed), which impedes the
movement of grassland birds (e.g., affecting farggnd predator avoidance). In addition, thick
duff accumulations may inhibit the germination ofre plants. .

Mowing impacts wildlife species via direct mortglitoss of food sources, and changes in plant
structure that reduces cover for birds and smathmals. Mowing can also eliminate food sources
for certain wildlife. For example, fields cut dog mid-late season may destroy host plants for
butterfly larvae or plants that supply nectar fdula butterflies (e.g., goldenrod, aster, milkweed,
etc.). Larval development and adult survival ohmautterfly species is dependent on specific
plants (e.g., monarch butterfly and milkweed assgom). Grass cut before it reaches 14 inches tall
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lowers seed production, which may impact small mairpopulations and the raptors that hunt for
them?’

However, the impacts of mowing can be easily minadiby reducing the frequency of mowing,
leaving some field patches unmowed, and adjustiogyen height to leave 8-10 inches of standing
grass to provide habitat for small mammals. Mdstalan also be reduced by mowing from the
interior of the field toward its periphery, whichepents the “herding” of small mammals toward the
center of the field where they may be killed by thewer?? In fields where nesting birds exist,
mowing impacts can be minimized by leaving appratety 25-50% of the field uncut around the
nest until the birds have fledged their young.

The timing of mowing is critical to the reproduaiguccess of grassland breeding birds. Although
young birds may be observed by late June, someesp@cg., eastern meadowlark and savannah
sparrow) raise a second brood, which fledge inJatg. Therefore, early cutting (before July 15)
can destroy the nests of grassland birds, whilengubefore August 1 may kill fledgling birds from
the second brood. Some species, including bohatiaktern meadowlark, and red-winged
blackbird, will abandon fields mowed during theduimg seasori. Delaying the first cut until at
least July 15 improves the chances of survivah&sting grassland birds and their young.

Mowing performed any time during the growing seasesults in direct and indirect mortality to

small mammal and invertebrate populations, inclgdiamval forms of moths, butterflies and other
insects. The reduction in herbaceous plant coydatle season mowing may expose voles and other
small mammals to higher predation risk during wingés well as reduce the quantity of weed seeds
for wintering birds and small mammals.

Mowing is most effective in controlling woody grdwand other undesirable plant species when
timed to the plant’s maximum growth. In generabody plants are most vulnerable to the effects of
mowing during the growing season when they are redipg resources toward production of leaves
and reproductive structures. Late season perenf@aj., composites) may be more susceptible to
late summer mowing when much of their biomass @vakground. Mowing may also have the
unintended affect of dispersing certain invasivetexplants within and between fields.

The Costs of Mowing

Mowing is currently the primary grassland managemnaol at World’s End (refer to Section 2.2).
Costs associated with mowing include labor (mank$ipduel, parts, and routine and non-routine
maintenance costs associated with the tractorsremvgers. The overall costs associated with
grassland management at World's End are minimizetthd current practice of mowing once per
year. However, current management practices hémeetl woody vegetation to encroach on many
of the fields, placing additional stress on theipopent and dulling mower blades more quickly.

Routine maintenance costs associated with mowicigde the cost for fuel, grease, hydraulic oil,
and other fluids. Non-routine costs often depemthe frequency and duration of equipment use,
and include repairing flat tires, sharpening moblades, and other equipment repairs. The
condition of the fields is equally important is jcting the future costs of non-routine maintenance
tasks. Heavy woody plant growth will quickly datlower blades, perhaps requiring daily
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sharpening. Moreover, mowing with dull blades mesult in stems becoming tangled around the
mower blades, potentially damaging the equipmé@ihie presence of stones in the fields may also
damage mowers. Finally, the overall costs of naammg the fields at World’s End must consider

the depreciation of existing equipment (e.g., egstmowers).

The estimated annual costs for one-time mowingfathe fields at World’s End is approximately
$20,000, or approximately $200 per acre (AppendlixThis estimate includes the cost for mowing
all fields and brush cutting along field edges amalind tree-lined avenues. Due the time-intensive
nature of cutting around the many ornamental tridesactual cost of mowing the fields at World’s
End may be lower than $200 per acre.

Practical Considerations of Mowing at World’s End

Since The Trustees currently manage the fields@ld End by mowing, the management
infrastructure (i.e., mowers, repair facilitiegitred staff, etc.) is already in place. Thereface,
outside contractor is needed to perform this mama&ge. In addition, visitors to World’s End are
generally accustomed to mowing as the primary laadagement tool at the Reservation. However,
more intensive mowing may be required to achieeestewardship goals identified in the World’s
End management plan. Additional mowing effort airl's End will also exact greater costs to

field operations in terms of additional staff tinagd increased fuel, maintenance, and repair
expenses.

Table 5
Mechanical Mowing - Summary

Management Advantages Disadvantages Practical
Tool Considerations and
Estimated Costs
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Mowing

Flexibility in frequency
and timing of mowing
treatments.

Can be applied in field o]
any shape or size.
Ability to target field unit
too small to be burned.
Can select desired
vegetation structure by
adjusting mower blade
height.

Can avoid sensitive
resources (e.g., rare
plants).

Results in thatch build
up thatis unfavorable t
some grassland nestin
birds and suppresses 1
germination of some
plants.

Creates a uniform
vegetation structure.
Mowing schedule may
be restricted by nestin
birds and other sensiti
resources (e.g., rare
plants).

Late season mowing
may Kill host plants for
butterfly larvae and/or
nectar sources for
adults.

Grass cut before seed
set reduces a food
source for small
mammals and raptors
that hunt them.

Estimated cost =
$200/acre (maximum)
Trained staff and
mowing equipment
currently exists for
managing fields at
World’s End.

More intensive mowing
may be needed to
achieve management
goals (i.e., increased
staff time).

Wear and tear on
equipment will result
from increased mowin
effort.

}

5.2.3 Prescribed Grazing

Livestock farming, particularly with sheep and gtplayed an integral role in New England
agricultural economies during the™.8entury and the first half of the "t@entury. During the mid-
1800’s, sheep and goats were pastured on lanevsato become Whitney and Thayer Woods, a
Trustees reservation located within two miles ofrfis End. Although livestock may have
pastured on Rocky Neck and occasionally on theralitenlins of World’s End, grazing was not an
important component of the agricultural historygérld’s End>®

Livestock grazing has been successively used affective management tool for restoring and
maintaining early successional landscapes by ragweoody vegetation, promoting the growth of
perennial grasses, and increasing habitat andespduiersity. However, prescribed grazing is an
inexact science, and if applied improperly can ddgmatural systems by eroding and compacting
soils, polluting water bodies, damaging sensitiggetation, and contributing to the spread of

invasive plants.

Using Livestock Grazing as a Management Tool

Grazing effects the landscape in both positiveraghtive ways depending on the type of livestock
used, the number of livestock deployed within agiarea, and the duration of grazing. Breed
selection is important in achieving managementailyjes since food preferences vary among
species. Cattle forage primarily on grasses angbshwhile sheep favor grasses, sedges and
forbs*??° However, Bellwether Solutions employ sheep toted woody vegetation along utility
easementd. Although sheep will graze forbs and grassesreefmody plants in dense, luxuriant
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fields (e.g., hayfields), they generally prefer Wg®pecies over wiry grasses. Goats prefer woody
plants (i.e., twigs and bark) and are able to comesuegetation that may be unpalatable to other
grazing animals. Goats, unlike sheep or cattlstrdg shrubs and saplings by defoliation and
debarking, and are not deterred by thorny vegetdeay., multiflora rose). West Virginia
researchers found that goats reduced shrub coeepasture from 45% to less than 15% in one
seasorf? while sheep required three seasons to achieveathe reduction. Sheep are more likely to
overgraze grasses before foraging on woody plartereas goats have the opposite preference.

The foraging behavior, physiological condition, éafale forage, and the timing of grazing are other
factors critical to a successful prescribed grapitag. Prescribed grazing for reducing woody
vegetation is most effective when target speciee llae maximum amount of carbohydrates stored
in their above-ground plant parts. Since thisdgfly occurs when leaf size is at its maximum,
grazing allowed at this time will achieve its gesiteffect Similarly, to maintain healthy
grasslands, fields should be grazed in a way tovadixcess energy to be stored in the root systems
of the grasses. Stored carbohydrates allow gtasssgo recover from grazing pressure and winter
dormancy. Insufficient energy storage due to esiwesgrazing will result in reduced plant vigor
and degraded pasturesOther considerations when selecting a breedidtecmaintenance
requirements and the ability of a species to fdhg@redators (neither wild or domestic predator
control is likely to be a concern at World's End).

Since different livestock types forage on differplants, continual grazing over time by a specific
breed will result in a gradual decrease in thegsretl food plant with a proportional increase ia th
less palatable plant species. Selective grazingbstock without appropriate management
oversight may significantly influence the compasitand structure of plant communities. Exceeding
forage supplies within a grazing area for a shoraton will force livestock to graze on non-
preferred species. However, allowing the prefefoedge plants (typically grass and forbs) to
recover is critical in maintaining habitat and spsdiversity.

Manipulation of stocking density and stocking ragesritical if the management goal is to reduce or
eliminate woody vegetation or a particular nuisaple@t species. The response of vegetation to
grazing is influenced not only by the number ofaals (i.e., stocking density), but the frequency,
intensity, and season in which the grazing ocawes 6tocking rate). Two grazing systems,
continuous stocking or rotational stocking, carebeloyed on a given site, as well as the stocking
rate, to achieve the desired management goals.

Continuous stockingor free range, allows livestock to forage withigrazing unit for as long as the
forage supply lasts. Although this stocking technique is the simpkasti cheapest to manage, it
allows livestock the opportunity to selectively zegoreferred plant species, while avoiding
undesirable ones. Plant species diversity andtsirelis reduced, with the possible elimination of
the preferred plants through spot grazing. Ifgheferred forage includes the nuisance plant specie
(e.g., woody and/or invasive plants), however, tthesigrazing system may be successful.

Rotational stockingitilizes at least two grazing units that are akely grazed and rested. Under
this system, units are monitoring for grazing intpa@w livestock transferred to another unit before

€ Spring and early summer are the critical timesfush control with goats and sheep; grazing #tegust 1 was
of negligible value.
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re-growth is grazed. Selective grazing by livektiscminimized, therefore, maintaining plant
species diversity over time.

Ecological Effects of Grazing

Livestock grazing, if properly managed, controlsogyp vegetation, promotes habitat heterogeneity,
and reduces litter build-up since livestock constineeplants. The distribution of palatable and
unpalatable plants results in an uneven grazingpatincreasing plant species diversity and
structure. Dung piles, which contain seeds, ultgtyatontribute to the mosaic of plant species and
structure in the grazing unit. Although livestagiazing can be an effective land management tool,
however, grazing animals can do significant ecaalgiamage if managed in an inappropriate
manner. Overall vegetative diversity may dimirgshthe intensity of grazing increases since
livestock selectively browse preferred plants. eStve grazing may alter native plant species
composition and structure, and potentially eliménegrtain plant species. Grazing animals also
have the potential to introduce exotic and invaphasts and/or exacerbate their spread within the
grazing unit. Overgrazing can degrade grasslandemergent wetlands, compact and erode soils
(which inhibits plant seed germination), and lowater quality by increasing sedimentation and
turbidity. Animal wastes in surface runoff mayatdevate nutrient levels in nearby wetlands and
water bodies.

The Costs associated with Prescribed Grazing

Livestock may be purchased outright or leased fimsal farmers or livestock owners. Leasing
animals for habitat management purposes wouldylikelthe best option at World’s End due to
current management need, although the purchasseroéb herd of livestock would make sense if
prescribed grazing were implemented by The Trusteesregional basis (e.g., Weir River Farm
and Turkey Hill). In this case, the costs assedatith raising, housing, and caring for the ansnal
would be an important consideration.

The costs to lease grazing livestock for prescripeding ranges from roughly $400/day to
$1000/da§. The cost includes 300-400 sheep, 1-2 caretaggessd dogs, fencing, water, and
insurance. The client's management goals (indase, removal of woody plants) are identified in
the contract. The sheep are pastured within aawve-temporary paddock surrounded by portable
electric fencing. The area grazed by the sheepratgpon several factors, including the type and
density of vegetation. In areas of dense, woodyetation, sheep will graze roughly two acres per
day, while up to 10 acres a day may be grazed e mparsely vegetated fields. To effectively
reduce woody plants, fields must be grazed at teas¢ during the growing season (first at leaf, out
then again following re-sprouting and leaf out)d generally for three consecutive years. Assuming
a grazing rate of five acres per day (300-400 alsjndne estimated costs for one-time grazing by
sheep at World’s End is roughly $100-$160/acreweier, the estimated annual cost for grazing
ranges from $200-$320/acre since grazing treatmmeuass be applied at least twice during the
growing season to have any significant effect toayoplants. Although goats may be preferable to
sheep for the removal of woody plants, few (or vegjetation management companies lease them.

P Cost estimate from Wayne Castonguay (General Managpleton Farms) for leasing sheep and senfioes
Bellwether Solutions (Concord, NH) and Sheepscépasy, NH).
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Practical Considerations of Prescribed Grazing adbi’'s End

The well-defined grassland units at World's Endwaedl suited to a rotational grazing system.
However, rotational grazing requires active managdrof livestock to ensure that management
goals (e.g., reduction of woody plants) are beimg. nSince continuous, “free range” grazing allows
little control over the frequency and intensitygndzing events and the potential for reducing geci
diversity, use of this grazing method would be iagical. Both systems require an available
freshwater source that is not readily availablévatld’s End. Although livestock grazing may be a
practical means of controlling woody vegetationhivitpowerline corridors where shrub cover is the
dominant vegetation type, selective livestock grsfe.g., sheep and cattle) may graze grasses and
forbs at World’s End before turning their attentiorwoody shrubds Goats, on the other hand,
prefer woody vegetation and may be well suitecctortrolling shrubs in field units that are
dominated, or nearly so, by woody growth (e.g.,48&)- Prescribed grazing in the spring and early
summer (the season when it is most effective inliiimg woody vegetation) would be restricted in
fields supporting nesting grassland birds.

Although few freshwater wetlands are located at/®iEnd, the property is surrounded by coastal
waters (including the Weir River ACEC) that mayilmpacted by waste from a large number of
livestock on the site. In addition, the moderatéd steeply sloping terrain characterizing much of
the property creates a potential erosion hazdrdld units are overgrazed. However, potential
contamination and erosion issues should be minonizeavoided if grazing is closely monitored.

Visitors would likely accept and probably enjoy gight of grazing livestock in some fields at
World’s End, although the presence of dogs (eveantbashed) may disturb the animalShe
presence of grazing livestock offers a strong prigtive opportunity for The Trustees. However,
livestock and farm animal interpretation at Weivé&tiFarm (a 10 minute drive from World’s End)
may render this opportunity less important.

Table 6
Prescribed Grazing - Summary
Management Advantages Disadvantages Practical
Tool Considerations and
Estimated Costs

Grazing * Breed selection allows | ¢ May cause erosion angl * Estimated cost = $200-
specific management sedimentation in water] ~ $320/acre (assumes two
objectives to be achieved bodies and wetlands, grazing treatments with
(e.g., reduction of woody, and may compact soil§. animals grazing 5
plants) since food * Animal wastes in acres/day)
preferences vary different  surface runoff may * Leased livestock would
types of livestock. elevate nutrient levels | require the round-the-

* Flexibility in timing, nearby wetlands and clock presence of a

duration, and intensity off  water bodies. caretaker.
grazing to allow a variety « Overgrazing can reduge* Temporary fencing

E Although sheep prefer luxuriant grasses over wdwdyse, they typically graze woody plants befoig/\grasses
that typically grow in unfertilized fields (W. Castguay, pers. comm.).

F Visitors and dogs have had no effect on grazirimals at Appleton Farms (Wayne Castonguay, persnto
Grassland Management Plan - DRAFT 31
World’s End



of ecological results. plant species diversity| would be needed to
* Promotes plant species | ¢ May damages sensitive  define rotational grazing

D

diversty and reduces pla|  resources (e.g., rare units and holding pens
litter build-up. plants) by trampling. for quarantining species
* Uneven grazing pattern | * Livestock may between grazing units.
creates diverse plant introduce in invasive | ¢ Liability insurance must
structure. plants. be considered.
* Grazing livestock can * Dogs may disturb
reach areas inaccessiblg to grazing livestock.
mowing or prescribed fire. * Erosion and

sedimentation is a
potential risk if fields
are overgrazed due to
steep slopes underlain
by relatively impervious
glacial till.

5.2.4 Hand Clearing

Hand clearing of invasive plants, whether woodyenrbaceous plants, includes pulling plants by
hand or with hand tools, cutting plants with a braaw, etc., or otherwise disabling the plant (e.g.
girdling). Although these techniques can be v@mscsgic and minimize damage to desirable plants,
they are very labor and time intensive. As suchnual removal of weedy species is best suited for
small infestations or where invasive plants aré gasning a foothold. Projects that involve hand
clearing are facilitated most easily when volunteglp is readily available.

When hand pulling small woody plants, care mudiaken to remove as much of the root system as
possible to prevent re-sprouting. Plant removalshminimize soil disturbance to prevent creating
germination sites for additional weeds. Weed pglliools, such as the Root Talon or Weed Wrench
can be used to remove larger shrubs (up to 2.schdiameter). Cutting and girdling shrubs and
saplings may be effective against pines and sorkg dat may exacerbate the problem if the plant
is capable of re-sprouting from stumps (e.g., reglen buckthorn) or root systems (e.g., black
locust, tree-of-heaven). These methods may woskibeombined with herbicide applicatioffs.

Brush clearing with hand tools (e.g., weed whackrrsh saw, chain saw, chipper, etc.) is currently
performed by property management staff to limiteneroachment of woody plants along the edges
of the fields. Although hand clearing would beiaeffective means of achieving overall
stewardship goals (due to the abundance and disorbof woody plants), it will remain an
important tool for maintaining field margins. Othmaeans of brush clearing, including Hydro-axe,
cabling or grubbing, are unlikely to be used onghaperty except in rare instances by a contractor
if woodland is cleared to create additional fie&bhat.

Table 7
Hand Clearing - Summary
Management Advantages Disadvantages Practical
Tool Considerations
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Hand Clearing | « Plant specific removal * May increase the * Labor intensive and

technique that avoids density of certain time-consuming
impacts to desirable woody plants that re- activity. Unsuitable fo
plants. sprout from cut stumps. large scale field

restoration.
e Canresult in soil

disturbance and/or * Best suited for small
compaction that may infestations or where
encourage colonization invasive plants just
by invasive exotic gaining a foothold.
plants.

* May be implemented
most easily as a
management tool wherge
a volunteer pool is
available.

5.2.5 Herbicides

Herbicides are an effective and economical optomanaging specific unwanted woody and
herbaceous plants in early successional landscaresious studies have found that herbicides are
effective in controlling some of the most commowasive plants at World’s End (e.g., European
buckthorn, multiflora rose'>*® Although the use of herbicides presents potiytisthal effects to
non-target plants and animals, selecting the apiateptype of herbicide to be used and the method
of application can minimize or avoid harmful effectMost herbicides kill plants by altering or
disrupting one or more of their metabolic process@isce most herbicides sold today affect
biochemical pathways specific to particular platiigy exact little or no impact on animé&fs.The
chemical composition of an herbicide dictates m®Ute of action” and its effectiveness in affecting
any given plant. Therefore, if one herbicide isfiactive, another type with a different mode of
action may provide better results.

The formulation of an herbicide includes its aciivgredient(s), any additives that improve its
effectiveness, stability, or ease of applicatiog.(esurfactants, or other adjuvaftsand whether it's
available in spray, liquid, or dry solid form. Thpecies to be treated and application method will
determine which formulation is most appropriateuse.

Behavior in the Environment

¢ Adjuvants are added to pesticides to facilitateingj, application, or pesticide efficacy, and alfomanufacturers
to customize a formulation that is most effectived particular situation. Surfactants, one thetmportant
adjuvants, facilitate the movement of the activiblzéde ingredient into the plant.
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Herbicides dissipate in the environment due tontle@ement, degradation, or immobilization of
their constituent compounds. Degradation occuendserbicide decomposes into smaller chemical
compounds through photochemical, chemical, andéodical (microbial metabolism) reactiofs.
Most herbicide degradation occurs through bioldgiea@ans, which yields several compounds
(“metabolites”), each having its own chemical pndijes including toxicity, adsorption capacity, and
resistance to further degradation. Some metabaite more toxic and/or persistent than the parent
compound? Degradation processes vary based on numerousgaand, in some cases, their
effectiveness in the field is not clear. Herbisideay be immobilized by adsorption to soil parscle
or uptake by non-susceptible plants, effectivehesting the herbicide’s movement in the
environment. However, both of these processeseagzsible (i.e., once the plant dies and
decomposes) and, in general, adsorption can rétanchte of herbicide degradation. Finally,
herbicides dissipate through volatilization or mment through the environment in surface water or
groundwater.

The solubility of an herbicide in water is probabtg most important factor in determining its fate
in the environment. Water-soluble herbicides aneegally more mobile in the environment (and,
thus, subject to more microbial activity and otegradation processes) than ester-formulated
herbicides, which are relatively insoluble in wagtsorb quickly to soils, and penetrate plant
tissues more readiff). The persistence of an herbicide is describeitsiyalf-life, which is defined
as the time it takes for half of the herbicide &ggpto the soil to dissipate. However, the actatd
of dissipation is strongly influenced by soil chagistics, weather (especially temperature and
moisture), and the vegetation present at a sierbieides can contaminate water bodies by direct
overspray, vapor drift (of spray herbicides), laaghnto groundwater, or if they are transported by
surface runoff. An herbicide’s behavior once dakes water is dictated by its solubility in wates,
well as the acidity of the receiving water bodyheTformulation of the herbicide (i.e., whether it
contains salts, acids, or esters) also determiadmhavior in water.

Toxicity in the Environment

The toxicity of an herbicide may, in some casedgebg than the toxicity of adjuvants (e.g.,
petroleum solvents) that are added to it or impsitesulting from the manufacturing procéss.

An herbicide’s toxicity is described by its LD50high is the dose (orally or dermally) of an
herbicide’s active ingredient that kills half oktktudy animal$’ The LD50 is typically reported in
milligrams of herbicide per kilogram of animal bodgight (mg/kg); therefore, the lower the LD50
value, the higher the acute toxicity of the activgredient.

Similarly, the toxicity of an herbicide to aquatiganisms can be gauged by its LC50 value, which
is the concentration of herbicide in water that lediill half of the study animal® Generally
speaking, ester formulations are more lethal tmagqwrganisms than salt or acid formulations since
they pass more readily through the skin and gflBquatic species and are less likely to be diluted
in water. The long-term impact of herbicide usesoit microbes is not well knowf.

Some commonly used silvicultural herbicides areregully non-toxic to wildlife and do not bio-
accumulaté? However, the potential for many herbicides toadely affect wildlife by ingestion
still exists. The broadcasting of non-selectivebi®@des can reduce insect diversity in northeaster
grasslands over the short and long-term petféd.In general, however, the direct toxicity of
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herbicides on non-target plants and animals oftsalt in less important effects than habitat
alterations caused by killing the target spe&fé&. For example, the loss of weed species may result
in reduced winter food supplies or less cover labéxposing birds or small mammals to predation.
In addition, herbicides may render some food itemzalatable to wildlife and inhibit foraging.

Herbicide Selection and Use

The selectivity of an herbicide and its method mflecation should be determined prior to its use.
Some herbicides are not effective against certiaint, or whole groups of plants, because they are
manufactured to target specific biochemical pattsil3y In most cases, herbicide applications
should avoid or minimize impacts to non-target [gge.g., rare species). An herbicide’s potential
for vapor drift should also be considered. Hed®capplication methods range from broadcast
spraying (least selective) to injection (most sieg. Stump, or basal bark painting is an example
of an intermediate application technique. Altholegbor intensive, the “cut and paint” method of
herbicide application can be expedited if appliethw brush saw outfitted with an herbicide
applicatof. An herbicide’s effectiveness is maximized if bggin the fall when most of the plant
reserves are transported to the roots. Since nvaogy plants are capable of regenerating above-
ground plant structures, herbicides that kill reggtems offer the most effective form of succession
management.

Practical Considerations and Costs of Herbicide @s&Vorld's End

Careful analysis of the overall impacts of herbécicse on conservation targets, other native species
and the ecological system will precede any usédefrical controls at World’s End. To minimize
secondary impacts to visitors, water resourcesyalaife at World’s End, herbicide use would
generally be applied on a selective basis. Spealyitide applications over very limited areas may
be warranted in certain instances (e.g., contrblatk swallow-wort), but should generally be
avoided due to impacts to non-target organisms asdhsects*® Therefore, while herbicide use

is a viable invasive plant control option, it woudd limited to small infestations or where plants a
relatively few and widely dispersedHerbicide applications on or near wetlands atgest to state

and local wetland protection regulations.

The toxic effects of herbicides to humans are gay significant, and the health and safety of
applicators and others in the vicinity must be adered before herbicides are applied. In addition
to the effects of direct exposure to herbicidestbgidental spills or inhalation, lesser doses ead |
to skin or eye irritation, headache, and nausea, Buerefore, applicators should exercise all
necessary safety precautions when using herbiew@®e properly equipped and outfitted.
Glyphosate (the active ingredient in Rodeo and Raphand triclopyr (the active ingredient in
Garlon and Brush-B-Gone) are two non-restrictedvgbals that are effective in controlling most
invasive woody and herbaceous plditsGiven the potential risks associated with hedeis and
their use, applicators must be licensed (for appics of general use or non-restricted use

H Sprout-less Herbicide Applicator, available fromikVRittenhouse & Sons, R.R. # 3, 1402 Fourth Awert.
Catherines, Ontario, Canada L2R 6P9 (Phone: 9053822; Fax: 905-684-1382)

' Any widespread, more intensive use of herbicidéd/atid’s End(e.g., broadcasting herbicide over an entire
field unit) would be limited to situations where invasive piaate threatening a conservation target and adoth
management options havepeatedlyailed.
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herbicides) or certified (for applicators of resteid use herbicides) with the Mass. Dept. of Food &
Agriculture. While the cost of the herbicide ifsslrelatively low (e.g., Roundup-$137/9athe

labor associated with proper herbicide treatmehkety to be high depending on the technique
(e.g., cut and paint, brush saw with herbicide igppdr) and the size of the treatment area.
Additional costs associated with herbicide useudelstaff training, protective equipment, and
periodic toxic screenings (if staff use herbicidesa regular basis).

means of eliminating
invasive plants if used
properly and at the
appropriate time.

Herbicides are
formulated to target
specific plants.

lethal effects on non-
target species.

Can reduce wildlife
diversity and
contaminate surface
water if broadcasting
non-selective
herbicides.

Handling herbicides
require extreme caution
due to potentially
significant toxic effects,

Table 8
Herbicide Use — Summary
Management Advantages Disadvantages Practical
Tool Considerations
Herbicides * Effective and economicdl ¢ May have potentially | ¢ High visitation may

require the selective

application of herbicide

targeted to a specific
plant.

* Herbicide applicators
need to be trained and
licensed by State DFA.

oy

7 Ben Meadows Company, 2003 (www.benmeadows.com)
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5.2.6 Re-seeding

Cool-season grasses dominate most of the fieldéoalid’'s End with the exception of three small
native grassland patches and one, larger patckelboa the outermost drumlin (WEo-1). Although
native, warm-season grasslands provide optimabbrgéhabitat for some grassland nesting birds;
bobolinks, the most common grassland nesting il@ld’s End, prefer nesting in dense, cool-
season grassland habitat.

Grassland birds have nested within, or in clos&ipriby to two native grassland patches, including
the larger one on the outermost drumlin (WEo-1hy Auture expansion of native grassland patches
(by replacing existing cool-season grasses) woeaéllrio avoid nesting activity by grassland birds.
If, in the future, additional breeding coloniesgoéssland birds can be established in other figids
nesting birds abandon native grassland patchestier fields on the Reservation), efforts to expand
existing native grassland patches (e.g., WEo0-1) beagonsidered. In the interim, management
efforts will focus on maintaining existing nativeagses and enhancing their quality through
management actions.

Table 9
Re-seeding - Summary
Management Advantages Disadvantages Practical
Tool Considerations
Re-seeding * Would add plant ¢ Restoration work may | * Prescribed fire or

community diversity to

the fields at World’s End.

disrupt existing
grassland breeding birg
colonies.

Although native warm-
season grasses are
generally more
favorable for nesting
grassland birds,
bobolinks (most
common grassland
nester at World’s End)

herbicides needed to
initially kill existing
vegetative cover,
followed by periodic
burns to rejuvenate fiel
once warm-season
grasses are established.
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successfully breeds in
the Reservation’s cool-
season grasslands.

5.2.7 Combination of Above Management Tools

Combining the use of management tools may be nagegdong-term monitoring indicates that
current management practices are not achieving geamant objectives. As described above,
advantages and disadvantages accompany eachpirtteey grassland management tools. Any of
the options described above could be combinedeatera more flexible strategy that maximizes the
benefits and reduces the unwanted effects assdaiatie any single approach. For example,
mechanical mowing alone leaves cuttings that irsgre¢hatch build-up, which is unfavorable for
some nesting birds (e.g., bobolifikind suppresses the germination of some plantmibiding
mowing with prescribed fire during the spring woplavide the benefits of mowing with the ability
of fire to consume plant litter and re-invigorateéls. Mowing could also be combined with a
carefully monitored grazing plan to target woodgms. However, attention would be needed to
ensure that livestock graze woody vegetation andunther stress mowed grasses and forbs through
grazing. Combining fire and grazing would likelgr®fit livestock by providing fresh growth, but
may promote erosion on recently burned slopes htikh vegetative cover. Mowing may also be
supplemented with spot herbiciding to eliminatdobtarn woody plants over specific areas.

5.3 Evaluation and Selection of a Management Tool

Each of the six grassland management tools descaibeve offers advantages and disadvantages in
their application at World’s End. The availablemagement tools were evaluated based on:

Effectiveness in achieving the desired managemesisg

Practical application at World’s End in light o site conditions and surroundings;
Potential effect on rare species;

Short-term and long-term dollar costs of implemagtihe tool, and

Sustainability as a management option over the-teng.

agrwbdE

While grassland management at World’s End may liefinefn each of the tools under

consideration, only prescribed fire, grazing, armvimg can effect the needed changes on a scale
large enough to meet grassland management goalsd tlearing and herbicides, although useful
on a limited basis for removing invasive woody p&ammre not practical for achieving stewardship
objectives on a large sc&leRe-seeding of fields with native, warm-seasasses would require
major alterations to the existing large fieldsydjting existing sensitive resources. In mostsase
the conservation targets identified at World’s Ead be sustained in a grassland setting dominated
by cool-season grasses.

K An exception may be the use of spray herbicides au entire field unit to eliminate an invasivargl However,
any intensive use of herbicides would be limited tpecific, urgent threat to a conservation taagetall other
mitigation alternatives to control the invasive @pe have repeatedly failed.
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Previous grassland management involving annual season mowing of the fields has not
adequately controlled invasive woody plants whiokegthe primary threat to conservation goals at
World’'s End. However, modifying the timing of mavg in specific field units may help achieve
management objectives. The lack of a detailedlamanage early successional habitats at
World’s End may be largely responsible for theueel of existing management practices in
optimizing the ecological value of the fieli<Of all the available management options, mowing is
the simplest to implement since the infrastructar@ready in place (e.g., trained staff, mowers,
repair equipment, etc.) and is the least experafiadl options on a per acre basis. In additibe, t
Trustees can exert full control over its use. Hesvethe lack of equipment (e.g., hay rake, hay
balers) to periodically remove cuttings to previaitch build-up may limit the value of mowing for
ecological management.

The absence of fire-dependent species and commsi(vtith the exception, perhaps, of native
grassland patches) limits the ecological need fesgribed fire at World’s End. While prescribed
burning may stimulate grass and forb production@mrsume organic litter, only growing season
burns are effective in killing woody plants. Théidulty in obtaining permits for a growing season
burn likely precludes the use of prescribed firetythe summer montf%s which would more
effectively control invasive shrubs. In additigmescribed burning may impact sensitive
populations of plants and wildlife at World’'s Ereld., nesting birds, rare plants, invertebrates) as
well as damage landscape features (e.g., tree-dimedues). Unlike mowing or grazing, prescribed
fire can only be applied once every few years geoto allow plant regeneration. In addition, the
logistics of using prescribed fire are complicabgdhe small size of the fields at World’s End
and/or their high ratio of forest edge to fieldorihant season fires, although ineffective in
controlling woody plants, do provide a valuablelegal function by consuming plant litter and
stimulating plant growth. Combining spring burningh late season mowing may be a viable
option in the future if proposed management actfails (Purchasing a hay rake or baler to remove
thatch following mowing would nearly serve the sdomgction as a dormant season burn, as would
grazing.) The limited number of personnel in NemgEnd trained to conduct prescribed burns may
ultimately determine the feasibility of this managt option.

Prescribed grazing also offers several potentiallogical advantages, although management goals
may not be met if livestock are not carefully mored. As with prescribed fire, little plant litter
remains in the wake of grazing animals and livdsere potentially able to reach woody plants in
areas inaccessible to fire or mowing. Howeveanddition to being the most expensive management
option and carrying a significant logistical burgdéme ecological outcome of managing the fields at
World’s End with prescribed grazing is not suffitily known to warrant its use at this time.

Based on review of the available management optfmoperty management staff believes that
existing mowing practices can be modified to attaBnagement goals and conserve important
ecological features (e.g., rare species, nestiagstpnd birds). If future resource monitoring
indicates that modified mowing schedules proposweteuthis plan are failing to improve or, at a
minimum, sustaining conservation targets, then mpameent practices will be reviewed and adapted
as necessary.

LL

M Although the 1971 Master Plan for World’s End mets management recommendations for the fieldsaatdg
End, the plan was apparently not implemented dweitdng term.
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6.0 Grassland Management Plan for World’s End

6.1 Introduction and Stewardship Goals

The grassland management plan is designed to pesther ecological, historic, and cultural values
of the grasslands at World's End, as well as ptgteenhance) priority grassland resources
identified in the World’s End Management Plan. Phten also addresses the existing threats to the
grasslands at World’s End. As described in SectidnPurpose of the Grassland Management
Plan), maintaining a grassland/early successiowahm that supports a diversity of species is
critical to preserving the ecological integrity asignificance of World’s End. Within this mosaic,
specific conservation targets are identified inolgdgrassland wildlife diversity (nesting birds and
butterflies), native grassland patches, rare speai@ plant diversity (Fig. 4). The intent of the
grassland management plan is to apply appropriateagement actions to meet the following
grassland stewardship goals:

1. Maintain early successional habitat diversity, whio turn, will perpetuate plant species and
invertebrate diversity.

2. Sustain native grassland patches, rare speciesaendpecies habitat to preserve overall
community and species diversity.

3. Manage fields to perpetuate existing breeding ¢aadsird populations, and re-establish
grassland birds in large fields (PH-1, WEI-1, PiHat previously supported breeding
populations.

4. Maintain the pastoral, open character of World’'sl Empreserve its cultural history and
overall visitor experience.

Critical review of the available management optibas identified mowing as the most feasible tool
for achieving stewardship goals. Adjusting theitignand frequency of mowing treatments followed
by careful field monitoring will be critical in detmining the success of the plan. The plan is
designed to be adaptive such that managementgadan be modified in the future if they are not
meeting expectations.

6.2 Management Actions to Achieve Stewardship Goals

Grassland stewardship goals identified in the Weiithd Management PI&twill be achieved
through the following management actions:

1. Modified mowing schedule;

2. Tree and brush clearing along field margins;

3. Minor trail closures, and

4. Limited field expansion to enhance habitat for glaisd breeding birds.

Mowing will be the primary management tool use@d¢bieve stewardship objectives at World’'s
End. Other management tools (e.g., brush cleaspay, herbiciding) will be used as needed to

Grassland Management Plan - DRAFT 41
World’s End



accomplished specific objectives. For exampletiexahrubs may be removed in specific field units
(e.g., field with nesting birds) by cutting and lhierding. Minor seasonal or permanent trail clesur
will be implemented to mitigate potential erosianlgems and to reduce field fragmentation if
nesting birds are documented.

6.2.1 Mowing Schedule

The timing and frequency of mowing treatments vaipond to specific management needs and
conservation targets. Field units will be mowedmtyone or more of five periods during the
growing season (late spring, early summer, midsatamer [after August 1], early fall, and mid
fall). The following summarizes the protocol ardionale for the mowing section of the grassland
management plan. (Refer to Fig. 3 for field uoides.)

With one exception (PH-3), all fields will be modvat least once per year. Field unit PH-3
will be mowed once every 2-3 years and manageddasetd habitat to promote community
diversity.

Large field patches that support grassland nesiintg will be mowed after August'io
avoid disturbing nesting birds and to control woedgetation. However, mowing will be
delayed until the fall in WEi-2 to avoid cuttingettarge colony of showy goldenrod and in
WEo-1 to avoid cutting native grasses.

Large fields overgrown by woody plants that cutisedo not support nesting grassland birds
(but have in the past) will gradually be restoredtass and forb-dominated systems by
increasing the frequency of mowing and closely noyimg the results. Restoring all large
fields at World's End (PH-1, PH-2, WEI-1, WEI-2 daWEo0-1) to conditions more
appropriate for grassland nesting birds is a l@rgitgoal that will be phased over the
coming years. The scheduling of field restorapoojects will depend on the success of
previous efforts. The results of the ongoing ekpental mowing study will help inform the
level of effort required to rehabilitate any givieeld. Grassland breeding bird surveys in
2000, 2002 and 2003 suggest that breeding colomagsshift location in response to field
conditions that best suit their needs. To enswifecgent habitat for nesting birds, restoration
mowing will be limited to a small area of the oVelarge field system, and under no
circumstances will early season mowing occur itingsbirds are presehit Field unit “WEi-
1” will undergo repeated mowing in summer 2003 2604 to initiate restoration of this

field (Table 6).

Other field units identified for future restorationowing include (in order of priority): PH-1,
WEo-1 and PH-2. Which fields are identified fopeated mowing in the future will depend
on the presence or absence of nesting birds. émlbrestoration mowing schedule will
also depend on the workload of property managestafft

Native grassland patches in PH-2, PH-6, and DM#lbe mowed during the late spring
(last week of May, first week of June) to promo#tive grasses. If nesting activity is

N The Regional Ecologist will survey fields for riegtactivity prior to early season mowing.
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observed in or near these native grassland patoteging will be re-scheduled for the fall
to prevent disturbing nesting birds and to bemnedtive grasses. Since grassland nesting
birds have colonized WEo0-1 in recent years, thevaagrassland patch in this field unit will
be mowed in early fall (if nesting birds are absemwing will be scheduled for late spring).

* Most perimeter fields will be mowed once in they&ll to promote diversity of plant
species composition and structure. Exceptionsidecthose perimeter fields containing
showy goldenrod and rare species habitat (patdhiessthiwater cordgrass); mowing in these
fields will be delayed until mid fall. Field uriPH-4" (north half) will be mowed twice,
once in the late spring and once in the late sumtaeontrol woody vegetation. Mowing in
two perimeter field units (PH-4 [south half] andBMHwill be delayed until mid fall to
benefit late season forbs and invertebrates.

* The margins of some large fields supporting ngsgrassland birds may be mowed in the
late spring or early summer to control the growitivoody plants. Woody plants are
encroaching on field units WEi-2 and WEo-1 and witentually diminish their value for
nesting birds. Mowing conducted prior to July @3drge fields supporting nesting birds will
be completed under the supervision of the RegiBnalogist and will comply with TTOR
grassland management guidelifies.

» Populations of rare species (e.g., showy goldenrace species habitat, and native grassland
patches will be identified in the field prior to mimg to avoid accidental cutting. Property
management staff will familiarize themselves wiher species locations.

» Except where described herein, mowing practicddeliow TTOR’s Grasslands
Management Guideliné$. All fields (except those less than 3 acres ze)swill be cut from
the inside out to avoid small mammal mortality. W&o blades will be adjusted to cut grass
to a height of 8-10 inches to provide habitat foaf mammals.

The mowing schedule, frequency of mowing, and cod®n targets for each field unit are
summarized in Table 10. Table 11 chronicles tlieioof mowing for all field units during the
calendar year. The mowing schedule describedmeraiubject to change depending on monitoring
results and whether management objectives areReéti(to Section 6.6). The availability of
property management staff and resources will @loence the scheduling of tasks to implement
the plan.

Table 10
Mowing Schedule
World’s End

Grassland Management Plan - DRAFT 43
World’s End



Grassland Unit

Mowing Schedule
(mowing frequency/season)

Conservation Target and/of
Management Objective

PiH-1 1/yr - Early fall Plant diversity
PiH-2
PiH-3 Plant diversity, rare species (showy
goldenrod)
PiH-4 1/yr — Late summer Grassland birds
PH-1 1/yr - Late summer Grassland birds
PH-2 1/yr - Late summer Grassland birds
(Mow native grassland patch in
late spring to promote native
grasses. If grassland nesting birds
are present, delay mowing until
fall)
PH-3 Every 2-3 yr - Early fall Plant and commurttyersity

PH-4 | North half

2/yr — Early summer and late
summer

Reduce woody plant cover, rare
species (Spartina borer)

Grassland Management Plan - DRAFT

World's End

South half 1/yr — Mid fall Rare species (Spartina borer)

PH-5 1/yr — Early fall Plant diversity

PH-6 1/yr — Mid fall Plant diversity, native grassland

(Native grassland patch mowed|in
late spring)

DM-1 1/yr — Late spring Native grassland patch, rare species
(showy goldenrodS$partina
pectinatg

WEi-1 3/yr — Late spring, early summer,Reduce woody plant cover and

late summer restore field for grassland birds

WEi-2 1/yr — Mid fall Grasslandirds, plant diversity, raf
species (showy goldenrod)

(May need to cut perimeter 2/yr to
reduce woody plants)

WEI-3 1/yr — Early fall Plant diversity

WEi-4

WEI-5 1/yr — Mid fall Plant diversity, rare species (shoy

WEI-6 goldenrod)

WEo-1 1/yr — Early fall Native grasslands, nesting birds,
plant diversity

(May need to cut field edges
earlier in he year to control woo
encroachment.)
WEo-2 1/yr — Early fall Plant diversity
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Table 11
Mowing Schedule by Season

World’'s End
Approximate Grassland Unit Management Objective or
Mowing Date Conservation Target
Late spring NG-1, native grassland patches|ilNative grasses
(last week in May or PH-6 and PH-2
first week in June)
(Delay mowing until fall if
grassland nesting birds are
present)
WEi-1 Restore grass/forb condition
Early summer WEi-1, PH-4n Restore grass/forb condition
(last week of June or
first week of July)
Late summer PH-1, PH-2 (except native Avoid disturbing nesting birds and
(after August 1) grassland), PH-4n, PiH-4 controlling woody plants
WEi-1 Restore grass/forb condition
(WEI-1)
Early fall PiH-1, PiH-2, PiH-3, WEI-3, Control woody plants
(last week of September WEi-4, WEo-1, WEo0-2, PH-3,
or first week of October) PH-5 Nesting grassland birds (WEo-1)
Mid fall PH-4 (south half), PH-6 (except| Provide habitat for late season
(mid to late October) native grassland patch), WEi-2,| forbs and invertebrates, showy
WEiI-5, WEi-6, goldenrod (WEi-2)
Nesting grassland birds (WEi-2)

6.2.2 Tree and Brush Clearing

Tree and brush clearing will be completed as ne¢alethintain the size and quality of the fields at
World’s End. Larger scale clearing will improveagsland bird habitat. The following summarizes
the protocol and rationale for tree and brush olgaaind describes specific vegetation clearing
projects.

* Woody plants will be cut by hand where necessaatly weed whackers and power tools in
areas inaccessible to mowing equipment (e.g., atrees along tree-lined avenues and
along field margins).

» Herbicide applications to kill invasive woody pta will be considered in select situations,
such as in fields where woody plants are sparsstyilnuted or in cases where an invasive
plant(s) is stubbornly persistent. Herbicides géherally be selectively applied on cut

© Woody plants will not be removed in fields if thage not interfering with the conservation objeesivdentified
for the field.
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stumps or by basal bark painting to avoid impactiag-target species. Herbicide sprays
will be used judiciously and only when absolutebcessary (e.g., to eliminate black
swallow-wort). Herbicide use will be limited to DR staff licensed by the Mass. Dept. of
Food & Agriculture to handle and apply herbicides.

* Tree saplings and shrubs that are encroachingelmhunit “WEi-1" from the summit grove
will be removed to restore the field’s originalesiand to benefit grassland nesting birds (Fig.
3).

* Approximately 2.5 acres of woodland and hedgerdjacent to field units PH-3, PH-5, and
PH-2 will be removed (Fig.3) to enhance the valulBld-2 for grassland breeding birds.
(The schedule for this project will be contingepbuo the availability of funding.) The
southeast half of field unit PH-2 supported nesbobolinks in 2002 and 2003. The
woodland and hedgerow are currently heavily ovewgrby invasive shrubs and vines.
Although the removal of the dense thicket will lésuthe loss of cover and feeding habitat
for some migrant and resident birds and mammadsptiential for increasing breeding
habitat for grassland birds (bobolink, and possibBadowlark) greatly outweighs the loss.
Field unit PH-3 will continued to be managed fad 6&ld habitat following the removal of
the woodland strip and hedgerow.

6.2.3 Seasonal and Permanent Trail Closures

In an effort to improve ecological values and miizienerosion, a few small sections of trail will be
closed on a seasonal or permanent basis. Note dfdils proposed for seasonal or permanent
closure appear on the current TTOR map of Worlaid.E

» The footpath extending from the summit of Plargétill to south end of The Bar will be
closed if grassland birds attempt to nest in thehmeest half of PH-2. The trail closure will
be announced by signage (stating the reason faldlsare) and by allowing vegetation to
grow in the path to discourage its use. If no deg bird activity is observed, the trail will
be mowed and foot access will be restored.

» Due to erosion and aesthetic concerns, the stadrektending from the north end of The Bar
to the cart part along the south side of World’sl Erill be closed permanently. The small
field bordering this unmapped trail will be moweztarding to the schedule in Table 6,
leaving a dense shrub thicket near The Bar to drsge future use.

» The footpath leading southeast from the top ohtelés Hill may be temporarily closed if this
section of field unit PH-2 is expanded in the fetuiThis seasonal trail closure would be
warranted only if nesting grassland birds are olexkm this section of PH-2.

6.2.4 Signage

Unleashed dogs and visitors straying from estabtighails and cart paths pose a significant theat
nesting grassland birds, not to mention the ris&tbér potential hazards such as poison ivy, ticks,

Grassland Management Plan - DRAFT 46
World’s End



thorny brambles, etc. In effort to minimize distance to nesting birds, temporary signs will be
erected in discrete, though visible locations riiedals harboring grassland birds from May to July.
The temporary signs will inform visitors of our camvation objective and the importance of
leashing pets and avoiding travel off establishatist

6.3 Approximate Costs of the Management Plan

Completed by JF

6.4 Feasibility of the Management Plan

The grassland management plan primarily entailagésin the timing and intensity of mowing
treatments to various field units at World’s Erdinor seasonal and permanent trail closures and
approximately 2.5 acres of field expansion (corgmtgon funding) are also planned. Mowers,
tractors, and other equipment are currently avislédy implementing the plan. In addition, the
South Shore Management Unit currently employs stgferienced in this type of land management.
Herbicides may be used in the future on a limitasi$9to manage invasive plant species. However,
all Trustees staff must be licensed by the MasssattaiDepartment of Food & Agriculture before
handling or applying herbicidgs

Can the mowing schedule be integrated into thealeork plan? Approx. cost of tree clearing for
field expansion

Completed by JF

6.5 Monitoring Plan

The success of management actions in achievingtéeded ecological (and scenic and cultural)
goals at World's End will be measured by long-tegegetation and breeding bird data collected
according to a carefully designed monitoring pldie results of the data collection will provide th
basis for adjusting management actions in the éyiinecessary, to better accomplish stewardship
goals. Eight grassland breeding bird plots andeéyetation plots (located within the 50 meter
breeding bird plots) were established on a randasmshin 1999 to assess the effects of management
practices at World's End (Fig. 5). In additiorvese experimental mowing areas (Appendix 2) were
identified in 2002 to help Trustees' staff deteivhat mowing frequency is needed to attain a
given species composition and structure. Sevéthleoexperimental mowing areas utilize the
previously established vegetation plots.

The results of the monitoring plan outlined beloW e summarized in a brief year-end report by
the Regional Ecologist and submitted to the Supemgtent of the South Shore Management Unit
with any recommendations for future managemenbasti Any changes in future grassland
management at World's End will be presented iningiand appended to the grassland management
plan, or inserted to form an updated managementrdent for distribution. The monitoring plan is

as follows:

P Pesticide licensing requires successful compleicamwritten exam and annual renewal.
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» A grassland breeding bird survey will be perfornaedually to track the location and
abundance of nesting birds at World's End. Oneeal#dsired management objective is
reached (nesting grassland birds in most or ajeléelds [PH-1, PH-2, WEIi-1, WEiI-2,
WEo0-1]), breeding bird surveys will be performeaprother year. The breeding bird
survey will be conducted according to The Trustbestding bird survey protocol.

» Baseline vegetation data will be collected in 2p€8r to mowing to provide comparative
field data for future monitoring. Vegetation pttata will be collected after two growing
seasons (i.e., end of growing season) in fieldgestibo repeated mowing (WEi-1), and every
three years (prior to first mowing) in plots lochtsewhere. Fields restored to the condition
desired in the plan will be inventoried (i.e., pitaita) or visually evaluated at a minimum of
every three years. Vegetation plot data will bikected according to The Trustees' plant
monitoring and inventory protocol.

« Experimental mowing plots will be inventoried atee-year intervafsuntil conclusive
results are obtained. Vegetation plot data wiltbkected according to The Trustees' plant
monitoring and inventory protocol. (Note: the se@b the experimental mowing program
will be at the discretion of the Superintendent).

» Rare plant populations (showy goldenrod) and spexies habitat (freshwater cordgrass
patches) will be visually monitored annually by fRegional Ecologist to assess the effects
of mowing.

» The overall condition of the field units will bésually assessed on an annual basis to
determine the effects of mowing and whether managewgoals are being achieved.

» Future natural resource surveys may be performedsess the biodiversity of World’s End.
For example, Brian Cassie completed a survey détflies at World’s End in 200Gand Ted
Elliman conducted a plant species inventory in G@&lpart of the Boston Harbor Island
National Park resource inventory.

6.6 _Adaptive Management Strategy

Achieving stewardship goals for the grasslands atlifis End will require time and patience, and
noticeable results may not be apparent for seyemts. However, the monitoring plan should allow
ecology staff to detect changes in the coming gedwo that indicates whether or not management
actions are succeeding in accomplishing these togsc For example, field data from the annual
grassland breeding bird survey or vegetation ptag suggest minor changes in management
strategy. The mowing schedule for field units ugdeng restoration to grass and forb-dominated
systems may be altered based on data collectedtfrexperimental mowing plots. New scientific

Q The Experimental Mowing plan requires two seassfmepeated mowing; field data will be collectedidg the
third season prior to mowing in early or mid fall.
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findings regarding the management of grasslando#tret early successional habitats or grassland
birds may also influence future management at WeHahd.

In all likelihood, management (and possibly monitg) strategies will need to be adapted in order
to attain these objectives in the most efficienhnmex possible. Examples may include the use of
prescribed fire (dormant season burning) or rengeuritings by raking to stimulate herbaceous
growth. Future changes in grassland managememariinted, will be proposed in writing and
reviewed by ecology and property management siafetermine their feasibility. If approved, a
written summary of the revised management actidhenher be appended to the grassland
management plan, or inserted to form an updatechigeanent document for distribution.
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7.0 Summary of Grassland Management Plan

7.1 Summary of Management Objectives

The grasslands at World’s End are valued for tlodogiical and scenic values they support. The
fields also provide evidence of the property’s laggicultural history, with many field edges
probably representing original property boundse phimary ecological goal of grassland
management at World’s End is maintaining a mosagrasslands and other early successional
communities to promote diversity among species @@t on these declining habitats. Specific
conservation targets include grassland wildlifeluding grassland nesting birds and butterflies,
native grassland patches, rare species, and pldrdanmunity diversity. Maintaining the fields at
World’s End also preserves their pastoral and scemaracter, perhaps the most important
management goal in the eyes of most visitors.

7.2 Summary of Management Actions

Mechanical mowing will be the primary tool to ackeethe grassland management objectives at
World’s End. The timing and frequency of mowingatments vary in different field units
depending on the management goal. Late spring ngpwill perpetuate native grasses, while
mowing during early to mid fall will allow many ktseason forbs to complete their life cycle and
provide a food source for butterflies. Fields supipg nesting birds will be mowed in late summer
to control woody plants and avoid disturbing grasdlbirds. Where woody plants are encroaching
upon large fields that no longer support nestimgdithe frequency of mowing will be increased to
3-4 times per year in order to restore grass ariddominated conditions. Based on current field
conditions and its high potential for supportingdxting grassland birds, field unit WEi-1 is
scheduled for restoration mowing until the desireldi conditions are achieved. Other large fields,
including PH-1, PH-2, WEo-1, will undergo restooatimowing in the coming years. Delaying
management actions in field units PH-1, PH-2, ari€bV¥ until more conclusive results from the
experimental mowing study are gained will allow THGtaff to complete these projects more
efficiently.

Brush will be cleared in areas inaccessible to mmewssing power tools, with herbicides used by
licensed TTOR staff only as necessary. Shrubssaplings growing along the perimeter of fields
undergoing restoration may be removed to maintaarfield’s original size (e.g., WEi-1).
Approximately 2.5 acres of woodland and hedgeroivhe removed on the southeast side of
Planter’s Hill (subject to funding availability) improve nesting habitat for grassland birds. Mino
trail closures, either on a seasonal or permaresispwill be implemented to optimize the
ecological function of a field (e.g., minimize didbance to nesting birds), reduce erosion, and/or
improve aesthetics of the property. All managenaetibns will comply with TTOR’s Grassland
Management Guidelinés.

7.3 Summary of Monitoring Plan and Adaptive Managen&nateqgy

Future management actions will be driven by thalte®f long-term monitoring and adaptive
management. Field vegetation and nesting grassliaasl will be monitored over the long-term via
standardized monitoring and inventory protocollff@ing TTOR guidelines) within eight grassland
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plots. Additional vegetation plots are locatedhwitseven experimental mowing plots established in
2002 to analyze the frequency of mowing neededheese specific management objectives.
Vegetation data will be collected in all plots iD(B to provide baseline data, and after two growing
seasons in fields undergoing active management Wkgi-1) and every three years elsewhere. The
experimental mowing plots will be also be invergdrafter two cutting cycles.

Once fields are restored to the condition desinethé plan, they will be inventoried at least every
three years or visually assessed at least eventyeamsure that our management objectives are
being achieved. The plan includes a contingencad@apting management practices if the
monitoring data (and visual assessments) inditateaeed to shift management practices to attain
our management goals and conservation targets.
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