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A Quick Overview of the NH Natural Heritage Bureau's Purpose and Policies
The Natural Heritage Bureau is mandated by the
Native Plant Protection Act of 1987 (NH RSA 217A) to determine protective measures and
requirements necessary for the survival of native
plant species in the state, to investigate the condition
and degree of rarity of plant species, and to distribute
information regarding the condition and protection of
these species and their habitats.
The Natural Heritage Bureau provides information to
facilitate informed land-use decision-making. We are
not a regulatory agency; instead, we work with
landowners and land managers to help them protect
the State's natural heritage and meet their land-use
needs.
The Natural Heritage Bureau has three facets:

Inventory involves identifying new occurrences of
sensitive species and classifying New Hampshire's
biodiversity. We currently study more than 600 plant
and animal species and 120 natural communities.
Surveys for rarities on private lands are conducted
only with landowner permission.
Tracking is the management of occurrence data. Our
database currently contains information about more
than 4,000 plant, animal, and natural community
occurrences in New Hampshire.
Interpretation is the communication of Natural
Heritage Bureau information. Our goal is to
cooperate with public and private land managers to
help them protect rare species populations and
exemplary natural communities.

Cover: View of Lake Wentworth from the top of Center Square Hill.

Funds for this project were provided by the
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SUMMARY
The New Hampshire Natural Heritage Bureau (NH Natural Heritage) conducted an ecological inventory
and assessment on lands belonging to the Lake Wentworth Foundation in Wolfeboro, NH during the 2005
field season. Ten parcels, including Parcels 8, 9, and 10 previously described in a preliminary report, are
described in this report.
As a result of this survey, one exemplary natural community and a state watch plant species were
documented. In addition, a potential regionally rare natural community system was identified as a target
for a future survey (Note: only a small portion of the exemplary natural community and the potential
natural community system occur in the study area; most of their extent occurs off property to the north
along or near the eastern shore of Sargent’s Pond). Several invasive plant species were also found in the
study area. NH Natural Heritage Bureau recommends the following actions be taken as a follow-up to
this survey:
•

The exemplary occurrence of the twig-rush sandy turf pond shore, a state rare (S1) natural
community, should be protected.

•

A rare plant, state watch Rhexia virginica (meadow beauty), occurs in the twig-rush sandy turf
pond shore. Although less rare than endangered and threatened species, state watch species are
also rare and warrant consideration when planning management activities.

•

The potential sandy pond shore system that continues off property northward along the eastern
shore of Sargent’s Pond should be inventoried for possible rare natural communities and plant
species.

•

The globally rare Isotria medeoloides (small whorled pogonia) is preferential to the forest and soil
types on the low to mid west facing slopes of Center Square Hill (Parcel 8). Although this rare
orchid was searched for and not found, it is worth spending additional time inventorying suitable
habitat for this orchid in this area.

•

A state endangered northern harrier (Circus cyaneus) was seen hunting over a mown field section
on Center Square Hill (Parcel 9). A formal wildlife survey would provide a clearer understanding
of the wildlife value of this and other habitats in the study area.

•

Several non-native invasive plant species have been documented in the study area. If removal of
these invasive plants is not feasible, they should be periodically monitored and removed if they
threaten significant biological features. It is important to continue to search for invasive plants in
the study area, particularly along trails, roads, and riparian corridors, areas where they are often
first introduced.

•

Exemplary natural communities should be periodically surveyed, once every five to ten years.

•

To better inform future surveys and land management decisions, it is recommended that all of the
natural communities and disturbed cover types be delineated and digitized to create a wall-to-wall
Geographic Information System (GIS) map of the study area’s land cover.

•

Sustained protection of previously managed, non-exemplary forested communities over time will
naturally restore many biological legacies and ecological conditions intrinsic to unmanaged states
of these communities.
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Figure 1. Regional context of study area.
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INTRODUCTION
The NH Natural Heritage Bureau, in the NH Division of Forests and Lands, facilitates the protection of
the New Hampshire’s rare plants and exemplary natural communities (which are outstanding examples of
different types of forests, wetlands, grasslands, etc.). Our mission, as mandated by the Native Plant
Protection Act of 1987 (RSA 217-A), is to determine protective measures and requirements necessary for
the survival of native plant species in the state, to investigate the condition and degree of rarity of plant
species, and to distribute information regarding the condition and protection of these species and their
habitats.
The NH Natural Heritage Bureau conducted an ecological inventory and assessment on lands belonging
to the Lake Wentworth Foundation in Wolfeboro NH during the field season of 2005 (see Figure 1 & 2).
This report is divided into two major sections. In the “Methods” section, we discuss the field and office
techniques used to gather and analyze data. In the “Results” section, we describe the natural communities
and other findings in 10 parcels owned by the Lake Wentworth Foundation.

METHODS
LANDSCAPE ANALYSIS
The first step of the inventory is a process called “landscape analysis.” All available site data were
examined to prioritize survey areas and to increase the efficiency of field visits in these areas. We
interpreted aerial photographs and various map resources to predict potential locations and patterns of rare
plants and natural communities, including National Wetland Inventory maps, surficial (Goldthwait 1950)
and bedrock geology maps (Lyons et al. 1997), Natural Resource Conservation Service soil survey maps
(as available in the GRANIT system, 1999), and U.S. Geological Survey (USGS) topographic
quadrangles. A review of the NH Natural Heritage database identified rare species and natural
communities that were known to occur nearby and may be present within the study area.
FIELD SURVEY
Data were collected at specific locations (observation points or OPs) and throughout each study site (see
Figure 2). The following information was collected at a general level at most observation points:
1. natural community type, following Sperduto and Nichols (2004);
2. identification of all native and non-native plant species;
3. percent coverage estimates for all plant species;
4. estimated average and maximum diameter-at-breast height (d.b.h) of canopy trees;
5. other descriptive notes, including tree ages, soil descriptions and other physical site characteristics,
evidence of human disturbance, size of the community, and wildlife evidence.
Most plants were identified in the field during the inventory or collected and keyed out using the
resources available at NH Natural Heritage. Vascular plant nomenclature generally follows the Flora of
North America Editorial Committee (1993a, 1993b, 1997, 2000, 2002a, 2002b, 2002c, 2003), then
Gleason and Cronquist (1991), and occasionally Fernald (1950). Common names generally follow
George (1998). Natural community system types follow Sperduto (2005).
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A Global Positioning System (GPS) was used to determine the location of natural community and rare
plant observation points in the study area. The accuracy of the data collected by the GPS unit was
generally within 15 meters. Data collected on exemplary natural communities have been entered into the
NH Natural Heritage database.

The exemplary twig-rush sandy turf pond shore along the southeast corner of Sargent’s Pond.
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Figure 2. Observation points in the ten Lake Wentworth Foundation parcels surveyed in 2005.
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RESULTS AND DISCUSSION
Findings from 2005 ecological surveys of 10 parcels (see Figure 2 & 3) owned by the Lake Wentworth
Foundation are described in this section. As a result of the survey, one exemplary natural community and
a rare plant were documented. These are the twig-rush sandy turf pond shore (S1) and Rhexia virginica
(meadow beauty), a state watch species. In addition, a potential regionally rare sandy pond shore system
was identified as a target for a future survey (Note: only a small portion of the exemplary natural
community and the potential natural community system occur in the study area in Parcel 8; most of their
extent occurs off property to the north along or near the eastern shore of Sargent’s Pond). These features
are listed in Table 1, mapped in Figure 3, and described in more detail later in this section. Locally
significant natural communities are also described. They include good examples of natural communities
that are too small or whose ecological significance is not great enough to be considered exemplary in a
statewide context. For more common communities (S4 and S5) to be considered exemplary, their size,
condition, and landscape context has to be very good to excellent. Locally significant communities
contribute greatly to the character of the study area and the overall local diversity of plants and
communities present, and therefore warrant consideration when planning management activities. With
time, and with appropriate protection and restoration of the ecological processes and integrity, some of
the locally significant communities at the site will become exemplary.
Table 1. Exemplary natural community and natural community system and rare plant species known to
occur in the study area. Rarity rank indicates the rarity of the system, community, or species globally and
in the state (e.g., G1/S1 = critically imperiled globally/in NH, through G5/S5 = widespread and secure
globally/in NH; see Appendix 1). For state listing, SE = State Endangered; ST = State Threatened; SW =
State Watch; and IND = Indeterminate (see Appendix 2).
Rarity
Rank

Type
Name

State
Listing

Exemplary Natural Community & Natural Community System
Sandy pond shore system (Mostly off-property
S2
so requires field verification)
S1
Twig-rush sandy turf pond shore
Rare Plants
Rhexia virginica (meadow beauty)

G5/S3

SW

OP

Site

157, 158

Sargent’s Pond

157, 158

Sargent’s Pond

157

Sargent’s Pond

PARCEL 1 – AUTO VILLAGE PROPERTY (FERNALD BROOK) [26.6 AC]
UPLANDS

Most of the upland forest in this parcel (as well as in the other 9 parcels) is dominated by hemlock beech - oak - pine forest. This is a very common (S5), broadly defined community found on glacial till
and terrace soils of low to mid elevations in central and southern New Hampshire with extensions into the
White Mountains. It is latitudinally, elevationally, and floristically transitional between northern
hardwood forests and Appalachian oak-hickory forests. As with most upland forests of the region, singletree windthrow is the primary natural disturbance, with occasional larger blowdown from hurricanes.
Canopy dominance combinations vary for this forest type across the state and may yield hardwood,
hardwood-conifer or mostly conifer-dominated stands. To some extent, variation may reflect several
factors including 1) the preference of hemlock for more mesic to wet-mesic, coarse or infertile soils, or

NH Natural Heritage Bureau

5

those with distant fire histories (Davis et al. 1996), 2) the tendency of beech to occur on drier to mesic
coarse soils (e.g., washed tills), and 3) the success of white pine on early to mid-successional sites of all
types (particularly those with an agricultural history) and longer term on drier, coarse soils or those with
fire histories.
Hemlock - beech - oak - pine forest in the 10 parcels (including Parcel 1 at OP 249, 250, 255, 259, 265,
& 266) is typically young to maturing with a recent selective cutting history. Tree height often averages
50-60’ with an 8-10” d.b.h. Characteristic canopy species are Tsuga canadensis (hemlock), Fagus
grandifolia (American beech), Quercus rubra (red oak), Pinus strobus (white pine), Betula papyrifera
(paper birch), Acer rubrum (red maple), and Acer saccharum (sugar maple). Less frequent canopy
species are Quercus alba (white oak), Prunus serotina (black cherry), Betula alleghaniensis (yellow
birch), Betula populifolia (gray birch), Ostrya virginiana (ironwood), Fraxinus americana (white ash),
and Abies balsamea (balsam fir). Frequent shrubs in the understory include Acer pensylvanicum (striped
maple), Viburnum lantanoides (hobblebush), Diervilla lonicera (bush honeysuckle), Gaultheria
procumbens (wintergreen), Vaccinium angustifolium (lowbush blueberry), Kalmia angustifolia (sheep
laurel), Gaylussacia baccata (black huckleberry), Viburnum acerifolium (maple-leaved viburnum), and
Hamamelis virginiana (witch hazel). Common herbs are Aralia nudicaulis (wild sarsaparilla), Uvularia
sessilifolia (sessile-leaved bellwort), Epigaea repens (trailing arbutus), Medeola virginiana (Indian
cucumber root), Mitchella repens (partridgeberry), Trientalis borealis (starflower), Chimaphila umbellata
var. cisatlantica (pipsissewa), Polygala paucifolia (fringed polygala), Oclemena acuminata (whorled
aster), Aster divaricatus (white wood aster), Cornus canadensis (bunchberry), and Maianthemum
canadense (Canada mayflower). Two occasional herbs with interesting habits are Epifagus virginiana
(beechdrops), a parasitic herb on the roots of beech, and Monotropa uniflora (Indian pipes), a species
dependent on the root/hypha association with fungi. Goodyera pubescens (downy rattlesnake plantain)
and Cypripedium acaule (pink lady's slipper) are two upland orchid species found in some of the parcels.
Ferns and fern allies are Dennstaedtia punctilobula (hay-scented fern), Dryopteris intermedia
(intermediate wood fern), Dryopteris marginalis (marginal wood fern), Polystichum acrostichoides
(Christmas fern), Pteridium aquilinum var. latiusculum (bracken), Polypodium virginianum (rock
polypody), Thelypteris noveboracensis (New York fern), Diphasiastrum digitatum (southern groundcedar), Lycopodium clavatum (staghorn clubmoss), Lycopodium obscurum (princess pine), Lycopodium
hickeyi (Hickey's tree clubmoss), and Huperzia lucidula (shining clubmoss). Graminoids include
Brachyelytrum septentrionale (northern short husk grass), Oryzopsis asperifolia (rough-leaved rice grass),
Carex arctata (contracted drooping wood sedge), Carex debilis var. rudgei (Rudge’s sedge), and Carex
pensylvanica (Pennsylvanian sedge).
OPEN WETLANDS ALONG FERNALD BROOK

Three types of wetland natural communities can be found along Fernald Brook in Parcel 1. A deep
emergent marsh - aquatic bed (S4S5) occurs in the shallow beaver pond (OP 251) and in the brook
flowing out of the pond downstream beyond the railroad bridge (OP 254). Statewide, this broadly
defined community occurs in quiet shallow-water areas of ponds, lakes, and slow-moving streams
dominated by a mix of floating-leaved, submersed, and emergent herbaceous species. The substrate may
be flooded throughout the year or exposed later in the growing season. Frequent species in this example
along Fernald Brook are Sparganium americanum (lesser bur-reed), Sagittaria latifolia (common
arrowhead), Nuphar variegata (variegated yellow pondlily), Potamogeton epihydrus (surface pondweed),
Eleocharis palustris (marsh spike-rush), and Dulichium arundinaceum (three-way sedge).
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A tall graminoid emergent marsh (S4) dominates along the northern half of the beaver pond (including
OP 248). This shallow emergent marsh community type is dominated by tall “matrix” forming
graminoids. Dominant species are maintained vegetatively through the development of dense tussocks or
by lateral spread (clonal or spreading from loose tussocks). Woody plants, all with a cover of <1-1%,
include Acer rubrum (red maple), Alnus incana ssp. rugosa (speckled alder), Ilex verticillata
(winterberry), Spiraea alba var. latifolia (eastern meadowsweet), Spiraea tomentosa (steeple bush),
Viburnum nudum var. cassinoides (witherod), Cornus amomum (southeastern silky dogwood), and Rubus
hispidus (bristly dewberry). Frequent herbs are Leersia virginica (Virginia cutgrass), Calamagrostis
canadensis (bluejoint), Osmunda regalis var. spectabilis (royal fern), Onoclea sensibilis (sensitive fern),
Thelypteris palustris var. pubescens (marsh fern), Bidens frondosa (common beggarticks), Carex
gynandra (perfect-awned sedge), and Persicaria sagittata (arrow-leaved tearthumb). Less frequent are
Juncus effusus (soft rush), Epilobium coloratum (eastern willowherb), Typha latifolia (common cattail),
Dulichium arundinaceum (three-way sedge), Impatiens capensis (spotted touch-me-not), Eupatorium
perfoliatum (perfoliate boneset), Hypericum boreale (northern St. John's-wort), Galium trifidum (northern
three-lobed bedstraw), Carex stricta (tussock sedge), Scirpus cyperinus (woolly bulrush), Lysimachia
terrestris (swamp candles), Lycopus uniflorus (common water horehound), Glyceria canadensis
(rattlesnake mannagrass), and Glyceria striata (fowl mannagrass). This community also occurs in Parcel
1 in a small area at OP 261.
A mixed tall graminoid - scrub-shrub marsh (S4S5) occurs along the brook downstream of the beaver
pond (OP 252 & 253). Statewide, this community is a very common “scrub-shrub”/emergent marsh type.
They are similar to tall graminoid emergent marshes but they also contain a substantial component of
medium-height (0.5-1.5 m) shrubs. Many examples in the state may be successional between marsh and
shrub thicket or swamp, but shrubs contribute less than 60% cover overall. Along Fernald Brook,
scattered Acer rubrum (red maple) occurs in the sparse-woodland canopy along with shrub-sized Betula
populifolia (gray birch) and Pinus strobus (white pine). Frequent shrubs are Ilex verticillata
(winterberry), Spiraea alba var. latifolia (eastern meadowsweet), Chamaedaphne calyculata (leatherleaf),
Rubus hispidus (bristly dewberry), Kalmia angustifolia (sheep laurel), and Gaylussacia baccata (black
huckleberry). Less frequent are Viburnum dentatum var. lucidum (northern arrowwood), Photinia
pyrifolia (red chokeberry), Vaccinium corymbosum (highbush blueberry), Spiraea tomentosa (steeple
bush), Cephalanthus occidentalis (buttonbush), Myrica gale (sweet gale), and Cornus canadensis
(bunchberry). Common herbs are Osmunda regalis var. spectabilis (royal fern), Solidago rugosa (rough
goldenrod), Carex stricta (tussock sedge), Thelypteris palustris var. pubescens (marsh fern), and Scirpus
cyperinus (woolly bulrush). Other species are Uvularia sessilifolia (sessile-leaved bellwort), Gaultheria
procumbens (wintergreen), Typha angustifolia (narrow-leaved cattail), Iris versicolor (northern blue flag),
Triadenum virginicum (marsh St. John's-wort), Carex folliculata (follicled sedge), Carex lurida (sallow
sedge), Carex echinata (prickly sedge), Glyceria striata (fowl mannagrass), and Juncus effusus (soft
rush). Two invasive plant species occur in this community. A small population of the shrub Frangula
alnus (alder-buckthorn) lies scattered between OP 252 and the railroad bridge. Also, a small population
of Lythrum salicaria (purple loosestrife) occurs on the bank of the brook at OP 253.
FORESTED WETLANDS

Two types of forested wetlands occur in Parcel 1. A red maple - black ash - swamp saxifrage swamp
(S3S4) occurs near the southwest corner of the parcel (OP 263 & 264). Statewide, this is the classic type
of seepage swamp, with plants indicative of seepage and/or enriched conditions readily evident. In New
Hampshire, these swamps are typically found along borders of larger swamp systems, in very slightly
sloped wetlands where groundwater discharge and/or subsurface upland runoff influence the rooting zone
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of the swamp, or where groundwater discharge in flat basins is pronounced or influenced by
intermediate/basic bedrock or soils. Soils are typically poorly to very poorly drained mineral histic or
histic epipedons (shallow muck or peat over grayish or gleyed subsoil). In this example, Acer rubrum
(red maple) dominates the woodland canopy in this somewhat seepy wetland. Abies balsamea (balsam
fir), Ulmus americana (American elm), Fraxinus pennsylvanica (green ash), and Fraxinus nigra (black
ash) occur in the sub-canopy. Common shrubs are Alnus incana ssp. rugosa (speckled alder) and Ilex
verticillata (winterberry); less frequent are Viburnum dentatum var. lucidum (northern arrowwood),
Prunus virginiana (choke cherry), and Toxicodendron radicans (climbing poison ivy). Frequent herbs are
Onoclea sensibilis (sensitive fern), Chelone glabra (white turtlehead), Rubus pubescens (dwarf
raspberry), Athyrium filix-femina var. angustum (northern lady fern), Osmunda regalis var. spectabilis
(royal fern), and Osmunda cinnamomea (cinnamon fern). Non-Sphagnum bryophytes cover 20%.
Solanum dulcamara (nightshade), an invasive vine, is occasional in the understory.
The second type of forested wetland, red maple - red oak - cinnamon fern forest (S3S4), occurs north of
the red maple - black ash - swamp saxifrage swamp (see OP 262, 267, & 268) and east of Fernald Brook
north of and near the railroad track (OP 256, 257, 258, & 260). Statewide, this community occurs in
somewhat poorly drained mineral soil settings in transition zones between wetland and upland
communities. Soils consist of sand, sandy loams and silt loams, typically with a dark brown or black A
horizon over B horizon materials with mottling within ~30 cm of the surface. This community type is
typically somewhat poorly drained, and therefore intermediate and transitional to more well drained
upland forests and poorly or very poorly drained swamps. In this example, the canopy is dominated by
Acer rubrum (red maple); associates include Pinus strobus (white pine) and Quercus rubra (red oak).
Common shrubs are Ilex verticillata (winterberry) and Nemopanthus mucronatus (mountain holly).
Osmunda cinnamomea (cinnamon fern) is the most frequent herb. Also common are Osmunda regalis
var. spectabilis (royal fern) and Thelypteris palustris var. pubescens (marsh fern). Several other herbs are
present with a cover of <1%. Sphagnum moss covers 3-5% of the forest floor.

PARCEL 2 – WALSH PROPERTY (CORNER 109 & 28) [5.75 AC]
UPLANDS

All of the mesic to dry forested upland in this parcel is characterized by hemlock - beech - oak - pine
forest (S5). See Parcel 1 description for information about this community type in the state. This
example (including OP 243 & 247) is a recently selectively cut, young to maturing forest. Two invasive
plants are frequent here: Celastrus orbiculatus (Asian bittersweet) and Euonymus alata (winged
euonymus). More than 1000 stems of each species occur in this largely-disturbed parcel.
An old field and mowed area are found at the corner of Rte. 109 & 28 (including OP 241). Many species
of young trees, shrubs, and herbs occur in this area. The invasive plant species Poa compressa (Canada
bluegrass) and Fallopia japonica (Japanese knotweed) also occur here. Poa compressa (Canada
bluegrass) is widespread in the field. Fallopia japonica (Japanese knotweed) occurs at OP 241, where ten
weak stems grow from a 1 x 1 ft. area.
WETLANDS

Four types of wetlands occur in Parcel 2. A small stand of red maple - red oak - cinnamon fern forest
(S3S4) occurs at OP 242. See Parcel 1 description for more information about this wetland type in the
state. Hundreds of stems of three invasive plants occur here (Celastrus orbiculatus (Asian bittersweet),
Euonymus alata (winged euonymus), and Lysimachia nummularia (moneywort)).
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A small example of a red maple - sensitive fern swamp (S3S4) is found at OP 244. Statewide, this is a
common type of red maple swamp characterized by a diverse assemblage of herbaceous species,
relatively little Sphagnum moss, and saturated or seasonally saturated to seasonally flooded soils. The
swamps may be small or very large (10-100 acres) and typically occupy headwater basins that give rise to
drainages or along drainages where seepage or non-channelized upland runoff contributes to the water
budget. It lacks seasonal flooding from over-bank flooding (typical of seasonally flooded red maple
swamps) and is more minerotrophic than red maple/Sphagnum basin swamps. Onoclea sensibilis
(sensitive fern) is a good indicator of minerotrophic conditions in this type. Subsurface groundwater
discharge is likely in at least some of these swamps. This example is characterized by only Acer rubrum
(red maple) in the canopy. Frequent species in the understory are Ilex verticillata (winterberry), Rubus
hispidus (bristly dewberry), Onoclea sensibilis (sensitive fern), and Osmunda regalis var. spectabilis
(royal fern). Less frequent are Osmunda cinnamomea (cinnamon fern), Calamagrostis canadensis
(bluejoint), and Athyrium filix-femina var. angustum (northern lady fern). The invasive vine Celastrus
orbiculatus (Asian bittersweet) is somewhat frequent in the understory,
A highbush blueberry - winterberry shrub thicket (S4) occurs along Fernald Brook upstream of the
beaver pond (OP 245). Statewide, this is a common, widespread, but broadly defined community found
in open and closed basin settings. This community occurs on seasonally flooded mineral soils that vary in
organic content. In this example, scattered Acer rubrum (red maple) occurs in the sparse woodland
canopy. Ilex verticillata (winterberry) forms a dense thicket with a few other shrub species in the
understory. Frequent herbs are Persicaria sagittata (arrow-leaved tearthumb), Osmunda regalis var.
spectabilis (royal fern), Osmunda cinnamomea (cinnamon fern), Onoclea sensibilis (sensitive fern),
Impatiens capensis (spotted touch-me-not), and Calamagrostis canadensis (bluejoint). Ten stems of the
invasive plant Fallopia japonica (Japanese knotweed) occur at OP 245 along the brook. Several car tires
occur along a small stretch of the brook in this area. Other tires are likely nearby. A make-shift dam of
sand bags and cylinder blocks crosses the brook upstream creating a small pond in the yard of a
neighboring property.
A small pocket of seasonally flooded red maple swamp (S4S5) occurs at OP 246. Statewide, this is a
common type of red maple swamp associated with stream drainages that are seasonally flooded,
particularly along low gradient sections of first, second, or third order streams (less commonly 4th). Soils
are typically alluvial or are shallow mucks or peat over alluvial mineral soils. These differ from
floodplain forests by a seasonally rather than temporarily flooded water regime, and lower energy
environments that allow the development of organic or organic rich soils as opposed to mineral soils with
no organic horizon. They are commonly successional from wet meadows or shallow emergent marshes
and have either a woodland or forest canopy structure. In this example, Acer rubrum (red maple) is the
only species in the woodland canopy. Ilex verticillata (winterberry) is frequent in the shrub layer.
Species common in the herb layer are Osmunda cinnamomea (cinnamon fern), Osmunda regalis var.
spectabilis (royal fern), Onoclea sensibilis (sensitive fern), Thelypteris palustris var. pubescens (marsh
fern), Bidens frondosa (common beggarticks), Impatiens capensis (spotted touch-me-not), and Thalictrum
pubescens (tall meadow-rue).

PARCEL 3 – GREEN MOUNTAIN PROPERTY (ROUTE 109) [2.75 AC]
UPLANDS

An old field dominates this small parcel (OP 237). As is the case with many old fields in disturbed
settings with soil drainage ranging from dry to mesic to damp, this field is characterized by a diverse mix
of plant species (>150 species). Invasive plants present include Celastrus orbiculatus (Asian bittersweet;
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20 stems at OP 239 & OP 240), Phalaris arundinacea (reed canary grass; 20 culms at OP 240), Rumex
acetosella (red sorrel; scattered throughout), and Solanum dulcamara (nightshade; scattered throughout).
The forested northern and western edge of this parcel is characterized by hemlock - beech - oak - pine
forest (S5). See Parcel 1 description for information about this community type in the state.

PARCEL 4 – ROUTE 28 [25.8 AC]
UPLANDS

Upland woods are characterized by hemlock - beech - oak - pine forest (S5) (OP 192-194, 213, 217, 218,
& 225). See Parcel 1 description for information about this community type in the state.
Other upland areas recently influenced by land use practices are an abandoned dirt road (OP 189), small
old field openings (OP 212 & 221), and a small white pine plantation (OP 220).
Several invasive plant species occur in the uplands here. They include Poa compressa (Canada bluegrass;
OP 189 & 212), Rumex acetosella (red sorrel; OP 212), Phragmites australis (common reed; OP 221, 20
small stems), and Celastrus orbiculatus (Asian bittersweet; OP 222, dense 10 x 20 meter patch climbing
on young white pine).
WETLANDS ALONG HERSEY BROOK

Several types of wetland natural communities occur along Hersey Brook in Parcel 4. A small pocket of
seasonally flooded red maple swamp (S4S5) occurs just north of the railroad tracks at OP 227 & 228.
See Parcel 2 description for more information about this wetland type in the state. Acer rubrum (red
maple) dominates the woodland canopy. Frequent shrubs are Cornus amomum (southeastern silky
dogwood), Spiraea tomentosa (steeple bush), Rubus hispidus (bristly dewberry), and Viburnum dentatum
var. lucidum (northern arrowwood). Several species of herbs characteristic of this natural community
type are also found here. A small population (20 culms together in a small clump) of the invasive grass
Phalaris arundinacea (reed canary grass) occurs at OP 228.
Three other natural communities occur closer to the stream. An alder alluvial shrubland (S3) is found at
OP 223 & 224. Statewide, this natural community is a patchy shrubland dominated by Alnus incana
(speckled alder) or Alnus serrulata (smooth alder). Other woody species and herbs are usually sparse in
moderate-energy settings, but moderately dense to dense in lower-energy floodplain and silt soils settings.
Alders may out-compete other shrubs and trees along riverbanks because they bend in strong currents,
rather than uprooting or breaking, and tolerate long periods of flooding. High-energy water leaves its
mark on the shrubs; they may lean in the direction of river flow, and their bark is often scraped by ice on
the upstream side. Alders have an additional advantage over competitors with their nitrogen-fixing root
nodules that provide nitrogen to the shrubs in nutrient-poor, coarse substrate. This community often
forms a band (<1–10 m wide) along rivers for hundreds of meters, or forms wider expanses on silt plains
in broader valley bottoms. For this community in New Hampshire, mineral soils range from cobble,
gravel, and sand-silt mixes. This community is seasonally to infrequently flooded. Water levels are near
the surface for substantial portions of the year. Two invasive plants occur in this example: Solanum
dulcamara (nightshade; scattered) and Frangula alnus (alder-buckthorn; 10+ scattered seedlings at OP
224).
An alder - dogwood - arrowwood alluvial thicket (S4) occurs at OP 216. Statewide, this broadly defined
community is characterized by shrub thickets on loam and fine- to medium-grained sands subjected to
flooding early in the year. Moderate-energy examples on coarser sand (e.g., alder alluvial shrubland) are
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distinct from this low- to moderate-energy riparian thicket on finer sediments. As river water levels fall
during the growing season, sandy soils become less wet. Shrub cover is typically moderate to high and is
often a mix of several shrub species. Variation in species composition and cover likely relates to the
variable environmental conditions, propagule availability, and disturbance dynamics of stream channels.
This community may occur as broad floodplain thickets along major rivers or as narrow zones along large
streams and rivers. In this example, Cornus amomum (southeastern silky dogwood) dominates the shrub
layer. Other shrubs are Alnus incana ssp. rugosa (speckled alder), Viburnum dentatum var. lucidum
(northern arrowwood). Woody plants with a cover of <1% include Acer rubrum (red maple), Salix
humilis (willow), Lyonia ligustrina (male berry), Betula populifolia (gray birch), and Rubus hispidus
(bristly dewberry). Common herbs are Calamagrostis canadensis (bluejoint), Osmunda regalis var.
spectabilis (royal fern), Solidago rugosa (rough goldenrod), Onoclea sensibilis (sensitive fern), Glyceria
striata (fowl mannagrass), Carex lurida (sallow sedge), Carex gynandra (perfect-awned sedge), and
Carex stricta (tussock sedge). A small patch (25-50 culms) of the invasive grass Phalaris arundinacea
(reed canary grass) occurs here.
Immediately along the brook, an herbaceous sandy river channel (S4) occurs at OP 214 & 215.
Statewide, this moderate-energy community is subjected to flood and ice scour early in the year and
occurs on low-lying bars and channel shores of small to large rivers. Sandy soils are flooded early in the
growing season and may retain standing water or remain permanently saturated through much or all of the
growing season in lower areas, ranging to more mesic to seasonally dry conditions on slightly higher
ground. A sparse to moderate cover of emergent marsh herbs is characteristic. Species richness is
variable, but high in some examples. Shrub and tree seedlings are absent or provide sparse cover in
hydric areas, but may be more apparent in drier examples. This community is one of the lowest channel
features supporting emergent species and may be adjacent to aquatic beds in deeper water. Variation in
species composition and cover likely relates to the variable environmental conditions, propagule
availability, and disturbance dynamics of stream channels. In this example, species richness is fairly
high, with 35 species documented in a small area. A small population of the invasive plant Rorippa
nasturtium-aquaticum (true watercress) is located at OP 215. Approximately 20 plants occur in a 2 x 2 ft.
area in an ephemeral channel.
WETLANDS ALONG HARVEY BROOK

Several types of wetland natural communities occur along Harvey Brook in Parcel 4. A small red maple red oak - cinnamon fern forest (S3S4) occurs in low damp ground on either side of the stream near Rte.
28 (OP 190 & 191). Acer rubrum (red maple) with lesser amounts of Quercus rubra (red oak), Pinus
strobus (white pine), Tsuga canadensis (hemlock), Betula alleghaniensis (yellow birch), and other species
are found in the canopy. Canopy height averages 60’ with diameters-at-breast-height ranging from 5-12”
(average 8”). A past selective cut has noticeably opened the canopy. See Parcel 1 description for more
information about this wetland type in the state.
A red maple floodplain forest (S2S3) begins a short distance downstream (OP 195 & 196) from the
wetland forest described above. Statewide, this natural community can be found along major streams and
minor rivers, and on floodplains of major rivers above low floodplain forests dominated by Acer
saccharinum (silver maple). Where Acer rubrum (red maple) dominates on the low floodplain in New
Hampshire, river channels are typically 6-30+ m (20-100+ ft.) wide with average summer water depths of
0.6-0.9+ m (2-3+ ft.). Small to moderate sized watersheds are typical above red maple dominated
floodplains. Soils are usually somewhat poorly drained fine sandy loams and silt loams with very shallow
or absent organic horizons. pHs typically average 5.1. Soil surfaces may be temporarily inundated during
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spring flood events. Reddish mottles occur at an average depth of 10 cm (4 in.) on the low floodplain to
nearly 20 cm (8 in.) on the high floodplain. In contrast to most swamps, hummock-hollow
microtopography is absent or poorly developed. In this example, Acer rubrum (red maple) is the sole tree
species in the woodland canopy. Ilex verticillata (winterberry), Viburnum nudum var. cassinoides
(witherod), Vaccinium corymbosum (highbush blueberry), and other shrubs are found in the shrub layer.
Frequent herbs are Osmunda regalis var. spectabilis (royal fern), Osmunda cinnamomea (cinnamon fern),
Onoclea sensibilis (sensitive fern), Athyrium filix-femina var. angustum (northern lady fern), Thelypteris
palustris var. pubescens (marsh fern), Carex gynandra (perfect-awned sedge), Carex intumescens
(inflated sedge), and Glyceria striata (fowl mannagrass). This community continues downstream into
Parcel 7 (including OP 204).
A small example of a blue-joint - goldenrod - virgin's bower riverbank/floodplain (S3S4) occurs at OP
197. Statewide, this temporarily flooded meadow community occurs on banks and/or adjacent
floodplains of small “flashy” rivers and major streams. It is characterized by tall graminoids, goldenrods
and other tall forbs, herbaceous vines, and less frequently, shrubs, ferns, trees, and woody vines.
Flooding frequency, duration, intensity, and seasonal timing are likely important factors affecting this
community's successional state and range in species richness. Soils are typically mesic, deep, mediumgrained sands flooded and scoured during spring high water. In this example, woody species are few and
include scattered Acer rubrum (red maple), Pinus strobus (white pine), and some shrubs. Frequent herbs
are Calamagrostis canadensis (bluejoint), Impatiens capensis (spotted touch-me-not), Onoclea sensibilis
(sensitive fern), Osmunda regalis var. spectabilis (royal fern), Osmunda cinnamomea (cinnamon fern),
Symphyotrichum puniceum (purple-stemmed aster), Solidago rugosa (rough goldenrod), and several
others. Invasive plants include Rorippa nasturtium-aquaticum (true watercress; 5 plants in small
depression) and Rosa multiflora (multiflora rose; 1 stem near upland edge).
A small example of a red maple - sensitive fern swamp (S3S4) occurs at OP 198. See Parcel 2
description for more information about this wetland type in the state. In this example, Acer rubrum (red
maple) dominates the woodland canopy. Ilex verticillata (winterberry), Lyonia ligustrina (male berry),
Viburnum nudum var. cassinoides (witherod), and Rubus hispidus (bristly dewberry) are occasional in the
shrub layer. Common herbs are Onoclea sensibilis (sensitive fern), Osmunda regalis var. spectabilis
(royal fern), Osmunda cinnamomea (cinnamon fern), Athyrium filix-femina var. angustum (northern lady
fern), Solidago rugosa (rough goldenrod), Rubus pubescens (dwarf raspberry), Impatiens capensis
(spotted touch-me-not), Agrostis capillaris (Rhode Island bentgrass), and Calamagrostis canadensis
(bluejoint). The invasive plant Solanum dulcamara (nightshade) is scattered in the understory.

PARCEL 5 – ALBEE BEACH ROAD [1.7 AC]
WETLANDS

Approximately two-thirds of this small lot (including OP 205) supports a red maple - red oak - cinnamon
fern forest (S3S4). In New Hampshire, this community occurs in somewhat poorly drained mineral soil
settings in transition zones between wetland and upland communities. See Parcel 1 description for more
information about this wetland type in the state. The presence of hummocks and hollows in this example
indicate damp conditions in the spring. Canopy height averages 60’; diameter-at-breast-height ranges
from 5-24” (average 12”). South of the railroad bridge, on the west bank of Hersey Brook (OP 210), one
stem of the invasive shrub Lonicera morrowii (Morrow’s honeysuckle) occurs.
On slightly lower ground closer to Hersey Brook (including OP 206), most of the remaining portion of the
lot supports a seasonally flooded red maple swamp (S4S5). In this example, Acer rubrum (red maple) is
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only slightly more abundant than Pinus strobus (white pine) in the canopy. Shrub cover is low. Common
herbs are Osmunda regalis var. spectabilis (royal fern), Osmunda cinnamomea (cinnamon fern), and
Carex crinita (drooping sedge). See Parcel 2 description for information about this community type in
the state.
Along Hersey Brook, an herbaceous low riverbank (S3S4) occurs (including OP 207 & 208). Statewide,
this community occurs on moist to wet, coarse substrates of high- to moderate-energy low riverbanks.
These riverbanks are subject to flood and ice scour early in the year and range from the river shore to a
meter above the river at mid-summer water levels. The community ranges from flooded to hydric or
mesic conditions as water levels fall during the growing season. The community forms a generally
narrow and continuous zone along low riverbanks that lack well-developed marshy margins. These
habitats support a variety of wetland species, including amphibious plants (able to grow under submersed
or emergent conditions), emergent plants, and moist-site species. In this example, there typically exists a
steep bank with few plant species. In areas where extended low banks exist, a greater diversity of species
is found. A few stems of the invasive shrub Frangula alnus (alder-buckthorn) occur on the upper bank.
The invasive herb Myosotis scorpioides (true forget-me-not) occurs in places on the lower bank and brook
channel.

PARCEL 6 – HERSEY POINT [15.0 AC]
UPLANDS

Hemlock - beech - oak - pine forest (S5) occurs on mesic to somewhat drier soils in this parcel (OP 231,
232, & 233). Where soils hold more moisture, this community transitions at OP 230 into red maple - red
oak - cinnamon fern forest (see Parcel 6 wetland description below). The invasive shrub Berberis
thunbergii (Japanese barberry) is widely distributed in somewhat low numbers in this area (OP 229, 230,
231, & 232). One seedling of Frangula alnus (alder-buckthorn) also occurs at OP 231. See Parcel 1
description for information about the hemlock - beech - oak - pine forest in the state.
WETLANDS

Red maple - red oak - cinnamon fern forest (S3S4) occurs on somewhat poorly drained soils (OP 229 &
230) intermediate in drainage between drier soils in the hemlock - beech - oak - pine forest (OP 231, 232,
& 233) and wetter soils in the red maple - Sphagnum basin swamp (OP 235; see description below).
The invasive shrubs Berberis thunbergii (Japanese barberry) and Frangula alnus (alder-buckthorn) occur
in this wetland with a low cover. See Parcel 1 description for information about the red maple - red oak cinnamon fern forest in the state.
In a wetter area, a red maple - Sphagnum basin swamp (S4) occurs (OP 235). This example is at the
drier end for this swamp type and is transitional to a red maple - red oak - cinnamon fern forest. In New
Hampshire, the red maple - Sphagnum basin swamp is a common type of “red maple swamp” on poorly
to very poorly drained peat soils of depressions with minimal influence of groundwater or seasonal
overbank stream flow. There are typically no perennial streams running into or through the swamps,
although the basins are influenced by seasonal subsurface and ephemeral runoff from surrounding
uplands. They occur in perched basins in till landscapes or other low, flat areas with small watersheds of
typically 1/4 to 1 mile square or less. Hummock and hollow topography is well developed. Soils are
acidic, nutrient-poor, very poorly drained Histosols (deep peat or muck >40 cm) or poorly to very poorly
drained histic epipedons (O horizons are generally <20 cm). Although soils are generally saturated and
have limited lateral movement of water, there is seasonal fluctuation resulting from spring runoff from
uplands and evapotranspiration over the course of the season. In this example, Pinus strobus (white pine)

NH Natural Heritage Bureau

13

codominates with Acer rubrum (red maple) in the woodland canopy. Nemopanthus mucronatus
(mountain holly) and Ilex verticillata (winterberry) are common in the shrub layer. The most frequent
herbs are Osmunda regalis var. spectabilis (royal fern) and Osmunda cinnamomea (cinnamon fern).

PARCEL 7 – MOOSE POINT ROAD [3.0 AC]
UPLANDS

Upland habitat in this parcel (including OP 199) supports hemlock - beech - oak - pine forest (S5). In
some areas where the soil is somewhat poorly drained (OP 203), the hemlock - beech - oak - pine forest
is transitional to red maple - red oak - cinnamon fern forest and hemlock - cinnamon fern forest (see
Parcel 7 wetland description below). See Parcel 1 description for information about the hemlock - beech
- oak - pine forest in the state.
WETLANDS

In Parcel 7, hemlock - cinnamon fern forest (S4) occurs in areas more poorly drained (including OP 200)
than adjacent hemlock - beech - oak - pine forest in the upland. In New Hampshire, the hemlock cinnamon fern forest occurs in imperfectly to somewhat poorly drained areas along stream drainages,
high floodplains, inactive river terraces, and other upland-wetland ecotones. It is characterized by Tsuga
canadensis (hemlock), Acer rubrum (red maple), and a mixture of other wetland and upland plant species.
Examples may occur along a narrow transition zone between uplands and wetlands or may be broader in
nature and cover several acres. Hemlock is an important component in many other types of forest
communities, but only reaches overstory dominance or codominance in hemlock forests on upland sites
and in this community along upland-wetland ecotones. Sites in New Hampshire where hemlock is
abundant are characterized by open, dark understories. Although hemlock may be present in the
understory in low density, it appears to maintain itself by out-competing other suppressed tree species for
light and nutrients (Rogers 1978). Hemlock saplings may persist for decades or even centuries in the
understory and still respond well to canopy openings. Maximum hemlock ages in the region exceed 500
years. The centers of most older trees are rotten, preventing accurate aging of individual trees. Deer
often winter in these areas where snow cover is light and movement is therefore easier. Soils in this
community type vary from loamy sands to sandy loam till and river/kame terrace soils with a shallow
water table (within 0.3 m (1 ft.) of soil surface for portion of growing season), and are nutrient poor
(oligotrophic to submesotrophic). Mottles are evident within 30 cm (12 in.) of the soil surface in some
examples, while others have deep A horizons (tending to obscure mottles) over moist to wet sediments.
A small red maple - Sphagnum basin swamp (S4) occurs at OP 201. In this example, Acer rubrum (red
maple) dominates the woodland canopy. Tsuga canadensis (hemlock) is an occasional associate. Ilex
verticillata (winterberry) is common in the shrub layer. Less frequent are Vaccinium corymbosum
(highbush blueberry), Nemopanthus mucronatus (mountain holly), and Viburnum nudum var. cassinoides
(witherod). Common herbs include Carex stricta (tussock sedge), Osmunda cinnamomea (cinnamon
fern), and Osmunda regalis var. spectabilis (royal fern). Sphagnum moss is common in wet hollows. See
Parcel 6 description for information about this community type in the state.
The red maple floodplain forest at OP 204 in Parcel 7 is the downstream continuation of this forest type
in Parcel 4. See Parcel 4 description of this community type for more details.
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Figure 3. The exemplary twig-rush sandy turf pond shore, state watch Rhexia virginica (meadow
beauty), potential sandy pond shore system, and observation point locations in Parcels 8, 9, and 10.

PARCEL 8 – SQUARE HILL LOT 1 [67.3 AC]
UPLANDS
The majority of the forested portion of Parcel 8 is hemlock - beech - oak - pine forest (S5). See Parcel 1
description for information about this community type in the state. This example (including OP 163, 166,
& 167) is a maturing forest with a recent selective cutting history. Tree height averages 50-60’ with a 9”
d.b.h. Wolf trees, large trunked trees with broad canopies and spreading branches in a forest dominated
by slender trunked trees with small canopies and ascending branches, appear to mark a portion of the
northern parcel boundary. These large Quercus alba (white oak) have 3-4’ wide trunks and enormous
lower branches. In some areas near Hersey Brook at the west end of the parcel (OP 163), the canopy of
the hemlock - beech - oak - pine forest is strong to Tsuga canadensis (hemlock) and is transitional to
hemlock forest (S4) and hemlock - cinnamon fern forest (S4). On drier slopes closer to the hill summit
(OP 167), Fagus grandifolia (American beech) is more abundant in the canopy. The low to mid slope in
the area of OP 164, 165, and 166 is marked by Woodbridge series soils with a seasonally high water table
and a pan layer, producing ephemeral streamlets. The globally rare Isotria medeoloides (small whorled
pogonia) is preferential to the forest and soil types here. Although this rare orchid was searched for, it is
worth spending additional time inventorying suitable habitat for this orchid in this area.
The eastern third of Parcel 8 is currently in an old field state (OP 153, 155, & 168) and is characterized by
a moderate to dense cover of tree saplings. Based on the dry soil hilltop setting, the codominance of
Quercus alba (white oak) with Quercus rubra (red oak), and the composition of other tree species
currently growing up through the shrub layer, this area would likely mature into a dry Appalachian oak hickory forest (S1S3) transitional to a hemlock - beech - oak - pine forest (S5). Frequent associates of
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red and white oak are Acer rubrum (red maple), Betula populifolia (gray birch), Betula papyrifera (paper
birch), Pinus strobus (white pine), and Populus tremuloides (quaking aspen). Other tree species include
Betula alleghaniensis (yellow birch), Fraxinus americana (white ash), Prunus serotina (black cherry),
Acer saccharum (sugar maple), and Fagus grandifolia (American beech). This is one of the more
northern locations for white oak in the state. Numerous shrubs and herbs typically found in a dry to
mesic, old field occur here as well. The most frequent include Rubus hispidus (bristly dewberry), Rubus
flagellaris (northern dewberry), Rubus allegheniensis (common blackberry), Vaccinium angustifolium
(lowbush blueberry), Solidago rugosa (rough goldenrod), Rumex acetosella (red sorrel), Veronica
officinalis (common speedwell), Pteridium aquilinum var. latiusculum (bracken), Danthonia spicata
(poverty oatgrass), Poa compressa (Canada bluegrass), Carex pensylvanica (Pennsylvanian sedge), Carex
scoparia (broom sedge), and Juncus greenei (Greene's rush). Several other species occur with a cover of
<1%.
WETLANDS

The northwest corner of Parcel 8, where Hersey Brook drains out of Sargent’s Pond, supports a very
small portion of two wetland communities: a twig-rush sandy turf pond shore and a deep emergent
marsh - aquatic bed. Most of the area occupied by these communities occurs off property to the north.
One of these communities (OP 157 & 158), the twig-rush sandy turf pond shore, is exemplary and very
rare (S1; one of three locations in the state). In New Hampshire, this lakeshore community occurs on
sandy organic turf mats. Wave and ice action are prominent disturbance forces. Soil cores of interbedded sand, muck, and peat >1.2 meters in depth attest to the dynamic nature of these pond shore
communities on a time scale of decades to centuries. This example is characterized by Cladium
mariscoides (twig-rush) on the low ground and Myrica gale (sweet gale) on ice berms and other areas of
slightly higher ground. Other frequent species are Chamaedaphne calyculata (leatherleaf), Spiraea alba
var. latifolia (eastern meadowsweet), Vaccinium macrocarpon (large cranberry), Calamagrostis
canadensis (bluejoint), and Carex oligosperma (few seeded sedge). Of special note is the presence of the
rare Rhexia virginica (meadow beauty; state watch) in this community in Parcel 8. Although less rare
than endangered and threatened species, state watch species are also rare and warrant consideration when
planning management activities. Other species with a cover of <1% include Spiraea tomentosa (steeple
bush), Acer rubrum (red maple), Hypericum boreale (northern St. John’s-wort), Triadenum virginicum
(marsh St. John’s-wort), Viola lanceolata (lance-leaved violet), Drosera intermedia (spatulate-leaved
sundew), Eriocaulon aquaticum (pipewort), Lysimachia terrestris (swamp candles), Lycopus uniflorus
(common water horehound), Osmunda regalis var. spectabilis (royal fern), Dulichium arundinaceum
(three-way sedge), and Carex utriculata (bottle-shaped sedge). This exemplary occurrence of a state rare
natural community should be protected.
The twig-rush sandy turf pond shore appears to be part of a regionally rare sandy pond shore system at
the site. Based on aerial photography interpretation, the potential sandy pond shore system continues
northward along the eastern shore of Sargent’s Pond. This system likely supports the following natural
communities: a rare bulblet umbrella-sedge open sandy pond shore (S2), an uncommon sweet gale speckled alder shrub thicket (S3), and possibly a rare water lobelia aquatic sandy pond shore (S1S2). It
may also support more of the twig-rush sandy turf pond shore. The potential sandy pond shore system
just off property to the north should be inventoried for possible rare natural communities and plant
species.
A small portion of a much larger deep emergent marsh - aquatic bed (S4S5) occurs in the shallow water
(OP 156) adjacent to the twig-rush sandy turf pond shore. This deep emergent marsh - aquatic bed in
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the southeast corner of Sargent’s Pond is characterized by Pontederia cordata (pickerel weed), Nymphaea
odorata (white waterlily), Eriocaulon aquaticum (pipewort), and an emergent form of Cladium
mariscoides (twig-rush). See Parcel 1 description for information about this community type in the state.
A small seasonally flooded red maple swamp (S4S5) occurs near the outlet to Sargent’s Pond (OP 159).
The woodland canopy structure is dominated by Acer rubrum (red maple). Other tree species only occur
in the shrub layer and with a cover of <1%. Frequent shrubs include Vaccinium corymbosum (highbush
blueberry), Spiraea alba var. latifolia (eastern meadowsweet), Lyonia ligustrina (male berry), Ilex
verticillata (winterberry), and Myrica gale (sweet gale). The most frequent herbs include Carex stricta
(tussock sedge), Calamagrostis canadensis (bluejoint), and Osmunda regalis var. spectabilis (royal fern).
Several other shrubs and herbs occur with a cover of <1%. See Parcel 2 description for information about
this community type in the state.
A hemlock - cinnamon fern forest (S4) occurs discontinuously on the narrow floodplain along parts of
Hersey Brook (including OP 161). See Parcel 7 description for information about this community type in
the state. In this example, Tsuga canadensis (hemlock) and Acer rubrum (red maple) codominate in the
canopy. Betula alleghaniensis (yellow birch) is a common associate. Frequent shrubs and herbs include
Ilex verticillata (winterberry), Carex stricta (tussock sedge), Calamagrostis canadensis (bluejoint),
Athyrium filix-femina var. angustum (northern lady fern), Osmunda cinnamomea (cinnamon fern),
Osmunda regalis var. spectabilis (royal fern), and Onoclea sensibilis (sensitive fern).
Hersey Brook, an upper perennial stream, marks the western extent of Parcel 8 (including OP 162).
Upper perennial streams generally lie between intermittent streams and lower perennial permanently
flooded rivers. The channel-bed gradient is moderate to steep, and sediment composition is relatively
coarse, ranging from sand to large stones and bedrock. The channel environment is generally erosional
with moderate to high energy and water velocity. Adjacent to the permanently flooded channel,
floodplains are absent or poorly developed, and open riverbank and river channel communities are
typically present, although narrow. Characteristic fauna are typical of moderate to fast-moving water.
Riffles and pools, relatively cool water, and nearly saturated concentrations of dissolved oxygen are
typical. Stream bank vegetation along Hersey Brook is characterized by a narrow band of herbs and
shrubs typical of mesic and hydric conditions. They include Viburnum lantanoides (hobblebush), Acer
pensylvanicum (striped maple), Lobelia cardinalis (cardinal flower), Arisaema triphyllum (Jack-in-thepulpit), Iris versicolor (northern blue flag), Chelone glabra (white turtlehead), Scutellaria lateriflora
(mad-dog skullcap), Boehmeria cylindrica (false nettle), Viola spp. (violets), Osmunda regalis var.
spectabilis (royal fern), Osmunda claytoniana (interrupted fern), and Athyrium filix-femina var. angustum
(northern lady fern) among others.
Two subacid forest seeps (S3S4) were surveyed on the west-south-west facing low to mid slopes of
Center Square Hill (OP 164 & 165). Forest seeps form where groundwater is discharged at or near the
soil surface, either continuously or for substantial portions of the year. Subacid forest seeps have weakly
acidic pHs and are intermediate between the nutrient poor conditions of acidic seeps and the enriched
conditions of circumneutral seeps. Groundwater usually emerges where the surface of an impervious or
slowly pervious soil layer (hardpan or densipan, silt, or clay material) forces water to the surface, or other
situations where the ground surface intercepts the water table on sloped terrain. Most of these seeps in
New Hampshire occur on slopes ranging from 1-10 degrees and have mineral soil or a shallow muck
horizon at the surface (less than 15-30 cm deep). In many ways seeps are miniature swamps or marshes,
but they differ from their larger counterparts in several important respects. They occur as small inclusions
within upland forests and are therefore considerably shaded. Most are no larger than one to several tree
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canopies in breadth (less than 0.1 acres). They are often isolated from larger wetlands, have mineral soils
with or without a shallow muck layer (usually not peat), and are usually more permanently saturated with
a localized and pronounced seepage area compared to larger swamps. Functionally, seeps serve as
refugia for wetland plants, amphibians (e.g., northern dusky salamander, two-lined salamander, and
various frogs), and other organisms in upland dominated landscapes, and contribute oxygenated water to
streams and wetlands. Perennial seepage may keep seeps cool in the summer, and sometimes snow-free
in the winter. Their local and collective significance is greater than implied by the area they cover, and as
such, seeps warrant protection wherever they occur as sensitive wetland “hot-spots” within upland forest
dominated landscapes. The two seeps documented in Parcel 8 (OP 164 & 165) occur in Woodbridge
series soils with a seasonally high water table and a pan layer, conditions that often produce seeps and
ephemeral streamlets. This is the same area that the globally rare Isotria medeoloides (small whorled
pogonia) is preferential to and was searched for in. One seep occurs on a grown-in logging road (OP
165). Numerous species occur in these seeps, the most frequent or diagnostic being Rubus pubescens
(dwarf raspberry), Solidago rugosa (rough goldenrod), Circaea alpina (small enchanter's nightshade),
Arisaema triphyllum (Jack-in-the-pulpit), Epilobium coloratum (eastern willowherb), Osmunda
cinnamomea (cinnamon fern), Onoclea sensibilis (sensitive fern), Athyrium filix-femina var. angustum
(northern lady fern), Equisetum arvense (field horsetail), and mosses. Other seeps likely occur elsewhere
on this slope.
Several non-native invasive plant species were found in Parcel 8. Rumex acetosella (red sorrel) occurs
scattered in the old field on Center Square Hill (OP 153). A few stems of Rosa multiflora (multiflora
rose), a thorny shrub that can form dense thickets, occur in a seepy section of an old logging road (OP
165). Rorippa nasturtium-aquaticum (true watercress), a perennial herb, occurs in the subacid forest seep
at OP 164. Fallopia japonica (Japanese knotweed) occurs at the base of a banking (OP 152) near the
eastern edge of Parcel 8. A few stems of Frangula alnus (alder-buckthorn) occur in the seasonally
flooded red maple swamp (OP 159).
WILDLIFE

Although small, the twig-rush sandy turf pond shore and potential sandy pond shore system could
provide habitat for a pair of wading birds, including sora (Porzana carolina) and Virginia rail (Rallus
limicola), as well as a suite of mayflies. The large wolf trees throughout the forest may also provide
nesting habitat for a number of woodland songbirds. As these trees age, they may host insects and larvae
that provide food for woodpeckers, and may develop cavities to provide nest sites as well. Beech and oak
within the forest provide food sources for deer, bear, squirrels, and chipmunks.

PARCEL 9 – SQUARE HILL LOT 5 [18.5 AC]
UPLANDS

The northwestern “block” (including OP 172) of Parcel 9 has an old field structure, characterized by a
moderate to dense cover of tree saplings. If left unmanaged, the composition of the trees currently
growing up through the shrub layer suggests this area would mature into a hemlock - beech - oak - pine
forest (S5). Quercus rubra (red oak) dominates in the sapling layer. Frequent associates are Acer rubrum
(red maple), Betula populifolia (gray birch), Betula papyrifera (paper birch), Pinus strobus (white pine),
Fagus grandifolia (American beech), Populus tremuloides (quaking aspen), Prunus serotina (black
cherry), and Quercus alba (white oak). Numerous shrubs and herbs typically found in a dry to mesic, old
field occur here as well. Shrubs include Juniperus communis var. depressa (ground juniper), Rubus
flagellaris (northern dewberry), Rubus allegheniensis (common blackberry), Rubus hispidus (bristly
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dewberry), Vaccinium angustifolium (lowbush blueberry), Vaccinium myrtilloides (velvet-leaf blueberry),
Hamamelis virginiana (witch hazel), Comptonia peregrina (sweet fern), Spiraea tomentosa (steeple
bush), and Spiraea alba var. latifolia (eastern meadowsweet) among others. Of the many species of herbs
that occur here, the most frequent are Solidago rugosa (rough goldenrod), Solidago canadensis
(goldenrod), Solidago juncea (early goldenrod), Solidago bicolor (silverrod), Solidago nemoralis
(northern gray goldenrod), Euthamia graminifolia (flat-topped goldenrod), Veronica officinalis (common
speedwell), Anaphalis margaritacea (pearly everlasting), Potentilla simplex (old-field cinquefoil),
Hieracium caespitosum (yellow hawkweed), Hieracium aurantiacum (orange hawkweed), Hypericum
perforatum (common St. John's-wort), Oenothera biennis (biennial evening primrose), Plantago major
(common plantain), Viola sagittata (arrow-leaved violet), Leucanthemum vulgare (oxeye daisy),
Symphyotrichum lateriflorum (calico aster), Conyza canadensis (horseweed), Achillea millefolium
(yarrow), Daucus carota (Queen Anne's lace), Aralia nudicaulis (wild sarsaparilla), and Pteridium
aquilinum var. latiusculum (bracken). Grasses and sedges include Danthonia spicata (poverty oatgrass),
Agrostis capillaris (Rhode Island bentgrass), Juncus greenei (Greene's rush), Juncus tenuis (path rush),
Phleum pratense (common timothy), Dichanthelium acuminatum (panic grass), Oryzopsis asperifolia
(rough-leaved rice grass), Carex brevior (shorter sedge), and Carex scoparia (broom sedge).
Most of Parcel 9 is a mown field (probably mown yearly). The majority of this mown area is dry to
mesic (OP 170). Frequent species include Comptonia peregrina (sweet fern), Rubus hispidus (bristly
dewberry), Rubus allegheniensis (common blackberry), Solidago nemoralis (northern gray goldenrod),
Symphyotrichum lateriflorum (calico aster), Anaphalis margaritacea (pearly everlasting), Potentilla
canadensis (running field cinquefoil), Hypericum perforatum (common St. John's-wort), Danthonia
spicata (poverty oatgrass), Agrostis capillaris (Rhode Island bentgrass), Poa compressa (Canada
bluegrass), Poa pratensis (Kentucky bluegrass), Dactylis glomerata (orchard grass), Festuca rubra (red
fescue), Deschampsia flexuosa (common hairgrass), and Phleum pratense (common timothy). In other
areas (OP 169 & 182), small pockets of mesic to wet conditions exist, supporting a mix of upland and
wetland, open site species. Wetter site species include Spiraea tomentosa (steeple bush), Spiraea alba
var. latifolia (eastern meadowsweet), Salix discolor (large pussy willow), Epilobium coloratum (eastern
willowherb), Onoclea sensibilis (sensitive fern), Juncus effusus (soft rush), Carex gynandra (perfectawned sedge), Carex lurida (sallow sedge), Carex folliculata (follicled sedge), and Scirpus cyperinus
(woolly bulrush).
The wetter pockets described above are somewhat seepy and would likely support subacid forest seeps in
a forested setting. Similar to the northwestern “block” within this parcel, this area likely would support a
hemlock - beech - oak - pine forest if left unmanaged.
Along portions of the western edge of the parcel, a hedgerow occurs around a stone wall adjacent to the
dirt road. Sapling sized trees dominate the hedgerow.
WILDLIFE

The open habitat in Parcel 9 may have considerable wildlife value, especially if it is managed with
wildlife in mind. Old fields provide important habitat for a variety of animals. In addition to wildlife
species whose primary habitat is open areas, many woodland species frequently use fields at various times
during the year. While surveying the area, a few of the more interesting bird sighting include the state
endangered northern harrier (Circus cyaneus) hunting over the mown field section of Parcel 9 and on
another day, an American woodcock (Scolopax minor) was flushed from the old field area upslope. There
may be several species of grassland birds using the mown field including Savannah sparrow (Passerculus
sandwichensis), field sparrow (Spizella pusilla), bobolinks (Dolichonyx oryzivorus), eastern meadowlarks
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(Sturnella magna), and vesper sparrows (pooecetes gramineus). In addition, field edges and hedgerows
provide habitat for a number of early successional bird species including common yellowthroat
(Geothlypis trichas), song sparrow (Melospiza melodia), and blue-winged warbler (Vermivora pinus).
Grassland habitats, and subsequently grassland bird species, have been declining in the northeastern
United States and in New Hampshire in particular, due to the conversion of farmlands and fields to either
housing development or forest. A formal wildlife survey would provide a clearer understanding of the
wildlife value of this and other habitats in the study area.

PARCEL 10 – SQUARE HILL LOT 6 [23.5 AC]
UPLANDS

Most of this parcel is dominated by hemlock - beech - oak - pine forest (S5). See Parcel 1 description for
information about this community type in the state. This example (including OP 175) is a recently
selectively cut, maturing forest. Codominant canopy species are Fagus grandifolia (American beech),
Pinus strobus (white pine), Tsuga canadensis (hemlock), Quercus rubra (red oak), and Acer rubrum (red
maple). Other trees include Acer saccharum (sugar maple), Betula papyrifera (paper birch), Fraxinus
americana (white ash), Betula populifolia (gray birch), and Prunus serotina (black cherry). Many
common shrubs and herbs characteristic of this forest type also occur here.
A small disturbed opening (OP 173) on the far western corner of the parcel (bordering Parcel 9) supports
three invasive plant species: Celastrus orbiculatus (Asian bittersweet), Fallopia japonica (Japanese
knotweed), and Robinia pseudoacacia (black locust).
WETLANDS

Two small red maple - Sphagnum basin swamps (S4) are located in this parcel. See Parcel 6 description
for information about this community type in the state. The red maple - Sphagnum basin swamp at OP
174 has a sparse woodland structure from recent cutting. Acer rubrum (red maple) and Tsuga canadensis
(hemlock), with lesser amounts of Fraxinus americana (white ash) are found in the overstory. Frequent
understory species include Osmunda claytoniana (interrupted fern), Thelypteris noveboracensis (New
York fern), Thelypteris palustris var. pubescens (marsh fern), Athyrium filix-femina var. angustum
(northern lady fern), Glyceria striata (fowl mannagrass), Scirpus cyperinus (woolly bulrush), Carex
lurida (sallow sedge), Carex trisperma var. trisperma (three-seeded sedge), Scutellaria lateriflora (maddog skullcap), and Epilobium coloratum (eastern willowherb). Sphagnum moss and other bryophytes are
abundant. The red maple - Sphagnum basin swamp at OP 176 is somewhat transitional to a black gum red maple basin swamp. Five canopy black gum and dozens of black gum seedlings occur here. Other
associates of the dominant Acer rubrum (red maple) in the canopy are Tsuga canadensis (hemlock), Abies
balsamea (balsam fir), and Betula alleghaniensis (yellow birch). As with the first example, selective
cutting has also opened up the canopy in this swamp. Many species of herbs and shrubs were
documented here during the survey. This swamp lies adjacent to a hemlock - cinnamon fern forest to the
east.
A small hemlock - cinnamon fern forest (S4) occurs at OP 179. See Parcel 7 description for information
about this community type in the state. This example in Parcel 10 is characterized by Tsuga canadensis
(hemlock) and Acer rubrum (red maple) in the canopy. A sparse cover of shrubs and trees occurs in the
shaded understory. Most frequent (1% cover) are Ilex verticillata (winterberry), Aralia nudicaulis (wild
sarsaparilla), and Osmunda cinnamomea (cinnamon fern). Several other species occur with a cover of
<1%.
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The corner of Parcel 10 at OP 181 supports a very small portion of a small red maple - sensitive fern
swamp (S2S3). See Parcel 2 description for information about this community type in the state. At the
site, nearly all of the swamp lies off property to the east of Parcel 10. The canopy is nearly all Acer
rubrum (red maple). Onoclea sensibilis (sensitive fern), Athyrium filix-femina var. angustum (northern
lady fern), Osmunda cinnamomea (cinnamon fern), Osmunda claytoniana (interrupted fern), Rubus
pubescens (dwarf raspberry), and several other species occur in the understory.
A small, vernal pool-like run-off basin occurs just beyond the west edge of the tennis courts (OP 180). It
appears as though runoff from the courts drains into this peaty depression after rainfall.
WILDLIFE

As in Parcel 8, the beech and oak in this parcel will provide food for a number of species. The small,
temporary wetlands found in various places throughout this parcel may support amphibians that typically
inhabit vernal pools, particularly wood frogs (Rana sylvatica), which can inhabit wetlands with the
shortest duration of flooding. Vernal pools are important habitats for a number of species that are
dependent upon them; however, it is difficult to assess the value of a wetland as potential vernal pool
habitat without species surveys.
NON-NATIVE INVASIVE PLANTS IN THE TEN PARCELS
Several non-native invasive plant species were found in the study area (see Table 2). Most of the nonnative invasive plant locations observed are associated with relatively recent human or natural
disturbances. These disturbed areas include roadsides, trails, logging roads, residential areas, fields, and
beaver drainages.
It is important to continue to search for invasive plants in the study area, particularly along trails, roads,
and riparian corridors. The invasiveness of species and the invasibility of habitats can change over time.
Habitats with altered disturbance regimes, less competition, and lower levels of environmental stress may
become more invadable (Alpert et al. 2000). If removal of these invasive plants is not feasible, they
should be periodically monitored and removed if they threaten significant biological features. See
Appendix 3 for a list of plant species that are known to be invasive in New England (Mehrhoff et al.
2003).
Table 2. Locations of invasive plant species in the ten Lake Wentworth Foundation parcels in
Wolfeboro, NH
Invasive Plant Species

Obser.
Point

Comments

Berberis thunbergii (Japanese
barberry)

229, 230,
231, 232

NatureServe Explorer (2006) states “A serious problem in New England
where it can form thick stands that eliminate all native understory plants.
Although it was initially though to invade mostly disturbed sites, it is now
known to invade high quality habitats as well, including closed canopy
forests.”

Berberis vulgaris (European
barberry)

247

European barberry is a spine-bearing woody shrub introduced from Europe in
the 17th century. It has been widely planted in the region as an ornamental.
The fruits are eaten and dispersed by birds and small mammals. European
barberry is shade tolerant and can infiltrate woodlands and thickets, especially
those that are managed or otherwise disturbed.

Celastrus orbiculatus (Asian

173, 222,

Asian bittersweet is a deciduous vine with a high reproductive rate, long-
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Invasive Plant Species

Obser.
Point

Comments

bittersweet)

239, 240,
242, 243,
244

range dispersal mechanisms, and the ability to root sucker (Maine Natural
Areas Program). This species is primarily dispersed by birds that eat the fruit
during the winter months. Asian bittersweet was introduced to North
America from eastern Asia in the mid 1800’s. Asian bittersweet is not shade
tolerant and is unlikely to spread into closed canopy forests.

Euonymus alata (winged
euonymus)

242, 243

NatureServe Explorer (2006) states this shrub can “alter community structure
and composition by creating a dense shrub layer and shading species in lower
layers…It is a popular horticultural species that can invade mature natural
areas. It produces many seeds, which are favored by birds.”

Fallopia japonica (Japanese
knotweed)

152, 173,
241, 245

Japanese knotweed is an herbaceous perennial that appears woody and grows
3-10’ tall. Japanese knotweed can occur in a wide variety of habitats, most
often in full sunlight but can tolerate moderate amounts of shading. It spreads
via rhizomes and tends to grow thickly, shading out all other vegetation
(Mehrhoff et al. 2003). It is one of the most aggressive invasive species in
the state, made worse by continued hybridization with Fallopia sachalinensis
(giant knotweed), another non-native species. Because this species can
invade nearby natural communities in the study area, these populations should
be removed as soon as possible.

Frangula alnus (alderbuckthorn)

159, 208,
224, 229,
231, 252

Alder-buckthorn is a tall shrub that can invade several different habitat types.
Native to North Africa, Asia, and Europe, it was likely introduced to North
America before 1800. Alder-buckthorn is shade tolerant and can infiltrate
forests, especially forests that are managed or otherwise disturbed.

Lonicera morrowii (Morrow's
honeysuckle

210

Morrow’s honeysuckle is native to Japan and introduced into New England
around 1875.

Lysimachia nummularia
(moneywort)

242

NatureServe Explorer (2006) states “It invades a wide variety of
(predominantly wetland) habitats, including riparian floodplain forests,
riparian herbaceous wetlands, other herbaceous wetlands (e.g., marshes),
swamps, moist upland grasslands, disturbed open uplands, partially open
moist upland habitats (e.g., early successional forest), and roadsides. It has
quickly spread stolons which root at the nodes, and forms mats which can
exclude other herbaceous vegetation.”

Lythrum salicaria (purple
loosestrife)

253

Purple loosestrife is a wetland perennial herb native to Eurasia. It was
introduced into North America in the early 1800s.

Myosotis scorpioides (true
forget-me-not)

209

From Mehrhoff et al. (2003): “True forget-me-not is native to most of Europe
and the western part of Asia. It is able to form large monocultures, especially
in situations where it is in or near a stream. True forget-me-not is still
commonly planted in gardens, allowing it to escape into natural
environments.”

Phalaris arundinacea (reed
canary grass)

216, 228,
240

Reed canary-grass is a circumboreal species with native occurrences in North
America. Early in the 1800s, European cultivars were introduced for forage.
In our country, these cultivars have aggressively spread vegetatively through
rhizomes into open wetlands where they often take over and crowd out native
plants. Reed canary-grass is not shade tolerant and is unlikely to spread into
closed canopy wetlands.

Phragmites australis

221

Common reed is a tall grass (6.5-13 feet high) that typically forms large dense
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Invasive Plant Species

Obser.
Point

(common reed)

Comments
stands in open wetlands. Phragmites australis ssp. americanus is a native
strain that has occurred in New England for at least 4000 years (Mehrhoff et
al. 2003). Most occurrences of common reed in our area are likely the
invasive non-native strain.

Poa compressa (Canada
bluegrass)

170, 189,
212, 237,
239, 240,
241

A native of Europe, Canada bluegrass was introduced into North America for
forage. Canada bluegrass is not shade tolerant and is most competitive in dry
soils.

Robinia pseudoacacia (black
locust)

173

Black locust is a fast growing tree, spreading mostly by vegetative root
suckers. Native to the Appalachian Mountains from northern Alabama and
Georgia to central Pennsylvania, black locust was first introduced into New
England due to its value, once cut and shaped, as rot resistant fence posts.
Intolerant of low light levels, this species is usually found in disturbed areas
in full sun. However, because of the extent of forest edge between Parcel 9
and 10 – a suitable habitat for this invader – this population should be
eliminated as soon as possible.

Rorippa nasturtiumaquaticum (true watercress)

164, 197,
215

First reported in New England in 1831, it is native to Europe, North Africa,
and the Middle East. Seeds remain viable in the seedbank for several years,
have a high germination rate, and the plant grows rapidly once established.

Rosa multiflora (multiflora
rose

165, 197

Multiflora rose is a thorny shrub that can form dense thickets. This prolific
seed producer is native to eastern Asia. Multiflora rose is not shade tolerant
and is unlikely to spread into closed canopy forests.

Rumex acetosella (red sorrel)

153, 212,
237, 239,
240

Red sorrel, an introduced perennial herb from Europe, is not shade tolerant
and is unlikely to spread into closed canopy forests.

Solanum dulcamara
(nightshade)

198, 216,
223, 237,
263

Nightshade is a perennial vine native to Europe, Asia, and North Africa. By
the late 1800s, it was widespread in New England.

Non-native invasive plants are considered to be a serious threat to global biodiversity. The U.S. Fish &
Wildlife Service estimates that 42% of the rare plants in the country have declined as a result of nonnative invasive plants. In the United States, over 1000 plant species have been identified as being an
invasive threat to our native flora and fauna. A summary of the known ecological impacts of these
invasive plants include:
•
•
•
•
•
•
•

reduction of biodiversity
loss of and encroachment upon endangered and threatened species and their habitat
loss of habitat for native insects, birds, and other wildlife
loss of food sources for wildlife
changes to natural ecological processes such as plant community succession
alterations to the frequency and intensity of natural fires
disruption of native plant-animal associations such as pollination, seed dispersal and host-plant
relationships (http://www.nps.gov/plants/alien/bkgd.htm#problem)
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Specifically, non-native invasive plants:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

compete with and replace rare and endangered species
encroach upon limited habitat of rare and endangered species
reduce or eliminate localized or specialized native plant communities, such as spring ephemeral
plant communities
disrupt insect-plant associations necessary for seed dispersal of native plants
disrupt native plant-pollinator relationships
reduce and eliminate host plants for native insects and other wildlife
hybridize with native plant species, altering their genetic makeup
serve as host reservoirs for plant pathogens and other organisms that can infect and damage
desirable native and ornamental plants
replace nutritious native plant foods with lower quality sources
kill trees and shrubs through girdling
increase the incidence of plant disease and stress in forested areas
prevent seedling establishment of native trees and shrubs
reduce vigor of mature trees through shading
reduce the amount of space, water, sunlight and nutrients that would be available to native species
increase erosion along stream banks, shorelines and roadsides
change characteristics of the soil structure and chemistry
alter hydrological flows and conditions (http://www.nps.gov/plants/alien/bkgd.htm#problem)

The National Park Service summarizes a basic non-native invasive plant management approach:
The best way to reduce plant invasions is to focus on preventing non-native species introductions,
managing existing infestations, minimizing disturbance to forests, wetlands, barrens and other natural
communities, and learning to work with, rather than against, “Mother Nature.”
Some management considerations for invasive plants in the study area include:
•
•
•
•
•
•
•
•
•
•
•

size of invasive plant population
frequency of invasive species in lands adjacent to the study area
rarity or ecological significance of the natural community the invasive species occurs in
invasive species’ degree of “aggressiveness”
potential or actual threat to rare plant populations
ability to significantly alter ecosystem function
reproductive strategies
distribution pathways
determination of best management method
monitoring protocols
management feasibility

Management recommendations for invasive plants will vary depending on the species. In general, higher
priority should be given to the management of invasive plant species occurring with rare plant
populations and in exemplary natural communities. Before applying control methods at any of the
invasive plant sites in the study area, additional time should be spent surveying for the exact extent of the
invasive plant population at each site. This information is important in helping to determine the priority
and management feasibility at each one of the invasive plant sites. For information on the control of non-
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native invasive plants, contact the NH Invasive Species Coordinator (Doug Cygan, 271-3488) or visit the
following websites:
http://www.newfs.org/conserve/index.htm
http://plants.usda.gov/cgi_bin/plant_profile.cgi?symbol=BETH
http://www.state.me.us/doc/nrimc/mnap/factsheets/invasivesfact.html
http://www.we200edcenter.org/management/management.html
http://www.nps.gov/plants/alien/pllists
http://dir.yahoo.com/Society_and_Culture/Environment_and_Nature/Invasive_Species/Plants
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STEWARDSHIP CONSIDERATIONS
The previous section included a number of management issues and recommendations specific to certain
exemplary natural communities and natural community systems, and to the current infestations of
invasive species. In this section of the report, we offer more broadly applicable stewardship
considerations.
Although significant natural features (e.g., rare plant and exemplary natural community and natural
community system) occupy a small proportion of the study area landscape, they play a disproportionately
important role in the protection of biodiversity relative to their small size. Insulating significant natural
features within the study area from all but the least intrusive human activities will insure the highest level
of protection for these features. For example, tree removal in exemplary natural communities has an
immediate and lasting negative impact to biological legacies and intrinsic ecological conditions that
characterize these communities. Ideally, they are protected within large unmanaged areas to minimize
edge effect on populations and natural communities and to maximize potential for expansion. In parts of
the study area not planned for forest management, the ecological significance of previously managed
forest communities will improve with time. Sustained protection over time will naturally restore many
biological legacies and ecological conditions intrinsic to unmanaged states of these communities.
Specific stewardship guidelines and effective protection of rare elements within a managed landscape first
requires an assessment of their sensitivity to potential management activities. Management plans can
then be developed that consider the varying levels of sensitivity of particular species and natural
communities to different disturbance factors. Table 3 provides a relative assessment, by habitat type, of
sensitivity to disturbance and potential to contain rare plant species and natural community types.
DIRECT EFFECTS OF LAND USE ON RARE PLANTS AND NATURAL COMMUNITIES
Land use activities can have several types of direct effects on natural communities and their component
species, and as presented in Table 3, some communities are less resistant or resilient to these effects than
are others. Resistance is a measure of how much disturbance a community can absorb without change in
its key characteristics, such as nutrient cycling, plant species composition, and species diversity. Another
measure of ecosystem stability is resiliency, the ability of an ecosystem to recover from major
disturbance. For instance, tropical forests have less resistance and resiliency than temperate forests; land
clearing can quickly result in irreversible changes in composition and processes. Temperate forests are
more resilient because nutrient losses stabilize over time and at least some plant species can revegetate a
site. Even temperate forests are not impervious, however, and irreversible changes can occur under longterm, high-extraction timber management. For this reason, biodiversity conservation at a landscape scale
can best be achieved when forestry practices are sustainable, performed in such a way that natural
community types can persist indefinitely without permanent changes in nutrient levels, hydrologic
regime, species composition, or other key characteristics.
Based on current knowledge, impact or risk of impact from land use appears to be greatest in the
following kinds of areas: previously undisturbed sites; rare or uncommon communities; enriched sites;
and heavily disturbed sites that are already near the resiliency threshold (i.e., further disturbance will
decrease the likelihood of recovery or result in a long-term community change). Below, we summarize
some of the effects of land use as they pertain to biodiversity conservation and management in the study
area. Although we do not set forth a blueprint for biologically sustainable forestry practices, the
ecological principles discussed below are relevant for developing such a blueprint. For other silvicultural
recommendations that strive to manage for timber production and ecological values, see Flatebo et al.
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(1999), Roe and Ruesink (2004), Seymour et al. (2002), Whitman and Hagan (2004), and The Nature
Conservancy (2004).
Habitat size and viability. In general, the larger and more unfragmented a community or group of
communities, the more viable it will be over time. Habitat loss affects the viability of remaining natural
communities by reducing their total area, the population size of constituent species, internal microhabitat
and species diversity, and the integrity of certain area-related ecological processes. Fragmentation is a
secondary consequence of patchy habitat loss, with which it is often confused. In the strictest sense,
fragmentation concerns the effects of cutting a habitat into pieces rather than loss of area alone.
Fragmentation reduces or eliminates the migration of animal and plant species, and it alters interactions
and processes within and between communities, such as movement of nutrients, invasion by exotics, and
other edge effects. Therefore, communities that are large and within intact landscapes contribute more to
the biodiversity of a region and have greater significance as reserve areas.
Nutrient levels and site productivity. Harvesting vegetation removes nutrients from a system and may
modify the fate of nutrients that remain in the soil, particularly nitrogen and base-cations. After a harvest,
nutrients flush out of the soil over several years. This short-term process results from a combination of
increased microbial activity, which makes nutrients available to plants; decreased nutrient uptake by the
reduced vegetation; and increased leaching of nutrients, due to decreased water uptake and increased
stream flow (Likens et al. 1970; Vitousek et al. 1979). Increased flow of nutrients into streams decreases
downstream water quality.
Whole-tree harvesting results in great nutrient loss from a site because of the high concentration of
nutrients in leaves and twigs. This loss is greatest where soils are richest; enriched sites (e.g., rich mesic
forests) have a high concentration of nutrients in biomass and soils, and therefore lose proportionally
more nutrients than poor sites per unit biomass or per unit area harvested. On nutrient-poor soils where
vegetation may have a particularly low concentration of nutrients, significant biomass removal can
contribute to further nutrient impoverishment of the site. Therefore, minimizing biomass loss of twigs
and leaves on both nutrient-rich and nutrient-poor sites may be relatively more important than at
intermediate sites. Avoiding harvesting or reducing cut intensity on enriched sites also reduces nutrient
loss and effects on downstream water quality.
Changes in species composition from disturbances are likely due in part to changes in nutrient
availability. Adding nutrients from outside the system is more likely to have an impact on the species
composition of nutrient-poor communities than that of nutrient-rich ones, because most species in
nutrient-poor sites are not well adapted to compete under high-nutrient conditions. Potential impacts to a
community due to nutrient inputs and losses are summarized in Table 3.
Logging or fires also have long-term destabilizing effects, lasting decades or centuries, on carbon (C) and
nitrogen (N) balances in forests. This results in different patterns of accumulation and cycling of C and N
in disturbed vs. old-aged forests that have not been cut or burned, including different responses to N
deposition from anthropogenic sources. Old-aged forests have lower C:N ratios and greater nitrification
rates than disturbed forests (Goodale and Aber 2001).
Species composition. Removal of vegetation modifies site conditions and influences the organisms that
occur within a site. Canopy removal directly impacts shrubs and herbs: it increases the light reaching the
shrub and herb layers, elevates soil and surface temperatures, increases water loss to streams due to
reduced uptake by trees, increases drought stress at the soil surface, and alters nutrient cycling. These
effects change the species composition and abundance in the herb, shrub, and tree layers. Most forest-
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adapted species are replaced (at least temporarily) by those better adapted to the new, early-successional
conditions.
Although the picture is far from complete, there is mounting evidence that some forest types may take
decades or centuries to resume pre-harvest composition, and in some cases a forest may never fully
recover (Meier et al. 1995). Diversity of understory herb species in rich forest areas, for example, can be
reduced by harvesting activity, particularly clear-cutting, and recovery of this diversity is very slow
(Meier et al. 1995). Studies have shown that even after 80-100 years or more, numerous vernal herbs that
had been eliminated following harvesting were still absent (Meier et al. 1995; Duffy and Meier 1992). In
general, significant canopy removal has greater impacts on uncommon or rare species, sun-intolerant
species that rely primarily on vegetative reproduction, and species that cannot re-seed the area from
nearby sources.
Soil erosion and structure. Soil is the foundation for supporting nearly all organisms: it contains and
retains nutrients, water, soil organisms, roots, and buried seed (seed banks). Significant losses of soil,
natural soil structure, or vegetation that helps retain soil ultimately affect the function, structure, and
composition of natural communities. Road construction, mechanical disturbance from logging
equipment, and hiking and off-road vehicles can increase erosion or compact soil and vegetation. Proper
road and trail design and maintenance and implementing sustainable logging practices are key elements to
limiting soil damage.
Vegetation structure, coarse woody debris, and soil dynamics. The character and fate of woody and
non-woody vegetation at a site are important in the development and maintenance of above- and belowground biological activity and long-term development of soil and soil processes. Removing vegetation
alters the physical structure and abundance of living and dead plant material. Certain organisms and soil
processes depend on the presence of coarse woody material in various stages of decay both above and
below the soil surface. Dead and downed woody material is less common in heavily managed forests
than in old-growth forests. Leaving trees to die and decay in a natural manner is important for
development of old-growth forest. In managed forest landscapes, maintenance of some coarse woody
material is a common practice for maintaining wildlife habitat for birds and mammals, although it
probably does not replicate the natural abundance and distribution in unmanaged forests.
Hydrology. Many natural communities have specific hydrologic characteristics that, if modified, would
change community functions and the composition and abundance of species. While some communities
change dramatically over a short time scale (e.g., drainages influenced by beavers), others change more
subtly (e.g., certain bogs). Table 3 identifies the relative hydrologic sensitivity of various types of
communities to changes in water quantity and quality.
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Table 3. Relative sensitivities of natural community groups in and around the study area to human-induced impacts. H=high, M=medium, L=low.
Potential for
rare plant
species

Relative sensitivity of natural communities and component rare plant species to:
Erosion/
Nutrient loss/
Tree
mechanical
Hydrologic
Hiking or
leaching from
removal
disturbance
alterations
climbing
disturbance

Groups of natural
communities

Predominant soil
type

Likelihood of
rare community
types in group

Mesic acidic
forests (steep)

Sandy loams

L

L-M

M-H

M-H

L

L

M

L

Mesic acidic
forests (lowmoderate slopes)

Sandy loams

L

L

M-H

L-M (on silts)

L-M (on silts)

L

L

L

Semi-rich mesic
forests

Silt loam,
colluvium

M

M

H

M-H

L-M (on silts)

L-M

H

L

Cliffs, ridges, and
woodlands

Bedrock, shallow
till

M-H

H

M-H

L-M

L

M-H

L

L

Talus

Rocky talus,
colluvium

M

M

M-H

M

L

M-H

M

L

Forested swamps

Organic and
mineral

M

L-M

M-H

M-H

H

L-M

L-M

M

Seeps and seepage
forests

Shallow organic
over mineral

H

H

M-H

H

H

H

L

H

Stream banks,
channels

Mineral
(sand/gravel)

M-H

M-H

H

H

H

M

L

M-H

Marshes and shrub
thickets

Muck and/or
mineral

L-M

L-M

M

M

H

L-M

M

L-M

Bogs and fens

Organic (peat)

H

M-H

M-H

M-H

H

M-H

L

H

Aquatic

Variable

Not yet known

L-M

--

L

H

L

L

M-H
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OTHER STEWARDSHIP CONSIDERATIONS
Benefits and threats of beaver activity. Understanding the dynamic processes associated with beaver
activity can help mitigate potential threats to rare plant populations and exemplary natural features.
Beaver influenced natural communities in the study area include aquatic beds, emergent marshes, medium
level fens, peaty marshes, shrub thickets, and swamps.
Beavers can significantly alter an ecosystem. Second- to fourth-order streams (Naiman et al. 1988) and
lowlands adjacent to these streams are particularly susceptible to beaver activity. A typical sequence
occurring after a beaver dam is built includes flooding, loss of most trees and shrubs, clearing of shoreline
areas as a result of tree cutting, establishment of aquatic and emergent marsh plants, dam abandonment
and breaching, and colonization of pond basins by graminoids on peat or muck substrates or by shrubs
and trees on mineral soils (Hammerson 1994). Drawn-down pond basins, as well as beaver ponds
themselves, may include habitat suitable for rare plants. Beaver ponds support a shifting mosaic of
environmental conditions that relate to pond age and size, successional status, substrate, hydrological
characteristics, and nutrient inputs (Naiman et al. 1988). In some ponds, the wetland community may be
predominantly fen, while other ponds may be dominated by emergent marsh (Naiman et al. 1988).
Beaver activity can also have negative impacts. It can eliminate rare plant populations and destroy habitat
suitable for them through flooding along dammable brooks. Beavers can also dig through floating mats
and form areas of open water (Rebertus 1986). Rising water levels associated with beaver damming can
lift a floating mat, rip it from shoreline vegetation, and increase moat area (Rebertus 1986). In some fens,
small ponds can form as a result of increasing the area of natural moats. The persistence of a fen
following beaver-induced flooding may depend on whether the mat was floating or grounded prior to
flooding. Floating mats are not inundated by flooding, but rise with increased water levels associated
with beaver impoundments (Naiman et al. 1988; Rebertus 1986). However, a change in water level can
significantly alter vegetation composition on the mat (Jeglum 1975; Mitchell and Niering 1993). Beaver
reestablishment in a Sphagnum-dominated fen in West Virginia led to the flooding of 15% of the fen,
species abundance shifts, a change in the course of the stream channel, and the loss of one plant
community (Lang and Wieder 1984). Naiman et al. (1988) stated that fens with floating mats in flooded
basins change little over time. Other beaver-related ecosystem alteration, management, and monitoring
issues are summarized in Hammerson (1994).
Dynamic ecosystem processes. Perpetuation of natural disturbance regimes and ecosystem processes
(e.g., beaver activity, windthrow, storms, drought, flooding, animal trails, herbivory, fire, and other
disturbances) is necessary for the long-term survival of many rare plant populations; they have evolved in,
are adapted to, and in many cases require these dynamics. In this scenario, large areas of suitable habitat
with dynamic ecosystem processes may be more important to population persistence than the actual
number of plants present at one instant in time. For example, in larger habitats, a rare plant species
occurring in certain types of open wetlands is more likely to survive periods without disturbance, either in
the seed bank or as scattered individuals in small patches along trails, around blowdowns, or along small
beaver ponds. New populations may arise from the seed bank in suitable habitat following disturbance.
In most of these transient sites, a viable seed bank, surviving for decades (or even centuries) since the last
disturbance, rather than dispersal and migration, is the source of propagules (Reznicek, A. A., personal
communication with W. Nichols, 1997, 2001; Keddy and Reznicek 1982, 1986). Some rare plant species
occur in both dynamic natural habitats and habitats that are more resistant to change or that slowly
succeed. Management for occurrences in the latter scenario might include periodic monitoring, removing
plants that shade the population, and encouraging dynamic ecosystem processes.
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Deer and moose browse. In the northeast, the selective foraging habits of deer and moose can affect
ecosystem dynamics by altering competitive relationships and dramatically impacting natural community
composition and structure with secondary effects on insects, birds, and other mammals (Cote et al. 2004).
Cote et al. (2004) state that…
…The number and significance of these effects make clear that deer (including moose) can tip
forest ecosystems toward alternative states by acting as “ecosystem engineers” or “keystone
herbivores,” greatly affecting the structure and functioning of temperate and boreal forests
(McShea and Rappole 1992; Stromayer and Warren 1997; Waller and Alverson 1997)…Large
herbivores have the ability to act as “biological switches” that move forest communities toward
alternative successional pathways and distinct stable states (Hobbs 1996; Laycock 1991; Schmitz
and Sinclair 1997).
Deer densities in fragmented forests in eastern North America can exceed 100/square mile. McCabe and
McCabe (1997) suggest that current deer numbers in North America are unprecedented. In areas where
deer numbers are high, long term management at lower, more sustainable densities appears to be required
to protect fragmented forests against the negative effects of over browsing that has resulted from
unsustainable deer densities (Augustine and Frelich 1998).
New Hampshire appears to have the lowest white-tailed deer population densities in the northeast and
arguably east of the Mississippi, ranging on average between 5-20 deer/square mile. New Hampshire
Fish and Game staff relate New Hampshire’s current statewide deer densities to several factors
including…
…our severe winters, the general maturity of our forests, our general lack of agricultural lands, and
the relatively low fertility of our landscape. As a consequence, our management focus is on the
quality rather than quantity of our deer herd. We strive to maintain our herd in good health, and
with balanced sex and age ratios. In short, we play to our strength. This of course, obligates us to
maintain our densities well below carrying capacity…
The highest moose densities in the state occur north of the White Mountains and, by certain measures,
even these higher moose densities are similar to that of white-tailed deer in that they appear to be below
biological carrying capacity in the region (New Hampshire Fish and Game).
In Vermont, state Fish & Wildlife biologists increased moose hunting permits from 440 in 2003 to 850 in
2004. The purpose of the increase in permits is to stabilize the growth of moose populations in the
Northeast Kingdom and to slow the growth elsewhere in the state (Vermont Fish & Wildlife Department).
Wildlife biologists state that the regeneration of some trees is being compromised and that “many other
species of wildlife are being negatively affected due to habitat destruction. Ground-nesting birds,
snowshoe hare, endangered spruce grouse, and other small wildlife have less shelter from predators due to
the heavy browsing by moose” (Cedric Alexander, Vermont Fish & Wildlife Department). The goal
described in Vermont’s Moose Management Plan is to “stabilize the moose population in WMU E at
1996 levels by increasing permits most in this area.” Information from the Vermont Fish & Wildlife
website goes on to say that “The proposed increase in permits should also help reduce the number of
human injuries and fatalities caused by motor vehicle collisions with moose as well as reduce moose
damage to maple sugar tubing and farm fencing.”
Some researchers (Cote et al. 2004) recommend that ecologists should…
…work to identify threshold densities at which substantial impacts occur and devise effective
strategies to limit deer (including moose) impacts and sustain ecosystem integrity, i.e., the
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capacity of an ecosystem to preserve all its components and the functional relationships among
those components following an external perturbation (sensu De Leo and Levin 1997; Hester et al.
2000; Scheffer and Carpenter 2003).
New Hampshire Fish & Game is currently involved in a planning process based on a detailed stakeholder
input process. Fish and Game staff summarized this process as emphasizing “ecological considerations
relating to both deer and moose health, and plant and animal community health.” The result of this
process will be the formulation of management goals for deer, bear, moose, and turkeys, in each of 17
management units in the state, for a 10-year period.
While herd characteristics (e.g., health, density, and % of carrying capacity) are clearly not equivalent to
those elsewhere in the east where dramatic effects on natural community composition, structure, and
function have been described, the specific interactions in New Hampshire among deer and moose density,
commercial forestry practices, and natural community composition and structure (including rare plants)
remains to be established. While we are cautiously optimistic that current levels of browse may not be
affecting natural community composition in a substantially negative way, it would be prudent to establish
the nature of these interactions through research to substantiate these assumptions.
Unforeseen negative impacts from conservation activity. Intense monitoring of rare plants (e.g.,
trampling, soil compaction, residue left on plant tissue from human contact, etc.), experimental
management activity intended to promote population growth (prescribed burns, soil scarification, control
of competing vegetation, etc.), and other management and research activity can have unforeseen negative
impacts. Overall, even though the potential benefits from most conservation action are positive, the
possible negative impacts associated with those activities should be considered during the planning
stages.
Trail impacts. Recreational use of trails (hiking, jogging, horseback riding, etc.) can negatively impact
birds and other animals, as well as natural communities (Jordan 2000). Jordan discusses several of these
impacts, including trampling, soil compaction, erosion, disturbance, pollution, nutrient loading, and
introduction of non-native invasive plant species. The trail network in the study area should be reviewed
with potential ecological impacts in mind. Those trails whose negative impacts to the surrounding
environment outweigh the benefits to recreational users should be considered for closing. This may be
especially true for well-used trails associated with significant biological features.
Buffers. Within a managed landscape, it is unlikely that all rare plant populations and exemplary natural
communities will be maintained within natural areas protected from logging and other land uses. In less
protected settings, therefore, it is important to set appropriate buffers between conservation targets and
managed areas. Buffers reduce the impact of disturbances outside the system and ensure that other
environmental characteristics and processes within the community remain intact. Buffers help protect
natural communities from the deleterious effects of increased nutrients, reduced water quality, altered
water quantity, invasion by exotic species, windthrow, loss of secondary plant or animal habitat, and
detrimental changes in surrounding land use that may increase threats over the long term (Chase et al.
1995). Deciding on an adequate buffer width depends on what impacts are being buffered against, the
time frame for protection, and the acceptable level of impact or risk of impact. Recommended buffer
requirements for New Hampshire wetlands and riparian areas are summarized in Buffers for Wetlands and
Surface Waters (Chase et al. 1995) and Good Forestry in the Granite State (New Hampshire Forest
Sustainability Standards Work Team 1997), which focus on water-quality buffering. These sources
recommend a minimum buffer of 100 feet on either side of a stream, while recognizing that a buffer of
this width will not be sufficient to protect water quality in all circumstances, and will often not provide
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sufficient protection for rare plant species, natural communities, or wildlife species. For instance, while a
100-foot setback may be adequate to buffer a marsh community from nutrients from a nearby house, a
nutrient-poor ecosystem, such as most peatland types, might require a 200-foot buffer because of its
greater sensitivity to nutrient inputs. Neither of these setbacks, however, is likely to protect against
effects such as the impacts of domestic cats and dogs on ground-nesting birds in the marsh or the loss of
upland feeding habitat for wetland insects. Direct impacts are likely most serious within 300 feet of
wetland areas.
Regular surveys. In general, rare plant populations should be revisited once every five (or fewer) years to
collect data necessary to assess viability and stewardship needs. Monitoring rare plant populations is
necessary for proper stewardship (Davy and Jaffries 1981; Sutter 1986). Determining potential risks to
population health would allow managers to take preventive measures. Exemplary natural communities
should also be periodically surveyed every five to ten years, particularly those requiring dynamic
ecosystem processes. Most types of natural communities and rare plant species are adapted to or require
dynamic ecosystem processes and natural disturbances for their long-term integrity or survival. These
processes include nutrient cycling fluxes, beaver activity, windthrow, storms, drought, animal trails,
herbivory, fire, and other disturbances.
Exotic earthworms. In the study area, the impact of exotic earthworms is likely still low to moderate but
the potential for the release of live earthworm bait after fishing is high. Therefore, the need for land
managers and ecologists working in these forests to be informed about exotic earthworm issues is now
especially important. Because of the emerging threat posed by exotic earthworms, a literature review
with extensive management recommendations is presented in Appendix 5.
Because earthworm migration in soil is slow, experts feel preventing new introductions is a higher
priority than containing established populations (Brooklyn Botanic Garden 2004). The best current
management option may be to reduce the rate of new introductions through education and by adopting
laws restricting earthworm importation. Recommendations most related to “on the ground” management
in the study area include 1) sampling for exotic earthworms; 2) not releasing living unused bait worms; 3)
promoting the use of alternative types of live fishing bait; 4) restricting logging and road building where
the presence of earthworms could threaten rare plants and exemplary natural communities; and 5)
educating others about the ecological impacts of exotic earthworms by posting informative signs near
boat landings and popular land-based fishing spots and by distributing fact sheets.
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Appendix 1. Explanation of global and state rank codes.
Ranks describe rarity both throughout a species’ range (globally, or “G” rank) and within New Hampshire
(statewide, or “S” rank). The rarity of sub-species and varieties is indicated with a taxon (“T”) rank. For
example, a G5T1 rank shows that the species is globally secure (G5) but the sub-species is critically
imperiled (T1).
Code Examples

Description

1

G1

S1

Critically imperiled because extreme rarity (generally one to five occurrences) or some
factor of its biology makes it particularly vulnerable to extinction.

2

G2

S2

Imperiled because rarity (generally six to 20 occurrences) or other factors demonstrably
make it very vulnerable to extinction.

3

G3

S3

Either very rare and local throughout its range (generally 21 to 100 occurrences), or
found locally (even abundantly at some of its locations) in a restricted range, or
vulnerable to extinction because of other factors.

4

G4

S4

Widespread and apparently secure, although the species may be quite rare in parts of its
range, especially at the periphery.

5

G5

S5

Demonstrably widespread and secure, although the species may be quite rare in parts of
its range, particularly at the periphery.

U

GU

SU

Status uncertain, but possibly in peril. More information needed.

H

GH

SH

Known only from historical records, but may be rediscovered. A G5 SH species is
widespread throughout its range (G5), but considered historical in New Hampshire (SH).

X

GX

SX

Believed to be extinct. May be rediscovered, but evidence indicates that this is less
likely than for historical species. A G5 SX species is widespread throughout its range
(G5), but extirpated from New Hampshire (SX).

Modifiers are used as follows.
Code Examples

Description

Q

G5Q GHQ Questions or problems may exist with the species’ or sub-species’ taxonomy, so more
information is needed.

?

G3? 3?

The rank is uncertain due to insufficient information at the state or global level, so
more inventories are needed. When no rank has been proposed the global rank may be
“G?” or “G5T?”

When ranks are somewhat uncertain or the species’ status appears to fall between two ranks, the ranks
may be combined. For example:
G4G5

The species may be globally secure (G5), but appears to be at some risk (G4).

G5T2T3

The species is globally secure (G5), but the sub-species is somewhat imperiled (T2T3).

G4?Q

The species appears to be relatively secure (G4), but more information is needed to
confirm this (?). Further, there are questions or problems with the species’ taxonomy (Q).

G3G4Q S1S2

The species is globally uncommon (G3G4), and there are questions about its taxonomy
(Q). In New Hampshire, the species is very imperiled (S1S2).
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Appendix 2. Explanation of state listing codes.
In 1987, the New Hampshire state legislature passed the Native Plant Protection Act (RSA 217-A) and
formally recognized that “for human needs and enjoyment, the interests of science, and the economy of
the state, native plants throughout this state should be protected and conserved; and . . . their numbers
should be maintained and enhanced to insure their perpetuation as viable components of their ecosystems
for the benefit of the people of New Hampshire.” To compile a list of the species requiring protection,
the NH Natural Heritage Program collaborated with knowledgeable botanists and identified the most
imperiled taxa as “endangered” and those likely to become endangered as “threatened.” A total of 288
taxa were listed, 144 as endangered and 144 as threatened. A revised list of endangered or threatened
plant species, completed in 2005, totals 380 taxa, 282 as endangered and 98 as threatened. In addition to
endangered and threatened categories, state watch and indeterminate categories exists.
Endangered
Native plants documented as having five or fewer natural occurrences in the state observed within the last
20 years, or plants with more than five occurrences that are, in the judgement of experts, critically
imperiled by extirpation due to other important rarity considerations (number of individuals, area of
population occupancy, restrictiveness and distribution of species’ geographic range, habitat rarity,
population trends, population viability, and degree of protection).
Threatened
Native plants documented as having 6-20 natural occurrences in the state observed within the last 20
years, or plants with more than 20 occurrences that are, in the judgement of experts, imperiled by
extirpation due to other important rarity considerations (number of individuals, area of population
occupancy, restrictiveness and distribution of species’ geographic range, habitat rarity, population trends,
population viability, and degree of protection).
Watch
Native plants documented as having 21-100 natural occurrences in the state observed within the last 20
years, or plants that are, in the judgement of experts, vulnerable to extirpation due to other important
rarity considerations (number of individuals, area of population occupancy, restrictiveness and
distribution of species’ geographic range, habitat rarity, population trends, population viability, and
degree of protection). Native plants whose status is uncertain, but are possibly in peril, may be designated
state watch as well.
Indeterminate
Indeterminate taxa are under review for listing as endangered, threatened, or watch, but their rarity,
nativity, taxonomy, and/or nomenclature are not clearly understood.
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Appendix 3. List of IPANE’s non-native invasive plant species in New England.
Scientific Name
Acer ginnala Maxim.
Acer platanoides L.
Acer pseudoplatanus L.
Aegopodium podagraria L.
Ailanthus altissima (Mill.) Swingle
Aira caryophyllea L.
Alliaria petiolata (Bieb.) Cavara & Grande
Allium vineale L.
Alnus glutinosa (L.) Gaertner
Amorpha fruticosa L.
Ampelopsis brevipedunculata (Maxim.) Trautv.
Anthriscus sylvestris (L.) Hoffm.
Arthraxon hispidus (Thunb.) Makino
Berberis thunbergii DC.
Berberis vulgaris L.
Bromus tectorum L.
Butomus umbellatus L.
Cabomba caroliniana A. Gray
Callitriche stagnalis Scop.
Cardamine impatiens L.
Carex kobomugi Ohwi
Celastrus orbiculatus Thunb.
Centaurea biebersteinii DC.
Chelidonium majus L.
Cirsium arvense (L.) Scop.
Cirsium palustre (L.) Scop.
Cynanchum louiseae Kartesz & Gandhi
Cynanchum rossicum (Kleo.) Barbarich
Cytisus scoparius (L.) Link
Datura stramonium L.
Egeria densa Planchon
Eichhornia crassipes (Mart.) Solms
Elaeagnus angustifolia L.
Elaeagnus umbellata Thunb.
Elsholtzia ciliata (Thunb.) Hylander
Epilobium hirsutum L.
Euonymus alata (Thunb.) Sieb.
Euphorbia cyparissias L.
Euphorbia esula L.
Frangula alnus Mill.
Froelichia gracilis (Hook.) Moq.
Geranium thunbergii Sieb. & Zucc. ex Lindl. & Paxton
Glaucium flavum Crantz
Glechoma hederacea L.
Glyceria maxima (Hartman) Holmburg
Heracleum mantegazzianum Sommier & Levier
Hesperis matronalis L.
Humulus japonicus Sieb. & Zucc.
Hydrilla verticillata (L. f.) Royle
Hydrocharis morsus-ranae L.
Hypericum prolificum L.
Impatiens glandulifera Royle
Iris pseudacorus L.
Kochia scoparia (L.) Schrader
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Common Name
Amur maple
Norway maple
Sycamore maple
Goutweed
Tree of heaven
Silver hairgrass
Garlic mustard
Wild garlic
European black alder
False indigo
Porcelainberry
Wild chervil
Hairy jointgrass
Japanese barberry
Common barberry
Drooping brome-grass
Flowering rush
Fanwort
Pond water-starwort
Narrowleaf bittercress
Japanese sedge
Oriental bittersweet
Spotted knapweed
Celandine
Canada thistle
Marsh thistle
Black swallow-wort
Pale swallow-wort
Scotch broom
Jimsonweed
Brazilian waterweed
Water hyacinth
Russian olive
Autumn olive
Crested late-summer mint
Hairy willow-herb
Winged euonymus
Cypress spurge
Leafy spurge
Glossy buckthorn
Slender snake cotton
Thunberg's geranium
Yellow hornpoppy
Ground ivy
Reed mannagrass
Giant hogweed
Dame's rocket
Japanese hops
Hydrilla
European frogbit
Shrubby St. Johnswort
Ornamental jewelweed
Yellow iris
Common kochia
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Scientific Name
Lepidium latifolium L.
Ligustrum obtusifolium Sieb. & Zucc.
Ligustrum ovalifolium Hassk.
Ligustrum sinense Lour.
Ligustrum vulgare L.
Lonicera x bella Zabel
Lonicera japonica Thunb.
Lonicera maackii (Rupr.) Herder
Lonicera morrowii A. Gray
Lonicera tatarica L.
Lonicera xylosteum L.
Luzula luzuloides (Lam.) Dandy & Wilmott
Lychnis flos-cuculi L.
Lysimachia nummularia L.
Lysimachia vulgaris L.
Lythrum salicaria L.
Marsilea quadrifolia L.
Microstegium vimineum (Trin.) A. Camus
Miscanthus sinensis Anderss.
Myosotis scorpioides L.
Myriophyllum aquaticum (Vell.) Verdc.
Myriophyllum heterophyllum Michx.
Myriophyllum spicatum L.
Najas minor Allioni
Nymphoides peltata (Gmel.) Kuntze
Onopordum acanthium L.
Ornithogalum umbellatum L.
Paulownia tomentosa (Thunb.) Sieb. & Zucc.
Phalaris arundinacea L.
Phragmites australis (Cav.) Trin. ex Steud.
Pistia stratiotes L.
Poa compressa L.
Polygonum caespitosum Blume
Polygonum cuspidatum Sieb. & Zucc.
Polygonum perfoliatum L.
Polygonum sachalinense F. Schmidt ex Maxim.
Populus alba L.
Potamogeton crispus L.
Pueraria montana var. lobata (Willd.)
Ranunculus ficaria L.
Ranunculus repens L.
Rhamnus cathartica L.
Robinia pseudoacacia L.
Rorippa microphylla (Boenn. ex Reichenb.) Hyl. ex A.& D. Löve
Rorippa nasturtium-aquaticum (L.) Hayek
Rosa multiflora Thunb. ex Murr.
Rosa rugosa Thunb.
Rubus phoenicolasius Maxim.
Rumex acetosella L.
Salvinia molesta Mitchell Complex
Senecio jacobaea L.
Silphium perfoliatum L.
Solanum dulcamara L.
Trapa natans L.
Tussilago farfara L.
Valeriana officinalis L.
Veronica beccabunga L.
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Common Name
Perennial pepperweed
Border privet
California privet
Chinese privet
European privet
Bell's honeysuckle
Japanese honeysuckle
Amur honeysuckle
Morrow's honeysuckle
Tatarian honeysuckle
Dwarf honeysuckle
Oakforest woodrush
Ragged robin
Moneywort
Garden loosestrife
Purple loosestrife
European waterclover
Japanese stilt grass
Eulalia
Forget-me-not
Parrotfeather
Variable-leaf watermilfoil
Eurasian watermilfoil
Brittle water-nymph
Yellow floating heart
Scotch thistle
Star-of-Bethlehem
Princess tree
Reed canary grass
Common reed
Water lettuce
Canada bluegrass
Bristled knotweed
Japanese knotweed
Mile-a-minute vine
Giant knotweed
White poplar
Curly-leaved pondweed
Kudzu
Fig buttercup
Creeping buttercup
Common buckthorn
Black locust
Onerow yellowcress
Watercress
Multiflora rose
Rugosa rose
Wineberry
Sheep sorrel
Salvinia
Tansy ragwort
Cup plant
Bittersweet nightshade
Water chestnut
Coltsfoot
Garden heliotrope
European speedwell
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Appendix 4. NH Natural Heritage ecological approach
NATURAL COMMUNITIES
NH Natural Heritage classifies the landscape with “natural communities,” which are recurring assemblages of
species found in particular physical environments. Each natural community type is distinguished by three
characteristics: (1) a definite plant species composition; (2) a consistent physical structure (such as forest,
shrubland, or grassland); and (3) a specific set of physical conditions (such as different combinations of nutrients,
drainage, and climate conditions). Natural communities include both wetland types (e.g., red maple basin swamp)
and uplands such as woodlands (e.g., rich red oak-sugar maple/ironwood talus woodland) and forests (e.g., hemlockbeech-oak-pine forest).
Across the landscape, natural communities form a mosaic of patches of different sizes. Some tend to be small (such
as forest seeps) while others may cover large areas (such as montane spruce - fir forests). Further, boundaries
between natural community types can be either discrete (and therefore easily identified in the field) or gradual (thus
making some areas difficult to map). Below we describe how and why natural communities are classified and
explain the concept of “exemplary” natural communities and their importance to conservation.
NATURAL COMMUNITY CLASSIFICATION
Classifying natural communities enables ecologists, land managers, and others to communicate effectively and to
make management decisions regarding ecological systems. Community classification is a powerful tool because it
provides a framework for evaluating the ecological significance of pieces of the landscape in both state and regional
contexts. Understanding both the rarity of a community within the state and region and the quality of each example
is critical to informed conservation planning. As landscape units that share physical and biological characteristics
important to many species, natural communities help focus management and conservation attention in an efficient
manner, particularly since our knowledge of the individual species in a particular community is often incomplete. In
addition, use of a natural community classification can help us understand how ecological processes in one
community may affect neighboring communities. For example, knowing that the surrounding upland forest soils are
a primary source of nutrients flowing into a poor fen community is important information for land managers to
consider when planning management activities.
The classification of natural communities in New Hampshire is based on data from more than 10 years of ecological
research by ecologists with NH Natural Heritage and The Nature Conservancy, plus extensive reviews of scientific
literature (Sperduto and Nichols 2004). These data have been compiled and used to define natural community types
in part through the application of ordination and classification techniques. Most state natural heritage programs
continually update their classifications and cooperate with The Nature Conservancy's regional and national
ecologists to ensure that natural community types are comparable across state lines.
The names of natural community types generally begin with the dominant or most characteristic plant species, and
may include the name of a landscape feature or vegetative structure that is typical of that community. For example,
the community type “black gum-red maple basin swamp” refers to a basin swamp (a specific landscape feature, as
opposed to a streamside swamp) with black gum and red maple in the canopy. In addition, like all Society of
American Foresters (SAF) forest cover types, forested natural communities may have many overlapping species and
other characteristics, but they are defined by distinct and diagnostic combinations of species and physical
characteristics. For example, the red spruce - northern hardwood natural community has considerably more red
spruce in the overstory, and is generally higher in elevation, than the standard northern hardwood forest (sugar
maple-beech-yellow birch forest natural community) despite many species that occur in both.
NATURAL COMMUNITIES COMPARED TO OTHER CLASSIFICATION SYSTEMS
Many classification schemes are used to define vegetation types or other land units. While many of them have
utility for certain purposes, most differ from the natural community classification in terms of their founding
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principles, attributes, and goals. In the following paragraphs, several of these classification schemes are contrasted
with the natural community classification used by NH Natural Heritage.
SAF COVER TYPES
While natural community names can be similar to the names of SAF forest cover types, natural communities are
defined using a broader range of considerations. SAF forest cover types are primarily based on dominant tree
species, while natural communities are based on all plant species, the structure of these species, and the specific
physical environment. Trees are often subtle indicators of their environments. A number of natural communities
can be distinguished based largely on trees, and in some cases a difference in tree composition is the main difference
between two community types. However, some trees are so broadly adapted that their presence does not precisely
indicate site conditions (e.g., white pine or red maple). Differences in tree canopy composition may also primarily
relate to cutting or other disturbances.
For example, there are four SAF spruce - fir cover types that correspond to the “montane spruce - fir forest” natural
community type. These different cover types primarily relate to stand disturbance history or the successional stage
rather than to major environmental differences. The four cover types also do not differentiate between upland
spruce - fir forests and spruce - fir swamps. When one considers understory species and soils, upland spruce - fir
forests are markedly different from the red spruce/Sphagnum basin swamp natural community. In fact, the
differences between these two natural communities are more dramatic than the internal differences among the four
SAF spruce - fir cover types. SAF cover types are useful, however, for timber management purposes.
NATIONAL VEGETATION CLASSIFICATION SYSTEM
At a national level, The Nature Conservancy has published a National Vegetation Classification System (NVC;
Grossman et al. 1998; Anderson et al. 1998) that uses a formal classification hierarchy emphasizing differences in
both vegetation structure and floristic composition. This system is periodically updated to include new information
from more specific natural community classifications developed at the state level, such as the New Hampshire
natural community classification. The Federal Geographic Data Committee has adopted a vegetation classification
standard derived from the NVC for use by federal agencies, and future development of the classification is expected
to be a collaborative effort (Grossman et al. 1998). Natural communities are synonymous in scale and in concept to
the “association” level of the NVC. The primary difference between the two classifications is that the New
Hampshire classification uses environmental characteristics directly in the organizational hierarchy (e.g., floodplain
forests and talus slopes), whereas the NVC hierarchy is based primarily on vegetation characteristics alone.
USFWS WETLAND CLASSIFICATION
A classification scheme frequently used in wetland and aquatic systems was produced by Cowardin et al. (1979) for
the U.S. Fish and Wildlife Service (USFWS). In the USFWS system, wetlands and deepwater habitats are defined
by their vegetation, substrate, and frequency of flooding in a hierarchy that emphasizes flooding regimes and
attributes of vegetation at a coarse scale (e.g., vegetation structure, life-form, persistence, etc.). This classification
system is useful because of its applicability to broad geographical regions and because it can be readily applied in
conjunction with aerial photograph interpretation. It was the basis for wetland typing in the National Wetland
Inventory mapping effort.
Natural community types can typically nest within the hierarchical structure of the USFWS system. In addition to
the flooding regimes and coarse vegetation characteristics used to distinguish USFWS types, however, the natural
community classification considers factors such as nutrient regime, water source, and geomorphic setting, as
indicated by specific differences in floristic composition. For example, under the USFWS system, red
maple/Sphagnum saturated basin swamps and red maple-black ash/swamp saxifrage seepage swamps would both be
considered saturated, palustrine broad-leaved deciduous forested wetlands. This grouping does not reflect important
differences between the two communities, including differences in species composition (ground cover by Sphagnum
versus forb species), nutrient levels (species indicative of nutrient-poor versus minerotrophic conditions), water
sources (upland runoff versus groundwater seepage), geomorphic settings (basin depression versus headwater
seepage area), and soils (deep peat versus shallow peat over silt). The natural community classification provides
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additional detail regarding ecological conditions and processes that helps clarify the distribution of biological
diversity across the landscape.
ECOLOGICAL LAND TYPES
Defined to date only for national forest lands in New Hampshire, the U.S. Forest Service’s Ecological Land Types
(ELTs) emphasize particular soil features, including depositional environment, soil texture, and soil depth.
Although some ELTs correspond reasonably well to groups of communities, they are not easily compared to natural
communities for five primary reasons. First, ELTs in New Hampshire are limited to uplands. Second, they are
mapped as units of 100 or more acres, so natural communities that occur as smaller patches are not detected and
often occur within many ELT types. Third, ELTs can be related to general tree species composition, but the
composition of other plant species is not considered directly. Fourth, ELTs do not directly reflect the mineral
composition of soil and bedrock, whereas natural communities do. Finally, ELTs describe some fine-scale soil
characteristics that may have silvicultural significance but sometimes have no known corresponding floristic
expression.
EXEMPLARY NATURAL COMMUNITIES
NH Natural Heritage places particular emphasis on and gives conservation priority to “exemplary” natural
communities. Exemplary natural communities include all examples of rare types (such as a rich mesic forest) and
high-quality examples of common types. High-quality natural communities are identified as having relatively little
human impact. These areas have greater potential to contain or achieve natural dynamics that are characteristic of
the original community types. A forested natural community need not be “old growth” to obtain exemplary status.
Typical exemplary forested natural communities have a variety of characteristic species, natural regeneration within
forest gaps, multiple age classes, diverse structural characteristics, abundant standing and fallen woody debris, intact
soil processes, and little direct evidence of human disturbance. Such characteristics can only be studied, preserved,
and understood by having appropriate reference sites. Further, exemplary natural communities represent the best
remaining examples of New Hampshire's flora, fauna, and underlying ecological processes.
The effects of natural disturbances, such as the 1998 ice storm, do not preclude any natural community from being
designated exemplary. Damages caused by natural disturbances, including ice storms, blowdowns, and fire, are part
of the suite of natural processes influencing natural community dynamics. We take disturbance such as heavy ice
damage into account when assessing natural communities, but if a community also displays exemplary attributes,
including minimal human influence, then we are likely to classify it as such.
NATURAL COMMUNITY SYSTEMS
Natural community systems are repeating associations of natural communities. Systems can be useful for the
following reasons: (1) they can be used as a tool to track locations and compare entire sites without having to refer
to all communities at a site, particularly when these communities may intergrade and be difficult to map; (2) they
allow general classification of a system when detailed information is not available or detailed surveys are not
feasible; (3) systems can provide a more practical scale for conservation planning and site comparisons; and (4)
systems may be more suitable mapping units than communities for integrating wildlife occurrence data and habitat
needs with plant information. The classification and mapping of exemplary natural community systems can
therefore be effective at identifying conservation targets of the highest priority.
RARITY
NH Natural Heritage considers the rarity of a natural community or a species both within New Hampshire and
across its total range. We identify the degree of rarity within New Hampshire with a state rank and throughout its
range with a global rank. Ranks are on a scale of 1 to 5, with a 1 indicating critical imperilment, a 3 indicating that
the species or natural community is uncommon, and a 5 indicating that the species or natural community is common
and demonstrably secure. Species and natural communities considered to be globally rare or state rare are those
designated G1-G3 or S1-S3, respectively. Some species are rare both globally and in New Hampshire (e.g., G2 S1),
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while others are common elsewhere but rare in New Hampshire (e.g., G5 S1). Many communities have not been
assigned global ranks at this time, pending a comprehensive review of their status and distribution range-wide.
QUALITY RANKS
In addition to considering the rarity of a natural community or species as a whole, NH Natural Heritage ranks the
quality of individual natural community occurrences and rare plant populations. These “Quality Ranks” give a more
detailed picture of significance and conservation value. Quality ranks are based on the size, condition, and
landscape context of a natural community or rare species population. These terms collectively refer to the integrity
of natural processes or the degree of human disturbances that may sustain or threaten long-term survival. There are
four quality ranks:
Rank

Description

A

Excellent Occurrence: An A-ranked natural community is a large example nearly undisturbed by humans
or which has nearly recovered from early human disturbance and will continue to remain viable if
protected. An A-ranked rare species occurrence is large in both area and number of individuals, is stable,
exhibits good reproduction, exists in a natural habitat, and is not subject to unmanageable threats.

B

Good Occurrence: A B-ranked community is still recovering from early disturbance or recent light
disturbance by humans and/or may be too small in size to be an A-ranked occurrence. A B-ranked
population of a rare species occurrence is at least stable, grows in a minimally human-disturbed habitat, and
is of moderate size and number.

C

Fair Occurrence: A C-ranked natural community is in an early stage of recovery from disturbance by
humans and/or a small sized representative of the particular type of community. A C-ranked population of
a rare species is in a clearly human-disturbed habitat and/or small in size and/or number, and possibly
declining.

D

Poor Occurrence: A D-ranked natural community is severely disturbed by humans, its structure and
composition are greatly altered, and recovery is unlikely. A D-ranked occurrence of a rare species is very
small, has a high likelihood of dying out or being destroyed, and exists in a highly human-disturbed and
vulnerable habitat.

For example, consider a population of a rare orchid growing in a bog that has a highway running along one border.
The population may be large and apparently healthy (large size and intact condition), but the long-term threats posed
by disturbance at the bog's edge – its low-quality landscape context (pollution from cars and roads, road-fill,
garbage, altered hydrology, reduced seed dispersal, etc.) – may reduce the population's long-term viability. Such a
population of orchids would receive a lower rank than a population of equal size and condition in a bog completely
surrounded by a forest (i.e., with a higher quality landscape context).
NH Natural Heritage, in collaboration with other state heritage programs and The Nature Conservancy, is working
to develop quality rank specifications for all of New Hampshire's natural communities and rare plant species.
Unfortunately, limited time and incomplete knowledge, both on local and global scales, have prevented the
development of thoroughly tested and peer reviewed quality rank specifications for most of New Hampshire's
natural communities and rare species.
In the absence of rank specifications for each natural community, NH Natural Heritage uses broad guidelines for
assigning preliminary quality ranks. The guidelines for assessing the size, condition, and landscape context for
natural communities are described below.
SIZE
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Occurrence size is a quantitative measure of area occupied by a species or natural community and accounts for such
factors as population abundance, fluctuation, density, and area of occupancy for species. All else being equal, the
larger a natural community is, the more viable it will be. Large size is correlated with increased heterogeneity of
internal environmental conditions, integrity of ecological processes, species richness and size of constituent species
populations and their respective viability, potential resistance to change, resilience against perturbations, and ability
to absorb disturbances. Size is used in a relative sense with respect to the range of sizes exhibited by the particular
natural community type.
CONDITION
Condition is a combined measure of the quality of reproduction (for species), development/maturity (for
communities), degree of integrity of ecological processes, species composition, biological and physical structure,
and abiotic physical factors within the occurrence. For example, old growth forests with little anthropogenic
disturbance and intact biotic and abiotic factors, structures, and processes, would warrant an “A” rank for condition
regardless of size.
Excellent Condition: Old growth or minimally disturbed by human impacts with recovery essentially
complete, or in the case of disturbance-maintained communities (e.g., pitch pine/scrub oak barrens), the natural
disturbance regime has prevailed continuously with no significant or irreversible alterations by humans;
ecological processes, species composition, and structural features are intact.
Good Condition: Mature examples with only minor human impacts or good potential for recovery from
relatively minor past human impacts; ecological processes, species composition, and structural features are
largely intact.
Fair Condition: Immature examples or those with significant human impacts with questionable recovery
potential or in need of significant management and/or time to recover from present condition; ecological
processes, species composition, and structural features have been altered considerably but not to the extent that
the occurrence is no longer viable if managed and protected appropriately.
Poor Condition: Little long term viability potential.
LANDSCAPE CONTEXT
Landscape context is a combined measure of (a) the quality of landscape structure, (b) the extent (including genetic
connectivity), and (c) the condition of the surrounding landscape that influences the occurrence's condition and
viability. Dynamic natural community occurrences have a better long-term viability when they are associated with
large areas of diverse habitat that support dynamic ecosystem processes. Potential factors to be considered include:
(a) the degree of landscape fragmentation; (b) the relationship of a natural community to contiguous wetland or
upland natural communities; (c) the influence of the surrounding landscape on susceptibility to disturbance; (d) the
relative position in a watershed; (e) susceptibility of the occurrence to pollutants and hydrologic change (Chase et al.
1995); and (f) the functional relationship of the natural community to surrounding natural landscape features and
larger-scale biotic and abiotic factors. For example, open peatlands are extremely sensitive to nutrient input, basin
swamps are moderately sensitive, and streamside/riverside communities and seepage swamps are less sensitive.
In general, landscape condition is weighted towards the immediate 30-300 m (100-1000') buffer area around the
natural community where direct impacts of land use may be most significant. The adjacent 1.6-3.2 km2 (1-2 mi2)
area or relevant watershed area around the natural community is considered to a lesser degree. In turn, the larger
area beyond the relevant watershed receives the least consideration. The actual size applied for a natural community
varies according to the characteristics of the particular natural community and the specific context of the occurrence
in the landscape.
Excellent Landscape Context: Natural community is embedded in a matrix of undisturbed, unfragmented
surrounding natural communities that have functional connectivity to the occurrence; past human disturbances
that potentially influence the community are minimal or negligible.
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Good Landscape Context: Surrounding landscape is largely intact and minimally fragmented, or human
disturbance/fragmentation is of a configuration and magnitude that is consistent with maintaining the current
condition of the occurrence, or disturbances can be managed to achieve viability.
Fair Landscape Context: Significant human impacts, development, fragmentation, and other disturbances
characterize the landscape around the natural community and may affect the long term viability and condition of
the occurrence.
Poor Landscape Context: Functional human impacts, fragmentation and loss of natural communities dominate
the surrounding landscape; the occurrence is probably not viable, even with management.
PROTECTING NEW HAMPSHIRE'S BIODIVERSITY
WHAT IS AND WHY SHOULD WE PROTECT BIODIVERSITY?
WHAT IS BIODIVERSITY?
Biodiversity can be defined as the variety and variability of all living organisms (Taylor et al., eds. 1996).
Biodiversity includes the entire combination of organisms, their genes, the natural communities in which they live,
and the complex interactions among and between organisms and their physical environment. Natural levels of
biodiversity may be very high, as in tropical regions with favorable growing conditions and high species counts per
unit area. Natural levels of biodiversity can also be very low, where conditions are harsh and few species can
survive (such as in deserts and arctic regions). The biodiversity in a given area decreases when species suffer local
extinctions, when invasive species form a monoculture that displaces a variety of native species, and when natural
habitats (which support the local species) are fragmented or destroyed. On a landscape scale, unique components of
biodiversity (such as species or natural communities that only occur within a limited area) are a focal point for
conservation efforts.
WHY SHOULD WE PROTECT BIODIVERSITY?
Reasons for biodiversity protection include the following:
Direct benefits: Both individual species and functioning natural communities provide a large array of direct
economic and other benefits. These include, but are not limited to: flood prevention, water quality
improvement, fire prevention, food, medicines and herbal remedies, genetic resources, recreation, crop
pollination, and pest control.
Due to the extensive interactions among all species, even species with no obvious direct benefits to humans may
play a critical role in the survival of beneficial species or in the suppression of harmful ones. The loss of a single
species, or the disturbance of a natural community, can have extensive and unpredictable consequences.
Scientific knowledge: To understand how ecosystems work, and how human activities impact them, scientists
need to be able to study undisturbed systems and the full array of naturally occurring species.
Ethics: Many people believe that all life has an intrinsic right to exist, and humans have a moral obligation to
uphold that right.
Aesthetics: Many people value species and their habitats simply for the opportunity to look at them. For these
people, quality of life is diminished by the loss of a favorite species or natural area.
WHY FOCUS BIODIVERSITY PROTECTION ON NATURAL COMMUNITIES?
Since communities by definition are assemblages of multiple species (animal and plant), protecting a community
provides protection for many individual species. Therefore, if we protect an adequate number of viable examples of
each natural community type, we can protect the majority of New Hampshire's species. This is sometimes referred
to as a “coarse-filter” approach to protecting biodiversity.
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Because the coarse filter can miss some important species, however, it needs to be augmented with a finer filter.
The “fine-filter” approach generally focuses on specific rare species whose habitats have not been included in
“coarse-filter” areas. By locating populations of these species, and then protecting the natural community examples
where they are found, we can successfully protect the full range of biodiversity.
In addition to the living species in a community, “biological legacies” are important elements of natural systems.
Biological legacies are organic materials that accumulate over time, such as seed banks, coarse woody debris, and
soil nutrients. Topsoil, the layer of mineral earth that contains a large quantity of organic material from the growth,
death, and decomposition of plants, is an example of a biological legacy. These legacies take years to develop, yet
can be rapidly lost if natural communities are disturbed or natural processes are interrupted. Successful protection
of a natural community will usually protect these important landscape features, which would otherwise take many
years to replace.
In many cases, protection of one natural community may require protection of groups of adjacent communities
within a larger landscape. With the possible exception of large matrix communities, no community is completely
self-sufficient. Processes such as erosion, windfalls, fire frequency, and nutrient accumulation are all strongly
affected by what happens in adjacent communities. In addition, animal species typically depend on having access to
a combination of communities, usually in close proximity: different natural communities provide critical shelter and
food at different times of the year.
Even when intact adjacent communities are not required to protect a particular example of a natural community,
overall biodiversity protection is greatly enhanced when protected areas include a variety of adjacent and connected
communities. In general, long-term community viability increases with the size of protected areas, and certain wideranging animals can be supported that would not occur in smaller areas. Edge effects (such as infiltration by
invasive species) are also reduced. The importance of scale to effective biodiversity protection is discussed in more
depth in Sperduto et al. (2001) (see “Protecting Biodiversity on IP Lands in Northern New Hampshire”).
PROTECTING NEW HAMPSHIRE'S BIODIVERSITY
In 1994, the Northern Forest Lands Council (1994) concluded that “maintaining the region's biodiversity is
important in and of itself, but also as a component of stable forest-related economies, forest health, land stewardship,
and public understanding.” In response to recommendations by the Northern Forest Lands Council, the NH
Division of Forests and Lands and the NH Fish and Game Department established the Ecological Reserves System
Project. One of the project's primary objectives was to “assess the status of biodiversity in New Hampshire and the
extent to which it is protected under the current system of public and private conservation lands” (NH Ecological
Reserve System Project 1998a). This question was then explored by a 28-member Scientific Advisory Group, who
took the question beyond the northern forest and considered it in a statewide context. The conclusions of the group
indicated that there was a serious need for continued biodiversity conservation in New Hampshire (NH Ecological
Reserve System Project 1998b):
Though conservation lands comprise approximately 20% of the land area in New Hampshire, the
current system of conservation lands in New Hampshire does not appear to provide comprehensive,
long-term protection of biodiversity at the species, natural community, or landscape levels.
NH Natural Heritage strives to facilitate protection of the state's biodiversity through the protection of key areas that
support rare species, rare types of natural communities, and high quality examples of common natural community
types. Exemplary natural communities are particularly important because we assume that, if we protect an adequate
number of viable examples of each natural community type, we can protect the majority of New Hampshire's
species. This is sometimes referred to as a “coarse-filter” approach to protecting biodiversity.
The coarse filter can miss important species, however, so it needs to be augmented with a finer filter. The “finefilter” approach generally focuses on specific rare species. For example, the rare, federally threatened Isotria
medeoloides (small whorled pogonia) occurs in a variety of second-growth hardwood forests in southern New
Hampshire. This orchid’s habitat may not be captured by the coarse-filter approach, so we need to employ a finefilter approach (i.e., survey for the plant itself) to ensure that the species is protected.
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Long-term protection of New Hampshire's species, natural communities, and ecological processes requires a variety
of conservation approaches. The goal of NH Natural Heritage's coarse- and fine-filter approaches is to inform
management decisions by identifying those sites that have a relatively greater potential for maintaining the natural
diversity within the state.
The foundation for successful biodiversity protection is a series of representative, high-quality examples of all the
state's natural community types, with their constituent species and their underlying ecological processes. The best
option for this kind of protection would be a series of connected, high-quality natural community types; this series
would ensure that ecological processes that connect natural communities remain functionally intact within a broader
landscape context. In short, there is a need for reserve areas with natural communities protected within a diverse
landscape, not just in isolation.
NH NATURAL AREAS
The Department of Resources and Economic Development (DRED) places the lands it manages into four principal
categories based on general land use: agricultural lands, conservation easements, forestry lands, and recreation
lands. Within DRED, the Division of Forests and Lands (NH DFL) actively manages and classifies forestry lands,
and occasionally recreation lands, into resource areas according to recognized resource values or dominant natural
features. During forest inventory and forest management work when this zoning is established, NH DFL may
designate particular sections of a property as belonging to a natural preserve area.
A natural preserve area, or natural area, is defined as an area that “has retained its natural character, although not
necessarily completely undisturbed, and/or which contains floral, faunal, ecological, or geological features of global,
national, regional, and/or statewide significance of scientific and/or educational interest” (NH DRED 1996).
Beyond this definition, formal specifications have not yet been developed for the establishment of natural preserves
on DRED lands. Proposed criteria to govern these designations include the following (NH DRED 1995):
A. Sites which provide habitat for rare or endangered species;
B. Sites that contain a rare natural community or high quality representative of a common natural community,
or larger landscape units containing important combinations of communities and/or species;
C. Sites largely undisturbed by humans or largely recovered from human disturbance;
D. Sites which provide habitat for large numbers or uncommon associations of native plant and animal
species; and
E. Sites with special geological or paleontological significance.
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Appendix 5. Exotic Earthworms: A Literature Review and Management
Recommendations
Overview. The study area is a relatively remote north temperate forested landscape. Here, the impact of exotic
earthworms is likely still limited but the potential for the release of live earthworm bait after fishing is high.
Therefore, the need for land managers and ecologists to be informed about exotic earthworm issues is now
especially important. Because of the emerging threat posed by exotic earthworms, a literature review with
management recommendations is presented below.
There are over 100 species of earthworms native to areas of North America south of the last glacial extent.
However, there are no native earthworms north of this extent (Gundale 2002). Native earthworms were pushed
southward during the Wisconsin glaciation (Gates 1982; Reynolds 1994) and have been slow to move back
northward (5-10 m/year (James 1998)) from their glacial retreats.
Currently, all earthworms in New Hampshire are European and Asian species from the family Lumbricidae (James
1995). They are more abundant in areas with higher human population densities (Steinberg et al. 1996). These
exotic earthworms were introduced in soil used for ship ballast, soil transported with horticultural plants, and more
recently from discarded live fishing bait, worm composting, and land bioremediation. The invasion of our forests by
exotic earthworms is an important issue that has been overlooked in the management of these forests (Bohlen et al.
2004).
The invasion of remote north temperate forests by exotic earthworms appears to be driven in large part by the use of
earthworms as live fishing bait, since invasions typically radiate out from lake and pond shores, fishing resorts,
cabins, campsites, boat landings, and road ditches (Hale 2000). Gundale (2002) and other studies (Dymond et al.
1997) noted the density of earthworms often decreases away from roads (even small utility roads), suggesting that
after an introduction event, roads serve as a corridor of invasion. The rate of earthworm invasion is likely increased
through the transport of earthworm eggs in tire treads. The invasive earthworm Lumbricus rubellus is a common
species used for composting, making compost piles a source of new invasions. The Minnesota Department of
Natural Resources (2004) has noted that at this point another compost worm, the “red wiggler” (Eisenia fetida), does
not seem to be able to survive cold winters. However, if red wigglers become more winter hardy, they may become
a problem species as well. Earthworm invasions can follow what Simberloff and von Holle (1999) describe as
“invasional meltdown” where one exotic species facilitates the invasion of another (Hendrix and Bohlen 2002). In
Minnesota, exotic earthworm species formed “successive wave fronts across the forest floor, led by Dendrobaena
octaedra, followed by Lumbricus rubellus, Aporrectodea spp., and lastly by L. terrestris” (Hendrix and Bohlen
2002).
Ecology. Earthworms are primarily detritivores, feeding on dead organic matter and some microflora. Where exotic
earthworms invade north temperate forests, they usurp the role of bacteria and fungi as the primary decomposers.
Compared to bacteria and fungi that break down organic material at a rate that produces a spongy duff layer at the
soil surface, earthworms consume litter more quickly, eating away the duff layer. In many forests, all that remains is
a bare mineral soil and earthworm castings (Minnesota Worm Watch 2004). The fresh leaf litter not eaten by the
earthworms in the fall is finished off during the summer of the following year. Bacteria in earthworm guts and
castings help earthworms consume large amounts of organic matter (Minnesota Worm Watch 2004).
Several species of earthworms may be found at any one site, coexisting by partitioning soil resources through the
use of different ecological strategies (Hendrix and Bohlen 2002). Earthworms belong to one of three ecological
strategy groups based on their feeding and habitat preferences (Linden 1997). Color and size can be used to help
determine which ecological group a worm belongs in. Epigeic species or litter dwellers (e.g., Lumbricus rubellus
and Dendrobaena octaedra) live and feed at the soil surface and plant litter. The red color of these small worms
helps hide them from surface predators. Anecic species or deep burrowers (e.g., Lumbricus terrestris) eat fresh litter
at the surface but burrow down into the soil. The burrows of these larger red earthworms can reach up to two meters
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below the soil surface. Endogeic species or upper-soil dwellers (e.g., Octalasion tyrteum and Aporrectodea sp.) live
and feed only in the soil, eating soil organic matter and microflora. Because these whitish gray earthworms are
rarely found at the surface, camouflaging pigments are not needed. In general, soil fungi are a favored food source
for earthworms in all three ecological groups (Minnesota Worm Watch 2004).
Lumbricidae earthworms are hermaphroditic, capable of functioning both as males and females during different
periods in their lives. They surface at night to find a mate and align themselves in opposite directions. Over a
several hour period, sperm is exchanged and used later in the cocoon to fertilize eggs after the earthworms have
changed into females. The egg-laden cocoon is sloughed off and after a month or so, the eggs hatch releasing young
earthworms (Awake 2004). Where introduced, exotic earthworms are a food source to many groups of animals
including mammals, amphibians, reptiles, fish, birds, and other invertebrates.
Benefits. The benefits of earthworms in agricultural systems have been well documented. Gundale (2002) cites
several papers that studied the effects that earthworms have on agricultural soils and plant growth “including
increased infiltration of water, fertilizers, and pesticides; favorable changes in pH; dispersal of mycorrhizal fungi;
and an increased rate of nitrogen cycling and availability to plants.” In North America’s temperate ecosystems
south of the last glacial extent, native earthworms are considered keystone species by many soil ecologists because
of their profound effect on soil characteristics and processes (Baltimore Ecosystem Study 2004).
Hendrix and Bohlen (2002) summarize reported links between lumbricid earthworms and the reduction of
pathogens.
…there are reports that lumbricid earthworms reduce the density of pathogenic nematodes and the severity
of symptoms of Rhizoctonia infections of wheat seedlings, as well as aid in the dispersal through soil of
disease biocontrol agents or genetically modified bacteria used in bioremediation (Edwards and Bohlen
1996; Daane and Haggblom 1999); Daane and Haggblom (1999) also showed that bacteria might be
transported inside earthworm cocoons (Hendrix and Bohlen 2002).
Impacts. In north temperate forest systems that formed in the absence of earthworms, the impact of exotic
earthworms can be significant. Without the faster consumption of leaf litter by earthworm detritivores, fungi and
bacteria decompose of new leaf litter at a slower rate, allowing the formation of a spongy duff organic horizon at the
soil surface. This duff layer provides protection from predation and moisture and temperature extremes to the seeds
of understory plant species (Hale 2000). The duff layer is also where the majority of understory plant roots are
found and tree seedlings become established. In hardwood forest study sites in Minnesota, Hale (2000) notes that
the duff layer can be consumed by exotic earthworms in only one or two years, replacing it with a denser layer of
dark earthworm casting. In this case, cover of plants in the understory (shrubs, herbs, mosses, and tree seedlings)
dropped from 100% to <25%.
The worm-free areas contained more than a dozen native plant species, commonly including large-flowered
and nodding trillium, Solomon’s seal, blue cohosh, sweet cicely, Canada mayflower, wild ginger, red
baneberry, spikenard, lady fern, rattlesnake fern, bloodroot, large-flowered bellwort, rose twisted stalk,
false Solomon’s seal, and downy yellow violet. However, the worm-invaded areas contained only one or
two native species, Pennsylvania sedge and Jack-in-the-pulpit. Sugar maple seedling densities also
dropped from over 100 per square meter in the worm-free areas to nearly zero in the worm-invaded areas of
the forest (Hale 2000).
Hale (2000) notes that although native plants can co-occur with exotic earthworms in the soil, anecdotal
observations suggest the recovery of the native understory flora and tree seedlings in northern hardwood forests has
not occurred in most areas invaded by earthworms.
The factors that might prevent recolonization of understory plant species could include the loss of
appropriate germination or rooting environment when the duff layer is eliminated. Earthworms may graze
on the plant roots and eat seeds in the soil. The rate and intensity of disturbance associated with an
advancing leading edge may be so severe as to eliminate the standing populations of most understory
species, and with no local seed source, the plant populations cannot reestablish. White-tailed deer densities
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are much higher in modern hardwood forests than they were a century ago, and this may also contribute to
lack of regeneration of herbaceous understory species (Hale 2000).
Because the remaining native plants edible to white-tailed deer may be quickly eaten, there can eventually be an
over abundance of plants that to deer and other herbivores are bitter tasting, toxic, or with little nutritional value
(e.g., Jack-in-the-pulpit, Pennsylvania sedge and other graminoids, and many exotic plant species) (Minnesota
Worm Watch 2004). Pennsylvania sedge (Carex pensylvanica) grows poorly in leaf litter. Once leaf litter is
removed, the sedge may become prolific and hard to get rid of (Minnesota Worm Watch 2004). At sites in
Minnesota, Hale (2000) found that in the absence of deer, around 20% of native understory species survive and may
eventually be the source of propagules that recolonize areas most heavily impacted by the initial earthworm wave
fronts. However, when deer are present they browse on the few remaining understory species and extirpate them
from the site.
Gundale (2002) cites studies that found the invasion of exotic earthworms into northern hardwood forests can…
…significantly influence nutrient dynamics and plant growth by consuming the organic horizon and mixing
this organic matter into the surface mineral soil, forming a well defined A horizon. Northern hardwood
forests may support specialized plant communities that depend on the organic horizon. These ecosystemlevel changes may result in changes to native plant communities (Vitousek 1990).
Forests adjacent to rivers and lakes are often the ones hardest hit; these areas are where fisherman release unused
worms.
Josef Gorres, a professor at the University of Rhode Island, sees exotic earthworms short circuiting forest soil. The
spongy organic horizon on the soil surface holds water and nutrients important for shallowly rooted plants. When
this organic horizon is consumed by exotic earthworms, water and nutrients move faster down through the soil
where it may only be available to more deeply rooted plants such as trees (CBS Radio Network 2004).
Bohlen et al. (2004) note that although their study focused on sugar maple dominated forests, “invasions have been
observed in a variety of other forest types (for example, oak, northern hardwood, hemlock) (Alban and Berry 1994;
Scheu and Parkinson 1994; Steinberg et al. 1996).” Reynolds (1973) also found no reason why exotic earthworms
would not be able to invade many different forest types in the northeast.
Soil: Soil alteration after invasion by exotic earthworms can be significant. The following patterns were
documented from northern hardwood forests in Minnesota (Minnesota Worm Watch 2004):
•

In as little as 3-5 years, the spongy duff O horizon is eaten.

•

A horizon thickens from a pre-invasion thickness of 1 cm to between 10-15 cm. The new thicker A horizon
consists in large part of earthworm casts; now lacking the typical organic material present before, the new A
horizon is more compact. This increase in soil compaction decreases water infiltration and, combined with loss
of the duff layer, increases surface runoff and erosion.

•

A similar looking E horizon develops below the new A horizon, but it is now much lower in the soil than it was
before.

•

Initially, earthworm castings present an increase in available nutrients in the soil compared to the slower release
associated with decomposition from bacteria and fungi. However, if the plants do not absorb the nutrients
quickly, the nutrients are now more prone to leaching from the system. This is because of the susceptibility of
the initial overabundance of nutrients to leaching and from abundant earthworm burrows allowing nutrient
carrying water to be brought deep into the soil away from most roots (Minnesota Worm Watch 2004).

Other impacts to soil can include neutralizing soil pH by some species of worms possessing calciferous glands
(Brooklyn Botanic Garden 2004).
Rare plants: Gundale (2002) found Lumbricus rubellus, an exotic earthworm introduced for fishing bait and
composting, a major threat to the rare goblin fern (Botrychium mormo). The destruction of mycorrhizal fungi by the
earthworm is cited as a primary reason for the decline of the fern (Gundale 2002). Gundale states exotic earthworms
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are likely to have dramatic effects on other rare plants, the introduction of exotic plants, and ecosystem-level
processes.
My results strongly support the hypothesis that Lumbricus rubellus is a major threat to Botrychium mormo.
First, L. rubellus was strongly associated with the extirpation of B. mormo. Second, L. rubellus was
strongly associated with diminished O1 and O2 horizons, which is likely unfavorable to B. mormo. Third,
a microcosm study confirmed that L. rubellus actually destroys the forest floor. Collectively, these findings
suggest that B. mormo could become extinct as a result of exotic earthworms. Furthermore, there are
several other rare plant species found in the same habitat, including B. lanceolatum, B. minganense, B.
simplex, B. pallidum, Dryopteris goldianna, and Erythronium albidum. Many of these species have been
found growing side by side with B. mormo (Wagner & Wagner 1983). The radical changes to the forest
floor documented in this study could contribute to the extinction of these species as well.
Exotic earthworms are likely to have major effects beyond those I have addressed here. Their invasion is
of concern because of their potential to alter ecosystem-level processes, such as soil-nutrient dynamics and
thus the availability of nutrients to plants. It is well established that the availability of soil nutrients plays
an important role in the competitive interactions of plants (Tilman 1988). These changes may have
permanent dramatic effects on the composition of vegetation, including the ability of rare plants to survive
and the ability of exotic plants to become established. Permanent changes such as these could have
cascading effects through multiple trophic levels (Gundale 2002).
Native plants: Because fungi are a favored food source for earthworms, loss of mycorrhizal fungi by foraging
earthworms may impact native plants, especially seedlings and orchids (Minnesota Worm Watch 2004). Lawrence
et al. (2003) found lower mycorrhizal colonization rates and lower colonized root length of sugar maple in surface
layers invaded by earthworms compared to reference areas without earthworms. They also found an increase in
vesicles, likely a response to stress from earthworm activity. Lawrence et al. (2003) suggest that a significant effect
of earthworm invasions in north temperate forests will be a “profound change in the mycorrhizal
system…influencing nutrient uptake capacity of dominant forest species.”
Non-native plants: Minnesota Worm Watch (2004) mentions that because European earthworms co-evolved with
European plant species, European plants are better adapted to co-existing with earthworms than plant species native
to our northern hardwood forests. Anecdotally, researchers have noticed non-native plant species move into areas
invaded by earthworms after the native understory has died back (Minnesota Worm Watch 2004). When
earthworms rapidly consume leaf litter, the soil contains higher levels of nutrients (particularly nitrogen). This can
result in making the forest floor susceptible to nitrogen craving weed plants (Brooklyn Botanic Garden 2004).
Maerz et al. (2004) have established a connection between earthworm invasions and the introduction of invasive
plants (e.g., Berberis thunbergii) into impacted forests.
Levine et al. (2003) state that the alteration of resource fluxes can create impacts on soil communities, potentially
leading to the introduction of invasive plants.
In hardwood forests of New Jersey, Kourtev et al. (1999) found higher earthworm densities under the
introduced Berberis thunbergii and Microstegium vimineum than under the native Vaccinium spp.
Although cause and effect are unclear, the soils below the exotic Berberis had higher nitrate concentrations
and a reduced litter layer (Levine et al. 2003).
Animals: Without the duff layer, the forest floor microclimate becomes colder in the winter and warmer and drier in
the summer. The loss of the duff layer also effects organisms that would otherwise live, feed, and/or nest here. In
any case, organisms may be reduced or eliminated including insects, amphibians, reptiles, mammals, and birds
(Minnesota Worm Watch 2004). Maerz et al. (2004) have linked salamander declines in areas of hardwood forest in
the northeast with the invasion of the exotic earthworms Lumbricus rubellus and Amynthas spp. Maerz et al. (2004)
attribute the decline to a reduced duff layer and a subsequent drop in arthropod numbers, an important food source
for juvenile salamanders.
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Disease vectors: Exotic earthworms may be passive or intermediate hosts of pathogens (Lee 1985; Edwards and
Bohlen 1996; Jamieson 2000). Hendrix and Bohlen (2002) list pathogens whose spread is linked at least in part to
exotic earthworms including:
•

foot-and-mouth disease

•

some cases of human infections of lungs, kidneys, and mesenteries

•

protozoan and nematode parasites of wild and domestic birds and nematode and helminth parasites of pigs,
small mammals, and birds (Lee 1985; Edwards and Bohlen 1996)

•

plant pathogens, including spores of Fusarium, Pythium, and potato wart disease, and cysts of plant parasitic
nematodes

• a fungal pathogen (Lee 1985; Edwards and Bohlen 1996)
Hendrix and Bohlen (2002) summarize by stating “Although there are no reported links between exotic earthworms
and the introduction of significant pathogens, the potential for pathogens to be carried by earthworms warrants
development of policies to minimize such introductions.”
Management. Management of earthworms over large areas is currently not economically feasible. Research on the
control of exotic earthworm invasions is ongoing. Burton (Brooklyn Botanic Garden 2004) reduced the numbers of
Amynthas species in test plots by reducing soil pH with sulphur and pine needles and by adding phytotoxins to the
soil with black walnuts.
Biological control research so far has been limited. In an interesting twist, the New Zealand flatworm
(Arthurdendyus triangulatus (=Artioposthia triangulata)), a planarian living on earthworms, was accidentally
introduced to the British Isles over 40 years ago. In many areas, the flatworm has greatly reduced the size of native
earthworm populations (Central Science Laboratory 2004). Because of the negative ecological impacts associated
with the reduction of endemic earthworms and the benefits earthworms provide in garden and agricultural settings,
an attempt to eradicate the flatworm in the British Isles is underway.
Because earthworm migration in soil is slow, experts feel preventing new introductions is a higher priority than
containing established populations (Brooklyn Botanic Garden 2004). The best current management option may be
to reduce the rate of new introductions through education and by adopting laws restricting earthworm importation.
Some practical management steps include the following:
•

Do not release living unused bait worms into the wild; instead, dispose of them in the trash. Hale (Earth and
Sky Radio Series 2000) states that released bait is the primary cause of new earthworm invasions and by
otherwise disposing of them, it could “literally save us hundreds of years in which to find a solution to this
problem.”

•

Promote the use of alternative types of live fishing bait other than earthworms or the use of earthworm species
that cannot survive in northeastern North America due to their lack of cold hardiness.

•

Begin sampling for exotic earthworms. Sampling protocols and identification guides can be found on the
internet at the Minnesota Worm Watch (2004) website. Consider establishing a worm watch network enlisting
the help of concerned naturalists.

•

Educate others about the ecological impacts of exotic earthworms. Informative signs should be posted by boat
landings and popular land-based fishing spots. Fact sheets should be distributed to fishing resorts and cabins,
camp grounds, and fishing organizations.

•

Restrict logging and road building where the presence of earthworms could threaten rare plants and exemplary
natural communities. Gundale (2002) suggests that because earthworm eggs are resilient, they are likely to be
transported into northern woods in tire treads. Gundale supports this idea by noting that numerous worm
populations occur along roadways. The U.S. Forest Service is restricting logging and road building near
populations of the rare goblin fern (Botrychium mormo) in response, in part, to Gundale’s research. It is
recommended at least in some cases to clean earthworm larvae off tires, especially vehicles associated with
agricultural practices, before they leave farms (Pacyna 2003).
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•

Because controlling exotic earthworm populations in forests impacted by their invasion is impractical,
controlling deer and/or moose densities (which are manageable) will give native plants a much better chance to
recover (Wiegmann et al. 2004).

•

Work toward the adoption of laws restricting earthworm importation. Besides the known impact certain exotic
earthworm species can have on north temperate forests, other exotic earthworm species that have not yet been
introduced may have even greater negative consequences.

•

Research which factors are involved in the establishment and spread of earthworms. Groffman et al. (2004)
suggest that the persistence and spread of earthworms depends on site factors such as vegetation type, which
influences food quality, and topography, which influences soil moisture (Bohlen et al. 2004; Suarez et al.
2004).

•

Creation of buffer zones of habitat unsuitable for migration should be studied (Hendrix and Bohlen 2002).

•

Check the root balls of any new trees and shrubs you might plant on your property for earthworms and destroy
them when found.

•

If worm composting, avoid using the invasive Lumbricus rubellus, an earthworm commonly sold for
vermicomposting. Hale recommends in Amy Stewart’s new book about earthworms (The Earth Moved,
Algonquin Books 2004) to freeze castings from your worm compost in an airtight bag for a week or more
before using it in your garden. This will kill earthworms and leave soil microbes unharmed.

•

Develop policies to minimize the introduction of potentially significant pathogens carried by earthworms
(Hendrix and Bohlen 2002).
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