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In December of 2004, Lebanon completed a Phase I Natural Resources Inventory. The foundation
for the Phase I work included the general statement of purpose from the 2002‐2006 Master Plan
which states, “With this plan, the City of Lebanon shall manage its physical, social, and economic
development in such a way as to bring about a more refreshed ecology; a more enriched cultural
presence; a more sound economy; and a more just society.” This statement, along with state‐
ments from Chapter 5 Conservation and Preservation of Natural Resources initiated the Phase I
Natural Resources Inventory. The Phase I work was one of the first steps to bringing “about a
more refreshed ecology” in Lebanon. By maintaining the rural character and natural resources in
Lebanon, the City can maintain the sustainability of the socio‐economic status of current and fu‐
ture residents and businesses.
“Natural Lebanon,” is Phase II of the Natural Resources Inventory. This phase, funded by the Con‐
servation Commission’s LOST (Lebanon Open Space Trust) fund, began in July of 2008 and was
completed in September of 2010. This Phase II Natural Resources Inventory shows, in more detail
than ever obtained before, the valuable natural areas of Lebanon that are worth considering in
planning for Lebanon’s future.
In September of 2008 the Lebanon Planning Office compiled a brochure entitled “Lebanon’s Land‐
scape.” This document outlined some of the unique natural features in Lebanon as well as an
analysis of the existing degree of development in the City. The purpose of this brochure illus‐
trated the status of where the City stands in terms of preservation of natural areas and the pro‐
gression of build‐out over the past decades. This document brought together the two compo‐
nents of the community, the natural setting and the cultural overlay. The City was able to see
how development, or the cultural component, impacted the quantity and quality of undisturbed
natural areas.
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The documents described above will be contributors to the Lebanon Open Space Plan and the
Lebanon Master Plan. These documents can then provide the rational nexus from which the Zon‐
ing Ordinance can be formed. In addition, they provide valuable information for policy decisions
relative to issues surrounding natural resources of regulatory importance such as steep slopes and
wetlands.
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Chapter I: General Description of Lebanon's Natural Resources
At 41.2 square miles, Lebanon is
about average in size for the state of
New Hampshire. Located along the
western edge of the central part of
the state, it shares a border with
Hanover to the north, Enfield to the
east, Plainfield to the south, and the
state of Vermont to the west. Its
shape is roughly square with its west‐
ern edge following the sinuous course
of the Connecticut River. The river provides the low‐
est elevation in the City at 330 feet above sea level;
more than 1300 feet below its highest elevation of 1656
feet on Eastman Hill. In general, the topography of
Lebanon is fairly steep as it trends from highland
ridges on its north, east and southern sides down‐
wards into the central valley of the Mascoma River.
The Mascoma (or Mascommah) River, reportedly a
western Abenaki word for the good hunting and fish‐
ing grounds it contained, drops over 400 feet as it
winds down its length of over seven miles between
Mascoma Lake to the east and the Connecticut River
on the west. With three principal dams in Lebanon,
the Mascoma has long served as the icon of the settle‐
ment that grew up along its banks. Casually used by
colonists since the 1730’s, it wasn’t until 1761 that
Lebanon saw its first permanent settlers and was offi‐
cially chartered as a town by Governor Benning Wen‐
tworth. Excellent river trade and ample farmland al‐
lowed Lebanon to flourish even during the general
decline of agriculture in the 1840’s and the out‐
migration of thousands of settlers from the region

during the Civil War. Over one hundred years after
the earliest colonists chose the flowing waters of the
Mascoma to settle next to, the river continued to pro‐
vide positive economic conditions for the town to sur‐
vive and expand. Charles Algernon Downs described
this period after the Civil War as one of industrial
growth,1 with new residents arriving from Quebec to
work in the furniture and woolen mills, and with
farmers establishing dairy herds on the rich hillsides
above the river.
The highlands of Lebanon helped establish the ‘sense
of place’ within the Mascoma River valley by provid‐
ing a picturesque backdrop to the rushing waters of
nine named brooks that carved the valley sides. Set‐
tlers first came to know Crafts, Farnum and Storrs Hill
and soon established upland farms on them. By the
early 1800’s settlements reached into the northern up‐
lands of Mt. Support, Signal Hill, and Mt. Tug. Al‐
though somewhat less hospitable, the sides of East‐
man and Methodist Hills also saw homesteads by the
time Payne’s Mill was fully operational in East Leba‐
non in the 1820’s. By the time of the great fire that de‐
stroyed this mill in 1840, nearly 80% of the forested
highlands of Lebanon were converted to open pasture
or cropland.
It was the combination of good growing soils, ample
water, and wildlife that allowed the early settlers of
Lebanon to make great gains. Blessed with deep allu‐
vial soils along the Connecticut and Mascoma Rivers,
as well as the productive loams of the valley sides,
farmers were rewarded quickly for their efforts. Doz‐
ens of miles of perennial streams provided grist for
the farmer’s mills, and ample power for sawmills,
turneries, and slate mills. Anadromous fish such as
Atlantic salmon, shad, and alewife could be caught in
all of the brooks, and the colder streams supported
1

Excerpts from the History of Lebanon 1761 – 1887 by Charles
Algernon Downs can be found at http://www.archive.org/
details/historyoflebanon00down

timber wolf, mountain lion, wolverine, and woodland
caribou. Wolf and mountain lion are making a very
slow comeback particularly in the northern parts of
the state, and wolverine and woodland caribou are
considered extirpated from the region.

brook trout and fallfish. Turkey and deer fed on the
plentiful oak and beech mast in the forests, and bear,
moose, and rabbit could be taken for game meat. Bea‐
ver, mink, and otter pelts were traded early on as a
means of exchange, and after these were trapped out
by the late 18th century money could be made on the
bounties of other furbearers such as wolf, bobcat, and
fox. The forests provided ample supplies of spruce for
poles and rafters, chestnut and oak for timber frames,
and pine for flooring and furniture. In many ways, the
earliest of economies in Lebanon came about only as a
result of the abundant natural resources that could be
had.
The expansion of the town’s population in the 19th
century went from about 1579 residents to 4965 resi‐
dents.2 This tripling of the town’s residents was ac‐
companied by a shift in population centers from the
shores of the Connecticut River to “Lebanon City” in
East Lebanon, and then back into Lebanon Center
during the height of mill operations along the Mas‐
coma River. The concentration on mill trade aided in
the demise of hilltop agriculture and allowed for the
gradual return of forests to the highlands. Wildlife
species such as deer, bear, and beaver slowly returned
in the early 20th century, but it wasn’t until the 1950’s
and 1960’s that species associated with older wood‐
lands began to return. With help of scattered re‐
introductions in the state, fisher, turkey, and brook
trout re‐established themselves in the backlands of
the town. The discontinuance of the use of DDT in
the 1960’s also aided in the return of aerial predators
such as hawks and owls, and the continued lack of
high‐density development of the highlands in the
1970’s and 1980’s allowed for the return of moose. To‐
day, nearly all of the pre‐existent wildlife species are
present in Lebanon, with the exception of eastern
2

From the History of Lebanon summary, http://
www.lebanonnhhistory.org/lebanon‐history

The 2009 population of Lebanon is approximately
13,638 based on NH Office of Energy & Planning esti‐
mates,3 or roughly 330 persons per square mile or one
person for every two acres. In 2008, there were ap‐
proximately 4500 parcels that averaged 5.9 acres each.
City and state owned lands equaled 180 parcels or
roughly 3000 acres. Therefore, privately owned par‐
cels numbered approximately 4320, with an average
size for each landowner of about 5.4 acres. Since un‐
fragmented lands ‐ i.e. those without roads, houses, or
agriculture, exceeded 15,000 acres in 2008, the average
amount of developed land per lot was a little less than
two acres. In 2008, the number of housing units
(6550) confirms this estimate.4

“In the City of Lebanon we are consuming land and
habitat resources at a steadily increasing rate…”
From Lebanon’s Landscape, City Planning Office, September 2008,
p. 6.

Current land use patterns suggest that the natural re‐
source base of Lebanon is shrinking. Commercial and
residential subdivisions are converting forestland at
an alarming rate of approximately 100 acres per year
in Lebanon.5 Pressure on the remaining undeveloped
land has brought with it increased sedimentation in
rivers and streams, higher nutrient inputs to lakes and
ponds, and fragmented wildlife habitat. Fish con‐
sumption advisories have previously been posted for
3

U.S. Census Bureau data for the year 2000 was 12,568 resi‐
dents.

4

From Lebanon’s Landscape, City Planning Office, September
2008, p. 6.

5

Based on statistics on land conversion 1999‐2005 supplied by
the Lebanon Planning Office.
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careful planning in order to protect their integrity for
future generations. The synopsis below is based upon
an extensive review of existing literature and map re‐
sources, as well as a total of 26 field days during this
two year time period. A particular focus was placed on
wetlands and wildlife since these two aspects of the
natural resource ‘fabric’ of Lebanon are more difficult
to ascertain from remotely produced maps. On‐the‐
ground assessments were completed of wetlands and
wildlife habitats and tallies were kept on the species
diversity within the City’s boundaries. Written per‐
mission was obtained for all excursions onto private
property and state permits approved for the collection
of any and all wildlife species.
Lebanon’s unfragmented lands are shaded in green in the
above illustration. Approximately 15, 171 acres of land in Leba‐
non (57%) do not have maintained roads, open land agricul‐
ture, or industrial, commercial or residential development.
This area was delimited on the basis of the 2007 photogram‐
metric map of Lebanon as well as field confirmation of con‐
tiguous habitat across powerlines, dirt roads and byways, and
in the buffer areas of developed land.

the Connecticut River, and Mascoma Lake is currently
on the New Hampshire Department if Environmental
Services (NHDES) “Impaired Waters” list6 for non‐
point source pollution.
Clearly the City of Lebanon needs to pay close atten‐
tion to those natural resources that are being compro‐
mised by growth, and to plan wisely for securing and
protecting water quality, water quantity, wildlife habi‐
tat, and biodiversity in the years to come. The pur‐
pose of the Phase II NRI was to help with this process.
This report summarizes the “Phase II Natural Re‐
sources Inventory” effort of the Lebanon Planning Of‐
fice. This two‐year effort has resulted in a fresh look at
those critical natural resources that are being im‐
pacted by increasing development and which require
6

Data from U.S. Environmental Protection Agency: http://
www.epa.gov/ne/eco/tmdl/impairedh2o.html#nh
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Chapter II reviews the Foundations of Lebanon,
namely its bedrock and surficial geology, soils, and
water resources. Most of this review is map‐based and
relies heavily on the work of the state and federal gov‐
ernment whose documents are cited within. Field
verification of certain water resources such as stream
centerlines and shorelands aided in the improvement
of existing digital data. Aerial photograph interpreta‐
tion of the 2007 photogrammetric survey of Lebanon
helped identify active agricultural areas, many of
which were also confirmed on the ground. Within the
soils sub‐section there is a treatment of steep and ero‐
sive soils that brings together new information on
Lebanon’s “soils of concern.” The water resources sub‐
section summarizes the City’s surface and groundwa‐
ter resources, and includes a discussion of possible
protection mechanisms to ensure positive water
quantity and quality in the future.
Chapter III talks about wetlands and their values. It
defines wetlands, describes now to recognize them,
and discusses the classification and assessment meth‐
odologies that were employed in the field. A revised
and expanded wetland map of Lebanon is offered as
an 11 x 17” attachment to this report, as well as a simi‐

larly sized wetland ranking map. The latter illustrates
the 60 wetland complexes that were evaluated for
ecological integrity and grouped into 5 classes. The
top 15 ranked wetland complexes in Lebanon are de‐
scribed in detail. The final sub‐section offers three
mechanisms for improving wetland protection in the
City, including the use of prime wetland designation,
stream designation, and outright conservation of im‐
portant wetlands.
Chapter IV covers the wildlife resources of Lebanon
and includes an in‐depth discussion of each major
assemblage, namely, mammals, birds, reptiles & am‐
phibians, fish, and invertebrates. An introductory sub‐
section talks about the sampling approaches used as
well as the best season(s) for detecting each group of
wildlife species. A list of six “target” species (five
mammals and one invertebrate) were surveyed inten‐
sively since they tend to act as indicators of specific
habitat conditions. The findings of this survey are de‐
scribed under the Mammals sub‐section of this chap‐
ter. Finally, the target species discussion includes a
synopsis of their estimated population viability in
Lebanon. This will, of course, require further field‐
work in order to test and refine the hypotheses pre‐
sented.
Chapter V provides a synopsis of some of the most
critical natural resource elements in Lebanon. These
Significant Ecological Areas or SEA’s were identified
through a combination of aerial photo interpretation
and fieldwork. Of the total of 73 areas that were iden‐
tified for the City, 11 are described. Each description
includes a discussion of the salient natural resource
attributes that defined the SEA, including the ecologi‐
cal setting and condition of the habitat present. Sam‐
ple pictures of the rare and endangered species that
made up some of the SEA’s are included as well.
Chapter VI offers a summary of the natural resources
of Lebanon by considering those areas where a variety

of natural resource elements are aggregated. The Co‐
Occurrence of some 45 different elements not only
provides a justification of the SEA’s that were de‐
scribed in Chapter V, but also offers a deductive
means for making land use decisions that protect cer‐
tain natural resource qualities. For example, a quick
look at the co‐occurrence of wetlands and water re‐
sources points to the high value of upper watershed
areas that extend beyond Lebanon’s boundaries. Us‐
ing a variety of conservation strategies that are com‐
monplace in most towns of the state, several protec‐
tion mechanisms are suggested. This chapter high‐
lights a few priority conservation sites and ends with a
brief discussion about the future land use‐natural re‐
source interface in Lebanon.
The Appendices of this report include selected maps,
species lists, a descriptive list of significant ecological
areas, a field log, and a listing of codes for the wet‐
lands cover type map. References for all citations in‐
cluded in this document are also included at the end
of the report.

A. OVERVIEW OF BEDROCK AND SURFICIAL
GEOLOGY

Chapter II: Foundations - Rock, Soil, and Water
The foundations of a landscape are its rock, soil, and
water. These fundamental elements reveal the natural
history of an area, and are a testament to the ever
changing climate. Tectonic forces that have engaged
the earth’s mantle have given rise to the region’s igne‐
ous rocks; they have also subducted seabed sediments
and compressed them into metamorphic rocks. Cli‐
matic forces have dictated the patterns of weathering
and erosion, and brought about successive ice sheets
that sculpted what had been set in stone millions of
years earlier. Recent climatic patterns have brought
about a constancy of precipitation to the region –
roughly 40 inches per year, which has supplied the
rivers and streams, lakes and ponds with much
needed water.
The following chapter provides an overview of these
three basic elements of the natural resource land‐
scape, beginning with the bedrock and surficial geol‐
ogy of the region, continuing with the formation and
description of soils, and ending with a review of the
water resources in the City. Whereas each section
could be a chapter unto itself, this review simplifies
the story by presenting the highlights of each attrib‐
ute – the amounts and location of each element, their
significance on the landscape, keynote features rela‐
tive to their use and value, and suggested measures
for conserving each element in its entirety.
“The rocks of the town are mainly mica slate abundantly sup‐
plied by iron pyrites. In the southwest part there is a large
deposit of hornblende in the slate; the mass of Mount Finish
is composed of this rock.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

The foundation of Lebanon’s natural resources rests
upon the bedrock and surficial geology that has been
crafted by wind and water erosion over thousands, if
not millions of years. Plate tectonic patterns in this
part of the world have played an extremely important
role in how the land was shaped. The bedrock that is
present today was once at the bottom of a shallow sea
that had been receiving layer after layer of volcanic
sediment for millions of years. Over 440 million years
ago this sea was subducted by the collision of the
North American and European continental plate (and
later, the African plate) during a long period of moun‐
tain‐building that culminated with the 16,000 foot
high Appalachian Mountain range. Ordovician rocks
that were uplifted got reshaped, exposed, and worn
down. Around 430 million years ago, during the onset
of the period of orogeny (mountain‐building), a
magma dome, later known as the Oliverian granite‐
gneiss pluton, arose on the north side of Lebanon.
Contact metamorphosis and the general shape of the
“Colburn Hill and Rix Ledges are like islands of granite pro‐
truding through the slate rock. The granite is not found in
places south of the river and does not appear except in boul‐
ders east of the valley which runs northward by Rix Ledges.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

This fine example of pebbly sulfidic schist can be seen
alongside Storrs Hill Road as it climbs up from Great Brook.

dome resisted much of the general erosion that fol‐
lowed, allowing for the formation of Indian Ridge, Mt.
Support and Rix Ledges.
The above map from the Bedrock Geology Map of New
Hampshire (Lyons et al. 1997) shows that at least 10
different bedrock formations can be found in Leba‐
non. Two distinct types are represented: 1) igneous
rocks associated with the 430 million year‐old Olive‐
rian magma dome; and 2) metavolcanic and metasedi‐
mentary rocks associated with the Upper to Middle
Ordovician seabed sediments. The latter exceed the
age of the igneous pluton by 20 to 35 million years.

This granite “pebble” is a common feature on the Landmark
lands, in the Devil’s Kitchen, and along Indian Ridge, all of
which are underlain by the Oliverian granite magma dome.
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The igneous rocks take the form of classic granites,
with ‘salt‐and‐pepper’ appearances that can be seen
on several bank foundations in the area, as taken from
Quarry Hill and elsewhere. The slightly metamor‐
phosed sedimentary and granular volcanic rocks take
the form of schist with clearly bedded layers that re‐
flect the composite of materials that went into the
rock. Fine muds and silts were transformed into the
fine slaty schists that made the slate mill era along the
upper Mascoma so profitable. Coarser sands and grav‐
els became the pebbly, sulfidic schists found lower
down in the Mascoma River and up along Great
Brook. Both light phase and dark phase rocks were
formed in these schist beds – the light phase arose
from a predominance of volcanic ash that had been
laid down, and the dark phase arose from the ero‐
sional byproducts of lava. Excellent light phase rocks
can be seen atop Farnum Hill, and dark phase
metavolcanics can be found off Loomis Road, below
Trues Brook falls, behind Falls Way, and in the lower
Boston Lot.
The bedrock resources of Lebanon are not in danger
of being exhausted. Ample supplies exist in spite of

“A large vein of quartz runs along the eastern part of the
town, a prolongation of the immense deposit of that material
on Moose Mountain; it appears on the Cleaveland Farm to
the south, and extends into Enfield and Grantham.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

Effects of Glaciation

The pure white vein of quartzite described above by Charles
Downs can be easily viewed atop Mt. Tug in the exposed
ledge next to the microwave transmitter facility. This vein
was likely a result of pure silica (sand) that was heated,
melted and cooled within the carbonaceous‐rich schist of
the Littleton formation.

nearly two hundred years of quarrying. The only re‐
maining hard rock quarry on Mount Finish owned
and operated by Pike Industries has removed less
than one third of the hornblende‐rich schist on the
mountain. This is one of several locations in Lebanon
that contain this type of rock, although the current
viability of opening up another rock quarry where
these Ammonoosuc volcanics occur is slight. Perhaps
the only competing value for this type of bedrock is its
steady supply of calcium that supplies the soil
through various weathering processes. The amount of
calcium available in this schist is not insignificant –
areas like Mount Finish with high concentrations of
hornblende or pyroxene1 can supply over 75% of the
available calcium to the root zone of trees. Biotic in‐
1

Fine‐grained slaty schist formed the foundation and source
of profit for the slate, then bobbin mill along Mill Road in
the upper Mascoma River area. Fine horizontal bedding pro‐
moted sharp cleavages and even splits among the “shakes.”
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teractions near the soil surface supply the rest. This is
augmented by the minerals present in the overburden,
or those rock fragments that have arrived in Lebanon
from the north‐northwest by virtue of four ice sheets
over the past two million years.

Hornblende is a very common mineral in metamorphic rock
that has the general formula: (Ca,Na)2,3(Mg,Fe+2,Fe+3,Al)5 (Al,Si)
22
8O (OH)2. Pyroxene is a group of common rock‐forming min‐
erals of the general formula (ABSi2O6) where A is chiefly Mag‐
nesium, Iron, Calcium, or Sodium, and B is Magnesium, Iron,
or Aluminum. (American Geological Institute 1983).

At least four successive periods of glaciation during
the late Miocene and Holocene Era wrought signifi‐
cant changes to the mantle of erosional debris that
had accumulated over the surface of this ancient
mountain range. Upwards of twenty feet of material
got shifted, scraped off, re‐deposited, and sorted into
the various beds of glacial till and outwash that lie at
the surface today. The latest period of glaciation, the

posited materials comprised of very fine sands, silts,
and clays have created a mantle of alluvial materials
over the outwash. These loose soils have very little
structure and are constantly being washed away and
re‐deposited downstream. Slightly higher on the slope
there are still beds of glacio‐lacustrine deposits that
were laid down during the thousand or so years that
glacial Lake Hitchcock was still in existence. This 200‐
mile long lake extended from Middletown Connecti‐
cut to north of St. Johnsbury, Vermont.2 Over a period

“If many fragments of Colburn Hill have passed to the south
in some of the mysterious movements of ancient times,
places to the north have sent down their rocks, and there is
no deficiency in the supply.”
From History of Lebanon 1761 – 1887 by Charles Algernon Downs

Wisconsin Glacier that took place 12.5 to 20 thousand
years ago, effectively eradicated any evidence of prior
glaciation, although deep bed sediments exposed on
the banks of the Connecticut and Mascoma River may
contain “rotten rock” from the previous, Illinoan gla‐
ciation period.
Glacial till – loosely sorted material containing silts,
sands, gravels, stones, and boulders – overlies more
than three‐quarters of the City. The remainder is split
between pro‐glacial (outwash) materials, recently
formed alluvium, and glacio‐lacustrine deposits. The
pro‐glacial outwash sediments have been sorted by
glacial meltwaters and were deposited in low‐lying
beds along the major river and stream valleys. These
are the principal sources of sand and gravel in Leba‐
non, and are invaluable as groundwater recharge sites
for the region’s aquifers (see below). Along the Con‐
necticut and lower Mascoma Rivers more recently de‐

In the previously glaciated Northeast, soil is nothing more
than glacial material that has been acted upon by climate and
the decomposition of organic matter over the past several
thousand years. Exposed soil, as shown above, can quickly
release its fine particles, organic debris, and poorly bonded
ionic compounds into the surrounding environment.

of 3,000 years, water‐borne particulates settled in this
lake and formed dense layers of silt and clay over pre‐
viously deposited sands and gravels. Each of the above
glacially‐derived substrate types is significantly tied to
the fabric of biological resources that occur in Leba‐
non. Most importantly, these glacial deposits pro‐
vided the parent materials for the formation of soil.
2

For an excellent synopsis of glacial Lake Hitchcock, see

www.bio.umass.edu/biology/conn.river/hitchcock.html.

B. OVERVIEW OF SOILS & SLOPES

crop are found on prime farmland soil.3

One of the most significant natural resources of Leba‐
non is its soils. These nutrient‐rich aggregations of
rock fragments, minerals, organic debris, and living
organisms form the basis of all plant, animal, and
natural communities in the City. Within a mere meter
of the surface, 90% of all biological interactions in the
soil take place. Within a cubic inch of soil there are
miles of fungal cells, hundreds of invertebrates, and
thousands of bacteria and protists. In fact, greater
than 75% of the biomass of a typical clump of topsoil
is organic in nature. Nurtured by regular precipita‐
tion, broken apart by frost, recycled by plants, and
infiltrated by countless numbers of vertebrate and
invertebrate organisms, the soil and its vitality sup‐
port all life.

Good growing soils in Lebanon are comprised of three
types ‐ prime farmland soils, soils of statewide impor‐
tance, and soils of local importance. These three des‐
ignations have been assigned by the United States De‐
partment of Agriculture Natural Resource Conserva‐
tion Service (NRCS), who considers various factors of
soil chemistry and morphology in order to derive the
relative tilth of each soil series for growing crops.
Productivity factors include soil reaction (pH), tex‐
ture, structure, consistency, presence of a hardpan
layer, depth to bedrock, soil moisture levels, available
water capacity, erodibility, and level of organic mat‐
ter. Prime farmland soils are considered the best
growing soils and have the highest yields of corn si‐

Lebanon is well endowed with nutrient‐rich soils. The
fortuitous combination of calcium‐rich bedrock, fine‐
textured glacial deposits, and ample rain and snow
has produced an excellent growing environment for
plants. In an era when very few working farms can
still claim farm income, Lebanon has an above aver‐
age level: 5.3% of lands produce commercially viable
agricultural products. These active agricultural lands
are concentrated in areas where hornblende and py‐
roxene‐rich schists and very fine sandy loams or silt
loams produce good to excellent crop yields. Crops
vary from hay to corn to fruit trees, as well as pasture
feed for small‐scale dairy and other livestock opera‐
tions. Whereas the deepest and richest soils tend to
form in alluvial materials along major rivers, Lebanon
has excellent growing soils scattered throughout its
rich uplands. Not all of these soils are actively being
farmed, however, as the map at right depicts. Just 23%
of those areas that are currently growing some type of

Soils of statewide and local importance lack the productivity
of prime farmland soils, usually on the basis of slope or exces‐
sive soil water. These actively managed fields off Hardy Hill
Road include both of these restrictions and are therefore
somewhat less productive than fields across the street.

lage, grass hay, grass‐legume hay, and animal forage
(grass‐clover) of any soil in a given area. They are
typically deep, well‐drained or moderately well‐
drained, fine textured, and have a higher pH range.
Bottomland (floodplain) examples include the follow‐
ing series: Occum, Pootatuck, Podunk, Hadley, and
Winooski; examples in outwash areas include Aga‐
3

This co‐occurrence of active agricultural areas and prime
farmland soils is based on the NRCS soils map of the city,
which has a stated limitation of 2 to 5 acres. It is likely that
some of the remaining 77% of the active agricultural areas are
located on good growing soils as well.
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wam and Groveton; examples in glacial till include
Charlton, Peru, Bernardston, and Pittstown.
Soils of statewide importance have smaller crop yields
according to the NRCS. One or more factors cause their
productivity to be somewhat lower, such as high soil
moisture levels, steepness, erodibility, or lower pH
ranges. Three of the prime farmland soil series on steep
(i.e. > 15%) slopes fall into this category, including
Charlton, Bernardston, and Pittstown soils. Three soil
series with high water tables are also rated for statewide
importance, including Suncook, Deerfield, and Croghan
soils. The remaining two soils of statewide importance
are those that formed on glacio‐lacustrine silts and
clays, specifically Hitchcock and Dartmouth soils. It
should be noted that these two soils were named for
deposits found in the Hanover‐Lebanon area.
Soils of local importance have been further compro‐
mised by surface stones, water, steepness, droughtiness,
and depth to be ranked third in terms of productivity
for cropland. These soils are still very important grow‐
ing soils, and when covered in trees offer excellent site
indices.4 Many of the stony phases of the soil series of
statewide importance fall into this category, such Charl‐
ton, Bernardston, Pittstown. A stony phase is indicated
in these series when .5 ‐ 3% of the soil surface is covered
by stones >3” and < 24” diameter. Wet soil series such as
Rippowam, Limerick, Walpole, Stissing, Binghamville,
and Pillsbury, if properly drained, can be and have been
used for agriculture. In contrast, droughty soils such as
Adams and Windsor, if properly irrigated, can also be
productive for farmland. The remaining soils of local
importance include series with hard pans, shallow
depths, and high erosion indices.
Prime farmland soils cover 1321 acres (5%) in Lebanon,
4

Also defined by the USDA, the site index is merely the height
to which an average tree of a particular species reaches in 50
years. A typical site index for soils of local importance is 65 for
white pine and sugar maple.
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with individual units ranging from .58 acres to 71.7 acres
and a mean of 10.0 acres. Soils of statewide importance
cover 1873 acres (7.1%) of Lebanon, with units ranging
from .015 to 184.37 acres and a mean of 11.85 acres. Soils
of local importance cover 6639 acres (25.13%) of Leba‐
non, ranging from .093 to 332.05 acres and a mean of
16.56 acres. All three types comprise the good growing
soils of Lebanon, totaling 9833 acres (37.2%). The map
at right illustrates the location of these soils.
Steep Slopes
Steep slopes are a critically important part of the re‐
gion’s topography. Created by the geologic forces de‐
scribed above, they have a significant bearing on how
fast water flows downhill, how much solar radiation
heats up the earth, how much moisture is retained by
the soil, and how productive the land is for agriculture,
forestry, and wildlife. In an area with winter snow cover
and frost, the relative steepness of the land is further
affected by aspect, or, the direction to which a particu‐
lar slope faces. South‐facing slopes, for instance, heat
up faster in late winter yet are subject to greater frost
(a.k.a. freeze‐thaw) action. North‐facing slopes remain
frozen longer and gradually warm as the ambient tem‐
perature rises, and therefore do not “heave” as much.
Aspect combines with slope in affecting erosion poten‐
tial, plant community diversity, crop and timber pro‐
ductivity, and wildlife population viability.
For this NRI, steep slopes were defined as being
greater than 25% by the City of Lebanon Planning Of‐
fice. Initial mapping of areas greater than 25% was
based on the NRCS Soil Survey Map of Grafton County
(1999),
as
well
as
updates
provided
by
www.soildatamart.nrcs.usda.gov. NRCS Order 2 soil
mapping standards have a stated precision limit of 2 – 5
acres, however, and therefore only provide a rough ap‐
proximation of where slopes are greater than 25% in
Lebanon. A much more accurate representation of
slopes was provided by Mark Goodwin, GIS Coordinator

in the City Planning Office through the use of a trian‐
gular irregular network (TIN) mapping protocol that
used Lebanon’s computer mapping system or GIS.
This allowed for the transformation of various eleva‐
tion points that were created during the 2007 photo‐
grammetric survey into a series of GIS data sets for
various slope classes. The result was a series of TIN’s
(elevation models) for various slope classes, including
<15% and >35%. Since this effort was intended to pro‐
vide a base map for the assessment of erosion poten‐
tial, plant productivity and wildlife, a number of as‐
pect‐slope classes were created:
Product

Aspect

Degree Range

10

SE

100‐190

>60%

9

SW

190‐285

>60%

8

SE

100‐190

35‐60%

7

NW, NE

285‐100

>60%

6

SW

190‐285

35‐60%

5

SE, SW

100‐285

25‐35%

4

NW, NE

285‐100

35‐60%

3

SE, SW

100‐285

15‐25%

2

NW, NE

285‐100

15‐35%

1

ALL

0‐360

% Slope

<15%

Table 1. Slope‐aspect classes were established for assessing
the value of steep slopes for various purposes in Lebanon.
The higher the product, the higher the value for wildlife, rare
natural communities, and biodiversity. Soil erosion and other
structural/design problems associated with steep slopes
roughly correlate with this model as well, where higher prod‐
uct scores equate with greater soil instability and higher engi‐
neering costs. Aspect refers to the direction in which the
slope is facing, and therefore has a direct bearing on the
amount of solar radiation present throughout the year. Many
wildlife species rely on this solar gain to survive harsh winter
weather.

The 11” x 17” map in the Appendix also illustrates a
comparison between the TIN‐derived steep slope map
and slope classes derived from the NRCS data. The
purpose of this comparison was to overlay K‐factor

erosion information in steep slope areas. K‐factor
erosion statistics were derived from the Engineering

Over ten thousand years of plant decomposition,
gradual percolation of humic acids, and develop‐
ment of soil mycorrhizae can be undone by lifting a
single shovel‐full of surface soil from its place.
and Soil Properties Table in the Grafton County Soil
Survey (1999). They relate to the erodibility of any
given soil layer for every soil series in the county,
based on either water (w) erosion or freeze‐thaw (f)
erosion. In Lebanon, the following categories of erodi‐
bility were highlighted:
1.

Very Erosive K‐factor (for either w or f) = ≥.4
for any soil layer

2. Moderately Erosive K‐factor (for either w or f)
= .2 ‐ .39 for any soil layer
For the purposes of this assessment any soil series or
slope class that had the above Kw or Kf values in any
layer (i.e. O, A, B, or C horizon) were considered
highly erosive. This includes any soil erosion that
could result from terrain alteration, flood flow, freeze‐
thaw action in exposed soils, wind‐thrown trees, or
other soil disturbance event.
Why is Soil Erosion a Concern?
The following summarizes the principal concerns as‐
sociated with the erosion of steep slopes and the loss
of surface soil layers:
1.

Loss of structural integrity for subsequent use of development

2.

Alteration of surface and groundwater flow pathways

3.

Loss of soil nutrients and biological soil activity

4.

Loss of native vegetation / introduction of invasive plant species

5.

Siltation of downslope water bodies / loss of water quality &
aquatic life

6.

Reduction in soil buffering capability relative to nutrient attenua‐
tion

7.

Increased albido (ground‐based solar reflectance) with resultant
localized drought, altered ET (evapotranspiration), and increased
wind velocity

Although some soils are naturally
unstable – for example, the glacio‐
lacustrine and alluvial soils de‐
scribed above, the exposure of their
lower layers or substrata of even the
firmest of glacial tills can cause ir‐
reparable harm to their structural
integrity. Compact basal tills
(hardpans), if broken apart, can im‐
mediately erode into a series of
miniature canyons and valleys
thereby compromising their struc‐
tural strength for supporting added
fill in a roadway or for supporting a
foundation. Perhaps the greater en‐
gineering challenge is the subse‐
quent shift of water flow pathways,
both from surface run‐off and
groundwater discharge. Altered
soils will form new run‐off channels, Sediment deposition in the buffer zone of a stream based on different particle sizes {Derived
from Wischmeier, N.P. and D.D. Smith. 1978. Predicting rainfall erosion losses. Agric.
expose previously subterranean Handb. 537. USDA. Agricultural Research Service, Washington, D.C.
groundwater tables, and act as new
its chemical nutrients to downstream sites. Oxides of
‘sinks’ for ponding and flooding. This can exacerbate
aluminum that are commonly found in this layer can
erosion and completely change the way in which sur‐
actually toxify downstream sites if a sufficiently acidic
face and groundwater interface with one another.
run‐off washes through this layer. Over ten thousand
Changing the water pathways typically results in an
years of plant decomposition, gradual percolation of
uneven distribution of water flow where some areas
flood more regularly and become wetlands, and other
humic acids, and development of soil mycorrhizae can
areas dry up and become isolated ‘deserts.’
be undone by lifting a single shovel‐full of surface soil
from its place.
Removing the surface soil layers, especially the or‐
ganic layer (the ‘O’ horizon) and the organic‐enriched
The exposure of new soil horizons in the absence of
layer beneath it (the ‘A’ horizon), will also change the
nutrients and soil fungi prevent all but the hardiest of
way in which nutrients are deposited, broken down
plants from taking hold. Unfortunately, these plants
and taken up by plant roots. As noted above, surface
tend to be the most aggressive and tolerant of plant
soil horizons are rich in biological activity and form
species, namely the invasives such as bittersweet
an essential ‘mat’ of nutrient exchange. Scraped or
(Celastrus orbiculatus), barberry (Berberis thunbergii
eroded soils eliminate >90% of this activity if both the
and B. vulgaris), and Japanese knotweed or
O and/or A horizons are removed. The principal re‐
‘bamboo’ (Falopia cuspidata). Whereas many of the
ceiving layer (or ‘B’ horizon), if exposed, will release
non‐native species such as dandelion (Taraxacum offi‐
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cinale) and common speedwell (Veronica officinalis)
have long since adapted to the native flora and are
found as minor components in otherwise natural eco‐
systems, these more recent arrivals have taken advan‐
tage of soil disturbance to dominate and control their
vegetated environment. In one study at a National
Wildlife Refuge in Rhode Island, non‐native flora was
found to cover up to 80% of the dominant flora in any
given area.5
Destabilized steep slopes tend to transport sediments
of a variety of particle sizes downstream at a greater
rate. Whereas stones, cobbles, and gravels tend to fall
out of the water flow fairly quickly, fine sands and
silts tend to remain in the water column for upwards
of 400 feet or more. As shown in the graph on the pre‐
vious page, silts can be transported several hundred
feet away from a water source before settling out. For
areas in Lebanon where fine‐textured glacial tills and
glacio‐lacustrine soils are prevalent, this can be a
problem. Water‐borne silt decreases available oxygen,
clogs gills, and reduces water clarity, thereby neutral‐
izing photosynthetic capability of aquatic plants.
An additional concern associated with soil distur‐
bance and topsoil removal is the loss of the nutrient
attenuation function. This is of particular concern in
hydric soils where soil bacteria and other micro‐
organisms metabolize complex hydrocarbons includ‐
ing artificially created compounds such as oil, gas, and
grease. Both surface run‐off and groundwater trans‐
port can carry road salt, aluminum oxides, and petro‐
leum products very quickly into rivers and streams
without the buffering effect of topsoil. This can lead
to fish kills, poor drinking water quality, and out‐
breaks of coliform bacteria.
5

USFWS. 2000. Rhode Island National Wildlife Refuge Com‐
plex. Draft comprehensive conservation plan and environ‐
mental assessment. Executive Summary. U.S. Fish & Wildlife
Service, Hadley, Massachusetts.
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Perhaps the least understood negative effect of soil
erosion and loss is the increase in albido that often
accompanies the exposure of bare soil to sunlight.

other artifact (e.g. cars) installed. Wind speeds tend
to increase, air temperatures fluctuate more widely,
and relative humidity drops. Although local effects on
weather patterns may not be discernible, the effects
on plant communities in the nearby area usually are –
with significant consequences (again) on invasive
plant species dominance.
Summary of Lebanon’s Soils of Concern

Over one quarter of Lebanon has slopes in excess of 25%. Over
three‐quarters of the City has erosive soils. The intersection
of these two conditions can be very problematic for any devel‐
opment activities that do not take extra precautions. The
slope above is along the Mascoma River below Route 4. Cut
banks that were a part of the construction of Mill Road over
150 years is still causing severe destabilization in certain ar‐
eas.

Whereas the effects of plant and soil moisture loss can
be measured, the action of direct solar reflectance to
the atmosphere cannot. Typically, newly scraped
earth goes through a period of rapid heating and cool‐
ing during the growing season that is incompatible
with most vascular plants. Mosses and lichens often
develop the first, pioneer successional stage followed
by aggressive vascular plants such as some of the inva‐
sives mentioned above. Over time, the more shade‐
tolerant plants thrive in the understory of the sun‐
adapted pioneers and take over as the dominants in
the canopy. If the site has been converted to residen‐
tial or commercial development, however, the solar
reflectance value remains constant or may increase
depending on the type of pavement, sidewalk, roof or

Hitchcock and Dartmouth series, and the very fine
sandy‐silts of the Bernardston‐Pittstown‐Stissing gla‐
cial tills. Moderately erosive soils included glacial out‐
wash series such as Colton, Agawam, and Windsor
soils, shallow‐to‐bedrock tills such as Cardigan‐
Kearsage, Tunbridge‐Lyman, and Charlton series, plus
some finer textured glacial tills such as Berkshire,
Marlow, and Peru soils. The amount and extent of
erosive soils is a significant feature of the natural re‐
source set in Lebanon, wherein any work in steep ar‐
eas should take caution to avoid unnecessary soil dis‐
turbance or prolonged periods of inadequate stabili‐
zation of exposed soils. As a way of encouraging the
avoidance of extremely erosion‐prone areas, the map
also indicates where TIN‐based slopes in excess of
35% intersect erosive soils. This area includes 1671
acres (6.3%) of Lebanon.

According to the NRCS soil mapping regime, there are
approximately 12154 acres of soils that are greater than
or equal to 25% slope in Lebanon. This represents
46% of the City. This differs from the raster‐based
TIN derivative by 5432 acres, wherein the latter re‐
sulted in approximately 6722 acres or 25% of the City.
Comparably, the amount of soils‐based slopes >35%
was considerably higher, or 4973 acres versus 2101
acres. Steep soils are generally located along the sides
C. OVERVIEW OF WATER RESOURCES
of the hills, ridges and valleys in Lebanon, such as the
sides of Mount Lebanon, Signal Hill, Mount Finish,
Water is one of the most precious commodities of the
Farnum Hill, Eastman Hill, and Mount Tug.
Water Body Name
Length (miles)
Area
% of
The principal difference between the soils‐
(acres)
Lebanon
Lentic (shoreline)
based steep slope areas and that of the raster‐
1.4 (in Lebanon)
93.67
.35
based TIN was the higher degree of resolution Mascoma Lake
of the latter, which was able to map all areas
with steep slopes on a 25‐foot square pixel ba‐
sis. This not only refined the soil‐slope areas it
also added other, smaller units of steep slopes
such as along highway rights‐of‐way and
within streambanks.
The map in the Appendix contains a secondary
overlay of erosive soils as defined above. A
total of 10,280 acres (39% of the City) of very
erosive soils were found in Lebanon, as com‐
pared to a total of 12,385 acres (47% of the City)
of moderately erosive soils. The most highly
erosive soils included frequently flooded allu‐
vial soils such as Hadley, Limerick, and Wal‐
pole series, glacio‐lacustrine silts such as

Boston Lot Lake

1.2

45.05

.17

Unnamed Ponds (N = 158)

‐

65.12

.25

Temporary Ponds (N = 12)

‐

10.39

.04

Detention Ponds (N = 6)

‐

2.89

.01

Lotic (centerline)

Connecticut River

7.3

316.31

1.20

Mascoma River

9.6

129.08

.49

Perennial Streams

130.14

210.98

.80

Intermittent Streams

63.48

‐

‐

Ditches & Culverts (N = 111)

3.53

1.45

.005

Total

214.05 (lotic only)

874.94

3.31

Table 2. Surface waters of Lebanon. Note: lentic refers to lens‐shaped
water bodies such as lakes and ponds, Lotic refers to running waters
such as streams.

classifying, and mapping wetlands in the City. Chapter
III covers wetlands in detail, and describes the way in
which the accompanying wetland maps were created as
well as how each wetland complex was investigated and
assessed.

Connecticut River from Trues Landing

21st century. In the northeastern United States freshwa‐
ter is a frequent and persistent part of the landscape
with most of the New England states having over 5% of
its land surface covered by open freshwater (and in
Maine over 12%). Adding wetlands to the set of water
resources almost doubles this figure, wherein water is at
or near the surface of the ground for a long enough pe‐
riod of time to completely change plant communities
and soil characteristics. Water is cycled through the
landscape and the atmosphere through a variety of
pathways that include plants, animals, fungi and a host
of other biotic organisms as well as through direct
evaporation and regular precipitation. As noted in the
section on geology, water has been transported through
the landscape in the form of ice, gas, and liquid for at
least the last 400 million years in Lebanon.
Because of the critical nature of water to all life, the
quantity and quality of water received special attention
during this NRI. Fortunately, a great deal of information
had already been accumulated on the water resources
of Lebanon. The City Planning Office had amassed an
impressive amount of data – notably digital data – on
the surface water bodies in the City. GIS‐based informa‐
tion on the streams, rivers, lakes, and ponds was readily
available, as was water quality data on the Mascoma
River and Mascoma Lake. Since knowledge about Leba‐
non’s wetlands was far less detailed, most of the water
resource mapping effort was expended in identifying,

In terms of surface water, Lebanon contains two major
rivers, at least nine named brooks, two lakes, 27 ponds
> .5 acres in size, and 121 wetland complexes. The total
amount of open water in Lebanon is approximately 875
acres, or roughly 3.3% of the City. The following named
Bordered by the Connecticut and bisected by the Mascoma, Lebanon qualifies as being one of the most notable “river cities” in
and unnamed water bodies make up this total:
the state of New Hampshire. This view from Water Street testifies to significance of the water resources in the City.

Mascoma Lake and Boston Lot Lake are the only two
major lentic (i.e. lens‐shaped) water bodies in Lebanon.
These are considered true lakes in that they have a sig‐
nificant amount of area with depths greater than 6.6
feet (i.e. deepwater) and they have waved‐washed
shorelines. In both lakes there are also fringe wetlands
less than 6.6 feet deep that are mostly vegetated in the
summer. All of the other 158 unnamed ponds, 12 tempo‐
rary ponds, and six detention basins are less than 4
acres in size. The largest are actually the temporary set‐
tling ponds at Pike Industries below Mount Finish. Of
the smaller ponds at least two‐thirds of them were ex‐
cavated and/or dammed for agricultural, recreational,
or wildlife purposes. Except for the created/enhanced
ponds at WalMart, only one of them exceeded an acre
in size.
Although somewhat shorter in length, the Connecticut
River is by far the largest riverine water body in Leba‐
non. Averaging roughly 500 feet in width, this line of
demarcation with the state of Vermont is replete with
shoals, point bars, rocky shorelines, and muddy back‐
waters. At least six islands dot the inner channel, the
largest of which, Johnson Island, is roughly 4.4 acres in
size. Several other temporary “islands” can be found in
the late summer when low water exposes shallow gravel
bars. Wilder Dam has had a major influence on the flow
and replenishment of the river, and although equipped

with a fish ladder, it still mostly blocks upstream pas‐
sage of anadromous and catadromous fish. The river is
large enough to have an actively wave‐washed shore‐
line, which serves as a unique habitat for plants and
animals. Coupled with the groundwater seepages that
enter the shoreline, the Connecticut offers one of the
most unique aquatic habitats for rare species in Leba‐
non (see Chapter V).

Road, the island forest above Stoney Brook, Baker’s
Crossing, the meadows and ponds across from the
City’s pumping station, the shrub swamps above Route
120, and below Old Pine Tree Cemetery. Each of these
acts to suppress flood flow and protect the loss of prop‐
erty downstream.
The principal named brooks in Lebanon – Ruddsboro
Brook, Stoney Brook, Hardy Hill Brook, Blodgett Brook,
Great Brook, Slayton Hill Brook, Hibbard Brook, Bloods
(Trues) Brook, and Stockwell Brook – enhance the qual‐
ity of life for wildlife, forests, farmers, fish, and recrea‐
tionists. Over 130 miles of perennial streams in Lebanon
make for one of the highest drainage densities in the
region – 3.15 stream miles per square mile of area. In the
upper Great Brook area this actually exceeds 7.6 stream
miles per square mile. Except for small areas on Signal
Hill and Farnum Hill, a person walking the back lands
of Lebanon will be no more than a third of a mile from
the nearest stream and usually less. Another 50% of the
overall stream mileage in Lebanon is represented by
intermittent streams where water flows in fall and win‐
ter but dries up in the summer. These critically impor‐
tant areas channelize overland flow into recharge areas

The upper Mascoma River is the City’s only public
drinking water source and, therefore, plays a pivotal
role in the water quality monitoring that takes place. At
nearly ten miles in length, the Mascoma bisects the City
nearly in half, and provides a ‘trunk line’ for at least six
named perennial streams to enter into. Year‐round
flows are checked by at least three dams, although the
upper reaches below Mascoma Lake and above the
pumping station flow effectively uninterrupted since
the demise of the old slate and bobbin mill along Mill
Road. Unlike the Connecticut River the Upper Mas‐
coma is wadeable except during spring floods and offers
excellent fishing reaches for the angler. It also supports
a high diversity of riparian wildlife species, which have
responded well to the gradual encroachment of a for‐
ested edge. Several critically important floodplain for‐ 7
Sobczak, W.V. and E.A. Colburn. 2007. Subsurface Flowpaths in
ests and oxbows are scattered along the edge of the a Forested Headwater Stream Harbor a Diverse Macro‐
Mascoma, including the oxbows below Eastman Hill Invertebrate Community. Wetlands Vol. 27 No. 2.
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quality is the maintenance and enhancement of vege‐
tated riparian buffers. At least five factors relative to
buffer protection have been cited in the literature:

for the region’s groundwater supplies. Sub‐surface
macro‐invertebrates have been shown to survive the
dry summer months only to arise as adults when wa‐
ter returns again in the fall.7 These ‘dry’ streambeds
check downstream flooding from summer showers,
infiltrate and break down nutrients from run‐off, and
capture sediments from salt‐laden roads. Although
often unappreciated, intermittent streams play an es‐
sential role in providing a steady supply of clean water
to downstream users.

1.

2. Riparian buffers can cause a significant reduc‐
tion in the amount of herbicides and pesti‐
cides that enter a stream (Paterson and
Schnoor 1992, Arora et al. 1996)

Groundwater
Water that infiltrates below the surface of the soil is
considered to be groundwater. Whereas over 20% of
the world’s freshwater supply comes from groundwa‐
ter, less than one percent of the world’s freshwater
lies in the ground.8 In Lebanon, virtually all of the
outlying residences rely on groundwater for their
principal water supply. Groundwater that lies in con‐
solidated materials (e.g. rock) and/or unconsolidated
materials (e.g. sand & gravel) is considered to be an
aquifer. Bedrock aquifers are widely scattered in Leba‐
non, and very little is known about their capacity, re‐
charge rate, or production beyond the private wells
that draw from these aquifers. In contrast, the loca‐
tion of stratified drift aquifers, or those that occur in
deeply bedded layers of glacially derived sands and
gravels, are very well known. The State of New Hamp‐
shire has mapped a total of 21 stratified drift aquifer
units in Lebanon, with a total area of 4392 acres or
16.6% of the City. The map on the following page
shows that most of these aquifers have relatively low
yields – i.e. < 1000 acre‐feet/day; however, there are
some areas where medium to high yields are possible.
The latter includes the Two Rivers Conservation Area
area and the shopping plazas to the south. There are
also scattered pockets of above‐average yields avail‐
able from along the Mascoma River, in the Sachem
8

http://en.wikipedia.org/wiki/Groundwater
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Cascades at Trues Brook Natural Area

Village area, and near the Lebanon Airport.
Protecting Lebanon’s Water Resources
Of critical concern to the health and viability of both
surface waters and aquifers is the control of floodwa‐

ters and the treatment of non‐point source (NPS) pol‐
lution. Wilder Dam and the Mascoma River dams al‐
ready provide a good measure of floodwater protec‐
tion, as do the undeveloped floodplain forests, wet‐

Water is one of the most precious
commodities of the 21st century.

Intermittent streams such as this one in the lower Landmark
lands help desynchronize flash floods, recharge groundwa‐
ter to bedrock and stratified drift aquifers, and support a
diversity of micro‐organisms that are perfectly adapted to
dry summer conditions. For this reason they are included as
jurisdictional wetlands under the state Wetlands Protection
Act of 1969.

Riparian buffers can cause a significant reduc‐
tion in the amount of sediment, nitrates, and
other nutrients that enter a stream system
(Osborn and Kovacic 1993, Daniels and Gilliam
1996, Lowrence et al. 1997a, Lee et al. 2000)

lands, and oxbows noted above. With three “hundred‐
year” floods in the state in the last four years, there is
good reason to suspect that even more attention
should be paid to flood prone areas than what is cur‐
rently being considered. Careful calculations of flood‐
water impacts to the 50+ miles of sewer lines or the
73+ miles of ditches or 2650 culverts in the City also
need to be completed. Many of these water transport
mechanisms are under‐sized and inadequately main‐
tained. Failure to inspect, resize and monitor these
artificial waterways could result in tremendous losses
to public and private property. The “string of pearls”
project promoted by the Rotary Club is an excellent
example of what can be done to protect and preserve
these floodplains, not just for recreation and aesthetic
purposes but for active mitigation of flood surges.
One of the most important measures to protect water

3. Riparian buffers have little to no effect on nu‐
trient removal beneath the root zone
(Lowrence et al. 1997b)
4. The effectiveness of the riparian buffer de‐
pends upon the width and slope of the buffer
relative to the upslope loading (Castelle, John‐
son and Connolly 1994, Wenger 1999, Klap‐
proth and Johnson 2000)
5. Removal of forest cover and an increase in the
amount of impervious area in a watershed will
increase stream flow and the transport of nu‐
trients (Hornbeck, Martin, and Eager 1997,
Johnson, Johnson, and Siccama 1991)
The map on the following page indicates suggested
buffer areas for streams, lakes and ponds, wetlands
and shorelands. Standard distances are used as de‐
rived from the above literature, from the NHDES In‐
novative Land Use Planning Techniques (Chapter 2.4
2009), Planner’s Guide to Wetland Buffers for Local
Governments (Environmental Law Institute 2008),
Buffer Zones and Beyond (Boyd 2001), and from the
NHAS / NHOSP publication Buffers for Wetlands and
Surface Waters ( Chase et al. 1997). Recommended
buffer distances are as follows:
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Intermittent Stream

25 feet

Perennial Stream (for water quality) 100 feet
Perennial Stream (for wildlife)
200 feet
Wetlands (All)

100 feet

Shorelands under RSA 483‐A

250 feet

Not all buffers require the same types of treatment.
For example, in the latest NHDES publication on In‐
novative Land Use Planning Techniques, they review
several examples of where different municipalities
regulate certain activities within specific setback dis‐
tances. For instance, Lyme restricts structures within
100 feet of wetlands but allows agriculture, forestry,
conservation and passive recreation. Milford requires
a 25‐foot natural vegetation buffer but expands this to
100 feet around bogs. Sandwich restricts uses within
125 feet of any wetlands to varying degrees, but only if
the wetland is greater than 15,000 square feet. The
report notes that there are 111 municipalities in New
Hampshire that restrict activities in wetlands, and
that 62 further restrict land uses in the adjacent up‐
land buffer.
There are a number of other ways in which water
quantity and water quality can be protected in Leba‐
non. Additional recommendations are offered in the
final chapter that addresses open space, ecological
integrity and conservation priorities.
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The absence of a riparian buffer in downtown Lebanon has
allowed excess sediments, nutrients (especially road salt) and
occasional pollutants to enter the river. It has also restricted
wildlife passage, although strictly riverine species still occur
there.

lands such as cat‐tails, various sedges, speckled alder,
and red maple. The following summary describes each
of these three technical criteria:

publication date was 1999. Mapping of

Wetlands are classified according to their dominant

Lebanon resulted in approximately

cover type, which is typically vegetated. The 1972 Fed‐
eral Water Pollution Control Act (renamed the Clean
Water Act when it was amended in 1977) established
the National Wetlands Inventory (NWI) branch of the
U.S. Fish & Wildlife Service to classify and map all of
the wetlands in the United States. In New England,
most of this work was completed in the mid 1980’s
using black‐and‐white aerial photographs from the
National High Altitude Aerial Photography Program.
The mapping program followed the Classification of
Wetlands and Deepwater Habitats of the United States
by Lewis Cowardin et al. (1979), and this system is still
in use today. This initial mapping was fairly coarse,
however, and on an average basis tends to under‐
represent the number of wetlands in a given area by
as much as 50%. For example, in Lebanon, just 1039.2
acres of wetlands were identified by the NWI program
versus the 2000+ acres identified by this NRI Project.

1525 acres of hydric soils for the City.

These were completed on a county
wide basis, and for Grafton County the

Chapter III: Wetlands and Their Functions
A. OVERVIEW
Wetlands are lands that are transitional between up‐
lands and deep water habitats. They include swamps,
marshes, bogs, and fens, as well as the fringes of lakes
and ponds, rivers and streams. Along the coast they
include estuaries, mudflats, tide pools, and the strand
of the seashore itself. They are as old as the oceans
and as new as rainwater pools in freshly excavated
ground. They cover over 15% of the New England
landscape; in Lebanon they cover at least 5.7% of the
landscape exclusive of the two large lakes (Boston Lot
and Mascoma) and the deepwater portions of the
Connecticut River. Both the state of New Hampshire
and the Federal government use the following defini‐
tion for wetlands:
“Wetlands are those areas that are saturated or inun‐
dated by surface or ground water at a frequency and
duration sufficient to support, and that under normal
circumstances do support, a prevalence of vegetation
typically adapted for life in saturated soil conditions.
Wetlands generally include swamps, marshes, bogs,
and similar areas” [42 Federal Register 37125‐26, 37128‐29, July 19,
1977; NH RSA 482‐A:1]

The above definition identifies three technical criteria
for wetlands: water or hydrology, wet or hydric soils,
and vegetation that prefers wet soils, or hydrophytes.
When and where all of these criteria are present on
the landscape comprise the very basis of a wetland.
For example, water has to be present for a long
enough period of time during the growing season for
soil to develop certain characteristics that wetland
scientists define as hydric. Plants have to be predomi‐
nantly hydrophytes, or those that typically live in wet‐

Hydric soil areas did not necessarily
line up with NWI wetland areas, and
when these two map sources were
compiled together the result was ap‐
proximately 1980 acres of wetlands in
Lebanon (see map at right).1
Wetland mapping was an important
part of the NRI Project because of
their importance on the landscape.
For millennia wetlands have served
humankind by regulating floodwaters,
recycling nutrients and sediment, pro‐
viding clean water to drink and wildlife to hunt. Mod‐
ern day alterations to the landscape have elevated the
value of wetland function to unprecedented levels as
they have withstood damaging hurricanes and floods,

Another “remote” method of mapping wetlands in the

required billions on purifying the water, and faced

region took place in the 1980’s and 1990’s by the Soil

wildlife extinction rates that are unparalleled in the

Conservation Service (now Natural Resource Conser‐

past 250 million years. The Clean Water Act was a sig‐

vation Service). The SCS used stereoscopic imagery of
the landscape to interpret the location of hydric soils.

This initial wetlands map shows where
the National Wetlands Inventory (NWI)
and the Natural Resource Conservation
Service (NRCS) mapped wetlands. Com‐

1

Both the NWI and SCS (NRCS) acreages of wetlands for Lebanon
include open water areas such as Boston Lot Lake, Mascoma Lake,
and the Connecticut River.

nificant step in the regulation of wetlands and water‐
ways, and has governed their treatment since 1972. In
New Hampshire the regulation of filling and dredging
of wetlands began three years earlier (1969), and the
state currently operates a joint permitting program
with the federal government. In spite of these safe‐
guards however, the state continues to lose wetlands
at an alarming rate – over 150 acres per year, which
although significant, is a mere fraction of the esti‐
mated loss of 361,000 acres per year in the Eastern
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U.S.2

5. Educational Potential

Since 1980, a number of wetland evaluation systems

6. Scenic Quality

have been developed in the United States, including

7. Wetland‐based Recreation

federal government publications such as the Wetland

8. Floodwater Storage

Evaluation Technique (WET I & II, USACOE Water‐
ways Experiment Station) and the Highway Methodol‐

9. Groundwater Recharge/Discharge

ogy Workbook and Supplement (USACOE), plus some

10. Sediment Trapping

state and regional systems such as Functional Assess‐

11. Nutrient Trapping/Retention/
Transformation

ment of Freshwater Wetlands: A Manual and Training
Outline (Larson et al. 1989), and Method for the Com‐

12. Shoreline Anchoring

parative Evaluation of Non‐Tidal Wetlands in New
Hampshire (Ammann and Stone 1991). The latter
document is a recommended wetland evaluation
method for New Hampshire, although it is currently
undergoing a significant revision and update and
therefore was not used in Lebanon.

3

All wetlands have functions that
serve the surrounding ecosys‐
tem. All of these functions con‐
tribute to the well being of hu‐
mans, therefore they are highly
valued by society

Each of these methods addresses some of the salient
functional values that wetlands contain, including but
not limited to the following:
1.

Ecological Integrity

2. Wetland Wildlife Habitat

For the assessment of wetlands in Lebanon, greater
emphasis was placed on Ecological Integrity than any
other function. Given the rapid current rate of devel‐
opment and the rate of loss of wetlands in the City, a
focus on this function seemed appropriate since the
‘intactness’ of a wetland on the landscape
prescribes every other function it performs.
State and regional methodologies typically
begin with an assessment of ecological in‐
tegrity, but very few explore all of the essen‐
tial biophysical attributes that comprise the
function. The only wetland assessment
method that was found to contain a thorough evalua‐
tion of ecological integrity was Ecological Integrity
Assessment and Performance Measures for Wetland
Mitigation by NatureServe. In this method, ecological
integrity was measured on the basis of the following
attributes:
1.

3. Production Export

8. Organic matter accumulation
9. Presence of invasive, weedy, or ruderal
species
10. Amount and condition of current hy‐
drology

B. SAMPLING APPROACHES
Beginning in July 2008, wetlands in Lebanon were
identified using a combination of map resources and

11. Hydrologic connectivity
12. Soil/substrate condition
13. Patch size relative to other wetlands in
a given area
The aerial view of Lebanon High School at right illustrates
an example of how wetlands can be fragmented and their
natural buffers compromised. Besides a loss of wildlife habi‐
tat and groundwater discharge/recharge, what other func‐
tions are being impaired by the presence of impervious sur‐
faces such as parking lots and rooftops?
Compare this with the well‐vegetated buffers behind Nature
Walk as seen below. Which animal is helping control flood‐
ing?

Surrounding land use

3. Buffer length and width
2
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7. Vegetation condition

series of mechanisms for conserving wetlands and of‐
fers recommendations for the protection of wetland
function using both regulatory and non‐regulatory
methods.

2. Landscape connectivity

4. Aquatic Life Support
Statewide wetlands loss data based on study by Vicki Chase et
al. (2006) as presented at the Annual Meeting of the NH Asso‐
ciation of Wetlands Scientists, Concord, NH, 2006; data on the
rate of nationwide wetland loss provided by the USFWS Status
and Trends – Coastal Watersheds of the Eastern United States
1998 – 2004.

6. Amount & type of previous disturbance
in wetland

4. Condition of buffer

4

5. Water quality
4

A “buffer” is an upland of variable width that lies immediately
adjacent to a wetland. Buffers trap sediments, take up nutri‐
ents, detoxify pollutants, and serve as wildlife habitat.

This chapter on wetlands and their functions reviews
the methods used in mapping and delineating wet‐
lands, classifying them, and assessing their functions
and values. It describes the general condition of wet‐
lands in Lebanon and highlights a few of the salient,
high value wetland complexes. Finally, it provides a

field observations. Initial wetland map information
was derived from NH GRANIT GIS data sources, in‐
cluding the 1987 USGS data on surface water bodies,
the 1986‐7 NWI wetlands map for the region, and the
1999 Grafton County Soil Survey for hydric soils. The
City of Lebanon Planning Office augmented these

map data with selected coverages that their GIS Coor‐
dinator had derived from a 2007 aerial photogram‐
metric survey of the City, namely, a two‐foot contour
interval data set, a culvert and ditches data set, and an
intermittent and perennial stream data set. Of addi‐
tional use was a paper map copy of a wetlands map
from ca. 1981 that was attached to a previous wetland
assessment completed by Dartmouth College.5
Field assessments took place over the course of 26 site
visits that were devoted to the NRI in general and
typically included wetland mapping and assessment
efforts. Certain wetland complexes were prioritized
for visitation, particularly those that were difficult to
map, those of very high value, and those that were
being considered for filling or dredging by proposed
development projects. Wetlands on slopes, with dense
softwood cover, and in shallow vernal basins were
perhaps the most difficult to determine from existing
aerial photography. Several properties were visited to
complete GPS‐based delineations for these types of
challenging wetlands. Finally, at least two sites that
were the subject of proposed development projects
were also visited to assess wetland values for baseline
purposes, namely, the Airport East area, and off
Mount Support Road.
The ‘Working Wetlands Map’ at right shows where GPS
points were concentrated around softwood swamps and
other areas where ground‐truthing was needed on selected
properties. Wetland boundary accuracy for the purpose of
City‐wide mapping and wetland assessment was 3.3 to 7.7
meters, or roughly the width of the line that is visible on the
map.

In areas where field delineations were completed,
minimum convex polygons were created from GPS
angle points along the wetland edge. Delineation pa‐
rameters followed the 1987 Army Corps of Engineers
5

This assessment unfortunately used out‐of‐date hydric soil
data and did not offer much insight on current wetland con‐

Wetlands Delineation Manual (ACOE Tech. Rpt. Y‐87‐
1). A Garmin 12XL GPS unit was used, with an average
precision of 3.2 to 7.7 meters. No attempt was made to
correct these data or to conduct a legal survey of these
wetland edges. For this reason, the attached maps and
GIS data should not be used for legal or survey pur‐
poses. It should also be noted that in spite of high
quality remote data sources (i.e. the 2007 photogram‐
metric data), not all wetlands were identifiable from
the air. This was particularly true for wetlands with
dense softwood cover, small wetlands on slopes, and
wetlands that have been significantly altered by hu‐
mans.

Wetland Classification
The National Wetlands Inventory (NWI) protocol was
used for classifying all wetlands in Lebanon. As noted
above, this protocol uses the system published in the
Classification of Wetlands and Deepwater Habitats of
the United States by Lewis M. Cowardin, Virginia
Carter, Francis C. Golet, and Edward T. LaRoe (1979).
Existing NWI maps were enhanced by on‐site surveys
that allowed for greater resolution of the map units,
for example, by mapping shoreland fringe wetlands
along major bodies of water. Each wetland unit that
was observable in the field or by virtue of the 2007
aerial photographs was assigned a cover type and wa‐
ter regime modifier. Since all of Lebanon wetlands
were freshwater wetlands, they fell within one or
more of the three freshwater systems, namely (L)
lacustrine, (R) riverine, and (P) palustrine. The last
include marshes, swamps, bogs and fens, which were
the most common type of wetlands found in the City.
Occasionally, two systems were merged because of
the tightly interspersed nature of the cover type. For
example, narrow streams with forested cover and
streamside seeps were often considered both (R) riv‐
erine and (P) palustrine. An illustrated example is
shown on the following page. Appendix D contains a
full list of NWI cover types by system.
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P = Palustrine, or a non‐
tidal freshwater wetland. It
is one of 5 major systems:
Marine
Estuarine
Lacustrine
Riverine
Palustrine

FO = Forested, one of 5 vegetated cover types in the
Palustrine system: (FO) Forested; (SS) Scrub‐shrub;
(EM) Emergent; (AB) Aquatic Bed; (ML) Moss‐Lichen
E = Seasonally Flooded/Saturated,
one of about 10 water regime modi‐
fiers that describes hydrology

1 = Broad‐leaved Deciduous (e.g. Red Maple)
4 = Needle‐leaved Evergreen (e.g. Hemlock)
1 / 4 means that the deciduous trees are slightly more
dominant than the conifers
This is what it looks like

eration but for all species in all canopy and sub‐
canopy layers
3a. Hydrologic condition – evaluates the amount of
natural versus anthropogenic sources of water
3b. Hydroperiod ‐ separated by three wetland types
– riverine/lacustrine, non‐riverine enriched, and
poor isolated wetlands, evaluates natural versus
impacted period of saturation/inundation
3c. Hydrologic connectivity ‐ separated by three
wetland types, evaluates presence of surface or
groundwater connection to other wetlands, or
anthropogenic modifications to this

Above: An example of the NWI classification system showing a palustrine forested swamp of hardwoods and conifers.

Wetland Evaluation
As stated above, wetland evaluations in Lebanon fo‐
cused on Ecological Integrity by using a recently pub‐
lished method by NatureServe.6 This assessment
methodology not only considers a number of wetland
attributes that are pertinent to other functions, it also
considers different types of wetlands as well.
Evaluation metrics include 20 different rating ques‐
tions for four types of wetlands: wet meadows‐
marshes, floodplain and swamp forests, and bogs &
fens. The following list summarizes each of these rat‐
ing questions:
1a. Landscape connectivity* ‐ assesses the
‘embeddedness’ of the wetland unit
1b. Surrounding land use index* ‐ requires a calcula‐
tion of the % of the wetland buffer area that is
occupied by specific land uses, then provides a
coefficient multiplier for each use type
1c. Average buffer width* ‐ asks for an estimate of
6

The base publication for this draft is Faber‐Langendoen, D., J.
Rocchio, M. Schafale, C. Nordman, M. Pyne, J. Teague, T. Foti,
and P. Comer. 2006. Ecological Integrity Assessment and Per‐
formance Measures for Wetland Mitigation. NatureServe, Ar‐
lington, Virginia. Level II rapid assessment metrics for the EIA
was supplied by Bill Nichols of the NH Natural Heritage Pro‐
gram, DRED, Concord, NH in January and March 2010.
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the average buffer width

4a. Soil disturbance – assesses the amount and cause
of any bare soil areas

1d. Buffer Length – based on a percent of the overall
occurrence perimeter

4b. Water quality – based on direct observations of
potentially impaired waters

1e. Buffer condition – general assessment of im‐
pacts/disturbance in the wetland buffer

5a. Absolute patch size – evaluates relative size of
wetland to other wetlands of similar types in the
region/watershed

2a. Vegetation structure – separated by three wet‐
land types, estimates condition by the structural
quality of the vegetation type(s) present
2b. Organic matter accumulation ‐ separated by
three wetland types, estimates age and condi‐
tion by the presence/absence of coarse woody
material
2c. Cover of native plant increasers – considers the
amount of monocultural species that have
arisen on account of prior disturbance, such as
cat‐tail, poison‐ivy, and hay‐scented fern
2d. Relative cover of native plant species – based on
field observation
2e. Cover of exotic invasive plant species – further
refines non‐natives by asking for cover of those
that are deemed invasive
2f. Vegetation regeneration (floodplain and swamp
forests only) – based on native tree regenera‐
tion, further reflecting prior past disturbance
2g. Vegetation composition – partially recaps regen‐

1.

Small (i.e. < 3 acres) isolated wetlands that
were created, excavated, or significantly al‐
tered by anthropogenic causes were treated as
separate units – e.g. Pike Industries pond

2. Small (i.e. < 3 acres) isolated wetlands with no
visible inflows or outflows were grouped with
other small isolated wetlands in the immediate
sub‐region – e.g. Bass Hill Isolateds, Eastman
Hill Isolateds
3. Small (i.e. < 3 acres) isolated wetlands with
distinctly visible inflows and/or outflows were
grouped with other small isolated wetlands in
the same sub‐watershed – e.g. Landmark Iso‐
lateds South, Landmark Isolateds North
4. Larger (i.e. > 3 acres) isolated wetlands with

5b. Relative patch size – considers amount of reduc‐
tion in original size by anthropogenic means
* These three ranking questions were removed in
the March 2010 draft Level II rapid assessment met‐
rics and therefore the resultant mean scores were
based on ranking questions 1d to 5b. The mean score
was a simple average of all values for each wetland
using the above ranking criteria, which resulted in a
number between 1.00 and 5.00.

Individual wetland assessments were completed on all
wetlands greater than four acres, as well as a random
selection of eight wetlands that were smaller than
four acres. Each assessment was made on the basis of
available field knowledge and careful inspection of
remote map data. Assessment units were created from
the initial wetlands mapping effort that utilized GPS,
GIS and color aerial photograph data for each wet‐
land. Evaluation unit boundaries were created accord‐
ing to the following guidance:

At .24 acres, the Starr Hill Vernal Pool (above) was too small
to evaluate, although it did contain excellent habitat for
breeding salamanders, wood frogs and a number of aquatic
invertebrates.

no distinctly visible inflows or outflows were
treated as separate units – e.g. Farnum Hill
Road
5. Larger non‐isolated wetlands with direct in‐
flows or outflows that were bound together by
a common tributary were considered a part of

a single evaluation unit (e.g. Hardy Hill
Brook); these complexes began at the upper‐
most, hydrologically connected unit and
ended at either the Mascoma River or Con‐
necticut River unless they were effectively iso‐
lated due to a highly ineffective, “pinched” cul‐
vert (e.g. Mt. Support Base Complex)
6. All non‐riverine wetland units that were di‐
rectly adjacent to a major tributary, stream, or
river were considered part of the major river‐
ine unit – e.g. floodplains of the Central Mas‐
coma River
7. Major riverine systems were separated on the
basis of a major dam that blocked direct fish
and aquatic life passage – i.e. Upper versus
Lower Connecticut River; Upper versus Cen‐
tral versus Lower Mascoma River
8. All five of the above major riverine wetland
complexes included both the deepwater and
shoreland portions of the system in one unit

C. FINDINGS
1. Wetlands Mapping and Assessment

Table 3. Major NWI Cover Types among Lebanon’s Wetlands
SYSTEM

SUBSYSTEM/

Lacustrine

Limnetic

Palustrine

Riverine

TOTAL

Littoral
Aquatic Bed
Emergent
Scrub‐Shrub
Forested ‐ Living
Forested – Dead
Rocky Bed
Unconsolidated
Bottom (flooded)
Lower Perennial
Upper Perennial
Intermittent

Number of Units

ACRES

2

136.39

7
5
274
257
824
8
1
157

2.34
5.03
218.55
180.05
731.57
24.70
.05
65.08

38
84
24
1792

466.55
185.76
4.57
2022.09

Wetlands were located in nearly all level and shal‐
lowly sloping soils where high average water tables
were within 18 inches of the surface. Since Lebanon is
dominated by fine‐textured soils with a glacially de‐
rived hardpan below the surface, water table wetlands
were very frequent across the landscape. Wetlands
were also found at seepage sites where groundwater
discharged to the surface at the ‘toe’ of a slope, in
stony‐bouldery environments, and at sites where wa‐
ter tables have been altered by ditching or scraping.
The last site’s included nearly all of the former and

Wetlands Mapping
A total of 2022.09 acres of wetland were delineated in
Lebanon, or roughly 7.6% of the City. This included
four principal deepwater habitats, the Mascoma and
Connecticut Rivers and Mascoma and Boston Lot
Lakes, which totaled 496 acres themselves. Approxi‐
mately 35% of these wetlands were directly observed
and/or delineated in the field, at which roughly 2000
GPS points were taken. A total of 1792 individual wet‐
land units were mapped, with a minimum size
of .0003 acres, a maximum size of 258.18 acres, and a
mean size of 1.13 acres. These units conformed to over
190 NWI cover types among the following major
groups:

Above: classic groundwater discharge wetland (seepage
swamp) showing an abundance of ferns, red maple and pit‐
and‐mounds.

current agricultural land in Lebanon, much of which
has converted to woodland over the past 100 ‐ 150
years. Owing to the prevalence of hardpan, seepage
sites, and altered soils in Lebanon, there are likely
more wetlands than what was mapped for this NRI.
Additional wetlands that were not identified in the
field or through aerial photo interpretation may equal
as much as 100 additional acres.
Among the wetland types that were the most com‐
mon, forested wetlands had the most diversity, the

Wilder Dam helps protect downstream flooding along Leba‐
non’s largest river, yet it comes at a cost by preventing wildlife
passage.

greatest abundance, and the highest value among all
wetlands in Lebanon. There were over 70 types of for‐
ested wetlands found in Lebanon among the 824 units
that were mapped. These included wetlands with de‐
ciduous, coniferous, and mixed forest canopies, mixed
forest and scrub‐shrub canopies, and mixed riverine
and palustrine forested systems. Fully one third of the
wetlands in the City were dominated by forested
canopies. Noteworthy among these were the silver
maple floodplains at Two Rivers Conservation Area,
the mixed forest canopies associated with many of the
vernal pools, and the extensive riparian swamps along
Great Brook.

Riverine wetlands made up nearly one third of the
wetland acreage as well. The largest wetland complex
in Lebanon was the Lower Connecticut River, which
at over 300 acres was nearly fifty percent larger than
the next largest complex along the Central Mascoma
River. The Lower Connecticut included point bars and
shoals, sandy and rocky shores, isolated islands and
shallow bays and coves. Wilder Dam has severely al‐
tered the natural floodway of this riverine stretch, yet
ample evidence of large river processes was still evi‐
dent. The scattered silver maple floodplain forests,
deep spring‐fed ‘holes’ where coldwater fish reside,
and shoreline seep habitats that support rare plants
and animals were among the salient macro‐riverine
features that were observed. Smaller riparian systems
were no less important, and in fact made up the bulk
of the riverine wetlands in Lebanon. Virtually all of
the perennial streams contained chains of wetlands
along them, especially Trues Brook, Great Brook,
Hardy Hill Brook, and Blodgett Brook. Most of these
perennial systems appeared to desynchronize flood‐
water surges along the Mascoma River, which, with
two major dams, in turn slowed down floodwaters as
they entered the Connecticut River.
Wetland Evaluation Units
The completion of the wetland mapping allowed for
the designation of separate wetland units for evalua‐
tion. Following the guidance described above, a total
of 121 wetland evaluation units were defined. Many of
these units were comprised of single NWI cover types,
although most of the units involved complexes of sev‐
eral NWI cover types. The most extensive complex,
Great Brook, contained 218 NWI cover types. Sixty of
the 121 wetland units were evaluated using the Nature‐
Serve metrics on Ecological Integrity. All but eight of
these were over 4 acres in size. Wetlands smaller than
four acres tended to be isolated and often highly al‐
tered (i.e. excavated ponds), and did not yield signifi‐
cant ranking results when the eight random evalua‐
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Id

Name_Location

ACRES

44

Landmark Isolateds South

20.76

16

Hibbard Brook

25

Martins Brook

46

Mean
Score

Id

Name_Location

1.06

17

Hibbard Brook West

31.86

1.12

42

Upper Connecticut River

46.62

1.14

121

Landmark Isolateds North

5.96

1.18

74

Barden Isolateds

1.74

30

Pipas Fen

48

ACRES

Mean
Score

21.02

2.30

144.37

2.35

Stoney Brook South

6.52

2.35

106

Cross Road Isolateds West

4.58

2.41

1.18

37

Stoney Brook

14.68

2.43

0.80

1.24

43

Upper Mascoma River

56.59

2.45

Upper Mt Support complex

3.82

1.24

1

Airport East Complex

51.50

2.47

11

Farnum Hill South

1.44

1.29

2

Airport Northeast

22.67

2.47

40

Mount Support NW

8.75

1.29

22

Lower Connecticut River

309.05

2.48

45

Boston Lot/Burnt Mtn. Isolat‐

4.02

1.29

105

Stage Coach Road Seepage

5.71

2.49

95

Cross Rd South Isolateds

2.50

1.29

36

Stockwell Brook

26.27

2.50

19

Indian Ridge Northeast

6.94

1.49

33

Route 120 West

161.30

2.63

14

Great Brook

134.90

1.54

27

Medical Center North

47.12

2.65

41

Trues Brook

13.28

1.60

8

Carter Country Club

18.30

2.71

55

Hibbard Brook East

4.82

1.65

60

Sachem Village South

6.83

2.71

tions were completed.

114

Hall Road North

5.76

1.67

24

Lower Mascoma River

22.63

2.81

Evaluation scores for each ranking question ranged
from “1” (the highest score) to “5” (the lowest score).7
Wetland complexes with multiple cover types were
scored according to the proportion of each cover type

7

Boston Lot Lake

64.98

1.71

59

East Wilder‐Indian Ridge

14.27

2.82

15

Hardy Hill Brook

38.45

1.72

13

Freeman Ave End

10.50

2.85

90

Slayton Hill Road West

12.18

1.75

32

Route 120 ‐ Etna Road

111.29

3.04

28

Medical Center Northwest

5.87

1.76

12

Farr Road

4.70

3.06

7

23

Lower Landmark Complex

62.78

1.82

18

I‐89 Roadside ‐ Airport North

4.66

3.06

34

Ruddsboro Brook

4.44

1.84

119

Tomapo Farm West Isolated

1.87

3.12

5

Blodgett Brook

48.54

1.88

26

Mascoma Lake

107.20

3.24

10

Farnum Hill Rd

4.04

1.88

91

Prospect‐Moulton Rd West

4.02

3.29

35

Sachem Village North

8.59

1.91

29

Mt Support Base Complex

21.06

3.31

3

Airport South Complex

10.45

1.94

76

Ruddsboro Rd West

4.72

3.44

20

Jesse's East

4.55

2.18

4

Birch Terrace Slough

0.89

3.53

116

Route 120 North

4.79

2.26

9

Central Mascoma River

169.86

3.59

6

Blodgett Brook East

6.81

2.29

21

Lebanon HS complex

2.33

3.65

31

Prospect Street Drainage

6.28

2.29

57

WalMart marsh & ponds south

18.59

3.82

As shown on page 2, the Lebanon High School Complex has
at least four main NWI cover types, each of which had
separate calculations for ecological integrity. These values
were transformed using the approximate percent of each
cover type in the complex.

The metrics ranking form actually used letters (i.e. A, B, C, D,
& E), although these were converted into numbers for the pur‐
pose of establishing statistical comparisons.

Bottomless Pit near the Hanover town line
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Table 4. Wetland Evaluation results ranked by highest value (lowest mean score) to lowest value (highest mean score)

present. For example, if a wetland was 50% bog & fen
and 50% marsh and the score for bog & fen was “2” and
the score for marsh was “3,” then the input score was
“2.5.” Similar transformations were computed for all
complexes with multiple scores, which resulted in sta‐
tistical precision to the hundredth of a point. This pro‐
vided an ultimate range of min/max mean scores from
1.00 (a perfect score with the highest ecological integ‐
rity) to 5.00 (the lowest score with the worst ecological
integrity) for each wetland evaluation unit that was as‐
sessed.
The best score among the 60 wetland evaluation units
that were assessed was 1.06 (Landmark Isolateds South),
and the worst was 3.82 (WalMart Marsh Ponds South).
The mean score for all 60 wetlands was 2.24. Thirty‐five
wetlands exceeded the mean score (i.e. with numbers
lower than 2.24) and 25 wetlands scored worse than the
mean (i.e. with numbers higher than 2.24). The largest
wetland worse than the mean was the Upper Connecti‐
cut River with a score of 2.35. The smallest was the bet‐

Above: Old growth structure at edge of vernal pool in the
Landmark Isolateds North wetland complex.

ter than the mean score was the Pipas Fen with a score
of 1.24. The largest wetland below the mean score was
the Lower Connecticut River with a score of 2.48 and
the smallest was Birch Terrace Slough with a score of

3.53. Table 4 summarizes the results of the 60 wetland
assessments.
2. Lebanon’s Most Valuable Wetlands
Table 4 provides a clear picture of how Lebanon’s wet‐
lands ranked according to attributes related to Eco‐
logical Integrity, although additional valuable services
that wetlands provide must also be considered when
evaluating them. The overview above suggests that
there are at least 11 other functions that wetlands
have, some of which provide significant benefits to
city residents even if they have been altered or com‐
promised by past land use practices. Among the most
important functions that even the lowest ranked wet‐
land in Lebanon currently serves is Floodwater Stor‐
age. The ability for a created or excavated pond to
hold back floodwaters and prevent downstream
scouring is quite pronounced, especially in areas
where even slight changes in floodwater elevations
could have disastrous consequences. For this reason,
the ensuing discussion about Lebanon’s most valuable
wetlands not only considers their ranked scores for
ecological integrity, it also considers some of the
other important functions that are being served by
the wetland complexes.

Landmark Isolateds North (1.18) and South (1.06)

Hibbard Brook (1.12)

These wetlands were complexes of isolated water bod‐
ies that had some hydrologic connection to each
other within the two major sub‐watersheds on the
Landmark lands. The northernmost grouping in‐
cluded 14 basin swamps and vernal pools that were
mostly connected by intermittent streams above the
Dartmouth‐Hitchcock Medical Center (DHMC) com‐
plex. In only one wetland were there small amounts of
filling for a road crossing at a “pinch point” in the for‐
ested swamp. Otherwise, these wetlands represented
very intact, wildlife‐rich habitats that captured flood‐
waters, sediments, and nutrients, and provided local‐
ized groundwater recharge.

This wetland complex extends south from Cross Road
to the town line with Plainfield. It includes a series of
beaver wetlands, marshes, and scrub‐shrub swamps,
with forested riparian zones in between. The land sur‐
rounding the wetland is mostly unfragmented and
wooded, although the uppermost reaches of the west‐
ern tributaries includ some fields along Poverty Lane
near Colonial Homestead Farm. High quality moose,
deer and bear habitat appeared to be present based on
cover types, surface water density, and available hard
mast. The lack of disturbance to the riparian zone and
its remoteness were principal factors that contributed
to its high rank. Other functions that appeared to be
present in this system included floodwater storage,
sediment retention and nutrient retention and trans‐
formation.

The same was true for the southern extension of these
isolated basins, wherein at least 40 wetland units were
grouped according to their hydrologic connection to
the Lower Landmark (“Wetland 31”) Complex just
north of the Mascoma River and Mascoma Street Ex‐
tension. This area contained intact forested buffers of
considerable age, had a high degree of geomorpho‐
logic diversity, and supported one of the richest wild‐
life habitat complexes in Lebanon. Isolated basins that
acted as vernal pools were too numerous to get an ex‐
act count, although 22 were recognized in this sub‐
watershed on the vernal pool map of Lebanon (see
Chapter IV). The picture on the previous page illus‐
trates the undisturbed nature of the soils and long‐
term accumulation of coarse woody material.
Lower Landmark Complex (1.82)

Whereas the upper part of the Lower
Landmark complex is undisturbed
(as seen above from Burnt Mt.), the
lower part is hydrologically con‐
nected to the seeps and swales along
Interstate 89. At right is a classic effu‐
sion of iron‐rich water from an im‐
paired seepage area. The iron results
from excessive bacterial growth.

This 63‐acre wetland in the southern part of the Land‐
mark lands includes two main parts that represent the
absolute range of “intactness” in a wetland ecosystem.
The northern part lies outside of any residential zone
and reflects the same high quality of the group of iso‐
lated wetlands to the north. It lacks any appreciable
disturbance, contains exceptional wildlife habitat di‐
versity, and produces clear, well‐oxygenated water for

The headwaters of Hibbard Brook (above) arise from Cross
Road in a small marsh along the roadside. This pristine
brook and series of beaver marshes extends all the way into
Plainfield.

an abundant population of aquatic life species. The
eastern part is bisected by Interstate 89, Old Pine
Tree Cemetery Road, Mascoma Street Extension, and
several four‐wheel drive roads. Large portions of the
wetland are filled, channelized, dredged, scraped and
built upon. Yet both parts are hydrologically con‐
nected and come together nearly one half mile from
the Mascoma River. What the northern part lacks in
terms of access, visibility (easily viewed scenic qual‐
ity), and educational potential, the eastern part makes
up for in good quantity. ‘Nature Walk’ Condominiums
next to the Sacred Heart Cemetery leads directly to
easily accessed viewing stations that include vistas
across beaver marshes, scrub‐shrub swamps and for‐
ested wetlands. These marshes are serving invaluable
functions as sediment traps and nutrient sinks for all
of the inputs that come from the roadways and resi‐
dential run‐off. Although the wildlife value of the
eastern part is somewhat compromised by its prox‐
imity to development as well as invasive species, the
remaining functional values are actually being en‐
hanced by the increased opportunity that this part of
the wetland has for handling anthropogenic impacts.

Martin’s Brook (1.14)
The Martin’s Brook wetland complex was delimited
on the basis of the main portion of the Martin’s Brook
watershed. The only exclusion area that was assigned
to a different unit was the northwest part, which was
functionally connected to the largely disturbed wet‐

Martins Brook contains at least six major beaver impound‐
ments with nearly pristine perennial streams between.
The marsh above is the largest and had sign of beaver,
mink, bear, deer, and moose.
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land area surrounding the southeastern part of the
airport. The eastern part of Martin’s Brook was
crossed by three roads: Poverty Lane, Loomis Road,
and Stone Hill Road. Each of the crossings involved
adequate culverts or bridges at very narrow points in
the wetland. Besides being of exceptional habitat
quality, one of the salient features of the Martin’s
Brook wetland complex was its capacity to store
floodwater. At least six beaver dams and other natural
obstructions were found to withhold floodwaters
above each of the four road crossings, thereby pre‐
venting road wash‐outs and siltation downstream.
The waters entering Trues Brook at the mouth of
Martin’s Brook were found to be of very high quality,
with ample populations of brook trout and dace.

this part of Lebanon, and as a result, there are some
unique plant species that occur there. Some century‐
old disturbance was observed in the area, but the fen
itself has remained intact. Currently, this site is under
easement with The Nature Conservancy of New
Hampshire, wherein they regularly monitor its quality
and condition.

pH, and as a consequence some unique plant commu‐
nities are present. Floodwater storage is minimal in
this environment, although some sediment retention
value is present that aids in maintaining clean water
downstream. Previously logged and pastured, this
wetland complex lacks some of the structural integrity
found on the Landmark lands.

Mount Support NW (1.29)

Great Brook (1.54)

This wetland occurs in the northwest part of Mount
Support north of Route 120 just south of the Hanover
town line. It includes mostly forested seepage swamps
and intermittent drainages that flow southerly to‐
wards Route 120. Although not observed directly, in‐

This major tributary of the Mascoma River follows the
entire length of Meriden Road. Although the central
channel begins in Grantham on the north side of
Croydon Mountain, many of its lateral tributaries
arise from high ground in southern Lebanon. With
over 200 cover types, this wetland complex is the larg‐
est and most complex in the entire city. North of
Plainfield, the brook itself drops approximately 600

Pipas Fen (1.25)
This wetland was one of the eight randomly selected
wetlands for evaluation that was smaller than four
acres. Although small in size, its quality and notewor‐
thiness is ranked among the highest of all 121 com‐
plexes recognized by this NRI. Completely contained
within land under permanent conservation protection
near the Plainfield town line, the Pipas Fen is unique
for having very few basin wetland attributes. Most of
the organic‐rich soils are on a gentle slope, including
an extensive Sphagnum moss mat. Calcium‐rich seep‐
ages arise from the lime‐silicate schists that underlie

Pipas Fen
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pocket wetlands that feed into the main channel, as
well as the innumerable high water basins in the
floodplain, provide invaluable floodwater storage for
downstream protection. Residents of Brookside Drive,
Logan Lane and Water Street would have a very dif‐
ferent view of downtown Lebanon if these upstream
storage basins were not intact. Although the Meriden
Road corridor of Great Brook was found to be some‐
what compromised by residential development, virtu‐
ally all of the lateral tributaries contained lands near
the edge of large open space with good to excellent
habitat for wildlife. As noted in Chapter IV, even
some of the culverts and bridges that cross over the
brook and its tributaries are actively being used by
wide‐ranging mammals such as mink, otter, and coy‐
ote.
Upper Connecticut River (2.35)
The fourth largest wetland complex in Lebanon was
separated from the largest wetland complex down‐
stream because of Wilder Dam that blocks nearly all
aquatic life passage. The Upper Connecticut is merely
a short segment in one of the longest and largest riv‐

The area north of Mt Support contains a generally rich soil
environment as it approaches the Hanover town line. The
seepage swamp depicted above was viewed from the Hano‐
ver side in May 2010.

formation on this wetland was supplied by the land‐
owner. The unfragmented nature of the wetland, par‐
ticularly in the buffer area to the east and northeast
makes this a high value wildlife habitat for moose,
bear, deer, snowshoe hare, and turkey. The site acts as
a discharge zone for groundwater that is held up by
an impervious layer of glacial till just beneath the sur‐
face. Accumulated nutrients have elevated the soil

The Great Brook wetland complex was one of the largest
and most diverse in Lebanon, spanning over 5.5 miles and
dropping approximately 600 feet in elevation. It includes
rich seepage swamps in the southern part (as shown
above), beaver marshes, forested floodplains and extensive
riparian habitat along a Clearwater stream.

feet in five miles and includes some of the most im‐
pressive cascades and rapids in Lebanon. The water is
clear and cool, and supports brook trout, two species
of dace, and historic evidence of wood turtle. The

Above: view of Wilder Dam and Connecticut River from the
East Wilder Boat Launch. The Connecticut is the largest
riverine wetland complex in Lebanon and has the greatest
diversity of habitats.

erine systems in New England. This two mile long sec‐
tion averages over 500 feet in width and contains one
major island and a number of shallow water shoals in
its reach. Upstream inflows from Mink Brook on the
Hanover side of the city line accelerate the velocity
and discharge of flow downstream. The dam ulti‐
mately regulates this flow, however, and has created a
backwater basin with deep sediments and moderately
clear waters. Fish passage is effectively zero in spite of
considerable efforts to alter this situation for salmon
and shad. Avian migrants pay little attention to the
dam, however, as do most species of short‐migratory
insects. It is this latter quality that lends significance
to the Upper Connecticut as a wetland of value. In
spite of its compromised function as a natural flood‐
water storage wetland, its value for wildlife habitat for
riparian‐dependent species is only exceeded by the
Lower Connecticut River wetland complex in Leba‐
non. Riverine and zebra clubtails inhabit this portion
of the Connecticut River, as does blue‐winged teal,
merlin, and spotted sandpiper. As described in Chap‐
ter V, this section also supports state endangered

Below the Mascoma Lake Dam the Mascoma River flows
freely for over 2.5 miles above the pumping station. It con‐
tains ample amounts of cobbly riffle habitats for brook,
brown, and rainbow trout, white sucker, fallfish, and a host
of smaller “bait fish.”

aquatic plant that hadn’t been seen in nearly one hun‐
dred years.
Upper Mascoma River (2.45)
Unlike the Connecticut River, the dams that delimit
the Upper Mascoma have not entirely eliminated the
floodplain features along the main river channel. Ac‐
tive floodplain forests and levees can be found at
Baker’s Crossing, just above the Interstate 89 crossing
of the Upper Mascoma River, and below the Mill Par‐
cel historical site. Railroad and old stage road con‐
struction in the 1800’s has minimized floodplain func‐
tion somewhat, although extreme floods still reach
these isolated areas. Water quantity and quality is
critical for this wetland complex since it acts as the
primary source of drinking water for City residents.
Wetland water quality buffers have been compro‐
mised in the past, although the closure of the railroad
and Mill Road has greatly enhanced the ability of
natural vegetation to restore this function. At present,
the Interstate and Riverside Drive are the only two
active road crossings in this stretch of the Mascoma.
Aside from the exceptional recreational and scenic
quality of the Upper Mascoma, the wetland wildlife
habitat function is also being well served. Bald eagles
have been regularly spotted in this reach, and anglers
regularly take brown, rainbow, and brook trout from

Lower Connecticut River looking up towards Johnson Island

below Mascoma Dam. Several rare plants still inhabit
the scattered floodplain pockets, including wild leek,
butternut, and slippery elm.

beaches that occur rarely in this stretch of the river.
The Lower Connecticut also supports a number of
rare plant species, some of which are described in the
subsequent chapters. Overall, in spite of somewhat
compromised ecological integrity as a result of centu‐
ries of human alteration, the Lower Connecticut River
still retains very high functional values for flood stor‐
age, production export (as at the NH Fish & Game
croplands), aquatic life support and noteworthiness. It
is also an exceptional recreation site and offers sub‐
stantial scenic vistas for the passerby.
Route 120 West (2.63)

The Lower Connecticut River still retains active ice‐scoured
beaches complete with open sand, scattered vines and
grasses, and a variety of wildlife species as evidenced by the
abundant tracks. Along with riverside seeps below Wilder
Dam, this is one of the rarest riverine habitat types in Leba‐
non.

Lower Connecticut River (2.48)
Although strongly affected by the Wilder Dam release
program, this 2.75 mile long section of the Connecti‐
cut River retains its active flow and flood surges, as
evidenced by the scattered levees, point bars, and
floodplain forests along its reach. Five islands are
spread across the central and upper part, one of
which, Johnson Island, is well known as the home to
one of the largest populations of the cobblestone tiger
beetle. This state listed endangered species relies
upon spring scouring and summer drawdowns to
breed amidst the gravelly beaches at the edge of the
island. At least four other species of uncommon inver‐
tebrates were found in the section of the Connecticut,
including the two dragonflies noted above and two
uncommon tiger beetles. The latter species not only
inhabit the sand and gravel bars in the shoal areas,
they also burrow and breed along the shoreline

This wetland complex is comprised of 161 acres of
fragmented basins and ditched tributaries that gener‐
ally flow southward toward the Mascoma River on the
west side of Route 120. Although it received a fairly
low score under the ecological integrity function, the
wetland chain serves invaluable functions for the resi‐
dences and businesses along Route 120, Mt. Support
Road, and in the vicinity of Lebanon High School.

The outflow point of the upper part of the Route 120 West
complex is right along Mt. Support Road. Although the cat‐
tail marsh immediately upstream and the ditched channels
downstream have compromised ecological integrity, they
still function quite well as floodwater storage systems and
thereby help trap sediments and nutrients from entering
the Mascoma River.
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Starting at the upper reaches of the watershed near
the DHMC complex, it includes seven different
stream and basin systems that prevent floodwater
surges, trap sediments, and attenuate chemical nutri‐
ents prior to exiting into the Mascoma River just be‐
low Interstate 89. The first system is just north of La‐
haye Drive and includes mixed forested swamps that
drain south across the road to the largest of the
stream and basin systems between Mt. Support Road
and Route 120. This latter complex is large enough to
contain a diversity of wetland cover types and to at‐
tract a considerable amount of wildlife species. Sitting
below several residences and old farmland along Mt.
Support Road, this series of forested and scrub‐shrub
swamps have retained their natural character in the
interior in spite of a prevalence of invasive species
along the roadways. A smaller basin and stream sys‐
tem joins this large basin from the west through a se‐
ries of free‐flowing culverts along Mt. Support Road.
The photograph on the previous page illustrates how
the outflow of this major system is significantly af‐
fected by Mt. Support Road. Below this point there
are four quasi‐independent basins, one of which has
been dredged and ponded, and all of which act as
floodwater and sediment sinks for the immediate run‐
off from pervious and impervious surfaces. All of
these basin and stream systems perform critical water
quality remediation functions, especially since the
original extent of the wetland complex has been so
greatly reduced.
Route 120 – Etna Road
This wetland complex, not unlike its neighboring
complex on the west side of Route 120, has been se‐
verely altered over the past 150 – 200 years. The fol‐
lowing aerial photo map illustrates the amount of fill
that has been placed over most of the low‐lying areas
above the Mascoma River. On the basis of ecological
integrity this wetland has been significantly compro‐
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and state and contains the only occurrence of Eura‐
sian milfoil in the region.

mised and the score is low. The marshes and scrub‐
shrub swamps currently bear the burden of concen‐
trated floodwaters, road salt and stormwater run‐off,
sediments, organic debris and chemical pollutants.
For this reason, these residual wetland areas play an
extremely important role in water quality remedia‐

Central Mascoma River

The Mascoma Lake Dam is the outflow point for Mascoma
Lake and the wetlands that are directly associated with it.
Although the shoreline has been compromised by a rail‐
road, several paved roads, and residential development, the
lake itself is a strong attractant for wildlife, particularly
migratory waterfowl.

The Route 120—Etna Road complex is one of the most frag‐
mented wetlands in Lebanon. I‐89, Route 120, and Etna
Road have broken up a formerly expansive beaver marsh
and scrub‐shrub swamp that once extended from Hanover
to the Mascoma River.

tion. Only the uppermost part of the complex is rela‐
tively free from excessive run‐off and impervious buff‐
ers and therefore still functions as high quality habitat
for wetland‐dependent wildlife.
Mascoma Lake
This wetland complex is primarily comprised of the
lake above the dam and the adjacent seepage slopes
and pond to the north and west. Largely residential
on the south shore, the north shore still retains some
natural landscapes especially on the north side of the
railroad tracks. The railroad separated most of the
overflow pond from the lake, although there is a high
water culvert that connects the two water bodies. The
lakeshore habitat and adjacent scrub‐shrub marsh

and wet meadows attract an unusually high diversity
of wildlife species, notably birds. As described in the
next chapter on wildlife, this site hosted more species
of birds – many of which are rare in the region – than
any other bird count station in Lebanon. Various
mammals, reptiles and amphibian species are also
common, particularly those that rely upon wet grass‐
lands and unaltered shorelines for breeding and feed‐
ing. The hayfields on the City‐owned Lebrun meadow
augment the attractiveness of the wetland for various
species of upland wildlife, inclusive of several pairs of
bobolinks as well as several uncommon species of
butterflies and dragonflies. Besides having high wet‐
land wildlife functional value, Mascoma Lake also
serves as a significant check on downstream flooding.
The advantage of having an artificial dam to regulate
flood flow has been proven several times over the past
70 years, although its effect on water quality has been
less than optimal. Largely as a result of the dam Mas‐
coma Lake is listed as an impaired water by the EPA

With one of the lowest scores for ecological integrity
(3.59), it is clear that the Central Mascoma River has
been severely degraded by past land use activities.
Several dams have been built, some of which have
been removed or washed away, and roads, railroads,
buildings, and parking lots have been erected along
its immediate shores. As a means of historical naviga‐
tion and hunting, the Mascoma has served countless
generations of natives, settlers, colonists, and current

The Central Mascoma River contains one of the most intact
floodplain areas along the river in Lebanon, including this
oxbow marsh and swamp below the Rock Ridge develop‐
ment. Only in extreme high water does this marsh flood
and get replenished. Although rated for a 50‐year storm
event, this has happened three times in the last five years.

citizens in a number of ways. In spite of the high de‐
gree of anthropogenic disturbance, it still continues to
provide wetland functions to Lebanon’s citizens. The
above picture of a flooded oxbow marsh suggests that
floodwater retention is still a viable function along
this stretch of the river, as is the sediment trapping
and nutrient attenuation that goes along with these
types of floodplain wetlands. At least four areas still

One of the most important findings in this
study was the fact that many wetlands that
scored low to very low relative to ecological
integrity still retained extremely important
functional value for flood water storage, sedi‐
ment trapping, nutrient attenuation & trans‐
formation, and groundwater recharge/
discharge.
Dense vegetation along
the Connecticut River
traps ice and sediment,
attenuates nutrients,
and prevents shoreline
scouring. This
‘mangrove’ willow is
probably over 100 years
old, with most of its
biomass underground
in the form of sand‐
stabilizing roots.

serve as floodwater retention sites – just below the
pumping station, next to Interstate 89 above Route
120, at the junction of Great Brook, and along Old
Pine Tree Cemetery Road. The last offers the greatest
capacity to store floodwater and includes almost 50
acres of flood‐affected wetlands. The Central Mas‐
coma also still retains a fair degree of wildlife func‐
tion, as attested by reports of mink, otter and beaver
within a close proximity of downtown. Over‐
wintering waterfowl are common along the unfrozen
reaches that act as winter homes for the several hun‐
dred ducks that remain in Lebanon through the cold
season.

D. DISCUSSION AND SUMMARY
The fourteen wetlands described above are but one
quarter of those that were assessed during the wet‐
lands evaluation portion of this project. They contain
a variety of important wetland functional values that

continue to serve the residents of Lebanon. One of
the most important findings in this study was the fact
that many wetlands that scored low to very low rela‐
tive to ecological integrity still retained extremely im‐
portant functional value for flood water storage, sedi‐
ment trapping, nutrient attenuation & transforma‐
tion, and groundwater recharge/discharge. Notewor‐
thy among these are the wetland complexes that have
been severely fragmented, dredged, filled, or other‐
wise compromised. Water quality function is low to
very low among many of these altered sites, as is wet‐
land wildlife function and noteworthiness (i.e. con‐
taining rare plants, animals, or exemplary natural
communities). To assess these compromised wetland
complexes on the basis of their ecological function
alone would under‐represent and under‐value their
worth for future development or expansion of the
City’s infrastructure.
The following describes a series of three wetland pro‐
tection mechanisms that are available to the City of
Lebanon. Each of these approaches have been gener‐
ally recommended to the City in the 2006 Master
Plan, however, certain elements are more fully de‐
scribed, such as which wetland complexes are recom‐
mended for prime wetland designation, what buffer
setback distances are appropriate for selected uses,
and where land conservation appears to be the best
method for wetland protection.
Prime Wetlands
One of the most effective ways to protect wetlands in
a given municipality is to enlist the help of the state
laws to designate and protect wetlands that are
deemed of very high quality. The following language
comes from the Revised Statutes Annotated, effective
August 9, 1996:
"prime wetlands" shall mean any areas fal‐
ling within the jurisdictional definitions of
RSA 482‐A:3 and RSA 482‐A:4 that possess

one or more of the values set forth in RSA
482‐A:1 and that, because of their size, un‐
spoiled character, fragile condition or other
relevant factors, make them of substantial
significance.” [RSA 482‐A:15.I.]

Prime wetland designation typically involves the hir‐
ing of a wetlands consultant to conduct an assessment
of all wetlands in a municipality, analyzing the results
to determine those wetlands that meet or exceed the
minimum threshold of natural resource protection
goals for that municipality, approving the designation
of each wetland by vote at a regularly scheduled war‐
rant ballot vote, and registering the necessary docu‐
mentation and digital data with the state. Whereas
the process for designating prime wetlands is fairly
straight‐forward, an initial decision by the municipal‐
ity is required relative to which functions are the most
important to protect. As has been demonstrated
above, ecological integrity is but one of several func‐
tions that may be considered as a basis for protecting
wetlands. Floodwater storage, sediment trapping, and
nutrient attenuation are also significantly important
functions. The 2006 Lebanon master plan cites the
importance of water quality, floodwater control,
stormwater management, aquifer protection, and wet‐
lands buffer protection for wildlife and biodiversity.
Whereas it does not appear that any one of these
functions are prioritized over another, there are se‐
lected locales that received particular attention, nota‐
bly, the upper Mascoma River, Blodgett Brook, Hardy
Hill Brook, and Stoney Brook.
Based on the results of the wetland assessment and
the review of the full suite of characteristics associ‐
ated with the 121 wetland complexes identified by this
NRI, the following wetlands are recommended for
designation as Candidate Prime Wetlands:
(in order of Priority)
1.

Hibbard Brook

2.

Martin’s Brook

3.

Boston Lot Lake

4. Lower Landmark Complex
5.

Upper Mascoma River

6. Upper Connecticut River
7.

Lower Connecticut River

8. Central Mascoma River (in part)

The first four wetland complexes have been described
above as having high ecological integrity that reflects
their “unspoiled character (and) fragile condition.”
Except for the eastern part of the Lower Landmark
Complex, they are sufficiently isolated from concen‐
trated development to be worthy of retaining this
condition if protected as prime wetlands. The Upper

Mascoma River rapids in fall

Mascoma River is clearly a priority based on its public
drinking supply and prior recognition of high value.
The Connecticut River system, while unusual in hav‐
ing deepwater habitat in part, contains a fragile shore‐
line that has already been subjected to numerous an‐
thropogenic alterations, and therefore could benefit
from municipal and state oversight. It also has excep‐
tional wildlife habitat that has already been compro‐
mised by unchecked development. Finally, the Cen‐
tral Mascoma River, while warranting a level of pro‐
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tection equivalent to the upper part, is already devel‐
oped to a degree that would make it administratively
challenging to designate as a whole. The most valu‐
able floodwater storage and wildlife habitat portion is
the+/‐ 50 acres north of the railroad tracks below Old
Pine Tree Cemetery Road, and this is the part being
proposed as a candidate prime wetland.
Other wetland complexes of high ecological value,
even those that have been recognized in past master
plan documentation, lack the minimum 50% very
poorly drained soils to qualify them as prime wet‐
lands. This is the case for Hardy Hill Brook, Blodgett
Brook, Blodgett Brook East, Stoney Brook, Stoney
Brook South, Great Brook, Slayton Hill West, and
Stagecoach Road Seepage, among others. For these
perennial stream‐based systems the following protec‐
tion mechanism is recommended.
Designated Streams
The Wetlands Conservation District Ordinance
should be revised to include high quality surface wa‐
ter bodies and their associated palustrine wetlands by
recognizing them as “Designated Streams” and requir‐
ing adequate setback buffers to protect the quality of
water and associated wildlife habitat. Stream designa‐
tion, like prime wetland designation, could be estab‐
lished by a vote by the City Council. Designated
streams and their adjacent wetlands could receive
mandatory setbacks that are municipally set and over‐
seen through a conditional use permit process that
mimics the existing language for wetlands. The fol‐
lowing are recommended setbacks for designated
streams and their adjacent wetlands for various land
uses:8
8

These setback distances have been established in several
other municipalities in the state, and are derived from current
literature on the subject, including Buffers for Wetlands and
Surface Waters: A Guide for Municipalities (Chase et al. 1997),
and Buffer Zones and Beyond: Wildlife Use of Wetland Buffer
Zones and their Protection under the Massachusetts Wetland
Protection Act (Boyd 2001).
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The following stream systems are recommended for
Buffer Target

the edge of expanding development areas, are in criti‐

Recommended Distance

9. Sachem Village North

Functions Served

10. Cross Road Isolateds South
11. Airport East Complex

Septic leachfields

100 feet

water quality, nutrient attenuation

Private roads, driveways,

100 feet

water quality, sediment retention

Beyond the above three protection mecha‐
nisms available to the City, the addition of
Septic tanks
125 feet
water quality, nutrient attenuation
mandatory buffer setbacks for general wet‐
Structures, non‐habitable
125 feet
water quality, groundwater recharge
lands is suggested. At a minimum, a natu‐
ral vegetation setback distance of 25 feet
Structures, fit for human habitation
150 feet
water quality, groundwater, wildlife
should be employed. Even the state permit‐
Hazardous waste generating facilities
200 feet
water quality
ting agency recommends buffer setback for
cal need of protection for their wetland attributes and
such designation (in order of priority):
projects that impact wetlands above the level of mini‐
the invaluable contribution of their upland buffer ar‐
mum expedited permits. Septic systems, if designed
1. Great Brook
eas. In these cases, even a modest setback of 100 feet
and constructed to current standards are far less pol‐
2. Trues Brook
would not be sufficient to adequately protect the high
luting than roads, driveways, and residences and
quality wildlife habitat that surrounds these wetlands.
should receive no greater setback than these more
3. Hardy Hill Brook
The out‐migration of wood frogs and spotted sala‐
problematic impacts to wetland buffer areas. Current
4. Slayton Hill Road West
manders from their natal breeding pools exemplify
efforts by the state legislature to address indirect im‐
5. Ruddsboro Brook
the challenges associated with not protecting an ade‐
pacts to wetlands are founded on the basis wetland
9
quate
buffer
distance.
The
following
wetlands
are
function. As described above, virtually all of the func‐
6. Blodgett Brook
recommended for complete protection by conserving
tions that wetlands serve require minimum buffer
7. Blodgett Brook East
the parcel(s) that contain them in their entirety, and
zones in order to be effective.
8. Hibbard Brook West
by placing a permanent, conservation easement and/
While recommending specific setback distances for
or
development
restriction
upon
them
(again,
in
order
9. Stoney Brook South
the array of standard development impacts to wet‐
of priority):
lands is beyond the scope of this work, it is imperative
10. Stoney Brook
1. Landmark Isolated South
that the City adhere to the prior recommendations set
Conservation of High Priority Wetlands
out in the 2006 master plan that identifies 100 feet as
2. Landmark Isolateds North
There are a number of other wetlands that received
the standard buffer distance within which special ex‐
3.
Barden
Isolateds
high to very high scores using the ecological integrity‐
ceptions and conditional use permits should be re‐
based assessment which do not fit within the above
quired. Variable setbacks can be established based on
4. Upper Mt. Support Complex
protection mechanisms. Many of these are small, iso‐
current scientific thinking relative to maintaining the
5. Mount Support NW
lated, or included in a group of hydrologically con‐
integrity of various wetland functions. Demonstrable
6.
Cross
Road
South
Isolateds
nected wetlands. Most of the high value complexes
impact avoidance, minimization, and/or mitigation
that fit this description are in remote areas and play
efforts for selected functions should be a requirement
7. Indian Ridge Northeast
significant roles in the protection of wildlife habitat,
of every request. As with the site plan review process,
8. Hibbard Brook East
biodiversity, rare plants, animals or exemplary natural
bonus points can be awarded for measures that inten‐
communities. Some, like the Pipas Fen and Farnum
tionally protect selected wetland functions within
9
For more information on vernal pool dynamics, see Colburn
Hill South, are already under some form of conserva‐
PUD’s, Cluster Housing, Planned Business Parks, or
(2007), Tappen et al. (2008).
tion protection. Others, particularly those near or at
other types of subdivisions.
Parking lots

nutrient attenuation, wildlife

Lebanon WAP Cover Types ‐ NH F&G vs. Derived
Wildlife Action Plan
Cover Type

# Units

Acres

# Units

Acres

6

32.10

62

311.65

72

268.84

51

403.62

0

0.00

86

756.27

Forest Floodplain

10

248.92

18

78.24

Grasslands

24

2442.57

39

778.82

Upland Scrub

0

0.00

99

633.82

Rocky Ridge/Talus Slope

0

0.00

13

1.47

11

123.00

1

25.15

4

262.23

10

558.88

Appalachian Oak‐Pine

60

5769.27

25

1236.83

Hemlock‐Hardwood‐Pine

67

11985.31

37

13627.11

2

521.70

424

862.18

Peatlands
Marshes/Wet Shrublands

Chapter IV: Wildlife and Wildlife Habitat
A. OVERVIEW
Lebanon’s wildlife species are almost completely de‐
pendent on the natural fabric of rock, soil, water, and
plants described above. Very few have the capability of
reorganizing their habitat, or permanently relocating
to a new home. Birds, bears, and bees, unlike Homo
sapiens who wear clothes, travel about in vehicles and
live in well constructed houses, are utterly reliant
upon Nature for food, shelter, and reproductive oppor‐
tunity. It is the mix and variability of these last three
elements – what animals eat, where they rest, and how
they procreate, that determines their success and vi‐
ability as a species.
Wildlife habitat is defined as the place where these
three elements occur. For most species, this place is
fairly small, i.e. less than an acre or two. This is cer‐
tainly true for nearly all of the estimated 14,000 species
of invertebrates in New Hampshire. But for the 450 +/‐
vertebrate species that occur in the state, habitat size
can be quite a bit larger, for example, over 4,000 acres
for moose, and more than two continents for many
birds that winter in South America and come back
north to breed in summer.
One of the first tasks undertaken by this Phase II NRI
project was to better understand what types of wildlife
habitat exists in Lebanon and where they can be
found. In 2005, the NH Fish & Game Department com‐
pleted an initial mapping of wildlife habitat in the
state of New Hampshire with the intent of helping
conserve species at risk.1
1 http://www.wildlife.state.nh.us/Wildlife/wildlife_plan.htm

Derived

Forested Wetlands

Lowland Spruce‐fir
Northern Hardwood‐Conifer

Water Bodies (Lakes/Ponds)

TOTAL
Other Habitat^

21653.94

19274.04

45

17.46

0

0.00

Other Agricultural Land

0

0.00

138

635.98

Roads & Buffers

8

136.63

1

5129.32

Developed

1

4607.16

1

1375.85

TOTAL ACRES

26415.19

26415.19

^ Includes forest types < 5 acres, shrubland, grassland < 25 acres, cleared or disturbed land
cover, or light residential development

Table 5. Comparison of Lebanon habitat (cover) types as
published by the Wildlife Action Plan (NH Fish & Game 2005)
versus those derived by the project team from field surveys
and aerial photograph interpretation. For road buffer set‐
backs, see next page.

The Wildlife Action Plan or WAP contained a series of
habitat maps for the entire state. The basic map in‐
cluded 20 habitats (including “Developed” and
“Other”), each of which was mapped using aerial pho‐
tography or satellite imagery. In Lebanon, these habi‐
tat maps were downloaded early in the project and
used as baseline data for subsequent field surveys. For
areas where roadside or off‐road fieldwork was com‐
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pleted, the habitat maps were updated with GPS‐based
information. For areas that did not receive any field
surveys, the habitat maps were updated using the high
resolution aerial photographs flown by the City in
2007. The map on the previous page illustrates the re‐
sults of these data enhancements to the WAP‐based
habitat map of Lebanon.
In all, a total of 11 wildlife habitat types recognized by
the WAP were found in Lebanon (water bodies were
not included in the above map). Forested wetlands, as
described under Chapter III, were added as a result of
field surveys and aerial photo interpretation. The table
on the previous page compares each type as deter‐
mined by the state (WAP) versus by the natural re‐
sources inventory. Below the 11 basic types is the
“Other Habitat” category, which for the WAP included
a combination of the following: forest types < 5 acres,
shrublands, grasslands < 25 acres, cleared or disturbed
land cover, and light residential areas. For the Phase II
NRI some of these “Other” types were identified sepa‐
rately. For example, shrublands, active agricultural ar‐
eas and all grasslands > .5 acres were determined from
either field surveys, from aerial photograph interpreta‐
tion, or both. The Upland Scrub category yielded a total
of 633 acres.2 Other Agricultural Land yielded 636 acres
of habitat that did not involve grasslands such as
cropped hayfields or fallow fields.
These 633 acres were treated separately because of
their difference in value in attracting one or more of
the “grassland birds” such as meadowlark, savannah
sparrow, or grasshopper sparrow. Finally, roadways
and their buffers were treated separately from other
developed land because of their significant impact on
fragmenting wildlife habitat. Road buffers were calcu‐
lated on the basis of observed traffic levels, which
roughly corresponded to the Class of Roadway as fol‐
2

Owing to its importance for certain species of wildlife, the
upland scrub cover type has since been recognized by NH Fish &
Game and is included in the March 2010 cover type map update.
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lows:
Road Class

Buffer Distance from Centerline

Class 1 Roads (e.g. I‐89)
Class 2 Roads (e.g. Rte 4A)
Class 4 Roads (e.g. Mechanic St.)
Class 5 Roads (e.g. Hardy Hill Rd)
Class 6 Roads (e.g. Atherton Rd)
Municipal Access Road
Parking Lots
Commercial/Subdivision Access Road
Private Drives

500 ft
300 ft.
200 ft.
100 ft.
50 ft.
200 ft.
100 ft.
100 ft.
50 ft.

Table 6. Size of roadway buffers used for wildlife

The remaining lands (unmarked on the map) include
developed areas that are primarily suited for wildlife
species that are tolerant of development. Developed
lands typically attract animals that are well‐adapted to
living in close proximity to humans, such as opossum,
gray squirrel, Norway rat, deer mouse, and mocking‐
bird. These wildlife species, while an important addi‐
tion to backyard wildlife viewing, were not the focus of
the wildlife studies completed during this project. They
are nonetheless listed on the accompanying species
lists since they do add species richness to each group
of organisms.
Over 450 species of vertebrate and invertebrate ani‐
mals were recorded during the 14‐month field effort
completed for Phase II of the NRI. Among most groups
this finding represents the plurality of species that

could occur in Lebanon. For example, 73% of mam‐
mals, 75% of birds, 81% of the amphibians, and 92% of
fish species that likely occur in the area were observed
by the author or recorded from a reliable, current
source. For invertebrates, however, the reverse was
true – a mere fraction, just 222 species, of the thou‐
sands of invertebrate species in Lebanon was recorded.
Owing to time limitations, most of the species observa‐
tions in this group were restricted to Lepidoptera
(moths and butterflies) and Odonata (dragonflies and
damselflies).
Appendix B (under separate cover) includes the species
lists for each wildlife assemblage studied. As indicated
at left, these include tallies of the following:

Sampling Methods ‐ General
Most of the species marked with an “X” on the species
lists (Appendix B) were observed directly by the author
or his field assistant. Anecdotal records of common or
otherwise unmistakable species were shared by a num‐
ber of other individuals and agencies as noted under
“Acknowledgments.” In each list the principal observer
is noted as well as the person who confirmed the re‐
cord. General sampling methods included active
searches for specific species in suitable habitats (the
most common approach), winter snow tracking of
mammals, point counts for breeding birds, aerial net‐
ting of day‐flying moths, butterflies, dragonflies and
damselflies, and dipnet sweeps of aquatic inverte‐
brates. No specimens or collections were taken (except
by photograph) and all temporarily netted or captured
individuals were released unharmed at their point of
capture. More specific details of active search and

American Lady butterfly

1.

Mammals

AMPHIBIANS, REPTILES & FISH

44

BIRDS

147

MAMMALS

38

3. Amphibians, reptiles, and fish

LEPIDOPTERA

63

4. Lepidoptera (moths & butterflies)

ODONATES

41

5. Odonata (dragonflies & damselflies)

AQUATIC MACRO‐INVERTS

68

6. Macro‐Invertebrates (aquatic)

OTHER INVERTEBRATES

56

7. Other Invertebrates (terrestrial)

Total number of wildlife species observed in Lebanon be‐
tween July 2008 and September 2009

9. Fungi

2. Birds

8. Vascular Plants

Culverts serve an important role as wildlife crossing areas
for smaller wildlife. Here, a mink had been using a pair of
culverts for crossing Meriden Road along Great Brook.
Adequately sized culverts and low bridges for wildlife
passage has become more and more important for wild‐
life officials and permitting agencies this past year, with
the result of a new set of stream crossing rules.

other sampling methods are contained within each
subsequent section.

DEER WINTERING AREAS & WILDLIFE CROSSINGS
SITES IN LEBANON

B. MAMMALS
Perhaps the most well‐known of all wildlife assem‐
blages, mammals were well represented in all corners
of the City of Lebanon. Although humans, dogs, and
cats clearly outnumber all wild species in developed
areas, the back woods of Lebanon contain a remark‐
able diversity of fur‐bearers, some of which signify how
wild parts of the Lebanon landscape really is. Thirty‐
eight species of mammals were recorded during the 14‐
month field period. All but two were recorded directly
by the field team. These two species, opossum and
southern flying squirrel, were documented by other
observers. Appendix B not only indicates which species
were observed and by whom, it also includes a roster of
observation type, such as sighting, track, scat, fur,
bone, claw marks, etc. It also highlights which species
are considered rare by the NH Fish & Game Depart‐ The above map shows where the 20 deer wintering areas (in green) were identi‐
fied in Lebanon from off‐road surveys and aerial photo interpretation. It also
ment and NH Natural Heritage Bureau.
Wildlife Crossings and Deer Wintering Areas
One of the primary reasons for keeping track of mam‐
mals in Lebanon was to better understand how they
have adapted to habitat fragmentation. The latter is
typically defined as the “breaking up” of natural habitat
into smaller pieces by roads, houses, and other devel‐
opment. The introduction of anthropocentric (i.e. hu‐
man‐caused) disturbance into natural habitat forces
the evacuation of species, alters predator‐prey interac‐
tions, and typically weakens the gene pool upon which
every population of organisms depends. Such distur‐
bance can take many forms, but the most common and
measurable is the splitting of habitat by roads. For this

shows where the 65 locations where wildlife were observed to be regularly cross‐
ing roadways. Over 70% of
the crossings involved
trails established by deer.
The remainder had a vari‐
ety of species using them,
such as coyote, red fox,
gray fox, river otter,
fisher, and mink.

reason, careful attention was paid to the locations
where wide‐ranging species cross roads. The map
above illustrates where 65 regularly used
“It is the mix and variability of ... three elements – what ani‐ road crossings were in the city.

mals eat, where they rest, and how they procreate, that de‐
termines their success and viability as a species.”

The map also illustrates the location of
deer wintering areas or yards. According

to NH Fish and Game biologist Kip Adams,
“[Deer Yards] consist of mature softwoods
(like spruce, fir and hemlock) that reduce
the amount of energy a deer uses for trav‐
eling and maintaining body temperature.
In these areas, deer collectively develop
and maintain trails through the snow,
where travel is easier and escape from
predators is enhanced. Wintering deer
naturally tend to disperse over large
enough areas to reduce competition for
food resources and risk of predation. Deer
routinely travel more than 10 miles to

the forested stand. Deer wintering areas totaled 1144
acres or roughly 4.3% of Lebanon. The smallest area (5
acres) was a portion of a deer yard located on the

3

reach these wintering areas. ”

In Lebanon, a preliminary deer wintering
area map was obtained from NH Fish &
Game, and then most areas were surveyed
on the ground to determine patterns of
usage. The winter of 2008‐2009 had a deep
enough snowpack to stimulate yarding be‐
havior ‐ specifically, snow depth was at
least three‐quarters the length of an adult
female’s foreleg, or roughly 16 inches. This
depth was exceeded by December 20, 2008
and road crossing surveys were initiated
three weeks later (January 16, 2009) in or‐
der to give them a little time to establish
trails.

A total of 20 identifiable deer wintering
areas were located from the field surveys,
80% of which were confirmed by off‐road
observations of stripped hemlock sapling
bark, heavily browsed understory shrubs, high density
fecal droppings, and well‐used winter trails. The re‐
maining areas were determined using aerial photo‐
graphs on the basis of softwood cover, mast availabil‐
ity, access to open water, and solar position (aspect) of
3 www.wildnh.com/Wildlife_Journal/WJ_sample_stories/
J_f01_More_Harm.pdf

Wintering deer often aggregate or establish trails near
open water. This crossing area was next to Stoney Brook.

Hanover‐Lebanon boundary. The largest, at 184 acres,
was located on the Landmark Lands east of Burnt
Mountain.
White‐tailed deer were not the only species of interest
during the road crossing survey. A number of other
mammals that can be considered wide‐ranging were
also tallied. These included coyote, red fox, gray fox,
river otter, fisher, and mink. Many of these species util‐
ized existing deer trails and others created their own. A
wildlife crossing by
one or more of
Eastern Coyote—NWF photo
these species was
recorded by GPS if
either, a) the trail
was very well es‐
tablished (mostly
by deer), or b)
there were multiple
crossings by one or
more species on
one or more days.
Exceptions to this
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rule included any predatory mammal – specifically
mink, long‐tailed weasel, or ermine, which used a cul‐
vert or small bridge underpass. Winter surveys of wild‐
life crossings took place on January 16, February 6, Feb‐
ruary 24, March 5, March 10, and March 20, 2009.

Snowshoe hare provide an invaluable prey source for many
of our predators. Often hidden from view on account of
their pelage, the “varying hare” is most apt to be seen dur‐
ing spring or fall when they undergo a color change from
white to brown or vice versa.

Over 70% of the wildlife crossings included deer as the
principal species. Of these, virtually all of the crossings
were alongside an unfragmented land area of > 500
acres in size. Nearly all of the deer trail crossings (80%)
were within one kilometer of a recognized deer winter‐
ing area. Those that weren’t were in the small portion
of Lebanon where the lack of roadways or property ac‐
cess permission did not allow the confirmation of deer
yard presence. The remaining 30% of the wildlife cross‐
ings that involved the six species mentioned in the pre‐
vious paragraph were also located alongside or between
large unfragmented blocks of land. The only exception
to this rule was the abundant rabbit run noted on Res‐
ervoir Hill.
Targeted Wildlife Species Accounts
Instead of trying to document every single mammal
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occurrence in Lebanon, particular focus was given to
those species that indicated good wildlife habitat condi‐
tion. After considerable discussion about which species
would represent good habitat condition among the di‐
versity of habitats in Lebanon, a decision was made on
the following five “target” species of mammals: beaver,
black bear, mink, moose, and river otter. The presence
of beaver was assumed to be associated with sufficient
water quality and quantity as well as adequate forage to
indicate good habitat conditions along smaller water‐
ways. Good beaver habitat also likely indicated the
presence of migratory waterfowl, shrub and marsh
birds, and a host of aquatic invertebrates. Black bear,
although an occasional “nuisance” species around gar‐
bage and bird feeders, in general require remote forests
and wetlands in order to be successful in maintaining a
healthy population. Mink also require good habitat
condition, specifically, fast flowing waters of sufficient
water quality to support crayfish, small fish, and
aquatic macro‐invertebrates. River otter, while living in
some habitats occupied by mink, also need remote
ponds and intact upper watershed wetlands and forests
in order to sustain adequate populations. A sixth target
species was not a mammal ‐ the zebra clubtail dragon‐
fly. This species is restricted to large flowing rivers – in
this case, the Connecticut, and is a good water quality
indicator of what was once a very polluted and unswim‐
mable river.
Careful records of each of these species were kept dur‐
ing every field outing. GPS points were taken at each
site where clear evidence of each of the six species was
present. Observations included numerous tracks (e.g.
bear trails), scent posts (especially for mink, otter and
beaver), and heavily browsed stands of pole‐sized red
maples (moose). For the zebra clubtail, only two indi‐
viduals were encountered at one locale along the Con‐
necticut River. Separate records were kept of observa‐
tions of four of these six species by other individuals.
Designated as “anecdotal records,” the map at right il‐

lustrates the location of these observations as well as
those recorded by the principal investigators.
Beaver were confirmed in at least 10 locales in Leba‐
non. The presence of over 115 miles of perennial
streams in Lebanon suggests that they were always a
part of the landscape in prehistoric times. According to
Helenette Silver, author of A History of New Hampshire
Game and Furbearers (Silver
1957), “(t)he beaver built Colo‐
nial America and Canada.”
The fur trade brought the very
first settlers to Lebanon, and
according to tradition, it was
the beaver meadow hay that
allowed settlers to keep live‐
stock and survive the first win‐
ters prior to clearing hayfields
of their own. After settlement, beaver pelts were still
the principle commodity, yet by the mid to late 1800’s,
they were largely trapped out. By 1905, over 40 years
after the last beaver was seen in Coos County, the state
gave them complete protection. Unfortunately, by then
they had been effectively extirpated from the state
(Silver 1957).

can also be found at Two Rivers Conservation Area,
although here they do not build dams or isolated
lodges and instead construct bank burrows.
Black bear have been the subject of many stories and
discussions in Lebanon. Their reputation as vicious
defenders of their cubs, stealthy destroyers of bird
feeders, garbage can raiders, and campground menaces
has not helped their image anywhere in the
state. “New Hampshire people have always
reckoned the bear an enemy,” writes Silver.
Bear have always been hunted, bounties were
paid up until the 1950’s, and restitution has
been awarded for bear damage to livestock or
personal property. In spite of being eradi‐
cated from the southern half of the state,
black bear has persisted since pre‐colonial
times, and in recent years has returned to
most parts of southern New Hampshire where they
were originally found by settlers. Estimated at a little
over one bear per five square miles, their population
fluctuates with changes in hard mast (i.e. acorn or
beechnut) production, winter severity and length, and
hunting pressure. Wherever they are found they tend
to have a distinct impact on the habitat. Because they

Responding well to reintroductions in the 1920’s and
1930’s, beaver have made a tremendous comeback
statewide. They are present from the seacoast to the
subalpine meadows in the state, and Lebanon’s claim
includes at least 45 beaver dams and 11 major wetland
complexes that retain beaver ponds and meadows on a
regular basis. Perhaps the most readily visible beaver
dam and pond complex is viewable off of Old Pine Tree
Cemetery Road. A closer inspection of an active pond
and lodge at this complex can be found along the trail
behind the Nature Walk Condominiums. Active beaver

According to Helenette Silver, author of A His‐
tory of New Hampshire Game and Furbearers
(Silver 1957), “(t)he beaver built Colonial
America and Canada.”

can be significant predators of other large mammals,
they are often considered indicators of a diverse and
healthy ecosystem. As one NH Fish & Game officer
puts it, “bears are a good indicator species of healthy
wildlife habitat. If a habitat supports bears, it will sup‐
port many other creatures.”4
Finding bear sign in Lebanon is fairly easy if you know
where to look. The map on the previous page shows
where 35 areas of bear concentration were found in

Bear sign is not hard to find if you know when and where
to look. The above pile of berry scat reached proportions
that made us keep an eye out for its maker.

Lebanon, with the plurality being on the Landmark
Lands and near Boston Lot Lake. Claw marks on tree
boles (as shown at right), excavated logs, piles of scat
(below), bite marks on saplings, regularly used trails,
and even bear “nests” were found in this part of town.
An estimated five to seven bears live in this large un‐
fragmented block of land,
which is among the highest
concentration
in
Lebanon
(Alcott Smith, p.c.).

Black bear cubs follow their mothers into hardwood trees
in early spring to eat the young leaves and buds.

are wide‐ranging, eat many different food types, and

Mink are medium‐sized mem‐
bers of the Mustelidae or weasel
family whose riparian habits

Peg Ridgely photo

4 www.wildlife.state.nh.us/Wildlife/faqs_black_bears.htm

Black bear have a
fondness for old
hemlock trees for
rubbing up against
and for marking
their territory. At
left, John Joline is
inspecting a tree
that is over 350
years old. Hem‐
locks of advanced
age (> 300 years)
develop soft, pur‐
plish‐red bark
plates that are soft
to the touch (pad).

are well known to trappers and trout fisherman alike.
Largely confined to a zone of less than 200 feet from a
water body (typically a stream or river), these active
predators rely upon clean water and ample aquatic
food sources in order to survive (Godin 1977, Boyd
2001). Mink
are
more
tolerant of
develop‐
ment, and
if a suffi‐
ciently
s h a d e d
stream or
river exist,
these deni‐
zens
of
flowing wa‐
ter will fre‐
quent and
even den in
such
lo‐
cales. As a
testament
t o
From: 1956 Cornell University Cooperative Extension Bulletin
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this fact, mink tracks were observed by a kayaker right
below downtown along the Mascoma River. Further
evidence is offered on the page 26 in noting a mink’s
regular use of a steel culvert for crossing a roadway.
A total of 14 locations for mink were recorded during
the study time period. These included the following
seven general areas in order of frequency: 1) Slayton
Hill Brook, 2) Alana Cole Conservation Area, 3) Mas‐
coma River, 4) Great Brook, 5) Farnum Hill, 6) Martin
Brook, and 7) the unnamed brook along Etna Road. A
fifteenth location was noted from a picture of scat
taken on the Landmark lands. Based on the regularity
and dispersed nature of the records, mink should be
expected in all locales of the City. This includes those
areas where there were no observations, such as Stock‐
well Brook, Trues Brook, Hibbard Brook, Blodgett
Brook and Hardy Hill Brook.

search of suitable foraging areas, winter shelter, and
mates. Travel routes often include ridges, extensive
swamplands, and grown‐over roadways. Unfortunately,
many of these travel routes intersect busy roadways,
and every year over 250 motorists in New Hampshire
collide with these half‐ton behemoths.5
In Lebanon, moose were noted in six general locales,
with a total of 36 areas of concentration. Not unlike
black bear, moose occurrences centered on unfrag‐
mented blocks of woodlands; however, these tended to
be located farther away from development and road‐
ways. The most frequent observations of moose sign
were south and east of the Lebanon City Airport in the
headwaters of Martin Brook. Remote forest and exten‐
sive wetlands were likely the attractant for the regular
visitors there. On Methodist Hill, where pole‐sized red
maples abound, the most prolonged evidence of
browse occupation was noted. Browse scars over 15
years old were commonly found. On Farnum Hill, the
browse evidence was scattered and irregular in age.
The predominance of white pine and red oak sug‐
gested that this site was more of a travel route between
upper Martin Brook and the Hibbard Brook headwa‐
ters where pure hardwood forests also offer exceptional
browse for fall bark‐strippers. The Landmark tract had

Moose are not infrequent in Lebanon; however, they have
some trouble moving from one unfragmented block of land
to another. Given the number of roads in the City, it is no
surprise that some of them end up on roadways, and unfor‐
tunately, end up on somebody’s bumper or hood. This year‐
ling was killed just 10 minutes after the picture was taken
along Route 10 north of West Lebanon.

Moose are an unmistakable and often unavoidable
member of the wildlife community in Lebanon. Grow‐
ing upwards of six feet tall at the shoulder and weigh‐
ing in excess of 1000 pounds, Alces alces is the largest
extant mammal in northeast North America (Runz
1991). As long‐legged animals, they travel widely in
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Stripped red maple bark is not an uncommon scene in
certain parts of the highlands of Lebanon
5

Snyder and Rines. www.wildlife.state.nh.us/Wildlife/
Wildlife_profiles/profile_moose.htm

its fair share of moose evidence, although movement
into and out of this forest block appeared to be se‐
verely blocked by roads, as evidenced by the above
story. The sixth major area for moose was the Eastman
Hill ‐ Shaker Mountain area. At the northwest end of
the largest unfragmented tract in the region, the area
above Monica Lane had the highest density of moose
browse in the entire City.
More than any other mammal, moose tend to point to
the integrity of large forested tracts of land (Runz
1991). Their home range can vary from as little as one
square mile to
over 25 square
miles.6 Whereas
four or five for‐
ested tracts of
land in Lebanon
serve the upland
forest needs of
local
moose
populations,
some of these
areas lack suit‐
able breeding and reproductive opportunities. Large
areas of open marsh or beaver‐impounded water are at
a premium, very often these areas are at the edge of
developed land or require one or more road crossings
to reach such a summer calving and rearing habitat. In
terms of what appears to be wholly intact moose terri‐
tories, the upper Martin Brook and Hibbard Brook
headwaters are the best sites for moose within the City
limits.
River otter is fundamentally a larger cousin of mink.
It inhabits rivers, streams, lakes and ponds, as well as
the upper watersheds of riverine systems. Its occur‐
rence in riparian buffers is equivalent to that of mink,
but its affinity for denning in riverbanks, stream banks
and old beaver lodges places it more closely along wa‐
ter courses in general (Boyd 2001). River otter is also
6

Snyder and Rines. Ibid.

less fond of developed locales,
and therefore does not tolerate
highly disturbed riparian habi‐
tats as much as mink. It was
no surprise that all five records
of otter concentration were
located away from the City
centers. These included winter
road crossings at Jenkins Road
and Stevens Road, an off‐road
track set on Signal Hill and Otter slide (left) versus
mink track set (right)
Farnum Hill, and a snow slide
photograph from near Rix
Ledges.
River otter can be expected to occur in virtually all of
the perennial waterways in Lebanon. Even the Mas‐
coma and Connecticut Rivers are sufficiently endowed
with fish and clean enough water to host an otter fam‐
ily or two along their reaches. Since limited field time
did not allow for a four‐season inspection of all of the
permanent drainageways in Lebanon, there are likely
records of observations that were missed. The remote
beaver marsh south of Cross Road, the Martin and
Hibbard Brook beaver impoundments, and “wetland

Not unlike their striped cousins, the arrow clubtail (Stylurus
spiniceps) prefers large, sandy‐bottomed rivers in which to
grow as larva, and prepare to emerge as an adult (above)

31” of the Landmark lands most certainly have otter
present.
Zebra clubtail was added to the list of target species
on account of its documented preference for large riv‐
erine systems. In fact, in the state of New Hampshire,
this black and yellow insect is restricted to the Con‐
necticut, Merrimack, and Ossipee Rivers. As a dragon‐
fly goes, it’s fairly large. At 2.25‐inches or so, the bril‐
liantly colored male has a pitch black abdomen with a
series of bright yellow rings around each segment –
hence the name “zebra.” The terminal abdominal seg‐
ments, not unlike many of its other clubtail cousins,
are expanded to form a ‘spatula’ or club. The combina‐
tion of markings and its habit of patrolling quickly
along river banks makes this an unmistakable species.

An essential ingredient to this high quality
habitat was the quality and quantity of the
water.

the region. Of these records, 35 of them were recorded
by other individuals or organizations. Credits are due
to David Jorgensen and Nicole Cormen of Lebanon,
Chris Rimmer of the Vermont Institute of Natural Sci‐
ences, and Bob Heitzman of Hartland, Vermont. Addi‐
tional records were gleaned from the Mascoma River
Resource Assessment (October 2009 draft), and the
NH Breeding Birds Atlas (Foss 1994) with updates from
the NH Bird Records.7

Birds were recorded primarily by sight, although some
species only identified by their diagnostic call or song.
This was true for red‐shouldered hawk along the Plain‐
field border, savannah sparrow at Townsend Farm, and
bobolink at Hardy Hill Road. Appendix B indicates the
breeding status for each species in Lebanon and lists
whether they were recorded as confirmed (CO) breed‐
ers, probable (PR) breeders, or possible (PO) breeders.
If they appeared as non‐breeders they were denoted as
“SI” (sighted). There is also a separate column for de‐
noting whether or not
LEBANON BREEDING BIRD SURVEY FIELD LOG ‐ 2009
they were recorded dur‐
ing the breeding bird sur‐
DATE
TIME STATION
WEATHER
vey (BBS).

Cloud

Temp

In sum, the study of six target species of wildlife al‐
lowed the research team to better understand the rela‐
tive condition of the wetland and upland habitats in
Lebanon. Field observations included numerous beaver
‐mediated wetlands, remote forests supporting resi‐
dential black bear, mink crossing and mink sign along
most major brooks, several unfragmented hardwood
pole stands with moose evidence, and widely scattered
sign of river otter. These records indicated that Leba‐

Great blue heron was not uncommon along many of Lebanon’s waterways, such as this
one pictured at Boston Lot Lake. An ardent hunter of small fish and amphibians,
herons breed in small colonies called “rookeries” in remote wetland locations. Al‐
though definitive heron rookery was found in Lebanon, there are several remote
beaver ponds that had ample habitat for them to breed.

non has very intact wildlife habitats scattered through‐
out the City. An essential ingredient to this high qual‐
ity habitat was the quality and quantity of the water.
Without sufficiently high levels of dissolved oxygen,
pH, and naturally occurring nutrients, the lower food
chain support of aquatic invertebrates would not have
been present in sufficient numbers to sustain the larger
vertebrate predators. Without sufficient recharge of
groundwater‐fed wetlands and stream systems, upland
wildlife would be faltering. This was not the case for
most of the mammals of Lebanon.

C. BIRDS

Wind
Direc‐
tion

Ppt

During four days in the
spring and summer of
Cover
C
kph
2009, a breeding bird
4/19/2009 (0827‐0837)
1
clear
14
light
WNW
‐
5/6/2009 (0720‐0730)
1
overcast
9
light
SE
scatt. shwrs survey (BBS) was con‐
ducted at specific locales
(0755‐0805)
2
overcast
10
light
SE
trace
in Lebanon. Each locale
(0810‐0820)
3
overcast
10
light
SE
trace
was chosen for its par‐
(0837‐0847)
4
overcast
13
‐
‐
‐
5/25/2009 (0735‐0745)
1
clear
6
trace
SW
‐
ticular mix of bird diver‐
7/17/2009 (0750‐0800)
1
fog clearing
13
‐
‐
some drip sity, with the intent of
possibly recording some
(0835‐0845)
2
sl. hazy
18
trace
SW
‐
of the less common spe‐
(0845‐0855)
3
sl. hazy
19
trace
SW
‐
cies in Lebanon. Since
(0915‐0925)
4
sl. hazy
22
‐
‐
‐
grassland birds have been
STA.#
STATION NAME
LOCATION
on the decline statewide,7
1
Mascoma Lake NW
Wetland slough at NW Mascoma Lk; start of bike trail
three of the four locales
2
Sunset Rock Rd
Jct of Sunset Rock Rd & Jenkins Rd
were in or near open
3
Hardy Hill Rd
Hardy Hill Rd W side 100 mN of Whipple Rd
grassland and shrubland
Goodwin Conservation
Hill Trail & Trail B jct 210 m from Great Bk
4
habitat. These sites in‐
Area
cluded Mascoma Lake
Northwest, Sunset Rock
PRINCIPAL HABITAT TYPES
Road, and Hardy Hill
1
Emergent marsh, hedgerow, wet meadow, upland field, open water
Road. The fourth station,
2
Upland field, hedgerow, residential area, hardwood forest
o

In Lebanon, just one observation of two zebra club‐
tails was recorded. They were seen at close range in
late July patrolling the banks of the Connecticut near
the East Wilder boat ramp. During a 10‐minute hunt‐
ing foray, they took down several midges, a couple
mosquitoes, and a water milfoil leafcutter moth
(Parapoynx allionalis). Not far away, a field assistant
found the insect pictured on the previous page, a
slightly less common cousin of the zebra clubtail. Sty‐
lurus spiniceps (arrow clubtail) also prefers large rivers
such as the Connecticut and Merrimack. The adults
have longer and narrower abdomens, which is evident
even in the larva pictured above. The individual was in
the process of emerging from its hardened case or exu‐
vium as an adult.

Wind

A total of 147 birds were observed during the 14‐month
3
Hay field, wet pasture, old field, hedgerow, pine grove, hardwood forest
project time period as a part of the Phase II NRI. This is
4
Riparian woods, semi‐rich mesic hardwoods
approximately three‐quarters of the species that have
Table 7. Breeding Bird Point Count Survey dates and weather conditions (above), and station list‐
been regularly observed in Lebanon and perhaps two‐ ing and habitat descriptions for each station (below). Results are on page V—42.
thirds of all possible species that have been recorded in 7 www.ebird.org

7

See the recent white paper
by Pam Hunt (2010), The
State of New Hampshire
Birds submitted to the NH
Fish & Game Department.
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Goodwin Conservation Area, sampled unfragmented
riparian habitat as well as a semi‐rich hardwoods for‐
est. Targeted species at
Goodwin
Conservation
Area included Louisiana
waterthrush,
American
redstart and purple finch.
As table 7 suggests, the
Mascoma Lake site was
sampled four times, where
as the remaining sites were
sampled just twice. Each
point count survey lasted
ten minutes wherein all
vocalizing males were re‐
corded both within a 30‐
meter radius circle and
outside of that circle.9

were recorded at the four BBS stations in Lebanon be‐
tween April 19 and July 17, 2009. Within a 30‐meter ra‐
dius of the count station there were 22 species among
47 individuals. In the habitat at large there were 58
species among 281 individuals. An average of 4.7 indi‐
viduals per count station suggested a vocalizing male
density of 1.3 per hectare or 3.3 per acre. Station count
averages equaled six species and 32.8 individuals per
station. The best count day was May 6, and the best
count station was at Mascoma Lake where two‐thirds
of the species and individuals were seen. The top 12
species are summarized in table 8. A complete tally of
breeding birds can be found in Appendix B.
Although the above data set is small and the sites were
non‐randomly selected, it does lend an idea about rela‐
tive abundance of breeding birds in these locales.
Quite evident from the above data, open wetland habi‐

A total of 60 species repre‐
sented by 328 individuals
SPECIES
Song sparrow
Red‐winged black‐
bird
American robin

BBS
SUMMARY
Relative Count (%)
SOSP

9.45

RWBL

8.54

AMRO

5.18

American crow

AMCR

4.57

Black‐capped
chickadee
Common grackle

BCCH

4.27

COGR

4.27

Blue jay

BLJA

3.96

Myrtle warbler

MYWA

3.35

Mallard

MALL

3.05

Warbling vireo

WAVI

3.05

Tree swallow
TRES
3.05
American gold‐
finch
AMGO
3.05
Table 8. Top twelve breeding birds in Lebanon at
all 4 stations in from April—July, 2009.
9

The 30‐m radius circle adheres to the US Fish & Wildlife Ser‐
vice’s BBS protocol for the Silvio Conte NWR, and can provide
a rough estimate of density if enough surveys are repeated
over a sufficient length of time.
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Turkeys are prolific breeders in the state, as evidenced by
this nest with 19 eggs. Although extirpated by hunting by
the early 1800’s (Silver 1957), it has made a remarkable come‐
back since the 1970’s thanks to efforts by the NH Fish &
Game Department.

tats were present in ample amounts at the four BBS
stations. Song sparrow, red‐winged blackbird, common
grackle, mallard, and tree swallow are preferably open
wetland obligates, and warbling vireo is commonly

found along riparian corridors in hardwood groves.
Robins, crows, blue jays, chickadees, and goldfinches
are generalists for open or semi‐open habitats espe‐
cially in developed areas, and myrtle warbler is a fairly
common forested habitat generalist. The last species
was likely very well represented on account of its habit
of vocalizing loudly from semi‐open perches at the on‐
set of breeding season.
Of the 60 species of breeding birds recorded during the
BBS, 45 were confirmed as breeders according to the
breeding evidence protocols in the NH Breeding Bird
Atlas (Foss 1994).10 Another 15 species were also re‐
corded as probable breeders or possible breeders dur‐
ing the BBS. Of special interest were the American kes‐
trel, cliff swallow, barn swallow, brown thrasher, and
purple finch. A single male kestrel in courtship flight
was recorded at the Hardy Hill Road station on May 6.
Like many open land species, the American kestrel has
declined in Lebanon for several decades, having just
one or two remaining
breeding sites in the
City. Both cliff and
barn swallow are mem‐
bers of “aerial insecti‐
vore” group, and are on
the decline because of
the effects of pesticide
use at their wintering
Newborn hermit thrushes south
areas in South America of Cross Road on June 26
(Hunt 2010). The num‐
ber of available nesting sites for good‐sized colonies
(e.g. old barns) is also diminishing in New Hampshire.
Brown thrasher, a member of the shrubland guild, is
currently absent from many areas where it was once
common. The repeated sighting of a vocalizing male at
Mascoma Lake suggested that it is a probable breeder
10

Positive breeding evidence can be any one of eight (8) dif‐
ferent observations, such as distraction display, nest build‐
ing, used nest, fledgling, occupied nest, adult carrying fecal

there. Purple finch, the New Hampshire state bird, is
also on the demise, although its ability to tolerate de‐
veloped habitats (and even thrive on the winter feeder
food), has made the cause for its decline harder to dis‐
cern.

Garth McElroy photo

Among the remaining observations of the 147 birds re‐
corded in Lebanon, there are a few noteworthy ones. In
Chapter V there is a picture of an immature black‐
crowned night‐heron. This unusual transient typi‐
cally occurs along major rivers in the state during the
post‐breeding season. Fledglings and immature birds
make up many of the scattered records of this normally
sub‐tropical to sub‐temperate species. At Trues Brook
there was a sighting of an adult Louisiana water‐
thrush in breeding condition with definite territorial
displays. This uncommon warbler is listed as a species
of conservation concern in both of New Hampshire’s
Bird Conservation Regions (BCR) largely because of its
purported decline in recent decades. Although it’s
listed as “stable” in the State of New Hampshire Birds
report, there is also a note saying that there is
“insufficient data” to determine a trend at the present
time.
Blue‐winged teal are small ducks that typically nest
in backwater pond edges, sedge marshes and reedy
shallows of large lakes (Robinson 1994). They are more

common in Midwestern prairie potholes and boreal
marshes but a few nest in New Hampshire. The 1994
Breeding Bird Atlas recorded just five confirmed records
in the state over a period of 5 years. The confirmed nest
in Lebanon is noteworthy not just for the City but for
the state as well.
During the late spring and summer of 2009 a report of
nesting merlin came to the project team via two biolo‐
gists working for the Vermont Institute of Natural Sci‐
ence (VINS). The report was confirmed by a local birder
and the nest was spotted by the Principal Investigator
soon thereafter. Right along the Connecticut River, this
nest was the first in a number of years in the area, and
one of only a handful in central New Hampshire in re‐
cent times. Although on the increase, the presence of
this fast‐flying falcon of remote lakes and rivers bodes
well for the health and integrity of wildlife along the
Connecticut River in Lebanon.
Red‐bellied woodpeckers are on the increase in Leba‐
non as they are in the rest of central New Hampshire.
These are very easy‐to‐identify woodpeckers with black
‐and‐white barred backs and grayish brown heads with
a bright red nape. Red‐bellied woodpeckers have been
expanding their range northwards in the past decade.
They were recorded for the first time during many of

the annual Christmas Bird Counts (CBC) in the region,
and will likely be more regular as year‐round residents.
An adult male was heard calling near The Falls develop‐
ment on May 6, 2009.
Vesper sparrows, not unlike the 15 or so grassland
birds in New Hampshire, are experiencing significant
declines statewide. It is for this reason that the updat‐
ing of the wildlife habitat map in Lebanon included a
careful review of grasslands. A total of 177 open “active
agricultural land” parcels (1414 acres) were identified
through roadside surveys and an analysis of the 2007
aerial photograph of the City. These areas included hay
fields, crop land, pastures, and fallow fields, all of which
provide suitable habitat for vesper sparrows. Just 23
sites exceeded 10 acres, which has been roughly associ‐
ated with the minimum size for successful breeding
pairs of vesper sparrows. Currently they are listed as a
“Special Concern” species in the state. In Lebanon, two
breeding pairs were observed on the Townsend Farm
fields on July 10, 2009.

D. REPTILES AND AMPHIBIANS
Thirteen species of amphibians and five species of rep‐
tiles were observed during the study time period. Am‐
phibians included six salamanders, one toad, one cho‐
rus frog, one tree frog, and four true frogs. Reptiles in‐
cluded two turtles and three snakes. As the attached
species lists indicates, this represents approximately
85% of the amphibians and 33% of the reptiles that
could occur in Lebanon.10 All but one of these species
was observed by the principal field team and each of
them was recorded during active searches for these spe‐
cies.
In general, four habitat types were searched during sea‐
sons that were suitable for detecting species:

Although redback salamanders are one of the most abun‐
dant vertebrates in mixed mesic forests of New Hampshire
(Burton and Likens 1975), these ‘melanistic’ lead‐back forms
found at Starr Hill were extremely rare in Lebanon.

10

An excellent source of information on all amphibians and
reptiles in the state can be found http://
www.wildlife.state.nh.us/Wildlife/Nongame/
Chapter IV—Page 33

Season

Type

Species

Early spring

vernal pools

salamanders, wood frogs, chorus frogs

Mid spring

small streams stream salamanders

Early summer

open marshes basking turtles, snakes, true frogs

Late summer/fall moist woods

tree frogs, terr. salamanders, snakes

As noted above, vernal pools are ephemeral water
bodies that lack fish and support obligate breeding am‐
phibians that require up to 60 days of inundation in
order to successfully breed (Tappen et al. 2008). Both
“mole salamanders” (Ambystomidae) occur in vernal
pools, as do wood frogs and occasionally, spring peep‐

At least 135 ephemeral water bodies in Lebanon were identi‐
fied as vernal pools . Most of the active pools had wood frog
or spotted salamanders present either as eggs, larvae, or
adults. On two occasions the much rarer, Jefferson complex
salamander eggs were found as depicted in the inset above.
This species is listed as “special concern” in the state owing
to its rarity and lack of observation records.

ers (chorus frog family, Pseudacridae). Over 145
ephemeral pools were identified during the 14‐month
NRI study, 40 of which were confirmed as vernal pools
in the spring by the presence of one or more of the
above obligate breeding amphibians. Another thirty‐
four of the ephemeral pools were confirmed as vernal
pools during the dry season (summer and fall) by their
estimated water depth, residual invertebrate species,
and occasional hibernating mole salamander nearby.
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Fifty‐nine pools were listed as “probable” owing to
their configuration and size, although no additional
supporting evidence was found. Finally, another five
pools were listed as “possible” owing again to their site
characteristics but without further evidence. In addi‐
tion, a total of 11 seasonal pools were identified. These
pools were found to be too small or shallow or both to
likely support obligate breeders in five out of ten years.
They did, however, appear to support some breeding
invertebrate (e.g. mosquitoes, midges, small beetles).
Each of these pool types are noted on the vernal pool
map above.
Perhaps the two most exciting finds among the am‐
phibians were the melanistic redback salamander and
the Jefferson salamander eggs. The first discovery, as
depicted above, took place on the first visit to Starr Hill
in September 2008. Near what was called the “figure
eight” vernal pool at the top of the hill several of these
dark colored morphs of Plethodon cinereus were found.
This dark color shade is somewhat unusual in New
Hampshire, and in checking with several colleagues,
including two authors of books on amphibians, it was
related that these were quite rare in New Hampshire.
Although “lead back” and “erythrystic” (red) forms had
been found before
(along with the stan‐
dard redback form),
few records of totally
black individuals in the
state were uncovered.
It is still a slight mys‐
Garter snakes (above)
and northern water
snakes (left) were seen
& reported from several
sites in Lebanon. Both
are non‐venomous and
excellent predators of
small mammals

tery as to whether or not these color morphs were geo‐
graphically isolated and perhaps on their way to be‐
coming a new species.
The second exciting Amphibian find in Lebanon was
the discovery of vernal pool eggs belonging to the state
“Special Concern” Jefferson salamander (Ambystoma
laterale‐ jeffersonianum). The egg masses, as depicted
above, are unmistakable in their size and texture and
are very unlike those of the much more common spot‐
ted salamander (A. maculatum). These egg masses
were found in at least four pools along a low ridge
south of Cross Road by a field assistant. Uncommon to
rare in the state, the discovery of this species in Leba‐
non expands the known range of this species into the
upper Connecticut River valley. Although it is probable
that they are more common than indicated in the
WAP, the positive identification of the species in this
region of the state sheds more light on their distribu‐
tion. This is particularly of interest to amphibian biolo‐
gists, since there are two different species in the state
that make up this group – the Jefferson’s (A. jefferson‐
ianum) and blue spotted (A. laterale), as well as a num‐
ber of hybrid forms.12
Not unlike amphibians, turtle and snake species are
not very numerous in the state (DeGraaf & Rudis 1983,
Taylor 1993, Mitchell et al. 2006). Exclusive of marine
turtles, just six species of turtles and 11 species of
snakes occur in the state. In Lebanon, all but three of
the rarest snakes (rattlesnake, hognose snake, and
black racer) can be found. During the study time pe‐
riod, only five of these species – painted and snapping
turtles, and garter, milk, and northern water snake
12

Since hybrid forms of the Jefferson‐blue spotted complex
can be indistinguishable from the two species in the field, it is
common practice to use the hyphenated scientific name for
any individual found. Unless good color morph adult males
are found, eggs, larvae and mixed morph adults usually go
under the name Ambystoma jeffersonianum‐laterale. Adult
females are typically clonal and polyploidal (more than one
set of chromosomes), an apparent evolutionary adaptation to
living life cycles without males.

Eastern painted turtles (left) and snapping turtles (right)
were regular visitors to every pond and lake in Lebanon.

were observed. Painted turtles were found at Boston
Lot Lake (as shown above), Mascoma Lake, and at sev‐
eral of the beaver pond wetlands scattered throughout
the town. Snapping turtles were present at Boston Lot
Lake and Mascoma Lake, although reports came in
from other parts of the City.
Garter snakes are fairly ubiquitous in Lebanon as they
are elsewhere in the state, and they were observed in
over a dozen locales in the City. A dead milk snake was
found on Route 10 near Trues Landing not far from the
cornfield in which it was likely living. Milk snakes have
also been seen at Poverty Lane Orchards according to
local reports. The northern water snake was reported
by a resident of West Lebanon, apparently seen while
hiking along a trail nearby. An unmistakable species,
these large inhabitants of perennial water bodies have
a diagnostic dark and light pattern on their backs not
Smooth green snakes are
increasingly uncommon in
the state and have disap‐
peared from the open
grasslands and wetlands it
once inhabited. Any reports
of this species in Lebanon should be reported to
Reptile & Amphibian Reporting Program (RAARP)
coordinated by the NH Fish & Game Department.

would likely produce records of brown
snake, redbelly snake, and ringneck
snake as well.

E. FISH
From Scarola (1987)

unlike timber rattlesnakes out west.
Although none of the less common reptile species were
observed, several should be able to be located in se‐
lected locales in Lebanon. Wood turtles prefer dense
shrubby borders along perennial streams and ample
habitat is present along Great Brook, Hardy Hill Brook,
Stoney Brook, and Trues Brook. Since a wood turtle
was found along Mink Brook in Hanover, it is very
likely that this species occurs in Lebanon. Another spe‐
cies of “special concern” is the green snake. Fond of
grassy fields, wet meadows, and open riparian woods,
this species is declining in the state (WAP 2005) and
“vulnerable” in the Northeast (Mitchell et al. 2006).
Ample habitat exists among Lebanon’s farmlands, as
well as areas along the Connecticut River. Greater ef‐
fort searching for snakes in old fields and garden areas

Atlantic or land‐locked salmon no longer freely travel up
and down the Mascoma, having been eradicated by the con‐
struction of 5 dams. Although the lower part is stocked with
juveniles every year, few ever get the chance to reach the size
of this 6.5 lb. female caught in Squam Lake.

Over half of the fish species recorded for
Lebanon were from well documented reports from the
NH Fish & Game Department. Warmwater species
such as rock bass, chain pickerel, and white perch and
coldwater species such as brown trout, rainbow trout,
and Atlantic salmon have been reported for the Mas‐
coma River (2009 Freshwater Fishing Digest). Addi‐
tional nongame species such as the carp, fallfish, com‐
mon shiner, and rainbow smelt have been reported for
the Connecticut River as well (NH Fish & Game De‐
partment Fish Survey Data 2008). The draft Mascoma
River Resource Assessment reports additional warm‐
water and nongame species for the Mascoma (MRRA
2009), and a number of private individuals have either
confirmed these records or corroborated them with
records of additional species such as pumpkinseed
sunfish and slimy sculpin.

Black‐nosed dace (top) and lake chub (bottom) were two
stream minnows found in Lebanon. The chub was seen be‐
low Boston Lot Lake; the dace were frequent elsewhere.

Nine of the fish species recorded for Lebanon were ob‐
served directly by the field team during the 14‐month
survey. One of the target species was brook trout (left),
since this tends to only occur in clear water streams of
high quality (Scarola 1987). Brook trout were found at
Great Brook, Stoney Brook, and Trues Brook. Brook
trout were also reported for the Mascoma River by sev‐
eral fishermen at the Mascoma Lake dam on May 25,
2009.13 A few of the trout ‘cohorts’ were found in the
smaller streams. These included three members of the
Minnow family (Cyprinidae): blacknose dace, longnose
dace, and lake chub. The two dace were seen along the
small stream leading south from the “Bottomless Pit”
in Hanover along the Etna Road, and the chub was
seen at the outflow stream of Boston Lot Lake. Blac‐
knose dace were also found at Trues Brook and along
Hardy Hill Road Brook.

Observations over the last decade have shown that the
largemouth has taken hold of many of the shallower
smallmouth habitats, and are even competing with yel‐
low perch, lake chub and golden shiners for weedy
shallows at the margins of lakes and ponds (Van de
Poll 2002). In contrast, the second shallow water dive
in the Connecticut River yielded only smallmouth bass,
where schools of up to 15 individuals were seen near
ledgy shoals and outcrops. Although not as well known
as a river fish, the smallmouth has nonetheless been
successful at it, as testified by the three to five pound
size of each of the fish in the schools that were ob‐
served.

F. INVERTEBRATES

Two shallow water dives were completed to document
some of the warmwater fish in Lebanon. The first was
Shore tiger
beetle
(Cicindela re‐
panda) along
the Connecti‐
cut River below
Wilder Dam

performed at Boston Lot Lake, where only two species,
largemouth and smallmouth bass were observed. Not
uncharacteristically for a small lake, the largemouth
bass outnumbered the smallmouth by 3:1. Like the
smallmouth bass, the largemouth was introduced into
the state from the Midwest, but much more recently.
13 The reach below the Mascoma Lake dam was stocked with
brown, rainbow and brook trout in the spring according to
http://www.wildlife.state.nh.us/Fishing/
fish_stocking_report_2009.html

Eastern lampmussel
(Lampsilis radiata) (left)
and Clymene moth (Haploa
clymene) (right)

A total of 222 invertebrate
species were recorded during the Phase II NRI in Leba‐
non. Ninety‐eight percent of the records were made on
the basis of active searches in a variety of wildlife habi‐
tats across the City.
Two additional observers provided data, and three
other scientists confirmed some of the species that
were recorded. Two principal groups of insects were
focused on – Odonata (dragonflies and damselflies)
and Lepidoptera (moths and butterflies). These two
groups are better known than most invertebrate fauna
groups, and have therefore played a larger role in the
conservation of specialized habitats. One species, the
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Lepidoptera –Butterflies

Fred Goodwin in his flower and vegetable garden, with one
of his revered butterflies (northern cloudywing) at right

zebra clubtail has already been discussed above under
the ‘Targeted Wildlife Species Accounts’ on account of
its affinity for large rivers and requirement for good
water quality. Another, Chaetaglaea cerata, a moth, is
the only state‐listed endangered Lepidoptera in the re‐
gion. The other two groups listed in Appendix B,

Little wood satyr

aquatic macro‐invertebrates and “other invertebrates,”
added information to the general picture of biodiver‐
sity in Lebanon but did not receive an in‐depth ac‐
counting owing to limited field time.
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There are over 100 species of butterflies and an esti‐
mated 1,000 species of moths that could occur in Leba‐
non. The 63 species that were recorded include some
of the most common and visible of these ‘lepido’ =
scale + ‘ptera’ = winged, or ‘scale‐winged’ insects. Mon‐
arch butterflies are perhaps the best known, since their
bright black, white, and yellow caterpillars are easily
seen on milkweed plants in summer and their large
orange and black adults are a signal of the onset of fall
as they migrate southwards to the highlands of Mexico.
Yet monarchs are just one member of the brushfooted
butterflies (Nymphalidae), which include some of the
common nectar‐eaters such as the fritillaries (Speyeria
and Boloria), the commas (Polygonia), the admirals
(Limenitis), and the satyrs (Enodia etc.). With a pen‐
chant for flower gardens and old fields in bloom, up‐
wards of three or four dozen of these intricately col‐
ored butterflies can be seen in a single day at the right
time of year. 14
In Lebanon, butterflies were first researched with the
help of a local butterfly enthusiast, Fred Goodwin. Fred
provided the field team with a list of sightings in or
near his vegetable and flower garden off Poverty Lane,
and in the year that ensued, nearly all of the species
that he had recorded was observed elsewhere in the
City. Particularly good locales for butterfly flights were
discovered on Signal Hill, the maintained scrub‐shrub
fields south of the Lebanon Airport, along Hardy Hill
Road, at Baker’s Crossing Conservation Area and at
Pine Hill Cemetery. Early season mourning cloaks were
seen in the semi‐rich hardwoods areas south of Cross
Road and eastern tiger swallowtail soon followed along
Atherton Hill Road. Cabbage whites were seen in late
May along Hardy Hill Road, and in June northern
14

Excellent guidance on butterfly flights can be found in
any number of field guides, including Glassberg’s Butter‐
flies Through Binoculars (1993), Peterson’s Field Guide to the
Butterflies (Klots 1979), or Butterflies of the North Woods
(Weber 2006).

Rosy maple moth
(Dryocampa rubicunda)
caterpillar (above, and
adult (right), a member
of the Saturnidae.

cloudywings (above) were spotted in a forest opening
near Great Brook Road. By July the northern pearly
eyes were common at Boston Lot Lake and in mid‐
August common wood nymphs were out in force at the
Lebanon Airport, while silver‐bordered fritillaries were
frequent on Mount Tug. By September, clouded sul‐
phurs were abundant at the Pine Tree Cemetery and
migrating monarchs were sailing over Signal Hill.

nectaries well before dawn (Himmelman 2002). Unless
an active night search by light or bait is performed,
most moths will be encountered only occasionally.
This was the general pattern of the moth survey results
for the Phase II NRI. As a result, all moths that were
observed were recorded. The easiest form of “capture”
was by digital photograph, which allowed for image
enhancement to illustrate features that could be re‐
searched to identify the species using web sites, field
guides, and other references. This procedure was ap‐
plied to caterpillars as well, which were relatively
abundant on summer jaunts through open fields and
wetland edges. Mostly known for their destructive ca‐
pabilities (for example, gypsy moth, tent caterpillar,
and hornworms), many of the caterpillars encountered
were equally as attractive as their adult forms, as exem‐
plified by the photo to the left.

Lepidoptera – Moths
About half of the Lepidoptera observed in Lebanon
were moths. Although this number is hardly indicative
of the moth diversity potential in the City, it did in‐
clude many of the common day‐flying moths. Moths
generally fly at dusk and finish their forays for flower

Common spreadwing (Lestes disjunctus) is one of the com‐
mon damselflies of low quality waters in Lebanon

Hemlock looper (Lambdina fiscellaria) (left) and evening
primrose moth (Schinia florida) (right) typify the differ‐
ences among the 1000+ moths in Lebanon. The looper is a
multiple species tree feeder (caterpillars eat leaves and
adults pollinate tree flowers), whereas the evening primrose
moth feeds on exclusively on evening primroses both as
larva and adult.

A large number of moths have specific flight seasons
just as butterflies do. Beginning in March in central
New Hampshire, adults that over‐winter begin to
emerge, start to feed after being dormant under tree
bark or other shelter, and seek mates to breed with.
Most species produce one or two broods a year, al‐
though some take two years to go through an entire

life cycle. The latter species over‐winter as instars (a
stage in caterpillar development), and then emerge to
feed and pupate in the spring. Still other species lay
eggs at the onset of winter wherein the eggs hatch in
early spring to develop into adults by mid‐summer.
Among the 1,000+ species of moths in New Hampshire,
there is an incredible variety of ways in which species
feed, reproduce, and enter diapause (resting state) to
withstand extreme temperatures. (Wagner 2005).
Among the moths observed in Lebanon, tree bark
dwelling species were encountered the most fre‐
quently. In late fall and early spring, members of the
owlet family (Noctuidae) appeared frequently, such as
Grote’s sallow (Lithophane grotei) and gray Quaker
(Orthosia alurina). By mid‐spring the large geometer
(Geometridae) moths were in flight, including the hem‐
lock looper pictured above and the eight‐spotted for‐
ester (Alypia maculata). Mid‐summer brought out the
Hypeninine owlets such as the Baltimore Bomolocha
moth (Hypena baltimoralis). In mid to late August sev‐
eral other geometers were frequent in mixed mesic
(moist) woods, such as the yellow spotted renia (Renia
flavipunctalis) and ambiguous moth (Lascoria am‐
bigualis). Fall flights included second brood flyers as
well as late season moths such as Bruce spanworm
(Operophtera bruceata) and fall cankerworm moth
(Alsophila pometaria).

Marsh bluet Enallagma ebrium

Odonata – Dragonflies and Damselflies
Unlike most moths, dragonflies and damselflies are
wetland obligates during the larval stage of their life

cycle. While most of them require good water quality
in which to develop as aquatic larvae, there can be
quite a gradient between one group and another as far
as pollution tolerance goes. For example, members of
the genus Ophiogomphus (snaketails) and Soma‐
tochlora (emeralds) have pollution tolerances as low as
(1) on a 1 – 10 point scale,15 while most members of the
spreadwing group (Lestidae) have tolerance values
above (8) (Barbour et al 2001). For this reason, the ac‐
tive searches that took place for Odonates tended to
focus on selected species and specialized habitats.
As noted above, the target species along the Connecti‐
cut River belonged to the riverine clubtail group. Both
the slightly more common Stylurus scudderi (zebra

tolerance, and are therefore highly sympatric with an‐
other pollution‐intolerant organism, one of their prin‐
cipal predators, the brook trout.
Not all dragonflies or damselflies that were recorded
were specialists or had pollution sensitivities. The
widow skimmer (Libellula luctuosa) pictured below is
not infrequent in small ponds or lakeshores that have
somewhat compromised water quality. Like most
skimmers, this species can tolerate extreme water tem‐
peratures, hyper‐oxygenated conditions in summer
and anaerobic conditions in winter. Similarly, the
bluet group (Enallagma spp.) can also tolerate mesot‐
rophic (somewhat compromised) or eutrophic
Fishing spiders (Dolomedes tenebrosus) like the one
above are considered aquatic macro‐invertebrates be‐
cause of their habit of walking on water, hunting above
and beneath the surface, and being able to hide from
predators for over 30 minutes underwater by virtue of air
bubbles that adhere to their hairy body surface.

Larval spiketail
(Cordulegaster maculata) is
one of the pollution intol‐
erant aquatic species found
in some of the clean water
streams of Lebanon

clubtail) and the less common Stylurus amnicola
(riverine clubtail) were found at East Wilder Boat
Launch. On July 30, 2009, adult zebra clubtails were
observed flying along the shoreline and two larval riv‐
erine clubtails were seen crawling along the banks get‐
ting ready to emerge as adults. Along some of the
smaller stream systems such as Great Brook and Hardy
Hill Brook, another pollution sensitive Odonate was
found in considerable quantity, the twin‐spotted
spiketail (Cordulegaster maculata). The larvae of this
species have unmistakably pointed abdomens, as de‐
picted above. They are rated very low (3) for pollution
The standard pollution tolerance scale is from (1) – pollution
intolerant, to (10) – extremely pollution tolerant. For a roster of
aquatic organisms and their approximate pollution tolerance lev‐
els by region of the country, see Barbour et al. 2001. Rapid Bio‐
assessment Protocols for Use in Streams and Wadeable Rivers: Pe‐
riphyton, Benthic Macroinvertebrates, and Fish. Second Edition.
US EPA.
15

Widow skimmer (Libellula luctuosa) is another frequent
inhabitant of small ponds with fairly poor water quality

(compromised) water quality conditions as larvae. The
marsh bluet (left) is just one of the dozen or so Enal‐
lagma species that can be found in Lebanon.
Most of the 41 species of Odonata observed in Lebanon
were fairly common species and can be found through‐
out the region. These included several bluets, the eb‐
ony jewelwing, several clubtails, skimmers, and white‐
faces (see list in Appendix B). However, there were also
a few not‐so‐common species observed. Besides the

riverine clubtails noted above, at least two other spe‐
cies deserve mention. The first, the tule bluet
(Enallagma carunculatum) was captured by net along
the Connecticut River on the same day as the riverine
clubtails. Like most bluets, this diminutive damselfly
has a diagnostic pattern of blue and black on the abdo‐
men as well as a characteristic shape to the male ap‐
pendages or cerci. The species is recorded along the
large rivers of the state and is considered uncommon
to rare (P. Hunt, p.c.). The second species is another
damselfly, the blue‐fronted dancer (Argia apicalis).
Listed as uncommon to rare in the state since it is at
the northern limit of its natural range in New Hamp‐
shire, several of these individuals were found in the
slow backwaters of an island in the Connecticut River
in early September. Unlike the other members of the
genus, the males have a distinctly black abdomen with
a powder blue tip and thorax. Females are largely black
on the abdomen and orange‐brown on the head and
thorax.
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Cow path tiger beetle (Cicindela purpurea) (left) and
shore or bronzed tiger beetle (C. repanda) both like very
dry and sandy habitats in which to live. They hunt by
using their camouflage to stalk and chase prey on foot. If
approached too closely they will fly but only for short
distances, whereupon they return to hiding from view

Other Invertebrates
A total of 63 aquatic macro‐invertebrates other than
dragonflies and damselflies were noted in Lebanon wa‐
ters. This included common species such as the flat‐
head mayfly (Stenacron interpunctatum), the brush‐
legged mayfly (Isonychia bicolor), and the eastern

The diversity of fish and aquatic invertebrates
alone suggest that Lebanon is far from being
overly compromised by the extent of devel‐
oped land within it. On the contrary, some of
these spaces still retain a very wild feel about
them, and offer the casual visitor vistas and
natural ecosystems that rival remote sites in
northern New Hampshire.
lampmussel (Lampsilis radiata). Records also included
some of the less common species such as the trumpet‐
tube caddisfly (Phylocentropus sp.) as well as some of
the more unusual species such as fishing spider
(Dolomedes tenebrosus). The latter species, although a
member of the Arachnidae, is nonetheless considered
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aquatic because of its habit of living on or adjacent to
permanent water and its ability to hunt prey beneath
the surface. It can withstand submersion for up to 30
minutes or more by using air bubbles trapped along its
hairy surface. It will catch tadpoles, small fish, and a
host of other aquatic invertebrates in this way.
Away from water another 58 species of terrestrial in‐
vertebrates were encountered. These included a wide
variety of groups, including terrestrial snails, slugs,
millipedes, spiders, ticks, beetles, flies, and bees. One
of the target beetle species that is state endangered
was the cobblestone tiger beetle (Cicindela marginipen‐
nis). Globally rare, this half‐inch long inhabitant of is‐
lands in the Connecticut River is listed under the fed‐
eral Endangered Species Act as well. It is confined to
sandy‐cobbly shores that are largely free of vegetation
in the summer. Although high water in 2009 did not
allow for an adequate inspection of its known locale,
another island in the Connecticut River was visited in
early September and produced another distinctive spe‐
cies of tiger beetle, the shore tiger beetle (Cicindela re‐
panda). Additional searches of dry sandy spots in town,
such as the Pine Tree Cemetery yielded three other
species in that genus, C. purpurea (cow path tiger bee‐
tle), C. sexguttata (six‐spotted tiger beetle), and C.
duodecimguttata (twelve‐spotted tiger beetle).

Chapter V: Significant Ecological Areas (SEA’s)
A. OVERVIEW
As described in other chapters, Lebanon is well
endowed with areas of high ecological quality. This
chapter is devoted to these areas, and will provide
a description and map that will help you under‐
stand where they are in Lebanon as well as why
they are special. Significant Ecological Areas are
those sites that, because of their sensitive nature
and unique resource characteristics, require spe‐
cial treatment in terms of long‐term conservation
and/or protection from human impacts.
The derivation of the map of significant ecological
areas or SEA’s, arose from the careful review of all
other natural resource attributes in Lebanon. SEA’s
are, in a way, the penultimate result of any in‐
depth NRI. SEA’s are significant because they rep‐
resent land that contains the highest value natural
resource aspects of a given area. Rare and endan‐
gered species are a prime example of this. Over the
course of several millennia, even millions of years,
plant and animal species have specialized in adapt‐
ing to their natural environment in such a way that
they only occur in very restricted locales. Typically,
these species absolutely depend upon their imme‐
diate environment for their survival. Alter or de‐
stroy their environment and they disappear.
SEA’s in Lebanon often contain rare or endangered
species. In fact, of the 31 rare or endangered plant
species in Lebanon that were discovered during
the NRI, 25 were found in one or more SEA’s. Of
the 10 rare animal species found in Lebanon, eight

of them were in SEA’s. Whereas animals often use
more than one habitat for their home range, plants
are often much more highly selective. One of the
smallest SEA’s in Lebanon entails just 1.3 acres sur‐
rounding three rare plant species, the populations
of which occupy no more than a few square yards.
There are other ecological attributes that SEA’s
may have. First, they may contain one or more ex‐
emplary natural communities. According to Bill
Nichols at the N.H. Natural Heritage Bureau, ex‐
emplary natural communities are ones of a par‐
ticularly high quality relative to all others in the
state (Sperduto and Nichols 2004). They have been
designated as such on the basis of their size, struc‐
ture, lack of anthropogenic disturbance, and some‐
times the presence of rare or endangered species.
They do not have to contain rare species, however,
and may simply be high‐quality examples of com‐
mon natural communities. An excellent example in
Lebanon of the latter is the dry oak‐pine forest on
the south side of Mount Tug.

“Significant Ecological Areas are, in a way, the penulti‐
mate result of any in‐depth Natural Resource Inventory”
Another attribute of many of Lebanon’s SEA’s is
their sensitivity to human disturbance. In the case
of an SEA that contains a rare species, the protec‐
tion of the area is often paramount to adequately
protecting the rare species. But in SEA’s without
rare species, protection is encouraged for other
reasons, such as to maintain the functions and val‐
ues of a particular vernal pool, or a deer wintering
area. Some of Lebanon’s SEA’s have already been
disturbed to a considerable degree, and so further
protection is warranted on the basis to ensure that
the remaining ecosystem services remain intact.
Such is the case with the flood storage/migratory
bird wetlands south of the High School or along
Heater Road.
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B. SO WHERE ARE THESE SEA’S AND WHAT’’S
IN THEM?

out their daily meals of mosquito, midge, caddisfly, or
damselfly.

The “Phase II” Natural Resources Inventory of Leba‐
non identified 73 Significant Ecological Areas within
the City’s borders. In sum, these areas totaled 2225.6
acres. The smallest size was .27 acres and the largest
203.7 acres, with an average size of 30.5 acres. The
SEA Map on the previous page indicates their general
location. With the exception of SEA #13
(Cicrumneutral Talus Area) that is embedded in #12
(Landmark Beaver Complex), each of the SEA’s stands
alone or is adjacent to one another. Each SEA was
found to contain two or more salient attributes that
are summarized in Appendix C. The designation of
each SEA arose from these attributes and an estimate
of the amount of space necessary to support them. For
example, the deer wintering areas on the Landmark
Lands followed NH Fish & Game guidelines of mini‐
mum sizes and percentages of softwood cover versus
mast‐producing hardwood cover. The old growth dry
pine‐oak forest on Mount Tug was delimited on the
basis of old oaks that exceeded 120 – 140 years of age.

Rich seepages surround the lake itself, and the nutri‐
ents within them, borne of calcareous sediments from
a shallow sea bed long ago, feed the invertebrate wild‐
life who in turn feed the vertebrate wildlife that
abound in this protected forest. At least five rare
plants have been documented on these rich soils,
most of them occurring in an area just south of Bos‐
ton Lot Lake. Sharp‐lobed hepatica (Anemone acuti‐
loba) is perhaps the daintiest of the five wildflowers,
with its sky‐blue sepals and three‐lobed leathery
leaves.

The following section describes some of the more
salient Significant Ecological Areas in Lebanon. In
order to protect the privacy of private property
owners, the examples that are described are those
on public lands in whole or in part. In order to pro‐
tect the sanctity of each SEA, no specific locations
of rare or endangered animals or plants are given.
The reader is encouraged to use the information
provided to gain a deeper appreciation and under‐
standing of some of the most outstanding natural
resource elements of Lebanon, and to support the
long‐term protection of each SEA.

1) Boston Lot and City Forest
The damming of Boston Lot Lake in 1953 created a
remarkable impoundment of nearly unparalleled size
in Lebanon. Unlike its larger cousin, Mascoma Lake,
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Boston Lot Lake is one of the premiere open water areas in
Lebanon. At 45 acres, it’s the largest lentic water body
wholly contained within Lebanon.

Boston Lot Lake is wholly contained within the City’s
borders. As a former beaver marsh and headwater
stream, then mill pond and reservoir, this basin has
an even more remarkable quality – in 1997 it was pro‐
tected in perpetuity by the City of Lebanon and the
Society for the Protection of NH Forests. Within this
439‐acre City property there are five SEA’s totaling 136
acres that are partly or wholly contained inside the
City parcel boundry. The largest SEA, Boston Lot Lake
itself, includes a well‐developed shoreline of a lacus‐
trine water body with deepwater habitats and ample
amounts of fish, submerged aquatic vegetation, reedy
shallows, and migratory waterfowl. When unfrozen, it
is common to see a great blue heron snatching up
frogs, or dabbling
ducks dipping for
snails.
Summer
brings an array of
insects, the fastest
and most colorful of
which are the drag‐
onflies. The soft
muddy shoreline is
perfect for hatching Teneral meadowhawk awaits its first
meal at Boston Lot Lake.

markable plants can be found fairly close to the lake,
and all of them are rare enough – being largely con‐
fined to the Connecticut River valley in New Hamp‐
shire – to warrant “special concern” status by the NH
Natural Heritage Bureau. [This term is used by the
Bureau to define plants that have greater than 20 and
less than 100 populations in the state.]

Butternut is an uncommon tree in rich woods or around
old farmsteads as above. In severe decline on account of the
butternut canker, the state has recently placed this on the
“Watch “ list..

Sharp‐lobed hepatica is a restricted to the rich soils of the
Connecticut River valley

Wild leeks (Allium tricoccum) find their home amidst
the silty banks, as happy here as on the rich shores of
the Connecticut River downstream where the smell of
“ramps” (wild onions) is unmistakable on an early
spring day. Wild ginger (Asarum canadense) is a
closely allied cohort that forces a ‘belly‐look’ if one
wants to see the inconspicuous maroon flowers at the
base of the large, heart‐shaped leaves. Not far along
the streamside path one can encounter the diminutive
dwarf scouring rush (Equisetum scirpoides), a dark
green, brittle ‘mat of hair’ that hardly resembles the
stately scouring rush of pioneer fame. All of these re‐

The last of the rarities that is not uncommon around
Boston Lot Lake is the butternut (Juglans cinerea).
Subject to the butternut blight or canker since 1967,
this stately walnut family member has been on the
demise ever since. Sirococcus clavigignenti‐
juglandacearum infects the cambial tissue and causes
bark cankers that will eventually kill the tree. Once
commonly planted around colonial homes for their
sweet nut‐meats, the butternut is a naturally occur‐
ring representative of rich upland soils that is now
facing certain extirpation (i.e. local extinction) unless
disease‐resistant individuals can sustain the onslaught
of the blight.
Fortunately, the blight has not affected a similarly un‐
common forest tree at Boston Lot Lake that is also
restricted to rich upland soils, the bitternut hickory

(Carya cordiformis). Along with wild chervil
(Cryptotaenia
chinensis)
and
giant
cohosh
(Caulophyllum giganteum), bitternut has an uncertain
status in the state on account of its purported rarity.
All three species occur at Boston Lot Lake, and all
three are not unaccustomed to growing in rich, moist
clayey silts and loams that have been disturbed or al‐
tered.
Not all of the magnificent natural resources that Bos‐
ton Lot has to offer lie along or near the lake. Popular

ber of black bear that roam the adjacent Landmark
lands. To the east is a small but noteworthy talus
slope made up of large, moss and fern‐encrusted boul‐
ders and endless porcupine dens. To the north is yet
another deer wintering area and more vernal pools,
where fisher, raccoon, bear, moose, mink and otter
are common residents.

unfrozen waters at the dam provide easy access for
water‐dependent wildlife to occur throughout the
winter; higher than average relative humidity levels
support a different regime of natural communities;
and abundant side‐slope seeps adjacent to the lake
limit the amount of development and agriculture.

In sum, the Boston Lot Lake and City Forest contains
a condensed version of Lebanon’s best ecological ar‐
eas – rich, silt loams that harbor rare calcium‐loving
Boston Lot Lake offers a variety of habitats to the damselfly
watcher, the budding botanist, the student of natural com‐
munities, and the mushroom hunter alike.

Migratory waterfowl can hardly find a better spot to
land than this area of Mascoma Lake. For this reason,
a migratory and breeding bird count station was es‐
tablished at this site during the 2008‐2009 field sea‐
son. Common loon, great blue heron, blue‐winged
teal, mallard, black duck, hooded and common mer‐
ganser were all recorded in a short span of time in late
winter/early spring. Then came mourning dove, red‐
winged blackbird, eastern phoebe and song sparrow

The view southeast from the ledges on Burnt Mountain offers a welcome treat to the hiker who hikes to this remote location at
the eastern end of the Boston Lot Tract. In fall, the sparkling colors of oak and beech dominate.

trails lead many a visitor to the high point on the east‐
ern edge of the property – Burnt Mountain. Adorned
with red pine, white pine and oak that testify to its
fiery history, Burnt Mountain offers a completely dif‐
ferent habitat that suits an entirely different suite of
animal and plant species. Centered on the west slope
of the mountain is a mixed upland forest with dense
hemlock cover and scattered vernal pools that provide
excellent wintering habitat for deer. The much drier
southern slope is almost entirely oak and beech and
provides exceptionally high quality mast for the num‐

plants; remote open water for migrating loons, ducks,
and other waterfowl; extensive ledgy basins with shal‐
low vernal pools and dense, deer‐sheltering hemlock
stands; high‐quality nut mast for the abundant wild‐
life nearby; and specialized rocky habitats for denning
furbearers.

2) Mascoma Lake Northwest
This SEA takes the aspiring naturalist to the eastern
edge of the City where the largest lake in Lebanon
casts its influence on the surrounding lowlands and
hillsides. Almost entirely contained within a recent

Mascoma Lake Northwest includes a ponded slough that was cut off by the RR tracks over a century ago. The combination
of open water habitats, grasslands, scrub‐shrub swamp, wet meadow, and hedgerows make this one of the best birding lo‐
cales in Lebanon. Birds can be found from winter (above left) to late summer and fall (above right).

conservation property along Route 4, the Mascoma
Lake Northwest area begins where Lebanon’s portion
of the Northern Rail Trail starts along the north edge
of Mascoma Lake. The lake itself is over 1100 acres in
size, yet only 93 acres occur in Lebanon. The prox‐
imity of such a large body of water to the steep‐sided
slopes below Mount Tug and Eastman Hill is pro‐
nounced: moderating temperatures and perennially

to breed and feed. By early May, the numbers of war‐
bling vireos, tree swallows, northern rough‐winged
swallows, yellow warblers, and myrtle warblers were
astounding as wave after wave of neo‐tropical migrant
perching birds pushed through. Towards the end of
May, the ‘stick‐around’ nesters came in to fight for
territories. These included species such as chimney
swift, cliff swallow, least flycatcher, gray catbird,
brown thrasher, and cedar waxwing. At least three of
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the above species are declining in the state, and it was
a significant finding to locate these in one area of
Lebanon.

This birding ‘hot spot’ is enhanced by the presence of
a now‐isolated cat‐tail
pond on the north side
of the railroad right‐of‐
way. (Prior to the con‐
struction of the railroad,
this wetland was di‐
rectly connected to
Mascoma Lake.) Besides
the vociferous ‘squeak‐n
‐squeal’ of the redwing

Brown thrasher is an increas‐
ingly rare migrant and
breeder that appeared one
May morning at Mascoma
Lake NW.

Lebanon Breeding Bird Survey ‐ Mascoma Lake NW ‐ 2009
4/19/2009
Species

5/6/2009

In Hab.

30 m

Red‐winged Blackbird

3

2

Song Sparrow

5

2

Common Grackle

1

American Robin

1

1

Myrtle Warbler
Mallard

4

In Hab.

7/17/2009

30 m

In Hab.

30 m

In Hab.

5

3

5

2

3

4

2

3

1

7

2

1

1

5

2

1

9

2
2

2

30 m

In Hab.

30 m

Total

16

7

23

1

12

6

18

1

10

3

13

2

9

3

12

9

2

11

2

10

0

10

Warbling Vireo

3

1

3

1

7

3

10

Yellow Warbler

4

2

2

1

6

3

9

3

1

2

7

1

8

1

4

1

4

2

6

Tree Swallow

2

Least Flycatcher
American Crow

2

1

Common Yellowthroat

2

Black‐capped Chickadee

2

2

Canada Goose

2

2

Yellow‐bellied Sapsucker

3

Blue Jay

2

1

Eastern Tufted Titmouse

3

1

American Goldfinch

2

Mourning Dove

2

1

Common Merganser

Although the easement area is generally “off‐limits,”
the rail trail and parking area offer ample opportunity
to make close‐up observations of most of the wildlife
species of interest. Even the adjoining dam area sports
some additional attractions, not just for the botanist

Chipping Sparrow

1

1

2

6

0

6

2

1

5

1

6

5

0

5

4

0

4

4

0

4

4

0

4

4

0

4

3

1

4

1

3

0

3

3

3

0

3

3

0

3

1

2

3

2

0

2

1

2

0

2

1

2

0

2

2

0

2

2

0

2

1
1

1

1

1

2

Baltimore Oriole

blackbird, virtually all of the sparrow species of Leba‐
non pass through this field/scrub‐shrub‐marsh at one
point in time during the year. The ample amounts of
agricultural fields, wet meadows, shrubby borders,
and isolated hardwood trees offer exceptional habi‐
tat. Beaver, muskrat, and both of our common turtles
are not an unusual sight at this pond, and at mid‐
summer the flight of dragonflies, damselflies, butter‐
flies, and moths can astound the industrious insect‐
lover. At twilight, observation of bats, moth, and
mosquitoes testify to its value as both insect and in‐
sect‐predator habitat.

1

1

Chimney Swift
No. Rough‐winged Swallow

Chapter V—Page 42

5/25/2009

COUNT
SUM‐
MARY

1

1

1

2

Downy Woodpecker

1

Hairy Woodpecker

1

Eastern Phoebe

2

Cedar Waxwing

2

White‐throated Sparrow

1

Northern Cardinal

2

Blue‐winged Teal

1

1

1

1

2

2

0

2

0

1

1

Northern Flicker

1

1

0

1

Cliff Swallow

1

1

0

1

0

1

1

1

0

1

1

0

1

1

0

1

0

1

1

1

0

1

1

0

1

1

0

1

1

0

1

White‐breasted Nuthatch

1

Ruby‐crowned Kinglet

1

Gray Catbird

1

Northern Mockingbird

1

Brown Thrasher

1

Chestnut‐sided Warbler

1
1

Swamp Sparrow

1

Bobolink

1
COUNT

18

5

22

12

21

7

13

4

38

16

41

TOTAL

39

7

61

19

38

8

19

4

157

38

195

The slough at Mascoma Lake NW has excellent habitat for
breeding painted turtles (above), as well as seepage mead‐
ows that contain the City’s largest population of yellow
rattle (Rhinanthus minor ssp. Minor) (below)

but for the angler as well. Several unusual willows
adorn the edge of the floodway, including an uncom‐
mon hybrid between the heart‐leaf willow (Salix erio‐
cephala) and meadow willow (Salix petiolaris). Below
the dam a common riverine mayfly species can be
found, the brush‐legged mayfly or whitegloved howdy
(Isonychia bicolor). No doubt many of these become
food for the stocked brown trout or migrating white
suckers that pound their way upstream in search of
spawning ground in late April.

3) Trues Ledges Natural Area
Trues Ledges is one of the splendid “gems” of Leba‐

Table 9. Breeding Bird Survey results (10‐minute point count) at Mascoma Lake NW

rarity, testifying to its apparent demise statewide over
the past 30 years. Two other streamside, rich soil‐
lovers that were found at Boston Lot were also found
here: wild leek (Allium tricoccum) and dwarf scouring
‐rush (Equisetum scirpoides). The fifth rare plant also
occurs on rich soils and can be found right along one
of the main paths to the falls, Canada violet (Viola
canadensis). This uncommon beauty has a brief flow‐
ering time period in late May when it is most easily
observed.

Trues Brook (True’ Ledges Natural Area) is a small yet
amazingly rich City property that suits bathers and fisher‐
men alike. Brook trout, rare plants and clear waters await
the visitors at this picturesque gorge.

non. Located along Trues Brook Road in the south‐
west part of the City, it sports a new parking area that
provides access to the spectacular cascades and water‐
falls in the deepest gorge in Lebanon. Comprised of
dramatically tilted strata of 440 million‐year‐old Am‐
monoosuc volcanics, Trues Brook drops over 50 feet
in a 425‐foot distance between the bridge and the
base of the falls. Rushing cascades and deep, clear
pools provide excellent opportunities for the bather
and brook trout alike. The sheer cliffs above the falls
offer spectacular views of rugged cliffs festooned by
ferns and shaded by stately hemlock trees. At least
five rare plant species can be found in the gorge; all of
them rely upon the calcium‐laden mica schist that
enriches the soils of the area. Bulblet fern (Cystopteris
bulbifera) only occurs in rich, ledgy habitats along the
Connecticut River, and this site is perfect for several
healthy populations of the plant. It is unique in hav‐
ing tiny bulbs form at the frond tips, each of which
can grow into a new plant. Another rare fern that pre‐
fers moist, shaded cliffs of calcium‐rich bedrock is
maidenhair spleenwort (Asplenium trichomanes
trichomanes). Only two individuals were found of this

bor copious amounts of mayflies, caddisflies, and
stoneflies, which in turn feed the remarkable brook
trout that live in Trues Brook. Everything about this
third order stream depicts a water body in excellent
health. In spite of road salt and anaerobic ditch seeps
above, the water quality of Trues Brook remains high,
and will certainly serve the swimmer and fisherman
well for years to come.

The Trues Brook SEA en‐
compasses the principal
gorge area and down‐
stream tributaries as far
as the first house along
Trues Brook Road. Al‐
though only the upper
north side is public land,
the entire gorge and ri‐
parian area well below the
City property is critically

Two Rivers—Where the Mascoma meets the Connecticut

servation Area. At the base of the “string of pearls”1
that runs along the Mascoma River, this green space
along the Connecticut River contains one of the best
examples in Lebanon of a floodplain forest. Floodplain
forests are critical in the prevention of downstream
flooding as they contain levees and swales that trap
and “desynchronize” the surge of ice‐laden meltwaters
in the spring. They are typically characterized by tall
silver maples (Acer saccharinum) with scattered green
ash (Fraxinus velutina), sugar maple (Acer sachar‐
rum), and boxelder (Acer negundo). But the Two Riv‐
ers area also supports a small population of the rare
hackberry tree (Celtis occidentalis), a species that
reaches its northern and eastern limit in the United
States along the central Connecticut River valley of
New Hampshire and Vermont.

Above: Canada violet at Trues Brook Natural Area. Below:
bulblet fern on calcium‐rich ledges along Trues Brook.

Two Rivers Conservation Area is a recovering piece of
land. Thousands of years of native encampments, 125
years of trading activity, 70 years of intense agricul‐
ture, and 50 years as the “backyard” gravel pit and
dumping ground below the Interstate‐89 bridge has

The continued attraction of Trues Brook will rest upon the
careful monitoring of upstream affects from the roadway
and nearby development. In spite of some scattered con‐
cerns, the water quality still remains very high.
1

important to its functioning as a unique natural area.
Abundant groundwater seeps adorn the sides of the
gorge, the rocky stream basin below the cascades har‐

4) Two Rivers Conservation Area
Another remarkable property that relies on moving
water to carve and shape its banks is Two Rivers Con‐

In 1998, the Rotary Club of Lebanon pledged its commitment
to the String of Pearls as a community service project and gift
to the citizens of Lebanon in honor of the club's 75th Anniver‐
sary. The Rotary Club’s vision is to “return Lebanon's rivers to
the forefront of the city's consciousness through creation of a
series of beautiful and significant, natural and improved pub‐
lic spaces along our rivers and rail trails.”
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left its toll on the natural communities there. Dis‐
turbed ground, invasive plant species, and
“neighborhood” wildlife such as raccoon and opos‐
sum, house finches and mockingbirds do not invite
the seeker of wildlands. That said, the forest is recov‐
ering and the site is gradually taking on the character‐
istics of a functioning system: mixed canopy species of
floodplain adapted trees, natural flood levees and
scour channels, and diverse wildlife populations that
occupy naturally occurring niches in the environ‐
ment.
Two Rivers Conservation Area has one of the richest
floras of any area in Lebanon owing to its rich soils,
moderate riverside temperatures, and effective disper‐
sal of seeds along the river. The photograph below left

depicts at least 20 species of plants in a typical area of
riverine floodplain. Among the invasives is a hardy
native annual that only appears in late spring, flowers
in early summer and sets seed by late July. Stickseed
(Hackelia virginiana) is a state‐threatened species that
is restricted to rich, loamy alluvium in river valleys of
the state. As an annual it tolerates disturbance, in
fact, it requires it in order to survive. Curiously, it is
quite common behind the K‐Mart Plaza, Upper Valley
Plaza, and Powerhouse Plaza, but rare elsewhere.
Finally, Two Rivers Conservation Area is a favorite
among birders during all seasons of the year. Regard‐
less of the site’s land use history, it has one salient at‐
tribute that keeps the birds coming: it’s at the junc‐
tion of two major rivers in the state right along the
Connecticut River flyway. Waterfowl, wading birds,
hawks, crows, and warblers all come here in profusion
at certain times of year. David Jorgensen with the Up‐
per Valley Birders group says he’s seen upwards of 55
– 60 species on any given day in the spring. The cedar
waxwing at right was just one of dozens in flight on a
late March day.

5) Farnum Hill
Two Rivers floodplain (above is characterized by a silver
maple floodplain forest; the diversity of plants is remark‐
able in summer—can you find all 20 in the photo below?

The Farnum Hill Reserve is a 758‐
acre highland forest in the south‐
western part of Lebanon. This ele‐
Transient black‐
crowned night‐
herons are among
the rarities that the
birder might come
across along the
Connecticut River
at Two Rivers Con‐
servation Area. At
right, an immature
individual from
July 17, 2009.
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populations in Lebanon.
The Farnum Hill SEA totals 32.7 acres in this north‐
south running trough between the middle and south
summits. Three of the seven confirmed vernal pools
occur within the estimated boundary of the SEA,

The view from Farnum Hill, albeit through powerlines, can
be spectacular on a clear day. Mt. Ascutney is visible to the
southwest

vated massif of resistant mica schist is composed of
three major summits, each of which exceeds 1190 feet.
The views from the south summit are exquisite, as is
the view to the southwest along the powerline corri‐
dor that crosses just north of the north summit. Be‐
tween the middle and south summits lies a trough of
softer bedrock and hardpan soils that maintain higher
than average water tables throughout the year. It is
this locale that yielded the highest value natural re‐
sources on the hill, namely, seven confirmed vernal
pools and a series of rich seeps and intermittent
stream channels. Farnum Hill, in spite of being one of
the highest points in south Lebanon, has a fairly high
concentration of these water resource features that
add diversity and invaluable habitat to the wildlife

Jeff Littleton

Typical woods at Farnum Hill: red oak, white pine, red ma‐
ple, with some white oak, beech, and hemlock.

wherein juvenile wood frogs and spotted salamanders
were found in early summer. Characteristic inverte‐
brate fauna were observed in all of the pools as
marked on the attached map, including Dineutus
whirligig beetles and Chironomid midges. Another
attribute of this high water table area was the density
of hemlock saplings and seedlings, many of which
were browsed by wintering deer. The abundance of
hard mast (i.e. acorns from the white oak above), the
ample shelter offered from the prevailing winter
winds, and accessibility to open water seeps and
springs suggested that this area also served as a regu‐
larly used deer wintering area.

6) Signal Hill
Seasonal swamp and vernal pool at Farnum Hill

Signal Hill is a 1300‐foot high ridge in north central
Lebanon that is easily accessed from Stevens Road at

Habitat Codes

Clouded sulphur on red clover

The ridge itself is dominated by mesic, compact tills
that currently support a predominance of white pine
of 60‐70 years in age. The soils tend to be shallow and
water‐laden in the flat sections, as evidenced by the
extensive white pine blowdowns from the December
2005 wind storm event. To the north of the upper

H

Hardwood

Cc

Beaver

Mp

Fisher

H‐rip

Hardwood ‐ Riparian

Ts

Chipmunk

Lc

River otter

MHS

Mixed, Hardwood dominant

Th

Red squirrel

Vv

Red fox

MHS‐rip

Mixed, Hardwood dominant ‐ riparian

Sc

Gray squirrel

Uc

Gray fox

M

Mixed Forest

Gsp

Flying squirrel

Cl

Eastern coyote

MSH

Mixed, Softwood dominant

Ed

Porcupine

Cf

Domestic dog

MSH/PFO4E

Mixed Softwood Upland & Wetland

La

Snowshoe hare

Lr

Bobcat

OW/PEM

Open water & marsh

Ma

Pine marten

Pl

Raccoon

PFO1/SS1E

Forested & Scrub‐shrub swamp

Me

Ermine

Ua

Black bear

PSS1E

Scrub‐shrub swamp ‐ hardwoods

Mf

Long‐tailed weasel

Ov

White‐tailed deer

PSS4E

Scrub‐shrub swamp ‐ softwoods

Msp

Mustela sp. (weasel sp.)

Aa

Moose

S/PFO4E

Softwood upland & forested swamp

Mv

Mink

Lebanon Mammal Track Transect ‐ Signal Hill Feb 6, 2009
140

Number of track crossings

the junction of Alden Road. This 220‐acre City prop‐
erty is one of the largest in this part of town and de‐
rives its name from its use as a colonial era look‐out
and signal station. The property is mostly cloaked in
post‐pasture pine and mixed conifer‐hardwood forest,
although it has three high quality wildlife habitat
meadows. Designated as the “lower hayfield, upper
hayfield, and meadow” on the City’s Trails and Rec‐
reation Map, these open areas are very well‐
established and have been open for well over 150
years. Unlike the open areas in the surrounding
neighborhood, these “hayfields” are not as actively
managed as their nearby neighbors and so have devel‐
oped a thick thatch and diversity of perennial wild‐
flowers that offer exceptional nectary sources for
adult insects. The “hayfields” can be characterized as
goldenrod‐milkweed meadows and without further
intervention would revert to a sapling meadow in a
matter of three to five years. Blackberry and raspberry
(Rubus) species, clovers
(Trifolium spp.), cinque‐
foils (Potentilla), black‐
eyed Susan (Rudbeckia
hirta), common milkweed
(Asclepias syriaca), Can‐
ada goldenrod (Solidago
canadensis), and various
grasses and sedges are
present in considerable
numbers.

Mammal Species Codes

Monarch butterfly caterpillar (on milkweed) and black‐
eyed Susans in the Upper Hayfield in late summer

hayfield is a dense stand of softwoods that has been
heavily browsed by deer. The abundant food sources,
access to seepages and areas of solar radiation suggest
another excellent site for wintering deer. Based on
browse and spoor evidence, it would not be surprising
if it were found that this area of Lebanon harbored
the highest white‐tailed deer population in the City.
Other wildlife species of note that were recorded dur‐
ing a February 6, 2009 track transect through this area
included, in the order of the coded chart above, red
squirrel, gray squirrel, flying squirrel, snowshoe hare,
fisher, river otter, and white‐tailed deer. As can be

120
S
PFO

100

P/L ROW
80

OW/PEM
Open Upl

60

MSH
40

M
MHS

20

H saps
H

0

[See species codes above]

seen, deer were twice as prevalent as either squirrel or
hare and were found in all available habitats. Al‐
though predators other than fisher and otter were not
noted during the survey day, coyote, red and gray fox,

“Each link in this wildlife puzzle has had dec‐
ades of adaptation, population fluctuation,
and predator‐prey response in order to be‐
come a part of the natural fabric of diversity
at Signal Hill.”

and bobcat have all been observed in the area. Signal
Hill also supports various hawks and owls that prey
upon the abundant mice and shrews that live in the
field and meadow edges. As insectivores, the shrews
help control cutworm, maggot, and beetle larvae that,
if unchecked, could cause severe defoliation of the
herbaceous flora. Each link in this wildlife puzzle has
had decades of adaptation, population fluctuation,
and predator‐prey response in order to become a part
of the natural fabric of diversity at Signal Hill.
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the NRI, wood turtle is expected to occur in this high
quality riparian area.

Trail approach to Great Brook and Goodwin Park from the
north along Meriden Road

7) Goodwin Conservation Area / Central
Great Brook
Goodwin Conservation Area is a 104‐acre City prop‐
erty that provides a trail link between Meriden Road
and Storrs Ski area. It also contains over two miles of
walking and skiing trails that wind across gentle
grades on the north slope of Storrs Hill. The rushing
clear waters of Great Brook bisect the park and offer
exceptional riparian habitat for a wide variety of wild‐
life. Brook trout, white sucker, blacknose dace, and
longnose dace testify to the quality of the water flow‐
ing through the brook, and scattered potholes, pools
and waterfalls testify to the long history of scouring
since glacial times. The riparian area itself forms the
88‐acre Great Book SEA that spans both sides of the
stream from the developed side of Meriden Road on
the north side to the edge of the steep ravine on the
south side. Although undetected during the time of

Upon crossing the bridge over Great Brook the Hill
Trail climbs steeply up through Goodwin Conserva‐
tion Area. Above the steep, dark hemlock woods, one
quickly arrives at an open hardwood forest of pole‐
sized to sub‐mature maple and birch. The understory
is studded with wildflowers and ferns, the pathways
are strewn with fine field stones that roll easily under‐
foot. The soils are mesic to sub‐hydric silt loams, left
over from a time when very fine particles were sorted
and deposited by meltwaters of receding glaciers. In
addition, nearly all of Goodwin Conservation Area is
underlain by a firm layer of platy till* that keeps the
water table quite high well into the growing season.
As a result, the trail
tread is often soft
and muddy – not
very pleasant for the
passerby, but superb
for plants that like
nutrient rich, wet
soils. The Goodwin
Giant Cohosh
Conservation
Area Caulophyllum giganteum
SEA (24 acres) was
designated on the
basis of such plants
that in general are
uncommon to rare in
the state. The photo‐
graphs at right depict
the more noteworthy Wild Leek
of these “special con‐ Allium tricoccum
cern” plants, each of
* “Platy till” is glacial till that has been compressed by the
weight of the glacier into a series of ‘pancake‐like’ layers.

“The understory is studded with wildflowers
and ferns, the pathways are strewn with fine
field stones that roll easily underfoot”
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Townsend Farm—North Field

which grow in profusion at Goodwin Conservation
Area and can be easily found along the pathways of
the conservation area.

8) Townsend (Tomapo) Farm
Just uphill from Goodwin Conservation Area, and
ecologically connected to it, is the 584‐acre Townsend
or “Tomapo” Farm. This private property has a 290‐
acre agricultural easement on a portion of the work‐
ing farm fields and forest. Most of the remaining farm
fields are outside of the easement area, yet include
what is debatably the best open land habitat for wild‐
life in the region. Sitting astride Storrs Hill (elev. 1143
ft.), this two hundred year‐old farm has enjoyed spec‐
tacular views of the Upper Valley Region since colo‐
nial times. Such views have been shared by kestrels,
northern harriers, upland sandpipers, sandhill cranes,
loggerhead shrikes, purple martins, Henslow’s spar‐
rows, vesper sparrows, grasshopper sparrows, and sa‐
vannah sparrows. Only a handful of these avian rari‐
ties remain at the farm as the entire area surrounding
the property has reverted from pasture land to forest
land over the last 100 years or
so. In fact, all but kestrels, ves‐
per sparrows and savannah spar‐
rows have left the region en‐
tirely as breeding species. With
over 200 acres of remnant hay‐ American woodcock

field and pasture, however, the farm continues to be a
significant migratory stop‐over and breeding locale
for those bird species associated with open land habi‐
tats.
Grasslands in Lebanon, as in the rest of the state, have
been in decline since the 1860’s. Wildlife species that
depend on grasslands and other open habitats face
increasing pressure from both forest succession and
easy conversion of grasslands into residential subdivi‐
sions.2 In Lebanon, just 5.3% of the land can be con‐
sidered to be in current agricultural production, in‐
cluding hay fields, cropland, pasture land, and fallow
field. Another 3.2% of the
landscape provides semi‐open
Broad‐winged hawk (right) and
wild turkey (below) are com‐
monly seen over and in the
Townsend Farm fields

2

An excellent overview of the concern over the loss of

grassland habitats can be found at the UNH Cooperative
Extension publications at http://extension.unh.edu/

Fine silt loams
from post‐glacial
deposits have
made much of the
steep banks of the
Mascoma ex‐
tremely unstable,
as shown in this
slumped slope
above Mill Rd

Great blue herons, bald eagles, hooded mergansers,
wood ducks, river otter, mink, beaver, muskrat, and
brook trout are among the wildlife species of note.
This section of the river includes two islands that play
a critical role both for wildlife and flood control. The
riparian communities along this stretch of the Mas‐
coma are diverse and mature, in spite of a long history
of use by the slate mill, tool factory, and bobbin mill
at the historic Mill Parcel.

loams (Zasada and Phipps 1990). A small patch of this
moderately sized tree that rarely occurs in central
New Hampshire was found right where the slope had
slumped. The name “balsam” comes from its very fra‐
grant resinous buds, which were used by early settlers
as a healing balm in the same way that the
“balsam” (balm of Gilead) was used in the Ancient
Middle East (Jordan).3

The Mascoma River is an aquatic ‘life‐line’ that bisects the
City and provides a strong cultural and ecological identity
to the region. “Mascommah” was the Squakheag Indian
“owner” of the hunting grounds along the river that now
bears his name [For more information on this story, please
see the following: http://www.mascomabank.com/
MSB.lebhistory.html ]

scrubland, orchards, Christmas tree farms, powerline
rights‐of‐way, and other open habitats that could also
attract open land dependent wildlife. Townsend Farm
has been the primary site in Lebanon to retain wildlife
species that require such habitats. Please keep in
mind that these are private lands, and that any visita‐
tion to this property must be made by prior arrange‐
ment with the landowners.

9) Mascoma River East
This 52‐acre SEA includes one of the most remote
stretches of the Mascoma River. Beginning at the Mill
Parcel owned by
the City and end‐
ing just above In‐
terstate 89, this
exquisite reach is
as wild as any
stretch along the
34‐mile long river. The Old Mill foundation

Trues Landing

10) Trues Landing / Blood’s Brook Boat
Launch and Lebanon Wildlife Manage‐
ment Area

Balsam poplar (from Charles Sprague Sargent’s Manual of
Trees of North America by Dover Publications (1965).

Aside from the remote, riparian nature of this length
of the Mascoma, the SEA defines the area where the
river banks are steep, rocky and highly erosive. At less
than 670 feet in elevation, this stretch of the river was
subject to the influence of glacial Lake Hitchcock,
where meltwater from the receding glacier was im‐
pounded for a long enough period of time to promote
the deposition of silts and clays. Although a thin man‐
tle of glacial till overlies much of the old lakebed sedi‐
ments in this locale, the till itself is also comprised of
very fine silt loams that wash away easily and have
very poor structural integrity when wet. The picture
to the right depicts such a situation where saturated
soils above Mill Road have slumped during a prior
rainstorm event. Such conditions are rated “severe”
for development, yet for certain plants, the conditions
are superb. Balsam poplar (Populus balsamifera) is
one such plant that likes rich, seasonally saturated silt

Another floodplain site that contains some of the
most productive farmland in all of Lebanon is the area
surrounding the Blood’s Brook Boat Launch and
Wildlife Management Area (WMA). Located in the
very southwestern corner of Lebanon, this 29‐acre
SEA focuses on this prime farmland soil area and the
floodplain of the Connecticut River immediately west
of Route 12A. The soils are deep, very fine sandy and
silt loams of the Winooski, Suncook, and Occum se‐
ries. Both Winooski and Occum soils are rated as
prime farmland soils; the Suncook soils are a little
more sandy and droughty but are still rated as soils of
statewide importance for agriculture. All are fre‐
quently to occasionally flooded and are therefore con‐
tinually replenished by the nutrients carried in fresh
3

Wikipedia.org. “Balm of Gilead,” n.d., <http://
en.wikipedia.org/wiki/Balm_of_Gilead> (31 March 2010).

river sediment.
Besides the silver maple, green ash, sugar maple, and
boxelder mentioned above at the Two Rivers flood‐
plain, three other less common tree species can be
found at Trues Landing: butternut, slippery elm, and
hackberry. Described above at Boston Lot Lake, the
butternut has been in significant decline since the
1960’s on account of the butternut canker/blight. A
magnificent and still healthy example of the tree can
be found right at the Landing. Just a few feet away
along the banks of Trues Brook one can find the slip‐
pery elm. This diminutive tree, like its larger cousin
the American elm, has been severely affected by a
Slippery elm (right) is
an uncommon small
tree or sapling that
likes the rich soils of
river floodplains such
as Trues Landing

Hackberry galls (left)
form from one of four
gall wasps that inject
a growth hormone
into the hackberry
leaf to help promote
food for its hatchling
larvae
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farmland that has been in existence there for over 200
years has come at an ecological price: it has thwarted
natural floodplain levee and swale development and
has eliminated much of the native flora and fauna
that rely upon active floodplains for their survival.
Among the species that have been pushed out is the

View north from Trues Landing of the NH Fish and Game’s
Lebanon Wildlife Management Area

Meadow horsetail (above) is not uncommon in silty flood‐
plain forests but has largely disappeared since the 1770’s
when most river bottom land was converted to corn fields

bark beetle that carries Dutch Elm Disease
(Ceratocystis ulmi). The species is also at the northern
limit of its natural range and is therefore uncommon
in the state (Cooley and Sambeek 1990). Just upriver
are several examples of the hackberry, a warty‐barked
species that, like the slippery elm, is near the northern
and eastern limit of its range along the Connecticut
River in central New Hampshire. Hackberry can often
be best found by looking for leaves on the ground that
have large, warty protuberances created by the hack‐
berry gall wasp (Pachypsylla spp.) (Krajicek and Wil‐
liams 1990).
Although the Lebanon WMA is one of the last unde‐
veloped floodplains of the Connecticut River, the
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meadow horsetail (Equisetum pratense), an ancient
plant in the scouring rush family that prefers rich, silt
loams of floodplain swales and seepage wetlands. The
image of the pressed specimen above shows that it is
much like the common horsetail (E. arvense), but is
much more delicate, has short sheaths, and a much
narrower central cavity. This state watch species,
which was found in the forested area adjacent to the
corn field, has become more and more uncommon
with the increasing development of river shore wet‐
lands and swales.

11) Landmark Lands
A discussion of the significant ecological areas in
Lebanon would be incomplete without mention of the
Looking into a probable bear den

1100+‐acre holdings of Dartmouth College west of
Mount Support Road, south the Dartmouth‐
Hitchcock Medical Center (DHMC), and north of In‐
terstate 89. The “Landmark Lands” so‐called, include
the last, largest unfragmented area of open space in
the northwest part of the City of Lebanon. Calculated
at over 3000 acres in total, this is over 1000 acres lar‐
ger than the next largest unfragmented block within
Lebanon. Together with the City‐owned Boston Lot
Lake tract and the Indian Ridge / Sachem Village
Open Space Easement, the Landmark Lands make up
the largest private tract of this unfragmented forest
area.4
Besides being uncrossed by roadways or development
– (the old Hanover stage route that went by the Tip‐
ping Rock, the “Flume,” and the Craft’s place was
‘thrown up’ in 1804), the Landmark Lands have always
remained largely untouched. The minutes of the Au‐
gust 1981 Conservation Commission meeting cite his‐
torian Robert Leavitt as saying that “very little devel‐
opment of any kind has ever occurred in the Land‐
mark area.” This was for good reason: the landscape is
rife with large granitic boulders and shallow‐to‐ledge
soils, the water table is high where arable land is pre‐
sent, and pools, springs and seeps can be found
around every corner. It is no wonder that few stone‐
walls were erected in the tract – farming here would
have almost been a lost cause.
Land clearing did take place over much of the tract
during the period of colonial settlement and expan‐
sion. Few trees date back before the 1800’s and those
that were left, such as “Big Red” on Indian Ridge, were
kept for shade for the few animals that did pasture
around the outer edges of the Landmark area. In the
interior, the story was slightly different: land clearing

‘Tipping Rock’ (above) was a famous landmark in the area,
which once stood at the edge of an open field. Quarry Hill
(below) was mined for its fine‐grained granite

took place to supply saw‐timber and fuelwood for the
growing mill‐based industries along the Mascoma
River, but was arrested at one point on account of
wildfire. Based on charcoal evidence in the soil, as
well as the more‐or‐less even age of the oldest hem‐
locks and oaks on the tract, it appears that there was a
wildfire of significant proportions in the 1870’s.5 This

5
There had already been reported a significant fire in East Leba‐
The largest unfragmented land tract that Lebanon is a part
non in 1840, but this had burned mostly the mill buildings on
of includes the Eastman Hill – Shaker Mountain tract, most of
the Mill Parcel (Edward N. Torbert. 1935. The evolution of land
which is in Enfield. This unbroken forest exceeds 5,000 acres
utilization in Lebanon, NH. Geographical Review Vol. 25 No. 2
in size.
(April 1935)).

4

may have been associated with a significant wind
storm event such as Saxby’s Gale of 1869,6 or the hurri‐
cane of 1874.7 In any case, the young pines that blew
down and fueled the fire would have been just at the
right age for creating significant tinder. The fire may
have been naturally caused, but was likely set by set‐
tlers to “clear the woods of debris.”

Burnt Mountain tells another chapter of the fire his‐
tory in the area that dates back to the 1938 hurricane.
This magnificent gale tracked up the Connecticut
River valley and blew down over two billion board
feet of timber in a matter of two days in mid‐
September. The amount of destruction from this
storm was unparalleled in New England history. Over
75% of the timber in the Landmark Lands blew down
and created a massive tangle of trunks, limbs, and
brush. By the next year as things started to dry out,
the evapo‐transpiration rate dropped precipitously in
the absence of a forested canopy. Soil‐water retention
was poor since most of the ground floor was exposed
to direct sunlight. By 1941, after the second drought
year in a row, forest fires began to become more and

more frequent. To the south, the great Marlow Fire
burned over 24,000 acres after a logging mill sparked
a conflagration in late‐April. By 1942, a third year
with little precipitation, more fires broke out across
the state. In 1947, during another drought year, over
220,000 acres burned across southern New Hamp‐
shire and Maine. According to dendrochronological
(tree ring) evidence, it was this year that marked the
fire atop Burnt Mountain. At least 50 acres burned to
the south and east of the mountain.

not been recorded in Lebanon for several decades, the
Northern Hardwood‐Black Ash‐Conifer Seepage
Swamp. This rare wetland type is characterized by
above average nutrient levels, a gradual slope, and
silty soils. Black ash (Fraxinus nigra) is common in the
canopy, although in this example, yellow birch (Betula
alleghaniensis) tends to be slightly more dominant.
This stony/bouldery seepage area is filled with ferns
and wildflowers in spring, and can be found at the
eastern edge of the largest beaver marsh in the Land‐
mark tract.

“Its unfragmented nature, lack of historic agri‐
culture, and periodic fire history makes the Land‐
mark Lands one of the most biologically diverse
areas in Lebanon.”

This seepage swamp (called a “Circumneutral Seepage
Swamp” on the SEA list), is embedded within the 90‐
acre beaver marsh SEA, and is integral to the high
quality wildlife habitat that characterizes the area.

Its unfragmented nature, lack of historic agriculture,
and periodic fire history makes the Landmark Lands
one of the most biologically diverse areas in Lebanon.
A total of 14 SEA’s comprising 163.4 acres is contained
within the property. Each of these relates to the wild‐

At the east end of ‘Wetland 31’ is a bouldery, circumneutral talus slope and seepage swamp characterized by black ash, yel‐
low birch, and red maple. Ferns grow in profusion, as do water‐loving wildflowers in spring and summer. This combination
of natural community types is rare in Lebanon, and has not been documented for the past several decades.
6

Wikipedia.org. “1869 Saxby Gale,” n.d., <http://en.wikipedia.org/
wiki/1869_Saxby_Gale> (31 March 2010)
7
Atlantic Oceanographic and Meteorological Laboratory, Hurricane
Research Division, n.d., “Re‐Analysis Project 1874,” <http://
www.aoml.noaa.gov/hrd/hurdat/1874.htm> (31 March 2010).

life habitat and water resource value of this mature
woodland area. The smallest, at just .88 acres, delim‐
its one of the historic natural communities that has

Jeff Littleton (above)
inspects bear scat on
Landmark lands.
Bear sign was very
common there, with
14 high use areas
within a 360 acre
area. At right, John
Joline walks an old
game trail next to an
undisturbed forest
swamp with a chain
of vernal pools.

This is a common area for moose, bear, deer, mink,
otter, coyote, bobcat, snowshoe hare, fisher, and both
of the small weasels, not to mention the abundance of
small prey species such as red, gray and flying squir‐
rels, deer mice, jumping mice, and short‐tailed
shrews. Neo‐tropical passerine birds fill the forest
with songs and calls in the spring, and red‐spotted,
redback, northern dusky, and two‐lined salamanders
can be found almost year‐round underfoot. The
marsh itself is a haven for migratory waterfowl, and
great blue herons have been reported to nest nearby.
As the major downstream basin of all of the seeps,
springs and intermittent stream channels that flow
out of the Landmark Lands, this area is clearly the
nexus of wildlife activity.
Traveling upstream from the principal beaver marsh
at Landmark’s outflow point there are an endless se‐
ries of intermittent streams and interconnected vernal
pools. The Landmark tract is rife with them. In fact,
over 20 intermittent stream channels and 40 vernal
pools were discovered during two field visits in the
core of the Landmark area. Drainage density exceeds
5.5 miles per square
mile, and the estimated
vernal pool density ex‐
ceeds 100 per square
mile.8 Not only is this
unmatched elsewhere in
the City, it is nearly un‐
matched in the state.9
Stream and vernal pool
productivity means that
8

One other locale in the highlands above Hibbard Brook
approached this density in Lebanon. Comparable studies in
the southern highlands of New Hampshire have also
yielded densities of between 60 and 80 per square mile.
9

There is no better representation of the stream and pool
density than the “Burnt Mountain Recreation Map” pro‐
duced by three Dartmouth students in the early 1980’s.
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The Bass Hill SEA, at 115 acres, is one of the largest undeveloped open land areas in Lebanon. Its entirely on private land.
Mountain bikers stop momentarily on the open sunny
ledges, before dropping quickly down one of the many
trails that lead up to and surround Quarry Hill.

View from the summit of Quarry Hill. Sheer ledges, huge
tumbles of cut granite, and deep, tannin‐rich pools set this
landscape apart from any other in the entire City of Leba‐
non.

there are lots of invertebrates that support small and
medium sized wildlife species, which in turn support
above‐average densities of predators. Black bear is
one of the noteworthy species that was targeted by
the City Planning Office to keep track of during this
Phase II NRI. Black bear sign was encountered 14
times across an area roughly 360 acres in size. Bear
trails were not uncommon in dense softwood areas
near several of these streams and pools. Sign of coy‐
ote, red fox, fisher, otter, mink, long‐tailed weasel,
ermine, and bobcat were also encountered in this core
area of the Landmark Lands; scat from this last spe‐
cies was found in suitable, short‐term denning locales
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Wood frog eggs (above left) were not uncommon in the
pools created by quarrying activity; the growth of the li‐
chen Parmelia saxatilis (above right) put the age of the last
quarrying activity at about 55‐60 years ago. On average,
these lichens grow at a rate of 1.5 mm per year.

In sum, the 73 significant ecological areas of Lebanon, representing just 8.4% of the City, include a
rich diversity of habitats that highlight both the ecological and cultural history of Lebanon. Scattered
throughout all corners of the City, these lands include open agricultural areas, pristine ponds and
shorelines, riverside floodplains, late successional montane forests, deer wintering areas, extensive
beaver marshes, and high quality wildlife habitat. Nearly all of the City’s rare and endangered plant
species are contained within these lands, and virtually all of the rare wildlife species depend upon
them. The SEA’s represent the “best of the best” in terms of conserving ecological integrity and eco‐
system services, and should be carefully managed to ensure their longevity and protection.

fish and aquatic invertebrates alone suggest that
Lebanon’s waters are far from being overly compro‐
mised by the extent of developed land surrounding
them. Some of the open spaces of Lebanon still retain
a very wild feel about them, and offer the casual visi‐
tor vistas and natural ecosystems that rival remote
sites in northern New Hampshire.

Chapter VI: Co-Occurrence Areas and Their Protection

A. Overview

The diversity of fish and aquatic inverte‐
brates alone suggest that Lebanon is far from
being overly compromised by the extent of
developed land within it. On the contrary,
some of these spaces still retain a very wild
feel about them, and offer the casual visitor
vistas and natural ecosystems that rival re‐
mote sites in northern New Hampshire.

In spite of having City Centers, well‐developed com‐
mercial‐industrial zones, and considerable areas of
high to low density residential development, Lebanon
still retains a sufficiently wild character to support
high quality natural resources, including a wide diver‐
sity of wildlife species. Nearly 60% of the City lies in
an unfragmented block of land, most of which is for‐
ested. Another 10% of the land base is considered
open space by virtue of the lack of houses or other
development. There are 20 unfragmented tracts
greater than 50 acres in size in Lebanon alone, nine of
which exceed 500 acres. Ample amounts of remote
forest and wetland exist to support virtually all of the
extant species of vertebrates in the region. Coupled
with a fourth order river that runs through the middle
of the City and a sixth order river that runs beside it,
the City is also well endowed with aquatic habitats
that support some unusual species. The diversity of

That said, Lebanon is also challenged with continued
growth and increasing pressure on its wild natural
resources. The table at left illustrates a greater than
20% loss in Lebanon’s open space since the 1950’s, and
the NH Office of Energy and Planning projects a 12%
population increase over the next two decades that
will continue to eat away at open space.1 In light of
these pressures, the key to the continued success of
Natural Lebanon is the protection of the quality of the
natural resources that remain. Fundamental to this
quality is the condition of the water resources in the
City. Protecting the quality of source water and the
treatment of run‐off should receive the highest degree
of vigilance possible. Given recent trends, the impor‐
tance of conserving flood storage lands cannot be over
‐stated. Retrofits and new construction of water pas‐
sage structures such as culverts and ditches should
meet or exceed current state guidelines for stream

Lebanon Growth Rate
Year
1955
1974
1982
1999
2005

Total
Developed
Undeveloped
Acreage Acreage
%
Acreage
%
26598
1897
7.13
24701
92.87
26598
3579 13.46
23019
86.54
26598
5065 19.04
21533
80.96
26598
6856 25.78
19742
74.22
26598
7500 28.20
19098
71.80

Table 10. Lebanon growth rate data courtesy of the Lebanon
Planning Department

1

For more details on Lebanon’s growth rate, please see Leba‐
non’s Landscape, City of Lebanon Planning Department, Sep‐
tember 2008.

crossings. Pervious pavement and additional filtration
beds should be a part of any new project in Lebanon.
Bonus points and other incentives for the permanent
conservation of open space land associated with any
new development should be routine. And the estab‐
lishment of municipal bonds and other funding sup‐
port for buying up development rights for lands that
are not well suited for either agriculture or develop‐
ment should receive high priority.
The following section lays out the basis for prioritiz‐
ing such natural resource protection efforts in Leba‐
non. It includes a comparison between the Significant
Ecological Areas (SEA’s) described in Chapter V and
an overlay of all natural resources in the aggregate.
The latter entailed a deductive method of establishing
a GIS map that helps illuminate where natural re‐
source conservation should be prioritized. By under‐
standing where there is the potential for conserving
several natural resources all at once as well as where
there is an opportunity to protect the highest value
areas, the City can enhance its ability to make in‐
formed decisions about land use.

B. Co‐Occurrence Areas
The identification and assessment of Significant Eco‐
logical Areas described in the previous chapter was
founded on the concept of one or more important
natural resource features such as a rare bird, plant or
wetland. Boundaries were drawn around areas that
contained a specific mix of species and the habitats
that supported them. Each of these SEA’s highlighted
one or more valuable elements that exist only by vir‐
tue of a unique combination of environmental condi‐
tions. What would happen if all of the important spe‐
cies, habitats, and natural resources were combined
together in a single map? This is exactly what was
done for determining the co‐occurrence of various

natural resources in Lebanon. Using an iterative ap‐
proach that aggregated all of the important natural
resources recognized by the City, this process yielded
a ‘snapshot view’ of all of the elements that were con‐
sidered by this Phase II NRI. The table on the follow‐
ing page summarizes each of the layers that went into
the co‐occurrence map.
This table not only indicates which natural resource
elements contributed to the co‐occurrence map, it
also lists them by a general category that can be ana‐
lyzed separately using the power of GIS. These catego‐
ries included surface waters, groundwater, soils,
forests, wildlife, and ecological features. The fol‐
lowing synopsis describes each of the major categories
that went into the co‐occurrence map, as well as the
rationale behind the point values that were assigned
for each contributing layer. Point values were as‐
signed on a ‘1 – 5’ basis, with ‘1’ being the highest score
possible and ‘5’ being the lowest score possible. The
resultant co‐occurrence map appears in Appendix A.
Surface Waters
A total of 11 GIS layers went into the formulation of
surface water values in Lebanon. Since the impor‐
tance of water resources has been previously high‐
lighted by the Lebanon Master Plan, nearly all of
these layers received the highest point value possible
(’1’). Only intermittent streams were assigned a
slightly lower point value (‘2’) on account of their gen‐
eral inability to transmit surface water during the
growing season. The first four surface water layers
were enhanced derivatives from existing geodatabase
(.gdb) files from the City Planning Office. These in‐
cluded intermittent streams, a 25‐foot buffer to inter‐
mittent streams, perennial streams, and a 100‐foot
buffer to perennial streams. Buffer designations were
created using the buffer tool in ArcMap and used
standardized protection distances that are described
in Chapter II. Three other river and stream type layers
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LEBANON CO‐OCCURRENCE LAYERS

#

TYPE

NAME

FILE NAME

DESCRIPTION
[API = aerial photo interpretation]

RANK

Points

1 = High

5 = High

# UNITS

Total
Length

Total Size

[Feet]

[Acres]

5 = Low

1 = Low

1

Surface Water

Rivers & Streams

stream_per_gdb_clip

Stream_river clip of 'WAT_STREAM'

1

5

3,005

68,7139

2

Surface Water

Rivers & Streams

stream_int_gdb_clip

Stream_river clip of 'WAT_STREAM_INT'

2

4

1,298

335,159

3

Surface Water

Rivers & Streams

stream_per_gdb_clip_Buffer100

100‐foot buffer of perennial streams

1

5

1

3,273

4

Surface Water

Rivers & Streams

stream_int_gdb_clip_Buffer25

25‐foot buffer of intermittent streams

2

4

1

442

5

Surface Water

Rivers & Streams

Conn_river_lower

API‐derived, above Wilder Dam

1

5

1

9,825

316

6

Surface Water

Rivers & Streams

Conn_river_upper

API‐derived, below Wilder Dam

1

5

1

29,200

145

7

Surface Water

Rivers & Streams

Mascoma_river_main

API‐derived, clipped from wetlands

1

5

34

50,690

129

8

Surface Water

Lakes & Ponds

lake_pond_rvp

API‐derived, all but 'DET_POND' & 'TEMP_POND' clipped from wetlands

1

5

155

9

Surface Water

Rivers & Lakes

shoreland250_buff_rvp

250‐foot buffer of Conn. R.,Mascoma R.,Boston Lot Lk & Mascoma Lk polygons (in Lebanon)

1

5

6

1,724

10

Surface Water

Wetlands

Lebanon_wetlands_all_Dissolve

API & field‐derived

1

1

1

2,018

193

11

Surface Water

Wetlands

Lebanon_wetlands_all_Buff100

100‐foot buffer of all wetlands

1‐5

1‐5

1

5,160

12

Ground Water

Aquifers

tramc_Clip

NHDES file of middle Connecticut R. aquifer transmissivity, clipped to Lebanon

1

5

21

4,392

13

Ground Water

Aquifers

sands&gravels

all sand & gravel soil series clipped from Lebanon NRCS soils layer

3

3

135

2116

14

Soils

Erosion

steep_Merge_Intersect

raster derivative of all steep (>25%) slopes intersected with erosive soil types based on K factor

2

4

76,286

1,697

15

Soils

Agriculture

active_agriculture

API‐derived, roadside confirmed, all active ag areas > .5 acre

2

4

177

1415

16

Soils

Agriculture

active_ag_good_soils_Int

Intersection of active ag areas with prime, statewide, and locally important soils

2

4

406

948

17

Soils

Agriculture

soils_prime_ag

NRCS‐derived prime farmland soils

2

4

132

1321

18

Soils

Agriculture

soils_statewide_import

NRCS‐derived soils of statewide importance

3

3

158

1,873

19

Soils

Agriculture

soils_local_import.shp

NRCS‐derived soils of local importance

4

2

401

6,639

20

Soils

Forestry

principal_forest_good_soils_all_Int

Intersection of API‐derived forest blocks with areas of prime, statewide, and locally important soils

4

2

480

7,870

21

Forests

Forestry

floodplain_forest_rvp

API & field‐derived floodplain forest areas in Lebanon

2

4

18

22

Forests

Forestry

northern_hardwood_conifer_rvp

API & field‐derived northern hardwood‐conifer areas in Lebanon

3

3

10

559

23

Forests

Forestry

unfrag_1000ac

API‐derived unfragmented lands (incl. ag. Land) > 1000 acres

3

3

6

10,557

24

Wildlife

Wildlife Habitat

grasslands10_rvp

API & field‐derived grassland areas in Lebanon > 10 acres contiguous

2

4

39

779

78

25

Wildlife

Wildlife Habitat

upland_scrub_rvp

API & field‐derived areas of upland scrub habitat in Lebanon

3

3

100

634

26

Wildlife

Wildlife Habitat

lowland_sprucefir_rvp

API & field‐derived lowland spruce‐fir forest area of Lebanon

2

4

1

25

27

Wildlife

Wildlife Habitat

northern_hardwood_conifer_rvp

API & field‐derived northern hardwood‐conifer areas in Lebanon

2

4

10

559

28

Wildlife

Wildlife Habitat

floodplain_forest_rvp

API & field‐derived floodplain forest areas in Lebanon

2

4

18

78

29

Wildlife

Wildlife Habitat

deer_yards

Field & API‐derived areas with high historic winter deer use

3

3

14

2,085

30

Wildlife

Wildlife Habitat

vernal_pools

All field, roadside, or reported vernal pool areas in Lebanon, estimated at 100‐ft radius each

1

5

149

1157

31

Wildlife

Wildlife Habitat

wildlife_crossings

All recorded winter road crossings of large mammals in Lebanon, buffer at 100 m for each point

2

4

66

512

32

Ecological

Rare Species

rare_animals

All known records of state‐listed wildlife in Lebanon, buffered by API‐derived viable habitat in immediate area

1

5

20

4,544

33

Ecological

Rare Species

rare_plants

All known records of state‐listed plants in Lebanon, buffered by 100 meters for each point

1

5

79

613

34

Ecological

Rare Species

keystone_animal

All known records of target (keystone) wildlife in Lebanon, buffered by 300 m for each point

3

3

100

6,987

35

Ecological

Rare Species

wildlife_anecdotal

All anecdotal records of rare or target wildlife in Lebanon, buffered by 300 m for each point

4

2

15

1,048

36

Ecological

Significant Ecological Areas

Significant_ecological_areas2

Field‐derived (some aerial) areas of significant ecological concern

1

5

73

2,226

37

Ecological

Significant Ecological Areas

unfrag_500ac

API‐derived unfragmented lands (incl. ag. Land) > 500 acres

4

2

9

12,795

SUM

74

138

83,427

Table 11. Lebanon natural resource co‐occurrence layers
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1,112,013

86,907

were used in this formulation: the upper Connecticut
River (above Wilder Dam), the lower Connecticut
River (below Wilder Dam), and the Mascoma River.
Each of these waterways was derived from aerial photo
interpretation using the 2007 photogrammetric survey
of Lebanon provided by the City Planning Office.
Lentic water bodies (i.e. lakes and ponds) were also
derived from the 2007 aerial photos provided by the
City. The configuration of all lakes and ponds were a
part of the derivation of wetlands and deepwater habi‐
tats of Lebanon (see Chapter III). Temporary ponds
and detention basins were also included in this over‐
lay. Two different layers for the wetlands component
of surface waters were used. The first was the repre‐
sentation of all wetlands that lacked open water and
the second was a layer of wetland ranks according to
the wetland assessment described in Chapter III. The
latter layer was given a point value that varied accord‐
ing to the range of the wetland assessment, with the
highest point score (‘1’) assigned to the highest value
wetlands and the lowest point score (‘5’) assigned to
the lowest value wetlands. Wetlands that were not as‐
sessed did not receive any additional point value.
Groundwater
The second major category of natural resource layers
that went into the co‐occurrence map was groundwa‐
ter. Two different layers went into this representation:
aquifers and sand & gravel deposits. Since stratified
drift aquifers are essential sources of groundwater re‐
gardless of their transmissivity (see Chapter II), the
highest possible point value was assigned for this layer
regardless of how much acre‐feet/day of yield each aq‐
uifer had. Sand & gravel deposits were also added into
this category because their high value for groundwater
recharge and potential for contamination. Some sand
& gravel deposits overlap the existing aquifer areas, yet
many smaller pockets lie outside of the recognized aq‐
uifer edge. Because of their smaller size it made sense

to assign these areas a slightly lower point value (‘2’).
Soils
In general, soils were assigned a slightly lower value
than surface waters and aquifers since they are well
buffered by organic material and minerals that can ac‐
tually trap sediments and nutrients and thereby help
detoxify water‐borne pollutants. Seven different soils
layer were considered, most of which had to do with
soil productivity relative to agriculture. The first soil
category on the list was a GIS map derivative of moder‐
ate productivity soils that are highly erosive and occur
on steep slopes. As described in Chapter II, these soils
had at least one subsurface horizon with a moderate to
high erosion index according to the NRCS Description
of Soils in the Grafton County Soil Survey (1999). Fur‐
ther, these soils had slopes in excess of 25% and there‐
fore had the highest potential for instability. These re‐
ceived a point value of ‘2.’
The second contributing soil layer was the active agri‐
culture areas derived from roadside surveys and the
2007 aerial photomap. As with the steep erosive soils,
this layer was assigned the second highest point value
owing to its importance in providing Lebanon with
locally grown food and crops for livestock. The third
contributing layer was a derivative of the second layer
and was created from the intersection of active agri‐
cultural areas and all NRCS‐rated productive soils. The
remaining set of soil layers included these NRCS‐rated
productive soils, namely, prime farmland soil, soils of
statewide importance, and soils of local importance
(see Chapter II). Since their productivity ratings differ
in equal proportions, they were assigned point values
in accordance with their productivity (i.e. 2, 3, and 4,
respectively).
The final soils‐based layer addressed productive soils
that supported forests. Forested areas were defined as
areas with at least 50% cover of trees greater than 20
feet in height. These were initially derived from the
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2007 aerial photographs, and then confirmed by road‐
side surveys. Forests that occurred wherever any of
the three productive soils occurred received a middle
range point value of ‘3.’
Forests
Two types of forests in Lebanon were worthy of spe‐
cial recognition in the co‐occurrence map. Floodplain
forests typically serve as the “first line of defense”
against surging floodwaters of major rivers such as the
Connecticut and Mascoma. They are a disappearing
resource in the Northeast,2 and represent just 0.3% of
Lebanon. They were therefore assigned the second
highest point value (‘2’). The second forest type,
northern hardwood‐conifer forest, is slightly more
common in the City. Although it does not prevent the
loss of personal property, it still provides a relatively
unique value for forest products, specifically maple
sugar. This forest component of Lebanon was as‐
signed a moderate value of “3.” The third and last for‐
est layer included all woodlands that occurred in un‐
fragmented blocks of greater than 1000 acres. Demon‐
strably important for supplying the region with wood
products, this included areas that may have had fewer
than 1000 acres in Lebanon but were contiguous with
unfragmented forests in adjacent towns. A moderate
value of “3” was assigned to this layer since greater
than 90% of these areas included the most common
forest type in New Hampshire, and because of the
generally poor quality of these young and/or previ‐
ously cut‐over woodlands.
Wildlife
Eight different layers went into the formulation of
wildlife value in the co‐occurrence map. Two of these
were duplicates of previous layers found under
“Forests.” Both the floodplain forests and northern
hardwood – conifer forests have especial value for
2

Noss and Cooperrider. 1994. Saving Nature’s Legacy. New York:
Island Press.
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wildlife species found nowhere else in Lebanon. Be‐
cause of the relative rarity of these habitat types in the
City, they were assigned the second highest point
value. The same rationale was used when including
the lowland spruce‐fir forests as a separate layer. With
just 25 acres in Lebanon on Mount Tug, this was iden‐
tified as the rarest forest type in the City.
Four additional specialized habitats also received vari‐
able point scores in the co‐occurrence map – grass‐
lands, upland scrub areas, deer yards, and vernal
pools. Each of these areas contains a specific combi‐
nation of vegetative species and structure that allows
certain species of wildlife to flourish. Grasslands
greater than 10 acres, as derived from a subset of ac‐
tive agricultural areas, support a suite of grassland
birds described in Chapter III. Upland scrub areas
host a variety of mammals, birds, and insects such as
meadow voles, brown thrashers, and monarch butter‐
flies that require early successional habitat. Deer
yards provide essential shelter from the cold during
deep snow winters and can be the limiting factor for
deer populations in a given area. And vernal pools, as
described in Chapter V, offer critical breeding habitat
for certain amphibians and aquatic macro‐
invertebrates. Each of these specialized habitats re‐
ceived point scores commensurate with their rarity
and importance on the landscape in Lebanon.
The remaining wildlife layer that contributed to the
co‐occurrence map was the area associated with the
wildlife crossings documented during the winter
roadside surveys. Mapped and described in Chapter
III, these points were buffered by a 100 meter circle in
order to capture the average breadth of the crossing
area. Whereas this was used as an approximate value
only, the 100 meter distance did line up well with the
width of the unfragmented lands that came together
at the crossing zone. The point value for this layer was
the second highest possible (‘2’).

Ecological
The final set of six co‐occurrence layers included
point data for rare animals, rare plants, target species
of wildlife concern, and anecdotal records of target
species of wildlife concern. Most of these points, not
unlike the wildlife crossing data set above, received an
average buffer distance in order to give them spatial
dimension in the co‐occurrence map. The rare plant
layer was assigned a 100 meter buffer based on a mean
critical habitat size for the species involved. Both the
documented and anecdotal components of the target
wildlife species layers were assigned a 300 meter
buffer distance to accommodate an average “influence
area” around each occurrence.3 The rare animals layer
was treated somewhat differently. A unique influence
area was created for each occurrence based on mini‐
mum viable habitat for the species. This was deter‐
mined by interpreting the aerial photographs for the
City and correlating this with field observations. For
example, the vesper sparrow occurrences at Tomapo
Farm were assigned an influence area that included
the entirety of viable grassland habitat at the farm and
not just the two isolated locales where they were ob‐
served. The brook trout in Blood (Trues) Brook was
assigned an influence area that included the entirety
of Blood (Trues) Brook in Lebanon and not just the
single observation point. The rare animals and rare
plants layers received the highest point value possible
(‘1’), the target species received a moderate value of ‘3,’
and the anecdotal records received the second lowest
value (‘4’) owing to fact that they were unconfirmed
records.
High point value (‘1’) was also assigned to the 73 sig‐
nificant ecological areas (SEA’s) that are defined and
described in Chapter V. They were assigned high
value on the basis of ecological integrity, the sensitive
3

A 300 meter radius correlates to roughly 70 acres, or the median
disturbance area for each of the six species within which persis‐
tent human presence tends to displace a breeding individual.

nature of the habitats involved, and/or support for
one or more rare species of wildlife. Lastly, because of
the ecological value of large (i.e. > 500 acres), unfrag‐
mented blocks of land for a diversity of species, the
“unfrag_500ac” layer was added into the set of eco‐
logical layers. Not unlike the 1000‐acre blocks of land,
they carry sustainable forestry value; however, they
also support a diverse array of wildlife species, upper
watershed recharge for shallow water wetlands and
bedrock aquifers, as well as buffering effects on local‐
ized climate. Since they are generalized areas that
have a wide range of land types, they were assigned
the second lowest point value (‘4’).
Statistical Results
A total of 37 layers were added into the co‐occurrence

The Mount Tug old growth oak forest was defined as a sepa‐
rate SEA on the basis of forest type and condition. Additional
high value co‐occurrence areas existed to the northeast as
well.

map. As shown in the table above, this resulted in a
maximum point value score of 74, with a mean of 2.0
for each layer. This does not include the wetland as‐
sessment layer which had a mean score of 2.24 for the
60 wetlands that were assessed. A total of 83, 486 map
units were used in the assessment, which was com‐

prised of a total areal coverage of 86,907 acres, or an
area of overlap a little more than three times the size
of Lebanon.
In terms of developing the raster‐based map, Mark
Goodwin, GIS Coordinator of the Lebanon Planning
Office, transformed the 37 vector‐based data layers
described above into a 5‐foot by 5‐foot pixel raster
data set. The point values defined above were rear‐
ranged in reverse order so that the most highly valued
areas had the highest point values. Therefore, a ‘1’ be‐
came a ‘5,’ a ‘5’ became a ‘1,’ and so on. A total of six
classes of point values was determined using “natural
breaks” in the data set. These included whole integer
representations that approximated standard devia‐
tions of the mean. The resulting map in the Appendix
exhibits a six‐color scheme where 0 – 1 points is white,
1‐6 points is yellow, 7 – 12 points is green, 13 – 19
points is pink, 20 – 28 points is red, and 29 – 45 is pur‐
ple. Forty‐five was the highest cumulative point score
for this co‐occurrence process and just one locale in
the upper Mascoma River has this score. The follow‐
ing summarizes the six classes of co‐occurrence point
scores:
Comparison with Significant Ecological Areas
Point Value Scores

Rel. Value

% of Lebanon

0–1

Very Low

51.2%

1–6

Low

17.4%

7 – 12

Moderately Low

18.1%

13 – 19

Moderate

8.6%

20 – 28

Moderately High

3.6%

29 – 45

Very High

0.6%

Table 12. Results of the co‐occurrence layer scores by point

Since SEA’s were designated on the basis of fieldwork
and qualitative assessments of Lebanon’s landscape,
the co‐occurrence process allowed for a quantitative

comparison of the location and consistency of the
SEA’s as a whole. The results were remarkable relative
to the degree of coincidence between the designated
SEA’s and the higher point classes shown in the co‐
occurrence map. A black‐and‐white rendition of the
latter illustrates this point at right.
In general, inclusion errors (i.e. where SEA’s included
high‐value co‐occurrence areas) were slight, yet exclu‐
sion errors (i.e. where SEA’s missed high‐value co‐
occurrence areas) were more common. Greater than
95% of the SEA’s included the upper three classes of
co‐occurrence point values, or those areas that were
deemed to have moderate to very high co‐occurrence
value. However, up to 17% of the upper two classes
(moderately high to very high co‐occurrence value)
were excluded by the SEA’s. Except for the body of the
Connecticut River, up to 7% of the uppermost class
(very high co‐occurrence value) was excluded by the
SEA overlay.
The above exclusion errors meant that several
moderately high to very high value areas were missed.
The two most notable areas that received “purple
shade” scores included the good growing soils/
agricultural areas along Great Brook near the junction
of Great Brook Road, and the wetland/active agricul‐
tural area south of Sachem Village that sits atop an
aquifer. The Great Brook site was not considered for
SEA designation because of its proximity to two main
roads and the Sachem Village site was rejected be‐
cause of the prevalence of invasive species. The other
main area of
exclusion was
the main stem
of the Con‐
necticut
River, which
contained
roughly 10% Dense glossy buckthorn south of Sachem Village

of the very high value co‐occurrence layer scores.
Whereas selected areas such as Johnson Island were
included within one or more SEA’s, the main stem
was not generally considered because of its defacto
protection under several state and federal laws.
Of the moderate value co‐occurrence sites in Leba‐
non, there are also several areas that did not get des‐
ignated as an SEA that are worth mentioning. Mas‐
coma Lake scored within this range yet was not desig‐
nated for reasons explained in the water resources
chapter, namely, because of it being recognized as an
impaired water due to the presence of milfoil and oc‐
casionally excessive levels of toxic cyanobacteria. To
the north of the lake the Mount Tug SEA could be ex‐
panded to include the full extent of the northern
hardwoods‐conifer forest on its eastern slopes. The
moderate to moderately high rated area east of Etna
Road was not included on account of its proximity to
industrial development and the significant alteration
to the natural waterway. On the Landmark Lands, the
cluster of SEA’s surrounding the ver‐
nal pool/beaver wetland complexes
could have been expanded to include
a wider buffer and thereby capture
this area completely. The same could
be said for the moderately valued
area between Tomapo Farm and
Goodwin Conservation Area. The re‐
maining moderate to moderately
high valued co‐occurrence areas
principally lie along perennial
streams and should be covered by
enhanced stream buffer regulations
should the City choose to adopt
them.

ering the Significant Ecological Areas as the ‘road
map’ for prioritizing conservation actions in Lebanon.
The table on the next page summarizes the 14 highest
value SEA’s from a size‐sensitivity‐threat perspective.
These are presented in order of a cumulative point
rank that was derived in a manner similar to the co‐
occurrence layers. Size, estimated sensitivity to artifi‐
cial disturbance, and presumed threat to degradation
by development or other anthropogenic disturbance
was ranked on the basis of one (low) to five (high)
points. Since most of these sites also included wet‐
lands in whole or in part, additional points were given
according to the Phase II wetland assessment. The
approximate percent of each SEA that is protected
(i.e. in the 2008 “Conland” layer from the Lebanon
Planning Office) is also listed.
The size of the top 14 ranked significant ecological
areas ranged from 5 acres (NW Town Line Fen) to
203.7 acres (Tomapo Farm). Estimated sensitivity to
artificial disturbance (i.e. that would disrupt the eco‐
This rendition of the co‐occurrence map shows the
high degree of co‐incidence between the SEA’s
(orange hashed areas) and the high value co‐
occurrence areas (darker shades).

C. Conservation Priorities
The above explanation defines the
rationale and justification for consid‐
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breeding area for mink, otter and other riparian wild‐
life. With no current permanent protection, the City is
encouraged to put this area on the top of its priority
conservation list. Comparably, the Mount Support Ba‐
sin is adjacent to a large unfragmented block of land,
has demonstrable wildlife value, and lies at the head‐
waters of the Mount Support Wetland complex. Al‐
ready under review and proposed as a conservation
area, the City would do well to ensure protection of an
adequate buffer area around this wetland complex in
order to protect the integrity it currently holds for
wildlife habitat.

CITY OF LEBANON'S MOST SIGNIFICANT ECOLOGICAL AREAS

Size

Sensitiv‐
Threat
ity

Wetland TOTAL

Approx.
%

Id

Name

Location

ACRES

1‐5 lo‐hi 1‐5 lo‐hi 1‐5 lo‐hi Value

VALUE

in Cons.

63

Central Great Brook

Great Bk below Daisy Hill Rd

87.9

5

5

4

4

18

15

68

Martin Brook Wetlands

Upper headwaters of Martin Brook

55.7

4

3

3

5

15

0

52

Pipas‐Swogger Basin

City Line S on Pipas‐Swogger prop.

44.9

4

5

1

5

15

65

32

LA Suncook Basin

N central part of Mount Support

22.2

2

4

4

5

15

0

29

Mt. Support Rd Wetland

E side Mt. Support Road

135.5

5

3

5

1

14

13

48

West Central Mascoma R.

Mascoma R. below I‐89

116.6

5

3

4

2

14

4

2

Boston Lot Lake

Boston Lot Lake & Buffer

100.2

5

4

1

4

14

97

43

Mascoma River East

E part Mascoma River below Rte 4

52.3

4

5

4

1

14

25

33

NW Town Line Fen

NW part Mount Support

5.0

1

4

4

5

14

0

61

Townsend (Tomapo) Farm

Townsend Property fields

203.7

5

3

3

2

13

37

67

Walhowdon Farm

Open areas of Walhowdon Farm

106.1

5

3

3

2

13

0

12

Landmark Beaver Complex

Southern drainage area of Landmark

90.2

5

2

2

4

13

0

49

Two Rivers

Mascoma R. mouth at Connecticut R. 50.0

4

3

4

2

13

42

50

Trues Brook Boat Ramp

Conn. R. floodplain at Trues Brook

3

3

3

4

13

95

29.5

Table 13. List of Lebanon’s most highly ranked significant ecological areas, from highest to lowest point score. The above
table lists the 14 top‐ranked SEA’s according to four different attributes: size, sensitivity to anthropogenic disturbance,
threat from development and/or loss of ecological integrity, and value according to the ranked wetlands that are within or
adjacent to the SEA. Size was determined according to the selection method described in Chapter V. Sensitivity was esti‐
mated on the basis of each site’s potential for degradation from human activities, for example, from water quality impair‐
ment or the loss of a buffer area. Threat level was assigned according to known or probable events that could impair, reduce,
or eliminate the SEA. As with sensitivity, threat level also factored in the degree to which the SEA has already been disturbed.
Lastly, the wetland value was assigned according to the wetland assessment completed as a part of this NRI, as explained in
Chapter III. Scores were assigned directly from the assessment if the SEA contained most or all of the wetland in question.
Partial points were awarded to SEA’s that only contained part of the assessed wetland, as well as those SEA’s that contained
wetlands that were not ranked. The last column indicates the approximate percentage of conservation protection in each
SEA.
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Martin Brook supports at least two families of beavers, as
well as otter, mink, bear, moose, and a well used deer win‐
tering area. This was the highest ranked SEA that is at pre‐
sent completely unprotected yet adjacent to a large unfrag‐
mented area.

logical integrity) ranged from a point value of ‘2’ at the
Lower Landmark Beaver Complex to ‘5’ for Central
Great Brook, Pipas‐Swogger Basin, and Mascoma River
East. Presumed threat level due to development, water
quality degradation and other known or probable an‐
thropogenic impacts ranged from ‘1’ at the Pipas‐
Swogger Basin and Boston Lot Lake to ‘5’ at Mt. Sup‐
port Rd Wetland. The latter was rated as having the
lowest wetland value along with Mascoma River East
on account of existing documentation of water quality
concerns mostly related to adjacent development.
Several SEA’s scored the highest point value of ‘5’ for
wetland functional quality, including Martin Brook
Wetlands, Pipas‐Swogger Basin, Mount Support Basin,
and NW Town Line Fen.
The two properties with the highest score and lowest
amount of existing protection are the Martin Brook
Wetlands and the Mount Support Basin. Martin Brook
was an exceptional wetland complex that has been
mentioned elsewhere in this report, particularly under
the Wetlands Chapter (III) owing to its value as a deer
wintering area, as habitat for black bear, and as a

Three other top‐ranked SEA’s are also currently un‐
protected: NW Town Line Fen, Walhowdon Farm, and
Landmark Beaver Complex. The first is a part of the
aforementioned Mount Support land that is currently
under review for a business park development. As with
the Mount Support Basin downstream, this wetland is
a part of a proposed conservation area associated with
this development. Assigning an easement to a locally
compatible conservation organization such as the Up‐
per Valley Land Trust would encourage private over‐
sight of this remarkable upland habitat area. The sec‐
ond site is one of two large working farms in Lebanon
that has incredible agricultural value. The open land
portion of it, as well as the adjacent wetlands also has
high wildlife value as it supports high densities of deer,
turkey and grouse. This property is a perfect match for
a grant from the Federal Farm and Ranchland Program
for an agricultural easement. The third area has al‐
ready been discussed as it is a part of the 3,000+ acre
The presence of male
bobcat scat at the Land‐
mark lands attest to its
unfragmented nature.
Males can range up‐
wards of 25 square
miles and require an
adequate prey base for
survival.

Landmark Lands that represent one of the most wild‐
life‐rich sites in Lebanon. For reasons already re‐
viewed under Chapters III, IV, and V, this area should
continue to be a high priority for permanent protec‐
tion. Were this SEA to be considered along with its
smaller relatives to the north on the Landmark Lands,
the threat level would achieve a top score of ‘5’ and
this would in fact be the second highest ranked SEA
in Lebanon.
As for the SEA that received the highest overall point
score, Central Great Brook deserves a more detailed
description. It was ranked highest for size and sensi‐
tivity, and second highest for threat and wetland
value. Remarkably, the water quality of this section of
Great Brook is very high considering its proximity to
dense residential and commercial development as
well as its long history of use for the water power it
provides. This portion of the brook was never
spanned by bridges and roads and therefore the south
bank remains undeveloped. It is on this side that the
small percentage of protected land lies – Goodwin
Conservation Area. Optimally, this conservation area
would be expanded to include the remaining five pri‐
vate lots between Goodwin Conservation Area and
Storrs Hill Road, perhaps through the use of backland
or stream buffer easements that can help permanently
protect the water quality on this side of the brook. As
a part of the largest tributary to the Mascoma River in
Lebanon, this undeveloped section of Great Brook is
perhaps the most critical as it winds its way from flat‐
ter, more easily developed lands upstream to dense
semi‐urban development downstream. It is also con‐
nected to the aforementioned high value co‐
occurrence area near Great Brook Road that was not
recognized as an official SEA by the this study.

Summary
The City of Lebanon has a tremendous opportunity to

wetland complexes north of downtown, and represen‐
tatively large tracts of old growth forests have not.
Whereas some of these features cannot be restored in
their entirety, others can be restored in part and fur‐
ther protected through the conservation and educa‐
tional means described above.

View east from Signal Hill

conserve critical areas where a concentration of high
value natural resources exists. The above synopsis of
top‐ranked conservation areas as well as the wetlands
assessment provide an important mechanism for pri‐
oritizing such initiatives. Yet the protection of signifi‐
cant ecological areas is but one step towards the con‐
servation of natural resources in Lebanon. Land‐
based protection efforts tend to focus on the re‐
sources themselves, rather than the way in which they
are used. This succeeds in protecting the set of natu‐
ral resources that exist at a particular locale, but it
does not necessarily ensure their long‐term viability
on a City‐wide basis.
As important as the permanent protection of water,
forests, and wildlife of a given area is the education of
the people who use them for their own benefit. Resi‐
dents of Lebanon and users from outside the City
must recognize the “visitation” nature of their pres‐
ence at a publicly protected property. They must also
understand that access to conserved property on pri‐
vate land is offered at the permission of the land‐
owner. As indicated by the sample property sign at
right, there are good reasons for landowners to re‐
strict certain land uses in order to protect the integ‐
rity of the natural re‐
sources over the long
term. Hunting, trapping,
or recreational pursuits
may be offered by per‐
mission only in order
adequately keep track of
wildlife populations, or

Only through the concerted effort of City officials and
the organizations and agencies that support them will
the continued viability of the natural resources of
Lebanon be realized. Concepts such as the “string of
pearls” by the Lebanon Rotary Club should continue
to receive generous support. Volunteer clean‐up days
coordinated through various civic organizations
should be promoted. Participation in local and re‐
gional natural history clubs such as the Upper Valley
Birders, the NH Dragonfly Society, or the NH Plant
Conservation Volunteers should be encouraged.4
Relative to conservation, providing conservation in‐
centives for protecting the last large unfragmented
blocks of land such as the Landmark Tract should get
the City’s utmost attention. Setting aside open space
in the form of agricultural land should be vigorously
pursued. At a time when increasing development
rates are resulting in an unprecedented level of natu‐
ral resource consumption, the City should not be re‐
miss in its duties to protect the vitality and integrity
of its natural infrastructure – the water, the land, and
the wildlife that brought the earliest of inhabitants to
this region in the first place.

to maintain the integrity of trails or byways by limit‐
ing the use of mountain bikes or motorized vehicles.
The absolute restriction of these land uses are often
based on previous negative experiences where one or
more wildlife species or land features have been se‐
verely compromised. Respecting the wishes of the
landowner, and understanding the basis for such re‐
strictions is an absolute necessity for all residents of
Lebanon as well as users from afar.
The City should also be attentive to its instruction of
visitors to its preserves. Whereas the current City web
site contains excellent descriptions of each City prop‐
erty and a map of trails, it does little to encourage ap‐
propriate and respectful use of each property. With
exception of the Alana Cole Park and Chambers Me‐
morial Reserve, guidance on using the trails, respect‐
ing wildlife, hunting and other forms of recreation are
limited. The City is encouraged to include details on
the allowed uses on each property, to expand the in‐
formation available on each site by soliciting addi‐
tional management plans and inventories, and to de‐
velop long‐term monitoring programs to ensure that
each property sufficiently supports and protects wild‐
life and natural communities.
The natural resources in Lebanon have been both
used and misused for over two centuries. Certain ele‐
ments, such as the generally good to excellent water
quality, the ability of large wildlife to move back and
forth between open spaces, and the presence of se‐
lected rare species have remained intact. Others, such
as the set of previously connected floodplains, large

4

Upper Valley Birders can be contacted at: UV‐

birders@listserve.dartmouth.edu, the NH Dragonfly Society
at nh‐dragonfly‐survey@googlegroups.com, and the NH Plant
Conservation Volunteers at jkorecki@newenglandwild.org.
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port to the Department of Natural Resources Con‐
servation, University of Massachusetts, July. Dupli‐
cated.

VII. References

American Geological Institute. 1983. Dictionary of Geological
Terms, 3rd edition. Robert L. Bates and Julia A. Jackson,
ed.s. New York: Anchor Books.
Ammann, A., and A.L. Stone. 1991. Method for the Compara‐
tive Evaluation of Non‐tidal Wetlands in New Hampshire.
Concord, NH: NH Department of Environmental Ser‐
vices.
Atlantic Oceanographic and Marine Laboratory, Hurricane
Research Division, Re‐Analysis Project: http://
www.aoml.noaa.gov/hrd/hurdat/1874.htm
Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling.
1999. Rapid Bioassessment Protocols for Use in
Wadeable Streams and Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish. 2nd ed. EPA 814‐B‐99‐
002. Washington, D.C.: U.S. Environmental Protec‐
tion Agency, Office of Water.
Bessette, Alan, Arlene Bessette, and David W.
Fischer. 1997. Mushrooms of Northeastern North
America. Syracuse: University of Syracuse Press.
Bland, Roger G. 1978. How to Know the Insects. 2nd ed. Du‐
buque: Wm. C. Brown Publishers.
Borror, Donald J. and Richard E. White. 1970. A Field Guide
to Insects, America North of Mexico. The Peterson
Field Guide Series. Boston: Houghton Mifflin Com‐
pany.
Brodo, Irwin, Sylvia D. and Stephen Sharnoff. 2001. Lichens
of North America. New Haven: Yale University Press.
Boyd, Lynn. 2001. Buffer zones and beyond: Wildlife use of
wetland buffer zones and their protection under the
Massachusetts Wetland Protection Act. Project re‐
References VII—Page 58

Brower, J.E., J.H. Zar, and C.N. von Ende. 1990. Field and
Laboratory Methods for General Ecology. 3rd ed. Du‐
buque: Wm. C. Brown Publishers.
Carroll, D.M. 1991. The Year of the Turtle, A Natural History.
Charlotte (VT): Camden House Publishing, Inc.

Office.
DeGraaf, R.M. and D.D. Rudis. 1983. Amphibians and Reptiles
of New England. Amherst: University of Massachu‐
setts Press.

GAP Analysis Project. 1999. Land cover types of New Eng‐
land. Digital data supplied by Complex Systems Re‐
sources Center, Durham, NH. December.

DeGraaf, R.M., M. Yamasaki. B.B. Leak, and J.W. Lanier.
1992. New England Wildlife: Management of Forested
Habitats. Radnor, PA: USDA Forest Service, North‐
eastern Forest Experiment Station, GTR NE‐144.

Gilbertson, R.L., and L. Ryvarden. 1987. North
American Polypores. Vol. I & II. Oslo: Fungiflora.

Castelle, A.J., A.W. Johnson, and C. Conolly. 1994. Wetland
and stream buffer size requirements ‐ a review.
Journal of Environmental Quality 23:878‐882.

DeGraaf, Richard, and Mariko Yamasaki. 2001. New England
Wildlife. 2nd ed. Amherst: University of Massachu‐
setts and the Northeast Forest Experiment Station,
USDA. Gen. Tech. Rpt. NE‐108.

Chapman, Donald. 1974. New Hampshire’s Landscape: How it
was formed. New Hampshire Profiles January: 41‐56. Geol‐
ogy Reprint, Portsmouth.

Downs, Charles Algernon. 1908. History of Lebanon, N.H.
(1761 – 1887). Concord, NH: Rumford Printing Co.
Digitally archived by the University of NH Library,
available at : http://www.archive.org/details/
historyoflebanon00down

Chase, V.P., L.S. Deming, and F. Latawiec. 1997. Buffers for
Wetlands and Surface Waters: A Guidebook for Mu‐
nicipalities. Concord, NH.: Audubon Society of New
Hampshire.
City of Lebanon Planning Office. 2008. Lebanon’s Landscape.
Lebanon Planning Office. September.
City of Lebanon Official web site: http://www.lebnh.net/
Colburn, E.A. 2004. Vernal Pools: Natural History and Con‐
servation. 1st ed. Blacksburg, VA: McDonald and
Woodward Publishing Co..
Colburn, E.A. ed. 1991. Certified! A Citizen's Step‐by‐Step
Guide to Protecting Vernal Pools. 4th ed. Lincoln:
Massachusetts Audubon Society.
Conant, R., and J.T. Collins. 1991. A Field Guide to the Reptiles
and Amphibians of Eastern and Central North Amer‐
ica. Boston: Houghton Mifflin.
Cooley, J.H., and J.W. Van Sambeek. 2004. Ulmus rubra Muhl.
Slippery Elm in Burns, R.M. and B.H. Honkala. Silvics
of North America, Volume 2 Hardwoods. Agricultural
Handbook 654, Forest Service, USDA.
Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979.
Classification of Wetlands and Deepwater Habitats of
the United States. U.S. Fish and Wildlife Service. FWS/
OBS – 79/31. Washington, D.C.: Government Printing

bon Society of New Hampshire).

DuBois, Robert, and Mike Reese. 2005. Damselflies of the
North Woods. Duluth: Kollath+Stensaas Publishing.
Dunkle, Sidney D. 2000. Dragonflies Through Binoculars, A
Field Guide to the Dragonflies of North America. New
York: Oxford University Press.
Environmental Law Institute. 2008. Planner’s Guide to Wet‐
land Buffers for Local Governments. Washington,
D.C.: Environmental Law Institute. Available on‐line
at www.eli.org
Erlich, P.R., D.S. Dobkin, and D. Wheye. 1988. A Birder’s
Handbook: A Field Guide to the Natural History of
North American Birds. New York: Simon and Schus‐
ter.
Faber‐Langendoen, D., J. Rocchio, M. Schafale, C. Nordman,
M. Pyne, J. Teague, T. Foti, and P. Comer. 2006. Eco‐
logical Integrity Assessment and Performance Meas‐
ures for Wetland Mitigation. NatureServe, Arling‐
ton, Virginia. Level II rapid assessment metrics for
the EIA was supplied by Bill Nichols of the NH
Natural Heritage Program, DRED, Concord, NH in
January and March 2010.
Foss, Carol, ed. 1994. Atlas of Breeding Birds in New Hamp‐
shire. Dover, NH: Arcadia. (Published for the Audu‐

Glassburg, Jeffrey. 1993. Butterflies Through Binoculars. A
Field Guide to the Butterflies in the Boston, New
York, Washington Region. New York: Oxford Uni‐
versity Press.
Godin, A.J. 1977. Wild Mammals of New England. Baltimore:
John Hopkins University Press.
Haines, A., and T.F. Vining. 1998. Flora of Maine, a Manual
for Identification of Native and Naturalized Vascular
Plants of Maine. Bar Harbor: V.F. Thomas Co.
Hall, E.R. 1981. Mammals of North America. 2nd ed. 2 vols.
New York: John C. Wiley and Sons.
Harris, L.D. 1984. The Fragmented Forest: Island Biogeogra‐
phy Theory and the Preservation of Biodiversity. Chi‐
cago: University of Chicago Press.
Hawksworth, D.L., B.C. Sutton, and G.C. Ainsworth.
1983. Ainsworth & Bisby’s Dictionary of the
Fungi. 7th ed. Kew, Surry: Commonwealth Myco‐
logical Institute.
Hesler, L.R., and A.H. Smith. 1963. North American
Species of Hygrophorus. Knoxville: University of
Tennessee Press.
Heyer, R.W., M.A. Donnelly, R.W. McDiarmid, L.C. Hayek,
and M.S. Foster, ed.s. 1994. Measuring and Monitor‐
ing Biological Diversity: Standard Methods for Am‐
phibians. Washington D.C.: Smithsonian Institution
Press.
Hinds, James W. and Patricia L. 2007. The Macro‐
Lichens of New England. New York: New York
Botanical Garden
http://en.wikipedia.org/wiki/Balm_of_Gilead
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/1869_Saxby_Gale

http://www.gencourt.state.nh.us/rsa/html/indexes/482‐
A.html

Lamb, Ed. 2004. 2004. Damselflies of the Northeast. Forest
Hills, NY: Biodiversity Books.

Hornbeck, J.W., C.W. Martin, and C. Eagar. 1997. Summary
of water yield experiments at Hubbard Brook Ex‐
perimental Forest, New Hampshire. Canadian Jour‐
nal of Forest Research (27): 2043‐2052.

Leak, W.B. 1979. Habitat Mapping in New England. Upper
Darby, PA: USDA Forest Service, NE Forest Experi‐
ment Station.

Hunt, Pam. 2010. State of New Hampshire Birds. A report
submitted to the NH Fish & Game Department by
NH Audubon.
Johnson, C.E., A.H. Johnson, and A.H. Siccama. 1991. Whole‐
tree clear‐cutting effects on exchangeable cations
and soils acidity. Soil Science Society of America
Journal (55): 502‐508.
Kanter, J., R. Suomala, and E. Snyder. 2001. Identifying and
Protecting New Hampshire’s Significant Wildlife
Habitat, A Guide for Towns and Conservation
Groups. Concord, NH: NH Fish & Game Depart‐
ment.
Katsaros, Peter. 1989. Illustrated Guide to Common
Slime Molds. Eureka, CA: Mad River Press.
Kenney, Leo P. and Matthew R. Burne. 2000. A Field Guide to
the Animals of Vernal Pools. Boston: Massachusetts
Division of Fisheries and Wildlife, Natural Heritage
and Endangered Species Program.
Kibby, Geoff, and Raymond Fatto. 1990. Keys to the
species of Russula in Northeastern North Amer‐
ica. Unpublished.
Klapproth, J.C. and J.E. Johnson 2000. Understanding the
science behind riparian forest buffers: effects on wa‐
ter quality. Virginia Cooperative Extension Publica‐
tion Number 420‐151. 15pp. http://www.ext.vt.edu/
pubs/forestry/420‐151/420‐151.html
Klots, Alexander B. 1979. A Field Guide to the Butterflies,
North America East of the Great Plains. Boston:
Houghton Mifflin Co.
Krajicek, J.E., and R.D. Williams. 2004. Celtis occidentalis L.
Hackberry in Burns, R.M. and B.H. Honkala. Silvics of
North America, Volume 2 Hardwoods. Agricultural
Handbook 654, Forest Service, USDA.

Lincoff, Gary H. 1981. The Audubon Society Field Guide to
North American Mushrooms. New York: Alfred A.
Knopf, Inc.
Lyons, Charles, Eugene Boudette, et. al. 1997. New Hamp‐
shire Bedrock Geology Map (with annotations). NH
Department of Environmental Services, Concord,
NH.
Magee, D.W., and H.E. Ahles. 1999. Flora of the
Northeast: A Manual of the Vascular Flora of
New England and Adjacent New York. Amherst:
University of Massachusetts Press.
Martin, Scott. 2000. Terrestrial snails and slugs (Mollusca:
Gastropoda) of Maine. Northeastern Naturalist 7
(1):33‐88.
Marshall, Stephen A. 2006. Insects: Their Natural History
and Diversity. Buffalo, NY: Firefly Books.
Mascoma River Resource Assessment. 2009. Draft Publica‐
tion of the Mascoma River Advisory Council. Octo‐
ber Working Draft.
Mead, Kurt. 2003. Dragonflies of the North Woods. Duluth:
Kollath+Stensaas Publishing.
Merritt, Joseph F. 1984. Winter Ecology of Small Mammals.
Pittsburgh: Carnegie Museum of Natural History.
Milne, Lorus and Marjorie. 1980. National Audubon Society
Field Guide to Insects and Spiders. New York: Alfred
A. Knopf.
Mitchell, J.C., A.R. Breisch, and K.A. Buhlmann. 2006. Habi‐
tat Management Guidelines for Amphibians and Rep‐
tiles of the Northeastern United States. Partners in
Amphibian and Reptile Conservation, Technical
Publication HMG‐3, Montgomery, AL.
NAAMP. 2001. North American Amphibian Monitoring Pro‐
ject website: www.pwrc.usgs.gov/naamp/

New England Interstate Water Pollution Control Commis‐
sion. 2003. Field Identification of Hydric Soils. v3. Con‐
cord, MA: NEIWPCC.
New Hampshire E‐Bird Records: www.ebird.org
NH Department of Environmental Services. 1995. Lakes and
Ponds Report. Concord: NHDES.
New Hampshire Fish & Game Dept. 2010. Faqs on Black
bears: www.wildlife.state.nh.us/Wildlife/
faqs_black_bears.htm
New Hampshire Fish & Game Dept. 2010. Faqs on Moose by
Ellen Snyder and Kris Rines:
www.wildlife.state.nh.us/Wildlife/Wildlife_profiles/
profile_moose.htm
New Hampshire Fish & Game Dept. 2010. New Hampshire
Wildlines article on deer wintering habitat by Kip
Adams: www.wildnh.com/Wildlife_Journal/
WJ_sample_stories/WJ_f01_More_Harm.pdf
New Hampshire Fish & Game Dept. 2009. Information
sheets on Amphibians and Reptiles by Mike Mar‐
chand: http://www.wildlife.state.nh.us/Wildlife/
Nongame/reptiles_amphibians.htm
New Hampshire Fish & Game Dept. 2009. List of Endan‐
gered & Threatened Wildlife in the State of New
Hampshire. Press release at http://
www.wildlife.state.nh.us/Wildlife/wildlife.htm
New Hampshire Fish & Game Dept. 2009. Fish Stocking Re‐
port for 2009: http://www.wildlife.state.nh.us/
Fishing/fish_stocking_report_2009.html
New Hampshire Fish & Game Dept. 2005. Wildlife Action
Plan. Concord, NH: NH Fish & Game publication.
Updated in 2010: http://www.wildlife.state.nh.us/
Wildlife/wildlife_plan.htm
New Hampshire General Court – Revised Statues On‐line:
http://www.gencourt.state.nh.us/rsa/html/NHTOC/
NHTOC‐L‐482‐A.htm
NH GRANIT. 2007‐9. GIS data from Complex System Re‐
sources Center, Durham, NH.
NHNHB. 2008. Rare plant list for New Hampshire – Techni‐

cal Copy, DRED, Concord, NH. July.
Nikula, B., J. L. Loose, and M. R. Burne. 2003. A Field Guide
to Dragonflies and Damselflies of Massachusetts.
Boston: Massachusetts Division of Fisheries and
Wildlife, Natural Heritage and Endangered Species
Program.
Noss, Reed, and Allen Cooperrider. 1994. Saving Nature’s
Legacy. New York: Island Press.
Page, Lawrence M., and Brooks M. Burr. 1991. A Field Guide
to Freshwater Fishes. The Peterson Field Guide Se‐
ries. Boston: Houghton Mifflin Company.
Peckarsky, B.L., P.R. Fraissinet, M.A. Penton, and D.J. Conk‐
lin, Jr. 1990. Freshwater Macroinvertebrates of
Northeastern North America. Ithaca: Cornell Univer‐
sity Press.
Peterson, R.T. 1990. A Field Guide to Bird Songs. 3rd ed.
Ithaca: Cornell Laboratory of Ornithology / Interac‐
tive Audio.
Pilgrim, Sidney. 1978. Soils of New Hampshire. Durham: US
Department of Agriculture Soil Conservation Ser‐
vice.
Rezendes, P. 1992. Tracking and the Art of Seeing: How to
Read Animal Tracks & Sign. Charlotte, VT: Camden
House.
Richardson, D.H.S. 1992. Pollution Monitoring with Lichens.
Slough, England: Richmond Publishing Co. Natural‐
ists Handbooks 19.
Robinson, Edward G. 2004. Blue‐winged Teal, in Foss, Carol,
ed. An Atlas of Breeding Birds of New Hampshire. Dover,
NH: Arcadia. (Published for the Audubon Society of
New Hampshire).
Scarola, John, F. 1987. Freshwater Fishes of New Hampshire.
Concord: New Hampshire Fish & Game Department.
Scott, Shirley L., ed. 1987. Field Guide to the Birds of North
America. 2nd ed. Washington D.C.: National Geo‐
graphic Society.
Sibley, David Allen. 2000. The Sibley Guide to Birds. National
Audubon Society. New York: Alfred A. Knopf, Inc.
Silver, H. 1957. A History of New Hampshire furbearers. Sur‐
References VII—Page 59

vey report 6. Concord: NH Fish & Game Depart‐
ment.
Sneddon, L., M. Anderson, and J. Lundgren. 1998. Interna‐
tional Classification of Ecological Communities: Terres‐
trial Vegetation of the Northeastern United States.
Northeastern Review Subset. Report from Biological
Conservation Data system and Working Draft of Febru‐
ary 23, 2000. The Nature Conservancy, Eastern Conser‐
vation Science, Boston, Mass., and Natural Heritage Pro‐
grams of the Northeastern U.S.
Sobczak, W.V. and E.A. Colburn. 2007. Subsurface Flow‐
paths in a Forested Headwater Stream Harbor a Di‐
verse Macro‐Invertebrate Community. Wetlands
Vol. 27 No. 2.

Torbert, Edward N. 1935. The evolution of land utilization in
Lebanon, NH. Geographical Review Vol. 25 No. 2
(April 1935).

Town of Amherst, State of New Hampshire Department
of Environmental Services Water Resources Bureau, and
the Pennichuck Water Works Corporation. January.

Tyning, T. 1990. A Guide to Reptiles and Amphibians (Stokes
Nature Guide). Boston: Little, Brown & Company.

Van de Poll, R. 2001a. Town of Nelson Priority Conservation
Plan, Nelson, NH. January.

UNH Cooperative Extension Service. 2009. Habitat Steward‐
ship Series. # 5. Lowland Spruce‐fir Forests. Published
by UNH Cooperative Extension through the Sustainable
Forestry Initiative. June. Available on‐line at: http://
extension.unh.edu/resources/category/
Forests,_Trees,_and_Wildlife

Van de Poll, R.D. 1996. Natural and cultural resource inven‐
tories: A guide to comprehensive methods for the
private landowner in New England. Doctoral thesis.
The Union Institute. UMI Publications. Cincinnati,
OH.

United States Census Bureau: http://www.census.gov/main/
www/cen2000.html

Soil Survey Division Staff. 1993. Soil Survey Manual. U.S. De‐
partment of Agriculture Handbook No. 18. Wash‐
ington D.C.: U.S. Government Printing Office.

U.S. Army Corps of Engineers. 1987. Wetlands Delineation
Manual. Technical Report 1‐3‐87. Washington, D.C.:
Government Printing Office.

Sperduto, D. D., and William F. Nichols. 2004. Natural Com‐
munities of New Hampshire. Ben Kimball, ed. New Hamp‐
shire Natural Heritage Bureau and The Nature Conser‐
vancy. Department of Resources and Economic Develop‐
ment, Concord, New Hampshire.

United States Department of Agriculture (USDA). 2007. New
Hampshire State‐wide Numerical Soils Legend. Issue # 8.
Durham, N.H.: Natural Resource Conservation Service.
November 2007.

Tappen, Ann, ed. 1997. Identification and Documentation of
Vernal Pools in New Hampshire. Concord, NH: New
Hampshire Fish & Game Department, Nongame and
Endangered Species Program.
Taylor, J. 1993. The Amphibians and Reptiles of New Hamp‐
shire. Concord: NH Fish & Game Dept.
Thompson, E.H., and E.R. Sorenson. 2000. Wetland, Wood‐
land, and Wildland, A Guide to the Natural Commu‐
nities of Vermont. Hanover: University of New Eng‐
land Press.
Thompson, I.D., I.J. Davidson, S. O’Donnell, and F. Brazeau.
1988. Use of track transects to measure the relative
occurrence of some boreal mammals in uncut forest
and regeneration stands. Canadian Journal of Zool‐
ogy 67(7): 1816‐1823.
Thorp, James H. and Alan P. Covich, ed.s. 2001. Ecology and
Classification of North American Freshwater Inverte‐
brates. San Diego: Academic Press.
References VII—Page 60

United States Department of Agriculture (USDA). 1999. Soil
Conservation Service. Soil Survey of Grafton County, New
Hampshire.
United States Department of Agriculture (USDA). 2010.
www.soildatamart.nrcs.usda.gov
U.S. EPA. 2001. Protocols for Rapid Bioassessments of Wet‐
lands: http://www.epa.gov/OWOW/monitoring/
techmon.html
U.S. FWS. 2005. Status and Trends of Wetland Losses in the
Coterminous United States 1998‐2004. Available on‐line
at: www.fws.gov/wetlands/statusandtrends/
index.html
U.S. FWS. 2000. Rhode Island National Wildlife Refuge
Complex. Draft comprehensive conservation plan and
environmental assessment. Executive Summary. U.S.
Fish & Wildlife Service, Hadley, Mass.
Van de Poll, R. 2000a. Amherst Wetland Assessment and
Prime Wetland Designation Project. Final report to the

Van Diver, Bradford B. 1987. Roadside Geology of Vermont
and New Hampshire. Missoula: Mountain Press Pub‐
lishing Co.
Voshell, Reese, Jr. 2002. A Guide to the Freshwater Inverte‐
brates of North America. Blacksburg, VA: McDonald
and Woodward Publishing Company.
Weber, Larry. 2006. Butterflies of the North Woods. Duluth:
Kollath+Stensaas Publishing.
Weber, Larry. 2003. Spiders of the North Woods. Duluth:
Kollath+Stensaas Publishing.
Wenger, S. 1999. A review of the scientific literature on ri‐
parian buffer width, extent and vegetation. Athens
Georgia, Office of Public Service & Outreach, Insti‐
tute of Ecology, University of Georgia. 59pp.
Wessels, Thomas. 1997. Reading the Forested Landscape.
Woodstock, VT: Countryman Press.
White, Richard E. 1983. A Field Guide to the Beetles of North
America. The Peterson Field Guide Series. Boston:
Houghton Mifflin Company.
Wischmeier, N.P. and D.D. Smith. 1978. Predicting rainfall
erosion losses. Agric. Handb. 537. USDA. Agricul‐
tural Research Service, Washington, D.C.
Zasada, J.C., and H.M. Phillips. 1990. Populus balsamifera L.
Balsam Poplar in Burns, R.M. and B.H. Honkala. Sil‐
vics of North America, Volume 2 Hardwoods. Agricul‐
tural Handbook 654, Forest Service, USDA.

Appendix A: Maps
1.Steep & Erosive Soils
2.Wetland Cover Types (NWI)
3.Wetland Ranking
4.Co‐Occurrence with Significant Ecological Areas
5.Co‐Occurrence with Conservation Lands

Appendix A—Page 61

Appendix A—Page 62

Appendix A—Page 63

Appendix A—Page 64

Appendix A—Page 65

Appendix A—Page 66

Appendix B: Species Lists
1. Amphibians, Reptiles & Fish
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3. Mammals
4. Moths & Butterflies (Lepidoptera)
5. Dragonflies & Damselflies (Odonata)
6. Aquatic Macro‐Invertebrates
7. Other Invertebrates
8. Vascular Plants
9. Fungi

Species lists contain species appearing in New
Hampshire and the region, species marked with
an “X” were found in Lebanon
Highlighted species are rare
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Appendix C: Significant Ecological Areas
CITY OF LEBANON SIGNIFICANT ECOLOGICAL AREAS ‐ as of October 2009
Id

Name

Id

Location

Attribute_1

Attribute_2

Attribute_3

1 Rich Mesic Forest

Boston Lot Lake SE

rich soils

rare plants

high water table

2 Boston Lot Lake

Boston Lot Lake & Buffer

open water body

wetland seepages

rich soils

3 Wilder Dam Shoreline

Below Wilder Dam

rare plants

riverine shoreline

migratory birds

4 Falls Seepage Area

Behind the Falls

rare plants

rich seepage slope

5 Conn. R. Island #1

North‐most island below Wilder Dam silver maple forest

tiger beetle habitat

ACRES
100.2
1.5
5.5

6 Conn. R. Island #2

2nd island S of Wilder Dam

silver maple forest

2.5

8 Conn. R. Island #3

3rd island S of Wilder Dam

silver maple forest

0.3

9 Johnson Island West

5th island S of Wilder Dam

silver maple forest

10 Johnson Island

4th island S of Wilder Dam

tiger beetle habitat

silver maple forest

0.9

11 Burnt Mountain

Summit & SE Slope of Burnt Mtn

dry pine‐oak for.

talus slope

12 Landmark Beaver Complex

Southern drainage area of Landmark beaver wetlands

13 Cicrumneutral Talus Area

E side of Landmark beaver marshes unique nat. comm.

14 Landmark Swamp #1

S central Landmark land

remote wetland

wildlife habitat

15 Landmark Seep #1

S central Landmark land

semi‐rich seep

rare plants

16 Landmark VP Cluster #1

Central Landmark land

vernal pools x 7

wildlife habitat

17 Landmark bog swamp N

N central Landmark land

vernal pool

bog habitat

wildlife habitat

0.6

18 Landmark Linear Wetland

N central Landmark land

remote wetland

vernal pool

wildlife habitat

5.1

19 Landmark Deer Yard #1

N central Landmark land

wintering deer area

wildlife habitat

vernal pools

21.2

20 Burnt Mtn Deer Yard

W side of Burnt Mtn

wintering deer area

wildlife habitat

remote wetlands

25.0

21 Landmark Deer Yard #2

N central Landmark land

wintering deer area

wildlife habitat

intermittent stream

16.2

10.7
wildlife mast area

18.3

wildlife habitat

exemp. nat. comm.s

90.2

rare plants

wildlife habitat

0.9
3.1

wildlife habitat

2.4
5.2

22 Landmark VP Cluster #2

Central E Landmark land

vernal pools

seepage swamps

wildlife habitat

5.8

23 Landmark VP Cluster #3

Central E Landmark land

vernal pools

seepages

wildlife habitat

2.2

24 Landmark Basin Wetlands E E central Landmark land

seasonal pools

wildlife habitat

25 Quarry Hill West

W side Quarry Hill ledges

vernal pools

pine‐oak woodland

26 Quarry Hill Summit

Summit rock pile

talus boulder slope

wildlife habitat

27 Quarry Hill South Talus

Large Talus Ravine S of Quarry Hill

cool‐air talus slope

wildlife habitat

28 Landmark VP SE

SE Landmark land

vernal pool

remote swamp

wildlife habitat

2.1

wildlife habitat

135.5

7.9
wildlife habitat

Location

40 Mt Tug Old Growth

Upper S woodland of Mt Tug

41 NE Upper Basin
42 Mascoma Lake NW

NE Corner Lebanon
NW Mascoma Lake Area

43 Mascoma River East

E part Mascoma River below Rte 4

44 Central Mascoma River

Area upstream of Baker's Crossing

26.6

1.4
mussel beds

Name

1.8
0.3
2.3

45 Heater Road South
46 High School Wetland
47 Mascoma R. Dulac Rd
48 West Central Mascoma R.

Wetland S of Heater Road
Wetland S of High School
Mascoma R. N of Dulac Rd
Mascoma R. below I‐89
Mascoma R. mouth at Connecticut
49 Two Rivers
R.
50 Trues Brook Boat Ramp Conn. R. floodplain at True's Brook
51 True's Brook Gorge
True's Brook Natural Area
52 Pipas‐Swogger Basin
City Line S on Pipas‐Swogger prop.
53 Pipas Rich Mesic Forest Mostly E part of Pipas Property
54 Bagley Rich Mesic Forest SW part of Bagley Property
55 Upper Hibbard Brook
S part of Bagley Property on T/L
56 East Hibbard Brook
Upper part of E Hibbard Brook
57 Meadowsend Rich Mesic Meadowsend Prop. on T/L
58 Townsend Rich Seeps
Townsend Prop. S of Cross Rd
59 Townsend Rich Mesic
Townsend Prop. S of Cross Rd
60 Farnham Hill
Central Part of Farnham Hill
61 Townsend (Tomapo) Farm Townsend Property fields
62 Goodwin Park Semi‐Rich E central part of Goodwin Park
63 Central Great Brook
Great Bk below Daisy Hill Rd

Attribute_1
old growth wood‐
land
upper basin wet‐
lands
grassland habitat
riparian communi‐
ties
riparian communi‐
ties
wetland wildlife
wetland wildlife
winter waterfowl
riparian habitat
riparian habitat
riparian habitat
riparian habitat
vernal pools
rich mesic forest
rich mesic forest
wetland wildlife
wetland wildlife
rich mesic
rich mesic
rich mesic
deer wintering area
grassland habitat
semi‐rich mesic
riparian habitat

Attribute_2

Attribute_3

ACRES

dry pine‐oak

wildlife habitat

7.9

deer wintering area
wetlands
migratory birds

16.0
19.8

rare plants

riparian wildlife

52.3

rare plants
sediment/tox re‐
duct.
migratory birds
riparian habitat
migratory birds

riparian wildlife

8.6

rare plants
migratory birds
rare plants
rich fen
rare plants

migratory birds
riverine shoreline
cliff/talus areas
rare plants

17.4
15.2
58.0
116.6

deer wintering area
deer wintering area
rare plants
remote wetland
talus slope
rare plants
seepage wetlands vernal pools
migratory birds
rare plants
seepage habitat
rare animals?

64 Great Brook West
65 Atherton Road East

W trib of Great Bk W of Meriden Rd riparian habitat
remote wetlands
Upper E side of Atherton Road
semi‐rich oak forest rich mesic forest

66 Bass Hill

Summit & W side of Bass Hill

grassland habitat

upland scrub habitat migratory birds

115.3

67 Walhowdon Farm
68 Martin Brook Wetlands
69 Airport South
70 Airport South Deer Yard
71 Chambers Mem. Preserve
72 Upper Conn. R. Shoal

Open areas of Walhowdon Farm
Upper headwaters of Martin Brook
Scrubland S of Airport
Coniferous woods S of Airport
NW part of Chambers & Conn. R.
Shoreline of Alana Cole Park

grassland habitat
remote wetland
scrubland habitat
deer wintering area
riverine shoreline
riverine shoreline

upland scrub habitat
deer wintering area
migratory birds
wildlife habitat
vernal pool
tiger beetle habitat

106.1
55.7
100.1
53.2
6.3
7.8

48.1

73 Northeast Indian Ridge

W of Med. Center along int. stream deer wintering area remote wetlands

48.6

33.1

74 Lower Bottomless Pit

S of City line W of Etna Road

32.1

29 Mt. Support Rd Wetland

E side Mt. Support Rd

beaver marsh

seepage swamp

30 Rix Ledges South

S unit of Rix Ledges ridge

pine‐oak woodland

wildlife habitat

31 Rix Ledges North

N unit of Rix Ledges ridge

pine‐oak woodland

open ledges

wildlife habitat

32 Mount Support Basin

N central part of Mount Suppport

remote wetland

wildlife habitat

deer wintering area

22.2

33 NW Town Line Fen

NW part Mount Support

basin fen

wildlife habitat

deer wintering area

5.0

34 Signal Hill North

N part Signal Hill

wildlife habitat

remote meadow

deer wintering area

34.3

35 So. Stevens Rd Shrubland

Shrubland complex S of Stevens Rd

wetland wildlife

shrubland wildlife

36 Hardy Hill Open Uplands

Field/shrubland W of Hardy Hill Rd

openland habitat

37 Sunset Rock Rd West

shrublands W of Sunset Rock Rd

shrubland habitat

grassland habitat

38 Brook Road Floodplain

Small floodplain W of Brook Rd

riparian habitat

rare plants

39 Mt Tug West Deer Yard

Upper basin W of Mt Tug

wintering deer area

wildlife habitat

13.3

deer wintering area
upland habitat

50.0
29.5
5.7
44.9
11.4
5.8
32.7
13.4
11.5
12.9
9.9
32.7
203.7
24.3
87.9
69.0
13.1

4.7

15.2

waterfowl area

wildlife habitat
sloping wetlands
black ash swamp
bluffs & shoals
mussel beds

deer wintering area wildlife habitat

4.6
53.9

SUM

2225.60
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Appendix D: Field Log
LEBANON NRI ‐ Field Log July 2008 to October 2009
Ecosystem Management Consultants

Date

Location

Off‐road

Field

Dist.
(km)

Time
(hrs)

Purpose
Field Personnel

7/30/2008

Trues Brook and falls area

1.0

1.5

Survey public property with rich mesic forest, perennial stream

Rick Van de Poll

8/21/2008

Boston Lot Lake, Burnt Mountain, southern Indian Ridge

9.6

8.0

Wetland delineation; rich mesic forest survey; aquatic plant ID, invert.s

Rick Van de Poll, Jeff Littleton

9/4/2008

Farnum Hill, Fred Goodwin's sanctuary garden

9.3

7.3

Survey public property, ID vernal pools & wetlands, gather widlife data

Rick Van de Poll, Jeff Littleton

9/25/2008

Baker's Crossing, Starr Hill, Brook Road, Signal Hill

4.9

8.4

Survey public properties, wetlands delin., rare plant ID, gather wildlife data

Rick Van de Poll

10/30/2008

Landmarks lands ‐ north central

6.7

8.3

Wetlands, vernal pool survey, explor exemplary forest, gather wildlife data

Rick Van de Poll, Mark Goodwin, John Joline, Jeff Littleton

1/16/2009

Roadside surveys of most of the southern part of the City

0.6

3.5

Mammal crossings of most Class V roads in southern Lebanon

Rick Van de Poll

2/6/2009

Roadside and off‐road surveys of mostly north part of City

3.5

5.5

Mammal crossings of most Class V roads in northern Lebanon

Rick Van de Poll

2/24/2009

Roadside surveys in central part of City (mostly residential areas)

0.2

3.5

Mammal crossings of Class IV & V roads in central Lebanon

Rick Van de Poll

2/25/2009

Off‐road survey of Landmark lands

6.3

7.2

Mammal track & sign data

Jeff Littleton

3/5/2009

Farnum Hill ‐ central and east sides

6.2

5.5

Mammal track & sign data

Jeff Littleton

3/10/2009

Roadside, off‐road surveys of remaining Class V, some Class VI roads

2.0

4.5

Mammal crossings of Class V & VI roads in remaining sections of City

Rick Van de Poll

3/26/2009

Reconn of Mt. Tug, Baker's Crossing, Two Rivers, Atherton Road

10.1

9.0

Mammal sign & trails, early bird migrants, old growth & natural communities

Rick Van de Poll

4/1/2009

Off‐road survey of Airport area & upper Martin Brook

4.1

5.5

Mammal track & sign data

Jeff Littleton

4/15/2009

Survey of lands south of Cross Road as far as City line

7.4

8.5

Vernal pool check, mammal sign, look for rich mesic hardwoods

Jeff Littleton

4/19/2009

Mascoma Lake, Wilder Dam, Landmark lands via Quarry Hill

7.9

10.5

Migrant survey, vernal pools, land use history & nat. comm.s of Landmark

Rick Van de Poll, John Joline (Landmark)

5/6/2009

Mascoma Lk, Hardy Hill, Goodwin Pk, The Falls, off Loomis Road

7.9

10.2

BBS, rich mesic forest & rare plant check, vernal pools, nat. comm.s

Rick Van de Poll, Judy Macnab (at the Falls)

5/13/2009

Indian Ridge, Boston Lot Lake east, south & west

6.4

8.0

wildlife observation, plant community typing, land use history

Jeff Littleton

5/25/2009

Mascoma Lk & dam, Monica Rd, Atherton Rd, Trues Brook gorge

6.2

10.5

BBS, wetland & plant comm. check, fish survey, vernal pools, rich mesic

Rick Van de Poll

6/4/2009

Eastman Hill & Monica Rd, Lebanon Transfer station & shoreline

5.8

8.0

Nat. comm. check, wildlife obs., river floodplain check, invasives assmt

Jeff Littleton

6/26/2009

Great Brook south (Class VI #23), Pipas land

4.0

5.0

Wetland assessment, nat. comm. ID, rare plant check, invert. wildlife obs.

Rick Van de Poll

7/10/2009

Goodwin Park, Townsend Farm field edges, Tickner Rd, Great Brook

7.8

10.0

Wildlife obs., stream survey, turtle search, grassland survey

Jeff Littleton

7/17/2009

Mascoma Lk, Hardy Hill, Goodwin Pk, Boston Lot Lk, Wilder Dam

6.0

10.0

BBS, Rare plant check, exemplary natural community check

Rick Van de Poll, Judy Macnab & Nicole Cormen (in part)

7/23/2009

Off Indian Ridge Rd, north Indian Ridge

4.4

6.5

Wildlife obs., invasives assessment, bear sign search, vernal pool survey

Jeff Littleton

7/30/2009

Two Rivers, E. Wilder boat ramp, behind Home Depot, Trues Bk outflow

3.2

6.0

Invert. search, rare plant survey, invasives check, riverside nat. comm. survey

Rick Van de Poll, Susie Caldwell & Kurt Rinehart (in part)

7/30/2009

Pike Industries property south of quarry

4.1

5.5

Wildlife obs., nat. comm. survey, vernal pool & int. stream surveys

Jeff Littleton

8/13/2009

Airport mitigation parcel and south Airport area

7.2

10.0

Wetlands assessment, rare plant check, wildlife obs., nat. comm. surveys

Rick Van de Poll

8/27/2009

Mt. Tug, Airport south

5.7

7.5

Nat. comm. assessment, wildlife obs., rare plant & wetlands check

Rick Van de Poll, Jeff Littleton, Don Lacey & Sarah Schwaegler (in

9/3/2009

Mt Lebanon school, Pine Tree Cemetery, Meadowbrook, Wilder Dam S

2.7

4.5

Dry land plant check, reconn Crafts Hill base, swim to Conn. R. island

Rick Van de Poll, Judy Macnab (at cemetery)

10/8/2009

Wilder Dam, Pine Tree Cem. S, Rock Ridge, Nature Walk, Riverside Dr.

1.8

3.0

Release mussel, check dry land plants, wetland assmt, floodplain forest check

Rick Van de Poll
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