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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