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and John E. McDonald3
Abstract - Moose have recently re-colonized the temperate forests of southern New
England, raising questions about this herbivore’s effect on forest dynamics in the
region. We quantified Moose foraging selectivity and intensity on tree species in relation to habitat features in central Massachusetts. Acer rubrum (Red Maple) and Tsuga
canadensis (Eastern Hemlock) were disproportionately browsed; Pinus strobus
(White Pine) was avoided. Foraging intensity correlated positively with elevation,
distance to development, and watershed type and negatively with time since forest
harvest, explaining 26% of the variation. Moose may interact with forest harvesting to contribute to a decline in Red Maple and Eastern Hemlock and an increase
in White Pine in intensively browsed patches. Nonetheless, foraging impacts may
diminish over time, as increasing temperatures and sprawling development increasingly restrict suitable Moose habitat.

Introduction
Large herbivores—often interacting with climate, fire, and human disturbance—can profoundly shape vegetation communities (McNaughton 1988,
Zimov et al. 1995). Megafaunal effects are particularly strong in ecotones
where climate is conducive to more than one vegetation type and foraging
and trampling disturbances can shift vegetation toward one type or the other
(Scholes and Archer 1997, Zimov et al. 1995). In forested biomes, persistent and rapid tree regeneration and low densities of browsing mammals
typically preclude large vegetation shifts by herbivores (e.g., from forest to
grassland; Forsyth 1985, Marks 1983); however, large mammals can still
have important effects on species composition and biodiversity, tree density,
successional pathways, and nutrient cycling in forests (Cote et al. 2004, Pastor et al. 1988).
Since the late 1980s, Alces alces L. (Moose) have recolonized their prehistorical range in southern New England (SNE) forests to approximately
the July 20 ˚C isotherm (Foster et al. 1998, 2002). Moose populations have
increased rapidly since their arrival and are currently estimated at 1000
resident animals in Massachusetts and Northern Connecticut (Massachusetts Wildlife, Westborough, MA, unpubl. data; Connecticut Department
of Environmental Protection, Hartford, CT, unpubl. data). Recent range expansions and recolonizations of Moose have also occurred in other parts of
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North America, including the midwestern United States, the Rocky Mountain States, and the coastal rain forests of British Columbia (Darimont et al.
2005, Karns 1997). Although the primary factors controlling many species’
southern range limits are competition and predation, temperature is the
primary factor determining the Moose’s southern limit (Brown et al. 1996,
Karns 1997).
Moose were relatively common in 17th-century Massachusetts, but uncommon in Connecticut (Godin 1977, Trefethen 1953). Conditions at that
time contrasted strikingly with the present. Predators such as Canis lupus
L. (Gray Wolf), Puma concolor L. (Mountain Lion), and Native Americans were relatively common; human settlements were primarily small and
dispersed; and temperatures were considerably colder under a Little Ice
Age climate (Cronon 1983, Foster et al. 2004, Godin 1977). Southern New
England disturbances were generally limited to localized surface fires, localized forest clearing by Native Americans, and infrequent (100–150 year
intervals) canopy-replacing windstorms (Foster et al. 2004, Whitney 1994).
Forest cover in southern New England included greater amounts of Fagus
grandifolia Ehrhart (American Beech), Quercus spp. (oak)—especially Q.
alba L. (White Oak)—Castanea dentata (Marshall) Borkhausen (American
Chestnut), and lesser amounts of Pinus strobus L. (White Pine), Betula lenta
L. (Black Birch), and especially Acer rubrum L. (Red Maple) (Abrams 1998,
2006; Hall et al. 2002).
Fires have been actively suppressed in SNE since the early 20th century
(Whitney 1994). Since the early 1800s, average temperatures have warmed
by about 1.5 ˚C, a trend particularly pronounced in the winter months; and
human development has increased dramatically in the region, reducing the
suitable habitat for the boreal-adapted Moose (Foster et al. 2004, Keim and
Rock 2001). However, in the past several decades, widespread low-intensity
logging of sawtimber-sized White Pine and Quercus rubra L. (Red Oak) has
created patches of increased regeneration (Kittredge et al. 2003, McDonald
et al. 2006). Logging combined with the extirpation of a chief predator—
the Gray Wolf—and a ban on Moose hunting have potentially enhanced
the quality of the remaining habitat in this region, at least in the short term
(Telfer 1984, Thompson and Stewart 1997).
Due to the early extirpation of Moose from most of its temperate forest
range, there is almost no information about their habitat selection or foraging
behavior in the mixed hardwood-White Pine-Tsuga canadensis L. (Carriere)
(Eastern Hemlock) forests typical of the region. Our main objectives in this
study were: (1) to quantify the selectivity and intensity of Moose foraging
to anticipate possible impacts of this large herbivore on forest vegetation in
Central Massachusetts and (2) to identify habitat features influencing Moose
foraging activity at landscape and site scales. To address these goals, we
quantified species-level availability and use of woody plants in two large
forested areas and evaluated browse intensity in relationship to forest characteristics, landscape features, and harvesting activity.
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Field Site Description
The Quabbin and Ware River Watershed forests in the Central Uplands
of Massachusetts were selected for investigation because these undeveloped
areas support the highest Moose densities in the region (an estimated 0.5
individuals/km² in Quabbin and 1.1 individuals/km² in Ware River; D. Clark,
Director of Natural Resources, Quabbin/Ware River Watershed, Belchertown, MA, pers. comm.) and because they include extensive forest harvesting
and considerable variation in forest composition and habitat characteristics
that could influence browse patterns (Table 1, Fig. 1; McDonald et al. 2006).
Both watersheds are 10 km from a large urban area (Table 1).
Average temperatures within 10–15 km of the study area are -3.5 ˚C
in winter and 19.6 ˚C in summer (Harvard Forest, unpubl. weather station
data 2001–2005), values that exceed documented heat-stress thresholds
for Moose in the boreal forest by 1.5 ˚C in winter and 5.6 ˚C in summer
(Schwartz and Renecker 1997). Ursus americanus Pallas (Black Bear),
a chief predator of Moose calves, are present in both watershed forests
(Ballard and Van Ballenberghe 1997, Foster et al. 2002). Odocoileus virginianus Zimmerman (White-tailed Deer), a potential competitor and disease
transmitter to Moose, occur at low densities (2–7 individuals/km²) in both
watersheds (Boer 1997, McDonald et al. 2007).
Quabbin Watershed Forest
The 22,000-ha Quabbin Watershed Forest (42°17'N, 72°21'W; Fig. 1) is
the largest tract of conservation land in southern New England (Kittredge et
al. 2003). Soils are primarily till-derived and acidic, and elevations range from
116 to 382 m, with a mean of 232 m. Oak-pine forests predominate with lesser
amounts of Eastern Hemlock, northern hardwoods, and conifer plantations
(Kyker-Snowman et al. 2007). Oaks comprise 31% of the forest’s basal area,
White Pine 28%, Red Maple 13%, Eastern Hemlock 9%, Black Birch 5%,
Fraxinus americana L. (White Ash) 4%, and Prunus serotina Ehrhart (Black
Cherry) <1% (Kyker-Snowman et al. 2007). The Quabbin forest is closed to
public vehicles and development, but has an extensive network of unpaved
roads. Moose colonized the watershed in about 1993 (B. Spencer, former chief
forester, Quabbin Watershed Forest, Belchertown, MA, pers. comm.).
Table 1. Important Moose habitat characteristics of two watershed forests in central Massachusetts (Drawbridge et al. 2003, Kyker-Snowman et al. 2007)
Watershed characteristics

Quabbin

Size (ha)
Average elevation (m)
% conifer cover
% conifer swamp
% of land harvested since 1984
Relative size of patch clearcuts
% open wetlands
Closest (km) large urban area (>150,000 people)

22,000
232
22
<1
30
Smaller
3
14

Ware River
9500
267
23
4
22
Larger
6
10

4

Northeastern Naturalist

Vol. 17, No. 1

Figure 1. Central Massachusetts study area with 120 study sites (shown as white
circles with black dots). Inset is the location of the two study areas, the Quabbin (left)
and Ware River (right) Watershed forests, in southern New England. Data from US
EPA 2001 National Land Cover Data, Massachusetts Department of Conservations
and Recreation, and MassGIS.

2010

E.K. Faison, G. Motzkin, D.R. Foster, and J.E. McDonald

5

Ware River Watershed Forest
The 9500-ha Ware River Watershed Forest (42°25'N, 72°01'W; Fig. 1)
lies 10 km east of the Quabbin area. The glacial till-covered uplands are
interspersed with extensive valley outwash deposits and support oak-pine
forests with a large proportion of forested and open wetlands (Drawbridge
et al. 2003). White Pine accounts for 37% of the basal area, oaks 30%, Red
Maple 16%, Eastern Hemlock 7%, and Black Cherry 4% (Drawbridge et al.
2003). Elevations range from 190 to 365 m with a mean of 267 m. The Ware
River Watershed Forest is undeveloped but has a network of trails and unpaved roads, many of which are open to public vehicular access (Drawbridge
et al. 2003). Moose colonized the Ware River about 1993 (H. Eck, chief
forester, Quabbin/Ware River Watershed, Belchertown, MA, pers. comm.).
Methods
Plot selection
We established plots following a stratified-random design, stratifying by forest types and recent harvesting history. Three upland forest
types (hemlock, oak-pine, and northern hardwoods) and two wetland
forest types (swamp hardwoods and Picea spp. [spruce] - Abies balsamea
(L.) Miller (Balsam Fir) were identified on forest-type maps for each
watershed (Degraaf and Yamasaki 2001; Massachusetts Department of
Conservation and Recreation, Belchertown, MA, unpubl. data). Upland
areas harvested since 1984 were identified based on maps filed for all commercial harvests in Massachusetts (McDonald et al. 2006). Eight harvested
and 8 unharvested sites were randomly selected in each forest type. In
addition, 8 oak-pine hilltops were sampled to broaden the range of topographical positions. In cases where the vegetation and harvesting history in
the field did not match the mapped cover type, the site was sampled and the
designations corrected. To ensure independence of plots, sample locations
were separated by a minimum distance of 700 m, a distance greater than
the average daily movements of Moose in winter (Phillips et al. 1973). We
distributed 120 sample plots among the 2 watersheds in approximate proportion to their forest area (Fig. 1).
Vegetation surveys
Each study site consisted of two 100-m² circular plots for sampling trees,
tall shrubs, and browsing activity. Species and DBH were recorded for all
trees >2.5 cm DBH, and all tall shrubs greater than 1.8 m high were recorded
by species. In a nested 10-m² circular subplot within each 100-m² plot, all
tree stems <2.5 cm DBH were recorded by species to determine seedling
density and composition (Degraaf and Yamasaki 2001, Higgins et al. 1996).
The centers of the two 100-m² plots were 30 m apart, and data from the 2
subplots were summed.
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Moose foraging surveys
At each site, Moose foraging was assessed on trees and shrubs. To distinguish Moose from White-tailed Deer foraging, we only recorded browse
above 1.8 m, the approximate height limit for year-round deer foraging
(Curtis and Sullivan 2001). Moose forage at all heights between 0–3 m,
but feeding trials have shown that, on >80% of deciduous tree species, they
consume most browse between 1.5 and 2.5 m (Bergstrom and Danell 1986).
We assumed that recording browse above 1.8 m would exclude most deer
browse but capture the predominant foraging activity of Moose; however,
we recognized that in recently harvested areas this sampling system would
not capture Moose browsing on low stump sprouts.
In each 100-m² plot, all woody stems with live twigs between 1.8 and
3.0 m and rooted in the plot were recorded by species, and presence/absence of browsing was noted. Only stems that were unequivocally browsed
(i.e., torn and ragged) were recorded as “yes”, and no distinction was
made between recent and old browsing; thus, our browsing surveys likely
reflected a browsing history that extended back months and even years
(McInnes et al. 1992). Moose also strip bark from the trunks of saplings
and pole-sized trees and walk on or pull down small trees to browse the
nutritious leading shoots, breaking stems (Schwartz and Renecker 1997).
We noted saplings broken along the major stem (with browsed leading
shoots) and recorded bark-stripped stems >1.8 m high. Moose predominantly feed on leaves of deciduous woody plants and aquatic vegetation in
summer and on twigs and bark in winter and early spring (Renecker and
Schwartz 1997). Therefore, our data likely captured predominantly late
fall to early spring foraging.
Foraging-intensity index
To quantify the level of impact by Moose at each site, we developed
a foraging-intensity index that combined three variables: browsing, bark
stripping, and stem breakage. Moose are capable of impacting woody
plants up to 6 cm DBH by pulling down and breaking the stem and by
browsing terminal shoots (Renecker and Schwartz 1997). Above 6 cm
DBH, trees are too large for Moose to pull down. Although Moose regularly browse lower branches of larger trees, this likely has minimal impact
on the tree, and we therefore restricted our analysis of browse to stems 6
cm DBH. Moose can, however, impact larger trees by bark stripping and
are therefore able to affect forest communities from the seedling layer up
into the canopy (Miquelle and Van Ballenberghe 1989). With this in mind,
at each site, we summed the proportion of stems 6 cm DBH browsed, the
proportion of stems 6 cm DBH broken, and the proportion of trees >2.5
cm DBH bark-stripped. We then divided this sum by 3 in order to express
the index relative to 100. We limited index calculations to sites with 4
available stems per category to avoid spuriously high or low proportions
that might result from very small samples.
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Explanatory variables
Telfer (1984) outlined major habitat features influencing Moose distribution, which include climate, landform, vegetation, and animal communities
(including humans). Based on these habitat features, we selected 6 predictor
variables (five continuous and one categorical) for analysis in relation to
Moose foraging intensity: elevation, solar radiation (hillshade), time since
forest harvest, distance to development and major roads, “watershed” (i.e.,
Ware River or Quabbin), and Eastern Hemlock sapling density. Elevation is
inversely related to winter temperature in central Massachusetts, and Moose
begin to show winter heat stress at temperatures similar to January averages
for central Massachusetts (Foster et al. 1998, Kanda et al. 2005, Schwartz
and Renecker 1997). Hillshade is derived from an analysis performed with
ArcGIS 9.2 to provide a proxy for relative radiation load using winter altitudes and azimuths for the town of Barre, MA (US Naval Observatory 2008).
Time since harvest had a maximum value of 22 years because forest-cutting
plans were not filed prior to the 1983 Massachusetts Forest Cutting Practices
Act (McDonald et al. 2006). Distance to development/major roads was also
calculated with ArcGIS, and “developed” land included residential, industrial, commercial, transportation, waste disposal, and recreation sites, but was
primarily residential development in our study area. “Major” roads did not
include unpaved forest roads. A maximum distance of 500 m was used for
this variable, as wildlife is generally influenced by development up to this
distance at a site scale (Duerksen et al. 1996). The categorical variable “watershed” was related to broader landscape features relevant to Moose habitat,
including percentage of open wetlands, percentage of conifer swamps, and
relative size of patch clear cuts (Table 1). Lastly, Eastern Hemlock sapling
density reflected the number of Eastern Hemlock stems (>1.8 m high and 6
cm DBH) at each site.
Statistical analysis
Multiple linear regression was used to analyze foraging intensity (dependent variable) in relation to six explanatory variables. We examined
correlation coefficients for the 6 variables, and none of them were significantly correlated (R < 0.18, P > 0.08; Table 2), which increased the
Table 2. Correlation coefficients (R) of predictor variables entered into multiple regression and
stepAIC model.

Variable

Distance to
Eastern
Harvest development
Hemlock
age
/roads
Watershed Hillshade Elevation saplings

Harvest age
Distance to development/roads
Landscape
Hillshade
Elevation
Eastern Hemlock saplings1
1

0.015

0.127
0.069

0.009
0.012
0.081

-0.081
-0.015
0.178
0.077

Density of Eastern Hemlock saplings (1.8 m high, 6 cm DBH) at each site.

0.038
0.001
0.145
0.041
0.166
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reliability of the final model (Gotelli and Ellison 2004, Graham 2003). To
further test the reliability of the coefficients obtained from the multiple
regression analysis, we performed a “stepAIC” (both directions) with
Akaike’s information criterion (AIC) to select the best model from the
predictor variables. We used chi-square tests to examine browse selectivity among individual tree species. Despite using multiple comparisons, we
chose not to use Bonferroni adjustments, which are deemed excessively
conservative by Gotelli and Ellison (2004). We did, however, use Yates
continuity corrections for each test (Gotelli and Ellison 2004). Tree species are presented as “selected” or “avoided” based on whether there was a
significant difference between their availability and use. We used analysis
of variance (ANOVA) to compare foraging intensities among the 5 forest
types. All data were arc-sine or log transformed to achieve normality, and
all analyses were performed with S-Plus 8.0 software (Insightful Corporation, Seattle, WA).
Results
At sites where Moose sign was observed, the average percentage of stems
browsed was 36% at Ware River and 18% at Quabbin. Overall, only 3% of
our sites were intensively browsed (>75% of stems browsed). Bark stripping
occurred on 1% of trees >2.5 cm DBH and <30 cm DBH, and 91% of the
incidences occurred at Ware River sites. Red Maple accounted for 98% of
bark-stripped stems, and 2% of our sites were intensively stripped (>50%
of stems stripped). Stem breakage by Moose occurred on 1% of all small
saplings (2.5–6.0 cm DBH). Among major tree species (6.0 cm DBH) in
harvested sites, White Pine was avoided (P < 0.001), and Red Maple (P <
0.01) and total hardwoods (P < 0.001) were selected for browsing (Table 3).
In unharvested sites, Eastern Hemlock (P < 0.05) was selected, and White
Pine was avoided (P < 0.01; Table 4). Red Maple was selected for bark stripping in both harvested and unharvested forests (Tables 3 and 4). Hemlock
saplings were broken in greater proportion to their availability in unharvested areas and overall (P < 0.01; Tables 4 and 5), while Betula populifolia
Marsh (Gray Birch) saplings were disproportionately broken in harvested
sites (P < 0.001; Tables 3–5).
Foraging intensity
One hundred sites met the inclusion criteria of the foraging-intensity
index, and index values ranged from 0–0.40 across these sites. Five of the
100 sites were excluded from the subsequent multiple regression and stepAIC analysis because of missing values. The multiple regression model
included three significant variables (P <0.05) that explained 26% of the
variation in foraging intensity: elevation (positive; P = 0.004), watershed
(Ware River; P = 0.02), and time since harvest (negative; P = 0.03); distance
to development was marginally significant (positive; P = 0.05). StepAIC
analysis produced a final model with the same four explanatory variables as
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predictors of Moose foraging intensity. Lastly, foraging intensities did not
differ across forest types (P = 0.84).
Discussion
Selective foraging and long-term forest dynamics
Moose selected Eastern Hemlock, Red Maple, and total hardwood
browse and avoided White Pine. Moose also stripped Red Maple saplings
and poles and broke Eastern Hemlock and Gray Birch saplings in greater
proportion to their availability (Tables 3–5). White Pine has increased in
the region since the time of European settlement (Hall et al. 2002), in part
as a result of selective browsing by domestic cattle in late 19th- and early
20 th-century abandoned fields (Bromley 1935, Fisher 1918). Selective
browsing by Moose may continue to promote the increase of White Pine in
this landscape.
Red Maple has increased in the region as a result of 20th-century fire suppression, selective harvesting of oaks, and perhaps increased precipitation
(Abrams 1998, Hall et al. 2002, Keim and Rock 2001). Selection of Red
Maple twigs and bark by Moose and reductions of Red Maple seedlings in
Table 3. Moose selection and avoidance of trees in harvested sites of both watershed forests.
Chi-square values indicate the degree of difference between used and available stems.
Unharvested sites

n

% used % available

Ȥ2

Choice4
S

1

Browsing
Red Maple
Black Birch
Carpinus caroliniana Walt.
(American Hornbeam)
American Chestnut
White Ash
White Pine
Black Cherry
Red Oak
Eastern Hemlock
Other trees
Hardwoods
Conifers

120
176
10

30
25
1

17
25
1

16.7**
0.01
0.15

12
19
212
58
28
14
43
465
227

3
0.4
9
14
4
3
10
89
11

2
3
31
8
4
2
6
67
33

1.50
4.30
43.1***
5.40
0.12
0.31
3.10
39.1***
39.1***

S
A

Bark stripping²
Red Maple
Other trees

118
440

100
0

21
79

18.0***
18.0***

S
A

Stem breakage³
Gray Birch
Red Oak
Other trees

5
16
264

33
33
33

2
6
91

24.9***
7.50
26.3***

S

¹Trees 6.0 cm DBH.
²Trees 2.5–29.0cm DBH.
³Trees 2.5–6.0cm DBH.
4
Choice: S = selected, A = avoided.
*P < 0.05, **P < 0.01, ***P < 0.001.

A

A
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the region by deer (Healy 1997) suggest that Moose browsing could limit
Red Maple in some areas. Winter browsing, captured by our sampling, is
generally less harmful to hardwoods like Red Maple than is summer browsing (Canham et al. 1994), and bark-stripped trees often recover unless
severely girdled (>66% of circumference; Gill 1992). Although we did not
measure the percent circumference of bark wounds, we observed that most
Red Maples were damaged at a level below 66%. Nonetheless, an increased
incidence of disease and stem breakage can occur at the wound site of barkstripped stems (Gill 1992, Miquelle and Van Ballenberghe 1989).
Like Balsam Fir in the boreal forests of eastern North America,
Eastern Hemlock appears to be an important winter browse species for
Moose in the temperate forests of SNE; Eastern Hemlock is also selected
by deer in this region and has declined in the past decade due to Adelges
tsugae Annand (Hemlock Woolly Adelgid) and associated salvage logging (Kittredge and Ashton 1995, Orwig et al. 2002). Moose browsing
may contribute to this on-going decline and could have a bigger impact
on Eastern Hemlock than on Red Maple because of Eastern Hemlock’s
slower growth rate than hardwoods (Kelty 1986), the generally poorer
Table 4. Moose selection and avoidance of trees in unharvested sites of both watershed forests.
Chi-square values indicate the degree of difference between used and available stems.
Unharvested sites

n

% used % available

Ȥ2

Choice4

Browsing1
Balsam Fir
13
Red Maple
93
Betula alleghaniensis Britt. (Yellow Birch) 17
Black Birch
63
American Hornbeam
36
White Pine
135
White Oak
11
Red Oak
17
Quercus velutina Lam. (Black Oak)
16
Eastern Hemlock
35
Other trees
38
Hardwoods
295
Conifers
193

6
24
8
8
10
9
5
4
3
17
6
68
32

3
19
3
13
7
28
2
3
3
7
8
60
40

3.50
1.00
3.20
2.10
0.58
15.30**
2.80
0.15
0.001
9.80*
0.20
1.80
1.80

Bark stripping2
Red Maple
American Chestnut
Other trees

142
4
441

98
2
0

24
1
75

98.00***
1.40
107.70***

A

Stem breakage3
Red Maple
Red Oak
Eastern Hemlock
Other trees

64
8
30
177

17
17
67
0

23
3
11
66

0.13
3.70
17.50**
10.00*

S
A

1

Trees 6.0 cm DBH.
Trees 2.5–29.0cm DBH.
3
Trees 2.5–6.0cm DBH.
4
Choice: S = selected, A = avoided.
*P < 0.05, **P < 0.01, ***P < 0.001.
2

A

S

S
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ability of conifers to exhibit compensatory growth to browsing (Persson
et al. 2005), and Eastern Hemlock’s apparent susceptibility to stem breakage (Miquelle and Van Ballenberghe 1989).
In the boreal regions of eastern North America, Moose browsing shows
some parallel patterns to SNE. One dominant conifer (Balsam Fir) and a
few deciduous species—Betula papyrifera Marshall (Paper Birch), Populus
tremuloides Michx. (Quaking Aspen), and Populus balsamifera L. (Balsam
Poplar)—are selected by Moose. A second major conifer (spruce) is avoided
(Pastor et al. 1988, Thompson et al. 1992). Selective and intensive foraging
in the boreal forest has shifted forest composition from early successional
hardwoods to late successional spruce in some areas, speeding up forest succession and reducing available soil nitrogen (by increasing the proportion
of low-nutrient spruce litter that is returned to the soil; Pastor et al. 1988,
Thompson et al. 1992).
The successional implications of our foraging data are difficult to generalize. Selection by Moose of Red Maple and early successional Gray Birch
in regenerating stands dominated by hardwoods may speed up succession
by allowing oaks to dominate the stand more quickly than they otherwise
would (Oliver and Larson 1996). However, selection of Eastern Hemlock
and Red Maple and avoidance of White Pine on very moist sites could
slow down succession, as Eastern Hemlock and Red Maple outgrow other
species at an earlier age in moist locations and persist as late-successional
Table 5. Moose selection and avoidance of trees in all sites of both watershed forests. Chisquare values indicate the degree of difference between used and available stems.
All sites

n

% used % available

Ȥ2

Choice4

1

Browsing
Red Maple
Black Birch
White Pine
Black Cherry
Oak spp.
Eastern Hemlock
Hardwoods
Conifers

213
239
347
71
75
49
760
420

28
20
9
10
7
7
83
17

18
20
29
6
6
4
64
36

16.10**
0.01
57.20***
5.40
0.02
4.20
38.00***
38.00***

S
A

Bark stripping2
Red Maple
Other trees

260
885

98
2

23
77

122.90***
122.90***

S
A

Stem breakage3
Red Maple
Oak spp.
Eastern Hemlock
Other trees

121
32
36
383

9
27
36
27

21
6
6
69

0.99
8.98
15.30**
7.60

1

Trees 6.0 cm DBH.
Trees 2.5–29.0cm DBH.
3
Trees 2.5–6.0cm DBH.
4
Choice: S = selected, A = avoided.
*P < 0.05, **P < 0.01, ***P < 0.001.
2

S
A

S
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dominants (Oliver and Larson 1996, Spurr 1956). White Pine does occur as
a less frequent, late-successional species in Central Massachusetts on dry
soils (Spurr 1956). In contrast to the decline of soil fertility associated with
an increase in spruce in the boreal model, an increase in White Pine in SNE
would not necessarily result in a decline in soil fertility; soils beneath White
Pine stands can have higher nitrogen mineralization rates than those beneath
adjacent hardwood stands (Binkley and Valentine 1991).
Oaks, a valuable timber species in SNE and also producing the most important food source (acorns) for eastern forest animals (McShea and Healy
2002, University of Connecticut Cooperative Extension Service 1994–
2008), were not selectively browsed, bark stripped, or broken by Moose.
Oak seedlings, however, declined sharply in the Quabbin Reservation from
deer browsing during the 20th century (Healy 1997). Relative abundance
of overstory oaks has declined across the region and most of the eastern
United States since pre-settlement times, perhaps due to fire suppression and
increased precipitation (Abrams 2006, Keim and Rock 2001). Oak recruitment into the sapling layer is currently very low in many areas in the eastern
United States, but in southern New England, oak sapling densities are higher
today than they were two decades ago (Abrams 2006, Moser et al. 2006).
Foraging intensity and effect on forests
When projecting impacts by moose to temperate forests of southern
New England, it is instructive to examine how different foraging intensities
by Moose and other herbivores have affected plant communities in other
regions. In the boreal forests of Isle Royale, MI, tree biomass production
was related to past browsing intensity. Vegetation at a site with heavy past
browsing (76% of woody stems browsed) was substantially altered—e.g.,
unpalatable spruce were the only trees growing above browse height, while
Balsam Fir and Paper Birch were suppressed (McInnes et al. 1992, Pastor et
al. 1988). In contrast, the tree species mix at a site with moderate past browsing (51% of stems browsed) was not changed.
Shifts in community composition have been noted when >50% of the
stems of a particular tree species were bark stripped by herbivores such as
White-tailed Deer and Cervus elaphus L. (Elk) (Miquelle and Van Ballenberghe 1989). Only 3% of our sites matched the >75% browsing intensity
associated with strong impacts to Isle Royale forests, and only 2% of our
sites had >50% Red Maple stems stripped. Thus, our data imply that Moose
(at current population densities) may have serious impacts on forests at only
scattered localities in SNE.
Interactions with forest harvesting
Foraging intensity was unrelated to forest type, but was correlated with
time since forest harvesting. Moose are attracted to early seral stages of
forests (5–15 years) because of high stem densities, large shoots produced
by stump sprouting, and high quality forage resulting from increased soil
nitrogen mineralization stimulated by fire and forest harvesting (Pastor et
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al. 1988, Rea and Gillingham 2001, Renecker and Schwartz 1997). Had we
sampled browsing <1.8 m in height (and been able to distinguish Moose
from deer browsing), we would have captured intensive browsing of low
stump sprouts in recent harvests and perhaps strengthened the relationship
between foraging intensity and time since harvest. This sampling limitation
may account for some of the 74% unexplained variation in our multiple regression model.
With 25–30% of the forest land in central Massachusetts harvested
between 1984–2003 and White Pine growing with Red Maple and other
hardwoods in many regenerating cut blocks, the current rate of logging
could largely determine spatial pattern and extent of Moose impacts to forest composition (McDonald et al. 2006). In the boreal zone, landscape-scale
fires and large clearcuts (Delong and Tanner 1996, Hunter 1993) produce
extensive areas of abundant regeneration that can reduce the impact of even
very high Moose densities (Pastor et al. 1988, Peterson 1995). The small
scale and intensity of Massachusetts harvests (average 15 ha; Kittredge et
al. 2003) suggests that regeneration in SNE forests may be more susceptible
to Moose impacts than in boreal forests.
Controls over landscape-level patterns
Foraging intensity was related to elevation and specific watershed features and suggests that in addition to recent forest harvests, thermoregulation
and year-round availability of forage away from human settlements may be
important controls over Moose foraging. Several aspects of the Ware River
area appear to be favorable for Moose. A higher fraction of the watershed
consists of coniferous forested wetlands than the Quabbin, providing Moose
with cool locations during the summer and abundant tall-shrub browse (Pastor et al. 1988; Table 1). The Ware River also has twice the percentage of
open wetlands than the Quabbin; these wetlands supply abundant aquatic
plants (Table 1). Despite the Quabbin’s greater proportion of harvested
forests, the Ware River has historically been managed with larger patch
clearcuts, creating larger areas of concentrated browse that allow Moose to
forage with less energy expenditure (Telfer 1984).
The relationship between foraging intensity and elevation suggests that
topography and thermoregulation could limit the ability of Moose to impact forests at lower elevations in the region and ultimately to spread south
into the lowlands of southern New England. Microclimatic studies indicate
that temperatures in the region decrease approximately 0.7–1.3 ˚C over an
equivalent elevation rise of our study area (Kanda et al. 2005, Ross 1958),
a significant amount given that Moose in the boreal forest begin to exhibit
heat stress in winter at temperatures (-5 ˚C) that are below winter averages
in central Massachusetts (-3.5 ˚C; Harvard Forest, unpubl. weather station
data 2001–2005; Schwartz and Renecker 1997). With some climate models predicting a rise in regional temperatures of 3.1–5.3 ˚C over the next
century and the loss of forestland in Massachusetts and Connecticut accelerating over the past 30 years (Foster et al. 2005, Hurtt and Hale 2001),
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much (if not all) of the region could be rendered unsuitable for Moose by
the end of the century. Suitable Moose habitat may become restricted to
remote, elevated areas with abundant swamps and open wetlands, reducing
the extent of their impacts to forest dynamics in this region.
Moose are unlikely to be limited by predation in SNE, as only one of
their three chief predators, Black Bear, currently inhabits the region. Potential recolonization habitat for the Gray Wolf in the northeastern United
States is limited to northern New England and New York (Mladenoff and
Sickley 1998).
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