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ON THE COVER: This white-tailed deer is standing on its hind legs 
ready to browse on a young jack pine tree. (Photo courtesy of Michigan 
Department of Natural Resources.) OPPOSITE PAGE, TOP ROW, LEFT: 
The white-tailed deer browse line is shown here on white cedar in the 
winter. This is in the Onion Mountain yard in Superior National Forest. 
(Photo courtesy of U.S. Fish and Wildlife Service.) TOP ROW, RIGHT: 
This is a snowshoe hare in its typical winter habitat. (Photo courtesy of 
U.S. Fish and Wildlife Service.) MIDDLE ROW, LEFT: This control plot 
in the Superior National Forest shows that white-tailed deer seldom 
browse on red pine. MIDDLE ROW, RIGHT: This is snowshoe hare 
habitat in a swamp at the edge of the Heart Lake Burn in the Superior 
National Forest. BOTTOM: The white-tailed deer was very common in 
Itasca State Park before the herd was reduced in 1945. (Photo courtesy 
of John Dobie, Minnesota Department of Natural Resources.) 
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Figure 1. This white-tailed deer fawn is barely able to stand up because of a lack of winter browse in the 
Superior National Forest. 

INTRODUCTION 

From the early l 930's through 
the l 940's, the white-tailed deer 
(Odocoileus virginianus)* increased 
within northern Minnesota's conifer 
forest. The 23,641 square miles of 
deer range constitutes about two
thirds of Minnesota's entire range 
(Erickson, et al., 1961). Aspen
birch, grass-brush, and spruce-fir 
are the three major habitats within 
the northern forest zone. These 
types cover more than three-fourths 
of the area. 

Forest fires and timber cutting 
improved the habitat and prompted 
the deer invasion. Much winter loss 
occurred at many locations during 
the 1930's and l 940's (figure 1 ). 
In the late l 940's, only about 
4,000 deer were harvested in the 
3-million-acre Superior National 
Forest in northeastern Minnesota; 
an estimated 12,000 died of star
vation (Hill, 1938) 

With the start of the Civilian 
Conservation Corps in 1933, large
scale conifer tree planting programs 
began at a time when snowshoe 
hares were abundant. Consequently, 

hares were responsible for much 
seedling mortality. They were a ma
jor problem in the establishment of 
pine and spruce plantations. 

Local overpopulations of deer 
and snowshoe hares (Lepus ameri
canus) were having a significant 
effect on the northern forest. Ti,~ 
need to demonstrate and measure 
their impact on vegetation was ur
gent. To accomplish this, an exclosure 
was established in 1938 within the 
J onvik Deer Yard in the Superior 
National Forest. By the late l 940's 
and early l 950's, 13 exclosures 
were established in the Superior 
National Forest. Most were within 
the region-in state parks, national 
forests, and national wildlife refuges. 
Vegetation at each exclosure site 
was checked at periodic intervals 
for about a quarter of a century. 
The exclosures were also visual dem
onstration areas for the public. 
Sportsmen's clubs and conserva
tion groups could observe the effect 
herbivores were having on forest 
growth and composition. 

*Scientific names of mammals follow 
Miller and Kellogg (1955). 
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LITERATURE REVIEW 
Snowshoe hare 

Food habits of snowshoe hares in 
the Cushing area in north central 
Minnesota were determined by ex
amining the contents of 54 stom
achs (Aldous, 1936). Fifteen stom
achs collected in the spring showed 
at least 90 percent of the contents 
of seven hares consisted of trembling 
aspen (Populus tremuloides)*, willow 
(Salix sp.), and paper birch (Betula 
papyrifera). Also, nine winter 
stomachs were composed entirely of 
the bark, buds, and twigs of willow 
and paper birch. A second study, to 
determine the woody preferences of 
snowshoe hares in the Lake States, 
also showed that young aspen, 
willows, and the birches were pre
ferred (Anon., 1936). 

Among the conifers, hares pre
ferred jack pine (Pinus banksiana), 
white pine (Pinus strobus), and 
tamarack (Larix laricina). Other 
species they ate were white cedar 

*Botanical nomenclature of tree spe
cies follow Little (1953); that of 
shrubs, Fernald (1950). 



-------~-----

( Thuja occidentalis), white spruce 
(Picea glauca), and red pine (Pinus 
resinosa). Less used species were 
balsam fir (Abies balsamea) and 
black spruce (Picea mariana). 
Aldous and Aldous ( 1944) said the 
snowshoe hare ... "probably always 
destroyed a great many young coni
fers, but the fact was not given 
serious consideration until after 
1915, when large scale planting was 
begun by the U.S. Forest Service. 
Hares seemed to prefer conifers in 
the order of jack pine, red pine, 
white pine, and white spruce." 

The order for red pine and white 
pine was sometimes reversed. Also, 
red pine appeared to suffer from 
injury more than did other conifers. 
To determine sensitivity ranking, a 
3-year study measured the effect 
of simulated snowshoe hare and 
deer browsing on planted conifers 
in the Lake States (Krefting and 
Stoeckler, 1953). During that time, 
the terminal bud and 1 inch of the 
leader were clipped one to three 
times. The results showed red pine 
was the most sensitive-there was a 
significant reduction in survival and 
height growth from even a single 
clipping. White pine and jack pine 
were intermediate in response to 
clipping. White spruce was not af
fected after 3 years of clipping. 

On Valcour Island in Lake 
Champlain, N.Y., a study on varying 
hare and forest succession showed 
much selectivity in food choice (Cook 
and Robeson, 1945). It showed ... 
"white pine, red pine, and white 
spruce seedlings less than four feet 
tall were killed outright; larger trees 
were trimmed as high as the hares 
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could reach. Balsam fir and white 
cedar were not fed upon. " 

An exclosure study on the Kane 
Experimental Forest in Allegheny 
hardwood forests showed that rabbits 
were more discriminating than were 
deer (Hough, 1949). The preference 
ranking was red maple (Acer ru
brum), beech (Fagus grandifolia), 
sugar maple (Acer saccharum) , and 
hemlock ( Tsuga canadensis). 

Bookhout (1965) studied feeding 
coactions between snowshoe hares 
and white-tailed deer in northern 
Michigan during 2 winters. While 
deer removed 5.8 to 6.8 percent of 
the total available winter browse 
the I st and 2nd winters, hares, at 
their cyclic high , removed 19 per
cent as much browse as did deer on 
a per acre basis. He found that 
overall competition was not signifi
cant for any single food item avail
able in large quantities. White cedar 
was most heavily used, but combined 
browsing removed only 4 to 4.5 
percent of available twigs both 
winters. Hares played a minor role. 

In Newfoundland, 27 of 30 woody 
plants utilized by snowshoe hares 
were also browsed by moose. Lamb
kill (Kalmia angustifolia) and spruce 
were important food species for 
hares. They were not browsed or 
only occasionally browsed by moose. 
Paper birch was favored by both 
hares and moose. He also noted 
that hares had much less feeding 
activity in high density moose areas. 
Serious competition occurred only 
in cutover areas where balsam fir 
and paper birch were dominant 
species. 

On Isle Royale, Mich., the hare is 
the third most important consumer 



of island vegetation (Krefting, 197 4 ). 
On nearby Passage Island, where 
moose are absent, hare browsing 
was severe in 1945. The percentage 
of each food eaten was: pin cherry 
(Prunus pensylvanica), 44; mountain 
ash (Sorbus americana), 22; balsam 
fir and ground hemlock (Tax us 
canadensis), each 14; and mountain 
alder (Alnus crispa), redosier dog
wood ( Cornus stolonifera), and high
bush cranberry (Viburnum rafines
quianum), each 2 percent. No hare 
nipping was found at two exclosure 
sites on Isle Royale over a 20-year 
period; at two other exclosures, hare 
nipping occurred. At Siskiwit Lake, 
4 percent of the 148 stems of balsam, 
willow, and paper birch were eaten 
in 1959. And in 1961, 12 percent of 
120 stems of balsam fir, paper birch, 
and redosier dogwood were clipped 
by hares. At the Siskiwit Camp ex
closure, 27 percent of 59 stems of 
pin cherry, paper birch, mountain 
maple (Acer spicatum), white cedar, 
and highbush cranberry were brows
ed in 1961. On the island as a unit, 
the snowshoe hare was not a serious 
deterrent to Isle Royale vegetation. 
These findings are somewhat in 
agreement with Dodds (1960). He 
also reported much less feeding 
activity by hares in high density 
moose areas. 

White-tailed deer 
The effect of deer browsing on a 

mature hardwood forest was studied 
based on an exclosure established 
in 1939 at the Huntington Forest, 
N.Y. (Webb et al., 1956). The area 
was sampled inside and outside the 
fence in 1950 and 15 years later. 
Deer browsing reduced the density 

of hard maple reproduction as well 
as average height and diameter of 
the trees. But the difference was not 
enough to influence future stand 
composition. White ash (Fraxinus 
americana) and yellow birch (Betula 
alleghaniensis) were browsed,. but 
growth was not affected. Beech was 
not affected because it was seldom 
browsed. Among the shrub species, 
witch hobble (Viburnum alnifolum), 
honeysuckle (Lonicera canadensis), 
and striped maple (Acer pensylvani
cum) browsing had little influence 
on vigor. The study showed that 
deer are not an important limiting 
factor for any tree, shrub, or her
baceous species in the uncut mature 
northern hardwood forest. 

The study on the effect of deer 
browsing on reproduction in north
ern hardwood-hemlock stands in 
northeastern Wisconsin has shown 
that sugar maple can withstand 
heavy browsing for many years with
out mortality. However, the young 
trees become stunted and malformed 
(Stoeckler et al., 1957). Since deer 
browsing affects height growth, the 
result is usually a stand where there 
is little or no gradation in height 
between small reproduction and 
trees of sapling size. As the stand 
ages, a serious gap in diameter-class 
distribution occurs. The general con
clusion-based on the findings of 
four exclosures-is that a prolonged 
(6 to 8 years) period of low deer 
population is needed for adequate 
growth and stocking. Hares are 
unimportant in this area. 

Deer exclosure experiments in 
the Ottawa National Forest in Upper 
Michigan were made in three forest 
types (Graham, 1958). Five ex-
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closures were established in 1949 
in each of three types selectively 
logged: mixed conifer-hardwood 
swamp; white pine type; and north
ern hardwood-hemlock type. The 
results suggested that the effect of 
browsing depended mostly on forest 
type because of the selective nature 
of deer browsing. Basswood (Ti Lia 
americana), hemlock, and yellow 
birch were almost eliminated in the 
northern hardwood-hemlock type. 
Generally, the remaining stand was 
almost pure sugar maple. However 
in the mixed conifer-hardwood type, 
less desirable hardwoods were 
browsed; balsam fir and white 
spruce were favored. Such browsing 
tended to favor a more productive 
forest for both wood and deer. Spe
cies with a high tolerance to brows
ing-such as sugar maple and red 
maple-will predominate in future 
stands. Species less tolerant to brows
ing-such as yellow birch and cherry 
(Prunus sp.)-will be less common. 

In the western Adirondack forest 
types, overbrowsing in old growth 
stands-particularly on witch hob
ble, a highly preferred species-re
sults in sufficient light to permit 
red spruce (Picea rubens) to become 
established (Pearce, 1937). Pearce 
noted maples 12 to 14 years old 
were only 3 to 4 feet tall; in the 
absence of browsing, they grow out 
of reach in 5 to 8 years. Other im
portant browse plants were mountain 
holly (flex montana), red maple, 
white cedar, and yellow birch. 

Webb (1957) interpreted over
browsing in northeastern forests. He 
concluded that many factors are 
related and interrelated and that 
deer browsing is only one of these 



complex factors. He said interpre
tation of the browsing factor is 
always difficult and often impossible. 
In many forest types, browsing is 
allowable. It may even be desirable 
at some point in the cutting rotation. 
Webb pointed out that even the 
severest browsing in some types and 
during some times is not over
browsing because damage to vege
tation is not significant. On other 
occasions, light browsing is detri
mental and possibly should be re
garded as overbrowsing. He observ
ed deer browsing may increase tree 
growth and improve quality. Thin
ning the stand and pruning side 
branches are usually beneficial. 

DeVos (1958) also evaluated the 
influence of browsing animals on 
forest regeneration. Like Webb, he 
felt that browsing pressure as a 
modifying agent to the forest com
munity is complicated-many inter
related factors affect it and are 
affected by it. He reported that deer 
browsing may exert a relatively un
important influence which is not 
necessarily damaging. 

A study to measure the effect of 
deer browsing on the quality of hard
wood timber in northern Michigan 
showed that browsing did not affect 
the value when the trees reached 
merchantable size (Switzenberg et 
al., 1955). Severe deer browsing did 
not prohibit a satisfactory stocking 
of hard maple and other hardwoods; 
heart rot was not appreciably great
er; crook was 26 percent higher, 
but most of this was outgrown; and, 
although the growth rate was re
tarded, the monetary loss would not 
be great over the rotation age. 

At Hickory Run State Park, Penn., 
an exclosure established in 1938 
was planted to red pine, pitch pine 
(Pinus rigida), and a few white pine 
in 1950 (Grisez, 1959). In 1959, 
the exclosure red pine were tall 
and well-formed-some were 17 feet 
tall, and the average was 11 feet. 
Survival was 46 percent. Outside 
the fence, the red pine averaged 
only 2.5 feet tall-survival was only 

3 percent. Also, a second exclosure 
study in northeastern Pennsylvania 
in the Pocono Mountains demon
strated how deer browsing affects 
sprout production and natural tree 
seedlings (Shafer et al., 1961 ). 
Browsing differences inside and out
side the fence were the most notice
able on aspen, sassafras, (Sassifras al
bidum), hawthorn ( Crataegus sp.), 
and the viburnums (Viburnum sp.). 
At one of three exclosure sites, aspen 
was eliminated outside the fence. 
Inside the fence, a dense aspen 
stand developed. In all cases, the 
trees and shrubs outside the fence 
were misshapen. They were straight 
inside the fence. 

In New Jersey, an exclosure study 
demonstrated white cedar was being 
eliminated mostly by excessive deer 
browsing (Little and Somes, 1965). 
After 9 years of protection, the 
density was 57 ,000 stems per acre. 
Outside the fence, the density was 
1,440 stems per acre. Height mea
surements showed unprotected 
cedars averaged 1.5 feet in height. 
Inside the fence, the average was 
7 .6 feet, and some trees were 10.3 
feet tall. 

In the Lower Peninsula of Michi
gan, an exclosure experiment in a 
jack pine plantation showed the 
protected seedlings had no mortality 
after 2 years (Krefting, 1953). The 
unprotected planted seedlings suf
fered a 31 percent mortality. After 
10 years of protection, only one 
tree was lost within the exclosure. 
However during that time, the un
protected trees suffered a 56 percent 
mortality (Krefting and Arend, 
1960). Also, the average height of 
the protected trees was more than 
twice the average height of the un
protected stock (9.3 feet vs. 4.5 feet). 

At Itasca Park, Minn., an ex
closure was established under a 
230-year-old red pine stand; vege
tation tallies were started in 1946 
and continued through 1 969 (Ross 
et al., 1970). Before 1937, deer 
existed at or above starvation popu
lation densities for 10 years or more. 

10 

Overbrowsing continued outside 
until 1945 when the deer were al
most eliminated by hunting. Before 
1937, deer browsing had almost 
eliminated vegetation from the V2 -
foot to 7-foot height range. Since 
1945, white pine saplings have 
increased, but continued browsing 
has reduced height growth. Outside 
the exclosure, only paper birch is 
thriving. Succession within the ex
closure consists of white pine, bal
sam fir, and hardwoods. Very few 
red pine occur inside the fence. 

A browse tolerance study in the 
Lake States revealed that white 
cedar under 7 feet in height pro
duced well and continued to grow 
when 15 to 20 percent of the foliage 
was removed annually (Aldous, 
1952). He found increased amounts 
of foliage that were removed had 
caused decreased production, re
tarded growth, and gradual death. 
Larger trees browsed heavily below 
the 7-foot line caused no injury. 
Under moderate to heavy clipping, 
mountain maple, paper birch, beak
ed hazelnut (Cory/us cornuta), black 
ash (Fraxinus nigra), pin cherry, and 
willow produced a satisfactory re
growth. Less tolerant species were 
red-berried elder (Sambucus pu
bens), redosier dogwood, and moun
tain ash. 

A similar study in the same area 
of northeastern Minnesota measured 
the effect of simulated and natural 
deer browsing on mountain maple 
(Krefting et al., 1966). The annual 
growth on test clumps was measured 
each fall. Certain plants were not 
clipped. On others, 20, 40, 60, 80, 
and 100 percent of the annual 
growth was removed. Clumps desig
nated for the natural deer browsing 
part of the study were also measured 
in the fall to determine browse pro
duction. They were remeasured in 
the spring to determine the percent
age of annual growth removed by 
browsing. Mountain maple had a 
very high tolerance level, as only 
one of six clumps died after clipping 
I 00 percent of the annual growth 
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for 9 consecutive years. It was con
cluded that about 80 percent of 
the annual growth should be taken 
annually or the stems would gradu
ally grow out of deer's reach in about 
3 years. 

Aldous ( 1 949) reported on a deer 
browse planting study established 
in 1938 in a clear-cut area (50 x 220 
feet) in the Jonvik Deer Yard near 
Lutsen in the Superior National 
Forest. 

In April 1938, half the clearing 
was planted to mountain maple, 
redosier dogwood, and white cedar. 
The following June, a deer- and 
hareproof fence 50 feet square was 
established across the center of 
the clearing so that half of it was 
planted and the other half was un
planted. The clearing outside the 
fence on one end was therefore 
planted, while the other end of the 
clearing remained unplanted. The 
objective was to measure the ad
vantages of planting browse com
pared to depending on natural re
production. The fence would show 
the part that deer and hares play in 
this reestablishment problem. 

These trees were planted: 76 
mountain maple (58 outside, 18 
inside); I 14 redosier dogwood (84 
outside, 30 inside); and 57 white 
cedar (39 outside, 18 inside). By 
1946, 56 percent of the mountain 
maple survived inside the fence; 
only 38 percent of the mountain 
maple outside the fence were alive. 
Redosier dogwood showed survivals 
of 53 percent inside and 42 percent 
outside. The greatest difference in 
survival occurred for white cedar: 
83 percent inside vs. 18 percent 
outside. Also, 1946 data on average 
height in inches showed mountain 
maple was only 23 inches outside 
and 83 inches inside. Heights for 
redosier dogwood were 21 inches 
outside and 80 inches inside. White 
cedars outside averaged 10 inches in 
height, while the protected trees 
averaged 24 inches. The findings 
show that it is not practical to plant 
browse species for deer in a winter 

yarding area. It will be necessary to 
resort to fencing to maintain white 
cedar. 

A study at the University of Min
nesota Cloquet Forest Research 
Center measured the effects of simu
lated overbrowsing on small red 
and white pine (Marshall et al., 
1955). Trees were clipped to 
approximate browsing by deer and 
hares. The findings showed that red 
pine withstood overbrowsing much 
better than did white pine since red 
pine could develop adventitious 
buds and retain green needles on 
woody branches 2 to 4 years old. 
The study concluded that established 
conifers could withstand very heavy 
browsing and may recover in growth 
rate and form. Also, high deer popu
lations do not necessarily cause 
drastic and detrimental changes in a 
forest. 

On Isle Royale National Park, 
the long term effects of moose 
browsing on woody vegetation was 
studied at four exclosure sites 
(Krefting, 197 4 ). The findings 
show that browsing drastically re
duced height and diameter growth. 
It had no effect on stem density, 
except for redosier dogwood at one 
location; natural mortality occurred 
within the exclosure as well as on 
the unfenced control plots. The time 
required for a future forest to be
come established with about 400 
trees per acre 10 feet or more in 
height varied by tree species and 
by the severity of browsing at each 
exclosure site. After 18 years of 
protection, balsam fir and paper 
birch at one site had a density of 
500 to 800 trees per acre 10 feet or 
taller. During this period, no un
protected trees reached the l 0-foot 
level. At another site, balsam fir had 
a stocking of 480 trees per acre 
after 14 years of protection; aspen 
reached the same density after 23 
years of protection. At this site, no 
aspen or paper birch had reached 
the l 0-foot level on the unfenced 
area after 23 years, while balsam 
had a stocking of 240 trees per acre. 
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PROCEDURE 

Twenty-one exclosures were es
tablished in northern Minnesota, 
mostly in the early l 950's. These 
exclosures were last measured in 
1974. The vegetation records have 
been obtained from three public 
land areas: the Chippewa National 
Forest, 2; Superior National Forest, 
13; and the Tamarac National Wild
life Refuge, 6. 

The usual exclosure was a fenced 
area 40 x 40 feet in size with an 
adjoining unfenced area or control 
of the same dimensions (Krefting, 
1951 ). Exclosures had woven wire 
fencing 8 feet high. Half of each 
exclosure was made hareproof by 
covering it with poultry netting 
around three sides, with a 4-foot 
high fence of poultry netting down 
the middle of the exclosure. One 
half excluded deer but not snowshoe 
hares, and the other half excluded 
both deer and hares (figure 2). On 
each unfenced control, a study area 
33 x 33 feet was laid out. This area 
was subdivided into 25 mil-acre 
plots (6.6 x 6.6 feet). Vegetation 
tallies were made on 10 of the 25 
mil-acre plots. In each half of the 
exclosure, a study area 13.2 feet x 
33 feet was subdivided into 10 mil
acre plots each. Each time a tally 
was made, the trees and shrubs were 
measured for height (feet and 1 Oths 
of feet). Similar tallies were made at 
intervals after that. When the trees 
grew large enough, the di<imeters 
were measured at the 41/2 -foot 
height level (inches and 1 Oths of 
inches). 

Results from the 21 exclosures 
have been subdivided into 5 cate
gories in the following discussion. 
They include the effect on planted 
conifers, natural conifer regenera
tion, swamp forest vegetation, vege
tation in forest openings, and vegeta
tion in burns. 



Figure 2. Here is the plan for 
sampling the vegetation within 
the exclosure and control plots 
in northern Minnesota. 

EXCLOSURE 
40 FEET 

13.2FEET 13.2FEET 
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40FEET 
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33FEET 
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Figure 3. Here is a jack pine 
seedling clipped by snowshoe 
hares at the Toimi exclosure site 
in the Superior National Forest. 

Table 1. Percent of planted jack 
pine clipped by snowshoe hare in 
the Superior National Forest (Toi-
mi). 

Year 
Area 

1950 1951 1955 

Control 46 60 0 
Deerproof 24 27 0 

DEER&HARE 
PROOF 

DEER PROOF 

Table 2. Number and percent survival of planted jack pine in the Superior National Forest (Toimi). 

1950 1955 1961 1965 1967 
Area 

No. % No. % No. % No. % No. % 
Control 48 100 43 89 41 85 40 83 37 77 
Deer proof 22 100 21 95 21 95 20 90 20 90 
Deer- and ha reproof 177 100 17 100 17 100 17 100 17 100 

12 

1974 

No. % 
33 68 
17 77 
17 100 

·l. 



EFFECT ON PLANTED CONIFERS 

Jack pine (Toimi) 

In 1949, an exclosure was con
structed in a jack pin e plantation in 
Lake County in the Superior Nation
al Forest. The seedlings (2-0 stock) 
had been set out in rows in the fall 
of 1948. Because of severe hare 
clipping, they were replanted with 
sim ilar stock in the fall of 1949. On 
the control area, 48 trees were 
planted; the exclosure had 39 trees, 
of which 17 were in the deer-and
hareproof section and 22 in the 
deerproof section. 

Hare clipping was severe in 1950 
and 1951 (figure 3), although none 

of the seedlings suffered mortality 
(Krefting, 1953, table 1 ). The 
greatest damage to seedlings was 
loss in height. The hare-protected 
seedlings produced 2 1/ 2 times more 
growth per seedling than did those 
accessible to hares. However, tallies 
in later years showed the early 
hare clippings affected survival. By 
1974, survival on the control and 
deerproof areas was 68 and 77 
percent; and deer- and hareproof 
trees had a survival of l 00 percent 
(table 2). 

Also, the trees in 1974 were 
significantly taller in the deer- and 
hare-proof section (P < .01) com-

Table 3. Number of planted jack pine per acre 7 feet or taller in the Su
perior National Forest (Toimi). 

Year 
Area 

1955 1961 1965 1967 1974 

Control 272 1062 1089 1013 907 
Deerproof 163 1146 1089 1089 1089 
Deer- and ha reproof 821 947 947 947 947 

Table 4. Percent of planted red pine browsed by deer and clipped by 
hares on the control and deerproof areas in the Tamarac National Wildlife 
Refuge (Headquarters). 

Area 

Control 
Deerproof 

1954 

Deer 

58 

Table 5. Average diameter of 
planted red pine in the Tamarac 
National Wildlife Refuge (Head-
quarters). 

Hare 

13 
4 

Deer 

73 

1957 

Hare 

pared to the control and deerproof 
section trees (figure 4 ). There was 
no significant difference in the aver
age height of the control and deer
proof trees, since both had been 
subjected to clipping by hares. 

Density of stocking was also in
fluenced by hares (table 3). In 
1955, the number of trees per acre 
7 feet or taller was 821 in the deer
and hareproof section, 163 in the 
deerproof area, and 272 on the con
trol. By 1961, all areas had a satis
factory stocking density. 

Hare clipping also influenced tree 
diameter (d.b.h.); the average dia
meters of the deer- and hareproof 
trees were significantly greater than 
among the trees on the control and 
deerproof areas (P < .01 ; figure 5). 
There was no significant difference 
between the control plot and deer
proof trees. 

These data show that clipping by 
snowshoe hares on jack pine seed
lings affects mortality; hares were 
also responsible for reduced height 
and diameter growth 24 years later. 
However since jack pine is a fast 
grower, a satisfactory stocking den
sity was reached l 1 years after 
planting in spite of hare damage. 

Red pine (Headquarters) 

In 1952, an exclosure was estab
lished in a red pine plantation in 
Becker County near the headquarters 
of the Tamarac National Wildlife 
Refuge. A total of 114 seedlings 
(2-2 stock) was planted in rows, and 
each tree was numbered with a metal 
tag. On the control area, 52 trees 
were planted; the exclosure had 
62 trees, of which 31 were in the 
deerproof section and 31 were in 
the deer- and hareproof section. 

Clipping by snowshoe hares was 
minor compared to the severe 
browsing by deer-5 8 percent in 
1954 and 73 percent in 1957 on the 

1964 1966 
Area 

1974 
Table 6. Number of planted red pine per acre 7 feet or taller in the Tama
rac National Wildlife Refuge (Headquarters). 

Inches Inches Inches 

Control 0.4 1.2 4.3 
Deerproof 2.6 3.1 5.0 
Deer- and 
ha reproof 2.5 3.0 4.6 

Area 

Control 

Exclosure 

1957 

0 
0 

13 

1961 

0 
792 

Year 

1964 

27 
926 

1966 

217 
926 

1974 

271 
968 
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Figure 4. This chart compares the average heights of 
jack pine at the Toimi exclosure site in the Superior 
National Forest. 

Figure 5. The average diameters of jack pine trees 
are compared at the Toimi exclosure site in the 
Superior National Forest. 

control area (table 4). By I 974, the 
percentage of survival of the pro
tected trees ( deerproof and deer
and hareproof) was 58 percent, com
pared to 19 percent for the unpro
tected trees (figure 6). 

Also, the deerproof and deer- and 
hareproof trees were significantly 
taller (P < .0 I) than were the unpro
tected trees in 1974 (figure 7, 8, 
and 9). There was no significant 
difference in the average heights of 
the deerproof and deer- and hare
proof trees. 

By I 97 4, the average diameters 
of the planted trees was much the 
same on all three areas, and the 
differences were not significant 
(table 5). 

However, the data on density of 
stocking has shown that deer 
browsing-from 1952 to 1974-
caused a reduction in height growth. 
In 1974, the density was only 27 I 
red pine per acre 7 feet or taller on 
the control; within the exclosure, the 
density was 792 trees per acre in 
1961 (table 6). 

These data show that deer browsing 
on red pine seedlings affects mortal
ity. Browsing also caused reduced 
height growth and lower stocking 
density. 

Red pine and white spruce 
(Pike Bay) 

The exclosure was constructed 
in a red pine and white spruce 
plantation in the Pike Bay Experi
mental Forest on the Chippewa 

National Forest in 1949. The plant
ing was made on a disked area 
with alternate rows of red pine and 
white spruce; the red pine was 2-1 
stock, and the white spruce was 2-2 
stock. On the control area, 20 red 
pine and 23 white spruce were 
planted. The deerproof area had 
eight red pine and eight white spruce; 
and the deer and hareproof area 
had eight red pine and nine white 
spruce. 

Browsing by deer and clipping 
by snowshoe hares were minimal. In 
1950, only three of the 20 red pines 
had hare clipping; the white spruce 
had no animal use. In 1953, two 
red pines were killed--one by hares, 
and one died of unknown causes. 
One white spruce was killed by hare 
clipping, and 13 of the young trees 
had their leaders clipped by red 
squirrels ( Tamiascurus hudsonicus). 
And in 1957, 18 of the white spruce 
had been clipped by red squirrels. 
None of the red pine were browsed 
by deer. By 197 4, the percentage 
survival of red pine was about the 
same on the control, deerproof, and 
deer- and hareproof areas (table 7). 
The mortality was due mostly to 
crown closure caused by shading of 
some subdominant trees in the 
stand. Data on the white spruce 
suggest the possibility that the 
snowshoe hare may have been im
portant, since the survival was 100 
percent in the deer- and hareproof 
section, 7 5 percent in the deerproof 
section, and 70 percent in the con
trol area (table 7). 
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None of the trees were measured 
for height in I 97 4. The tallest red 
pine was estimated to be 60 feet; the 
tallest white spruce 30 feet. The 
data for both red pine and white 
spruce in I 962 suggest animal feed
ing had no effect on average height 
of the trees (table 8). 

By 1974, the average diameter of 
the red pine was much the same on 
the control and deer- and hareproof 
areas. It was about 2 inches larger 
in the deerproof section (table 9). 
White spruce diameters ranged from 
a low of 2.6 inches in the deerproof 
area to 3.4 inches on the control. 
Deer browsing and clipping by snow
shoe hares and squirrels had no ef
fect on tree diameter in 1974. 

Red pine (Quetico-Superior) 

The exclosure was established in 
1950 in a previously established red 
pine plantation at the Quetico
Superior Wilderness Research Cen
ter headquarters. This is in the 
Superior National Forest. Since the 
trees (probably 2-1 stock) apparently 
were not planted in rows, vegetation 
tallies of all species were taken on 
mil-acre plots. The overhead canopy 
was a mature stand of red and white 
pine. When the first tally was made, 
the red pine trees averaged a little 
more than 1 foot in height. There 
were 26 red pine on the control, 25 
in the deerproof, and 30 in the deer
and hareproof section. 

In 1951, 44 percent of the red 
pines on the control were browsed 
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Table 7. Number and percent survival of planted red pine and white spruce in the Chippewa National Forest (Pike Bay). 

1950 1953 1957 1962 1974 

Red White Red White Red White Red White Red White 
Area pine spruce pine spruce pine spruce pine spruce pine spruce 

No. % No. % No. % No. % No. % No. % No. % No. % No. % No. % 

Control 20 100 23 100 18 90 22 96 16 80 21 91 16 80 19 82 14 70 16 70 
Deerproof 7 100 8 100 7 100 8 100 7 100 7 87 7 100 6 75 6 86 6 75 
Deer- and hareproof 8 100 10 100 7 87 10 100 7 87 10 100 6 75 10 100 6 75 10 100 

Table 8. Total and average height of planted red pine and white spruce in the Chippewa National Forest (Pike Bay). 

1950 1953 1957 1962 

Area 
Red 
pine 

Tot. Avg. 

Control 60 3.0 
Deerproof 26 3 .7 
Deer- and hareproof 27 3.4 

Table 9. Average diameter of 
planted red pine and white spruce 
in the Chippewa National Forest 
(Pike Bay). 

White 

Area Red pine spruce 

Inches Inches 

Control 5.0 3.4 
Deerproof 7.6 2.6 
Deer- and 
ha reproof 5.6 3.3 

White Red White Red White Red White 
spruce pine spruce pine spruce pine spruce 

Tot. Avg. Tot. Avg. Tot. Avg. Tot . Avg. Tot. Avg. Tot. Avg. Tot. Avg. 

52 2.2 66 3.6 73 3.3 116 7.2 126 6.0 244 15.2 197 10.3 
20 2.5 34 2.9 27 3.4 75 10.7 39 5.6 177 25.3 62 10.3 
30 3.0 36 5.1 41 4 .1 69 9 .8 75 7.5 130 21.7 122 12.2 

Table 10. Number and percent survival of planted red pine in the Superior National Forest (Quetico-Superior 
#1). 

1951 1954 1962 1965 1974 
Area 

No. % No. % No. % No. % No. % 

Control 25 100 23 92 21 84 21 84 19 76 
Deerproof 20 100 19 95 16 80 15 75 13 65 
Deer- and hareproof 25 100 22 88 19 76 18 72 15 60 
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Table 11. Total height growth and average of planted red pine in the Superior National Forest (Quetico-Superior Table 12. Average diameter of 
# 1). planted red pine in the Superior 

1951 1954 1962 
Area 

1965 1974 
National Forest (Quetico-Superior 
#1). 

Total Average Total Average Total Average Total Average Total Average 

Control 26 
Deerproof 25 
Deer- and hareproof 30 

1.1 
1.2 
1.2 

67 
61 
75 

2.9 
3.2 
3.4 

270 
202 
250 

12.8 
12.6 
13.1 

414 
280 
347 

19.7 
18.6 
19.2 

626 
420 
471 

33.0 
32.2 
31.4 

Area 

Control 
Deer proof 
Deer- and 
ha reproof 

Table 13. Number of stems and total height growth of the vegetation in a red pine plantation in the Superior National Forest (Quetico-Superior # 1). 

1951 1954 1962 1965 

Deer- Deer- Deer- Deer-

Species and and and and 
Deer- hare- Deer- hare- Deer- hare- Deer- hare-

Year 

1962 1965 1974 

2.1 2.8 4 .0 
2.2 3.0 4.3 

2.4 3.0 4 .0 

1974 

Control proof proof Control proof proof Control proof proof Control proof proof Control 
Deer
proof 

Deer
and 

ha re
proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

Arrow-wood 
Aspen 
Balsam fir 
Beaked hazel 
Bush 

4 
47 31 23 18 40 
2 1 30 

54 50 323 182 91 

3 6 13 3 12 
28 4 4 4 9 3 8 11 1 6 
6 2 2 1 3 

53 48 54 394 593 117 200 26 41 185 955 90 480 

honeysuckle 10 7 5 3 2 2 4 4 
Canadian 

honeysuckle 22 12 15 
Mt. Ash 1 1 
Mt. maple 109 58 34 
Paper birch 2 
Pin cherry 
Red maple 
Red pine 
White pine 
White spruce 

25 26 . 20 

9 43 

19 67 

25 25 

28 39 

40 28 
2 

29 

12 
2 

30 23 67 

4 

27 31 39 44 

30 44 61 80 
2 2 5 16 

19 61 22 75 
11 5 7 3 
2 2 

32 46 
I I 
2 

16 41 

17 144 
9 

28 82 

38 272 
5 55 

21 270 16 202 19 250 
2 14 4 14 

3 2 1 7 

4 12 
16 

3 1 
2 6 147 731 98 406 

26 46 

3 

21 414 

7 18 

34 222 
14 

15 280 
2 16 
1 7 

27 75 

65 264 
3 84 

18 347 
6 18 

No. Tot. No. Tot. No. Tot. 

24 60 

19 616 

84 340 

63 406 
22 

13 420 

8 

57 176 

24 45 

70 497 
30 

15 471 
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Table 14. Number and percent survival of planted white pine in the Tamarac National Wildlife Refuge (Indian 
Graves). 

1952 1957 1961 1964 1966 1974 
Area 

No. % No. % No. % No. % No. % No. % 

Control 47 100 25 53 22 47 22 47 20 42 10 21 
Deer proof 27 100 18 66 8 30 6 22 6 22 3 11 
Deer- and hareproof 22 100 16 73 13 60 12 54 11 50 8 36 

Table 15. Total height growth and average of planted white pine in the Tamarac National Wildlife Refuge (Indian 
Graves). 

1952 1957 1961 1964 1966 1974 
Area 

Total Average Total Average Total Average Total Average Total Average Total Average 

Control 13 0.3 15 0.6 26 1.1 26 1.1 31 1.5 26 1.6 
Deerproof 7 0.3 29 0.2 28 3.5 39 6.5 45 7.5 50 16.6 
Deer- and hareproof 6 0.3 27 1.7 43 3.3 66 5.5 75 6.8 119 14.8 
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by deer; 24 percent was terminal 
browsing. The 1954 tally showed 
39 percent of the control plot 
trees had been deer browsed; only 
9 percent was terminal browsing. 
Deer browsing on other vegetation 
in 1951 and 1954 was confined to 
aspen, mountain maple, and Canad
ian honeysuckle. 

The 1974 tally of red pine show
ed that the number and percent 
survival apparently was not influ
enced by early deer browsing (table 
10). Survival was highest on the 
control plot. 

The average heights of the red 
pine trees in 197 4 also demonstrate 
that height growth was not influ
enced by early deer browsing (table 
11 ). The control, deerproof, and 
deer- and hareproof trees averaged 
about the same height and were not 
significantly different. 

Also, the average diameters of 
the red pines were not different in 
197 4 (table 12). 

Data on other trees and shrubs 
on the control show that only one 
species was present in 1974, al
though 11 species were present on 
previous tallies (table 13). Crown 
closure, which resulted in severe 
shading of the ground floor, ap
parently was mostly responsible for 
the mortality. 

On the deerproof area, the aspen, 
bush honeysuckle, Canadian honey
suckle, and white pine did not occur 
on the 1974 tally (table 13). Beaked 
hazel decreased in number of stems, 
but increased in height; mountain 
maple increased in both number of 
stems and average height. Crown 
closure shading influenced shrub 
mortality, but not to the extent on 
the control. 

Table 16. Number and percent survival of white pine in a 1938 plantation 
in the Superior National Forest (Skibo Tower). 

1950 1951 1955 1961 1965 
Area 

No. % No. % No. % No. % No. % 

Control 4 100 4 100 4 100 2 50 2 50 
Deerproof 3 100 3 100 
Deer- and 
ha reproof 7 100 7 100 3 42 2 28 1 14 

Tree and shrub mortality followed 
much the same pattern on the deer
and hareproof section of the ex
closure (table 13). Mountain maple 
maintained almost the same number 
of stems for each tally. By 197 4, the 
average height increased consider
ably. 

Although these data suggest deer 
browsing was important, the impact 
of deer was minimal. The red pine 
crown closure shading was of greater 
importance in causing stem mortality. 

White pine (Indian Graves) 

The exclosure was established on 
a white pine plantation in May 1952 
on the Tamarac National Wildlife 
Refuge. Ninety-six white pine (2-0 
stock) were planted in rows on May 
12. The first tally was made June 
18. On the control plot, 4 7 trees 
were planted; 27 were planted in 
the deerproof section, and 22 were 
planted in the deer- and hareproof 
section. 

Remeasurements on the control 
plot showed: 76 percent of the living 
trees had been browsed by deer in 
1957; 64 percent in 1961; 4 percent 
in 1964; 86 percent had old deer 
browsing in 1966; and all the living 
trees had been browsed by deer in 
1974. The percentage of survival 
by 197 4 was: 21 percent on the 
control; 11 percent in the deerproof 

Table 17. Total height growth and average of four species on the control, deerproof, and deer.; and hareproof 
areas on a 1938 white pine plantation in the Superior National Forest (Skibo Tower). 

Area 1950 1951 1955 1961 1965 
and 

Species Total Average Total Average Total Average Total Average Total Average 

Control: 
Aspen 52 4.3 88 2.6 61 7.6 75 12.5 128 11.6 
Paper birch 2 2.0 ' 
Pin cherry 37 2.0 38 2.5 54 2.8 9 9.0 11 11.0 
White pine 30 7.5 30 7.5 50 12.5 40 20.0 70 35.0 

Deerproof: 
Aspen 10 2.0 4 2.0 2 2 3 1.5 
Paper birch 27 9.0 17 8.5 34 17.0 50 25.0 60 30.0 
Pin cherry 82 2.9 90 3.1 91 4.1 24 1.8 25 5.0 
White pine 14 4.6 24 8.0 

Deer- and hareproof: 
Aspen 140 4.0 150 5.7 268 9.5 333 22.2 313 26.0 
Paper birch 5 5.0 6 6.0 12 6.0 20 20.0 25 25.0 
Pin cherry 68 3.0 126 4.0 244 5.2 153 5.5 150 9.3 
White pine 30 4.3 33 4.7 47 15.6 32 16.0 20 20.0 
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Tables 18. Number of stems and total height growth of the vegetation in a 1938 white pine plantation in the Superior National Forest (Skibo Tower). 

1950 1951 1955 1961 1965 

Deer- Deer- Deer- Deer- Deer-

Species 
and and and and and 

Deer- hare- Deer- hare- Deer- hare- Deer- hare- Deer- hare-

Control proof proof Control proof proof Control proof proof Control proof proof Control proof proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

Aspen 12 52 5 10 35 140 34 88 2 4 26 150 8 61 28 268 6 75 1 2 15 133 1 128 2 3 12 313 

Balsam fir 1 3 1 4 1 10 1 22 1 35 

Beaked hazel 3 6 52 127 10 26 14 26 189 453 61 142 31 53 157 498 66 211 18 40 99 253 46 177 20 57 99 319 51 223 

Bush 
honeysuckle 73 75 113 113 240 277 2 2 218 250 21 28 126 135 45 64 

Canadian 
honeysuckle 23 28 11 14 3 4 

Juneberry 1 2 2 50 1 7 2 60 1 9 

Paper birch 1 2 3 27 1 5 2 17 1 6 2 34 2 12 1 20 1 25 

Pin cherry 16 37 28 82 22 68 15 38 29 90 31 126 19 54 22 91 47 244 1 9 13 24 26 153 1 11 5 25 16 150 

Rose 5 4 14 11 2 2 11 11 12 12 4 5 6 6 12 15 2 4 5 5 25 30 3 4 3 2 21 28 2 2 

White pine 4 30 3 14 7 30 4 30 3 24 7 33 4 50 3 47 2 40 2 32 2 70 1 20 

Willow 10 17 4 15 6 22 10 16 8 25 17 88 7 14 9 32 19 110 6 9 2 10 4 40 2 3 2 8 3 9 



section; and 36 percent in the deer
and ha reproof section (table 14 ). 
While deer browsing was the main 
cause of mortality, other factors
such as winter kill and white pine 
blister rust ( Cronartium ribicola)
were also important (figure 10). 

By 1974, the white pine trees in 
the exclosure were significantly taller 
than were the white pine trees on 
the control (P < .0 I, table 15). There 
was no significant difference in the 
average heights of the deerproof and 
deer- and hareproof trees. These 
data suggest that deer browsing was 
the main factor responsible for the 
reduced heights of the unprotected 
trees. 

White pine (Skibo Tower) 

The exclosure was established in 
1950 in the Superior National Forest 
on an area burned in 1936. It was 
planted with white pine (probably 
2-1 stock) in 1938 (figure 11 ). 

Before the exclosure was estab
lished, the white pine trees had been 
severely browsed by deer most 
years. In 1950, two of four white 
pines on the control had been 
browsed by deer; past browsing 
was also noted on I of 3 trees in 

the deerproof section and four of 
seven trees in the deer- and hare
proof section. Also, 50 percent of 
the white pines tallied in 1950 had 
been subjected to severe attacks of 
the white pine blister rust ( Cronart
ium ribicola). 

In 1965, only 2 of 4 white pines 
were alive on the control plot; the 
deerproof tally in 1955 showed all 
three trees had died since 1951. On 
the deer- and hareproof area, six of 
seven trees (86 percent) had died by 
1965 (table 16). 

Changes in other species and stem 
density (control, deerproof, and 
deer- and hareproof) did not respond 
uniformly (tables 17 and 18). On 
the control area, aspen had about 
the same number of stems in 1950 
and 1965, but the average height 
doubled. Beaked hazel increased in 
number of stems and average height. 
Bush honeysuckle increased in num
ber of stems; pin cherry and willow 
decreased in number of stems (table 
18). 

On the deerproof area, beaked 
hazel increased in stem density, while 
pin cherry and willow decreased. 
These species also followed the 
same pattern on the deer- and hare
proof area. 

EFFECT ON NATURAL 
CONIFER REGENERATION 

Jack pine (Wauboose Lake) 

The exclosure was completed in 
early June 1952. The first vegetation 
tally was made 2 weeks later. This 
area was quite open, since jack pine 
had been logged in recent years. 
The jack pine cover type had trees 
20 to 30 feet in height and 2 to 6 
inches in diameter. 

The vegetation tallies were made 
on mil-acre plots and included all 
species in addition to jack pine 
(figure 12). Twenty-two jack pines 
( 1952) on the control plot averaged 
1.6 feet in height; and 14 deerproof 
trees averaged 2.8 feet tall (table 
19). In the deer- and hareproof 
section, there were 17 jack pines 
that averaged 5. 7 feet in height. 

Figure 12. Young jack pine trees have become established at the Wauboose Lake exclosure site in the 
Tamarac National Wildlife Refuge. 
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Table 19. Total height growth and average of natural jack pine regeneration in the Tamarac National Wildlife Refuge (Wauboose Lake). 

1952 1957 1961 1964 1966 1974 

Area Total Average Tota I Average Total Average Total Average Total Average Total Average 

Control 
Deerproof 
Deer- and hareproof 

22 
14 
17 

1.6 55 3.6 
2.8 49 2.7 
5.7 44 4.9 

123 
77 

115 

8.7 
4.8 
7.6 

165 12.6 
159 7.2 
174 8.7 

240 
207 
208 

13.3 
5.0 

10.9 

257 
300 
263 

25.7 
33.3 
18.7 

Table 20. Average diameter of jack pine in the 
jack pine type in the Tamarac National Wildlife 
Refuge (Wauboose Lake). 

Table 21. Number of stems of jack pine per acre 7 feet or taller in the jack pine type in the 
Tamarac National Wildlife Refuge (Wauboose Lake). 

Area 

Control 
Deer proof 

Deer- and hareproof 

1964 1966 1974 

Inches Inches Inches 

2.0 
2.9 
2.7 

2.1 
3.3 
2.7 

3.2 
4.7 
4.2 

Area 

Control 

Deer proof 
Deer- and hareproof 

1957 

0 
100 
200 

1961 

1200 
600 
500 

Year 

1964 

1100 
800 

1000 

1966 

1400 
1000 

900 

1974 

1000 
900 

1000 

Table 22. Number of stems and total height growth of the vegetation in the jack pine type in the Tamarac National Wildlife Refuge (Wauboose Lake). 

Species 

American 
hazel 

Aspen 

Balsam poplar 

Bush 
honeysuckle 

Choke cherry 

Jack pine 

Juneberry 

Pin cherry 

Red oak 

Rose 

Snowberry 

Willow 

Control 

1952 

Deer· 
proof 

Deer
and 

ha re 
proof Control 

1957 

Deer
proof 

Deer
and 
ha re
proof Control 

1961 

Deer
proof 

Deer
and 

ha re
proof Control 

1964 

Deer
proof 

Deer
and 

ha re 
proof Control 

1966 

Deer 
proof 

Deer
and 

ha re
proof Control 

1974 

Deer 
proof 

Deer-
and 

ha re 
proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No . Tot. No . Tot. No. Tot. No. Tot. No . Tot. No . Tot. No . Tot. No . Tot . No. Tot. No . Tot . 

5 4 8 15 8 22 11 37 

1 8 18 6 29 

33 17 40 16 93 36 77 72 35 22 50 25 139 136 107 89 156 138 190 208 

19 21 6 7 62 68 51 71 9 14 73 91 50 81 8 16 72 111 61 116 

13 22 14 3 17 15 55 18 49 9 44 14 123 16 77 15 115 13 164 

14 19 6 6 30 21 6 9 6 5 11 9 9 22 5 14 14 14 30 

8 1 2 1 1 2 4 4 1 1 7 17 

11 25 2 10 2 15 

13 8 20 14 49 44 18 18 IS 19 32 39 15 18 14 14 22 29 22 35 

6 4 8 9 6 23 26 

21 28 11 11 26 48 30 72 3 4 32 52 25 35 9 14 12 26 43 90 

14 32 

27 

2 

11 39 

87 79 157 180 167 228 

20 55 148 64 140 

22 159 20 174 18 240 

4 5 11 15 4 9 

5 14 6 16 

19 

15 24 29 49 22 32 

15 20 7 17 19 28 

7 11 13 33 33 64 

21 53 

20 

2 

14 62 20 73 

8 52 

65 67 215 239 197 296 229 344 357 542 

11 25 63 122 45 128 10 29 35 115 

41 207 19 208 10 257 9 300 14 263 

5 9 11 17 5 17 1 2 1 3 

4 15 5 9 9 38 7 39 13 45 

21 1 1 2 29 

22 39 28 53 26 65 17 40 39 107 

7 18 8 20 76 117 11 32 15 50 

2 4 20 40 13 34 1 4 9 25 



The 1952 tally showed no deer 
browsing or clipping by snowshoe 
hares on jack pine. In 1957, 13 per
cent of the trees were clipped by 
hares on the control plot; 27 per
cent were browsed by deer. Forty
four percent of the jack pine were 
clipped by hares in the deerproof 
section in 1957. By 1961, 14 percent 
were browsed by deer on the con
trol plot; in the deerproof area, 56 
percent of the trees were clipped by 
hares. Tallies in 1964, 1966, and 
1974 showed no deer browsing or 
hare clipping. 

The data show deer browsing and 
snowshoe hare clipping had no effect 
on total and average height growth 
(table 19). However, data for jack 
pine 8 feet or taller in 1974 showed 
significant difference between the 
average diameter on the control and 
the deerproof and deer- and hare
proof trees (table 20). There was no 
difference in the average diameters 
of the deerproof and deer- and hare
proof trees. 

Information on number of jack 
pine trees per acre 7 feet or taller 
showed that no trees were of that 
height on the control in 1957; the 
deerproof had 100 trees per acre, and 
the deer- and hareproof had 200 per 
acre (table 21 ). But by 1961, the 
stocking density was adequate on 
the control, but only about half that 
number within the exclosure. The 
I 964 tally showed all three areas 
had well-stocked stands. 

The 197 4 tally for other species 
of vegetation showed these species 
had increased on the control plot 
(table 22): snowberry (Symphori
corpos a/bus); bush honeysuckle 
(Diervilla lonicera); chokecherry 
(Prunus verginiana); pin cherry; and 
rose (Rosa sp.). Willow decreased 
in number of stems. In the deer
proof section, juneberry (Amelan
chier sp.), red oak (Quercus rubra), 
and willow decreased (table 22). Spe
cies that increased included: Ameri
can hazel (Cory/us americana); bush 
honeysuckle; snowberry; pin cherry; 
and rose. 1 uneberry and willow 
decreased in the deer- and hareproof 
section (table 22). Increases m 
number of stems included: aspen; 
bush honeysuckle; snowberry; pm 
cherry; and rose. Snowberry, bush 
honeysuckle, pin cherry, and rose in
creased m all three areas; willow 
decreased in all three areas. 
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EFF.ECT ON SWAMP 
FOREST VEGETATION 
Mixed-conifer swamp type 
(Cut Foot) 

The exclosure was established 
June 1949 on the Cut Foot Experi
mental Forest in the Chippewa 
National Forest m north central 
Minnesota. The first vegetation tally 
was made Aug. 22, 1950. 

The exclosure and control plots 
were established within a small forest 
type made up of a mixture of white 
cedar and balsam fir. Both species 
were equally represented within the 
stand. 

In June 1951, the overstory of 
balsam fir was logged, along with 
some larger white cedar. Sparsely 

Figure 13. Severe deer browsing 
is shown on this pin cherry in the 
Superior National Forest. 

Table 24. Total height growth and average height of balsam fir and paper 
birch in the control, deerproof, and deer- and ha reproof areas in a mixed
conifer swamp in the Chippewa National Forest (Cut Foot). 

Control 
Balsam fir 

Paper birth 
Deerproof 

Balsam fir 
Paper birch 

Deer- and 
ha reproof 

Balsam fir 
Paper birch 

Total 

23 

29 

12 

24 
3 

47 
1 

1950 1957 1962 

Average Total Average Total Average 

0.1 260 1.3 83 1.1 

0.9 77 1.8 74 4.1 

0.6 34 0.4 27 0.9 
0.3 63 2.3 57 4.7 

0.5 39 3.2 51 7.2 
0.5 20 3.3 22 4.4 



Figure 14. This young white 
spruce tree was severely brows
ed by deer in the Superior Na
tional Forest. 

Figure 15. Here is a redosier 
dogwood, a highly preferred 
food, that was heavily browsed 
by deer in the Superior National 
Forest. 

Figure 16. Here is a balsam fir, 
a starvation food, that was se
verely browsed by deer in the 
Superior National Forest. 



Figure 17. The vegetation within this exclosure in the Superior National Forest was protected from deer 
browsing for 12 years, from 1938 (above) to 1950 (below). 

25 



Figure 18. This control plot in the Superior National Forest shows that balsam fir was the only species that 
was able to compete with deer browsing for 12 years. 

Figure 19. This chart shows that white cedar pro
tected from deer and hare browsing are able to grow 
taller in the Superior National Forest. 
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Figure 20. The average heights of protected paper 
birch are much greater than unprotected trees in the 
Superior National Forest. 
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distributed shrubs in the understory 
were beaked hazel, Canadian honey
suckle (Lonicera canadensis), june
berry, mountain maple, redosier 
dogwood, rose, and willow. 

The 1950 tally found no past clip
ping by hares or browsing by deer. 
In 1957, the tally showed some deer 
browsing on paper birch and redosier 
dogwood on the control area. How
ever, hare clipping accounted for 
33 ( 12 percent) of the 263 small 
balsam fir on the control. 

Hare clipping in 1957 was minimal 
in the deerproof section on balsam 
fir and paper birch. And in 1962, no 
animal feeding was noted on the 
control area. In the deerproof section, 
only one of 29 balsam fir had been 
clipped by hares in 1962. 

During the 12-year period ( 1950-
1962), there was a large decrease in 
balsam fir reproduction, especially 
in the deerproof and deer- and 
hareproof sections (table 23). Moun
tain maple and redosier dogwood 
had increased numbers of stems in 
the control section for the 12-year 
period. White cedar showed a large 
decrease in stem numbers in the 
deerproof and deer- and hareproof 
sections during the period-the 
species was absent on the control 
plot in 1962 (table 23 ). Total height 
growth increased for mountain maple 
and paper birch in the control, deer
proof and deer- and hareproof 
sections during the period (table 
24). 

Mixed-conifer swamp type 
(Garden Lake) 

The exclosure was established in 
1950 in a deer yard near Winton in 
the Superior National Forest. Deer 
browsing was severe on most species 
in 1951 and later, but it gradually 
became lighter by 1974. No clipping 
by snowshoe hares was found. 

On the control plot, the numbers 
of stems decreased for balsam fir, 
bush honeysuckle, mountain ash, 
paper birch, red maple, pin cherry, 
and white spruce (table 25). Also, 
the average height of mountain 
maple and red maple increased by 
1974. 

On the deerproof section, moun
tain maple and red maple decreased 
in numbers of stems, but increased 
in height (table 25). Total heights 
also increased for alternate leaf 
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dogwood ( Cornus alternifolia), bal
sam fir, and beaked hazel. 

Mountain maple stems decreased 
greatly in the deer- and hareproof 
section by 197 4 (table 25). There 
were large increases in average 
height in balsam fir, beaked hazel, 
mountain maple, and red maple. 

Mixed-conifer swamp type 
(Jonvik #1) 

This exclosure was established in 
1938 in a clear-cut area (50 x 220 
feet) within the Jonvik Deer Yard 
near Lutsen in the Superior National 
Forest (Aldous 1949). The exclosure 
was entirely deer- and hareproof 
since it was covered with poultry 
netting. 

Information on deer population 
density shows that the yard supported 
over 100 deer per square mile m 
1935 (Krefting, 1941). ln 1936, 45 
dead deer were found; 72 percent of 
these had been killed by auto
mobiles. Sixty-seven deer were 
found dead in 1967-about 40 per
cent from automobile accidents. 
More recent pellet counts revealed 
140 deer per square mile in the 
yard in winter 1959 (Krefting and 
Shieu, 1960). And in 1973, the 
pellet count showed I 16 deer per 
square mile. Deer browsing has been 
severe on balsam fir, white spruce, 
pin cherry, and redosier dogwood 
(figures 13-16). Mountain maple is 
the major browse species. Clipping 
studies have shown that severe deer 
browsing stimulates regrowth; about 
80 percent of the annual growth 
must be taken each year to keep 
browse within reach of deer (Kreft
ing, et al., 1966). 

In 1950, mil-acre plots were 
established within the exclosure as 
well as on the unfenced control plot. 
The 1974 tally on the control plot 
showed the average height of balsam 
fir increased from 3.2 feet in 1950 
to 8.6 feet despite deer browsing 
(table 26). Willow decreased during 
the period (1950-1974) in number 
of stems, but increased in average 
height from 2 to 4. 3 feet. The 
number of stems of mountain 
maple remained constant, but in

creased m average height (table 
26). White cedar and paper birch 
varied slightly in average height 
from 1950 to 1974 (figures 17 
and 18; table 26). 
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Table 27. Comparison of the average height of four species within the exclosure and unfenced area in a mixed-conifer swamp in the Superior Na
tional Forest (Jonvik # 1). 

Species 

Balsam fir 
Paper birch 
Pin cherry 
White cedar 

1.0 
7.2 
9.3 
3.0 

3.2 
1.7 
1.7 
0.5 

Exclo. 

1.1 
16.0 
14.6 
3.0 

1955 

Unfenced 

3.0 
1.7 
1.8 
0.6 

Exclo. 

1.6 
22.1 
19.0 

4.1 

1962 

Unfenced 

4.2 
2.4 
1.3 
0.8 

Exclo. 

2.1 
23.9 
15.0 
4.9 

1965 

Unfenced 

5.0 
2.6 
1.2 
1.0 

Exclo. 

4.5 
19.0 
30.0 

6.1 

1974 

Unfenced 

8.6 
2.2 

1.1 

Table 28. Number of stems and total height growth of the vegetation in a mixed-conifer swamp in the Superior National Forest (Jonvik #2). 

Species 

Aspen 
Balsam fir 
Beaked hazel 
Bush 

honeysuckle 
Canadian 

honeysuckle 
Elderberry 
High bush 

cranberry 
Juneberry 
Mt. ash 
Mt. maple 
Paper birch 
Pin cherry 
Red osier 

dogwood 
Rose 
Willow 

Control 

1951 

Deer
proof 

Deer
and 

ha re
proof Control 

1955 

Deer
proof 

Deer
and 

ha re-
proof Control 

1962 

Deer
proof 

Deer
and 

ha re
proof Control 

1965 

Deer
proof 

Deer
and 

ha re-
proof Control 

1974 

Deer
proof 

Deer
and 

ha re
proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

2 
12 

3 
6 14 

2 1 2 
6 11 8 

34 116 

5 
16 

14 2 
9 32 

7 
22 19 22 

35 183 

2 
5 

4 
14 

75 93 68 87 21 32 140 213 72 104 17 35 158 235 

19 40 20 55 31 54 16 36 23 69 4 7 20 45 

4 
3 7 3 4 2 4 5 12 

191 484 78 244 155 318 118 384 
12 32 12 52 9 37 11 79 

2 2 6 

3 13 
48 201 
15 121 

2 

2 13 5 11 
54 377 67 144 
10 96 4 34 

3 

23 39 195 528 187 553 16 39 151 585 112 701 9 17 
2 2 

4 1 7 1 7 

11 
44 55 

53 78 

33 102 

3 20 
30 162 
15 181 

78 365 

4 11 1 15 
14 21 5 16 43 78 
57 278 

22 32 198 359 60 94 

4 14 17 36 33 114 
3 

2 2 

1 15 3 12 3 20 
50 359 50 119 32 113 
9 74 3 25 13 201 

88 601 22 50 89 375 
2 2 

3 

7 5 60 
21 33 2 9 39 213 19 165 
55 313 38 196 

13 27 470 1124 124 233 33 58 

13 28 8 19 29 85 13 31 
3 

2 

2 30 3 13 
35 173 24 81 
10 188 4 43 

84 575 13 38 
2 3 

2 

3 11 
28 120 
13 269 

91 356 

6 56 
39 129 
15 284 

93 469 



Figure 21. Here is a view of the vegetation with in an 
exclosure in the Superior National Forest. 

Figure 22. Here is a view of mountain maple in the 
Superior National Forest that has been severely 
browsed by deer. 

Table 29. Average height of three species in the control, deerproof, and Within the exclosure, tables 26 
deer- and hareproof areas in a mixed-conifer swamp in the Superior Na- and 27 and figures 17 and 18 show 
tional Forest (Jonvik #2). that the numbers of stems for most 

shrub species decreased. Balsam fir 
Year within the exclosure increased m 

Species and Area 
1951 1955 1962 1965 1974 average height from I to 4.5 feet; 

pin cherry increased from 9.3 feet 

Control to 30 feet (1950-1974) (table 27). 

Mt. maple 2.5 3.2 2.1 2.4 3.4 The average height of white cedar 
also increased within the exclosure 

Paper birch 2.6 7.2 8.5 8.5 10.3 from 3 to 6.1 feet; paper birch in-
Redosier dogwood 1.7 2.4 2.0 2.2 3.0 creased from 7 .2 to 29 feet (1950-

Deer proof 1974) (figures 19 and 20). For the 

Mt. maple 3.1 4.2 5.4 3.5 4.2 first time, one ground hemlock was 

Paper birch 4.3 8.0 12.0 15.4 20.7 
found in the 197 4 tally. 

Redosier dogwood 2.7 3.8 4.6 4.2 3.9 

Deer- and hareproof Mixed-conifer swamp type 

Mt. maple 2.7 7.0 7.1 4.9 4.3 (Jonvik #2) 

Paper birch 4.1 9.7 8.2 18.8 19.0 The exclosure and control plot are 

Redosier dogwood 2.9 6.2 6.9 6.7 5.0 located along U.S. Highway 61 in 
the Jonvik deer yard in the Superior 

30 
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National Forest (figures 21 and 22 
and tables 27 and 28). 

In the control area, the main 
species in 1951 included mountain 
maple (figure 22), bush honeysuckle, 
and redosier dogwood (table 28). 
By 1974, the number of stems of 
bush honeysuckle increased about 6 
times. Species that decreased in 
abundance were balsam fir, Canadian 
honeysuckle, mountain maple, paper 
birch, and redosier dogwood. 

On the deerproof area, stem 
numbers increased for balsam fir, 
bush honeysuckle, and Canadian 
honeysuckle (table 28, figure 21 ). 
Numbers of stems of mountain 
maple, pin cherry, and redosier dog
wood decreased (table 28). Paper 
birch remained uniform. 

In the deer- and hareproof section 
(figure 21 ), mountain maple and 
redosier dogwood decreased in the 
same manner as for the deerproof 
section as did (table 28) balsam fir 
and paper birch (1951-1974). 

The numbers of mountain maple 
and redosier dogwood stems de
creased on the control, deerproof, 
and deer- and hareproof areas. Deer 
browsing usually produces increased 
numbers of stems (Krefting, et al., 
1966), but that did not occur in the 
control. Apparently, deer browsing 
was not severe enough to cause 
increased regrowth. 

A comparison of the average 
heights of mountain maple, paper 
birch, and redosier dogwood in 
1974 (table 29) indicates all species 
increased on the control, deerproof, 
and deer- and hareproof areas 
(1951-1974). Paper birch increased 
4 times on the control and about 5 
times within the exclosure (1951-
1974). 

Mixed-conifer swamp type 
(Kawishiwii) 

The exclosure and control areas 
were established near Ely within 
the Kawishiwii Experimental Forest 
in the Superior National Forest. 

From 1950 to 1974, the control 
plot had a maximum of eight 
species of vegetation (table 30). 
Bush honeysuckle and Canadian 
honeysuckle were not present on the 
1974 tally. White cedar and moun
tain maple stem numbers decreased, 
while speckled alder increased 
(1950-1974). 
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In the deerproof area ( 1950-
1974 ), the number of black spruce 
decreased, while the number of bal
sam fir and white cedar were con
stant (table 30). Speckled alder 
(A/nus incana) decreased in number 
during the period. 

For the deer- and hareproof area 
(table 30), both black spruce and 
white cedar decreased in number of 
stems, while speckled alder remain
ed constant (1950-1974). 

A comparison of the heights of 
white cedar in 1974 show 6 feet for 
the control (one tree), 4.6 feet for the 
deerproof section (31 trees), and 5 
feet for the deer- and hareproof 
section ( 45 trees). The increased 
heights within the exclosure were 
apparently influenced more by hare 
clipping than by deer browsing. 
White cedar numbers on the control 
decreased from 4 to 1 by 1974. 

Mixed-conifer swamp type 
(Onion Mountain) 

The exclosure and control plots 
are located within a small swamp 
near Onion Mountain in the Tofte 
area of the Superior National Forest. 
The exclosure (60 x 72 feet) was 
established in 1937 and had been 
used for a browse tolerance study 
until 1942. Poultry netting protected 
the area from hare clipping and deer 
browsing. In 1950, the exclosure 

was rebuilt, and mil-acre plots were 
established inside and outside of 
the exclosure. 

On the control area (table 31 ), 
the number of balsam fir increased, 
while the white cedar decreased 
(1950-1974). Only slight fluctu
ations in number of stems occurred 
for bush honeysuckle, Canadian 
honeysuckle, mountain ash, mountain 
maple, paper birch, pin cherry, and 
redosier dogwood. Beaked hazel, 
white spruce, and willow did not 
occur on the 1974 tally. Average 
heights also increased for most of 
the species; paper birch increased 
the most (1950-1974). 

Within the exclosure (table 31 ), 
balsam fir, redosier dogwood, and 
white cedar decreased in abundance, 
while mountain maple increased 
(1950-1974). After 1955, the poultry 
netting rusted away, and hares 
could enter the exclosure at will. 
Therefore, the snowshoe hare was 
responsible for the destruction of 
the young white cedar (figures 23 
and 24). 

Mixed-conifer swamp type 
(Quetico-Superior #2) 

The exclosure was established 
within a small mixed-conifer swamp 
at the Quetico-Superior Wilderness 
Research Center headquarters in 
the Superior National Forest. 

Figure 23. White cedar, a highly 
preferred food for deer and 
hares, is growing well within an 
exclosure in the Superior Nation
al Forest. 
Figure 24. White cedar and bal
sam fir grow well within an ex
closure in the Superior National 
Forest. 

Table 31. Number of stems and total height growth of the vegetation in a mixed-conifer swamp in the Superior 
National Forest (Onion Mt.). 

1950 1955 1974 

Species Control Exclosure Control Exclosure Control Exclosure 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

Balsam fir 19 30 48 100 22 45 38 160 49 72 22 72 
Beaked hazel 7 12 2 1 
Bush honeysuckle 3 4 2 1 5 9 2 2 7 13 
Canadian 

honeysuckle 26 46 2 7 26 59 2 2 21 60 6 10 
Mt. ash 4 11 4 34 2 18 4 40 6 38 2 40 
Mt. maple 16 45 9 66 22 65 12 111 20 88 39 128 
Paper birch 14 233 9 129 14 272 11 182 13 432 4 140 
Pin cherry 2 16 2 23 2 24 2 33 1 35 
Redosier dogwood 15 49 11 40 17 63 15 80 12 37 2 4 
Speckled alder 2 40 
White cedar 21 6 28 157 18 7 19 164 8 5 6 185 
White spruce 2 1 3 1 
Willow 1 12 2 22 1 16 2 34 
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In 1951, 83 percent of 111 
mountain maple stems on the con
trol plot had been browsed by deer; 
43 percent of seven paper birch 
were also browsed. Some browsing 
also occurred on balsam fir and 
mountain ash. Canadian honey
suckle, chokecherry, and white pine 
were not browsed. No clipping by 
snowshoe hares was observed. And 
in 1954, deer browsing on the con
trol plot amounted to 84 percent of 
the 152 stems of mountain maple 
and 58 percent of 12 paper birch. 
The snowshoe hare clipped one 
paper birch on the control plot and 
one mountain maple in the deer
proof section. Deer browsing also 
occurred on the control area on 
balsam fir and white pine. Species 
not browsed were white cedar, white 
spruce, and Canadian honeysuckle. 

On the control plot, the number 
of Canadian honeysuckle stems in
creased by 1974 (table 32). Black 
ash and aspen reproduction appeared 
in 1965 and increased on the 1974 
tally. The number of mountain 
maple stems decreased from l 1 1 in 
1 9 5 1 to 3 2 in 1 9 7 4. 

In the deerproof area, Canadian 
honeysuckle increased up to 1962, 
then decreased by 1974 (table 32). 
Mountain maple decreased from 
302 stems in 1951 to 94 stems by 
1974. 

Species in the deer- and hare
proof area that decreased in num
bers (1951-1974) were mountain 
maple, Canadian honeysuckle, and 
paper birch (table 32). Balsam fir 
and white spruce did not fluctuate 
widely. 

In 1965, there was a significant 
difference in average height of 
mountain maple (P < .0 l) on the 
control area and in the deerproof 
and deer- and hareproof sections of 
the exclosure. There was no signifi
cant difference in the average height 
of mountain maple in the deerproof 
and deer- and hareproof sections. By 
1974, the average heights of the 
mountain maples were: control, 5.8 
feet; deerproof, 5.4 feet; and deer
and hareproof, 7.4 feet. Less deer 
browsing on the control plot from 
1965 (3.2 feet) to 1974 (5.8 feet) 
apparently was responsible for in
creased average height of mountain 
maple in 1974. Both deer browsing 
and snowshoe hare clipping had 
minimal effect on the vegetation. 

.g 
Q,) 
c.. 
:::I 

en 
Q,) 

;:; 

·= c.. 
E 
ro 
~ 
Cl) 

....... 
• - 0 

~ e l-
o c. 

J; 
c:: 
0 

u 

..._ 0 
Q) 0 
Q) ..._ 

Cl c. 

c:) 
z: 

....... 
0 
I-

c:) 
z: 

....... 
0 
I-

c:) 
z: 

....... 
..:_ 'O ~ 
~ e 

Cl c. 0 
z: 

J; 
c:: 
0 
u 

....... 
0 
I-

c:) 
z: 

....... 
0 
I-

c:) 
z: 

....... 
~ ~ 
c:: 
0 c:) 

u z: 

....... 
·- 0 ..._ 0 I-

Q) 0 
Q) ..._ 

Cl c. c:) 
z: 

....... 

~ ~ 
c:: 
0 0 

u z: 

33 

CV) <.D 

00 

<.D 

<.D 

00 ,........, 

= 00 

00 
N 

00 ,........, 

,........, 
<.D 

00 ,........, 

<.D 
CV) 

Q) 

~ ~ 
:::I Q) 

c:: en ..s:::::. 
.~ii:;'(,,) 
-0 c:: Q) 
~ 0 ..:c:: 
c::..s::::. 0 
ro ..s:::::. 

u u 

tj" <.D 
00 ,.._, 

,...._ 
00 ,...._ 

CV) = ,........, 

LI")(V)OOLI") 
tj" 
00 

,...._ 
00 

N O'> 00 
tj" 
N 

N 

N 



-------------------·-·----- -------------------------·------~ 

EFFECT ON FOREST OPENINGS 

Abandoned field (Flat Lake) 
This exclosure was established 

Aug. 28, 1953, in an abandoned 
field in Becker County in the Ta
marac National Wildlife Refuge. 
The vegetation tallies were made in 
1957, 1961, 1964, 1966, and 1974. 

In 1957, deer browsed on all 72 
stems of sumac (Rhus glabra) in the 
control. And in 1961 , 20 percent of 
the 1 15 stems of sumac were 
browsed by deer. No deer browsing 
occurred in 1964, 1966, and 1974 
in the control area. However, 16 
percent of the 61 sumac stems in 
the deerproof section had been 
clipped by hares in 1961. 

In the control area (table 33), 
five species were present in 1957: 
American hazel; aspen; snowberry; 
rose; and sumac. By 1974, the 
American hazel disappeared, to
gether with snowberry, bush honey
suckle, poison ivy (Rhus radicans), 
and rose. The number of sumac 
stems increased from 1957 to 1964 
and decreased drastically by 197 4. 
Sumac averaged 5 feet in height in 
1974. 

In the deerproof area, the number 
of sumac increased from 1957 to 
1 964 and they decreased drastically 
by 1974 (table 33 , figure 25). The 
growth followed the same pattern 
found on the control plot. Aspen 
increased in number through 1966 
and decreased drastically by 1974. 

The 197 4 aspen averaged 20 feet in 
height; sumac averaged 6 feet in 
height. 

Six species occurred in the deer
and hareproof area: aspen; snow
berry; bur oak (Quercus macro
carpa); chokecherry; rose; and su
mac (table 33). Again, the number 
of sumac stems increased from 1957 
to 1964 and decreased drastically by 
1974. The aspen trees averaged 20 
feet in height in 1974; sumac aver
aged 6 feet in height. 

Browsing by deer and clipping 
by hares had minimal effect on the 
vegetation. The difference in the 
average heights of the control plot 
sumac (5 feet) and the deerproof 
(6 feet) and deer- and hareproof 
(6 feet) sumac was not significant. 
Apparently, overhead shading by 
aspen has the most important effect 
on the number of stems and height 
growth. 

Aspen type clearing (Little 
Bemidji Trail) 

The exclosure was established 
June 10, 1952, in a natural opening 
in the aspen type along Little Bemidji 
Trail in Becker County on the Ta
marac National Wildlife Refuge. 
The natural opening was covered with 
snowberry, juneberry, rose, willow, 
and pin cherry. Overstory trees in
cluded aspen, jack pine, and bur 

oak. Vegetation was tallied for the 
first time June 18, 1952. 

On the control plot, American 
hazel increased in number of stems 
and average height by 1974 (table 
34 ). Poison ivy also increased, al
though it was not tallied on each 
tally. Snowberry, juneberry, and rose 
increased from 1952 and began to 
decrease from 1961 to 1974. No 
important changes in numbers of 
stems occurred for bur oak, arrow
wood (Viburnum rafinesquianum), 
and willow by 1974. 

In the deerproof section, beaked 
hazel became established by 1 964. 
The numbers of American hazel 
and chokecherry in 197 4 remained 
uniform (table 34 ). Snowberry, june
berry, willow, and rose increased 
after 1952, then decreased by 1974. 
Poison ivy increased, but was not 
tallied. The average height of all 
species increased from 1952 to 
1974. 

In the deer- and hareproof area, 
American hazel, poison ivy, and 
rose increased; bur oak, snow berry, 
juneberry, and willow decreased 
(1952-1974) (table 34). Choke
cherry increased, then decreased by 
1974. 

No deer browsing or snowshoe 
hare clipping was recorded. Ap
parently, the changes that occurred 
were the result of plant competition 
and overhead shading. 

Figure 25. This sumac grows luxuriantly within the deer- and hareproof section of an exclosure in the 
Tamarac National Wildlife Refuge. 
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Table 33. Number of stems and total height growth of the vegetation in a forest opening in the Tamarac National Wildlife Refuge (Flat Lake). 

Species 

American 

1957 1961 1964 1966 1974 

Control 
Deer
proof 

Deer
and 

ha re
proof Control 

Deer
proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

Deer- Deer- Deer- Deer-
and and and and 

hare- Deer- hare- Deer- hare- Deer- ha re-
proof Control proof proof Control proof proof Control proof proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. Mo. Tot. No. Tot. No. Tot. No. Tot. 

hazel 3 5 3 9 
3 

10 52 9 44 
4 22 Aspen 3 12 2 

3 
5 12 2 6 2 10 11 31 

6 
6 23 

8 
9 25 12 58 

2 10 
7 42 
2 

5 106 6 124 
2 21 

7 138 
Bur oak 
Bush 

honeysuckle 
Choke cherry 
Poison ivy 
Red oak 
Rose 
Snowberry 
Sumac 

5 8 5 8 6 12 
8 10 2 3 

73 104 81 194 100 214 

9 14 
15 29 

2 
5 

5 
8 

3 3 

8 17 17 24 
19 50 

2 

15 29 
6 10 

6 14 

7 

2 
6 4 

16 11 23 24 64 15 36 
24 56 16 32 

2 9 

115 267 120 407 109 339 145 425 128 492 134 484 114 373 113 477 123 462 41 208 

9 7 

61 104 46 278 

Table 34. Number of stems and total height growth of the vegetation in a forest opening in the Tamarac National Wildlife Refuge (Little Bemidji). 

Species 

American 
hazel 

Arrow-wood 
Beaked hazel 
Bur oak 
Canadian 

honeysuckle 
Choke cherry 
Juneberry 
Snowberry 
Rose 
Willow 

1952 1957 1961 1964 1974 

Deer- Deer- Deer- Deer-
and and and and 

Deer- hare- Deer- hare- Deer- hare- Deer- hare- Deer-

Deer
and 

ha re 
proof Control proof proof Control proof proof Control proof proof Control proof proof Control proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

21 45 
7 17 

7 9 30 94 
14 49 7 19 

5 8 1 2 47 177 10 27 1 2 57 240 2 5 72 360 11 69 8 52 
17 84 19 37 
5 48 4 10 

2 40 

18 59 12 41 16 77 9 29 22 84 9 34 
17 50 1 2 

5 9 7 14 4 17 6 24 2 2 5 24 5 29 2 4 3 25 4 34 2 14 

5 5 
6 10 11 31 11 19 19 68 7 17 17 73 

107 382 119 164 151 186 188 400 151 236 196 312 124 328 93 168 75 142 134 320 
140 206 261 239 148 138 254 210 275 253 161 177 133 147 38 47 104 155 171 205 
96 146 111 152 86 125 123 215 118 244 119 239 99 240 105 290 98 316 110 272 
5 34 88 257 53 191 6 38 66 227 47 191 9 88 99 364 34 155 12 79 

8 21 11 51 
86 lg7 91 168 
80 114 161 230 

134 386 133 407 
79 315 39 192 

8 39 13 62 
78 241 100 317 25 69 
66 94 9 18 15 23 
53 158 
9 108 

71 231 125 470 
19 90 15 73 



Figure 26. Young jack pine grows luxuriantly in the control plot at the Heart Lake burn site in the Superior 
National Forest. 

EFFECT ON BURNED OVER AREAS 

The Heart Lake burn area is 
located near Ely in Lake County 
in the Superior National Forest. On 
April 28, 1952, 803 acres were 
burned, including 483 acres of 
spruce-fir; 131 acres of jack pine; 
116 acres of unproductive bogs and 
swamps; 40 acres of aspen; and 33 
acres of black spruce (Krefting and 
Ahlgren, 1974). At the time of the 
fire, the ground was cold and moist. 
A strong southwesterly wind caused 
the fire to move quickly, leaving be
hind occasional small unburned 
areas. Within a few days after the 
fire, jack pine cones in surrounding, 
mature, burned trees opened and 
dispersed seed. In the fall following 
the fire, red pine trees were planted 
on parts of the burn. Also, sprouts 
of aspen and paper birch were fre
quent in some areas together with 

jack pine seedlings. Four exclosures 
were established in the burn, one in 
the fir-spruce type; one in the jack 
pine type; and two in the aspen type. 

Fir-spruce type (Heart Lake #1) 

The exclosure was established in 
1953 in an area planted to red pine 
the year after the fire. The first 
vegetation tally in 1953 on the con
trol area showed the site was very 
unproductive: 13 beaked hazel, 10 
rose, 4 juneberry, and 1 pin cherry 
were found (table 35). By 1974, 
rose decreased in number. Beaked 
hazel, juneberry, and pin cherry 
increased in numbers of stems and 
average height by 197 4. 

On the deerproof area, the num
ber of stems of juneberry increased 
(1953-1974) the most-aspen and 
pin cherry also increased (table 35). 
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By 1974, bush honeysuckle and rose 
decreased; willow stems increased 
slightly. 

On the deer- and hareproof area 
(table 35), significant increases in 
numbers of stems occurred for bush 
honeysuckle and pin cherry by 1974. 
Beaked hazel stems fluctuated in 
number and showed a decrease from 
1953 to 1974. The average heights 
of beaked hazel, pin cherry, and 
willow increased considerably during 
the period (1953-1974). 

No deer browsing or snowshoe 
hare clipping was found on any 
vegetation tallies. 

Jack pine type (Heart Lake #2) 

The exclosure was established in 
1953 in the jack pine type near a 
spruce swamp (figure 26). 
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Table 35. Number of stems and total height growth of the vegetation in a burn in the Superior National Forest (Heart Lake # 1). 

Species 
Control 

1953 

Deer
proof 

Deer
and 

ha re
proof Control 

1958 

Deer
proof 

Deer
and 
ha re
proof Control 

1961 

Deer
proof 

Deer
and 

ha re
proof Control 

-·· 

1965 

Deer
proof 

Deer
and 

ha re
proof Control 

1974 

Deer
proof 

Deer
and 

ha re
proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

Aspen 
Beaked hazel 13 14 41 33 62 71 2 

4 14 2 14 
3 30 66 64 Ill 27 52 6 17 38 70 31 65 51 93 58 80 49 157 43 150 44 133 

Bush 
honeysuckle 61 40 7 4 4 4 5 4 12 8 8 7 24 26 17 15 36 63 24 33 

Jack pine 
Juneberry 
Paper birch 
Pin cherry 
Rose 
Willow 

4 

10 

5 13 17 

1 1 
6 43 30 

4 11 

2 

4 10 58 63 

2 2 
11 15 
4 20 

2 
2 

6 13 38 128 

4 5 1 1 
I 5 3 3 5 
3 4 25 

14 42 60 200 

6 11 12 24 
4 6 

3 11 59 

Table 36. Number of stems and total height growth of the vegetation in a burn area in the Superior National Forest (Heart Lake # 2). 

Species 

Beaked hazel 
Bush 

honeysuckle 
Canadian 

honeysuckle 
Jack pine 
Juneberry 
Mt. alder 
Mt. ash 
Paper birch 
Pin cherry 
Rose 
White spruce 

1953 1958 1961 

Control 
Deer
proof 

Deer
and 

ha re 
proof 

No. Tot. No. Tot. No. Tot. 

5 6 11 14 

11 6 4 6 18 18 

10 9 
30 6 31 23 21 3 
7 6 8 11 

60 136 101 244 
2 I I I 

6 9 

34 31 2 I 7 6 

Control 
Deer
proof 

Deer
and 

ha re
proof 

No. Tot. No. Tot. No. Tot. 

10 

4 

56 
6 

2 
2 

21 

3 

90 
13 

3 

6 8 
42 72 
9 20 

52 232 
2 4 

4 
2 2 

13 38 

3 3 

6 9 
15 71 
61 328 
I 
2 17 

Control 
Deer
proof 

Deer· 
and 
ha re 
proof 

No. Tot. No. Tot. No. Tot. 

16 34 

6 4 

54 263 
6 14 

3 

3 3 

7 13 
43 191 
17 34 
25 100 
2 5 

3 5 
3 3 

18 57 

6 6 

7 24 
14 43 
46 280 
2 4 
2 18 
3 4 

2 

2 
9 44 44 146 

6 12 4 11 7 36 21 93 
2 3 4 

4 10 6 54 4 19 

Control 

1965 

Deer
proof 

Deer
and 
ha re 
proof 

No. Tot. No. Tot. No. Tot. 

13 25 

4 4 

55 511 
2 4 

4 5 

9 17 
43 382 
12 36 
29 138 

3 

2 3 
3 5 

20 54 

7 9 

6 54 
18 69 
94 648 
5 10 
4 30 
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Table 37. Number and average height of jack pine in the control, deerproof, and hareproof areas in a burn in the Superior National Forest (Heart 
Lake #2). 

Area 

Control 
Deerproof 

1953 

Number 

1958 

Average Number 

1961 1965 

Average Number Average Number Average 

Deer- and hareproof 

30 
31 
21 

0.2 
0.7 
0.1 

56 
42 

6 

1.6 
1.7 
1.5 

54 
43 

7 

4.8 
4.4 
3.4 

55 
43 

6 

9 .3 
8.9 
9.0 

Table 38. Number of stems and total height growth of the vegetation in a burn in the Superior National Forest (Heart Lake #3). 

1953 1958 1961 1965 1974 

Deer- Deer- Deer- Deer- Deer-
and and and and and 

Species Deer- hare- Deer- hare- Deer- hare- Deer- hare- Deer- hare-
Control proof proof Control proof proof Control proof proof Control proof proof Control proof proof 

No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. No. Tot. 

Aspen 53 153 105 374 105 366 24 132 48 397 50 380 19 139 44 523 42 425 15 184 36 553 35 492 11 296 23 790 21 578 
Balsam fir 
Beaked hazel 
Bush 

honeysuckle 
Canadian 

honeysuckle 
Choke cherry 
Jack pine 
Juneberry 
Mt. alder 
Mt. ash 
Paper birch 
Pin cherry 
Red maple 
Rose 

672 849 628 890 445 661 507 1288 439 450 396 1080 486 1418 367 1409 325 265 302 1090 225 1029 206 816 195 762 160 561 154 637 

22 24 

1 
4 3 
4 
2 2 

27 49 

16 18 

6 7 

5 
2 

2 
4 

4 5 17 20 3 4 2 2 24 32 

5 11 11 
4 
4 

2 5 13 
43 100 

3 22 85 
4 9 13 15 46 

2 9 
4 7 

10 13 
3 15 
6 27 

2 12 
5 21 

2 4 
3 8 
3 8 8 24 
7 30 7 21 

41 206 

16 149 
10 44 18 65 

2 13 
4 4 3 6 

5 23 
2 14 
8 44 

10 
4 22 

8 12 22 30 5 7 4 6 8 15 4 5 6 12 

5 9 

4 21 10 40 
2 9 4 15 

11 145 
6 34 

2 3 

41 245 

19 109 
3 27 
4 8 

3 16 
3 24 
7 44 

1 
2 

16 
16 

9 20 
1 2 
3 25 2 41 

6 3 7 

8 206 
8 42 

4 7 

22 150 

7 

5 

85 
25 
14 

1 35 
3 25 
4 27 

1 35 
4 39 

3 6 
2 46 
3 11 

7 265 
6 45 

12 20 
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No feeding by deer or hares was 
recorded in 1953. In 1958, two 
young jack pine trees were browsed 
by deer (total 56 trees); in the deer
proof section, only 1 of 42 trees 
was clipped by snowshoe hares. Only 
one of 54 jack pines was browsed 
by deer in 1 961. Therefore, the 
effect of deer and hares at this ex
closure site was minimal. No feeding 
occurred on the other species of 
vegetation. 

On the control area, both beaked 
hazel and jack pine increased in 
density by 1965 (table 36). The 
numbers of stems of bush honey
suckle and juneberry decreased by 
1974. Mountain ash, pin cherry, and 
rose were present in 1961, but they 
were not found on the 1965 tally. 

The number of stems on the 
deerproof area showed an increase 
for jack pine and juneberry; moun
tain alder decreased (table 36). The 
density of bush honeysuckle, Canad
ian honeysuckle, mountain ash, pin 
cherry, and rose fluctuated but they 
had no significant pattern during 
the period. 

On the deer- and hareproof area 
(table 36), beaked hazel, juneberry, 
and mountain ash increased in 
density by 1974. Bush honeysuckle, 
jack pine, and mountain alder de
creased (195 3-197 4 ). 

By 1965, the mean heights were 
about the same for jack pine on all 
areas: control, 9. 3 feet; deerproof, 
8.9 feet; and deer- and hareproof, 
9 feet (table 37). Juneberry stems 
decreased by 1974 on the control 
area, but increased in the deerproof 
and deer- and hareproof sections. 

Aspen type (Heart Lake #3) 

The exclosure was established 
within a typical aspen type in 1953. 
No deer browsing or hare clipping 
was noted in 1953. And in 1958, 
36 percent of the jack pine were 
clipped by hares on the control plot; 
in the deerproof section, 80 percent 
of the trees were clipped. Also in 
1961, 25 percentofthejack pine on 
the control were clipped; 80 percent 
were clipped that year in the deer
proof section. 
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On the control plot, these species 
decreased in density from 1953 to 
1974: aspen; beaked hazel; bush 
honeysuckle; jack pine; mountain 
alder; and pin cherry (table 38) . 
Densities of Canadian honeysuckle 
increased. Juneberry, red maple, and 
rose fluctuated in density during 
the 21-year period. The average 
heights of all species increased by 
1974. 

Aspen and beaked hazel decreased 
on the deerproof area (table 38). 
No important changes in density 
occurred for bush honeysuckle, jack 
pine, juneberry, mountain alder, and 
pin cherry. The average heights of 
all species increased by 1974. 

On the deer- and hareproof area, 
the densities decreased (1953-1974) 
for aspen, beaked hazel, jack pine, 
and paper birch (table 38). Rose 
increased in density during the per
iod. Densities for bush honeysuckle, 
Canadian honeysuckle, juneberry, 
and pin cherry fluctuated slightly 
on each tally. The average heights of 
all species increased by 1974. 

The data suggest that browsing by 
deer and clipping by snowshoe hares 
had minimal effect on the growth 
of jack pine and other species. 

Aspen type (Heart Lake #4) 

The exclosure was established 
within a typical aspen type in 1953. 
No deer browsing or snowshoe hare 
clipping occurred on the control of 
deerproof areas in 1953 and 1958. 
But in 1961, some hare clipping 
occurred on the control plot only. 
That year 1 of 3 jack pines and 1 of 
6 pin cherries were clipped by snow
shoe hares. 

On the control plot, striking de
creases in density occurred (1953-
1974) for aspen, beaked hazel, bush 
honeysuckle, pin cherry, and rose 
(table 39). Most species showed no 
important density changes-willow 
increased significantly. Also, the 
average height of all species in
creased by 1974. 

Six species had decreased densi
ties on the deerproof area by 1974: 
aspen; beaked hazel; bush honey
suckle; juneberry; pin cherry; and 
rose (table 39). The five remaining 
species fluctuated in density, but the 
differences were unimportant. The 
average height of all species in
creased by I 97 4. 



On the deer- and hareproof area, 
aspen, beaked hazel, bush honey
suckle, pin cherry, and rose showed 
decreased densities from 1953 to 
1974 (table 39). No important fluc
tuations in density occurred for 
black spruce, Canadian honeysuckle, 
juneberry, and redosier dogwood 
(1953-1974). 

The data suggest that crown 
closure shading had the greatest in
fluence on plant succession. The 
effect of clipping by hares was 
insignificant. 

Aspen-birch-jack pine type 
(Ottertail River) 

This exclosure is located along the 
Ottertail River in Becker County in 
the Tamarac National Wildlife Re
fuge. It was established May 11, 
1952, on a 20-acre area that burned 
in 195 I. The previous type was a 
mixture of aspen, jack pine, bur oak, 
paper birch, and scattered red pine. 
Since the area supported few woody 
plants in 1952, the first vegetation 
tally was delayed until 1957. 

The pocket gopher (Geomys bur
sarius) apparently has been the 
most important factor affecting 
regrowth of the vegetation since 
the I 951 fire. The gophers had an 
influence on all areas: control; deer
proof; and deer- and hareproof. 

On the control plot, there were 
striking decreases in density (1957-
1974) for American hazel, snow
berry, chokecherry, juneberry, pani
cle dogwood ( Cornus paniculata), 
and willow (table 40). Species that 
maintained about the same density 
by 1974 were arrow-wood and red 
oak. 

On the deerproof area, there 
were decreased densities by 1974 for 
snowberry, juneberry, rose, and 
willow (table 40). Species with more 
uniform densities were American 
hazel, chokecherry, and panicle dog
wood. 

The species densities on the deer
and hareproof area decreased by 
1974 for snowberry and rose (table 
40). Uniform density species in
cluded aspen, chokecherry, panicle 
dogwood, white spruce, and willow 
(1957-1974). 

Apparently, the influence of poc
ket gopher activity was the most im
portant factor affecting vegetation 
growth. 

- - --------- ----- --------- - -------------

DISCUSSION 

Jack pine, red pine, white pine, 
and white spruce were planted at six 
locations in northern Minnesota. The 
results-after a span of 24 years
show that deer and hare browsing 
had an effect on tree growth at three 
of the plantations. Browsing re
sulted in seedling mortality and 
caused a reduction in height and 
diameter growth. The overall effect 
of browsing was a delay in the num
ber of years required for the stand 
to reach a satisfactory stocking 
density. 

Deer browsing had a greater effect 
on tree growth than did snowshoe 
hares at two of the three plantations. 
Both species were unimportant at 
two other plantations. When the 
stands became taller and older, the 
dominant trees caused crown closure 
which, in turn, caused shading. This 
gradually resulted in the mortality of 
some of the trees. Also at both white 
pine plantations, blister rust was 
responsible for greater mortality 
than was deer browsing. 

The effect of deer and hare 
browsing on the natural regeneration 
of jack pine at one location showed 
browsing had no effect on mortality 
or on total and average height growth. 
Data for jack pine 8 feet or taller in 
197 4 showed the average diameter 
for control plot trees was smaller 
than for exclosure trees. Information 
on number of jack pine trees per 
acre 7 feet or taller showed a delay 
of l 1 years before the control stand 
reached a satisfactory stocking 
density. Overhead shading produced 
by crown closure of dominant trees 
apparently was more important in 
causing mortality than were deer 
browsing and hare clipping. 

At eight exclosure sites, deer and 
hare browsing had minimal effect on 
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the vegetation in mixed-conifer 
swamps. Seven exclosure sites were 
located in various parts of the 
Superior National Forest. One site 
was in the Chippewa National 
Forest. Plant competition plus 
overhead crown canopy shading 
apparently had the most influence 
on plant growth. In general, a strik
ing decrease in number of stems 
occurred at most exclosure sites 
after a span of about 24 years, but 
there was an increase in average 
heights-especially for tree species. 
Although the results varied by ex
closure sites, at two sites mountain 
maple and redosier dogwood de
creased in numbers of stems, but in
creased in average height on the 
control, deerproof, and deer- and 
hareproof sections. 

White cedar, a highly preferred 
species for deer and hares, decreased 
at all exclosure sites except one. 
From 1950 to 1974, the protected 
cedars at this site increased from 3 
to 6.1 feet, while the unfenced 
trees average only 1.1 feet. At the 
end of the 24-year period, the un
protected paper birch also averaged 
only 2.2 feet tall, while the pro
tected birch averaged 29 feet tall. 
The findings at this exclosure site 
clearly demonstrate the impact of 
deer browsing on height growth. 

The deer were attracted to a small 
forest opening formed by an aban
doned field. Smooth sumac, a highly 
preferred browse species, had con
tinuously been severely browsed 
before the exclosure was established 
in 1953. The average height of 
sumac increased from 1.4 feet to 
5 feet on the control and from about 
2 to 6 feet within the exclosure. The 
number of aspen increased faster 
within the exclosure than on the 



control. Browsing by deer and hares 
was responsible for a minimal effect 
on the vegetation. Plant competition 
during succession plus overhead 
shading by aspen had a greater effect 
on number of stems and height 
growth than did browsing. 

The deer were not attracted to a 
natural forest opening. The area was 
already stocked with about 10 kinds 
of browse when the exclosure was 
established in 1952. Only a few 
of the species were highly preferred 
by deer. An occasional stem was 
browsed by deer, and no hare 
browsing was found. The increases 
and decreases in numbers of stems 
was much the same in the control 
and exclosure. Apparently, vege
tation changes resulted from plant 
competition plus the effect of over
head shading of trees. 

Four exclosures were established 
within the 800-acre Heart Lake 
Burn area in the Superior National 
Forest. The exclosures sampled three 
forest cover types: aspen; jack pine; 
and spruce-fir. No deer or hare 
browsing was recorded in the spruce 
fir type. Crown closure shading, to
gether with competition between 
species, apparently was the major 
factor affecting plant succession. In 
the jack pine type, no deer or hare 
browsing occurred in 1953, and 
only minor browsing was observed 
on jack pine in 1958 and 1961. The 
effect was minimal. Apparently, 
crown closure shading, with com
petition between species, was the 
most important factor affecting 
plant succession. In the aspen type, 
hare browsing was common on jack 
pine at one exclosure site. At the 
other site, hare browsing on jack 
pine was insignificant. Crown closure 
shading, with species competition, 
was the most important factor. 
These data demonstrate that deer 
and hare browsing was insignificant 
within the Heart Lake burn, and 
their effect was minimal. The effects 
of crown closure shading had the 
greatest impact on the growth and 
survival of the vegetation. At another 
site, pocket gopher activity was the 
most important factor affecting the 
regrowth of the vegetation. Also, 
natural competition between species, 
along with crown closure shading, 
apparently was of equal importance. 

- - - - - - -- -·- --------------------

SUMMARY 

Exclosures were established in 
northern Minnesota because over
populations of white-tailed deer 
and snowshoe hares were having an 
obvious effect on the trees and 
shrubs. The term "overbrowsing" 
was in common usage by foresters 
and wildlife biologists to describe 
animal use. 

The exclosures were designed to 
eliminate one environmental factor 
-use by deer and hares. The long 
term studies at 21 locations, in a 
variety of forest cover types, demon
strated the relationships ofanimal use 
on vegetation. The exclosures mea
sured the impact of deer and hare 
browsing on the various trees and 
shrubs and stand composition. 

Unfortunately, many factors were 
involved at each exclosure site. 
Availability of preferred browse 
species was different at each location, 
and the deer and hare populations 
varied a great deal. In general, the 
overall effect of deer and hare 
browsing was dependent upon these 
factors: forest cover type; site quality; 
species composition; age and rate of 
growth of the vegetation; browse 
preference; tolerance to browsing; 
and the ability of each plant species 
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to respond to root competition and 
shade from dominant trees in the 
stand. At two locations, growth and 
vigor of white pine was also affected 
by blister rust as well as deer 
browsing. 

The data shows that deer and 
hare browsing was important at 
only 3 of the 21 exclosures. At two 
plantation exclosures and one ex
closure site in a mixed-conifer 
swamp, browsing produced seedling 
mortality and caused a reduction in 
diameter and height of tree species. 
However, the effect on the vegetation 
was found to be short term. Browsing 
only caused a delay in the number 
of years required for the stand to 
reach a satisfactory stocking density 
and on the rotation age. Apparently, 
the term "heavy browsing" should 
have been used instead of "over
browsing." Browsing pressure as a 

. modifying agent to the forest is 
difficult to demonstrate. There are 
many interrelated factors that affect 
it and are affected by it. At most of 
the exclosure sites, root and plant 
competition and overhead shading 
by dominant trees were more im
portant than browsing by deer and 
clipping by hares. 
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This young snowshoe hare is in its summer pelage. This publication discusses the effect of white-tailed deer 
and snowshoe hare browsing on trees and shrubs in northern Minnesota. 
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