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DENSITY / CARRYING CAPACITY

Artificially high numbers of deer in ltasca State Park have caused problems for pine
regeneration, because the browsing has stunted and destroyed young pine seedlings. As part of
a management program to maintain a combination of deer and pine regeneration, the carrying
capacity of the area must be determined and methods developed to keep deer densities within an
acceptable range. Deer populations are expected to increase subsequent to treatment of an area
to stimulate pine regeneration due to increased food supply and appropriate habitat (Moritz
1976). Therefore, the author asserts that a pine restoration plan should include increased
hunting to minimize browsing early on that would harm pine regeneration. Deer density was
found to increase on an area that had been burned in a wildfire by comparison to a similar, but
unburned, tract of forest (Vogl and Beck 1970). This finding suggested, therefore, that a burned,
mixed forest of resprouting oaks, shrubs and prairie plants such as that found on the post-fire tract
provided more preferrable habitat for deer than the unburned forest.

According to simulation models (Cooperrider and Behrend 1983), in a mixed-hardwood
forest supportable deer densities were higher in areas where current logging was taking place,
due to the browse production in the cutover areas and the increase in available winter forage in
the form of slash. It was determined that a density of 3 deer per square mile was sufficient to
prevent adequate regeneration after 20 years on a cutover area with a residual basal area of 60
square feet per acre. Adequate regeneration was anticipated only if deer populations were kept
below 0.5 deer per square mile for 10-20 years. Heavier cutting was expected to decrease the
time for stems to grow out of reach of deer, thus decreasing the period of time that deer densities
would have to be kep_t so low. Furthermore, the quality and duration of availability of herbaceous
forage on late-spring and summer range were found to be crucial in determining the density of
deer that could be supported by an area.

Graham et al. (1963) offered the following method for estimating deer density in Michigan
aspen stands. If there is no obvious browsing, there are less than 15 deer per square mile. If

there is light, but no serious damage, there are 15-20 deer per square mile. If browsing damage is
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light, except in local spots, there are 20-25 deer per square mile. If browsing damage is

conspicuous, there are 25-35 deer per square mile. If browsing is generally heavy to destructive,

there are 35-50 deer per square mile. If all palatable woody stems are browsed, there are at least

50 deer per square mile. If browsing is destructive to all palatable species, there are more than 50

&

s

deer per square mile.

Deer carrying capacities have been reported for various regions and various habitat types
throughout the north central and northeastern United States. For example, Tilghman (1989)
determined from an enclosure study in northwestern Pennsylvania that the overall carrying
capacity of the hardwood forests of the region was 15 deer per 259 hectares. In the Adirondacks,
high deer densities (approximately 27 per square mile) were blamed for the fack of hemlock

regeneration. After hunting reduced the deer numbers to an average of 12 per square mile,

changes were noted in vegetative growth and reproduction suggesting that the deer populations

were approaching supportable numbers.

In northern Wisconsin, major differences in deer abundance appear to be based on forest

composition, with high numbers of deer located in forests that were predominantly aspen, oak
and jack pine of fire origin (McCaffery 1986). Maximum carrying capacity appeared to vary from 15
deer per square mile in poorer habitat areas to 45 deer per square mile in the best areas.

Availability of conifer cover did not correlate well with the differences in carrying capacity, but the

amount of aspen, oak and non-stocked forests did. As northern hardwoods and balsam fir
increased, non-stocked land closed in, and aspen acreage was lost to natural succession and

forced conversion to pine, carrying capacity was expected to decline. According to McCaffery

(1986), a model to predict carrying capacity shows that unbroken pole-sized northern hardwoods

have a carrying capacity of about 6 deer per square mile, hardwood timber with 10% grassy

openings might have a carrying capacity of 20 deer per square mile and, even without grassy

openings, the carrying capacity might be 40 deer per square mile if 80% of the habitat is aspen,

E.d

oak, jack pine and clearcut stands less than 10 years old.
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Alverson et al. (1988) found that in the hemlock-hardwood forests of northern Wisconsin,
presettlement forest conditions, including severe winters and wide expanses of virgin timber
lacking undergrowth, produced marginal hai)itat for white-tailed deer. Therefore, deer
populations were probably maintained at 2-4 deer per square kilometer of range (deer/sq km x 2.6
= deer/sq mi). In recent years, deer numbers have been much higher, between 5-12 deer per
square kilometer. But, the authors claim that the forests of northern Wisconsin have been unable
to support deer densities of 8 per square kilometer or higher while still maintaining healithy
reproduction of deer sensitive plant species. They recommend maintaining deer numbers at
presettiement densities. Anderson and Loucks (1979) also note high deer densities in the
forests of northern Wisconsin, and cite them as the cause of the failure of hemlock reproduction.
However, they estimate much higher densities than Alverson et al. (1988), ranging from 37-110
per square kilometer.

Antang (1972a) reported that census counts from 1935-1945 revealed that there were
about 75 deer per section in ltasca State Park, but that the area could only support about 16 deer
per section successfully. Feeney (1935) estimated the deer carrying capacity of Itasca State Park
to be one deer per 40-50 acres. Kohn and Mooty (1971) estimated average deer densities in
north central Minnesota to range between 16-22 deer per square mile, based on pellet studies,
but did not indicate whether or not these numbers were supportable. In the Superior National
Forest, drive censuses in 1939 indicated that deer averaged 12.2 per square mile (Fredine 1940).
Deer numbers had been declining since 1937, with an average loss of 11 deer per square mile of
wintering range due to malnutrition. This finding suggested that the average of 12.2 deer per

square mile exceeded the carrying capacity of the area.

CONTROL MEASURES
Because deer browsing has such a negative impact on pine reproduction, certain
measures are necessary to control deer numbers during the vulnerable years of early growth.

Pine trees from about 0.15 to 2.1 meters (6 inches to 7 feet) are susceptible to deer browsing in
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winter (Ross et al. 1970) and should be protected from browsing. Wilson (1946) recommended
that young pines in ltasca State Park be protected from deer browsing for a minimum of 20 years in
order to improve the likelihood of survival to maturity.

Tierson et al. (1966) found that deer were a limiting factor in the height growth of
hardwood species and woody shrubs in the Adirondack Mountains due to browse pressure. The
authors found that all-aged selection methods, in which the reproduction process occurs
continuously throughout the rotation of the stand, is likely to have little success in areas where
deer are abundant. They recommend using even-aged methods in such areas to reduce and
make manageable the period during which deer control measures will be necessary.

The method of controlling deer damage may take the form of reducing deer numbers,
excluding deer from vuinerable areas, or discouraging browsing by placing a physical or chemical

barrier between individual trees or tree parts and the deer.

BEDUCING DEER NUMBERS

Methods of controlling deer numbers include predation, sport hunting and population
reduction by wildlife managers. Predation by wolves, coyotes, etc. is expected to at best exert a
dampening effect on a deer population, but is not expected to have much influence on reducing
population size (Kroll et al. 1986). Hunting has received mixed reviews in terms of its
effectiveness in controlling deer numbers.

Kroll et al. (1986) claim that public hunting rarely achieves population reduction goals
because harvest rates rarely approach recruitment rates, which are usually about 30-40%. Hunter
access is often a major physical constraint to harvest. Because hunters tend to remain close to
roads and trails, hunting pressure is unevenly distributed over large areas, producing patchy,
often locally dense, deer populations. Heavy hunting pressure during the early part of an
antlerless season may cause shifts in activity patterns and home ranges. Therefore, a system
involving rotation of hunting areas and times may be necessary in order to meet harvest quotas.

De Yoe et al. (1985) also claim that regulating deer numbers by hunting is not very effective. They
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point out that to stabilize an area's deer population, 33% of the herd must be killed. To
accomplish this, does and fawns must be killed, which is highly controversial.

Public hunting, by permit only, was used successfully under controlled conditions in the
Adirondack Mountains to reduce deer numbers, but it took two years to accomplish the reduction
goals (Behrend et al. 1970). When deer numbers were large and the animals were unwary, it took
about 59 hours to bag one deer. As deer density decreased, approximately 100 hours were
required. Some immigration occurred from surrounding areas subsequent to the reduction in
deer numbers, but there was not an immediate influx of deer to replenish the herd. Since the net
effect of immigration could not completely replenish greatly reduced deer herds in one year, the
authors concluded that deer number could be reduced substantially by heavy hunting and
maintained at reduced levels by lighter hunting. Deer harvests of the magnitude necessary for
control require effective hunting pressure, which is possible only where large numbers of hunters
are provided adequate access. Some type of trail or road system wouid have to be maintained in
order to provide access in areas where logging is not practiced.

Because deer were found to maintain high fidelity to their summer range in the
Adirondacks, Tierson et al. (1985) recommended that control of deer damage be aimed at the
population doing the damage. To do so, deer hunting permits should be allocated based on area
hunted rather than deer range availability. Graham et al. (1963) recommend that, to secure larger
kills, hunting parties be directed to problem areas by publications, advertising and personali
contacts, good camp locations be made available near deer concentrations, shooting stands be
established, drives organized and roads maintained into areas where hunting should be
encouraged.

EXCLUDING DEER FROM VULNERABLE AREAS

Electric fencing has been used successfully to exclude deer from fields containing
various crops, fruit trees and young coniferous trees. However, construction and maintenance
costs can be high, especially in rough terrain (DeYoe et al. 1985). Deer usually penetrate fencing

by going under or through it, rather than jumping over. Palmer et al. (1985) observed that after
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experiencing an initial shock from an electric fence, deer stayed approximately 1 meter away from
the wires and didn't try to jump over it, despite the food available on the other side. A 2-3 meter
open strip should be left outside the perimeter of an electric fence to ensure that deer will
approach the fence walking rather than jumping. That way they will experience a shock and learn
to avoid the area. Palmer et al. (1985) recommend the Penn State Vertical Deer Fence, which is
described in their paper.

The International Paper Company in Couderspont, PA, has also had success in protecting
hardwood clearcuts from overbrowsing by deer by installing an electric fence (Kochel and
Brenneman unk.). They used a 5 strand vertical fence, 58 inches high, with the bottom strand of
wire 10 inches off the ground and 12 inch spacing between each additional wire. The fence was
not deer proof, but did curtail deer penetration enough so that the clearcuts were regenerating
successfully. The most effective fence was found to be one that is Iocatgd outside the cut area,
has few holes or low areas and is kept running at about 4000 volts, with energizer pulses at or
above 40 per minute. Electric fencing was recommended over chemical repellents, individual
seedling protection and other techniques to reduce browsing, because these methods had
either been ineffective or too costly to implement.

Deer do not walk through felled tops and other logging debris, so seedlings might be
protected by such debris (Graham et al. 1963). Deer may be prevented from entering a vulnerable
area by surrounding the area with an unbroken windrow of slash and logging debris, wide enough
to discourage jumping. Deer are hesitant to wander more than 150-200 feet from protective
cover, so browse damage may be reduced in the interior of a clearcut, if the area cut is large
enough (greater than 100 acres) (DeYoe et al. 1985).

Deer learn to associate the sound of a power saw or a tractor with food and are attracted by
the noises of cutting operations (Graham et al. 1963). These sounds can be used to coax deer
out of aspen sucker stands where they are overbrowsing. This is a conditioned response and

develops most quickly under conditions where food is scarce.
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PHYSICAL OR CHEMICAL BARRIER

Physical barriers are available in a wide range of materials and labor costs and can be used
to protect individual trees or portions of trees. They differ from fencing in that they do not exclude
wildlife from important feeding habitat. DeYoe et al. (1985) offer considerable information after
having evaluated the effectiveness of a number of physical barriers. For example, they found that
Vexar tubes prevent browse damage effectively, have no adverse effect on seedling survival, can
enhance terminal growth and they are effective for muitipest control (deer, mountain beavér, mice
and elk). Vexar leader tubes are also effective in preventing browse damage to terminals, have no
adverse effect on seedlings survivél and can enhance height growth. But, restriction and
bending of the terminals can be a problem, especially on small seedlings unable to remain fully
erect under the weight of the tube. Flexible netting has proven effective in preventing browse
damage and has no adverse effect on seedling survival. However, if applied improperly, the
incidence of bent terminal leaders increases. Paper budcaps, stapled around the terminal leader
and bud, form a protective cylinder, but normally require annual adjustment or replacement.
Reemay sleeves are very effective in preventing browse damage and, if used properly, have no
adverse effect on seedling survival. However, on hot, dry sites, particularly those with south—
southwest aspects, Reemay sleeves may have an adverse affect on seedling survival. This is due
to the inability of seedlings, whose branches are tightly bunched up and experiencing poor air
circulation, to dissipate heat fast enough to prevent tissue damage. Similar problems have also
been observed with netting and, to a lesser degree, Vexar tubes on hot, dry sites. Injury can be
minimized by using Reemay sleeves that are larger in diameter and lighter weight in material.

DeYoe et al. (1985) also examined the etfectiveness of chemical repellents. They found
that repellents had mixed success. The most effective was putrified egg solids, which is available
in three formulations called Big Game Repellent, Deer-Away in liquid form and Deer-Away in dry
form. They caution, however, that chemical repeilents should not be applied to young or

physiologically stressed seedlings.

June 14, 1994 88



LITERATURE CITED

Agee, J. K. 1974. Environmental impacts from fire management alternatives. National Park
Service Western Regional Office Report.

Ahlgren, C. E. 1959a. Vegetational development following burning in the northern coniferous
‘i forest of Minnesota, pp. 21-22. Proceedings, Society of American Foresters.

Ahigren, C. E. 1959b. Some effects of fire on forest reproduction in northeastern Minnesota.
Journal of Forestry 57:194-200.

Ahligren, C. E. 1960. Some effects of fire on reproduction and growth of vegetation in
northeastern Minnesota. Ecology 41:431-445.

Ahlgren, C. E. 1966. Small mammals and reforestation following prescribed burning. Journal of
Forestry 64:614-618.

Ahlgren, C. E. 1970. Some effects of prescribed burning on jack pine reproduction in
northeastern Minnesota. Miscellaneous Report 94, Forestry Series 5-1970,
University of Minnesota Agricuitural Experiment Station.

Ahlgren, C. E. 1974. Effects of fires on temperate forests: north central United States, pp. 195-
223. Fire and Ecosystems, Academic Press, New York.

Anlgren, C. E. 1976. Regeneration of red pine and white pine following wildfire and logging in
northeastern Minnesota. Journal of Forestry 74:135-140.

Ahigren, C. E. 1979. Buried seed in the forest floor of the Boundary Waters Canoe Area.
Minnesota Forestry Research Note 271. University of Minnesota, School of Forestry.

Ahigren, |. F. and C. E. Ahigren. 1960. Ecological effects of forest fires. Botanical Review
26:483-533.

Alban, D. H. 1974. Red pine site index in Minnesota as related to soil and foliar nutrients. Forest
Science 20:261-269.

Alban, D. H., D. A Perala, M. F. Jurgensen, M. E. Ostry, and J. R. Probst. 1991. Aspen
ecosystem properties in the Upper Great Lakes. US Dept. Agriculture, Forest Service, N.
Central Forest Exper. Sta., St. Paul, Mn. Research Paper NC-300.

Aldous, S. E. 1939. Pine in the diet of white-tailed deer. Journal of Forestry 37:265-267.

Alm, A. A. and R. Schantz-Hansen. 1970. Planting pine tubelings in Minnesota. Journal of
Forestry 68:353-357.

Alverson, W. S, D. M. Waller and S. L. Solheim. 1988. Forests too deer: edge effects in northern
Wisconsin. Conservation Biology 2:348-358.

Anderson, R. C. and O. L. Loucks. 1979. White-tail deer (Odocoileus virginianus) influence on
| structure and composition of Tsuga canadensis forests. Joumnal of Applied Ecology
| 16:855-861.

i Anderson, R. L. 1973. A summary of white pine blister rust research in the Lake States. General
| Technical Report NC-6. USDA Forest Service .

June 14, 1994 89




E7

L
G

pra|

F O FT§F

F

F

™

Anfang, R. A. 1972a. The Itasca State Park Forestry Demonstration Area. Unpublished Master's
Paper, College of Forestry, University of Minnesota, St. Paul, MN.

Anfang, R. A. 1972b. Feeding habits of porcupine (Erethizon dorsatum L.) in ltasca State Park,
Minnesota. Student Major Report. College of Forestry, University of Minnesota, 47 pp.

Bakuzis, E. V. 1954. Some observations on natural reproduction in a mixed red pine-balsam fir
stand in ltasca State Park, Minnesota. Unpublished Paper, 50 pp.

Bakuzis, E. V. Year Unk.?

Beals, E. W., G. Cottam and R. J. Vogl. 1960. Influence of deer on vegetation of the Apostle
Islands, Wisconsin. Journal of Wildlife Management 24:68-80.

Behrend, D. F., G. F. Mattfeld, W. C. Tierson and J. E. Wiley, lll. 1970. Deer density conirol for
comprehensive forest management. Journal of Forestry 68:695-700.

Benedict, J. 1989. Wildland fire management plan Voyageurs National Park. National Park
Service Document.

Benzie, J. W. 1968. Regeneration of cutover jack pine stands. Research Note NC-49. US
Forest Service, North Central Forest Experiment Station.

Benzie, J. W. 1973a. Red pine, pp. 58-60. Agriculture Handbook 445. US Department of
Agriculture, Forest Service.

Benzie, J. W. 1973b. Jack pine, pp. 60-61. Agriculture Handbook 445. US Department of
Agriculture, Forest Service.

Benzie, J. W. 1977a. Manager's handbook for red pine in the north central states. General
Technical Report NC-33. US Forest Service, North Central Forest Experiment Station.

Benzie, J. W. 1977b. Manager's handbook for jack pine in the north central states. General
Technical Report NC-32. US Forest Service, North Central Forest Experiment Station.

Bergeron, Y. and M. Dubuc. 1989. Succession in the southern part of the Canadian boreal
forest. Vegetatio 79:51-63.

Bergman, H.F. 1924. The composition of climax plant formations in Minnesota. Papers Michigan
Academy of Science 3:51-60.

Bergman, H.F. and H. Stallard. 1916. The development of climax formations in northern
Minnesota. Minnesota Botanical Studies 4:333-378.

Blowers, R. K. 1960. An analysis of selected red pine stands in Itasca State Park, MN. Minnesota
Academy of Science Proceedings 28:6-9.

Brown, R. T. 1967. Influence of naturally occurring compounds on germination and growth of
jack pine. Ecology 48:542-546.

Brown, B. A. and H. L. Hansen. 1955. Preliminary analysis of factors related to upland-brush
density in Minnesota pine stands. Minnesota Forestry Note 35, University of Minnesota,
School of Forestry.

Buckman, R. E. 1953. Regeneration of pine in ltasca State Park. Student Major Report, School
of Forestry, University of Minnesota, 41 pp.

June 14, 1994 90



Buckman, R. E. 1964a. Silvicultural use of prescribed burning in the lake states. Proceedings,
Society of American Foresters. (see B. Thoma Vol. 2, pg. 103-105)?

Buckman, R. E. 1964b. Effects of prescribed burning on hazel in Minnesota. Ecology 45:626-
629.

Buckman, R. E. 1965. Repeated spring prescribed burning reduces abundance and vigor of
aspen root suckering. Journal of Forestry 63:23-24.

Buell, M. F. and W. A. Niering. 1957. Fir-spruce-birch forests in northern Minnesota. Ecology 38:602-610.

Burgess, D. M. and I. R. Methven. 1977. The historical interaction of fire, logging and pine: a case
study at Chalk River, Ontario. Source: see B. Thoma Vol. 3, pg. 133-152?

Cayford, J. H. 1971. The role of fire in the ecology and silviculture of jack pine. 10th Annual Tall
Timbers Fire Ecology Conference 10:221-244.

Cayford, J. H. and D. J. McRae. 1983. The ecological role of fire in jack pine forests, pp. 183-189.
The Role of Fire in Northern Circumpolar Ecosystems. John Wiley & Sons, Ltd.

Cheo, K. 1946. Ecological changes due to thinning red pine. Journal of Forestry 44:369-371.
Cheyney, E. G. Year Unk. A working plan for Itasca State Park. Unpublished Paper.

Cheyney, E. G. 1942. American silvics and silviculture. University of Minnesota Press,
Minneapolis, 472 pp.

Cheyney, E. G. 1947. The future of itasca State Park. The Conservation Volunteer 10:41-44.

Chrosciewicz, Z. 1974. Evaluation of fire-produced seedbeds for jack pine regeneration in
central Ontario. Canadian Journal of Forest Research 4:455-457.

Clark, J. S. 1990. Fire and climate change during the last 750 yr. in northwestern Minnesota.
Ecological Monographs 60:135-159.

Cooley, J. H. 1972. Site preparation for jack pine on Grayling sands. Research Note NC-138. US
Forest Service, North Central Forest Experiment Station.

Cooperrider, A. Y. and D. F. Behrend. 1983. Simulated experiments with a model of deer

populatlons and northern forest vegetatlon pp 313-321. In Analysis of Ecological
W. K. Lauenroth, G. V. Skogerboe and

M. Flug (edltors) EIsevuer Scientific Publishing Company.

Corson, C. W., J. H. Allison and E. G. Cheyney. 1929. Factors controlling forest types on the
Cloquet Forest, Minnesota. Ecology 10:112-125.

DeBoer, S. G. 1947. The deer damage to forest reproduction survey. Wisconsin Conservation
Bulletin 12:1-23.

DeYoe, D. R., D. S. DeCalesta and W. Schaap. 1985. Understanding and controlling deer
damage in young plantations. Extension Circular 1201. Oregon State University
Extension Service.

Engle, L. G. 1951. Releasing white pine from oak and aspen. Technical Note 346. US Forest
Service, Lake States Forest Experiment Station.

Eyre, F. H. 1933. Aspen competition in Norway pine plantations. Journal of Forestry 31:318-
321.

June 14, 1994 | 91




F

L

TR

£
i
i

N

-

F

‘-

Eyre, F. H. 1938. Can jack pine be regenerated without fire? Journal of Forestry 36:1067-1072.

Eyre, F. H. and R. K. LeBarron. 1944. Management of jack pine stands in the Lake States.
Technical Bulletin 863. US Department of Agriculture.

Feeney, W. S. 1935. Special report on deer at Itasca. US Department of Interior, National Park
Service Records.

Feeney, W. S, et al. {unspecified). Itasca State Park, White-tailed Deer Reports. Compilation of
official correspondence between National Park Service and Minnesota Department of
Conservation, between November 9, 1934 and February 12, 1937.

Fowells, H. A. 1965a. Red pine, pp. 432-446. Silvics of Forest Trees of the Unlted States,
Agricultural Handbook 271. USDA Forest Service.

Fowells, H. A. 1965b. Eastern white pine, pp. 329-337. Silvics of Forest Trees of the United
States, Agricultural Handbook 271. USDA Forest Service.

Fredine, G. 1940. Deer inventory studies in Minnesota. The Minnesota Academy of Science
Proceedings 8:42-49.

Frelich, L. E. 1986. Natural disturbance frequencies in the hemlock-hardwood forests of the
Upper Great Lakes Region. Ph.D. thesis, University of Wisconsin, Madison.

Frelich, L. E. 1992. The relationship of natural disturbances to white pine stand development,
pp. 27-37. In White Pine Symposium Proceedings. Stein, R. A. and M. J. Baughman
(Editors), University of Minnesota Extension Service, St. Paul, MN.

French, D. W. 1992. White pine blister rust can be controlled. /n White Pine Symposium
Proceedings, Stein, R. A. and M. J. Baughman (Editors). University of Minnesota, St.
Paul. '

Frissell, Jr., S. S. 1973. The importance of fire as a natural ecological factor in ltasca State Park,
MN. Quaternary Research 3:397-407.

Geerinck, P. A.,, W. A. Getchell and G. L. Chapman. 1954. Response to release of underplanted
white and red pine. Technical Note 29. University of Maine Forestry Department.

Graham, S. A. 1954. Changes in northern Michigan forests from browsing by deer. Transactions
of the 19th North American Wildiife Conference 19:526-533.

Graham, S. A., R. P. Harrison, Jr., and C. E. Westell, Jr. 1963. Aspens. University of Michigan
Press, Ann Arbor, Michigan. 272 pp.

Grant, M. L. 1929. The burn succession in itasca County, Minnesota. M.A. thesis. University of
Minnesota.

Grant, M. L. 1934. The climax forest community in ltasca County, Minnesota, and its bearing upon
the successional status of the pine community. Ecology 15:243-257.

Gysel, L. W. 1966. Ecology of a red pine (Pinus resinosa) plantation in Michigan. Ecology
47:465-472.

Hansen, H. L. 1956. White pine regeneration during an eight year period following chemical
brush release. Minnesota Forestry Notes 51. University of Minnesota School of Forestry.

June 14, 1994 92



Hansen, H. L. 1967. Ecological and silvicultural research on forest recreational areas. Minnesota
Science 23:42-43.

Hansen, H. L. and E. V. Bakuzis. 1952. Effects of deer and rabbits on hazel brush at ltasca State
Park. Minnesota Forestry Note 10, University of Minnesota, School of Forestry.

Hansen, H. L., and R. M. Brown. 1950. Deer, brush and the Itasca Park Forest. The
Conservation Volunteer 13:1-5.

Hansen, H. L. and D. P. Duncan. 1954. The management of the ltasca State Park Forest to meet
recreational objectives, p. 123-125. Proceedings, Society of American Foresters.

Hansen, H. L. and R. R. Johnson. 1957. Some effects of Monuron on eastern white pine (Pinus
strobus) regeneration. Minnesota Forestry Note 59. University of Minnesota School of
Forestry.

Hansen, H. L. and V. Kurmis. 1972. Natural succession in north-central Minnesota, pp. 53-66. In

Aspen:Symposium Proceedings, General Technical Report NC-1. USDA Forest Service,
North Central Forest Experiment Station, St. Paul, MN, 154 p.

Hansen, H. L., V. Kurmis and D. D. Ness. 1974. The ecology of upland forest communities and
implications for management in ltasca State Park, Minnesota. University of Minnesota
Agricultural Experimentation Technical Document.

Heckman, S. T. 1992. White pine management on the Menominee and its evolutionary process,
pp. 157-167. In White Pine Symposium Proceedings, Stein, R. A. and M. J. Baughman
(Editors). University of Minnesota, St. Paul.

Heiberg, S. O. and D. P. White. 1950. Potassium deficiency of reforested pine and spruce
stands in northern New York. Soil Science Society of America Proceedings 15:369-376.

Heinselman, M. L. 1954. The extent of natural conversion to other species in the Lake States
aspen-birch type. Journal of Forestry 52:737-738.

Heinselman, M. L. 1973. Fire in the virgin forests of the Boundary Waters Canoe Area,
Minnesota. Quaternary Research 3:329-382.

Heinselman, M. 1981. Fire and succession in the conifer forests of northern North America. Pp
374-405 |In West, D. C., H. H. Shugart and D. B. Botkin {editors). Forest succession.

Springer-Verlag, NY.

Heinselman, M. L. 1983. Fire regimes and management optibns in ecosystems with large high-
intensity fires, pp. 101-109. /n Proceedings of Symposium and Workshop on Wilderness
Fire. Technical Report INT-182. US Forest Service.

Heinselman, M. L. and Z. A. Zasada. 1955. A review of literature relating to quaking aspen sites.
Station Paper 32:1-61. US Department of Agriculture, Lake States Forest Experiment
Station.

Hendee, J. C., G. H. Stankey and R. C. Lucas. 1978. Fire in wilderness ecosystems, pp. 249-
278. In Wilderness Management. Miscellaneous Publication #1365. USDA Forest
Service.

Kod Ko

Henry, D. G. 1968. Some ecological trends in an old growth red pine stand in itasca State Park,
Minnesota. Unpublished Paper, School of Forestry, University of Minnesota, St. Paul,
MN.

June 14, 1994 93




L
r

FT

§
-

F

i

[

Hibbs, D. E. 1982. White pine in the transition hardwood forest. Canadian Journal of Botany
60:2046-2053.

Jacobson, G. L., Jr. 1979. The palaeoecology of White pine (Pinus strobus) in Minnesota.
Journal of Ecology 67:697-726.

Jaakko Pdyry Consulting, Inc. 1992. Silvicultural systems. A background paper for a generic
environmental impact statement on timber harvesting and forest management in
Minnesota. Tarrytown, NY: Jaakko P&yry Consulting, Inc.

Johnson, E. A. 1992. Fire and vegetation dynamics: studies from the North American boreal
forest. Cambridge Studies in Ecology. Cambridge University Press, England.

Jones, A. C. 1992a. White pine: evaluation of site conditions related to blister rust hazard, p.
197. In White Pine Symposium Proceedings, Stein, R. A. and M. J. Baughman (Editors).
University of Minnesota, St. Paul.

Jones, A. C. 1992b. The problem with pine, pp. 64-72. In White Pine Symposium Proceedings,
Stein, R. A. and M. J. Baughman (Editors). University of Minnesota, St. Paul.

Kayll, A. J. 1968. Heat tolerance of tree seedlings. Proceedings of the Annual Tall Timbers Fire
Ecology Conference 8:89-105.

Kell, L. L. 1938. The effect of the moisture-retaining capacity of soils on forest succession in
Itasca State Park, Minnesota. The American Midland Naturalist, Vol. unknown.

Kochel, J. and R. Brenneman. Date Unknown. Use and effectiveness of electric fencing in
protecting clearcuts from deer browsing. International Paper Company, Coudersport,
Pennsylvania.

Kohn, B. E. and J. J. Mooty. 1971. Summer habitat of white-tailed deer in north-central
Minnesota. Journal of Wildlife Management 35:476-487.

Kotar, J. 1992. Managing white pine: finding the proper niche, pp. 150-156. In White Pine
Symposium Proceedings, Stein, R. A. and M. J. Baughman (Editors). University of
Minnesota, St. Paul.

Kroll, J. C., W. D. Goodrum and P. J. Behrman. 1986. Twenty-seven years of overbrowsing:
implications to white-tailed deer management on wilderness areas. Wilderness and
Natural Areas in the Eastern United States: A Management Challenge, D. L. Kulhavy and
R. N. Conner (Editors). Center for Applied Sciences, School of Forestry, Stephen F.
Austin University, Nacogdoches, Tx.

Kurmis, V. 1969. Dynamics of advance reproduction in upland forest communmes in ltasca State
Park, Minnesota. Ph.D. thesis, University of Minnesota.

Kurmis, V. 1985. Changes in upland forest communities in Itasca State Park over a 19-year
period. Staff Paper #52. University of Minnesota, School of Forestry.

Kurmis, V. and H. L. Hansen. 1969. Occurrence and distribution of pine reproduction in itasca
State Park, Minnesota. Minnesota Forestry Research Notes 210. University of
Minnesota, School of Forestry.

Kurmis, V. and H. L. Hansen. 1972. Pine reproduction in ltasca State Park; analysis of moisture-
nutrient coordinates. Journal of the Minnesota Academy of Science; 38:37-41.

June 14, 1994 94



Kurmis, V. and E. Sucoff. 1989. Population density and height distribution of Corylus cornutain
undisturbed forests of Minnesota: 1965-1984. Canadian Journal of Botany 67:2409-

2413.
Landis, S. 1993. Seventh-generation forestry. Harrowsmith Country Life 42:26-33.

LeBarron, R. K. and F. H. Eyre. 1939. The release of seeds from jack pine cones. Journal of
Forestry 37:305-309.

LeBarron, R. K., G. Fox and R. H. Blythe, Jr. 1938. The effect of season of planting and other
factors on early survival of forest plantations. Journal of Forestry 36:1211-1215.

Lee, S. C. 1924. Factors controlling forest successions at Lake ltasca, Minnesota. The Botanical
Gazette 78:129-174.

Little, S., D. E. Beck and L. Della-Bianca. 1973. Eastern white pine. Agriculture Handbook 445.
USDA Forest Service.

Locey, C. T. 1992. White pine artificial regeneration system, pp. 168-169. /n White Pine
Symposium Proceedings, Stein, R. A. and M. J. Baughman (Editors). University of
Minnesota, St. Paul.

Logan, K. T. 1966. Growth of tree seedlings as affected by light intensity. Publication 1160.
Canadian Department of Forestry.

Maissurow, D. K. 1935. Fire as a necessary factor in the perpetuation of white pine. Journal of
Forestry 33:373-378.

Marshall, W. H., T. Schantz-Hansen, and K. E. Winsness. 1955. Effects of simulated
overbrowsing on small red and white pine trees. Journal of Forestry 53:420-424.

Maycock, P. F. and J. T. Curtis. 1960. The phytosociology of boreal conifer-hardwood forests of
the Great Lakes region. Ecological Monographs 30:1-35.

McAndrews, J. W. 1965. Postglacial history of prairie, savanna and forest in northwestern
Minnesota. Memoirs of the Torrey Botanical Club 22:1-72.

McCaffery, K. R. 1986. Deer carrying capacity in northern Wisconsin, pp. 54-69. Transactions of
the 22nd Annual Meeting of the Northeast Deer Technical Committee.

McCool, S. F. 1966. Some attitudes toward vegetation management at ltasca State Park.
Student Major Report, School of Forestry, University of Minnesota, St. Paul, MN. 23 pp.

McQuilkin, W. E. 1959. Establishing white pine on open land. pp 31-44 [n What's known about
managing eastern white pine. USDA. Northeastern Forest Experiment Station, Upper
Darby, PA. Station Paper 121.

Methven, |. R. 1973. Fire, succession and community structure in a red and white pine stand.
Information Report PS-X-43. Petawawa Forest Experiment Station, Chalk River, Ontario.

Mielke, M. E., D. A. Charette, G. Collyard and J. G. O'Brien. Year Unknown. Biological evaluation
of white pine plantations on the Chippewa and Superior National Forests. Unpublished
document.

Miller, S. G., S. P. Bratton and J. Hadidan. 1992. Impacts of white-tailed deer on endangered and
threatened vascular plants. Natural Areas Journal 12:67-74.

June 14, 1994 95




i

I

P

£

P

P

™

7

7

e

F

smy
1

e

P

Mitler, W. E. 1978. Use of prescribed burning in seed production areas to control red pine cone
beetle. Environmental Entomology 7:698-702.

Moritz, R. F. 1976. ltasca State Park pine restoration project. Division of Parks and Recreation,
Minnesota Department of Natural Resources.

Nicholls, T. H. and R. L. Anderson. 1977. How to identify white pine blister rust and remove
cankers. US DA Forest Service, NCFES, St. Paul, 8 pp.

Nudds, T. D. 1980. Forage "preference": theoretical considerations of diet selection by deer.
Journal of Wildlife Management 44:735-740.

Ohmann, L. F., C. T. Cushwa and R. E. Lake. 1973. Wilderness ecology: the upland plant
communities, woody browse production and small mammals of two adjacent 33 year-old
wildfire areas in northeastern Minnesota. General Technical Report NC-7. USDA Forest
Service, North Central Forest Experiment Station.

Ohmann, L. F. and D. F. Grigal. 1981. Contrasting vegetation responses following two forest fires
in northeastern Minnesota. American Midland Naturalist 106:54-64.

Ohmann, L. F. and R. R. Ream. 1971. Wilderness ecology: virgin plant communities of the
Boundary Waters Canoe Area. Research Paper NC-63. US Forest Service, North Central
Forest Experiment Station.

Oliver, C. D. 1981. Forest development in North America following major disturbances. Forest
Ecology and Management 3:153-168.

Orke, D. N. 1966. Patterns and intensity of white-tailed deer browsing on the woody plants of
ltasca State Park. M.S. Major Report, School of Forestry, University of Minnesota, 61 pp.

Palmer, W. L., J. M. Payne, R. G. Wingard and J. L. George. 1985. A practical fence to reduce
deer damage. Wildlife Society Bulletin 13:240-245.

Pastor, J. and D. J. Mladinov (sp?). 1991.7

Peet, R. K. 1984. Twenty-six years of change in a Pinus strobus, Acer saccharum forest, Lake
ltasca, Minnesota. Bulletin of the Torrey Botanical Club 3:61-68.

Perala, D. A. 1974. Repeated prescribed burning in aspen. Research Note NC-171. US Forest
Service, North Central Forest Experiment Station.

Perala, D. A. 1977. Manager's handbook for aspen in the north central states. General Technical
Report NC-36. USDA Forest Service, North Central Forest Experiment Station.

Perry, G. S. 1935. Effect of fire on seedlings. Forest Leaves 25:7.

Pinto, F. 1992. Silvicultural practices in Ontario's white pine forests, pp. 170-178. In White Pine
Symposium Proceedings, Stein, R. A. and M. J. Baughman (Editors). University of
Minnesota, St. Paul.

Porter, W. F. 1991. White-tailed deer in eastern ecosystems: implications for management and
research in national parks. US Dept. Interior, National Park Service, Denver, CO.

Rajala, J. 1992. Growing white pine for today's markets, pp. 120-122. In White Pine Symposium

Proceedings, Stein, R. A. and M. J. Baughman (Editors). University of Minnesota, St.
Paul.

June 14, 1994 96



Reifsnyder, W. E., L. P. Herrington and K. W. Spalt. 1967. Thermophysical properties of bark of
shortleaf, longleaf and red pine. Bulletin 70. Yale University School of Forestry.

Robbins, M. K. 1984. How to select planting sites for eastern white pine in the Lake States.
Publication NA-FB/M-8, USDA Forest Service.

Roe, E. I. and J. H. Stoeckeler. 1950. Thinning over-dense jack pine seedling stands in the Lake
States. Journal of Forestry 48:861-865.

Romme, W. H. and D. G. Despain. 1989. The Yellowstone fires. Scientific American 261(5):37-
46.

Ross, B. A., J. R. Bray and W. M. Marshall. 1970. Effects of long-term deer exclusion on a Pinus
resinosa forest in north-central Minnesota. Ecology 51:1088-1093.

Rouse, C. 1985. Fire protection and use in red pine management. Publication 85-02.
Proceedings of the Second Region V Technical Conference, Society of American
Foresters.

Rouse, C. 1986a. Fire effects in northeastern forests: jack pine. General Technical Report NC-
106. US Department of Agriculture, Forest Service.

Rouse, C. 1986b. Fire effects in northeastern forests: Aspen. General Technical Report NC-
102. US Department of Agricuiture, Forest Service.

Rouse, C. 1988. Fire effects in northeastern forests: red pine. General Technical Report NC-
129. USDA Forest Service, North Central Forest Experiment Station.

Rowe, J. S. 1981. Concepts of fire effects on plant individuals and species. Wein, R. W. and D.
A. Macl ean (editors), Symposium Proceedings, Fire in Northern Circumpolar
Ecosystems, Wiley, NY.

Rudolf, P. O. 1937. Lessons from past forest planting in the Lake States. Journa!l of Forestry
35:72-76.

Rudoif, P. O. 1939. Why forest plantations fail. Journal of Forestry 37:377-383.

Rudolf, P. O. 1946. Successful jack pine regeneration in lower Michigan. Technical Note 254.
US Department of Agriculture, Lakes States Forest Experiment Station.

Rudolf, P. O. 1990. Pinus resinosa-red pine, pp. 442-455. In USDA Handbook 654, Silvics of
North America, Volume 1: Conifers.

Rudolph, T. D. and P. R. Laidly. 1990. Pinus Banksiana-jack pine, pp. 280-293. USDA
Handbook 654, Silvics of North America, Vol 1:Conifers.

Ryan, K. C. 1982. Evaluating potential tree mortality from prescribed burning. Proceedings of
Symposium on Site Preparation and Fuels Management on Steep Terrain, Washington
State University, pp. 167-179.

Sando, R. W. 1969. Prescribed burning weather in Minnesota. Research Paper NC-28, USDA
Forest Service. '

Sanow, R. and B. Barnacle. 1992. Protect conifer tree seedlings from deer browsing with paper
bud caps. Minnesota DNR, Div. Forestry, Silviculture Field Tip No. 6, 2pp.

Sauerman, K. H. 1992. Artificially established white pine plantations in Minnesota: a survey. MS
Plan B paper, unpublished. University of Minnesota.

June 14, 1994 97

S




]
d

F

P

h

0

P

E

-

F

Schantz-Hansen, T. 1952. The Cloquet red pine thinning plots. Journal of Forestry 50:480-482.

Shirley, H. L. 1932a. Light intensity in relation to plant growth in a virgin Norway pine forest.
Journal of Agricultural Research 44:227-244.

Shirley, H. L. 1932b. Does light burning stimulate aspen suckers? 1l. Journal of Forestry 30:419-
420.

Shirley, H. L. 1933. Improving seedbed conditions in a Norway pine forest. Journal of Forestry
31:322-328.

Shirley, H. L. 1937. Direct seeding in the Lake States. Journal of Foresty 35:379-387.

Shirley, H. L. 1941. Restoring conifers to aspen lands in the Lake States. Technical Builetin 763.
US Department of Agriculture, 37 pp.

Shirley, H. L. 1945. Reproduction of upland conifers in the Lake States as affected by root
competition and light. The American Midland Naturalist 33:537-612.

Smith, D. M. 1951. The influence of seedbed conditions on the regeneration of eastern white
pine. Bulletin 545. The Connecticut Agricultural Experiment Station, New Haven,
Connecticut.

Spaeth, J. N. 1922. Notes on release of white pine in Harvard Forest, Petersham,
Massachusetts. Journal of Forestry 20:117-121.

Spurr, S. H. 1954. The forests of Itasca in the nineteenth century as related to fire. Ecology
35:21-35.

Spurr, S. H. and J. H. Allison. 1956. The growth of mature red pine in Minnesota. Journal of
Forestry 54:446-451. ,

Stallard, H. 1929. Secondary succession in the climax forest formations of northern Minnesota.
Ecology 10:476-547.

Stearns, F. 1992, Ecological characteristics of white pine, pp. 10-18. In White Pine Symposium
Proceedings. Stein, R. A. and M. J. Baughman (Editors), University of Minnesota
Extension Service, St. Paul, MN.

Steingraber, S. K. 1989. Deer browsing, plant competition and succession in a red pine forest,
ltasca State Park, Minnesota. Ph.D. thesis, University of Michigan.

Stewart, D. M. 1957. Factors affecting local control of white pine blister rust in Minnesota. Journal
of Forestry 55:832-837.

Stoeckeler, J. H. 1948. The growth of quaking aspen as affected by soil properties and fire.
Journal of Forestry 46:727-737.

Stoeckeler, J. H. and W. R. Curtis. 1960. Soil moisture regime in southwestern Wisconsin as
aftected by aspect and forest type. Journal of Forestry 58.892-896.

Stoeckeler, J. H. and G. A. Limstrom. 1942. Ecological factors influencing reforestation in
northern Wisconsin. Ecological Monographs 12:191-212.

Stoeckeler, J. H. and J. W. Macon. 1956. Regeneration of aspen cutover areas in northern
Wisconsin. Journal of Forestry 54:13-16.

June 14, 1994 98



Stoeckeler, J. H. and A. W. Sump. 1940. Successful direct seeding of northern conifers on
shallow water-table areas. Journal of Forestry 38:572-577.

Strole, T. A. and R. C. Anderson. 1992. White-tailed deer browsing: species preferences and
implications for central lllinois forests. Natural Areas Journal 12:139-144.

Strothmann, R. O. 1967. The influence of light and moisture on the growth of red pine seedlings
in Minnesota. Forest Science 13:182-191.

Sucoff, E. I. and J. H. Allison. 1968. Fire defoliation and survival in a 47-year old red pine
plantation. Minnesota Forestry Research Notes 187. University of Minnesota School of
Forestry.

Swain, A. M., 1973. A history of fire and vegetation in northeastern Minnesota as recorded in lake
sediments. Quarternary Res. 3:383-396.

Swain, A. M. 1980. Landscape patterns and forest history in the Boundary Waters Canoe Area,
Minnesota: a pollen study from Hug Lake. Ecology 61:747-754.

Swift, E. 1948. Deer damage to forest reproduction survey. Publication 347. Wisconsin
Conservation Department Final Report.

Tappeiner, il., J. C. 1971. Invasion and development of beaked hazel in red pine stands in
northern Minnesota. Ecology 52:514-519.

Thomas, P. A. and R. W. Wein. 1985a. The influence of shelter and the hypothetical effect of fire
severity on the postfire establishment of conifers from seed. Canadian Journal of
Forestry 15:148-155.

Thomas, P. A. and R. W. Wein. 1985b. Delayed emergence of four conifer species on postfire
seedbeds in eastern Canada. Canadian Journal of Forest Research 15:727-729,

Tierson, W. C,, G. F. Mattfeld, R. W. Sage, Jr. and D. F. Behrend. 1985. Seasonal movements
and home ranges of white-tailed deer in the Adirondacks. Journal of Wildlife Management
49:760-769.

Tierson, W. C., E. F. Patric and D. F. Behrend. 1966. Influence of white-tailed deer on the logged
northern hardwood forest. Journal of Forestry 64:801-805.

Tilghman, N. G. 1989. Impacts of white-tailed deer on forest regeneration in northwestern
Pennsylvania. Journal of Wildlife Management 53:524-532.

Tryon, E. H. 1948. Effect of charcoal on certain physical, chemical and biological properties of
forest soils. Ecological Monographs 18:81-115.

Unknown. 1952. Brush control to aid natural regeneration of pine. ltasca State Park Document.
See B. Thoma Vol. 4, pt. 9-10.7

Unspecified. 1986. A management plan for ltasca Wilderness Sanctuary Scientific and Natural
Area, Appendix: Itasca Wilderness Sanctuary Scientific and Natural Area Resource
Inventory. Scientific and Natural Areas Program, Section of Fish and Wildlife, Minnesota
Department of Natural Resources. '

Van Wagner, C. E. 1965. Prescribed burning experiments: red and white pine. Publication
#1020. Canadian Department of Forestry.

Van Wagner, C. E. 1970. Fire and red pine. Proceedings of the Annual Tall Timbers Fire Ecology
Conference.

June 14, 1994 99




&
3
h

i

{;
W

= 2 7

F

Van Wagner, C. E. and |. R. Methven. 1977. Prescribed fire for site preparation in white and red
pine. Proceedings of Symposium on White and Red Pine, Ontario Ministry of Natural
Resources and Canadian Forestry Service.

Verme, L. J. 1973. Movements of white-tailed deer in upper Michigan. Journal of Wildlife
Management 37:545-552.

Verrall, A. F. 1938. The probable mechanism of the protective action of resin in fire wounds on
red pine. Journal of Forestry 36:1231-1233.

Vogl, R. J. and A. M. Beck. 1970. Response of white-tailed deer to a Wisconsin wildfire.
American Midland Naturalist 84:270-273.

Wakimoto, R. H. 1984. Current fire management research in Glacier National Park. Western
Wildlands, Fall 1984:20-25.

Wald, K. D. 1970. Itasca State Park: some alternate courses of development and management.
Student Major Report, School of Forestry, University of Minnesota, 31 pp.

Watson, R. 1937. Jack pine in Michigan. US Forest Service, Region 9. Milwaukee, Wisconsin.,
47 p.

Weaver, H. 1947. Fire - nature's thinning agent in Ponderosa pine stands. Journal of Forestry
45:437-444,

Webb, S. L. 1985. Windstorm effects of forest dynamics at ltasca State Park, Minnesota. ltasca
Biology Program. See Ben Thoma Volume 1, pg. 43.

Wehr, M. A,, J. A. Mattson, R. W. Bofinger and R. L. Sajdak. 1992. Ground-application trial of
hexazinone on the Ottawa National Forest. Research Paper NC-308. USDA Forest
Service, North Central Forest Experiment Station, St. Paul, MN, 34 p.

Wendel, G. W. and H. C. Smith. 1990. Pinus strobus-eastern white pine, pp. 476-488. /n USDA
Handbook 654, Silvics of North America, Volume 1: Conifers.

Whitney, G. G. 1986. Relation of Michigan's presettlement pine forests to substrate and
disturbance history. Ecology 67:1548-1559.

Willard, E. V. 1936. Management plan of ltasca State Park and Forest. State of Minnesota.?

Wilson, C. S. 1946. Toward better conservation of trees and deer in state parks. The
Conservation Volunteer 9:20-27.

Wright, H. E. 1968. The roles of pine and spruce in the forest history of Minnesota and adjacent
areas. Ecology 39:938-955.

Wright, H. E., Jr. 1974. Landscape development, forest fires, and wilderness management.
Science 186:487-495.

Wright, H. E. Jr. and M. L. Heinselman. 1973. Introduction - the ecological role of fire in natural
conifer forests of western and northern North America. Quaternary Research 3:319-328.

Zehngraff, P. J. 1943. Jack pine regeneration following clear cutting on the Chippewa National
Forest. Journal of Forestry 41:122-125.

June 14, 1994 ’ 100






