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SUMMARY 

This technical paper assesses the potential impacts ofbase, medium, and high 
levels of timber harvesting on Minnesota's forest wildlife over a 50-year 
planning period. Impact analyses done by four separate subgroups-small 
and medium sized mammals, large mammals, birds, and herptofauana 
(amphibians and reptiles)-:-are combined into a single document that 
represents all forest wildlife. Each of the four subgroups selected species of 
interest, those species that depend "on forested habitat for survival, for 
analyses. Species of interest include 22 small and medium sized mammals, 
5 large mammals, 138 birds, and 12 herptofauana. Analyses of wildlife 
populations have been performed statewide and, when enough information 
was available, for each of nine ecoregions within Minnesota. The paper is 
one of two prepared by the Wildlife and Biodiversity study group. The 
second paper assesses the impact oftimber harvesting and forest management 
on biodiversity, which includes all plant species and wildlife or plant species 
that are eruiangered. threatened or of special concern. 

The base, medium and high scenarios for timber harvesting examined here 
were specified in the Final Scoping Decision (FSD). A set of first runs w(lS 
developed that considered all timberland as being available for harvest. A 
second set of runs was then developed that incorporated various ownership 
constraints. notably constraints on availability, and mitigations including 
extended rotation forests (ERF). uneven-aged management, reservation ofold 
growth. best management practices (BMPs). and wildlife buffers, and 
modelling refinements that estimated forest area and covertype change for 
1990-2040. ll!.e Wildlife technical paper emphasis is on the analysis of these 
second run scenario results. 

Two issues of concern from the FSD were addressed: 

1. 	 What are the forest dependent species of wildUfe, their specific habitat 
requirements, and their cu"ent status and distribution ?,' and 

2. 	 To what extent does timber harvesting and forest management impact 
populations and habitats ofeach ofthe ten groups ofwildlife and fish as 
defined in the FSD (Appendix B)? 

Eight of the ten groups identified by the FSD are analyzed in this paper: 
forest ungulates, forest grouse. forest furbearers (carnivores and rodents). 
forest interior birds. conifer-dependent birds, hardwood dependent birds, 
forest raptors and species that require old or mature forest. Two additional 
categories were added by"the Wildlife Study Group; cavity dependent birds 
and riparian birds. 
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The three harvesting scenarios provided to the Wildlife and Biodiversity 
study group provided one major type of data that can be linked to wildlife 
populations. These data were the acreage and approximate location of forest 
by USDA Forest Service Forest Inventory and Analysis (PIA) forest 
covertype, and stand age or size class. Thus, the strategy employed by the 
study group to assess impact of timber harvest on wildlife populations, was 
to link abundance of each species t() specific PIA forest covertypes, and age 
or size classes in the existing forests of Minnesota. For each species of 
mammal and bird, an index of relative abundance was constructed. The 
indices weight acreage of each combination of forest type/size class by its 
value as habitat for the species. The direction and magnitude of population 
change in the future can then be estimated by examining projected acreage 
of forest types and size classes under each of the three harvesting scenarios. 
Data were more limited for herp species, so that total acreage of potential 
habitat now and projected in the future was used as an index of population 
change. Some major limitations of the analyses include: (1) lack of spatial 
detail in the harvest scenario output and PIA data; (2) lack of detailed 
information on reserved forests; (3) covertype definitions are broad and do 
not always adequately describe habitat as used by wildife; and (4) the 
harvesting scenarios assume that transition probabilities among covertypes at 
the time of harvest are stationary over the entire 50-year study period. 

Table I describes the general direction of projected popUlation levels by 
harvest scenario. Statewide over the 50-year study period, 97. 94 and 72 
percent of the total number of species are projected to remain stable or 
increase under the base, medium and high scenarios, respectively. The 
number of species projected to decrease in population level ranges from 5 in 
the base scenario to 48 under the high scenario. 

Table I. Number of species of interest that are projected to decrease by 2S percent or more, remain stable, 
or increase by 2S percent or more, statewide on all forest lands by harvest scenario. * 

*lncluding Forest Grouse. "Stable" is a change of less than 2S percent. 

The habitat-based methodology used necessarily restricts analyses of 
significant impacts to emphasize two criteria; (1) criterion 8: an impact is 
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considered significant if any harvest or forest management activity is 
projected to diminish the habitat and disturb a species (interpreted by the 
study group as a ~5 percent projected decline in population index) listed as 
of special concern, threatened, or endangered (either federal or state), and 
(2) criterion 11: an impact is considered significant if the available habitat 
for a species is projected to change by 25 percent in any ecoregion. 

Significance here is specific to this study. However, interpretation needs to 
be cognizant of this significance as a standard and how that might be affected 
by definition and the present condition of the forest, It is well-known that 
the significance of impacts is dependent upon the area considered, in this 
case by ecoregion. Larger ecoregions would tend to show fewer significant 
impacts and smaller ecoregion breakdowns would show more. Unfortunately, 
no one ecoregion framework is equally applicable and meaningful to all of 
the species considered here, Also, this report assumes that current 
population levels are appropriate and that deviation from those is the basis 
for concern. The current population levels are a function of a complex 
history, the present extent, composition and structure of Minnesota's forests 
and possible exogenous factors. Given that the current forest age class 
structure is far from balanced, then there is reason to believe that habitat 
dependent wildlife population levels may also be out of balance and target 
populations higher or lower than present may deserve consideration. 

Using criteria 8 and 11 and the methodology outlined above, 46 species (27 
percent) of wildlife would be significantly negatively impacted in one or 
more ecoregions by the base harvesting scenario. Two species that are 
endangered, threatened or of special concern (Red-shouldered Hawk and 
Louisiana WateI'1:hftalh) are included. No large mammals would be 
significantly impacted, but six small mammal species, including several 
squirrels, and 39 bird species, including several owl species, woodpecker 
species, and warbler species, would be significantly impacted, 

The medium harvest scenario would significantly impact 76 wildlife species 
(44 percent), including 6 small mammals, 1 herp and 69 bird species, The 
same two threatened or special concern species would be significantly 
impacted as in the base scenario, 

The high harvest scenario would significantly negatively impact populations 
of 91 wildlife species (53 percent), about twice the number impacted by the 
base scenario. One additional endangered, threatened or special concern 
species would be impacted-the pine marten. 

The study group identified 10 possible strategies to mitigate the potential 
future effects of timber harvesting. These include: 
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1. 	 Extended rotation forest to provide habitat with structural features 
such as large downed logs, trees with cavities and an irregular 
canopy with gaps. 

2. 	 More extensive use of silvicultural methods other than clearcutting, 
such as selective cutting and patch cutting. 

3. 	 Retention of mast-producing trees during harvest. 

4. 	 Retention of snags and trees with cavities during harvest. 

5. 	 Retention of slash on site after harvest. 

6. 	 Retention and increase of conifer covertypes, as well as conifer 
inclusions and understories in mixed-species stands. 

7. 	 Altered spatial patterns of cutting to provide a diverse range ofpatch 
sizes, and provision for travel corridors for wildlife across clearcuts. 

8. 	 Retention and establishment of riparian corridors in the highly 
fragmented southern part of Minnesota. 

9. 	 Protection of sensitive sites that harbor rare animal species during 
harvest. 

10. 	 Reduction of use of herbicides that kill fruit- and browse-producing 
shrubs that are valuable to some wildlife species. 

Retention of conifers, protection of riparian zones, extended rotation forests 
and altered spatial patterns of harvesting are judged to be the preferred 
combination of mitigation strategies. ~ 

The second runs of the harvest scenarios incorporated increases in forest area 
in all ownerships in the southern part of the state and decreases in forest area 
in private ownership in the northern part of the state. That projection was 
based on changes in forest area from the 1977 and 1990 FIA surveys and 
assumes that the trend will continue over the 50-year projection period. For 
several species of birds and mammals, results of this analysis could differ 
markedly with different area change estimates. In the southern part of the 
state, the projected increase in forest area ameliorates the affects of 
harvesting, while the projected decrease in forest area in the north 
exacerbates the negative impacts of harvesting. Therefore, a mitigation 
strategy aimed at reducing the loss of forest by ecoregion as described in the 
Maintaining Productivity and the Forest Resource Base Technical Paper 
would also work well in conjunction with the mitigation strategies identified 
by the wildlife study group. 
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1 
INI'RODUCTION 

1.1 
Objectives 

1.2 
Definition of TeI"IIB 

This technical paper is a response to issues identified in the Workplan for a 
generic environmental impact statement,' timber harvesting and management 
in Minnesota (Jaakko Poyry Consulting, Inc. 1991a). Specifically, the paper 
focuses on the assessment ofpotential impacts of timber harvesting and forest 
management on forest wildlife. with reference to two issues of concern from 
the FSD (MEQB 1990): 

Forest Wildlife. Forest wildlife is an integral part of forest ecosystems. 
Considering previously specified timber harvesting levels and looking at 
timber harvesting and management activities statewide, the following are 
a8dressed in this an/llysis,' 

1. 	 What are the forest dependent wildlife species, their specific habitat 
requirements, and their clln'ent status and distribution? and 

2. 	 To what extent does timber harvesting and management impact 
populations and habitats ofeach ofthe ten groups of wildlife as dejined 
in the FSD (Appendix B)? 

The impacts of timber harvesting and forest management were analyzed for 
the SO-year period 1990 to 2040 for three timber harvest level scenarios 
specified by the Environmental Quality Board (EQB): base scenario (4 
million cords annually), medium scenario (S million cords annually), and 
high scenario (7 million cords annually). The base scenario refl~ current 
timber consumption levels by Minnesota's forest industry. The medium 
scenario reflects the demand of the forest industry after several of the plants 
now under construction or in the design or concept stage go online. The 
high scenario was estimated as the maximum level that could be biologically 
sustained. Assumptions and details of the implementation of these harvest 
levels are described in the technical paper on Maintaining Productivity and 
the Forest Resource Base (MPFRB) (Jaakko Poyry Consulting, Inc. 1992f). 

Forest WUdlife: For the purpose of this paper, forest wildlife consists of 
eight of the ten groups of species mentioned above: 

1. 	 forest ungulates; 
2. 	 forest grouse; 
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3. forest furbearers (carnivores and rodents); 
4. forest interior birds; 
5. conifer-dependent bird species; 
6. hardwood-dependent bird species; 
7. forest raptors (and their prey base); and 
8. species that require old or mature forest. 

Plus two groups of birds added by the Wildlife Study Group: 

9. cavity dependent species; and 
10. riparian species. 

Species of Interest are those which depend on forested habitats and may be 
affected by timber harvesting and associated forest management activities. 
Criteria for selecting species of interest are explained in section 1.5. 

Forests. As used in this document, forests means the sum of all timberland, 
woodland, reserved timberland, and reserved woodland. Any exceptions to 
this will be clearly explained in the text. The USDA Forest Service defines 
timberland as "forest land producing or capable of producing crops of 
industrial wood and not withdrawn from timber utilization," and woodland 
is defined as "Forest land not capable of producing 20 cubic feet per acre of 
annual growth under natural conditions because of adverse site conditions. " 
Timberland was formerly called commercial forest land and woodland is 
synonymous with unproductive forest land. 

Endangered, Threatened and Special Concem Species. Under Minnesota 
Statute 84.0895, a species is designated as: 

(1) endangered, upon showing that such species is threatened with 
extinction throughout all or a significant portion of its range; or 
(2) threatened, upon showing that such species is likely to become 1 
endangered within the foreseeable future throughout all or a 
significant portion of its range; or 
(3) species ofspecial concern, upon showing that while a species is 
not endangered or threatened, it is extremely uncommon in 
Minnesota, or has a unique or highly specific habitat requirements 
and deserves careful monitoring of its status. Species on the 
periphery of their range which are not listed as threatened may be 
included in this category along with those species which were once 
threatened or endangered but now have increasing or protected, 
stable populations. 
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Geographic Focus 

Although the normal focus upon timber harvest is concentrated in regions 
where the timber industry is prominent, impacts of timber harvesting and 
forest management activities upon biodiversity and wildlife are not 
necessarily distributed similarly. The majority of timber harvesting occurs 
in the northern third of the state and on upland sites. However, significant 
impacts on native plants and animals and upon public use of wildlife can 
occur more widely, e.g., in riparian corridors and woodlots of the southwest 
and western farmlands, in the oak-dominated woodlands of the southeast, in 
the suburban margins of the metropolitan zone, or in lowland-wet 
communities throughout the state. To properly meet the challenge presented 
by the EQB, this study group has focused attention over Minnesota as a 
whole to identify perturbations wherever increased timber harvesting and 
forest management activities take place. 

Where sufficient data are available, the analyses in this paper examines 
significant impacts within ecoregions of Minnesota, in recognition that 
biodiversity may not be similarly affected in all parts of the state. 
Geographic regions with similar physical and biophysical characteristics 
(ecoregions) have been identified in Minnesota, Wisconsin, and Michigan 
through the efforts of the Upper Great Lakes Biodiversity Committee 
(UGLBC), an interdisciplinary group including scientists from natural 
resources agencies and conservation organizations in the Great Lakes area. 
The UGLBC map for Minnesota shows 16 major ecoregions differentiated 
by: (1) the range limits of plants (Ownbey and Morley 1991, Johns 1983); 
(2) physiography (Wright 1972), especially where physiography controlled 
the prairie/forest border (Grimm 1984, McAndrews 1966); (3) surficial 
geology (Hobbs and Goebel 1982); (4) soils (Cummings and Grigal1987), 
Minnesota soil atlas (1971-1981); and (5) modem natural vFgetation 
(Minnesota County Biological Survey 1987-present). These ecoregions are 
similar to the landscape regions proposed by Kratz and Jensen (1983), who 
synthesized much of the same information that was available prior to 1983. 

For the purpose of data summary and reporting, the UGLBC ecoregion map 
is unnecessarily fine, because many of the units are distinguished by plant 
communities or the range of species that are components of prairies, 
prairie/forest mosaic communities, or wetlands. Units so defmed were 
combined for this study wherever the forest communities are similar. This 
combination of regions resulted in the nine ecoregions (figure 1.1) that are 
used in this study. However, in many aspects of analysis, it is expected that 
uplands and lowlands of each ecoregion will be considered separately. Some 
of the analyses are based on smaller units such as townships or counties. 
Results from these small-scale analyses will be aggregated and reported at the 
ecoregion scale or larger scale as appropriate. 
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Yllure 1.1. The nine ecoregiODS of Minnesota used in assessment of impact of timber 
harvesting on wildlife. 

Note that this paper breaks ecoregion 7, as described in the MPFRB technical 
paper, into three parts redesignated here as ecoregions 7, 8 and 9. 

1.4 
Relationship to the Biodiversity and Water Quality and Fisheries Technical Papers 

/' 
The Biodiversity and Wildlife study group has separated presentation of 
results into two papers, this one and a technical paper on Biodiversity 
(Jaakko Poyry Consulting. Inc. 1992a). Such organization reflects the 
structure of issues given in the FSD sections D and E. This paper brings 
together material on significant impacts and mitigations for all animals, and 
assigns each species, to the extent possible, to the groups listed in FSD 
appendix B. Fish were treated by the Water Quality and Fisheries study 
group. 

The Biodiversity technical paper addresses all issues of impacts on plant 
species and plant communities of differing ages and compositions; and it 
treats the overall issues of old growth and preserving natural biodiversity in 
Minnesota under varying regimes of timber harvest and forest management 
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from a broad perspective. The issue of species listed as endangered, 
threatened or special concern is also addressed in the Biodiversity technical 
paper. Inevitably there is overlap between the two papers, because every 
species of wildlife (animal) addressed comprises part of the region's natural 
biodiversity-just as do the plants which are treated in the second paper. 
The separation of subject matter into these two documents is a matter of 
practical organization and does not compromise the integrity of the findings 
or recommendations. 

1.5 
Subdivision into Species Groups 

For reasons of practicality for accomplishing tasks by the study group 
members, animal types have been separated into four subgroups-(I) Small 
and Medium-sized Mammals, (2) Large Mammals, (3) Birds, and (4) 
Amphibians and Reptiles, groupings which conform with standard 
classification used by biologists. 

Criteria used to determine which species received detailed analyses of 
potential impacts of timber harv~ting, referred to as species of interest, are 
discussed below. Species included in each of the four subgroups of wildlife 
are described in sections 1.5.1 to 1.5.4. 

1.5.1 
Small and Medium Sized Mammals 

About 67 of the approximately 80 mamrilaI species in Minnesota are in the 
range of body sizes considered small and medium. Following initial 
literature review, several categories of mammals were excluded from further 
analysis. These included the following groups: 

1. 	 prairie species that occur in Minnesota forests only sporadically (Hazard 
1982, Jones and Birney 1988); and 

2. 	 species with very broad habitat distribution that inc~es forests but that 
also occur abundantly in a number of brushy and other nonforested 
habitats; in forests these species occupy a variety of forest covertypes 
and diverse successional stages (Burt 1957, Gunderson and Beer 1953, 
Hazard 1982, Jackson 1961). Examples include cottontail rabbits 
(Sylvilagus jloridanus), opossums (Didelphis virginiana), woodchucks 
(Marmota monax), southern bog lemmings (Synaptomys coopen), and 
long-tailed and short-tailed weasels (MustelaJrenata and M. erminea). 
Also placed in this category were two species of carnivores (the 
mink-Mustela vison, and the river otter-Lutra canadensis) that occur 
in association with water in both forested and nonforested areas (W. E. 
Berg, pers. comm.; Hazard 1982). 
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Following careful consideration, all species of shrews that occur in 
forested regions of Minnesota were excluded from formal analysis in th.e 
modelling activity, These included the arctic shrew (Sorex arcticus), 
masked shrew (Sorex dnereus), pygmy shrew (Sorex hoyJ), water shrew 
(Sorex palustris), and short-tailed shrew (Blarina brevicauda). The 
decision to exclude shrews was based on several sources of information. 
Unpublished results (by D. P. Orristian) of small mammal sampling in 
various localities in northern Minnesota suggest that all of these species 
occur frequently in old-field habitats and other nonforested habitats; 
published references support this view (Gunderson and Beer 1955, 
Hazard 1982, Jackson 1961). Sampling during August 1992 (D. P. 
Christian, unpublished data) in the Chippewa National Forest showed all 
four species of Sorex to be more abundant in grass-sedge marshes and 
open heath bogs than in forested habitats. 

A study by Probst and Rakstad (1987) on small mammal communities in 
different aged aspen stands indicated (1) Blarina brevicauda was most 
abundant in mature forests, although it occurred in recent clearcuts with 
somewhat greater abundance than in sapling stands; and (2) Sorex 
dnereus was most abundant in young, sapling stands, and equally 
abundant in clearcut or mature stands. A recent study of small mammals 
on mechanically strip thinned aspen stands and similar aged control 
stands (Christian and Reuvers 1992) showed significantly higher numbers 
of shrews (all species combined), higher numbers of Sorex arcticus, and 
greater shrew biomass on young than old aspen stands in northern 
Minnesota; more Blarina brevicauda were captured in young than old 
stands, but the difference was not statistically significant. A published 
compendium of studies on responses of small mammals to clearcutting 
(Kirkland 1990) concluded that most studies show increased abundance 
of shrews on recent clearcuts. This pattern may reflect responses to 
increased abundance of invertebrates associated with dead woody 
material on recent clearcuts (Lovejoy 1975). However, shrews have high 
water requirements (Getz 1961) and as a result may be tightly linked to 
coarse woody debris and other litter on the forest floor; ~e species 
may be negatively affected by timber harvesting or other forest 
management procedures that decrease the abundance of these aspects of 
physical structure (see below). Thus, little information is available to 
suggest that any members of this group of species would be affected 
negatively by increased timber harvest, either on a statewide basis or in 
any particular ecoregion. However, the habitat relations of shrew 
species in Minnesota have not been widely studied, and associations of 
shrews with different forest types or stand ages are not well understood. 
Considerably more research is needed to understand these relationships, 
especially in managed forests. 
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Following a review of the literature and discussion with several 
biologists, the subgroup studying small- and medium-sized mammals 
decided not to include Minnesota bats in the formal analysis. There is, 
of course, considerable concern about conservation of bats in Minnesota 
(Nordquist and Birney 1985) and elsewhere, but much of this concern 
centers on issues generally unrelated to forest management (especially the 
effects of chemical co~taminants and protection of winter roosting sites 
and hibernacula). Several bat species occupy Minnesota forests and use 
trees and tree cavities for roosting sites. However, information on 
patterns of habitat use and detailed use of structural features within 
habitats is generally lacking for Minnesota's forest-dwelling bats, and it 
was determined that the available information is insufficient to model 
adequately the possible effects of increased timber harvest on bats in the 
state. Of course, several bat species would be affected negatively if the 
level of future timber harvest is so extensive that mature trees capable of 
providing roosting sites become unavailable, but it is not possible to 
predict the possible effects of other, more moderate levels of timber 
harvest. Substantially more research is needed to provide a clearer 
understanding of the habitat associations and habitat needs of Minnesota 
bats, and continued monitoring of bat populations in the state is required. 

Two species that were not carried through all steps in the impact analysis 
warrant additional comment. These are the striped skunk (Mephitis 
mephitis) and the raccoon (Procyon lotor), both of which are well-known 
effective predators on nests of birds and on eggs of turtles (Bailey 1971, 
Lynch 1972, Urban 1970). Striped skunks probably are more abundant 
in open habitat, although they occupy a variety of forested and 
nonforested habitat types. Raccoons also are very widely distributed in 
forest and open areas and occupy diverse forested types, although they 
tend to be associated with areas close to water. These two species are 
of concern because an increase in their populations as a result of timber 
harvesting may produce secondary deleterious effects on populations of 
ground-nesting birds and some species of herps. However, the subgroup 
analyzing small- and medium-sized mammals bel~es that these two 
species probably would not increase markedly in number, at least in 
northern Minnesota, as a result of accelerated timber harvesting. This 
view is based on the fact that both of these species seem to be limited in 
their northern distribution by low winter temperatures, with both 
experiencing some winter mortality during severe winters, and to a far 
greater extent than other Minnesota carnivores, they are disease limited 
(W. E. Berg, pers. comm.; Chapman and Fieldhamer 1982; Mech et al. 
1968; Verts 1967). For these reasons, it is thought unlikely that 
numbers of striped skunks and r8CC09ns would increase as a direct result 
of increased timber harvesting. However, both of these species will 
require careful monitoring under conditions of increased timber 
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harvesting. particularly if climatic change reduces the thermal limitation 
on their distribution in northern Minnesota. 

Endangered, threatened or special concern species. As directed in the 
FSD (MEQB 1990), federal· and state-listed species were given specific 
consideration in the impact analyses. The only federal·listed species in 
Minnesota, the gray wolf (Canis lupus), is being considered by the large 
mammal subgroup. There are 16 other state-listed mammal species in 
Minnesota (Nordquist and Birney 1988); these species have been assigned 
"special concern" status. One of these species, the pine marten (Martes 
americana), is closely tied to forest structure and has been given full 
consideration in the analysis. 

Most other state-listed species considered by the small mammal group are not 
likely to be linked to timber harvest. Several of these occur in fundamentally 
nonforested portions of Minnesota (Hazard 1982, Nordquist and Birney 
1988a), including the northern plains pocket gopher (Thomomys talpoides), 
the prairie vole (Microtus ochrogaster). the spotted skunk (Spilogae 
putorius). and the least shrew (Cryptotisparva). Three species of state·listed 
small rodents. the heather vole (Phe1llJcomys intermedius). the northern bog 
lemming (Synaptomys borealis). and the woodland vole (Microtus 
pinetorum). are known in Minnesota ·from only a few localities on the 
extreme periphery of the geographical range of each. The present status of 
these species in the state is not well understood (Nordquist and Birney 1988). 
Furthermore, it is not clear whether any of these species ever were 
significant components of the fauna of the state (Nordquist and Birney 1988), 
and it perhaps is arguable whether conservation of these species should be 
given management priority in the state. Furthermore, the northern bog 
lemming and the heather vole. even though they occur in forested portions 
of northern Minnesota. most often occupy nonforested habitats. The 
woodland vole in the other parts of its range is known to occur in a wide 
variety of habitats (Hamilton and Wittaker 1979, Jones and Birney 1988), 
including early-successional and disturbed areas, and there is little basis for 
expecting that this species would be affected adversely by timber harvest in 
Minnesota. 

Before the early 19808, another small rodent on the state list, the yellow
nosed or rock vole (Microtus chrotorrhinus), also was known from only a 
handful of localities in extreme northeastern Minnesota. However, recent 
work (Christian and Daniels 1985; Christian et al. in preparation; Jannett 
1983, 1985-90) has indicated that this species has a wide distribution in 
Cook, Lake and St. Louis counties, at least in some years. Furthermore, 
studies in Minnesota and other parts of the range have shown the rock vole 
to be associated with diverse habitats, including clearcuts (Christian and 
Daniels 1985; Jannett 1983. 1985-90; Kirkland and Jannett 1982). Thus, 
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I.S.2 
Large Mammals 

there is little reason to expect this species to be affected negatively by timber 
harvesting. 

Neither the historical or current status of the wolverine (Gulo gulo) in 
Minnesota is well understood. The wolverine apparently is so rare in the 
state and the home ranges and travel distances of individual animals are so 
large that predicting the po.ssible impacts of timber harvest on this species is 
extremely difficult, and this species was not considered in the impact 
1Ulalysis. The two state-listed bat species also were excluded for reasons 
stated above. The other mammal species on the state list are all large-bodied 
species. 

Although results of the current analyses indicate that, of the state-listed 
mammal species considered by this group, the pine marten is likely to be the 
only one affected deleteriously by extensive timber harvesting, continued 
monitoring of all state-listed species in Minnesota is urged to better 
understand their distribution and population levels in the state, to determine 
long-term population trends, and to be able to detect any unforeseen 
consequences of timber harvesting and other environmental change on each 
of these species. . 

As a result of the initial review of information, 20 mammal species were 
identified as being closely associated with forest habitats in Minnesota and 
were given detailed consideration in the impact analysis. Two additional 
species were included in the impact analysis. These were the meadow vole 
(Microtus pennsylvanicus, primarily a grassland species) and the meadow 
jumping mouse (Zapus hudsonius). Use of forested habitats by both of these 
species includes primarily early-successional forests; these species clearly 
were expected to increase in response to elevated timber harvest, and they 
were included in the analysis primarily for contrast to document the broad 
validity of the methods. The mammal species of interest represent four EQB 
groupings (not mutually exclusive): (1) forest furbearers, (2) conifer 
dependent species, (3) hardwood dependent species, and (4) species that 
represent the prey base for forest raptors. 

Large mammals include black bear, gray wolf, and members of the deer 
family-white-tailed deer, moose and woodland caribou. The gray wolf is 
both federally and state listed as threatened. Native caribou disappeared 
from within Minnesota boundaries some 50 years ago, but are currently 
being considered for reintroduction into a forested region of the state. 
Another native deer, the American elk, was also extirpated from the state, 
probably before the tum of the century. Even though a small number was 
reintroduced early in the century and a small remnant still exists, elk are not 
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1.5.3 
Birds 

treated here because the present population is confined to an agricultural 
area, not related to forest land, and there is no current proposal to expand 
the distribution of this controversial and essentially unnatural group of 
animals. Another large mammal of uncertain status is the mountain lion. It 
is uncertain whether this species was part of Minnesota's presettlement fauna .. 
Currently animals are known to be in the state, but breeding status and 
habitat requirements-other than availability of deer, are entirely unknown. 
Therefore, it is not appropriate to speculate on how increased timber harvest 
and forest management activities would relate to mountain lions. 

Of the 304 bird species regularly found in Minnesota, at least 148 require 
forested habitat. Several species, such as Northern Hawk Owl, Solitary 
Sandpiper, and Northern Mockingbird, were eliminated because of their 
marginal breeding status in the state. Several species were eliminated 
because they are primarily found only in winter (e.g., Gyrfalcon, Bohemian 
Waxwing, Northern Shrike, and Pine Grosbeak) or in migration (e.g., Gray
cheeked Thrush, Orange-crowned Warbler, and Blackpoll Warbler). A 
variety of species may occasionally be found in forests of Minnesota, but 
occur primarily in shrubby wetlands, e.g., the Alder Flycatcher and Swamp 
Sparrow, so these were not included in the analysis either. The 138 species 
included in this analysis are the primary breeding species found in the state 
forest lands. This does not suggest that wintering or migration habitat is not 
important; however, most data are available for breeding habitats relative to 
winter and migration periods. It is also reasonable to assume that many 
requirements of migratory and wintering birds will be met by adequately 
accounting for breeding requirements of Minnesota's forest species. 

The 138 species defined above were classified into seven categories defined 
by the EQB: (1) forest grouse, (2) forest interior species, (3) hardwood 
dependent species, (4) conifer dependent species, (5) mature (old-growth) 
species, (6) forest raptors, and (7) species of special concern, threatened, and 
endangered. Two additional categories were added by the study team in 
consultation with the Minnesota Department of Natural Resources 
(MNDNR): (1) riparian birds, and (2) cavity-dependent species. These were 
added primarily because of the potentially unique forest habitat impacts that 
may affect a number of species not adequately accounted for elsewhere. 

Three ofthe 138 species under consideration, Osprey, Red-shouldered Hawk, 
and Louisiana Waterthrush, are listed by Minnesota as being of special 
concern. Two species, Bald Eagle and Loggerhead Shrike, are listed as 
threatened. The Peregrine Falcon, is both federally and state listed as 
endangered. However, it was not included in the modelling efforts because 
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of its lack ofprecise habitat associations within forests of Minnesota. It was, 
however, included in the discussion of ~pecies. 

1.5.4 
Amphibiam and Reptiles 

Forty-seven species of amphibians and reptiles (herps) are known to breed 
in Minnesota. Of these, 31 occur in open habitats, forest edge habitats (both 
aquatic and terrestrial), or are distributed among both forested and 
nonforested habitats in such a way that their populations are not at risk from 
timber harvesting activities (appendix 1). These include the most common 
and widely distributed species such as garter snakes and the American toad; 
they also include species most dependent upon large rivers and lakes. 

There are four species associated with forests in Minnesota that are very 
rare: rat snake, massasauga, lined snake, and five-lined skink; of these, only 
the rat snake is truly forest dependent. For all four, there is insufficient 
information on habitat requirements to make projections about impacts from 
timber harvesting, except to recommend that areas where they are known to 
exist be protected from disturbance. 

There are 12 herp species for which an impact analysis has been done; these 
include 1 turtle, 4 snakes, 3 salamanders, and 4 frogs. One, the wood turtle, 
is listed by Minnesota as threatened; and three others, the pickerel frog, 
timber rattlesnake, and eastern hognose, are state-listed as being of special 
concern. 

2 
DESCIUP1'ION OF MINNESOTA'S FOREST WILDLIFE 

Sections 2.1 through 2.4 contain a listing and summary descriptions of 
distribution and habitat preferences for all species of interest that are included 
in the impact analyses. Because of the large number of bird species being 
considered (144), most of the data are presented in tabular form. However, 
narrative is given for some birds of interest, such as game birds, some 
raptors, some riparian birds, and all endangered or threatened forest birds. 
Detailed syntheses of the literature for small- and medium-sized mammals, 
large mammals, and birds are in appendixes 2 through 4. 

2.1 
Small· and Medimn-Sized Mammals 

Snowshoe Hare (Lepus amerlctmus), a game species, occurs in forested 
regions in the northeastern approximately one-half of the state. This species 
exhibits marked fluctuations in abundance with a periodicity of 7 to 10 years; 
during high points in the hare cycle, these animals can be found in a variety 
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of habitat types. Their abundance typically is greatest -in lowland conifer 
forests, and these habitats serve as important refugia during low points in the 
cycle. Hares are most abundant in forests containing dense shrub layers, 
very ofter including the presence of a conifer understory, which provides 
cover. Snowshoe hares typically are absent or occur only at very low 
abundance in stands that have recently been cut, but they may use these 
stands extensively somewhat later when an overhead cover has formed. In 
balance, the available information suggests that hare numbers are low for the 
first decade after clearcutting, compared with numbers before clearcutting. 
Studies in mixed deciduous-coniferous forests in Ontario have shown that 
peak: density of hares occurred at 20 years after cutting. 

Eastern Chipmunks (Ttmdas striatus) occur throughout virtually the entire 
state. These rodents occur in a broad variety of both deciduous and 
coniferous forest types. Abundance typically is greatest in mature forests. 
Although this species makes use of edges of clearcuts, it is seldom found in 
the interior of large clearcuts. 

Least Chipmunks (Ttmdas minimus) occur in the northeastern one-third of 
Minnesota. This species, like the eastern chipmunk, occurs in a variety of 
habitat types. However, it is especially abundant in discontinuous or 
disturbed forests-around resorts and cabins, on and around poorly vegetated 
rocky outcrops, and in clearcuts. The least chipmunk is especially abundant 
in clearcuts containing large slash piles, and this species, in contrast to the 
eastern chipmunk, will inhabit interiors of large clearcuts. Both species of 
chipmunks hibernate. 

Gray Squirrel (Sdurus corolinensis) and Fox Squirrel (Sdurus niger) are 
both game species in Minnesota and are associated with hardwood or 
hardwood dominated forests. Both are absent from conifer dominated forests 
in northern and northeastern Minnesota; the distribution of the gray squirrel 
extends further north than that of the fox squirrel. Gray squirrels are often 
associated with extensive forest tracts. Some reports identify well-developed 
shrub and understory layers as a critical component of good gray squirrel 
habitat. Fox squirrels are more often associated with smaller tracts of 
timber, small groves oftrees, and occasionally with isolated trees. However, 
both species commonly coexist in the same woodlot in many parts of 
Minnesota. 

Both species are strongly dependent on mast producing trees. In Minnesota, 
they are particularly dependent on oaks, along with the far less abundant 
hickories and walnuts. The two squirrels use tree cavities as nests, although 
the dependence on tree cavities seems greater for gray than fox squirrels. 
Because clearcutting of forests occupied by squirrels destroys all trees that 
provide both cavities and mast, the two species essentially disappear from 
clearcut forests, and it is several decades before the second growth stands are 
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again suitable for them, On the other hand, according to studies in other 
states, limited selective cutting in mast producing forests does not produce 
much lasting impact on either species. 

Red Squirrel (TamitlsciuTus lIudsollkus) occurs throughout most of the 
state, but is widely common only in forests of the northern third. The 
species is found in a wide variety of habitat types, but the most abundant and 
stable populations are in northern, coniferous and mixed deciduous-conifer 
forests, especially those containing abundant white spruce, the seeds of which 
represent a dietary staple for the red squirrel. Studies have shown that 
populations in coniferous forests often consist of juveniles that experience 
high winter mortality. Like other tree squirrels, red squirrels are virtually 
absent from clearcuts for at least the first decade. 

The red squirrel is an important prey item for pine martens, fishers, red 
foxes, and some forest raptors such as the goshawk. 

Southern F1ying SquhTels (Glaaco"'Ys volims) and Not1beni F1ying 
Squirrels (Glaacomys sabrinus), despite their similar appearance and 
locomotor patterns, differ markedly in habitat associations, reflecting in part 
differences in food habits. The southern flying squirrel occupies forests in 
the southern part of the state. It is strongly dependent on the presence of 
mast-producing trees, especially oaks; hence, it is strongly associated with 
hardwood-dominated forests, although it may be abundant in white pine 
forests if oaks are abundant. Some workers have suggested that the northern 
limit of this species is affected by winter minimum temperatures. 

In contrast, the northern flying squirrel occupies forests in middle and 
northern Minnesota. It is often associated with conifer or conifer-dominated 
forests, but does occur in a variety of forest types. Although this species 
consumes mast, it also consumes lichens and fungi (mushrooms) extensively. 

Studies in other parts of North America have indicated that northern flying 
squirrels may require large tracts of timber to maintain stable populations, 
thus may be affected negatively by forest fragmentation. Both of these 
species are virtually entirely absent from clearcut forests. 

Beavers (Costor CII1UIdensIs) occur throughout the state. Recent trends 
indicate they have been increasing in numbers and expanding their range. 
Beavers occur in a variety of forested and nonforested habitat types, but are 
most abundant in young aspen and aspen-related forest types. Of all trees 
used by beaver for forage from fall through spring, aspen and its close 
relatives-balsam poplar and cottonwoods-appear to be most preferred; 
other species taken include birches, mountain ash, maples and cherries along 
with a variety of shrubs. Beavers are always found close to water, and they 
are amazingly skilled at modifying flowages and digging canals to meet their 
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habitat needs. The likely positive response of beavers to increased, aspen 
harvest, which in tum usually leads to more aspen than before, can lead to 
flooding of roads and forests by impoundments of an expanding population. 
On the other hand, beavers serve to conserve water and provide habitats for 
many other forest animals including waterfowl. 'Of all Minnesota's 
mammals, the beaver is the greatest agent of increasing forest biodiversity: 
by altering flowages, it promotes habitats for a whole series of plants and 
animals that otherwise would not occur on those sites. 

Beavers are legal furbearers, but trappers today are not strongly motivated 
to pursue them because of the low price that pelts have been. bringing. In 
some cases, land managers remove beavers whose impoundments damage 
roads and bfidges, and whose tree cutting may not be appreciated by land 
owners or foresters. The beaver is an important link in the food supply of 
the timber wolf-particularly in the early spring when wolves are rearing 
pups. 

Woodland Deer Mouse (peromyscus numiculatus gracilis) is an ecologically . 
general omnivore-granivore that is widespread in the northern one-half or so 
of Minnesota, where it is a dominant or codominant species in a wide variety 
of forest habitats. In the portions of its range that overlap with that of the 
white-footed mouse, the deer mouse often is found in coniferous or mixed 
coniferous-deciduous forests, and the white-footed mouse often is associated 
with more strictly deciduous forests. However, in parts of Minnesota, the 
two species coexist in the same forest stand. Although the deer mouse is 
found in lowland conifer forests, it generally is more abundant in drier, 
upland forests. Within a given forest stand, the deer mouse often is more 
abundant in dry than in moist microhabitats. Particularly following 
clearcutting or clearcutting and burning of conifer forests, deer mouse 
numbers often increase dramatically. This increase, however, typically lasts 
for a relatively brief time following the disturbance, followed by a period of 
several years during which deer mouse numbers are below those of the uncut 
surrounding forest. Populations of deer mice in clearcut deciduous forests 
often are very low. Thus, with the exception of the brief pulse in numbers 
following cutting or cutting and burning, the abundance of deer mice 
generally is greater in more mature forests. Another subspecies of the deer 
mouse, the prairie deer mouse (P. maniculatus bairdil), also occurs in 
Minnesota, but this species inhabitats prairie, grassland, or bushy areas in the 
southern one-half to two-thirds of the state. 

White-footed Mouse (Peromyscus leucopus) is found throughout most of 
Minnesota except for the northeastern quarter of the state. This species, like 
the woodland deer mouse, also occurs in a number of forested habitat types. 
It is more often associated with deciduous covertypes than the woodland deer 
mouse, although the white-footed mouse may be abundant in some lowland 
conifer covertypes, especially outside the range of the woodland deer mouse. 
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Reports on the impact of clearcutting on this species indicate varied patterns. 
One systematic study on aspen stands of different ages in Minnesota and the 
upper peninsula of Michigan indicates that white-footed mice are rare in 
clearcut aspen stands. Another study, in western Minnesota, showed that at 
least in some years these mice are abundant in early regenerating aspen 
stands, but that study did not examine recent clearcuts. 

Southern Red-backed Vole (ClethrlollOmys gappen) occurs throughout most 
of Minnesota except the southwest and extreme southeast. This species is a 
dominant or codominant member of small mammal communities in many 
forest types in the state. Although this vole has been widely studied and it 
is known to occur in a variety of habitat types, the relationship between its 
abundance and forest type or succession is not fully understood. 

Some of the variation in abundance of red-backed voles is explained by their 
affiliation with sites having abundant woody debris on the ground, with sites 
having moist substrates, and perhaps with a conifer understory. Some 
habitats where red-backed voles are consistently abundant are a variety of 
lowland conifer forest types and some, particularly moist, upland conifer 
forests. Dry northern forests and oak-hickory forests often support only low 
densities of these voles. 

Clearcutting of dry sites, where preharvest numbers of red-backed voles are 
low, often results in population increases. In contrast, clearcutting of moist 
sites often results in no change or a decline in numbers compared to those in 
adjacent, uncut forest. For example, studies in aspen stands in northern 
Minnesota and in the upper peninsula of Michigan have shown numbers of 
red-backed voles to be lower in recent clearcuts than in sapling and mature 
stages. Several studies have shown that red-backed voles may remain on 
clearcuts for the first two or so years after cutting, after which they decline 
to rarity. 

Red-backed voles are a staple prey item for several raptor species, including 
the boreal owl and the great gray owl, both of which are under consideration 
for state listing for special concern, and several mammalian predators, 
including the pine marten. 

The Meadow Vole (Microtus pennsylvanicus) occurs throughout the state, 
and in virtually any forest type or edge where moist grass or grass-sedge 
occurs. Some mature forest types provide suitable habitat for meadow voles, 
but consistently good populations are associated with dense grass, usually in 
the open. When grass forms in some sites after clearcutting, meadow voles 
will increase, but generally do not persist more than a few years, usually 
because the grass is soon shaded out by the emerging woody plants. Thus, 
abundance of this species, as well as the meadow jumping mouse (discussed 
below) is expected to respond positively to increased timber harvest, and, as 
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pointed out previously, these species were included in the impact analysis 
primarily as a check on the broad validity of the methods. 

The meadow vole is also a common prey item for many raptors and 
carnivores. However, this species cannot serve as a substitute for the 
red-backed vole in early successional habitats because some predators (such 
as the pine marten) do not hunt in ,the habitats frequented by the meadow 
vole. 

The Woodland Jumping Mouse (NapaeoZllPus insignis) and Meadow 
Jumping Mouse (Zapus hudsonius) are common inhabitants of forests in 
Minnesota; both species hibernate. The meadow jumping mouse occurs 
throughout the state, and it occupies grassland habitats as well as forests. 
The woodland jumping mpuse is found only in the northeastern third of the 
state, and is strongly associated with forested habitats. Both are associated 
with a variety of forest types, but their highest numbers are in moist 
microhabitats. The meadow jumping mouse is especially associated with 
lush, herbaceous or grassy ground cover. The abundance of meadow 
jumping mice tends to decline with forest succession whereas the woodland 
jumping mouse typically increases with forest maturity. 

The Porcupine (ErethU.on dorsatum) is found in several forest types over 
the northeastern one-half of the state, with the distribution centered in the 
northeast. Porcupines are most abundant in oak, oak-hickory, 
maple-basswood, and white pine covertypes. This may reflect their winter 
food preference of the inner bark of sugar maple and white pine, and the 
foliage of white pine and white cedar. During summer they consume a 
variety of leaves and herbaceous vegetation. 

In the analysis of porcupine responses to timber harvesting, only winter 
habitat associations are considered, because forest type requirements in that 
season are the most critical for the year. Although porcupines may forage 
along the edges of clearcuts during summer, their overall abundance in 
clearcuts is extremely low. 

The importance of porcupines as prey is not generally appreciated: they are 
among the top five prey items for wolves, coyotes, and bobcats in the state. 

Red Foxl'S (Vulpes vulpes) are found throughout the state, although they tend 
to be less abundant in densely forested portions of the northeast. They are 
more abundant in open or agricultural areas and early successional forests. 
This is, therefore, one carnivore that most likely would increase as a result 
of increased timber harvesting in Minnesota. 

The Gray Fox (Urocyon cinereoorgenteus) occurs primarily in deciduous 
forests in the southern part of Minnesota and in transitional forests in the 
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north central part of the state. In contrast to the red fox, gray foxes are less 
often associated with open areas and occur more often in brushy areas or 
mature forests. Particularly in the transition zone, gray foxes often are 
associated with riparian timber along major rivers. It is unlikely that gray 
foxes make extensive use of recent or early clearcuts. On the other hand, 
selective cutting of hardwood stands probably has little impact on them. 

Pine Marten (Mtutes a:merlctl1Ul) occur in the northeastern· quarter of 
Minnesota. Their numbers and range were severely reduced in the early part 
of this century, due apparently to a combination of habitat alteration and 
overtrapping. They were totally protected from 1933 until the mid-1980s. 
In response to their good recovery, a limited trapping season has since been 
in effect. Their recovery continues as they expand southward and westward 
into regions from which they had earlier been completely extirpated. 

Pine marten occupy mature forests with relatively weU-closed canopies and 
large unbroken expanses. In northern Minnesota they are found in aspen and 
aspen associated forest types, but usually are more abundant ili various 
conifer types. During winter, pine martens make extensive use of subnivean 
(under snow) space, gaining access through downed woody debris and low 
limbs of conifers, particularly spruce and fir. They do pursue prey in 
clearcuts during late summer and early autumn, but they-especially 
females-make little use of these habitats during winter. As for the 
porcupine, impacts relative to timber harvest for martens are assessed in this 
analysis only for winter habitats, because habitat requirements then are 
considered most critical. Thus, recent clearcuts are judged unsuitable for the 
pine marten. 

The Fisher (Manes pennonti) in Minnesota shows historic patterns similar 
to those of the pine marten. They were greatly reduced in number and range 
early in this century, but then recovered somewhat sooner than the pine 
marten. From the extreme northeast comer of the state, they have been 
expanding westward and southward. Fishers are more wide-ranging, making 
more extensive use of younger forests than pine martens. Nonetheless, the 
fisher requires a forest mosaic that includes a reasonable percentage of 
mature stands. No indication has been found that the fisher in Minnesota 
should be regarded as an old growth species, as has been argued for the 
northwestern U.S. Although fishers use some young forest stands, their 
pattern of use of clearcuts generally resembles that of the pine marten. The 
impact of clearcutting for fisher is considered to have roughly the same 
habitat implications as for the pine marten. 

Lynx (Lynx t:I.l1ItIdensia) occur in the northern tier of counties in Minnesota. 
While some biologists believe there are no breeding lynx in the state-only 
dispersers from Canada, others disagree. Lynx are specialized for moving 
in deep snow and for preying on snowshoe hares. They do, however, take 
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2.2 
Large Mammals 

a variety of other prey. Lynx occupy a variety of habitats, but the critical 
one, especially during winters when snowshoe hare abundance is low, is 
lowland conifer forest-spruce, fir and cedar-that serves as a refuge for 
hares. Therefore, the primary habitat warranting protection for this species 
is lowland conifer forest. Impacts of clearcutting on lynx are considered 
similar to impacts on snowshoe hares; however, because the lynx has a far 
lower reproductive rate and more specific habitat requirements, the impacts 
of clearcutting on lynx is modeled to be more pronounced than on hares: 

Bobcats (Lynx rufus) occur in northern and central Minnesota, south of the 
primary range of the lynx. It is believed that, where snow depths are < 15 
inches, the bobcat excludes lynx and is the primary predator upon snowshoe 
hares. Bobcats are more generalized than the lynx in their habitat choices, 
and although bobcats also prey extensively on hares, they take a greater 
vari~ of prey than the lynx. Nonetheless, the bobcat relies heavily on 
hares, and during years of low hare abundance is highly dependent on 
lowland conifer habitats. Thus, in terms of the importance of lowland 
conifer during bottleneck periods, the bobcat and the lynx are roughly' 
equivalent, and they have been treated accordingly in the impact analysis. 

White-Tailed Deer (Odocoileus virginitmus) 
The white-tailed deer is the most abundant large mammal in the state. In 
terms of numbers of hunters, harvest, and economic activity, deer are 
overwhelmingly Minnesota's most important big game animal. A record 
harvest of over 210,000 deer was realized in 1991 (MNDNR 1992). 
Recreational uses associated with deer, both consumptive and 
non consumptive, generate an estimated $400 million per year within the state 
(MNDNR 1990). 

Before European settlement, deer were associated primarily with the 
deciduous woods and prairie edges of southern and west central Minnesota. 
The species extended northward only after the vast cutting and wildfires of 
the late 19th century, the extension of agriculture northward, the reduction 
of wolves in the north, and continued logging to break up the northern 
conifer stands all of which continued well into the middle of this century. 
In the more intensively farmed regions of southern Minnesota, deer were 
nearly eliminated by early settlers; they recovered strongly once game laws 
were enforced, because farmlands provided excellent habitat. Numbers in 
northern Minnesota peaked in the 19508 and 19608, after which, for a variety 
of reasons, they declined greatly in the 19708. They are now slowly 
recovering, but remain well below the earlier high levels. 
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Ecologically, the white-tailed deer needs winter cover in all parts of the state. 
However, importance of cover to deer increases directly with the severity of 
winter conditions; the need increases from southwest to northeast as a 
function of increasing snow depths. The importance of cover is also related 
to quality of winter forage because as forage quality decreases, the need for 
thermal protection increases. In the northern forests, forage quality is 
lowest, while in central and, southern Minnesota deer have far better forage 
choices during winter, as well as being exposed to less severe winters. 

For northern Minnesota, it is believed by most biologists that conifer cover 
is critical both for thermal protection and for reducing snow depth and 
surface crusting-the snow factor being particularly important in the presence 
of wolves. Yarding of deer in northern forests was long assumed to be a 
result of the animals selecting the best microsites for escaping cold and deep 
snow (Verme and Ozoga 1971). However, from Minnesota studies, it is now 
suggested that yarding is as much for protection against wolves (Nelson and 
Mech 1981). The issue of thermal protection and the survival value of 
conifers is currently under investigation by the MNDNR (DelGuidice 19~1). 

Mature northern white cedar is widely believed to offer the best winter deer 
cover (Doepker and Ozoga 1990), followed by white spruce, jack pine, and 
other pines. Although balsam fir also offers relatively good cover, possible 
loss of fir to large-scale spruce budworm die-offs dictates that fir should not 
be included in long-term planning for deer cover (MNDNR 1985). 

During winter, white-tails throughout the state feed primarily on twigs of a 
wide variety of shrub and tree species. Among the more favored are 
mountain maple, red maple, shrub dogwoods, hazels, juneberries, mountain 
ash, cherries, aspens, box elder, birches, and oaks. In winter, deer also feed 
on some of the conifers, particularly northern white cedar, jack pine and 
white pine in the north and red cedar in the south. 

In fall, whitetails seek mast from oaks where available, even pawing through 
a foot of snow for acorns. Deer in northern forests also feed in openings 
where highly nutritious evergreen forbs, such as clover, strawberries, and 
cool season grasses are available until the snows come. Openings are 
important feeding sites in spring when these same forbs are locally the first 
green forage available. Because roadsides often provide the only permanent 
openings in nonfarming regions, vehicle road-kills of deer rise during fall 
and spring. Deer management in the upper Great Lakes forest region 
includes maintaining small forest clearings to provide green herbs. 

In the agriculturaI regions of Minnesota, deer seek out crops such as com, 
beans, apples, and alfalfa. All of these offer higher nutritional value than the 
majority of their natural foods, particularly during winter. In some cases this 

19 



Jaakko Pom Consulting. Inc;, Minnesota GBIS. Forest Wildlife Technical Paper 

leads to conflicts with farmers; most serious are impacts on young fruit trees 
and on some ground crops, such as strawberries. In Minnesota's farm areas,' 
deer damage is kept under control through appropriate hunting removals. 

During summer, deer eat many forest forbs, including asters, rosey stalk, 
and wood nettle-along with leaves of aspen, cherries, mountain maple, bush 
honeysuckle and various other deci~uous species that are abundant in young 
forests with good light penetration. Clearcuts less than 10 years old, plus 
moderately stocked aspen-birch forests less than 25 years old, provide some 
of the best summer foraging in northern Minnesota. Young plantations also 
offer a wide variety of summer browse, as long as broadleaf plants have not 
been killed by herbicides. On the other hand, well stocked pole-sized aspen 
and birch stands may offer little summer forage for deer because of heavy 
ground shading. This poor forage condition may continue until the stand 
opens up, resulting in more light penetration and heavier cover ofherbaceous 
forage plants on the forest floor. 

The local abundance of white-tailed deer within Minnesota is a function of 
availability ofhigh quality summer forage, and, in the north, of winter cover 
which is adjacent to suitable browse. Deer in northern Minnesota do not use 
clearcuts once the snow is deeper than 15 to 20 inches, regardless of how 
much browse is there. Recommended maximum clearcut size for deer in 
northern Minnesota is 50 acres; however, deer habitat there is better when 
cuts are much smaller, particularly where the adjacent mature forest includes 
ample conifer cover. Actually, it is not so much the acreage of clearcuts to 
which deer respond as it is the distance from edge that they have to move; 
thus irregular shapes, or linear cuts offer more access per acre than square 
or round shapes of the same area. 

In southern Minnesota, deer are not dependent on conifer cover, using 
upland deciduous and ripflrian forests. In the intensively farmed southwest 
and west, riparian strips are critical to deer in otherwise open landscape. 

Deer can be a serious problem for forest regeneration in some circumstances. 
They are renowned for damaging white pine seedlings, and, where deer 
concentrate in winter, they can prevent regeneration of northern white cedar. 
Among deciduous timber species, oaks and yellow birch can sometimes be 
severely impacted by deer. 

A major increase in Minnesota's timber harvests is projected to have 
potentially both favorable and unfavorable impacts on deer, but overall the 
effect should probably be positive. Increased acreage in recent cutover and 
early succession aspen and birch greatly increase range capacity for deer. 
In the north, however, loss of conifers would render much habitat 
unavailable for deer. In the central and southern areas, increased harvest 
will essentially be beneficial, although extensive loss of oaks, particularly at 
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the northern limit of their ranges would be a detriment. In the central and 
southern areas of mixed forest and agriculture, increased cutting would 
benefit deer with the exception that the loss of oaks would be harmful, 
although less harmful than it would be further north. Finally in the intensive 
agricultural region, any loss of forest will be harmful; however, small-block 
cutting and thinning of existing stands would not adversely impact deer, 
except where the cut patch was a small isolated block offering the only local 
winter cover. 

The Moose (Alees DIces) is the largest native Minnesota mammal, as well as 
being the largest member of the deer family. The state's moose population 
has become a significant game resource in the past 20 years, with more than 
6,50(fharvested since 1971. As a natural resource, however, moose may be 
even more important to the public for simply observing in the wild than for 
hunting. In the U.S. east of the Rockies, besides Minnesota, only Maine and 
Isle Royale National Park, Michigan, have had significant moose 
populations. Just recently, however, moose have been spreading south in 
New England and returning to New York. From an economic standpoint, 
the moose should be viewed as a relatively unique feature that adds an 
important tourist attraction to northern Minnesota. 

Prior to European settlement, moose were found north of a line from Pine 
County to the state's northwest corner. During the 19th and early 20th 
century, the range of moose contracted into small pockets in the northeastern 
and northwestern corners of the state. This retreat coincided with the 
advance ofdeer, and it is strongly suspected that there was a cause-and-effect 
relationship. 

A common parasite of deer, the brainworm (Parelaphostrongylus tenuis), 
does not kill deer but will kill moose, since the latter lacks normal defenses 
against this nematode worm (Anderson and Lankester 1974). An 
intermediate host, a terrestrial snail or slug, is involved in the brainworm life 
cycle. Infection occurs when a grazing moose ingests a leaf-dwelling snail 
that is carrying the brainworm larvae, the snail having picked up the larvae 
from deer feces. In areas where deer densities exceed 10/mi2, the habitat is 
believed unsuitable for moose (Karus 1967). Much additional study is 
needed on this relationship, but one aspect seems obvious: if possible, 
management for moose in deer areas should emphasize habitats that do not 
support high deer densities. The woodland caribou, discussed below, is even 
more vulnerable to the brainworm than moose. 

More than any other of the deer family, the moose is a year-round browser. 
During summer, moose eat leaves of aspen, birches, maples, mountain ash, 
and various shrubs such as dogwoods, willows, cherries, and june berry, 
along with a few forbs and sizable quantities of submerged aquatic plants. 
In winter, they eat the twigs of the same deciduous species plus hazel, along 
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with some conifers such as balsam fir, white pine, and northern white cedar. 
Their preferred browse tends to occur in greatest abundance in ear:ly 
successional forests. 

The use of aquatic plants in some regions, including northern Minnesota, 
appears to be for acquisition of sodium, an essential mineral that otherwise 
is too low in the upland forage pl~ts of this region to meet their normal 
requirements (Jordan 1987). Unlike terrestrial plants, the aquatics 
concentrate sodium. 

During the growing season, moose need thermal cover from heat, and prefer 
lowland conifers with damp ground. For predation security, moose cows 
will move to islands for calving. During winter, moose use spruce/fir or 
cedar forests for cover when the snow is particularly deep or in late March 
when they actually may be heat stressed. 

Food habits of moose are rather similar to those of deer, except that moose 
take fewer forbs and more browse in summer (peek et al. 1976). However, 
their quantitative needs are much greater, hence the local density of forage 
must be relatively high to meet daily intake requirements. Moose seek 
browse patches with high densities of twigs and leaves, and such is best 
provided in relatively new c1earcuts, where aspen, white birch, and hazel are 
highly preferred, as well as in mature, mixed forests where an uneven 
canopy leads to patches of shrubs such as mountain maple, mountain ash, 
hazel and red osier. Not favored are vigorous, 15- to 45-year-old 
aspen-birch stands where the shrub layer is sparse due to shading by a dense, 
closed canopy. In winter, moose are often associated with an interspersion 
of spruce thickets and open, shrubby vegetation with abundant available 
browse. Where moose are particularly abundant, as at Isle Royale, they 
promote high productivity of available browse by topping young trees so as 
to maintain twig and leaf growth within their reach. 

Moose are favored by large clearcuts. When moose densities exceed 2/mi2, 
their browsing can potentially affect timber production, either positively or 
negatively, depending on silvicultural goals. In plantations of spruce or jack 
pine, moose will browse deciduous woody plants that may compete with the 
conifer seedlings, thus serving to release (control competition) the spruce or 
jack pine-species that moose do not eat. But if the desired timber is aspen 
or birch, high densities of moose can seriously suppress growth of these trees 
through topping and breaking of saplings during winter and stripping of 
leaves in summer. White pine regeneration can be severely retarded by high 
moose numbers, and balsam fir can be totally suppressed, as is true over 
large parts of Isle Royale. Such problems can be solved by increased 
hunting, as is done in Scandinavia, where excessive moose would otherwise 
literally destroy the timber industry through impacts on Scots pine. 
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At present, moose densities in Minnesota are not at levels that lead to 
economically serious forest damage. Currently, moose numbers do not 
appear constrained by inadequate food or cover; neither are they suppressed 
by a high legal harvest. Factors yet to be defined-probably some 
combination of the brainworm and predation by wolves, plus bears-seems 
to be holding moose below the apparent capacity of the vegetation. In other 
regions of North America, ptoose levels have increased dramatically within 
a short period for reasons that remain unexplained, so the same could 
certainly occur in northern Minnesota. 

Woodland Caribou, before European settlement, existed across the northern 
edge of Minnesota in reasonable numbers. The animal, now still present 
some 100 miles to the north in Ontario, is considered a subspecies of the 
single worldwide species-caribou and reindeer. Minnesota's population 
underwent a downward trend from early in the 19th century until it 
disappeared in the early 1940s with the last known individual dying near Red 
Lake; disappearance from the northeast occurred around 1928. Two caribou 
were seen near HtJvland, Cook County, a few times during 1981-82 (Mech 
et al. 1982), but were never seen again. . 

Caribou are included in this analysis not only because they are a member of 
Minnesota's natural biota and biodiversity, but because there is a realistic 
prospect they may be restored to a small sector of the state's forest land. 
Several serious attempts at restoration have been undertaken, including a 
careful analysis of feasibility started 3 years ago and still in progress (Gogan 
et al. 1991). Such possibilities raise questions about possible forest habitat 
recommendations for any population that might be successfully re
established. The woodland caribou is virtually extinct within the lower 48 
states, yet it is neither state nor federally listed, simply because agency 
policies do not call for considering species already extirpated as being of 
concern. 

The loss of caribou from this state has been attributed to one or more of the 
following: forest changes, overhunting by settlers and natives, increased 
predation from wolves which themselves were increasing with the northward 
expansion of deer, and the brainworm brought in by deer (see discussion 
under moose). If habitat change, hunting, or predation did not account for 
the final extirpation of Minnesota's native caribou, then, according to 
biologists today, the brainworm probably did. As in moose, caribou are 
fatally susceptible to the brainworm, only far more so. Whether caribou's 
greater susceptibility is due to a lower resistance or to a greater probability 
of ingesting snails is unknown. Caribou do graze close to the ground where 
snails are readily ingested with herbaceous plants, while moose browse 
higher up in the shrubs and saplings. 
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In food habits caribou are closer to deer than to moose, but in many ways 
are different from both. In summer they are primarily grazers, feeding on 
forest forbs, such as aster, and the grasses and sedges of moist areas. They 
browse a few shrubs such as red osier. In winter, caribou prefer lichens. 
They will paw through over a foot of snow to reach ground lichens and they 
also eat lichens that blowout of trees. Unlike deer and moose, they do not 
select many woody browse species in winter. 

The woodland caribou is associated with forests year round, and their 
preferred winter forest type, lowland black spruce or upland jack pine
spruce, is generally considered too poor for moose or deer. In summer, the 
cows that are having calves tend to use islands in lakes. Otherwise they 
would use habitats similar to those of deer-hence the high vulnerability to 
brainworm if deer are in the area. 

The current caribou effort is focusing on only one site for re-introduction, 
the eastern portion of the BWCAW near the Canadian border: this follows 
an earlier recommendation from an analysis by the MNDNR (Karns and 
Lindquist 1986). The northeastern sector of the BWCAW probably has the 
lowest density of deer anywhere in the state; the area also has a good mixture 
of the forest types favored by caribou. 

With regards to impacts from harvesting on a possible caribou population, 
the entire area identified for restoration is reserved from timber management. 
Therefore the welfare of such a popUlation will not entail any environmental 
challenges to forest management. Should successful reintroduction eventually 
lead to a growing number of caribou along the border, from which some 
animals might disperse beyond the BWCAW in timberlands of the Superior 
National Forest, it is presumed they would succumb to brainworm, due to 
deer presence. . 

Black. Bears (Ursus tI1IIeriCtlllus) were once abundant in all forested regions 
of the state, but are currently restricted to the northern one-third of the state, 
where agriculture and urbanization have not converted the majority of local 
forest stands. The popUlation is increasing and is extending southward so 
that problems between humans and bears have been rising. This is despite 
the fact that Minnesota ranks sixth among states in numbers of black bears 
harvested by sport hunters. 

Black bears are omnivorous, eating insects, berries and nuts, honey, carrion, 
fish, eggs, small mammals, and young of all the deer family. They also 
become proficient raiders of camps, vehicles, cabins, and garbage dumps. 
Because black bears hibernate, winter food and cover are not relevant to their 
ecology. Critical to their reproductive success is the availability of abundant, 
high quality late summer and autumn foods: natural items meeting this 
include berries and mast, particularly from oaks. Young red pine and aspen 
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forests produce the most summer fruits among Minnesota forest types. Black 
bear reproduction and growth are low where mast species are rare or absent, 
as in northeastern Minnesota. In these northern habitats, critical fall forage 
includes hazel, dogwood, and mountain ash. 

For bears, forestry practices should favor leaving seed trees of oaks, and 
minimizing use of herbicides which reduce abundance of berry-producing 
plants, such as blueberries and raspberries in newly planted clearcuts. Black 
bears make limited use of large clearcuts during midday because they are 
easily heat stressed in direct sunlight; they do, however, also use them at 
other hours. Smaller clearcuts, e.g., 20 acres, with scattered cover may be 
more desirable. Stands adjacent to clearcuts should not be harvested until 
adequate cover is established in the cut area. 

The Gray Wolf (Ctmis lupus lyCtlOn) in Minnesota represents the largest 
remaining population in the lower 48 states. Originally, this species occurred 
throughout most of the states and southeastern Canada, but was widely 
extirpated early during European settlement. The eastern subspecies was 
listed as federally endangered in 1967 but was not fully protected until 1974: 
It was later reclassified as only threatened in 1978 when the state's 
population was found to be stable or increasing. Since coming under both 
state and federal protection, the wolf has been expanding its range south and 
westward from small northeastern and northwestern areas that were sparsely 
populated by humans. Earlier the state's number was estimated at 1,200, but 
now it is thought to have increased to 1,800. 

Factors regulating numbers of wolves are availability of prey-primarily 
deer, and illegal killing by humans. Suitable habitat is wherever prey-deer, 
moose, beaver and hares-are abundant. In that regard, early stages of 
succession or disturbed forests tend to be more productive. Other critical 
factors include the presence of humans and security cover as well as the 
absence of livestock. Some workers suggest that road density should be 
limited for the sake of protecting wolves from encounters with humans 
(Mech et al. 1988). Likewise, where deer occupy regions with cleared 
pastures, wolves become more visible than in completely forested regions. 
Finally, since wolves will kill cattle and sheep, there is a fundamental 
conflict between livestock farming and the presence of this large native 
predator. In Minnesota today, the most important variable in the habitat 
quality for wolves is human perception towards them. This social issue is 
in a period of transition, with increasing public acceptance of the timber wolf 
as part of Minnesota's natural wildlife heritage. In view of the socially 
complex aspects affecting habitat quality for the timber wolf in Minnesota, 
it is not feasible to model the impact of increased timber harvest upon this 
population. 
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Because of the relatively large number of bird species that occur in 
Minnesota's forests, a general summary of each of the nine EQB groupings 
is included. The groupings are based on the best available knowledge known 
at the current time. As information is gathered in the future, classifications 
may change as more is known about the habitat needs of forest bird species. 

Forest Bird EQB and Other Groupings 
Eight groupings are described below for forest birds. These groupings 
consist of six that were mandated for inclusion in the GElS scoping document 
including hardwood dependent, conifer dependent, mature (old growth) 
forest-associated, forest raptors, forest grouse, and forest interior or area 
sensitive species. Two additional categories were added because they 
incorporate groups that may be affected by timber harvesting and forest 
management. One category, riparian birds, was added by the wildlife study 
team. Riparian habitats are those vegetation zones found adjacent to water 
including lakes, ponds, streams, rivers, and creeks. A second group was 
added following the review of this report in draft form. Based primarily on 
comments from the MNDNR and in agreement with the wildlife study team, 
a group identified as cavity-dependent species was included. 

Because of the large number of forest bird species found in Minnesota, 
individual summaries of each species is not included here. A synopsis of the 
life history of each species can be found in appendix 3. In contrast, each of 
the eight forest bird groupings is described in a general context. 
Considerations of individual species responses can quickly become 
excessively complicated and unwieldy. The groupings themselves are a 
combination of forest type (e.g., hardwood/conifer/riparian), age structure 
(e.g., mature forests), ecological group (e.g., forest interior, and cavity 
dependent), and taxonomic (e.g., forest grouse and raptors) associations. 

Most of the species included here belong to at least one category and many 
belong to more than one category (appendix 5, table 3). For example, the 
Barred Owl is assigned to five of the eight categories. It is found primarily 
in mature, hardwood forests. It has also been defined as sensitive to forest 
fragmentation, and hence is defined as a species that prefers the interior of 
forests (Robbins et al. 1989). The Barred Owl is also a forest raptor and it 
usually nests in cavities of trees. In contrast, species such as the Mourning 
Dove, Ruby-throated Hummingbird, American Crow, and American Robin 
were not classified into any of the categories, primarily because they do not 
have specific needs or they are found in a wide variety of habitats. 
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llardwood-depeodent Species 
A total of 34 species were classified as associated with hardwood type 
vegetation (appendix 5, table 3). Species that were classified in this group 
are primarily found in forests dominated by tree and shrub species that are 
broadleaf and deciduous. Typical tree species include: aspen, birch, oak, 
maple, basswood, and \ ash. Concomitantly, species within these forests are 
uncommon or absent from (orests dominated by coniferous tree species. In 
most cases, their range distributions correspond closely with the eastern 
temperate deciduous forest biome, where hardwoods are the dominant tree 
species. In ge~ral, little research has been undertaken to differentiate the 
relative importance of different hardwood tree or shrub species used by birds 
within these forests. However, Holmes and Robinson (1981) and RobinsOn 
and Holmes (1984) demonstrated that specific species of trees may be 
important to some species. For example, most species found in hardwood 
forests select deciduous trees or shrubs as a substrate to place their nests 
(e.g., Wood Duck, Red-tailed Hawk, Least Flycatcher, Yellow-bellied 
Sapsucker, American Redstart, and Cerulean Warbler). Other species will 
primarily nest on the ground (e.g., Wood Thrush, Louisiana Waterthrush, 
and Ovenbird) within a forest dominated by hardwood trees and shrubs. 

Most species that nest in hardwood forests will also forage within the same 
forest (e.g., insectivorous species). Among the exceptions are waterfowl that 
nest in trees but forage in nearby aquatic habitats and raptors that forage in 
adjacent open habitats, such as the Red-tailed Hawk. 

Breeding birds of mature hardwood forests in northern and central portions 
of Minnesota primarily are the Ovenbird, Red-eyed Vireo, Least Flycatcher, 
Black-throated Green Warbler, Eastern Wood Pewee, Great-crested 
Flycatcher, White-breasted Nuthatch, and Blue Jay. Species such as the Red
shouldered Hawk, Cooper's Hawk, Yellow-billed Cuckoo, Eastern Screech 
Owl, Acadian Flycatcher, Tufted Titmouse, Blue-gray Gnatcatcher, Cerulean 
Warbler, Louisiana Waterthrush, and Hooded Warbler are primarily found 
in hardwood forests of the southeastern portion of the state. The Ovenbird 
and Red-eyed Vireo, which are usually numerically dominant in hardwood 
forests, however, were not included as hardwood-dependent because of their 
relatively high abundance in mixed deciduous-coniferous forests and in 
coniferous forests of Minnesota. 

A relatively large body of literature exists on birds associated with hardwood 
forests in Minnesota (e.g., Kelleher 1967, Niemi 1977, Green and Niemi 
1978, Back 1979, Collins et al. 1982, Pfannmuller 1979, Niemi and 
Pfannmuller 1979, Probst et al. 1992). See also appendix 5, table 4 for a 
review of bird counts completed in Minnesota. There also is considerable 
information on hardwood forest bird communities in the eastern United States 
(e.g., Bond 1957, Beals 1960, Holt 1974, Anderson and Shugart 1974, 
Willson 1974, Able and Noon 1976, Holmes and Sturges 1975, Probst 1979, 
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Ambuel and Temple 1982, 1983, Anderson 1982, James and Wamer 1982, 
Blake 1983, Blake and Karr 1984, Lynch and Whigham 1984, Holmes et al, 
1986, Askins and Philbrick 1987. Data also are available for many 
hardwood forests of Canada (e.g., Martin 1960, Erskine 1977). 

The effects of timber harvesting in hardwood forests also has been examined 
in a variety of studies includingKri:cher 1973, Conner and Adkisson 1975, 
Niemi 1977, Webb et al. 1977, Crawford et al. 1981, Niemi and Hanowski 
1984, Steffen 1984, DeGraaf and Chadwick 1987, and Probst et al. 1992. 
It is difficult to simply summarize all ofthe available information. However, 
some general conclusions are possible. Forest bird communities in mature 
hardwood forest stands are distinctive from those found in recently logged 
areas. There is nearly a complete turnover of species that occurs after a 
mature forest is logged. Species turnover is less if some dead or live trees 
are left standing. In this case, some woodpeckers and nuthatches may still 
be found in recently cut areas. Residual trees also provide perch sites for 
raptors, Blue Jays, and flycatchers. 

Complete clearcuts of mature forests result in the lowest diversity of forest 
birds in the hardwood successional sequence (Holmes 1990). In the very 
early stages of forest development following a c1earcut in northern 
Minnesota, species such as the Song Sparrow, Winter Wren (if brush piles 
are present), White-throated Sparrow, and Killdeer are the primary species 
present. If some dead and live trees are retained in the area, American 
Kestrel, Downy Woodpecker, Hairy Woodpecker, Northern Flicker, Tree 
Swallow, and Eastern Bluebird may also be found. 

As the shrub layer develops beyond 1 meter in height, the Song Sparrow will 
decrease in abundance, while the Chestnut-sided Warbler, Mourning 
Warbler, and White-throated Sparrow become numerically dominant. 
Several other species such as the Gray Catbird, Brown Thrasher, Common 
Yellowthroat, Veery, Indigo Bunting, Nashville Warbler, and Rose-breasted 
Grosbeak may also be present. These species will be among the most 
common species until trees become about 4 meters in height. At this time 
the area begins to develop into a closed-canopy forest and birds of the 
deciduous forest begin to colonize the site. The primary species of this 
community include those species named above, but species such as the Red
eyed Vireo and Ovenbird begin to appear. 

As the forest grows to about 10 meters in height, a variety of additional 
species appear in the hardwood community. Among the most common are 
the Yellow-bellied Sapsucker, Pileated Woodpecker, Hairy Woodpecker, 
Downy Woodpecker, Least Flycatcher, Great Crested Flycatcher, Eastern 
Wood Pewee, White-breasted Nuthatch, and Wood Thrush. 
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Hence, as the forest ages, bird species diversity increases because species 
associated with more mature age classes of the hardwood forest colonize the 
sites. The mature stages can include almost any of the species classified into 
the hardwood-dependent category because many of the species found in the 
early successional stages can also be found in the mature stages. The 
presence of tree fall gaps and woodland ponds within these forests can 
provide suitable habitat for. many species normally associated with early
successional vegetation. 

Conifer-dependent Species 
A total of 30 species were -classified into the conifer dependent group 
(appendix 5, table 3). As with hardwood dependent species, species in this 
group are primarily found in conifer forests and are rarely found in forests 
dominated by hardwood trees. If these species occur in hardwood forests, 
it is usually because some conifers are present. Coniferous tree species 
consist of red, white and jack pine; white and black spruce; tamarack; 
balsam fir; and white cedar. As with bird species found in hardwood forests, 
species classified in this group have range distributions that generally 
coincide with the distribution of coniferous forests, many of which are found 
in the boreal forests of northern North America. 

Many conifer dependent species likely evolved in association with 
development of coniferous forests (e.g., Mengel 1964, Keast 1990). In 
addition, species associated with coniferous trees have likely evolved specific 
morphological and behavioral characteristics to use coniferous trees for 
foraging and nesting activities (Norberg 1979, Niemi 1985). 

The issue of timber harvesting and the coniferous forest bird community is 
due to the overall decrease in number of conifer tree species and conifer
dominated communities found in parts of Minnesota today as compared with 
the presett1ement vegetation (e.g., Marschner 1975, Stearns 1988, Zumeta 
1991). Reasons for the decrease are varied, but growth rates of aspen and 
their subsequent dominance in second growth communities following logging 
has led to an increase in aspen communities. Moreover, shorter rotation 
periods tend to favor aspen because many conifers are slower growing in 
comparison with aspen and, hence, conifers do not fully develop prior to the 
next harvest. 

In contrast with hardwood forests, less is known about coniferous-associated 
bird species in Minnesota. Several studies of these communities have been 
done in Minnesota including those in peatlands (Warner and Wells 1984, 
Niemi and Hanowski 1984, 1992); in upland coniferous forests (Kendeigh 
1947, Niemi 1972); and for a wide variety ofconiferous communities (Niemi 
and Pfannmuller 1979). (See also appendix 5, table 4 for compilation of bird 
counts completed in Minnesota.) However, a variety of studies of coniferous 
bird communities exist in other eastern states such as in Wisconsin 
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(Hanowski et al. 1992), in Michigan (Anderson et al. 1983, Blake et al. 
1990), in Maine (Titterington et al. 1979, Elliott 1987), in West Virginia 
(Hall 1984). in New York (Able and Noon 1976). and in Massachusetts 
(DeGraaf and Chadwick 1987). The most comprehensive information 
available for coniferous forests is from Canada and is summarized by Erskine 
(1977). A variety of additional information on these communities in North 
America is also available in several summary documents including Wiens 
(1977). McLaren and McLaren (1981), and Keast (1990). 

During the breeding season, many of the bird species classified as associated 
with coniferous forests are highly dependent on mature, coniferous trees. 
Species such as the Blackburnian Warbler and Pine Warbler are associated 
with pine trees, especially white pine. In contrast, species such as the 
Yellow~bellied Flycatcher, Boreal Chickadee, Golden~rowned Kinglet, 
Ruby~rowned Kinglet, Palm Warbler, and Connecticut Warbler are 
primarily associated with white cedar or spruce, especially black spruce. 
Several species are highly associated with upland coniferous habitats and are 
often observed using white spruce or balsam fir, although other conifer trees 
including pines are used. These species include the Magnolia Warbler, Cape 
May Warbler, Bay-breasted Warbler and Evening Grosbeak. The latter two 
species, in addition to the Tennessee Warbler, are often associated with 
outbreaks of spruce budworm. 

The dynamics of the bird community in coniferous forests is similar to 
hardwood forests following logging activity. A near complete turnover of 
species occurs following clearcut logging activity. Turnover is less if some 
live and dead trees remain and provide habitat for forest-dwelling 
woodpeckers. If large enough patches of coniferous trees are left, then 
many coniferous-associated species will also remain in these isolated patches. 
Bird communities of regenerating habitats in a coniferous forest resemble 
those of the hardwood forest during early stages of development, usually 
until the coniferous tree or shrub component becomes distinct. 

For instance, the same species that occur in regenerating hardwood stands 
until the vegetation reaches a height of about 4 meters will also occur in the 
conifer successional sequence. Depending on the relative dominance of 
conifers in regenerating stands. a variety of species from both the hardwood 
and conifer associated communities can be present. An indicative species of 
the midsuccessional conifer stages is the Magnolia Warbler. ' 

As the forest grows to about 10 meters in height, the Red~yed Vireo and 
Ovenbird begin to appear. As conifer trees begin to mature to over 10 
meters in height, then a variety ofother species can be found. These include 
the following: Gray Jay, Red-breasted Nuthatch, Golden~rowned Kinglet, 
Ruby-crowned Kinglet, Swainson's Thrush, Solitary Vireo, Northern Parula 
(especially where Usnea moss is present), Yellow-romped Warbler, 
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Blackbumian Warbler, Chipping Sparrow, and Dark-eyed Junco. 
Woodpeckers are generally less common in coniferous-dominated forest 
vegetation; however, the Yellow-bellied Sapsucker, Hairy Woodpecker, 
Downy Woodpecker, Pileated Woodpecker, and in localized areas, the Black
backed Woodpecker can be found. The presence of the first four species, 
however, is greatly enhanced by the presence of deciduous tree species 
within the coniferous forest. 

As with hardwood stands, the greatest species richness in coniferous forest 
successional stages occurs in the pole and sawtimber size classes. The lowest 
diversity is generally found immediately after logging activity, although the 
diversity can be increased by retaining some dead and live trees or by leaving 
patches of mature forest within these logged areas. 

Cavity-dependent Species 
A total of 29 species were classified as requiring cavities found in trees 
(appendix 5, table 4). Some species, such as woodpeckers, are primary 
cavity nesters because of their ability to excavate their own holes. Species 
that cannot excavate their own cavity are termed secondary cavity nesters, 
so they are dependent on the availability of suitable trees and on other 
species to excavate their holes. The latter group of species include many 
ducks (e.g., Wood Duck, Hooded Merganser, Bufflehead, Common 
Goldeneye, and Common Merganser), owls (e.g., Barred Owl, Northern 
Saw-whet Owl, Boreal Owl, and Eastern Screech Owl), American Kestrel, 
Great Crested Flycatcher, Eastern Bluebird, Prothonotary Warbler, and many 
other species. The needs of cavity-dependent species have been well 
documented by Scott et al. (1977). 

The major issue for cavity-dependent species and timber harvesting is 
whether some suitable trees and nest cavities remain for these species 
following removal of trees after logging. In complete c1earcuts, no suitable 
trees are left and hence, no suitable nesting areas are available for 
reproduction. In addition to the need of cavities for nesting, cavities are 
important for cover and shelter during periods of inclement weather, 
especially during cold winter months. 

A variety of evidence supports avian requirements for available nest sites and 
their importance to the overall population of a species (Finch 1990). 
Substantial recoveries of the Wood Duck (e.g., McGilvrey 1968, DeGraaf 
et aI. 1991), American Kestrel (Hamerstrom et aI. 1973, Perrins et aI. 1991), 
and Osprey (Reese 1970) populations over the past thirty years have been 
largely enhanced by placement of nest boxes or platforms in suitable habitats. 
Experimental evidence from a variety of studies has shown that populations 
can be increased simply by providing nest sites. For example, populations 
of several tit (Parus spp.) species (Lack 1966), and cavity nesting species 
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(e.g., Brush 1983, Brawn 1987) were artificially increased by adding nest 
boxes to an area. 

Hence, negative popUlation effects on cavity nesting species due to increased 
timber harvesting may be mitigated either through active management 
programs or by modification of silvicultural activities. Active management 
programs that provide nest boxes can increase the number of available nest 
sites for uncommon species in some cases. Retention of some dead and live 
trees in logged areas can increase the availability of cavities for nesting or 
for shelter in forested areas. 

Forest Raptors 
This category includes 16 species of eagles, hawks, falcons, and owls that 
are primarily associated with forested habitats. Raptorial birds like the 
Loggerhead. Shrike and American Kestrel were excluded because they are 
usually found in agricultural or open, prairie settings. Both species, 
especially the American Kestrel, occur in recently cut areas, but these areas 
are not considered primary habitats for either species. 

The major reason for including forest raptors as a distinct group is because 
they are top carnivores in the food chains of forest communities, they are 
highly visible species to the public, and many of the species have been 
experiencing declines in recent history. Moreover, one of the most debated 
species in forest planning and management in forests of the United States is 
a forest raptor, the Spotted Owl (Doak 1989, Murphy and Noon 1992). This 
species is not found in Minnesota, but some issues associated with the debate 
in forests of northwestern U.S. and raptors are germane to Minnesota. 

In general, species classified within this group have a relatively wide range 
of ecological requirements and most are included in another category. F,or 
instance, the Red-tailed Hawk nests in hardwood forests, but forages in 
adjacent open areas including agricultural fields and recent clearcuts. In 
contrast, the :({ed.-shouldered Hawk also nests in hardwood forests, but 
requires relatively large contiguous, forest tracts. It forages in small open 
areas within these forests and along the edges of wetlands either within or 
adjacent to these forest tracts. In small forested areas, the species is often 
excluded from nesting by the more aggressive Red-tailed ~awk. Several 
other forest raptors are found in coniferous-dominated landscapes such as the 
Merlin, Sharp-shinned Hawk, and Great Gray Owl. 

Specific impacts on species classified within this group need to be examined 
in the context of life history requirements and specific needs. Food 
requirements, the interactions with the raptor species, such as between the 
Red-tailed Hawk and Red-shouldered Hawk, and specific nesting 
requirements (e.g., aVailability of nest sites for Great Gray Owl or Boreal 
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Owl) are important factors for these species that are not specifically analyzed 
here. 

Forest Interior Species 
A total of 17 species was classified into this group (appendix 5, table 3). 
There is virtually no information from Minnesota that documents whether a 
species is found exclusively or primarily within the forest interior. There 
are also no data over a long-term (e.g., 30 to 100 years) in which population 
data can be compared within Minnesota. In the species accounts, however, 
we have attempted to compare present day distributions and abundance with 
comments made by Roberts (1932). 

The 17 species included in the list of forest interior species have been 
identified in studies as sensitive to size of forest area. The major citations 
are from other parts of the eastern deciduous forest including studies in 
Wisconsin (Ambuel and Temple 1982, 1983), Dlinois (Blake 1983, Blake and 
Karr 1984, 1987), Maryland (Lynch and Whitcomb 1978, Lynch and 
Whigham 1984, Robbins 1979, 1980, Robbins et al, 1989, Wilcove 1985), 
Missouri (Hayden et al. 1985), and New Jersey (Galli et al, 1976, Leek et 
aI. 1988). It is possible that other Minnesota forest bird species could be 
included in this category, however, there is no specific data available on this 
topic for Minnesota. . 

The only systematic census data available for Minnesota forest areas during 
the past 23 years are the USFWS Breeding Bird survey roadside counts 
completed from 1966 to 1989 (Janssen 1990). Collins et al, (1992) compiled 
additional data from these counts that included 1990. The results of these 
analyses indicated that of the 17 species classified as forest interior species; 
six (Barred Owl, Pileated Woodpecker, Yellow-throated -Vireo, Northern 
Parula, Northern Waterthrush, and Scarlet Tanager) showed a significant 
increase from 1966 to 1990, four (Red-eyed Vireo, Black-and-White 
Warbler, Canada Warbler, and Ovenbird) showed no apparent change, and 
only one (American Redstart) showed a significant decrease. Six species, 
however, were too rare to make any comparisons (e.g., observed on 7 or 
fewer of 52 routes sampled in Minnesota).' These species include the Red
shouldered Hawk, Acadian Flycatcher, Cerulean Warbler, Black-throated 
Blue Warbler, Hooded Warbler, and Louisiana Waterthrush. All of these 
species, except the Black-throated Blue Warbler are prim.arily found in the 
southeastern forests of Minnesota. 

Based on Roberts (1932), it is likely that th~ Black-throated Blue Warbler, 
Cerulean Warbler, and Louisiana Waterthrush have decreased in numbers 
since the early 1900s, while the Red-shouldered Hawk, Acadian Flycatcher, 
and Hooded Warbler may always have been relatively rare in Minnesota. 
Possible reasons for these changes are described in the more detailed 
accounts for each species. 
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The issue of forest interior species and timber harvesting in Minnesota is 
primarily one of area sensitivity. That is, there is a concern that as 
contiguous forested areas become fragmented into smaller and smaller 
forested units, then individual species become extinct in these fragmented 
forests because their reproduction is low and, therefore, their populations 
cannot be maintained. Recolonization of these fragments may be possible or 
enhanced as long as viable breeding populations exist in the surrounding 
landscape. However, studies in the eastern United States have shown that as 
this fragmentation continues into larger and larger areas. local extinction of 
species within small forest fragments can be followed by regional extinction 
of the species (Le., from parts of the state or from physiographic regions). 

Species included here are those that have been shown to be rare or absent 
from smaller forested areas. Area sensitivity is defined as excluding the 
species from forested areas that are less than 40 acres. This is an 
approximate acreage and was used with the FIA data base to identify forested 
areas of the state where area sensitive species would likely not be found 
because of fragmented landscapes. These restrictions only applied to the 
southern half of ecoregion 4, and in ecoregions 5,6, and 7. These forested 
areas and surrounding landscapes are similar to those in Wisconsin. lllinois, 
and other eastern states of the U.S. where area sensitivity has been 
documented for species defined in this group. Given the crudeness in the 
acreage value (expansion factors) in the FIA data base and lack of estimates 
of acreage sensitivity for bird species in Minnesota, it was determined that 
area sensitivity assessments beyond the 40 acres on a species-specific basis 
were not warranted or defendable. 

A variety of changes that occur in forested areas contribute to the problem 
of landscape fragmentation and subsequent reductions in area of forested 
habitat. Among the major factors include land cleared for agricultural 
development and expansion of urban areas. The major factors contributing 
to fragmentation and reduced forested areas vary within each local or 
regional area. At this time, the most sensitive areas to fragmentation within 
the state are in the southern half of ecoregion 4, and ecoregions 5, 6, and 7. 

It is likely that many of the same factors that have contributed to declines in 
populations of these species in the eastern United States are affecting bird 
species in the southern forested zones of Minnesota. The role of 
fragmentation in landscapes not dominated by agricultural or urbanization is 
unclear. The most advanced work on this topic, however, has occurred in 
Finland and Sweden (e.g., Helle 1986, Virkkala 1990, Raivio 1992). 

Fourteen of the 17 species classified as forest interior are neotropical 
migrants. Wilcove and Robinson (1990) have recently reviewed seven 
factors associated with the decline of neotropical migrants. Among these 
factors, six are likely of importance here: (1) dispersal and colonization 

34 




Jaakkn pam Consulting, Inc., MlP!!e!!9f! GElS. Forest Wildlife Technical Paper 

problems, (2) food resources, (3) microhabitat heterogeneity, (4) competition 
from other birds, (5) nest predators and brood parasites, and (6) 
psychological factors. Another factor that needs to be considered is the 
amount of suitable habitat available. This relates to both a reduction in the 
productivity of suitable habitats and an overall decrease of available forest 
habitat because of conversion to other uses. 

Disperalll tmd colonizotion problems. Wilcove and Robinson (1990) suggest 
that neotropical migrants may not be good colonizers of forested islands 
because of barriers to dispersal. For example, Lynch and Whigham (1984) 
used habitat isolation as a predictor of abundance for some bird species. 
Barriers may include highways, urbanized areas, shopping centers, and 
agricultural fields. Without a sufficient numbers of colonists, songbird 
populations within isolated woodlots may not be able to persist. 

Food resources. Several researchers have suggested that food, especially 
insects, may be less abundant in smaller forested islands than in contiguous 
forests (Maurer 1974, Shreeve and Mason 1980, Wilcove and Robinson 
1990). According to Wilcove and Robinson (1990), no one has studied the 
effect of forest area on insect densities. Hence, the only evidence available 
is indirect, such as comparisons of the composition of bird guild structure 
within forests of different sizes. Small woodlots tend to. have more 
omnivores that consume grains, seeds, and fruits, while larger forest tracts 
tend to have more foliage insectivores (Wilcove and Robinson 1990). In a 
related study, Helle (1986) found fewer invertebrates in clearcut areas in 
comparison with adjacent forests. 

Microhabitat heterogeneity. Small forest islands may not have the breadth 
of microhabitats as larger forests (Wilcove and Robinson 1990). Since many 
bird species tend to select specific microhabitats within the forest (James 
1974), the reduced diversity of trees and age classes within a forest may have 
a negative effect on the population. The problem associated with "this 
hypothesis is that microhabitats are difficult to define and again, little 
experimental work has been completed on this topic. However, it is well
known to many birders that species are highly associated with specific 
microhabitats within the forest. Examples include the association of Winter 
Wrens with brush piles and fallen trees and Canada Warblers with small 
water ravines and thick shrub vegetation. 

CompetUJon with other birds. Wilcove and Robinson (1990) observe that as 
the populations of neotropical migrants decrease, this is often associated with 
increased numbers of permanent residents and short-distance migrants. The 
latter species such as Northern Cardinal, Gray Catbird, and Brown Thrasher 
readily nest in smaller woodlots and many are attracted to residential feeders. 
Because of decreased over-winter mortality, these species may increase 
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diffuse competition with neotropical migrants, Again, there is little direct 
evidence for the importance of this phenomenon. 

BroodptJ1YISidsm and nest predtlton. It is likely that the brood parasite, the 
Brown-headed Cowbird, is more abundant today than it was in presettlement 
times in Minnesota. The apparent increase in Brown-headed Cowbirds is a 
function of a variety of factors but the increase ofagricultural land was likely 
the primary factor in its increase'to the north (Brittingham and Temple 
1983). However, except for a few highly susceptible species, it is unlikely 
that the Brown-headed Cowbird alone has been responsible for substantially 
decreased populations for many bird species in Minnesota. There is no 
evidence that the Brown-headed Cowbird has increased recently in 
Minnesota, based on the U.S. Fish and Wildlife Service roadside count data 
(Janssen 1990, Collins et al. 1992). The species is still a relatively 
uncommon species in the forested areas of the state such as in the Superior 
National Forest. In these areas the species is highly associated with roads, 
clearcuts, human settlements, and possibly nearby agriculture areas. 

Effects of nest predation on bird eggs and young is well known and it is a 
contributing factor to reduced reproduction in birds in fragmented landscapes 
(e.g., Ambuel and Temple 1983, Angelstam et al, 1984, Wilcove 1985, 
Finch 1991). A wide variety of mammals (e.g., raccoon, fox, skunk, 
opossum, fisher, marten, red squirrel, gray squirrel, fox squirrel, and many 
mice), birds (e.g., Blue Jay, American Crow, Black-billed Magpie, Northern 
Raven, and Gray Jay), and snakes (e.g., timber rattlesnake and milk snake) 
are known predators of bird eggs, young, and adults. Moreover, the effects 
of predation have been shown to be greatest along forest edges such as those 
associated with agricultural fields, right-of-ways, and roads (Gates and Gysel 
1978, Chasko and Gates 1982, Wilcove 1985, Wilcove et al. 1986, Temple 
and Cary 1988, Yahner and Scott 1988, Andren 1992). There also is 
evidence that edges have higher populations of many ofthese predators (e.g., 
Bider 1968, Forsyth and Smith 1973) and that ground-nesting birds are most 
susceptible because they receive the most intense predation pressure (Gates 
and Gysel 1978, Greenberg 1980, Whitcomb et al. 1981, Yahner and Scott 
1988), 

Predation of nests in fragmented, forested landscapes where the 
fragmentation is due to cutting patterns has not been studied in Minnesota. 
Based on data gathered elsewhere (e.g., Andren and Angelstam 1988), 
similar patterns of increased nest predation have been found in forested 
landscapes (e.g., Yahner and Scott 1988, Hansson 1979). The experimental 
evidence for increased predation patterns is still unclear, but much of the 
reasoning on why predation rates are higher in edge settings follows that 
already found in agricultural settings as well as the increased productivity and 
herbivory associated with edge settings (e.g., Angelstam n.d., Finch 1991). 
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Psychological fac/ors. Wilcove and Robinson (1990) have also suggested 
that certain bird species may have an aversion to edges. For example, 
Kroodsma (1984) found that of 22 forest-dwelling birds, two species, the 
Acadian Flycatcher and Ovenbird, nested in higher densities away from the 
forest edge. Whitcomb et al, (1981) suggested that some species need buffer 
zones of forest from edges. Moreover, this concept is related with that 
presented by Temple (1986) on the potential importance of forest patch 
shape. That is, more species are found in more rounded woodlots in 
comparison with linear or irregularly-shaped woodlots because of less edge. 
in round-shaped woodlots. 

Mature forest birds 
The FSD of the GElS identified old-growth or mature forest associated 
species as one of the groups of specific interest. For birds, it is not possible 
to define a bird species that is exclusively found in old growth forested 
habitats. For instance, if old growth is defined as forests of greater than 120 
years, then there is no evidence that any bird species requires this type of 
forest exclusively. In contrast, many bird species require mature forests and 
they are primarily found in these types of forests. 

Mature forest is defined as a forest that is dominated by saw-size trees. 
Typically there are forests that are classified as saw-sized stands in foreSt 
inventories. In upland or lowland deciduous-dominated forests or upland 
coniferous forests, canopies typically exceed 15 meters. In lowland 
coniferous-dominated vegetation where nutrients are limiting (e.g., 
ombrotrophic peatlands), the height of the trees may be relatively low, such 
as 5 meters. A variety of additional characteristics are typical of many 
mature forests, especially in upland habitatS. These include the presence of 
standing dead trees in varying degrees of decay; trees on the ground that 
have fallen for a variety of reasons such as from wind or decay; and a 
complex spatial pattern of ground cover, shrubs, and subcanopy of trees. 

A total of 67 species was classified into this group (appendix 5, table 3). In 
general, they include many species that were classified as forest interior, 
conifer dependent, or hardwood dependent species. However, many of the 
species that are not necessarily dependent on hardwoods or conifers such as 
the Great Homed Owl, Chimney Swift, Eastern Wood Pewee, Black-capped 
Chickadee, Brown Creeper, Hermit Thrush, Black-throated Green Warbler, 
and Scarlet Tanager, but are primarily found in mature forests, were grouped 
into this category. 

This represented the largest category of birds. The reasons for the 
classifications into this category are highly varied and most are highly species 
specific. For example, many birds require large trees in mature forests in 
riparian habitats for the placement of their nests. These species include the 
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DoublKI'ested Cormorant, Great Blue Heron, Common Goldeneye, Wood 
Duck, and several other species of herons and waterfowl. 

Several raptorial birds also are associated with mature forest habitats 
including the Bald Eagle, Sharp-shinned Hawk, Red-shouldered Hawk, 
Barred Owl, and Great Gray Owl. For most of these species the 
combination of nesting requirements and their primary foraging areas are 
associated with mature forests. Six of nine woodpecker species that occur 
in Minnesota forests are highly associated with mature forests. Although 
many of these species also occur in other, younger forests, they reach their 
highest abundance in mature forests. More importantly, their continued 
viability is likely associated with the extent of mature forests. 

The major issue for species within this group and timber harvesting concerns 
the potential effect of rotation age of logging. If logging occurs at too 
frequent an interval, those species associated with more mature stages of the 
forest may not have enough habitat to maintain viable populations. Because 
of the large number of species associated with this group, it is difficult to 
generalize on the importance of mature forests for each. This is covered in 
some detail under each species description (appendix 4). 

Riparian species 
Like the cavity-dependent species, this group was not included in the FSD. 
However, the study team in addition to the MNDNR strongly endorsed the 
inclusion of this group. There were 21 species that were classified into this 
group. Species within this group were dominated by water birds such as 
herons, ducks, and mergansers. In addition, some forest songbirds are 
highly dependent on riparian habitats. These included the Eastern Phoebe, 
Warbling Vireo, Prothonotary Warbler, Northern Waterthrush, Louisiana 
Waterthrush, and Rusty Blackbird. 

In general, the ecological requirements of the species included within this 
group and the necessity of riparian habitats are well known (e.g., Probst et 
al. 1983, Finch 1989). Most species require a combination of terrestrial 
forested habitats for nest cavities in trees and suitable aquatic habitats in close 
proximity for feeding. This is particularly true for the waterfowl and herons. 
Species such as the Northern and Louisiana Waterthrush are highly 
specialized riparian species. Throughout their breeding distribution in 
Minnesota, these species are exclusively found in forests adjacent to water 
habitats and especially those with running water. 

The major issue for riparian birds and timber harvesting in Minnesota is the 
maintenance of appropriate riparian habitats of mature forests along suitable 
lakes, rivers, ponds, wetlands, and streams. This should include protection 
of known rookeries for herons and cormorants, nest sites for Bald Eagles and 
Osprey, and eyries for the Peregrine Falcon, but also protection of suitable 
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riparian habitat for future shifts in colony nesting sites or expansions of the 
some species populations. 

Endangered, Threatened and Special Concern Species 

The Osprey (Pandio" hIIliaetus) is a widespread fish hawk that prefers nest 
sites high over water, in tops of large trees such as red pines and white 
pines. Osprey formerly nested in forested areas throughout the state, but are 
now restricted to the northeast and north central sector. In Minnesota, the 
Osprey is listed as a species of special concern. The Osprey was widely 
reduced in abundance in past decades, due primarily to impacts of 
environmentally pervasive organochlorine compounds such as DDT. These 
compounds, bioaccumulated through the food chain, cause reproductive 
failure in this species as well as in other aquatic predators such as the Bald 
Eagle and Peregrine Falcon. 

Minnesota's Osprey population has recovered with the banning of persistent 
compounds; however, their productivity in north central Minnesota is still not 
considered to be normal. In areas that have been altered by human 
developments, a major problem is an increase in raccoons, which can be 
serious nest predators. Another problem in Minnesota for Ospreys relates 
to the new aquaculture industry: fish farmers, frustrated by osprey removal 
of fish, have been reported to be shooting the birds, but the extent of this 
illegal loss is unknown. Osprey habitat and forestry interact most directly 
in the fate of riparian woodlands and, for northern forests, protection of 
supercanopy trees for nesting. 

The Bald Eagle (Haliaeetus leucocephlllus) breeds in northern Minnesota, 
and a few birds occur in winter in areas of open water. Fish make up most 
of the Bald Eagle's diet, but some mammals and carrion are also taken. 
Nests are generally in the tops of super-canopy red and white pine, relatively 
close to open water. 

As in the case of the Osprey, the Bald Eagle was severely impacted by 
chlorinated hydrocarbons to the ~xtent of complete extirpation from some 
regions (e.g., western Lake Superior), and drastic reductions elsewhere such 
as interior northern Minnesota. Lesser, but still serious impacts may have 
contributed to declines, including the loss of key nesting trees. Regulations 
in state and national forests now carefully protect those trees and minimize 
disturbance around nesting sites. Lead poisoning occurs in eagles that have 
fed on wounded waterfowl shot by hunters or that have been shot at 
themselves. This problem should end with the continentwide ban of lead 
shot. Some eagles are killed by entrapment in improperly set muskrat traps, 
and some nestlings are fatally entangled in fishing gear attached to fish 
delivered by the adults. 
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The Minnesota population has increased 2.8-fold since 1973, with most of 
the active nests now in the Superior and Chippewa national forests. Bald 
Eagles are both federally and state-listed as threatened. 

The Peregrine Falcon (Falco peregrinus) is one of the most sensitive birds 
to organochlorine chemicals, and was nearly extirpated from all of North 
America before these compounds were banned. Peregrines formerly nested 
on cliffs along the Lake Superior north shore, the BWCA W, the St. Croix , 
valley, and Mississippi river bluffs south of Red Wing. The last native wild 
peregrine nest in Minnesota was recorded in 1964 and the species is currently 
listed as both state and federally endangered. With recent intensive 
restoration efforts, the midwest population currently stands at about 150 
individuals. 

Peregrine Falcons prey on birds ranging in size from warblers to ducks. 
Because they nest on cliffs, these birds are not directly affected by forestry 
activities. However, the population of smaller forest birds on which the 
Peregrine Falcon preys in some seasons may be affected. Known nest sites 
within forested areas need protection during the critical nesting season. 

The Red-shouldered Hawk (Buteo lineatus) nests from southeastern to north 
central Minnesota and migrates south for the winter. Currently, less than 
200 pairs occur statewide, and the species is listed as being of special 
concern by the state. Red-shouldered Hawks build nests in large (12 to 48 
inch dbh) hardwoods, often near water. They feed on small amphibians, 
reptiles and rodents, often in marshy areas. This raptor is sensitive to forest 
fragmentation, and generally will not nest in tracts of forest less than 100 
acres. Where forests have been fragmented by interspersion of farm fields 
or extensive clearcutting, the more aggressive Red-tailed Hawk tends to 
displace the Red-shouldered Hawk. 

The Loggerhead Shrike (Lanius ludovicitmus) occurs in the southeastern 
comer of the state and along the Minnesota and Mississippi rivers. It is 
state-listed as threatened. This predatory song bird prefers open areas, but 
will nest along forest edges and clearcuts if appropriate shrub cover is 
present. Its main prey are large insects, small rodents and birds. The 
Loggerhead Shrike has declined greatly in the state over the last 20 years, 
probably due to loss of shrubby fence rows and windbreaks in agricultural 
regions, and possibly due to pesticide effects, either directly or indirectly 
through reduction of insect availability. 

Roberts (1932) recorded the Loggerhead Shrike as relatively common in the 
central regions of the state in the early 19008 and associated with recent 
cutover habitats. Today its use of these habitats is limited, but its overall 
distribution in the state is more associated with prairies and agricultural land. 
Reasons for the decline are unclear, but most evidence suggests changes in 
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agricultural practices as a major factor in addition to increased collisions with 
motor vehicles (Bartgis 1992). Timber harvesting has little to do with shrike 
populations in the state. Even though increased clearcutting in the central or 
southern parts of the state may increase the amount of potential habitat for 
this species, it is unlikely to use this additional habitat. 

The Louisiana Watertbrush (Selunu motacilla) occurs from April to 
September in southeastern Minnesota within the lower Mississippi, St. Croix, 
and Minnesota River drainages and along their tributary streams. It winters 
in Central and South America. For nesting, this bird is restricted to large 
tracts of mature, deciduous, floodplain and swamp forests near swiftly 
flowing water. Nests are built on the ground or within roots of fallen trees 
close to water. Terrestrial and aquatic insects are the major prey. 

The Louisiana Waterthrush was described as common in the early 1900s, but 
has declined to the point that it is now state-listed as being of special 
concern. It apparently has stabiliZed over the past two decades at this lower 
level. It is believed that loss of riparian forests in southeastern Minnesota is 
critical to the future of this species in the state. Detrimental impacts will 
include logging of riparian zones, residential developments, and grazing by 
livestock along forested streams. 

2.3.3 
Forest Grouse and Game Birds 

The Ruffed Grouse (Bo1lll6t1 81IIbellus) is Minnesota's most abundant game 
bird, with an average annual harvest of 534,000 and a peak of over 1.4 
million birds. According to 1979 data, it was estimated that expenditures by 
Ruffed Grouse hunters averaged $20 per grouse taken (MNDNR 1990). At 
that rate, this hun~g activity would generate $10.6 million in most years 
and reach $30 million in peak years. 

Despite extensive research on the ecology of Ruffed Grouse, a major 
phenomena that remains unexplained is the relatively consistent 100year cycle 
in population abundance. Numbers peak around the beginning of each 
decade and are lowest during mid-decade. On the other hand, great progress 
has been made in relating the welfare of grouse to forest composition and 
structure, and this in tum has been related to forest management, with 
knowledge of all these relationships being attributable mainly to Gullion 
(1972, 1984). 

Ruffed Grouse are found throughout the state wherever forests with some 
aspen occur, with greatest densities in the east central region (ecoregions 4 
and 5). Aspen forests provide the optimum habitat for grouse, mainly 
because aspen buds and flower catkins are the preferred food in winter and 
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spring, and aspen leaves are important in early summer; also the structure of 
aspen forests of varying ages generally serves the security of grouse better 
than any other covertype. The buds and catkins of alder, hazel, birch, and 
willow are important grouse foods in areas where aspen is absent or during 
the occasional year when grouse do not use aspen buds. Little use is made 
of conifer stands, and presence of large conifers in grouse activity areas may 
increase vulnerability to predation by Goshawks and Great Homed Owls that 
use conifer tops for ambush advantage (Gullion 1990). 

Ruffed Grouse shift between age classes of aspen from one season to another: 
brood rearing occurs in young stands, 4 to 15 years old (seedling/sapling), 
where stem density is 4,900 to 12,ooo/acre; winter cover is best provided by 
10- to 25-year-old aspen (POle-size), with stem densities of 2,000 to 
6,000/acre· and some mature trees close by; and nesting cover is best 
provided by aspen> 25 years old (saw-timber size). From fall through leaf
out in spring, grouse prefer to have activity areas that include mature male 
aspen, a prime source of their preferred dormant season food-buds and 
flower catkins. 

Intense habitat management for Ruffed Grouse, as prescribed by Gullion 
(1972, 1984) involves creating a dynamic patchwork of four age classes. 
The optimum prescription, according to Gullion, is a mosaic of 2.5-acre 
stands, one-fourth of which are cut each decade leading to a 4O-year rotation. 
Stands this small, however, are generally uneconomical for commercial 
operations, so Gullion recommended the same pattern in 10-acre blocks. 

Grouse management based on short-rotation insures vigorous regeneration of 
aspen before other species take over, and it minimizes the presence of 
conifers. On the other hand, this system reduces both plant-species and age
class diversity, an effect that should significantly reduce the potential for 
maximum diversity of plants and animals. There is also the risk, that on 
some soils, such short rotation will deplete key nutrients in the ecosystem, 
an issue that is dealt with in the Forest Soils technical paper. 

From an overall impact basis, wherever timber harvest in the uplands of 
northern Minnesota is increased, with an emphasis on natural regeneration 
of aspen, Ruffed Grouse oUght to benefit. And, for a given level of such 
harvest, ruffed grouse response will be further enhanced where size of 
clearcuts is relatively small and these cuts are distributed somewhat 
uniformly over the landscape, According to the analysis of timber harvest 
methods done for the GElS, cuts in Minnesota seldom exceed 40 acres. It 
is not clear, however, what the time interval of cutting is between adjacent 
blocks: if it is too short, then the combined track is equivalent to one large 
clearcut of approximately the same age. Because there is no spatial 
dimension to the harvest model, size of cuts and juxtaposition of different age 
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(size..class) of stands could not be accounted for in the analysis for impacts 
on Ruffed Grouse. 

The Spruce Grouse (De1ulragapua ctmadensis), unlike the Ruffed Grouse, 
is not a major game species, although it is regularly hunted in northern 
Minnesota. It is characterized by its lack of wariness, for which it is known 
as "fools hen." This mjnh~izes its sporting challenge for hunters who do 
encounter it. Nor is it considered a fine delicacy, as is the Ruffed Grouse. 
In general, the pursuit of Spruce Grouse in Minnesota generates little public 
interest or economic activity. They may actually be more important to the 
nonhunter, because they are so easily approached for viewing and , 
photographing. 

In contrast to the Ruffed Grouse, the Spruce Grouse is associated with 
coniferous forests. Bog forests, dominated by black spruce and tamarack, 
and upland jack pine stands, also containing balsam fir or white spruce, are 
its normal habitat. Major foods of the Spruce Grouse are leaves and berries 
of shrubs in summer and fall, and needles of spruce and fir during the 
winter. Spruce Grouse were nearly extirpated in Minnesota during the 19208 
when many coniferous forests were logged or burned, and the resultant 
forests were predominantly aspen and birch. The birds were declared a 
protected species. Later, however, as postlogging forests matured with an 
increasing conifer component, the Spruce Grouse also began to recover, and 
in 1969 hunting was reinstated. 

In contrast with the Ruffed Grouse, which will fare well with increased 
timber harvest, short rotations, and natural regeneration in northern 
Minnesota, the Spruce Grouse will fare poorly. Of greatest concern is 
protection of extensive stands of lowland conifer, as these are critical to 
Spruce Grouse in winter. 

The Sharp-tailed Grouse (Pedlocetes phositmelluais), while nowhere near 
as abundant as Ruffed Grouse, does have a devoted set of hunters, and is the 
object of habitat management by the MNDNR. Sharp-tails were widely 
abundant in the decades after Minnesota's early period of wholesale logging 
and associated wild fires that created an open vegetation over much of the 
north. Then, as fires were suppressed and forests matured, these grouse 
declined so that now they occur in but one-third of their former range. They 
are centered in two distinct regions-the northwestern and east central sectors 
of the state. 

Sharp-tailed Grouse prefer a mosaic of grasslands, brush, and open 
woodlands-a pattern which reflects recurrent fire. In summer, habitat is 
generally open grassy areas where young chicks seek insects. Otherwise, 
foods are tender leaves, berries and seeds. In fall and winter, birds are 
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found more in woody areas where buds of deciduous trees and shrubs are the 
primary food. 

Management of habitat for sharptails usually involves reducing tree cover, 
or at least maintaining extensive grassy openings within areas of deciduous 
trees and shrubs. Extensive conifer plantations in such regions are 
considered detrimental to sharptails, mainly because these stands afford 
ambush cover from avian predators. Due to the Sharp-tailed Grouse's use 
of open habitat, no impacts from timber harvesting are expected. and the 
species was not modelled. 

The American Woodcock (ScolDptIX minor) is a highly prized game bird, 
often hunted at the same time as Ruffed Grouse in the early fall because of 
their occurrence in the same habitats. The woodcock is a shorebird-the 
only species of that group associated strictly with forests. The upper 
Midwest population migrates to the Mississippi delta and Gulf Coast in 
winter. American Woodcock populations have declined in recent decades. 
perhaps due more to the loss of river-bottom forests to agriculture on their 
wintering grounds than to changes in Minnesota. However. reversion of 
aspen dominated lands to more conifer woods in the breeding range may also 
account for some of the decline. 

The preferred habitat is deciduous forest with brushy understory. During the 
mating season woodcock are found in small forest openings such as clearcuts 
or abandoned fields. The woodcock is an earthworm specialist, probing for 
them from moist soil with its long sensitive bill. Rich, moist soils, as found 
in better aspen and alder stands are best for such feeding; coniferous areas 
are generally not suitable. Habitat management for ruffed grouse is 
considered favorable for woodcock, as long as soil fertility is not depleted. 

The Wild Turkey (Meleagrls plloJHlVO) may have originally extended up 
the Mississippi as far as the southeast comer of Minnesota, but records are 
not clear on this. Because the species is probably not native, it was not 
included in analyses of impacts by timber harvesting. Turkey numbers . 
throughout the region were greatly reduced during the last century. and only 
now are they recovering. mainly through extensive reintroductions. In 
Minnesota these efforts have brought our state population up to about 18,000 
and have extended its range beyond estimated presettlement boundaries. It 
is suspected that turkeys survive further north now than originally because 
of access to farm crops (particularly com) in winter when their natural food. 
mast. would be snow-covered. Limited spring and fall hunting seasons are 
now held. and interest by sportsmen has been very high. 

The primary natural habitat for the Wild Turkey is mature deciduous forest, 
dominated by mast species such as oak and hickory. Earlier workers claimed 
turkeys could exist only in unbroken forests. but with their recent 
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2.4 
Ampbibians and Reptiles 

introduction in regions such as southeast Minnesota, it is apparent they do 
well in a mosaic of woods and farmlands where crops comprise an important 
food component. In summer, the birds eat greens, fruits and seeds, and the 
chicks require insects. Nests are on the ground, concealed by dense woody 
cover. Roosting trees with fairly dense foliage are important in winter. 
While favored by access to farmlands, these habitats tend to have high 
populations of the Great Horned Owl, a major predator of turkeys. In 
general, forest management for Wild Turkeys should focus on providing 
mature, mast-producing trees, which in Minnesota are primarily oaks. 

The Ring-necked Pheasant (Plulsianus colcldcus) is an exotic and generally .. 
associated with nonforested farmlands, it is considered here because of its 
great importance as a game bird, and because some forest management 
practices can affect it. Currently, Minnesota's fall populations range from 
500,000 to 2 million birds, distributed through the south and western 
agriculture dominated sectors. Highest numbers are found in farmlands with 
a mixture of row crops, small grains, pastures, undisturbed grasslands, and 
winter cover such as wetlands and farm shelterbelts. Pheasant populations 
have decreased drastically since the 1960s, when the conversion of mixed 
cover diversified farming to intense, row crop farming led to loss of winter 
and nesting cover and diverse food sources. Protection of tree dominated 
windbreaks, shelterbelts, woodlots and riparian woodlands is critical to 
providing winter cover for pheasants as there is often little other shelter 
remaining on the crop fields after harvest. The species was not included in 
timber harvesting impact analyses because it is not native to Minnesota, nor 
is it sufficiently forest related. 

The Wood Turtle (Oemmy, InsculpttJ) in Minnesota is found in forested 
areas associated with third- and fourth-order streams and rivers along the 
eastern margin of state. This turtle spends part of its life in the uplands, 
sometimes up to a half mile or more from a stream. They are found in a 
wide diversity of forest settings, where apparently two requisites are 
involved: ample supply of ground-level invertebrates and adequate shade. 
Recent studies (R.. Buech, pers. comm.) in northeastern Minnesota indicate 
that wood turtles will use relatively young, postcutting stands as long as litter 
or emergent vegetation provides thermal shading. These turtles are not likely 
to forage in mature conifer forests with little ground herbage. 

A critical requirement is appropriate substrate for nesting or burying of eggs. 
Nesting, according to Buech's findings, tends to be within 100 yards of a 
stream channel; on hatching, the new turtles proceed directly to water. 
Sandy bare soils are preferred, and are found in some flood-zone banks of 
larger streams and rivers. Wood turtles are also attracted to road 
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embankments for nesting. Road banks are suspected to be a population trap, 
because predators, as they normally travel roads, have a higher chance of 
locating nests than elsewhere. Also, if the roads are frequented by humans, 
collecting turtles for pets takes a high toll in some areas. In regions of 
mixed farms and woods, striped skunks and raccoons tend to be far more 
common, than in more continuous forests: these carnivores can impose 
major losses on wood turtles through predation on buried eggs. 

The wood turtle is state-listed as threatened. However, there is insufficient 
evidence to link. decline of this turtle with any specific change in timber 
harvest practices. Even where protected riparian zones are narrower than the 

'" normal distance to nesting sites, it is not believed that cutting will disrupt 
nesting. In fact, if cutting activities leave exposed, unvegetated soil, there 
may be increased substrate for nest excavation. 

The TunbeI' Rattlesnake (CrottIlus horrltlus) occurs in the forested and 
steeper terrain along the Minnesota and Mississippi rivers in southeastern 
Minnesota, and this is' the northern extent of its range. Summer habitat of 
these snakes includes open-deciduous forests, bottomlands, and croplands. 
During spring and fall they are found close their wintering dens, usually 
around rocky bluffs and outcrops. Humans are the chief factor limiting the 
timber rattlesnake population in Minnesota through road kills, direct killing 
and destruction of hibemacula. The species is state-listed as being of special 
concern. The greatest threat is from further human developments along the 
main rivers of southern Minnesota because as vegetation is removed there is 
an increased likelihood of encounters with humans. On the other hand, 
fragmenting of mature forests that creates more edge would benefit the 
timber rattlesnake in terms of habitat quality. 

The Ringneck Snake (DiDdophis pundtJtus) is found in northeastern and in 
southeastern Minnesota. There are two subspecies with different habitat 
associations. The northern ringneck prefers cool, moist, maple-basswood 
forests with abundant litter and woody debris, while the prairie subspecies 
prefers warm, southwest-facing, open hillsides with abundant debris. Only 
the former would be affected by forest management: loss of downed logs 
associated with intensive, short-rotation harvest will result in poor habitat for 
ringneck snakes. 

The Eastern Hognose Snake (Bete'lYNltnl pIottrhi1uJs) occurs as scattered 
populations in southeastern and east central Minnesota along the Mississippi, 
St. Croix, and lower Minnesota rivers. The species occurs in open 
deciduous and deciduous-coniferous forests associated with sandy substrates. 
Preferred forest types include mature white pine and maple-basswood. The 
loss of forested sand dune areas near rivers and the collecting of specimens 
for the pet trade are the two most serious threats to this species. The eastern 
hognose snake is state listed as being of special concern. Habitat concerns 
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include protection of older, undisturbed maple basswood and white pine 
forests. 

The Mi1k Snake (LtImpTOpeltia triI.rngulum), at the northern edge of its 
range in Minnesota, occurs throughout the southeastern corner of the state, 
westward along the southern stretch of the Minnesota River t and north to 
Chisago and Sherburne counties along the St. Croix and Mississippi rivers, 
respectively. During summer, milk snakes prefer moist, old, deciduous 
forests with abundant woody ground debris. During spring and fall they are 
found near hibemacula in uplands. Heavy collecting for the pet trade and the 
destruction of den sites are believed to be prime causes for population decline 
in the state. The species is state listed as being of special concern. 
Protection of older patches of deciduous forest, with their characteristic ' 
ample woody debris, is needed for this species within its range. 

The Blue-spotted Salamander (Ambyltoma latertJle) is found in moist 
woodlands of northeastern, north central, and east central Minnesota, this 
being on the western margin of the species' range. They are associated with 
deciduous, mixed, and coniferous forests. Semipermanent ponds and 
potholes which persist throughout the summer are the required breeding 
habitat. Protection of forest wetland edges may be important for this species. 
Reduction of depth of forest ponds through siltation resulting from 
disturbance of adjacent upland, as with skid roads or landing sites, would 
adversely impact this salamander. 

The Eastern Newt (NototWmus rirlIlescens) is found in north central, 
northeast, and east central Minnesota. The species prefers sites in mesic 
forests, either deciduous or coniferous, near permanent ponds, marshes, and 
shallow, vegetated shores of lakes. Birch logs are reportedly avoided by this 
and other salamander species, perhaps due to a chemical factor i~ that tree. 
The species may remain totally aquatic, as newts, or metamorphose into a 
terrestrial form, efts, both of which are capable of reproduction. 

The Red-baeked Salamander (PletluJdon cinereus) is found in northeastern 
and east central Minnesota. Red-bacbd salamanders are associated with 
mesic deciduous and mixed deciduous-coniferous forests. Although lacking 
lungs, these salamanders are mostly terrestrial, as they breath through their 
skin. They are confined to forests that are densely shaded; i.e., that have a 
full canopy, and that have an extensive litter layer. As noted under the blue· 
spotted salamander, they may avoid birch logs. Forested hillsides with 
abundant cover, near lakes or streams, are preferred. This species requires 
deep litter and logs probably even more than the blue.spotted salamander, 
hence is more dependent upon old forests. 

The SpriDg Peeper (PaeudlJcrls crueller) occurs widely in the woodlands of 
Minnesota. Breeding occurs in temporary and permanent forested ponds and 
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open marshes. For the upland phase of its life history, this frog prefers 
mature, moist forests with an ample deciduous shrub layer, and is likely to 
decline with a shift to younger age classes. It 'would also be seriously 
impacted by harvest practices that tend to destroy small forest wetlands. 

The Gray Treefrog (llylo verskolor) is found throughout most ofMinnesota 
. 	except in parts of the southwest, ~outh central, and west central regions. 

Gray treefrogs prefer forested areas near marshes, lakes, and rivers in 
northeastern Minnesota, as well as wet sedge meadows with shrubs in the 
northwestern part of the state. 

The Pickerel Frog (RInuJ polusttis) occurs in southeastern Minnesota, where 
its preferred habitat is cool springs and spring fed streams with surrounding 
densely canopied maple-basswood forests. The species is state-listed as being 
of special concern. Best management practices (BMPs) for forestry in 
Minnesota call for protecting forests along water edges; however, small 
springs would not necessarily be included under state BMPs guidelines for 
protecting water qUality. 

The Wood Frog (RInuJ sjIvtltictJ) is found throughout the forested regions 
of northern, east central and southeastern Minnesota .. They are associated 
with moist-coniferous, mixed-northern-hardwood, and river-bottom forest 
communities. In the southeast they are restricted to cool, moist ravines and 
hillsides. Breeding occurs early in semipermanent, fishless ponds. This 
species is projected to decline in areas of young forests on short rotation. 

3.0 
METHODOLOGY AND DATA USED 

3.1 
Work Scope 

The methods used by the Biodiversity and Wildlife study group were 
designed to examine the nature of changes in all aspects of biotic diversity 
within Minnesota's forests that may result from increased timber harvest and 
other forest management activities. The direction, rate, and magnitude of 
changes are examined for the three projected levels of harvest and also for 
associated forest management activities. Those changes projected to cause 
significant impacts upon biota as stipulated by the significance criteria are 
assessed, and options to mitigate these impacts are presented. 

3.1.1 
Habitat and WUdlife Population Linkages 

The emphasis in examining how timber harvesting and forest management 
activities may impact wildlife is based on the habitats of each species rather 
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than on the animal populations themselves. This is not an evasion of concern 
for the animals' fate, but simply the recognition that habitat is an important 
factor that affects numbers and distribution of animals. The forest 
management practices being analyzed in the GElS affect animals primarily 
through altering vegetation, which in tum comprises the substrate, cover, 
and/or food resources required by the animals. Thus, as alterations of 
vegetation may alter critical habitats-or more precisely, as they may alter 
the operational environment that determines whether or not an animal can 
live there, so also these vegetation changes alter those animal populations, 
positively or negatively. Reference to operational environmental reflects that 
each species has its unique requirements and hence unique interactions with 
surrounding vegetation. A forest change that significantly impacts one 
animal may hardly affect another. Or a particular forest change may alter ' 
the food supply of one species, while altering the cover or nesting substrate 
of another. 

Habitat, rather than popUlation, is the focus here because other factors, 
unrelated to or unaffected by timber harvesting and forest management, can 
also alter populations, positively or negatively. For example, if a factor such 
as disease, overhunting, or abnormally severe weather has greatly reduced 
a particular population, then even with the best of habitat, the site in question 
will not be occupied to its capacity. Consequently, vegetation changes are 
translated into habitat changes, which in tum are understood to have a 
corresponding potential to affect the specified animal population, as long as 
the following assumptions hold: (1) other factors that potentially affect the 
populations will remain constant, and (2) knowledge is adequate to allow 
recognition of vegetation changes that impact the habitat and hence the 
population. Circumstances of inadequate knowledge are not uncommon, and 
are pointed out often in th~ analysis. 

There are also secondary or chain reactions through which forest 
management activities indirectly, but often quite significantly, impact 
animals. For example, when ground litter required by small mammals for 
cover is removed, the numbers of certain mice decline; this in tum causes 
their normal predators, mammalian carnivores or avian raptors, to decline 
from this loss of prey. Another example is in the relationship between 
harvesting activities and increased human access via newly developed forest 
roads; in some cases, this may render a species more vulnerable to hunting 
or trapping-legal or otherwise. For certain sensitive species this can be 
damaging. 

In the final analysis, all applications of significance criteria and all mitigation 
recommendations are based on projected changes in habitats resulting from 
the simulated harvest scenarios. For small mammals, large mammals and 
birds, habitats were weighted by their value, so that changes in area of good 
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3.1.l 
ScaJe of Analyses 

3.1.3 
Eeoregion ScaJe 

3.1.4 
Landscape ScaJe 

habitats for a species were weighed more heavily than changes in area of 
poor habitats. This could not be done for the herps due to lack of data. 

For all animal groups, analysis was statewide. Quality or completeness of 
relevant data varies greatly throughout the state. This is primarily a function 
of where prior work has been done on various faunal groups. No new field 
data were collected for. this study. In the case of birds and mammals, team 
members were already involved in surveys and/or research in both 
northeastern and north central Minnesota. For the other parts of the state the 
quality and quantity of information on forest habitat and species relationships 
is less. One reason is that these other regions contain less public land, hence 
there has been less research focus by the university and government agencies 
on relationships between forestry practices and wildlife. 

Impacts were assessed for all ecoregions; ecoregion 8 (the extreme 
southwestern comer of the state, containing only 13 PIA points) was 
combined with ecoregion 7, and the numerical designation tf7tf retained for 
this combined ecoregion. Thus, the ecoregion 7 discussed below is not 
identical to the ecoregion 7 referred to in the MPFRB technical paper; the 
latter represents combined ecoregions 7,8, and 9. Ecoregion 4 spans a wide 
climatic range and hence a wide ecological range. Therefore, some 
subdivisions were made for some biota. 

Impacts resulting from changes in individual forest stands accumulate and 
affect patterns of forest cover at a landscape level (one to several townships 
in size). For many animal species, habitat requirements need to be defined 
in terms of a set of resources dispersed over an area larger than just one 
stand. For example, ideal deer habitat contains young aspen stands with an 
abundance of preferred forbs and browse for forage, but also with conifer 
stands nearby for shelter during cold weather. Therefore, changes must also 
be assessed in spatial· or landscape patterns, the scale of which varies among 
animal types. These spatial patterns were taken into account as much as 
possible in the analysis; however, the study circumstances have limited the 
depth to which this aspect of the analysis could be included (see limitations 
section). 
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3.1.5 . 
Statewide Scale 

3.2 
Sources of Data 

3.2.1 
FIAData 

It is well known that increasing the number of breakdowns in analyses of 
impacts increases the chances for an impact to be significant. In this study 
that is complicated by assumptions of forest area increases or declines by 
FIA unit. Thus, to aid interpretation, changes are sometimes summarized at 
a statewide level. 

The primary source of habitat data is the 1990 statewide forest inventory, as 
developed by the USDA Forest Service North Central Forest Experiment 
Station (NCFES) through its FIA unit in cooperation with the MNDNR 
Division of Forestry. Additionally, such inventories are available for 1935, 
1953, 1962 and 1977. The 1990 inventory consists of 14,296 field plot 
locations that systematically cover timberland (commercial forest land), 
reserved forest land, other (unproductive) forest land and land classified as 
nonforest with trees. These acreages are summarized in table 3.1 (drawn 
from section 2 of the MPFRB technical paper (Jaakko Poyry Consulting, Inc. 
1992t). 

Table 3.1. Summary of Minnesota forest acreage, 1990. 

Additionally, the study group that described the forest resource base also 
developed projections of the 1990 inventory plots by decade by harvesting 
scenario to 2040. The 1990 and projected inventories then became the 
primary description of forest covertype acreage and associated habitat used 
in this analysis. The rationale for this was that the FIA plots were the only 
systematic, statewide source of habitat data. The study group subsequently 
attempted to tie the relative abundance of each species of interest to the 
extent of specific forest covertypes, stand age classes and stand size classes 
(sawtimber, poletimber, seedlings/saplings). Background papers on Public 
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llarvestiDg Scenarios 

Forestry Organizations and Policy, Silvicultural Systems, and Harvesting 
Systems produced by the study (see GeneraJ references section) also provide 
helpful insight on what various policies and practices translated to in terms 
of habitat and impacts on that. Relevant aspects of the FIA databases and 
projections to 2040 are given in the MPFRB technical paper (Jaakko Poyry 
Consulting, Inc. 1992f). 

As required in the FSD, the potential impact of timber harvesting on wildlife 
was evaluated for three levels of harvest: base, medium, and high. The 
MPFRB. study group supplied projections ofMinnesota's forest resource base 
for each of the next five decades under each of the three levels of harvesting. 
These projections include postcutting acreages and age and timber size class 
distributions of each PIA covertype, in each of the nine ecoregions. These 
data were then used by the Wildlife study group to estimate the amount of 
habitat available for each wildlife species of interest, through the habitat 
popUlation linkages discussed above. 

As directed by the Core Group, the assessment of impacts of timber 
harvesting reported in this document are based on analysis of the second runs 
of the forest change and harvest scheduling model that incorporated various 
ownership constraints, mitigation strategies and other model refinements (see 
section 4.10 in the MPFRB technical paper). For the most part, these 
changes affected timber aVailability and the ownership from which timber 
was harvested. In the second runs, a small portion of stands were managed 
by thinning or uneven-aged management. These were the only options in the 
model in which timber was harvested from a stand without having the stand 
revert to a younger size class. Clearly, the habitat quality of stands manage(i 
in this manner may differ from unharvested stands for some wildlife species. 
However, the nature of the PIA data and modelling process did not allow the 
MPFRB study group to provide the Wildlife study group with a data set in 
which stands managed by partial cutting could be meaningfully differentiated 
from untreated stands of the same covertype, age and size class. Hence, the 
analyses do not directly incorporate the effects ofthis aspect ofthe modelling 
on forest wildlife. These effects likely would be positive for some species, 
negative for others. 

Alternative Statewide Timber llarvestiDg Sceaarios Analyzed 
The purpose of discussing alternatives in an EIS is to compare the 
environmental impacts of the proposed project with other reasonable 
alternatives to the project, including the alternative of no action. In the case 
of this GElS, the proposed project was defined in terms of the state's 
cumulative timber harvesting and related activities. Therefore, alternatives 
addressed in the GElS were defined as different levels of statewide timber 
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harvesting and forest management activity. In addition to examining the 
existing levels of harvesting, potential future timber harvesting levels were 
also analyzed to identify impacts that would result if such levels of statewide 
activity were actually achieved. 

The FSD specified that, to the extent possible, all issues were to be reviewed 
from the following three levels of statewide timber harvesting and associated 
forest management activity:' 

4 million cords annually (base scenario). This is the current level of 
statewide timber harvesting activity. 

4.9 million cords annually (medium scenario). The medium scenario 
reflects the demand of the forest industry after several of the plants now in 
the design or concept stage go online. 

7 million cords annuaDy (high scenario). The high scenario suggests an 
upper bound on biologically sustainable yields. (Ibis also approximates a 
100 percent increase in timber harvesting and associated forest management 
activity over 1988 statewide harvest levels of 3.2 million cords.) 

These alternatives provide for analysis under three different perspectives: 

1. 	 the current level of timber harvesting and forest management activity; 
2. 	 a level of statewide timber harvesting activity that is estimated to occur 

within the next five years if proposed expansions occur; and 
3. 	 suggested long-term future maximum annual statewide timber harvest 

levels. 

These demand levels were implemented over the 50-year study period by the 
MPFRB study group (Iaakko POyry Consulting, Inc. 1992t). 

The first model runs were essentially unconstrained and thus assumed all 
timberlands were available for harvest. The second runs incorporated 
ownership constraints and mitigations and represented a more detailed and 
realistic look at the specified harvest levels and their implications. 

Among the ownership constraints and mitigations implemented in the second 
runs were: 

• 	 extended rotation forests (ERF). i.e., lengthened (usually by 50 percent) 
minimum rotation ages for approximately 20 percent of the timberland 
on state and USDA Forest Service ownerships; 

• 	 greater use of uneven-aged management (approximated by thinning 
practices) ; 

53 



Jaakko Pam CoDSUlting. Inc;, Minnesota GBIS. Forest Wildlife Teclmi.ca1 Paper 

• 	 designation and reservation of old growth and acreage that might replace 
that; 

• 	 BMPs, i.e .• thinning or ERF within 100 feet of water; and 
• 	 wildlife buffers (thinning only within 200 feet of water) on the national 

forests and in the southeastern part of the state. 

In addition, estimates of the actual availability of timberlands for harvest or 
management, developed separately by ownership, were used to set aside a 
portion of the timberland as not available for various economic, 
environmental and social concerns. Table 3.2 summarizes this acreage. 

Other model changes for the second runs included refinement of the 
silvicultural decision trees used in the first runs to lengthen minimum rotation 
ages from 40 to 50 or more years. The exceptions were for aspen and 
balsam poplar where minimum rotation ages were retained at 40 years. 
Thinning options were also refined, notably to reflect desired practice within 
buffers and for approximating and encouraging uneven-aged management. 

Table 3.2. Approximate second 11ID acreage availability by use and treatment category for 
timberland, statewide, 1990. 

Source: Jaakko Poyry Consulting, IDC. 1992f. 

Forest and timberland area change from 1990 to 2040 was also implemented 
gradually throughout the 50 year period using estimates of annual change 
rates. Covertype areas were further subjected to change occurring at the 
time of harvest and later via stand dynamics or succession. 

Harvests from national forests were also constrained to the allowable sale 
quantities in their respective forest plans with the exception of the high 
scenario. 

Table 3.3 summarizes the extent of harvesting in the second runs. Of this 
harvest acreage, approximately 3 to 5 percent was harvesting in the form of 
thinning. 
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Table 3.3. Original acres cut one or more times and DeVer cut in second runs, 1990-2040. 

Base Scenario 
Acres never cut 
Acres cut 

Medium Scenario 
Acres never cut 
Acres cut 

High Scenario 
Acres DeVer cut 
Acres cut 

7,600,000 
7,173,400 

6,156,400 
8,617,000 

4,308,200 
10,465,200 

Souroe: Jaakko POYlY Consulting, Inc. 1992f. 

3.2.3 
Literature Review 

The literature review, together with input from the background papers on 
harvesting systems, silvicultural systems, and regulations by government 
forestry agencies (Jaakko P6yry Consulting, Inc. 1992b,c,e) were used to 
identify: (1) those known habitat attributes for wildlife species that would 
be impacted by changes in age, composition, and spatial patterns of forest 
stands; (2) case studies in which timber harvesting and forest management 
activities have led to changes in plant or animal abundance and distribution; 
and (3) specific information on rare or endangered species associated with 
any forest system within the state. Details for each of the four subgroups of 
wildlife (animals) are given in sections 3.3.2 to 3.3.5 below. 

3.3 
Assessment of Harvesting Impact 

3.3.1 
General 

The methodology uses output from the forest change and harvest scheduling 
model that provides an estimate of what the future forest will look like in 
terms of tree species, size and age class structure. This is then summarized 
as forest covertype acreage by stand age class and stand size class 
(seedlings/saplings, poles, sawtimber). This habitat data was then used to 
develop the impacts on all key wildlife, as long as a reasonable supporting 
information base for predicting impacts was available. The unit of concern 

55 



Jukko' Pom Consulting. Inc.. Minnellota GBIS. Forest Wildtife Technical Paper 

is the animal species, where possible, or else it is a group of species with 
common relationships to forest communities. Predicted changes in habitats 
are projected into an estimate of changes in abundance and distribution of 
each wildlife species. Some of the wildlife subgroups conducted separate 
analyses based on: (1) all forest lands including timberlands (commercial 
forest), reserved and unproductive forests; and (2) timberlands considered 
separately. 

The methodology involves projecting how forest changes will impact habitats 
of animals. The following steps are involved: 

• 	 identification of species distribution and habitat requirements; 
• 	 linking forest changes that result from the three levels of simulated 

timber harvesting and forest management to the known habitat .. 
requirements of each wildlife species or group; and 

• 	 inferring changes in populations of those species from the projected 
changes in their habitats, by ecoregion. 

Assumptions: 

• 	 this habitat linkage approach assumes species habitat affiliations will not 
change over the next 50 years; 

• 	 present habitat affiliations are indicative of long-term habitat 
requirements; and 

• 	 species interactions will not be altered as a result of harvesting. 

3.3.2 
Small and Medium-Sized Mammals 

Using detailed information from the literature review (summarized in the 
synopses presented in section 2.2 and presented in detail in appendix 2), the 
subgroup studying small- and medium-sized mammals constructed several 
matrices that link habitat requirements of species to the output of the timber 
harvest model. In the first (appendix 6, table A), a species-habitat matrix 
that applied to both timberland and reserved forests, each species was 
assigned an abundance value (absent, low. moderate, or high) in habitats 
representing each of the major forest covertypes in Minnesota and each of 
three stand sizes (seedling/sapling, poletimber, sawtimber). Forest types and 
stand sizes are those in the PIA database and in the output from the timber 
harvest model. In some instances (appendix 6, table A) a species was 
assigned to one of two possible abundance categories in a given forest type
stand age category, depending on the value of an additional variable, e.g., 
physiographic class which reflects the general moisture level, presence of 
oaks or white spruce in the tree list, distance to agriculture, or plantation 
status. A second, parallel matrix (appendix 6, table B) was constructed in 
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which each species was assigned an abundance value (again by forest type 
and stand size) for unproductive forest lands. 

A clearcutting impact matri.x (appendix 6, table C) was then constructed. in 
which each species was assigned to one of the above abundance categories 
in each covertype following clearcutting. These values were used to assess 
abundance during the first decade following clearcutting of timberland. In 
constructing this matrix, consideration was given both to the population level 
for the first one to three or so years following clearcutting and that for the 
remainder ofa hypothetical ten-year period. For some mammal species these 
two values differ substantially (see section 2.2. and appendix 2). In analyses 
of results of the timber harvest model, an average abundance in the first 
decade following clearcutting was employed. 

The matrices were applied to the output from the harvesting scenarios to 
assess the likely impacts on habitat aVailability of each of the three levels of 
timber harvest. For each species of interest, analyses were based on a 
database that represented a subset of the FIA database and the forest change 
and harvest scheduling model output. These databases included (1) FIA plots 
corresponding to localities within the known geographic range of the species 
in Minnesota, (2) items of data in the PIA files and the model output used 
to predict abundance in a forest type-stand size class, and (3) ecoregion 
designation, so that impacts could be calculated on an ecoregion basis. 
Impacts were calculated and are reported separately for timberlands and for 
all forest lands (timberland plus reserved and unproductive forests), allowing 
assessment of the extent to which habitat in reserved and unproductive forests 
mitigates any impacts of timber harvest in timberlands. Impacts were 
assessed both for the entire range of a species in the state and for each 
ecoregion occupied by the species, even though the impact significance 
criteria approved by the EQB are phrased specifically in ecoregio~-specific 
terms. 

The potential impact of each harvest scenario was analyzed by (1) 
determining, on the basis of information contained in the matrices, the 
abundance value for each species at each relevant PIA plot location; and (2) 
summing for each species the forest area contained in each abundance 
category. These analyses were conducted. for model output reflecting initial 
conditions and for each of the five subsequent decades, for each of the three 
timber harvest scenarios. For each decade, a population index was compared 
for each species by assigning a numerical value to each abundance category 
(absent-O, low abundance-2, moderate abundance-S, high abundance= 
10). For each species, the forest area in each abundance category was 
multiplied by the appropriate numerical value. The resulting products were 
summed, and the sum divided by four to attain a single population index 
reflecting overall habitat aVailability. The population index for a species in 
each decade of each harvest scenario was compared with the popUlation index 
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3.3.3 
Large Mammals 

in the output reflecting initial conditions, In accordance with the significance 
criteria approved by the EQB, an impact was considered significant if the 
population index dropped by 25 percent or more below the initial level in any 
ecoregion. 

Use of the population index is biologically informative in that it incorporates 
shifts in presence/absence as well as in abundance, and it appropriately places 
greater emphasis or value on sites (habitats) where a species is most 
abundant. The numerical values representing each level of abundance are 
arbritary but conservative. That is, for most small- and medium-sized 
mammals in Minnesota forests, local abundance almost certainly varies more 
than fivefold between habitats where the species is present at low abundance 
and habitats where abundance is highest, and more than twofold between 
moderate and high abundance. 

To test the sensitivity of the impact assessment to the particular numerical 
values selected, calculations were made using three other sets of values (for 
absent, low, moderate and high abundance, respectively: set A-O, 2, 4, 8; 
set B-O, 1, 3, 6, set C-O, 2, 5, 15), The number of significant impacts 
identified differed little among these tests, except that use of the last set 
resulted in a slightly greater number of impacts exceeding the criterion of 
significance. 

In addition to the above calculations, the forest area at which a species was 
present, irrespective of abundance was summed for each decade of each 
harvest scenario. These areas were compared with that in the output 
reflecting current conditions. Again, an impact was deemed significant if 
there was a decline of ~25 percent in the forest area at which a species was 
present. 

Analysis Methods 

Woodlmul Caribou. There is no direct link between estimated potential 
habitat quality for caribou and output from the harvest scenarios. If caribou 
are to be restored to Minnesota, the only reasonable site, based on careful 
analysis, is well within the BWCA W, an area of entirely reserved forest. On 
the other hand, because presence of even relatively low deer numbers is 
considered one of the largest threats to caribou survival, this species is 
analyzed for the proposed region of reintroduction (see white-tailed deer 
above). Any increase in deer in managed forests surrounding the BWCAW 
would be interpreted as having a potentially negative influence, on the 
probability of survival of a hypothetical reintroduced caribou herd. The 
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BWCA W lies entirely within ecoregion 2; therefore projected changes in deer 
are examined for that region. 

Moose. Projection of timber harvest impacts upon moose were derived using 
the township as the spatial unit for analysis. This accounted for the 
importance to moose of having two or more forest types in reasonable 
proximity. Because moose are more mobile than deer, particularly in winter, 
imprecision in the spatial analysis at the township level should be less of a 
problem for the analysis for moose than for deer. In any case, it can be 
misleading to develop habitat analysis at the ecoregion level in cases where 
two or more covertypes are required by an animal within its individual home 
range. 

1. 	 Distribution: The analysis was confined to a region that corresponds 
closely with the MNDNR's "major moose range" (Berg 1980). This 
encompasses all of ecoregions 1 and 2 and Ecoregion 3 north of the 
east-west township line "52 North" Gust north of the city of Two 
Harbors), plus the northern tip of ecoregion 9. 

2. 	 Cover requirements: For thermal cover from both cold and warm 
temperatures, moose use forest cover in both summer and winter. The 
covertypes that provide such cover have a canopy of conifer or contain 
good portions of conifer in the subcanopy. From the FIA covertypes 
these are listed as: 

a. pole and sawtimber size stands of all conifers except black spruce 
and tamarack; 

b. sawtimber size stands of black spruce (this omits the small-tree 
lowland stands which are not valuable to moose); and 

c. sawtimber size stands of aspen and birch: this is because older 
stands of these forests types have significant spruce and fir in the 
subcanopy. The designation should be based on stand age, e.g., 
>70 years, but analysis for age was not practical here. Because a 
substantial portion of sawtimber aspen and birch may not have the 
expected conifer subcanopy, a weighting of 0.5 was applied to 
acreages of sawtimber size aspen and birch. 

The sum of all acreage, including the 0.5 adjustment for aspen and birch 
sawtimber, was determined for each township within the moose range. 
Those townships showing ~ 15 percent ofthe designated covertypes were 
deemed to have suitable cover. These were then the base for the second 
analysis, increased forage. 

3. 	 Increased Forage: It was assumed that habitat for moose will change 
positively with an increase in postharvest seedling/sapling acreages. It 
was also assumed that .benefits from such forage increases would only be 
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realized where cover remained adequate-as defined in (2) above. For 
all townships that were found to have adequate cover, an analysis was 
made for projected increase in seedling/sapling size acreage for all 
covertypes except black spruce and tamarack. This was defined as being 
a ~ 10 percent increase in seeding/sapling acreage between 1990 and 
2040. The evaluation of projected change was then compared among the 
2040 stands according to harvest level. It was assumed that the 2040 
base level projection represents forests 50 years from now that would be 
harvested at essentially current levels. 

The resultant acreage of increased forage for moose is used as the index 
of net moose-habitat change under varying harvest levels. Because both 
loss of cover and gain of good foraging areas are incorporated into a 
single acreage index, the ratio of comparisons between medium and high 
scenarios to the base scenario is considered the best measure of moose 
habitat change. 

Black Bear. The region of black-bear distribution was analyzed for changes 
in mast-producing oaks, which, from the model output, are equated with 
pole- and sawtimber-size oak stands. The effects of changing mast resources 
upon potential bear habitat are not a simple one-to-one relationship; in the 
absence of oak mast, bears tum to other food sources in autumn for their 
nutritional preparation for winter. No quantitative studies have been made 
to determine the population effect of making this substitution, but bear 
experts agree that loss of mast generally will lead to a lower reproductive 
rate, since successful pregnancy in hibernating bears is largely influenced by 
quality of diet during the preceding fall. The importance of oak mast has 
been given a somewhat arbitrary weighting of 0.5, i.e., habitat loss is 
equated to one-half the loss of mast producing oak acreage. 

White-tailed Deer. A major increase in the harvesting of Minnesota's forests 
is expected to have potentially both favorable and unfavorable impacts on 
deer, depending on the nature of harvest and the region. Increased acreage 
of recent cutovers that convert to young aspen and birch should greatly 
increase forage supplies for deer. However, in the north, extensive loss of 
conifers (e.g., at the township level) would render much habitat unavailable 
for deer. In the central and southern areas, increased cutting would generally 
be favorable as long as the total amount of mature oak was not drastically 
reduced. Deer can certainly exist in the absence of oak and other mast 
species; however, it is assumed that access to mast increases the probability 
of over-winter survival for fawns and raises productivity in does, particularly 
where crops such as com are not available. In the intensive agriculture 
region, loss of wooded riparian corridors or other sizable forest patches is 
potentially unfavorable for deer. Mitigations for keeping deer at present or 
even greater numbers under increased timber harvest are not seen as a 
difficult or particularly expensive management challenge. 
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For analyzing impacts of forest change, the state is divided into four 
zones, mainly according to ecoregion. Where ecoregion boundaries do not 
afford appropriate delineation, county designations are added: 

1. 	 Deep-snow zone: 16 counties in northern Minnesota comprising 
ecoregions 1, 2, 3, the northern portions of 4, and 9; 

2. 	 Central hardwoods or ,mixed woods and farm zone: 10 counties 
comprising much of ecoregion 4 and the northern tip of 5; 

3. 	 Southern farm-woodland zone: ecoregions 5 and 6; and 
4. 	 Intensive agriculture zone: ecoregions 7, 8, and the southern portion of 

9. 	 ' 

Each of these deer zones is treated separately relative to potential forest 
change impacts, because each differs with respect to how forest covertypes 
affect habitat relations for deer. 

1. 	 Northern-forest, deep-snow zone: This zone is defined as that part of the 
state that commonly has ~ 18 inches snow pack during midwinter. This 
area also has the lowest temperatures within the entire geographic range 
of the white-tailed deer. Finally, it has a good population of timber 
wolves, a major deer predator. For this zone, habitat quality is related 
to two aspects of forest cover: (1) local presence of a minimum level of 
conifer overstory providing for winter thermal cover and lesser snow 
depth than outside the conifers (poepker and Ozoga 1990); and (2) 
acreage of young deciduous forest that provides favorable forage. 

a. 	 Conifer cover: As reviewed above (2.2), current understanding of 
deer ecology suggests that deer in areas aVC?I'aging ~ 18 inches 
snowpack during midwinter are strongly dependent upon conifer 
cover. The general rule of thumb is that there should be at least 10 
to 20 percent of the deer range in good conifer cover. In this 
analysis, all conifer covertypes-except black spruce and 
tamarack-of pole and sawtimber size, are lumped as "conifer cover 
for deer." It is appreciated that other covertypes may have an 
adequate component of conifer cover, and that black spruce in some 
cases offers cover: this underestimation of functional deer cover is 
accounted for by designating a relatively low minimum conifer-cover 
requirement-l0 percent. More importantly. the purpose is not to 
determine carrying capacity for deer, but rather to identify major 
shifts in habitat factors that accompany major changes in forest 
cover. 

b. 	 Acreage of young aspen: Habitat quality for deer in the north 
increases as acreages of early stage, broad-leaf forest increase. This 
dynamic was evaluated from the model output by accounting for 
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changes in acreage of seedling-sapling aspen, birch, and balsam 
poplar forest. 

c. 	 Spatial Aspect of deer-habitat evaluation: Wherever two or more 
covertypes are required by an animal, analysis of changes in forest 
cover composition should be done for land units much smaller than 
the ecoregion or even the co~nty. Time and resources did not permit 
such localized evaluations for most of the wildlife species analyzed 
for the GElS; but an exception was made for deer and moose, 
because of the widespread public interest in these animals. 

For northern deer, habitat quality is judged not only in terms of 
adequate conifer cover and the acreage of young hardwoods, but 
according to the juxtaposition of these two types. Many deer winter 
some distance from their summer grounds, but seldom are their 
migrations more than 15 miles, and most are much shorter. The 
land unit chosen for analysis here is the township (36 mi2)-a unit 
that is readily extractable from the model results. Also, in the 
forested north, the density of FIA forested plots averages about 10 
per township, so a reasonable sample exists from which to examine 
projected changes from the model on a township-by-township basis. 
Had the analysis been done at the county or ecoregion level, then a 
few large patches of reserved mature conifer might appear to provide 
an adequate acreage to meet all deer needs within that unit, e.g" 
~ 10 percent of the total forest. However, in some cases there might 
be widespread loss of small, localized conifer patches, not seriously 
altering the total conifer acreage for the ecoregion, but severely 
impacting deer over a wide area. 

Each township in the high-snow zone was analyzed for the conifer 
cover criteria, and trends in numbers of such townships were 
compared through time for the harvest scenarios. The important 
statistic is not so much the number of townships that meets the cover 
criterion in 1990 as it is how that number changes under the 
projected harvest levels, as discussed further in section 4.2. Next, 
ll township acres II are generated: these are the sum of relevant forest 
land (e.g. either timberland or all forest land) among all townships 
that meet the cover criterion. These acreages then represent the 
extent of forest that lies within all townships that appear to offer 
adequate winter cover. These township acres should be viewed as 
an index as well as an estimate of acreage of habitat that is 
satisfactory in at least one respect. 

Township acres are also used to represent the extent to which young 
early-succession, hardwood stands are increasing at the township 
level. A township first must meet the minimum conifer criterion; 
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then it is given a positive rating if, comparing against 1990, there is 
a projected increase ~ 10 percent in acreage of seedling/saplings 
aspen, birch, or balsam-poplar covertypes. Total acreage of 
timberland and forest land was then summed across all townships 
meeting the forage criterion. 

d. 	 Combining negative, and positive habitat changes: The purpose of 
examining both conifer cover losses and forage gains in deer habitat 
quality at the township level was to estimate the net effect on deer 
habitat over the landscape under the harvest scenarios. The losses 
and gains defined above under (b) and (c) respectively, while based 
on separate criteria, can be combined to give a single index of net 
change in amount of quality deer habitat. 

Consider that the loss of township acres from decreasing conifer 
cover accounts for potential negative impacts of increased harvest, 
while the gain in acreage from increased young early-succession 
hardwood stands accounts for potential positive impacts. Since the 
latter was calculated only from townships remaining in the pool after 
the effects ofreduced conifers had been accounted for, the "forage" 
township acres actually represent an index of net gain/loss. For 
example, starting with a hypothetical 1,000,000 township acres in 
1990 (adequate cover present) a loss of 200,000 township acres by 
2042 (due to loss of local conifers) would leave 800,000 with 
satisfactory cover, If half of these acres lie in townships where 
significant forage increases occurred during the same period, then the 
net township acres of quality deer habitat is 0.5 x 800,000 = 
400,000. This figure is the index of habitat quality. 

The critical test of the impact of varying levels of harvest levels for 
the GElS is a comparison among the scenarios: for this the base 
level projected for 2040, rather than 1990, has been taken as the 
standard against which higher harvest scenarios are compared, Base 
2040 is considered to reflect the structure of forests 50 years from 
now under a continuation of harvest practices in effect today. If, fori 	 example, in comparing base 2040 against high 2040, the increased 
loss of conifers is more than offset by large increases in young 
hardwood stands, then the net township acres of quality habitat under 
the high scenario might be projected as 300,000, while only 200,000 
of such acres were projected under the base scenario. The 
conclusion in that case would be that the high harvest led to a net 
increase of 50 percent in deer habitat over the base level. 

The net township acreage of quality deer habitat is a habitat index 
that, rather than providing an overall estimate of carrying capacity 
for deer of the north, offers a means for comparing habitat changes
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positive or negative-resulting from the projected forest cover 
changes. While the township acreages also reflect potential impacts 
on deer due to the overall anticipated decreases in forest acreage in 
the northern half of the state, when comparisons are confined to 
output projected for 2040, the overall change variable no longer 
influences interpretation of comparisons among harvest levels. 

In summary, the technique applied for far-northern Minnesota is 
designed to project trends in deer habitat quality based on the 
assumption that deer of a locale must first have adequate winter 
cover, and, given that cover, that they will then respond positively 
to increased acreages of regenerating hardwoods. 

2. 	 Central hardwoods: While deer in central and southern Minnesota 
should not be as sensitive to timber harvest changes as in the northern 
forests, some impacts, positive and negative, could occur. Where oak 
is sparse and agriculture is not widespread, reduction of oaks would have 
a negative impact. Any loss of mast-producing (mature) oaks is treated 
as a negative impact on deer. The model output was analyzed for 
changes in acreage of pole and sawtimber oak, and the findings were 
interpreted as loss (or gain) qf acres of deer habitat. 

3. 	 Southern farm-woodland zone: In the area of mixed woods and 
farmland, it was reasoned that any cutting of existing forests, without 
loss of the acreage from forest cover, would benefit deer. Cover was 
not considered critical because it was assumed that since land ownership 
in this region is characteristically in small patches, large blocks-half or 
whole square miles-are very unlikely to be harvested at one time. Loss 
of land to urban development or agriculture would, of course, be 
detrimental to deer, but those changes are not projected in this model. 
The only relevant projection of that type is the inclusion of the overall 
trend of an increase in that forest land in the southern half of the state. 

The model was used to determine acreage that was clearcut, and that 
figure was interpreted as an indication of habitat gained. While 
clearcutting wo~d often involve oaks, hence a loss of mast, it was 
reasoned that, in this region, mature oak will remain in adequate supply 
and can further be substituted with widely available farm crops. In 
contrast, the deer would experience a net benefit, even with loss of some 
mature oaks, from their increased access to newly emergent woody 
vegetation-for both summer and winter forage. 

An increase in acreage of all cover types in the seedling-sapling size 
class was interpreted as an increase in acres of deer habitat. 
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3.3.4 
Birds 

4. 	 Intensive agriculture region: In the least-wooded portions of the state, 
any further loss of forest will adversely impact deer, just as gains in total 
forest will benefit them. This region was analyzed for changes in total 
forest cover. Ideally, the analysis would have been done on a township 
basis because the critical issue is loss or gain of local forest patches. 
However, township analysis is not feasible in these ecoregions because 
the density of FIA plots is far too low-a large number of townships 
have none, others have only a few. 

The model run output was analyzed simply for loss of any sawtimber or 
pole-sized acreages. Again, the model is unable to detect conversion of 
forest acreages into other land uses such as agriculture, and this makes 
it a rather insensitive method for detecting impacts in this part of the 
state. 

The basic tool for assessing potential impacts of increased timber harvesting 
on birds in the state was a bird habitat matrix. The matrix included a list of 
breeding birds in Minnesota and an approximation of the relative abundance 
for each species in each habitat and ecoregion where it occurs (appendix 5, 
table 5). Given the current state of knowledge on forest birds, any estimates 
of real populations are crude and uncertain. From the perspective of the 
GElS process, it was most important to assess the relative abundance of each 
species across the different habitat types and age classes where it occurs. 
Since each species is only being compared with itself in terms of changes in 
available habitat over time, most attention in assigning species to habitat 
classes and their relative abundance was to be consistent for a species. 
Moreover, the primary variable that influences the relative change (see below 
for an example) for a species is the amount of available habitat as derived 
from the three timber harvest scenarios. Habitat types used correspond 
approximately to those defined in the FIA database (table 3.4). 

Information on species distribution by ecoregion was taken from Janssen 
(1987), and\updated, based on discussions with Janssen and other state 
ornithologists (appendix 5, table 1). Initial assignment of each species to 
each breeding habitat were identified through use of the bird subgroup's 
guild habitat classification system developed for Wisconsin and Michigan 
(Blake et aI. 1992) (appendix 5, table 2). This was modified for the state 
through such references as Roberts (1932), Green and Neimi (1978), Probst 
et aI. (1978, 1983), Niemi and Pfannmuller (1979), Collins et aI. (1982), 
Niemi and Hanowski (1992) and the bird subgroup's own studies in 
Minnesota. The habitat matrix was based on forest covertype and stand size 
(seedling/sapling, poletimber, sawtimber). This was done to match the 
variables in the PIA data base upon which the habitat matrix is based. 
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A variety of information sources on species relative abundances in forests of 
Minnesota was obtained from the literature (see appendix 5, table 4), 
unpublished theses, and reports from other studies in the state; e.g., copper
nickel (Pfannmuller 1979); and Red Lake Peatland (Niemi and Hanowski 
1984a, Warner and Wells 1984). Although habitat was described in these 
studies, it was generally not compatible with the PIA forest cover and stand 
size variables used in the habitat matrix. A forest covertype and a stand size 
were assigned to each study site, based on habitat information in each data 
source. 

Table 3.4. Forest covertypcs and timber size clus (e.g., seedting/sapling, poletimber, and 
sawtimber) for 1990. Number of acres in all ecoregions for ach 1;ype was the hue 1990 
value for which various population indices were calculated. Acreage includes timberland, 
reserved and unproductiveforest. Habitat c1assification was based on the GElS covertype and 
size class algorilhms, not the original PIA forest 1;ype and size class.* 

•... ..... /. ... ...... i«»1'UDbet~ CJata: ..... .. ....•••..•••.•••.•••...•........ 


~orest~}·.. ·u.;~ ••••••••• ~' ••••~•••• I. :>. 
Pines 271,600 244,200 700 

lack pine 351,200 
Red pine 240,900 
Wbitepine 84,000 

Black apruceItamarack 1,366,100 1,391,800 62,200 

Balsam fir/white spruce 331,300 562,100 429,000 

NorIbem white cedar 70,300 88,100 209,500 

Oak-bickory 167,400 366,600 781,600 

ElmJasbI80ft maple 416,900 826,700 418,900 

Maple-basswood 249,400 414,500 670,600 

AspenIbalsam poplar 1,672,300 2,523,400 1,166,700 

Paper birch 239,500 861,300 171,600 

AIpeD-paper birch** 14,300 34,600 5,500----------- !-------- -------ro--------------ToCal 4,815,800 7,286,600 4,602,400 

1,192,600 

2,820,100 


1,332,400 


367,900 


1,315,600 


1,662,500 
 .. 
1,334,500 


5,362,400 


1,272,400 


54,400 


16,714,800 


*The PIA covertype ~size class determination was based on knowledge of tree locations 
on ach plot. Since tree location information would be J.aclc.iDg for regenerated plota in 
projections, an algoridun was developed to approximate PIA covertype determination. This 
GElS algoridun determined covertype by sorting plots according to the plurality of basal area 
(laakko POyry Consulting, Ipc. 1992t). Likewise, it was not possible to use the PIA stand 
size class determination procedure in projections. Thus size class was approximated by 
determining its rebbonsbip to stand age class and site quality for ach covertype. Knowledge 
of future stand age class and site quality then led to estimates of corresponding size class. 

**Aspen and birch covertype acreage in ecoregion 6 were combined because of the small 
acreage involved in Ihat region. 
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Because different bird census methods can provide wide ranges in relative 
abundance estimates, the census method for each study was also recorded 
such as point count, transect count, or territory mapping. The primary aim 
was to identify the relative abundance (e.g., table 3.5) of the various species 
within these habitat types. Of the data available, the point count method was 
used as a standard, primarily because most of the data available were 
gathered with this method.. Moreover, here point counts were the most 
standardized in terms of number of visits and how data were gathered. 
Relative abundance values from line transects and territory mapping data 
were standardized to point count values by making comparisons on a species 
by species basis within the same habitat type (within a ecoregion). 

For many species, there were general relationships between the different 
count methods. For example, territory mapping and line transect values are 
obtained from multiple visits to a study area and estimates were generally 
higher than from a single visit point count. In many cases, it was not 
possible to statistically adjust territory mapping or line transect values with 
point count data. In these situations, subjective adjustments were made based 
on the comparisons and discussions among the bird subgroup. 

The initial primary source of data for ecoregions 1, 2, 3 and 4 were point 
counts gathered in the Chippewa and Superior national forests in 1991 by 
Hanowski and Niemi (1991a,b; 1992). These point counts were established 
in a proportional, random design based on the proportion of available forest 
cover types within each of the forests (Hanowski and Niemi 1992). Hence, 
these data are one of the only data bases that have been gathered within 
stands classified by forest covertypes used in the PIA data base. They, 
therefore; relate directly to information gathered in the FIA data base. 
Additional point count information from ecoregion 4 was obtained from 
counts conducted in Camp Ripley by the MNDNR in 1991. These data were 
then supplemented with those data gathered from a variety of quantitative 
counts gathered in Minnesota (appendix 5, table 4). Counts for colonial 
nesting species were provided by the MNDNR. 

The sources described above provided information for about 75 percent of 
the matrix of species by habitat types in Minnesota forests. Where 
information on bird habitat relationships and relative abundance were lacking 
in the literature or from current studies, inputs were obtained by surveying 
bird ecologists in the state. Twelve ornithologists attended a workshop set 
up specifically by the bird subgroup to estimate habitat distribution and 
relative abundance for this analysis. Workshop participants that provided 
information included: Peter Doran (Vermillion Community College, Ely, 
MN); Bruce Fall (Bell Museum, University of Minnesota, Minneapolis, 
MN); Merrill Fryendall (Mankato State University, Mankato, MN); Janet 
Green (National Audubon Society, Duluth, MN); Ken and Molly Hoffman 
(Grand Marais, MN); Robert Janssen (editor 'Ihe Loon; Minnetonka, MN); 
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Lee pfannmuller (MNDNR, St. Paul, MN); William Tem (Vermillion 
Community College, Ely, MN); Harrison (Bud) Tordoff (Bell Museum, 
University of Minnesota, Minneapolis, MN); Steve Wilson (MNDNR, 
Eveleth, MN); and Mike Zicus (MNDNR, Bemidji, MN). 

The workshop participants were given a briefing on the GElS analysis, then 
asked to assign relative abundance values (0 to 5, table 3.5) for species they 
were familiar with according to habitat types within each ecoregion. Where 
duplicate estimates were provided, values were averaged. These values were 
then used in the bird habitat matrix. Because of the widely varying sources 
of information, final adjustments were made by the bird subgroup in some 
values where major discrepancies existed or when inconsistencies were 
observed with the more quantitative data. The relative abundance values 
were standardized to number of breeding pairs/40 acres so that all data could 
be examined with compatible values derived from the different methods. 

Table 3.5. Relative abundance categories used for bird species that had no odIer source of 
relative abundance information (e.g., either from the literature or personal data). These 
values were used by expert ornithologists from MiDnesota to estimate densities for birds in 
eooregions and habitats in which they were familiar. 

Calculation of CU1TeI1t Relative Abundance 
Base relative abundance values were calculated for each forest bird by 
ecoregion. This was done by simply multiplying the relative abundance for 
each species by the amount of suitable habitat(s) in the PIA database (table 
3.6). Base values for the forest covertypes at time 0 from the harvesting 
scenario were used in the calculations to estimate current relative 
abundances. Covertypes and size classes used to calculate base values were 
based on the GElS classification of covertype, not the original covertype in 
the FIA database. The procedures used are described in table 3.4 (see 
footnote). The use of the GElS covertype and size class classification 
provided a consistent basis for comparing beginning and end projection 
results. 

Several modifications were made in the relative abundance calculations to 
reflect species-specific habitat requirements or distribution in the state. For 
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example, for all species associated with riparian habitats the amount of 
suitable habitat included was limited to identified riparian zones in the FIA 
database. This was done by selecting only those FIA plots that were within 
2 chains (about 132 feet) from a body of water. For species that were 
classified as forest interior species (appendix 5, table 3), suitable habitat in 
parts of the state where forests are already widely fragmented, was limited 
by only including FIA plots with stand area greater than 40 acres. This 
restriction was applied in ecoregions 5,6, and 7 and in ecoregion 4 to those 
counties in the southern half of the ecoregion. These included Ottertail, 
Wadena, Todd, Morrison, Benton, Mille Lacs, Kanabec, Isanti, Pine, and 
Chisago counties. 

Table 3.6. Example ofhow. species bale aad post (e.g., 45 years) relative abundances were 
calculated. 

~x .. i ......·· ......... 
•••••••••••••••••••••••••• 

Amount of suitable bale habitat 
• ••••• 

.. H~A 

~20,000 acres 

HabitatB 

200,000 acres 

Relative abundance 10 painl100 acres 20 painl100 acres 

Base relatin abundance 
(total 52,000 pain) 

12,000 pain 40,000 pain 

Amount of suitable habitat at 45 
years 

15" cIecreue 
1-02.,000 acres 

20" decrease 
160,000 acres 

Post relatin abundance 
(total 42,200 pain) 

10,200 pain 32,000 pain 

Relatin abundance 
Percent reduction 

Due total - oost total 
bale total 

~11000 - 41~OO 
51,000 ]I: 100 = 19% 

This adjustment was made to limit the calculation of relative abundance for 
forest interior species for the base values. The same adjustments were then 
applied under the timber harvest scenarios, so the species are being compared 
with similar base values. This is a crude adjustment for area sensitive 
species that likely do not occur in small forest woodlots. It is the only value 
available in the FIA data which can be applied to area sensitive species. This 
does not imply that the 40 acre standard is a limit where these area sensitive 
species do or do not occur. The value of 40 acres was selected based on an 
examination of the frequency distribution of stand areas for the relevant FIA 
plots in this southern region. 

Ecoregions 4 and 9 had relatively long north-south distributions in the state 
and many species occur in either the north or south portion of those two 
ecoregions. For greater accuracy in developing relative abundance, 63 
species were analyzed on a county basis to reflect their distributions within 
ecoregions 4 and 9 (table 3.7). Moreover, a small area of coniferous habitat 
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was included in ecoregion 9. For simplicity, this habitat was included in 
ecoregion 1 because it fit better in the landform of this ecoregion rather than 
the agriculturallhardwood landscape that dominates ecoregion 9. 

Table 3.7. Species that have breeding ranges in portions of ecoregioas 4 IUld 9. For greater 
accuracy in calculating relalive abundances, these species were analyzed on a county basis 
within each ecoregion; those included in ecoregion 1 are indicated by an -. 

American Black Duck* Ruby-crowned lCinglet* 

Common Goldeneye* Swaiason's Thrush-

Common Merganaer Hermit Thrush
Red-breuted Merganser Loggerhead Shrike 

Buftleheld- Solitary Vireo* 

Turkey Vulture Yellow-throated Vireo 

Osprey- Tennessee Wubler* 

Bald Eagle* Nashville Wubler* 

Slwp-shinned Hawk* Northern PuuIa
Cooper's Hawk Mapolia Wubler 

Northern Gosbawk* Cqe May Wubler* 

Red-sbouldered Hawk Yellow-rumped Wubler* 

Merlin- Black-throated Green Wubler* 

Solitary Sandpiper Black-throated Blue Wubler 

Yellow-billed Cuckoo Blackburnian Wubler* 

Eastern Screech Owl Pine Wubler* 

8uTeclOwI- • P8Jm Wubler* 

Great any Owl- Bay-breutecl Wubler* 

Northern Saw-whet Owl Black-and-white Wubler 

Red-bellied Woodpecker Northetn WatertbruIh 

Black-bacbcl Woodpecker* Connecticut Wubler* 

Olive-sided Flycat.cher* Mourning Wubler* 

Yellow-bellied Flycatcher* Cauada Wubler* 

Gray Jay* Rufous-sided Towbee* 

Black-biUed Map Lincoln's Sparrow

Common Raven- White-tbroatecl Spurow

Boral ClUcbdee* Dark-eyed Junco* 

Red-breuted Nuthatch Orchard Oriole 

Brown Creeper* PuJpIe Finch-

Winter Wren* Red Crossbill 


Goldea-crowned Kinalet White-winged Crossbill 

Bveaiq Grosbeak* 

Projection of Timber Harvest Impact 
The percentage change in relative abundance for each species was calculated 
by comparing the relative abundance of a species at time x with the base 
value for the species. These values were calculated for each ecoregion at 10
year intervals and for SO years for each of the three different harvest 
scenarios. In addition, these values were analyzed for two different 
databases: using all forest land (16,714,800 acres) and timberland 
(14,773,400 acres) only. 
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An example of a percent change in relative density is illustrated in figure 3.1 
for the pine warbler, showing projections under each of three harvest 
scenarios and for all forest land and timberland only. Under the base 
scenario, the relative abundance did not decrease by more than 25 percent on 
a statewide basis in either all forest land or timberlands. Under the medium 
scenario, relative abundance on all forest land does not decline by more than 
25 percent, although it falls 22 percent below the base level during the fourth 
decade. However, decreases on timberland only under the medium scenario 
exceed 25 percent during the third, fourth, and fifth decades. Under the high 
scenario, the pine warbler is projected to decline steadily throughout the 
projection period in both all forest land and timberland. Declines may reach 
49 percent in the fourth decade on timberland and 41 percent in the fourth 
decade when all forest land in the state is considered. 

Percent population ohange 

-10 ........___....:Tillb"rland 

-20 

-30 

- Baa. -+- Medium -  High 
_~.L._.----~1~0~-----2O~--~--~30=-----~4~0~-----=SO 

Decade 

Percent population change 

All rorest. 

-10 

-1& 

-20 

-2& 

-30r-------------------~ - _ -+- Medium -- High 

4:_ 10 20 30 so 
D....d. 

Figure 3.1. Percent population change (&om base values) projected for the Pine Warbler for 
three harvest levels and for timberland (top) and all forest land (bottom). 

The projected impacts (decreases and increases) for the three harvest 
scenarios have been summarized for each EQB-FSD group of species. In 
each group, a summary for statewide and ecoregion changes are included for 
each harvesting scenario. As mentioned above, the results are presented for 
timberlands and all forest lands separately (appendix 5; table 6a and 6b). 
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Calculation of percent changes in relative abundance are largely a function 
of the changing acreages of forest covertypes rather than uncertainties in 
relative abundance of species. For instance, using the following 

(Population. Timex) - (Population. Timea) x 100 
Percent change = (Population. Time )

o

If the average relative abundance for one species is 700 breeding pairs in the 
state and for another it is 7,000 pairs; then for both there is an overall 
reduction of 9 percent of suitable habitat. This would result in the same 9 
percent decrease in the relative abundance ofeach species regardless of their 
true relative abundance. 

Because the populations at time x and time 0 are calculated based on the 
relative abundance of each species in each habitat type, the equation for 
projecting percentage change does account for the differences in relative 
abundance of the species in habitat types and age classes where it occurs. 
Still, the dominant factor in the equation is the amount of available habitat 
(table 3.4). 

Ruffed Grouse, ADalysis Method 
The link. between estimated habitat quality for ruffed and the output from the 
harvest scenarios is based on changes in aspen acreage coupled with the 
degree to which each of the three size classes provided in the model output 
is evenly represented in the landscape. The analysis is applied to all 
ecoregions, because Ruffed Grouse can occur throughout the state, wherever 
suitable forest habitats exist. The value derived from the scenario output, 
"adjusted acres," is calculated by multiplying total aspen acreage in an 
ecoregion by a weighting value derived from the degree to which 
composition approaches the ideal of one-third in each of the size classes. 
That weighting value is calculated by combining separate values based on the 
percent cover of each size class within the aspen acreage-seedling-sapling 
(sa), pole-timber (pt), and sawtimber (st)-according to relationships 
developed by Rickers (1992) for a Ruffed Grouse habitat suitability index 
model for north central Minnesota. 

Adjusted acres = (Aspen Acres) x (SV..(SV,J(SV.)]113 

where each SV is the value contribution of each size.class. If each class 
comprises 113 of the total aspen, its contributed value will be 1.0; then the 
adjusted acres will equal the "aspen acres" since the right-hand member of 
the equation will equal one. When presence of any class is less than 33 
percent, the respective SV will decline below 1.0. No SV can be lower than 

72 




laak:ko POm Consulting. Inc.. Minnesota GBIS. Forest Wildlife Tes:hgical Paper 

3.3.5 
Amphibiaus and Reptiles 

0.4; this prevents the weighting factor from dropping ,below 0.54 in the 

worst case scenario. 


It would be most accurate to analyze for grouse habitat on a township-by

township basis. However, since the size of aspen clearcuts tends to be 

relatively simllar throughout the state, it is likely that, for a given total 

harvest, the local proportions of size classes will be a reasonable 

approximation for the region as a whole-at least for the timberland portion 

of a region. Reserved and unproductive lands would probably respond 

differently, since it would be expected that the proportion of young aspen 

would decrease there. In addition, there would be an expected overall 

decrease in acreage of aspen due to the lack of cutting (and, presumably, 

rigorous fire control). 


Spruce Grouse, Analysis Method 

The link between estimated habitat quality for spruce grouse and output from 

the harvest scenarios is a change in the overall extent of mature black spruce, 

jack pine and balsam fir by ecoregion. Only ecoregions 1 to 4 are 

.. 

considered, since the species' range is confined to these areas. Furthermore, 

within ecoregion 4, only the northern counties-Carleton, Aiken, etc., are 

considered. . 


The analysis is based on changes in total acreage of sawtimber size black 

spruce and jack pine. Loss of sawtimber size balsam fir is considered less 

than directly indicative of Spruce Grouse habitat loss, because the birds are 

only secondarily or locally related to this type. Therefore, for purpose of 

linking best estimates of Spruce Grouse habitat with the output, fir acreage 

is given only one half the value of the other two conifer types: 


Habitat change is thus proportional to change in 

(black-spruce) + (jack-pine) + O.5(balsam-fir) 


Information from the literature, USDA Forest Service, U.S. Fish and 
Wildlife Service, several state departments of natural resources, and 
individual herpetologists was compiled to estimate the current range and 
habitat preference of Minnesota amphibians and reptiles. A list of general 
impacts, such as effects ofherbicides and increased roads, was prepared from 
this information. 

Precise distribution information is not available for most amphibians and 
reptiles in Minnesota. County occurrence maps (Moriarty 1988) were used 
to determine the individual species distributions. To analyze the impacts on 
an ecoregion basis, a species was considered within an ecoregion if any part 
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of the county which they are known to occur is included within the particular 
ecoregion. 

A matrix linking optimum habitat of a given species to PIA forest types and 
stand ages was prepared for eight species for which information was judged 
to be sufficient (table 3.6). The number of PIA plots currendy meeting the 
optimum habitat criteria was used as a base indicator of current population 
levels of each species within Minnesota forests. The number of PIA plots 
that would meet optimum habitat for each species at the end of each of the 
three harvesting scenarios was then used to project future population levels 
under each harvesting scenario. This method affords estimates of only the 
aVailability of habitat, and not the abundance of species within the habitat; 
but as stated elsewhere throughout this report, that is the basis for analyzing 
the impacts. 

Although the preferred habitat for many amphibians and reptiles include 
other forest attributes besides forest type and stand age (i.e., litter, ponds, 
openings, and bluffs), it was not possible to project impacts using these 
attributes. The PIA database was not designed to inventory all of the many 
dimensions of wildlife habitat. A number of the attributes normally 
associated with wildlife habitat are either missing from the database or are 
unreliable. Many of the plots were visited in the winter and thus litter and 
ponds would be difficult to assess with snow cover. In other instances, the 
number of plots with the appropriate attributes in anyone ecoregion was so 
small it rendered the analysis useless. Consequendy, the impacts on species 
were analyzed according to the stand type and age class in which they are 
known to occur (table 3.8). 

Table 3.8. Habitat preferences for Dine forest relevant amphibian and reptile species in 
Minnesota. 
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3.4 
LimitatioDS 

3.4.1 
LimitatiODS Related to the Harvest SeeDarios 

The FIA database and the forest change and harvest scheduling model upon 
which the harvest scenarios in this project are based, are very useful for 
projecting harvesting and forest vegetation dynamics on a regional basis. 
However, the data and model are not designed to characterize how localized 
landscapes respond to harvest (or nonharvest) with a level of resolution and 
detail sufficient for all habitat concerns. 

From the output of the forest change and harvest scheduling model, questions 
raised by study group members include the following: 

1. 	 Postc:utting suc:c:essional sequences. The model cannot take into account 
the full and complicated web of suc:c:essional stages that occurs in the .. 
aspen-birch-spruc:e-fir mixture that oc:c:upies much of eooregions 1 
through 3 and northern half of eooregion 4. Some stands will suc:c:eed 
from aspen to conifers, but others may suc:c:eed to shrublands if there is 
an insufficient conifer seed source nearby, or disturbance to regenerate 
the hardwoods .. 

2. 	 Short time scale of analysis. Fifty years is not a very long time span for 
forests that have existed for thousands of years. It is not long enough to 
develop a regulated forest-a balanced age class distribution. Minnesota 
has an unbalanced age-c:lass distribution, in part the result of turn-of-the
century exploitation and land clearing. The projected increase in old 
growth forests Q:.120 years) over the next 50 years may be temporary
many old growth stands 50 years from now will reach the end of their 
life expectancy and suc:c:eed to other types in the following 50-year 
period (2040-2090). 

3. 	 Lack of detail. This was especially important for spatial patterns at the 
landscape and loc:allevel, which are necessary for quantitative assessment 
of degree of isolation of animal popUlations-an area where harvesting 
has important potential impacts. 

4. 	 Uneven age management options. As directed by the Core Group, the 
assessment of impacts of timber harvesting reported in this document are 
based on analysis of the second model runs that incorporated various 
ownership constraints and migitation strategies and other refinements 
introduced by the MPFRB study group. For the most part, these 
changes affected timber availability by ownership. Also, some stands 
were managed by partial cutting/uneven age management. This is the 
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only option in the model in which timber was harvested from a stand 
without having the stand revert to a younger size class. Clearly, the 
habitat quality of stands managed in this manner may differ from 
unharvested stands for some wildlife species. However, lacking a much 
more detailed study and maps of harvested stands, it was not possible to 
identify specific thinned stands and landscape patterns in detail. Hence, 
our analyses do not incorporate the effects of this aspect of the modelling 
on forest wildlife. These effects may be positive for some species, 
negative for others; however, for most species affected adversely by 
timber harvest, it is likely that the impacts would be negative. The 
MPFRB study group has indicated that a small portion of the forest area 
was treated with uneven-aged management in the harvest model, but this 
issue remains as a source of uncertainty in the analysis of the harvest 
model output as it relates to wildlife habitat. Estimates of habitat 
availability in riparian forests may be particularly affected, because 
thinning cutting was the only form of timber harvest allowed in these 
stands. 

5. 	 Change in forest area. The latest runs of the timber harvest model 
incorporated increases in forest area in all ownerships in the southern 
part of the state and decreases in forest area in private ownership in the 
northern part of the state. That modelling was based on changes in 
forest area from the 1977 to 1990 FIA surveys (see MPFRB technical 
paper), and of course is based on the assumption that trend will continue 
throughout the 50-year projection period. For several species of birds 
and mammals, results of this analysis could differ markedly with 
different area change estimates. Thus, if 1977 to 1990 trends in forest 
area do not continue over the next several decades, impacts of timber 
harvest on some wildlife species in some ecoregions may be very 
different than projected in the present analysis. As discussed in the 
results sections below, discrepancies between the two analyses as a 
consequence of this change in the model are likely to be most marked in 
the southern part of the state where projected relative area change was 
greatest. In that region impacts of harvesting are ameliorated by the 
addition of forested acreage. Conversely, projected forest area declines 
in the north exacerbate negative impacts of harvesting. 

3.4.2 
Limitations Related to FIA Database 

1. 	 The analyses were conducted using the fourteen forest covertypes 
recognized in the FlA. These covertype designations do not always 
adequately describe habitat for all wildlife species. The consistency of 
associations of Minnesota wildlife species with FIA forest types has not 
been tested with field data. For example, the aspen covertype (forest 
type 90) includes both monotypic aspen stands and a variety of forests 
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2. 

3. 

in which aspen is intermixed with other species, including conifers. 
Stands of mixed aspen-conifer often support a substantially greater 
diversity of wildlife than the monotypic aspen. Similarly, gray squirrels 
and southern flying squirrels are found in close association with oaks, but 
there are a number of forest types other than oak (forest type 50) that 
contain oaks in sufficient numbers to support reasonable populations of 
these animals. For example, no FIA forest type adequately reflects the 
habitat of species such as the Olive-sided Flycatcher, which occurs where 
there are large standing dead trees, forest edges, beaver meadows, and 
coniferous bogs. 

There are numerous critical aspects of habitat that vary at a much finer 
scale than the dominant forest tree species. Some examples include 
abundance of woody debris, structure and species composition of the 
shrub layer, understory herbs, portion of the forest comprised of dead 
and dying trees, and the amount and nature of slash and unmarketable 
trees left after cutting. Supposedly many such details are included in the 
FIA database; but in reality, the records for these attributes are lacking 
for many plots and appear to be unreliable for others, effectively making 
them unusable for this study. An implicit assumption of the analysis 
here for projecting future habitats was that the distribution of the 
small-scale features will be similar, covertype by covertype, to what is 
found today. However, it is almost certain that this assumption is 
umealistic. Intensified harvest is likely to affect all of these local habitat 
features, if by no other means than through the reduction in the average 
age of stands. Accumulation of many small-scale features is roughly a 
function of age-from tree cavities and downed logs to more 
heterogeneous mosaics of shrubs and trees. This problem may be 
somewhat mitigated through selected silvicu1tural practices, an area in 
which there is strong need for research and development. 

The PIA database contains only limited spatial data, which do not allow 
assessment of the areal extent of clearcuts, the size of residual stands, 
and the juxtaposition of other forest types and ages. These factors are 
important not only in assessing the short-term impacts of timber 
harvesting, but also in understanding the spatial composition of future 
forests. Although efforts were made to incorporate these factors 
qualitatively in the analyses, this aspect of wildlife ecology has not been 
dealt with completely in the GElS process. It should be emphasized that 
issues such as insularity, fragmentation, and nature of adjoining stands 
do not apply only to ungulates, carnivores, and other wide-ranging 
species. Results of some studies indicate that mammals as small as 
northern flying squirrels and white-footed mice also have requirements 
that involve juxtaposition of two or more covertypes or stand ages. 
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3.4.3 
Lack of Information 

A related difficulty is that some apparently useful information on relevant 
habitat factors in the FIA cannot readily be translated into the habitat 
needs of mammals. For example, values in the FIA for distances to 
water and type of water might be construed initially as reflective of 
habitat quality for beavers. However, these values do not include 
intermittent or seasonal bodies of water that can be converted by the 
beavers damming into suitable ponds. Similarly, the FIA values for 
distance to rood might initially be viewed as providing information about 
accessibility to humans, which is clearly a component in habitat quality 
for some furbearers that are especially wln~le to trapping. However, 
the FIA road data include no roads smaller than improved gravel roads 
and thus are probably a poor indicator of human accessibility. 

4. 	 All of the analyses of potential impact in this paper assume that the 
abundance of reasonable quality habitat for a species as reflected in the 
current FIA database used in the analyses is an appropriate standard of 
habitat quality for the future. However, it must be recognized that some 
wildlife species and their habitats are less abundant in Minnesota now 
than in the past. Options should remain open to explore enhancement, 
not merely maintenance, of suitable habitat for such species as part of 
Minnesota's planning for the forest lands of the future. 

5. 	 Information on the FIA database on reserved forests is less complete than 
for timberland (see MPFRB technical paper). Although reserved forest, 
unproductive forest, and timberlands were all considered in analyses of 
wildlife habitat, information about tree species composition, and forest 
covertype, probably is less sound for reserved forest than timberland. 
This difficulty imposes an additional limit on the certainty of assessments 
of the extent to which reserved forests may mitigate the effects of timber 
harvest on some wildlife populations. 

1. 	 Despite extensive study, biologists have an incomplete understanding of 
ecological relationships for the majority of forest animals, including the 
implications of habitat change associated with harvest and other forest 
management activities. Considering the wide array of vertebrates 
dispersed over Minnesota's forests, an immense challenge exists to fill 
in the knowledge" gaps at a rate commensurate with the rate at which 
forests will be further altered by" timber harvest. 

2. 	 For small- and medium-sized mammals, an attempt was made to piece 
together effects of timber harvest starting with a review of relevant 
research throughout North America. Studies elsewhere often were 
conducted with different objectives, different methodologies, over 
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different time scales, and in only a limited range of forest types. Not 
surprisingly, different studies often yielded contradictory results. Often 
there were inconsistencies between studies conducted in the Great Lakes 
region and those in western North America or the eastern U.S. Thus, 
studies done in Minnesota or other parts of the Great Lakes regions were 
given greater weight, although contradictions were encountered even 
among these more local, studies. 

3. 	 The bird subgroup points out that census methods available in the 
literature that were used for most of the relative abundance estimates by 
covertype do not effectively consider forest raptors, water birds that 
require some forested habitats (e.g., some waterfowl and herons), or 
many species that nest relatively early, as in April or early May. There 
are virtually no systematic inventories for forest raptors in Minnesota. 
They are difficult to census because individuals are wide-ranging and 
occur characteristically at relatively low densities. Similarly, waterfowl 
occurring in open water of the prairie pothole region are considerably 
easier to count than those hidden in the forest. Finally, most breeding .. 
bird counts are completed in late May, June, and early July in 
Minnesota, when the majority of species are present and singing. 
Species that nest relatively early, such as chickadees, finches, crossbills, 
and kinglets, are often not counted effectively during most routine 
counts. 

4. 	 It is assumed that forest covertypes with the highest densities of a bird 
species are also the areas where the species most successfully raises its 
young. These areas of high reproductive output are considered source 
areas that may supply other habitat types (or sinks) with suitable 
populations, especially during years when reproduction is limited in sink 
habitats. This wisdom has been questioned by Van Horne (1983). The 
relationship between population density and reproductive output has not 

.been demonstrated in naturally reproducing populations of forest birds. 

5. 	 The amphibian and reptile analysis was hampered by lack of basic 
research, particularly within the region. Information on habitat 
preferences, effects of timber harvest, abundance estimates, and species 
distributions is lacking for most species in Minnesota. The MNDNR is 
currently proceeding with the county biological survey, which will 
greatly aid future work in the state. 

PROJECTED IMPACTS 

Because of the large number of species of small mammals and birds, most 
of the results in this section deal with habitat changes of 25 percent or more, 
following significance criterion number 11. A review of significance criteria 
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relevant to forest wildlife, as well as a summary of significant impacts on all 
wildlife (combining all four subgroups), for each of the three harvesting 
scenarios, is presented in section 5 of this paper. 

As directed by the FSD and the significance criteria, the emphasis here is on 
the amount of habitat available now, and projected for 2040 under each of 
the three harvesting scenarios. Issues such as the potential effects of global 
climate change are beyond the scope of this paper. 

4.1 
Projected Impacts on Small- and Medium-sized Mammals 

Statewide population changes. The impact significance criteria approved by 
the EQB are expressed in terms of changes in habitat aVailability within any 
ecoregion. The statewide changes discussed in this section thus do not relate 
specifically to the significance criteria, but are informative because they 
illustrate the cumulative effect of ecoregion-specific changes for some 
species. Changes in the calculated population indices for the entire range of 
a species in the state are shown graphically for each decade of each harvest 
scenario in figures 4.1 to 4.30. For most species, only the population index 
computed on the basis of habitat in all forest lands (timberland, reserved, and 
unproductive) is shown. For some species-harvest scenarios, it was of 
particular interest to compare the population index for timberlands and all 
forest lands; in these instances, graphs ofboth patterns are presented. In the 
following discussion, reference is not made to the distinction between the 
population index for all forest lands and for timberlands if the two are highly 
similar and do not reflect significant impacts. The population indices 
reflected in figures 4.1 to 4.30 were calculated on the basis of two factors: 
(1) the area of either timberland or total forest land in various forest 
covertypes and size classes (see example for the Fisher in table 4.1); (2) the 
assigned abundance values for each forest type-age. Horizontal lines indicate 
the significance threshold levels of 25 percent change in population level. 
Statewide patterns are discussed initially by pattern of response to timber 
harvest and measure of population level, followed by summaries of 
popUlation changes for each species. 

Two species, the least chipmunk and the meadow jumping mouse, were 
projected to increase under all three scenarios (figures 4.1 and 4.2). The 
increases for the least chipmunk were projected to be significant under all 
scenarios; for the meadow jumping mouse, the increases were significant on 
all lands and on timberland under the high scenario. These increases are 
unlikely to produce important economic or other consequences. Hence, in 
accord with the EQB-approved significance criteria, these changes have not 
been regarded as significant impacts of increased timber harvest. A similar 
view was taken for species that increased by ~25 percent within any 
ecoregion (see below). 
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Table 4.1. Example of forest area in each abundance category, by harvest scenario and decade, calculated from 
the harvest model output. Example provided is for fisher (MaTtes pennanti) on all forest lands (timberland, 
reserved, and unproductive). Forest areas were used in calculation ofpopulaIion index (see text for description). 

Three species, the beaver, snowshoe hare, and red fox, were projected to 
have stable populations or to increase only slightly under all harvest scenarios 
(figures 4.3 to 4.5). Another group of species was projected to increase 
under some harvest scenarios and decrease under others, with all of the 
changes <25 percent (except for the meadow vole under the base scenario). 
The meadow vole, was projected to decline under the base and medium 
harvest levels and to increase under the high harvest level (figure 4.6). 
However, the modeled declines in the population index for this species under 
some harvest levels must be interpreted in light of the primary association of 
this species with open grassland habitats and with grassy openings in forests. 
The other species in this group (gray fox, southern flying squirrel, white
footed mouse, and deer mouse) were projected to have relatively stable 
population levels under the base harvest scenario and to decrease under the 
medium and high scenarios (figures 4.7 to 4.10). Four species (red-backed 
vole, woodland jumping mouse, eastern chipmunk, and bobcat) were 
projected to have nonsignificant declines in population index under all three 
scenarios, with the declines becoming more extreme with increasing harvest 
level (figures 4.11 to 4.14). 

Whether considering all forest lands or only timberlands, four species 
(porcupine, northern flying squirrel, gray squirrel, and fox squirrel) were 
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projected to decline by 25 percent or more on a statewide basis under the 
high scenario (figures 4.15 to 4.22); these declines occur either in decade 5 
or both decades 4 and 5 of the projection. The gray squirrel and fox squirrel 
also are projected to exhibit significant statewide declines in both decades 4 
and 5 of the medium scenario (figures 4.19 to 4.22). Four species, the red 
squirrel, pine marten, fisher, and lynx were projected to decline significantly 
on a statewide basis during decades 4 and 5 of the high scenario when 
timberlands are considered alone, but not when all forest lands are included 
in the calculation (figures 4.24 to 4.30). The lynx was projected to have a 
significant decline on timberland in decade 5 of the medium harvest scenario 
(figure 4.30). No significant statewide declines were projected under the 
base harvest scenario, except for the meadow vole (noted above). 

Additional insight into possible effects of increased timber harvest on 
mammal species is gained by considering changes in (1) the forest area where 
a species is present, irrespective of abundance, and (2) the forest area where 
a species is present at greatest abundance. Both of these components of the 
population index warrant separate consideration. For example, a species 
might experience a decline in the forest area where it is present at the same 
time that the area where it is most abundant is increasing. Despite the fact 
that the range of the species or its total habitat availability might be 
diminishing, these different trends might negate each other in the calculated 
population index, obscuring a biologically important change. As a second 
example, habitats where a species exists at greatest abundance may be 
especially significant; these areas may serve as refugia during population 
lows, they may serve as sources of animals to colonize poorer quality but 
acceptable habitat, or, for prey species, they may serve as important foraging 
areas for forest carnivores and raptors. In the calculated population index, 
decreases in the forest area where a species is most abundant might be offset 
by increases in the forest area where it is present at low or moderate 
abundance. However, these latter sites may be of less biological significance 
than the best quality habitat. This consideration may be especially relevant 
in terms of predator-prey interactions. Predators often forage and are most 
successful in habitats where their prey are most abundant. For these 
animals, having large areas where prey are present at low abundance 
probably is less valuable than having smaller areas where their prey are 
abundant. 

Considering all forest lands on the high harvest scenario, ten species 
(northern flying squirrel, porcupine, lynx, bobcat, fisher, woodland jumping 
mouse, gray squirrel, fox squirrel, eastern chipmunk, and gray fox) were 
projected to experience significant ~25 percent) statewide declines in the 
forest area where they are most abundant. Significant decreases in this value 
were projected in decades 3, 4, and 5 for the eastern chipmunk; in decades 
4 and 5 for six species; and in decade 5 only for the porcupine, woodland 
jumping mouse, and gray fox. Declines >20 percent but <25 percent were 
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Ficure 4.1. Modelled IIUteWide pclI'IIWdioIl cbaDpa for least cbipmuDk: 011 all foreIIt 1aads 
under' three simulated timber barvelt levels. 
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Fiaure 4.3. ModeJled IIIateWide popubdion changes for beaVCl' on all forest Jands under three 
silDldated timber barvest levels. 
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Fipre 4.4. ModeJled IIIateWide population clwages for snowshoe bare on all forest Jands 
under three simulated timber barvest levels. 
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FiJure4..5. Modelled Matewidepopulatioft cIwlges for red fox on all forest J.IIIIds under cbree 
Ilimulated timber harvest levels. 
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FiJure4.'. Modelled Matewide population cbaDges for meadow vole on all forest J.IIIIds under 
1hree aimul...... timber harvest levels. 
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Fiaure 4.7. Modelled SIateWide popull1ion c:IwJacs for gray fox on all forctlt Janda undeI' 
three simulated timber harvest levels. 
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Fiaure 4.1. Modelled SIateWide population changes for southern flyina aquinel on all forest 
Janda undeI' three simulated timber harvest ·levcJs. 
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Fipre4.9. Modelled smtewidepopulldioD c:baageafor wbite-footed mouse on all forest Jands 
under three simnletrd timber harvest levels. 
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Fipre 4.10. Modelled statewide population c:baagea for woodland deer DlOUSO on all forest 
lauds under three IilDldetrd timber harvest levels. 
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Figure 4.11. Modelled IIt:IIeWide population cbanpt for red-bacbd vole on all forest 1auds 
under three aiDlldated timber barveat levels. 
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Figure 4.12. Modelled IIt:IIeWide populatiOD cbanpt for woodland jumping mouse on all 
forest 1auds under three aiDlldated timber harvest levels. 
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Figure 4.14. Modelled statewide popu1atioa c:haqes for bobcat oa all forest lands under 
three simuJ...... limber barve&t levels. 
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Fipre 4.15. Modelled statewide populatioa cbanges for porcupine on all forest 1aDd under 
three simulated timber huvest levels. 
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Fipre4.10. Modelled statewide population cbanges for porcupine Oil commercial forest land 
under three simulated timber huvest levels. 
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F'1JU,I'e 4.17. Modelled 8lateWide populatioD cIwIpfor D011hem tlying squirrel on all forest 
laDd WIder three simulated timber IwveIt level. 
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Fiaure 4.11. Modelled IItIDWide popubdioa cIwtges for aortbem tlying squirrel on 
commercial forest laDd WIder three simuJated timber harvest levels. 
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Figure 4.1'. Modelled statewide population chaages for gray squirrel on all forestland under 
three simulated timber harvest levels. 
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Fiaure 4.lO. Modelled statewide population chaD.. for gray squirrel on COIIIIDe1'cial forest 
land under three simulated timber harve8t levels. 
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Fllure 4.21. Modelled statewide population changes for fox squirrel OD all forest lands under 
three simul·ted timber harvest levels. 
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Fllure 4.21. Modelled statewide population changes for fox squirrels OD commercial forest 
land under three Rmul.ted timber harvest levels. 
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Fiaure 4.23. Modelled scatewide popuIatioJl cbanps for filher OD all forest Iuda under three 
simnl.ted timber lwveet leveJs. 
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rllure 4.24. Modelled scatewide popuIatioJl cbmges for filher Oil commercial forest land 
UVder three simulated timber lwveet leveJs. 
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Ficure 4.25. Modelled statewide popuJaIion chua&- for red squirrel Oft all forest Janda under 
three sinad.ted timber hlrvest levels. 
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Ficure 4.2(i. Modelled statewide popuJIIioa cJwaaee for red squirrel Oft commercial forest 
IIIld under three simlliited timber hIrvest levels. 
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Fi&ure4.27. Modelled ItItewide popuJati.on cbanpsfor pine muteD on all forest lands UDder 
three simulated timber Iwveat levels. 
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Figure 4.21. Modelled statewide popuJati.on chaages for pine marten on commercial forest 
laud UDder three simulated timber harvest levels. 
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Fipre 4..2f. Modelled statewide popuIati.oD cJwa&es for lynx on all forest land under three 
simuJated timber' lulrvest levels. 
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projected in decade 4 for the porcupine and gray fox; in decades 2 and 3 for 
the lynx; and in decade 3 for the bobcat. On the medium harvest scenario, 
significant declines in the forest area where most abundant were projected for 
the lynx (decades 4 and 5, along with 22 to 23 percent decreases in decades 
2 and 3); bobcat (decade 5, plus 21 to 23 percent decreases in decades 2, 3, 
and 4); gray squirrel (decade 5); fox squirrel (decade 5, plus 23 percent 
decline in decade 4); and eastern chipmunk (decade 3). 

All species projected to experience a significant decline in the area of greatest 
abundance on all forest lands also showed significant declines in this value 
when timberlands were considered alone. The duration of the impact was 
identical for several species in the two comparisons. For others (porcupine, 
lynx and bobcat on medium and high scenarios, eastern chipmunk on 
medium scenario), the impact was extended by one or two decades. Several 
significant declines occurred on timberlands alone, but not on all forest land: 
lynx and bobcat on the base scenario (decades 4 and 5, and decade 5, 
respectively) and woodland deer mouse on the high scenario (decades 3, 4, 
and 5). The area of greatest abundance on timberland for the white-footed 
mouse declined by about 22 percent in decade 5 of the high scenario. 
Projected declines in several species (porcupine and red-backed voles on both 
timberland and on all forest lands, woodland deer mouse and perhaps white
footed mouse on timberland) suggest the likelihood of a substantial reduction 
in prey aVailability for a variety of forest-dwelling mammalian and avian 
predators with increased timber harvesting. It must be emphasized that the 
two small rodents in this group (white-footed and deer mouse) are primarily 
forest dwelling and are active throughout the year. Other small mammal 
species that responded positively to increased timber harvest either hibernate 
(least chipmunk, meadow jumping mouse) or are most abundant in grassy, 
nonforested areas, with often a patchy distribution in forest stands where they 
do occur (meadow vole). Some predators, such as the pine marten 
(especially during winter), typically do not forage in areas where meadow 
voles are most abundant; thus, increases in abundance of species like the 
meadow jumping mouse and meadow vole must not be viewed as 
substituting, in terms of alternative prey, for the reductions in other small 
rodent species. 

Several species were projected to experience significant statewide declines in 
the forest area where present. For all forest land, these included northern 
flying squirrel and pine marten (decades 4 and 5, and decade 5, respectively, 
of the high scenario), gray squirrel and fox squirrel (decades 4 and 5 of base 
scenario and decades 3, 4, and 5 of medium and high scenarios), and red 
squirrel (decade 5 of high scenario). The forest area where the porcupine 
was present was projected to decline by about 20 percent in decades 4 and 
5 of the high harvest scenario. Patterns were generally similar for 
timberland considered separately. 
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Ecoregion-specific impacts. As noted above, the EQB-approved criteria for 
significant impacts of timber harvesting are expressed in terms of declines 
within any ecoregion. Of course, all species projected to decline 
significantly on a statewide basis showed some significant declines within 
particular ecoregions; other species showed significant ecoregion-specific 
declines but not statewide declines. As noted above, increases of ~25 
percent in species like the. meadow vole, least chipmunk, and meadow 
jumping mouse were not regarded as significant impacts because it is 
doubtful that these increases would translate into important economic or 
ecological consequences. As discussed in the summary species accounts, 
significant increases in beaver as a result of elevated timber harvest might 
result in substantial economic and ecological change. However, few 
significant ecoregion specific increases in beaver numbers were projected (in 
ecoregion 5, decades 3 and 4 of the medium and high harvest scenarios for 
botlJ. all forest land and timberland, and in ecoregion 2, decade 3 of the high 
harvest scenario for timberland considered alone). 

The ecoregion distribution of projected significant declines is illustrated in 
tables 4.2 to 4.7, separately for all forest lands and for timberland alone, for 
the base, medium, and high harvest scenarios. As discussed previously, .. 
projections for the meadow vole indicate greater impacts under the base 
harvest scenario. However, primary habitat for this species includes 
nonforested areas; thus, significant declines for this species under all 
scenarios have not been included in tallies of the number of significant 
impacts. Under the base harvest scenario (tables 4.2 and 4.3), significant 
decreases were reported for six species and six ecoregions for all forest lands 
and for six species and five ecoregions for timberland considered separately. 
The duration of most impacts was one or two decades, except for the lynx 
(ecoregion 3) and the northern flying squirrel (ecoregion 5). 

On the medium harvest scenario (tables 4.4 and 4.5), significant impacts 
were projected for six species and six ecoregions for all forest land and eight 
species and six ecoregions for timberland. Again, the greatest duration of 
the impacts was for the lynx (ecoregion 3) and the northern flying squirrel 
(ecoregion 5). On the high harvest scenario (tables 4.6 and 4.7), significant 
impacts were projected for eight species and five ecoregions for all forest 
lands and for 13 species and six ecoregions for timberland considered 
separately. Although the duration of many of the impacts remained one or 
two decades, the effects on several species in some ecoregions lasted three 
or more decades. The differences among the scenarios in the overall impact 
of timber harvest (considering number of species affected, number of 
ecoregions in which impacts occur, and duration of impacts) is illustrated by 
comparing the number of species-ecoregions-decades of impacts on each 
scenario (" 1" is an impact on one species in one decade in one ecoregion). 
For all forest lands on the high harvest scenario, there were 48 species
ecoregions-decades of impacts, compared with 18 on the medium scenario 
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and 19 on the base scenario. Comparable results for timberland alone on the 
high, medium, and base scenarios, respectively, are 87, 23, and 20. A 
substantial number of declines >20 percent but less than 25 percent are 
indicated in tables 4.2 to 4.7. Including these declines along with the 
significant ones in the tallies, there were 64, 44, and 23 decreases on all 
forest lands in the high, medium, and base harvest scenarios, and 103, 49, 
and 26 decreases on timberlands considered separately for the high, medium, 
and base scenarios. Thus, the number of projected impacts on small- and 
medium-sized mammals was substantially greater for the high harvest 
scenario than for the medium and base scenarios. 

Examination of the bottom row of figures in tables 4.2 to 4.7 illustrates the 
overall ecoregion distribution of significant impacts. These values indicate 
that, when all forest lands are considered, most significant impacts of 
increased timber harvest occur in ecoregions 3, 4 and 5, with a substantial 
number of impacts in the combined ecoregion 7 +8 on the base harvest 
scenario. Comparison of tables 4.6 and 4.7 indicates no significant impacts 
in ecoregion 2 for all forest lands but 20 species-decade impacts for 
timberlands alone. This comparison suggests that the presence of reserved 
and unproductive forest lands in this ecoregion may serve to mitigate many 
of the effects of increased timber harvest. The differences are far less 
pronounced for ecoregions I, 3, and 4 on the high scenario, and are 
nonexistent for ecoregions 5 and 6 (Le., the presence of reserved and 
unproductive lands is insufficient to offset impacts of elevated timber harvest 
on timberland). Thus, the availability of habitat in reserved and 
unproductive forest lands reduces the impact of increased timber harvest on 
some species and in some ecoregions, but a number of significant impacts 
remain in most ecoregions even when all forest lands are included in the 
projections. Furthermore, for some species significant declines on 
timberland in an ecoregion may be biologically significant, even if substantial 
habitat is available on reserved and unproductive forest land in the ecoregion. 

Species summaries. In this section, projection results are summarized for 
each species, including all results indicating significant statewide reduction 
in habitat Q:.,25 percent decline in statewide population index, in the forest 
area where most abundant, and in the forest area where present), and on an 
ecoregion basis Q:.,25 percent decline in the population index in the 
ecoregion). Changes both in all forest lands and on timberlands considered 
alone are included in the summary. Results are grouped for species (1) not 
affected negatively by increased timber harvest (7 species), (2) species for 
which impacts include significant reduction in the statewide population index 
(5 species), and (3) other species for which significant impacts of increased 
timber harvest were projected (10 species). It should be emphasized that all 
but two of the ten species in group (3) were projected to decline significantly 
on a statewide basis on timberland only, and/or to experience significant loss 
of habitat where present or most abundant. 
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Table 4.2. Ecoregion distribution of significant Q:.25 percent) declines in the projected populations of mammals under the base harvest scenario, all forest: lands. Shown are 
the decades in which the significant decline are projected, byecoregion. Blank: cells are those in which there Willi not a significant impact; a decade with an appended "m" 
indicates a marginal (>20 percent but <25 percent) change in the population index. Right-hand column indicates the number of ecoregioDs and total number of decades 
(ecoregions/decades) in which a species Willi impacted significantly; bottom line indicates the total number of species and decades (species/decades) for which an impact Willi 

projected within each ecoregion. Incre1111e8 in the population index of >25 percent have not been identified l1li significant impacts (see text). *Significant impacts on the meadow 
vole are excluded from this tally, because the primaty distribution of this species in Minnesota is. in non-forested habitats; see text for further detail. 

111 217 213 III 111 214Species/decade totals for 
Ecoregion* 

, 




Table 4.3. Ecoregion distribution of significant (,2:.25 percent) declines in the projected populations of manunals under the base harvest scenario, timberlands only. Shown 
are the decades in which the significant decline are projected, by ecoregion. Blank cells are those in which there was not a significant impact; a decade with an appended am" 
indicates a marginal (>20 percent but <25 percent) change in the population index. Right-hand column indicates the number of ecoregions and total number of decades 
(ecoregionsldecades) in which a species was impacted significantly; bottom line indicates the total number of species and decades (species/decades) for which an impact was 
projected within each ecoregion. Increases in abundance of >25 percent have not been identified as significant impacts (see text). *Significant impacts on the meadow vole 
are excluded from this tally because the primaty distribution of this species in Minnesota is in nonforested habitats. 
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Table 4.4. Ecoregion distribution of significant (2:.2S percent) declines in the projected populations of mammals under the medium harvest scenario, all forest lands. Shown 
are the decades in which the significant decline are projected, by ecoregion. Blank cells are those in which there was not a significant impact; a decade with an appended "m" 
indicates a marginal (>20 percent but <25 percent) change in the population index. Right-hand column indicates the number of ecoregiODB and total number of decades 
(ecoregionsldecades) in which a species was impacted significantly; bottom line indicates the total number of species and decades (species/decades) for which an impact was 
projected within each ecoregion. Increases in the population index of >25 percent have not been identified as significant impacts (see text). *Significant impacts on the meadow 
vole are excluded from this tally because the primary distribution of this species in Minnesota is jn nonforested habitats. 
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Table 4.5. Ecoregion distribution of significant (L2S percent) declines in the projected populations of mammals under the medium harvest scenario, timberlands only. Shown 
are the decades in which the significant decline are projected, by ecoregion. Blank. cells are those in which there was not a significant impact; a decade with an appended "m" 
indicates a marginal (>20 percent but <25 percent) change in the population index. Right-hand column indicates the number of ecoregions and total number of decades 
(ecoregions/decades) in which a species was impacted significantly; bottom line indicates the total number of species and decades (species/decades) for which an impact was 
projected within each ecoregion. Increases in the population index of > 25 percent have not been identified as significant impacts (see text). *Significant impacts on the meadow 
vole are excluded from this tally because the primary distribution of this species in Minnesota is in nonforested habitats. 
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Table 4.6. Ecoregion distribution of significant (>25 percent) declines in the projected populations of mammals under the high harvest scenario, all forest lands. Shown are 
the decades in which the significant decline are projected, by ecoregion. Blank. cells are those in which there was not a significant intpact; a decade with an appended "m" 
indicates a marginal (> 20 percent but < 25 percent) change in the population index. Right-hand column indicates the number of ecoregions and total number of decades 
(ecoregions/decades) in which a species was intpacted significantly; bottom line indicates the total number of species and decades (species/decades) for which an intpact was 
projected within each ecoregion. Increases in the population index of ~25 percent have not been identified as significant intpacts (see text). *Significant intpacts on the meadow 
vole are excluded from this tally because the primary distribution of this species in Minnesota is in nonforested habitats. 
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Table 4.7. Ecoregion distribution of significant ~2S percent) declines in the projected populations of mammals under the high harvest scenario, timberlands only. Shown 
are the decades in which the significant decline are projected, by ecoregion. Blank cells are those in which there was not a significant impact; a decade with an appended Om" 
indicates a marginal (> 20 percent but < 2S percent) change in the population index. Right-hand column indicates the number of ecoregions and total number of decades 
(ecoregions/decades) in which a species was impacted significantly; bottom line indicates the total number of species and decades (species/decades) for which an impact was 
projected within each ecoregion. Increases in the population index of >2S percent have not been identified as significant impacts (see text). *Significant impacts on the meadow 
vole are excluded from this tally because the primary distribution of this species in Minnesota is in nonforested habitats. 
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Species not affected negatively by increased timber harvest 
Snowshoe hare. red fox 
Relatively stable statewide and ecoregion population index; only slight 
increases in all instances. No significant impacts in any ecoregion. 

Least chipmunk. meadow jumping mouse 
Projected increases in statewide index under all scenarios; for the least 
chipmunk:, these increases were significant in all decades of all three 
scenarios, both on all forest lands and on timberland. For the meadow 
jumping mouse, the increases were significant in decades 4 and 5 of the high 
scenario on all forest lands and in decades 3, 4, and 5 of the high scenario 
for timberland. These increases are not regarded as impacts because they are 
unlikely to have major economic or ecological effects. There were no 
significant ecoregion changes for the meadow jumping mouse. 

Beaver 
Statewide population index relatively stable, no significant statewide declines 
in area of greatest abundance or in forest area where present. Limited 
ecoregion-specific declines of one decade duration in ecoregions 2 and 6 on 
base harvest scenario, ecoregion 2 (all forest lands) or 7+8 (timberland) on 
medium harvest scenario. No significant ecoregion declines are projected on 
the high harvest scenario. 

White-jooted Mouse 
No significant declines were projected for this species in any measure of 
habitat availability, either on an statewide basis or in any ecoregion. 

Meadow vole 
Especially under base and medium harvest scenarios, projected declines in 
statewide population index (all but one insignificant) and significant declines 
in several ecoregions. Because of available habitat for this species in 
nonforested areas, these declines are not regarded as significant impacts. 

Species with projected significant impacts of increased timber harvest 
that include significant decrease in statewide population index, all forest 
lands. 
Gray squirrel. Fox squirrel 
Projections for these two species were virtually identical. Significant 
declines in statewide population index in decades 4 and 5 of both medium 
and high harvest scenarios, for both all forest lands and timberland only. 
Additionally, significant declines in the forest area where most abundant 
(decade 5 on medium harvest scenario and decades 4 and 5 of high harvest 
scenario, for both all forest lands and timberland only) and in forest area 
where present (decades 3, 4, and 5 of the medium and high scc:Jarios and 
decade 5 of the base scenario). A similar pattern occurs on timberland. 
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Several ecoregion declines on aU harvest scenarios, most pronounced on high 
harvest scenario (ecoregions 1 [for gray squirrel only], 4, 5, and 6). 

Nonhern flying squirrel 
Significant decline in statewide population index on high harvest scenario, in 
decades 4 and 5 for aU forest lands and for timberlands alone. Significant 

. 	statewide declines in the forest area where present in decades 4 and 5 ofhigh 
scenario for all forest lands and timberland and in decades 4 and 5 of 
medium scenario for timberland. Significant declines in ecoregion 5 under 
the base scenario and in ecoregions 3 and 5 for the medium scenario (both 
all forest lands and timberlands). Under the high harvest scenario, 
significant declines in ecoregions 3, 4, and 5 for all forest lands and in 
ecoregions 1, 2, 3, 4, and 5 for timberlands considered separately. 

Porcupine 
Significant statewide decline in popUlation index under the high scenario, in 
decade 5 on all forest lands and in decades 4 and 5 on timberlands. 
Significant statewide decline on the high harvest scenario in the forest area 
where most abundant, in decade 5 on all forest land and on timberland. On 
timberland, significant declines on high harvest scenario in forest area where 
present (decade 5). On high harvest scenario, significant declines in 
ecoregions 3, 4, and 5 on all forest lands and in ecoregions 2, 3, 4, and 5 
on timberland. 

Species with other projected significant impacts of increased timber 
harvest. 
Southern flying squirrel 
Relatively stable statewide popUlation index. No significant declines in any 
ecoregion on all forest lands, significant decline in ecoregion 4 (decade S) of 
high scenario for timberlands. In analysis ofoutput from unmitigated harvest 
model runs (not included in this report). this species was impacted severely 
(declines of up to 45 percent and a duration of 4 decades in all lands on the 
high harvest scenario). The general lack of significant impact on the 
southern flying squirrel in the present analysis depends largely on the 
modelled increase in forest area in the southern part of the state. That 
modelling was based on increases in forest area from the 1977 to 1990 FIA 
surveys, and is based on the assumption that that trend will continue 
throughout the projection period. If southern forest area does not continue 
to increase as modelled, this species likely would experience substantially 
greater impacts of increased timber harvest. 

Eastern chipmunk 
Significant statewide declines in the forest area where most abundant on both 
medium and high harvest scenarios both for all forest land and for 
timberland.. A significant decline in population index in one decade of the 
high harvest scenario in ecoregion 4, timberland only. 
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Rtd Iqui"tl 
Significant statewide declines in forest area where present under the high 
scenario, both for all forest lands and for timberland only. Significant 
ecoregion declines on high harvest scenario in ecoregions 3 and 4 for all 
forest land and in ecoregions I, 2, 3, and 4 for timberland only (decade 5, 
decades 4 and 5, or decades 3, 4, and 5). 

Woodltmd Dttr Moust 
No significant declines on a statewide basis, and no significant declines when 
all forest lands are considered. There were significant declines for this 
species on the high harvest scenario, timberland only, including decreases in 
the forest area where most abundant (decades 3, 4, and 5) and in the 
population index for ecoregions 2, 3 and 4 (decade 5 or decades 4 and 4). 

Rtd-baclr.ed Volt 
No significant declines by any measure, but Several declines that approach 
the 25 percent significance criterion. 

Woodltmd Jumping Moust 
No significant declines. 

Gray Fox 
Stable statewide popUlation index under base harvest scenario, nonsignificant 
statewide declines under medium and high scenarios. Significant statewide 
declines in forest area where most abundant in decade 5 of the high harvest 
scenario both for all forest land and for tim~land. The only significant 
ecoregion impact was in ecoregion 4, decade 5, of the high harvest scenario, 
timberland only. The previous comments (under southern flying squirrel) 
about increase in forest area in the southern part of the state also apply to the 
gray fox; this species was affected severely by high harvest scenarios in the 
analysis of output from the unmitigated runs. 

Pine Marten 
The statewide decline of.2:,5 percent in this species for decades 3, 4, and 5 
of the high scenario constitutes a significant impact by criterion 8. Projected 
significant statewide decline in decades 3, 4, and 5 of high harvest scenario 
for timberland considered alone. Significant statewide decline in the forest 
area where present in decade 5 of the high harvest scenario for all forest 
lands and for decades 3, 4, and 5 for timberland alone. Significant decline 
in ecoregion 5 of the medium scenario; significant declines in ecoregions I, 
3, and 4 for all forest lands and in ecoregions 1. 2, 3, and 4 for timberland 
alone. 

FiIMr 
Significant statewide declines on the high harvest scenario on timberland 
(decades 4 and 5). but not on all forestlands. Significant declines in the 

109 

http:Rtd-baclr.ed


Jukto Pom Consulting. IDe.. Minnesota GElS. Forest W'tldIife Tedmical Paper 

forest area where most abundant: in decades 4 and Sof the high scenario on 
all forest land and in decade S of the high scenario for timberland alone. 
Significant declines on timberland in ecoregion 4 on the medium harvest 
scenario and, on the high harvest scenario, in ecoregions 3, 4, and S for all 
forest lands and in ecoregions I, 2, 3, 4, and S for timberlands. A portion 
of the declines in fisher, bobcat, and lynx habitat is related to the modelled 
loss of forest area in the northern part of the state. 

Lynx 
Significant statewide declines on timberland, but not all forest lands, during 
decade S of the medium harvest scenario and decades 4 and S of the high 
harvest scenario. Significant declines in forest area where most abundant on 
all forest lands during decades 4 and S of medium and high harvest 
scenarios, and on timberland during decades 4 and S of base harvest scenario 
and decades 2 through S of medium and high harvest scenario. Significant 
declines on the base and medium harvest scenarios in ecoregion 3 for all 
forest lands and in ecoregions 3 and 4 for timberland, and on the high 
harvest scenario in ecoregions 3 and 4 for all forest lands and ecoregions I, 
2, 3, and 4 for timberlands. 

BobCQI 
Nonsignificant declines in the statewide population index under all harvest 
scenarios. Significant declines in the forest area where most abundant in 
decade S of the medium scenario and decades 4 and S of the high scenario 
for all forest lands, and in decades 4 and S of the base scenario and decades 
2 through S of the medium and high scenario for timberlands. Significant 
impacts in ecoregion 3 under the base and medium harvest scenarios, both 
for all forest lands and for timberland, and under the high scenario in 
ecoregion 2, timberland only. 

Ovenll Slimmary of impacts 
By significance criterion 11, 6 species (beaver, bobcat, northern flying 
squirrel, gray and fox squirrels, lynx; meadow vole excluded) were projected 
to experience significant impacts on the base and medium scenario, and 8 
species (porcupine, northern flying squirrel, gray and fox squirrels, fisher, 
pine marten, red squirrel, lynx; meadow vole excluded) on the high scenario. 
These ecoregion-specific declines reflect significant statewide declines on all 
forest lands for two species (gray and fox squirrels) on the medium scenario 
and four species (porcupine, northern flying squirrel, gray and fox squirrels) 
on the high scenario. The statewide decline in the pine marten on the high 
harvest scenario represents a significant impact of increased timber harvest 
by significance criterion 8. Significant stateWide changes in components of / 
the statewide population index (forest area where present, forest area where 
most abundant) were projected for 2 species (gray and fox squirrels) on the 
base scenario, for 6 species (lynx, bobcat, fisher, gray and fox squirrels, 
eastern chipmunk) on the medium scenario, and for 12 species (porcupine, 
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lynx, bobcat, fisher, pine marten, woodland jumping mouse, gray and fox 
squirrels, eastern chipmunk, gray fox, northern flying squirrel, and red 
squirrel) on the high scenario. Frequency and magnitude of projected 
impacts were greater for timberland considered separately. All subsequent 
tabulations and discussion of impacts are based only on impacts by 
significance criteria 8 and 11, and only with reference to all forest lands. 

Two of the species (gray and fox squirrels) affected negatively by increased 
timber harvesting are closely associated with mature oak: forests. Another, 
the red squirrel, is most abundant in mature forests of several conifer cover 
types. The other species affected negatively by increased timber harvest 
occupy a variety of forest covertypes, and impacts on these species reflect 
primarily an overall reduction in area of mature forests with increased timber 
harvest and project forest area changes. 

4.1 
Projected Impacts on Large Mammals 

No statewide impacts of consequence are projected for any large mammal, 
and no significant impact is projected for any species in any ecoregion. The 
most serious effects are within ecoregion 4 where loss of mast-producing 
oaks suggests habitat declines for both white-tailed deer and black bear; 
however, the quantitative consequences of less mast to these animals, cannot 
be estimated. Habitat for moose is projected to improve substantially with 
increased timber harvest, and that for deer to improve slightly in scattered 
circumstances. 

White-tailed Deer: The state was divided into four deer-habitat zones, and 
each was analyzed differently with regard to changes in forest covertypes 
(see section 3.3.3). 

1. 	 Northern-forest, Deep-snow Zone: This zone, comprising 16 counties 
in ecoregions I, 2, 3, the northern half of 4, and 9, was analyzed on a 
township-by-township basis, because those forest types that relate to 
cover must be in close proximity to those that relate to forage. Results 
from examination of 982 townships are presented as numbers of 
townships, and their forest acreages that meet cover criteria; and of 
townships with adequate cover, those that show substantial increases in 
forage production. The latter acreages are offered as an index of net 
change in habitat quality for deer. 

Table 4.8 summarizes, for·both timberland and all forest land. numbers 
of townships in the northern, deep-snow zone that (1) meet the minimum 
(10 percent) criterion of winter-cover. and (2) for those that do have 
minimum cover. the number that is projected to show an increase of 
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~ 10 percent in acres of regenerating, early-succession hardwoods-an 
indication of substantially increased forage. 

Table 4.1. Northern Minnesota deep mow region deer habitat analysis. Numbers of 
townsbips Chat contain adequate winter cover (Cover, defined u ~10 percent pole and 
sawtimber size conifer acreage) and, ofthose, the numbers Chat show an increase of ~ 10. 
percent acreage of regenerating, early-successi.on hardwoods (Forage) between 1990 and 
2040. Ratios in parentheses to the right of cover count indicate change from 1990 to 
2040, and ratios in parentheses to the right of forage count are a comparison between 
numbers in the base scenario and in the two higher-huvest scenarios, all for 2040. Total 
number of townsbips examined wu 982. 

a) Timberland 

...•.............•........ ···········<·>i .•. ·· .•.•.........•...•...• ~~ ..•. >... 


..«.? •••••.•••••••••••••••••••...................... ··aaiiri.·>·· ...... ·.M~ .... .. .... Hi&ti.. 

·.·~..l990Covet· ..• foraF·.··.· ··Covet.PODge •.....•.Covel'..•...•..••••Porqo.•.... 

' .. ···•· •.·••·1.·· •••.•... <•.•••.•....•... ··lIUQlberof~mOeIiiiJ¢riteriA ......•.••..•••.• » ••• 
1 119 108(0.91) 46(0.43) 96(0.81) 45(0.47) 83(0.70) 43(0.52) 

2 54 56(1.04) 17(0.30) 52(0.96) 18(0.35) 34(0.63) 18(0.53) 

3 39 33(0.85) 5(0.15) 34(0.87) 9(0.26) 25(0.64) 11(0.44) 

4 231 211(0.91) 85(0.40) 192(0.83) 82(0.43) 146(0.63) 78(0.53)

° ° °9 1 3(3.00) 3(3.00) 2('2.00)---------------- .. ~-----~- ------~----- ~---. -----~- ~-------
All 444 411(0.93) 153(0.37) 377(0.85) 154(0.41) 290(0.65) 150(0.52) 

b) All Forest Land 

The fact that, for 1990, only 444 townships of the 982 examined met the 
winter-cover criteria raises a question about the reliability of the 
township as the spatial unit for analysis. Townships fully covered by 
forests doubtlessly are represented by 15 or more FIA plots, while those 
that include large sectors of lake or nonforested wetlands are probably 
represented by correspondingly fewer plots. The latter townships might 
have been omitted from the analysis. On the other hand, this analysis is 
not directed at overall deer habitat, but rather at projected habitat 
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changes that relate directly to the harvest scenario. Thus, it is not the 
number of townships that appears in one category or another that is of 
interest, but rather the degree to which township numbers change under 
the different scenarios. In addition, if numbers of PIA plots accounted 
for in the 1990 analyses appear low, the subsequent analyses are based 
on a tracking of the same townships, which in tum are represented by 
the same PIA plots through the scenarios. Thus, whatever trends are 
found among the townships being tracked probably do represent general 
trends in that locale (or in the model). 

In a comparison among harvest level outputs for 2040, number of 
townships with minimum cover are projected to be lowest under the high 
scenario. At the same time, the percent of those minimum cover 
townships that show increased forage is also greatest under the high 
scenario. Unfortunately, data from ecoregion 9 are inadequate to draw 
any conclusions for that area-the aspen parklands of the northwest. 
Among ecoregions that are adequately represented, ecoregion 4 shows 
the highest levels of cover loss, and this loss does not appear to be fully 
offset by a higher proportion of increased forage. In comparing changes 
on timberlands versus all forest land, trends are similar in all areas but 
ecoregion 2. There large acreages of reserve forest account for an 
overall lower extent of cover loss under the high scenario, and an overall 
lower rate of forage increase under all three harvest scenarios. 

Table 4.9 summarizes acreages within ecoregions calculated from the 
township-based analysis as detailed in table 4.8. However, instead of 
comparing proportional changes back to 1990, the base level in 2040 
becomes the basis for comparison, and the ratios shown reflect 
differences projected for the medium and high scenarios versus that base 
level. The trends noted in table 4.8 are present in table 4.9, but the 
declines are somewhat less pronounced due to a predicted overall decline 
in forest land acreage for northern Minnesota over the next 50 years. On 
the other hand, the ratios comparing the base level with the higher 
harvests are more relevant here for assessing differences due solely to 
increased timber harvest. Losses under the medium scenario are 
relatively low, including 7 percent in the sector containing the largest 
acreage, the northern portion of ecoregion 4. In contrast, loss of 
adequate cover is consistently around 30 percent under the high scenario 
among all ecoregions-except 9, which should be discounted due to its 
very small sample of PIA plots. 
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Table 4.9. Northern Minnesota deep 8Il()W region deer habitat analysis showing acreage with 
adequate cover* in 1990 and for the projected 2040 base harvest level, plus proportional 
changes between base 2040 and the medium and high harvest levels for 2040. Acreage is the 
sum of all acres in the townships which meet the cover criteria. 

a) Timberland 

b) All Forest Land 

*Cover is defined as Z.10 percent conifer covertype acreage, pole or sawtimber size classes. 
Conifer covertypes include jackpine, red pine, white pine, balsam fir, northern white cedar, 
and white spruce. 

Table 4.10, following the same format as table 4.9, shows the result of 
combining browse increases with cover declines, hence it offers an index 
of net change related to the harvest scenarios. Again, the comparison 
(ratios) relate to the 2040 base level rather 1990. Note that many of the 
sharp declines in cover projected under the high scenario are 
considerably lessened, and in some ecoregions, particularly 3, the 
direction is reversed so that the index of deer habitat quality increases 
under the medium and high scenarios. In ecoregion 3, however, total 
township acreage of increased forage is relatively small in all scenarios. 
Thus the large proportional difference between base and high scenarios 
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does not contribute significantly to changes in deer habitat over the 
deep-snow deer region as a whole. 

Table 4.10. Northern Minnesota deep snow region deer habitat aualysis showing acreage of 
increaseclforage from qualifying townships for barvestscenariosin 2040. Acreage is the sum 
of forested acrea from an toWDSbips that meet both the cover criteria (table 4.9) and show a 
.2:.10 percemincreasefrom 1990 in acreage ofyoung, early-successionhardwoods. The 1990 
acreage represents the staJ1ing point of the forage change aualysis. 

a) Timberland 

For timberlands only, comparing against the base level, there is a slight 
increase under the medium scenario and a slight decrease under the high 
scenario. The magnitude of these differences is negligible, so it can be 
concluded that no change could be shown under higher harvests 
compared to a continuation of the current level of timber harvest. Thus, 
for the entire deep-snow deer region, the results suggest that deer habitat 
should not vary greatly, either up or down, under a wide range of 
harvest intensities. 

Results here also suggest that strategically located mitigations of residual 
or planted conifer cover in such areas as the northern half of ecoregion 
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4 could have a major positive impact on future deer habitat. By assuring 
that a minimum amount of conifer cover is broadly distributed. the 
accompanying increases in young, early-succession hardwoods resulting 
from increased harvesting should have a strong positive effect on deer 
numbers. 

2. 	 Central hardwoods: Analysis of the central hardwood deer zone, 
immediately south of the deep-snow zone and comprising 10 counties in 
Ecoregion 4 and the northern tip of S, was far less complex than for the 
deep-snow zone. It was based solely on reduction of mast-bearing oaks, 
assuming that impacts of increased logging in this zone would have no 
other measurable impacts-positive or negative. 

Table 4.11 shows the SO-year projected changes in mature-oak acreage 
(pole and sawtimber sizes) within the central hardwoods deer zone. Data 
from timberlands only are shown. because the figures for all forest lands 
are essentially the same. For the entire northern hardwoods deer zone, 
a 10 percent decrease in mature oak is projected from 1990 to 2040 
under the base scenario, i.e., essentially under a continuation of current 
harvest intensities. The other comparison ratios shown are based on the 
2040 base level. In these 2040 comparisons, a decrease in oak acreage 
of 13 percent under the medium scenario and 38 percent under the high 
scenario is projected. These declines, while apparently severe, cannot 
be interpreted as being an ecoregionwide significant impact upon deer, 
as explained below. 

Table 4.11. CeatraJ. hardwoods deer habitat analysis. Changes in acreages of mature (mast
bearing) o.Ib for 10 couati.es in die ceater of ecoregion 4 aDd die northern tip of S. Results 
are for timberlands only becausedlere is a neglipble differonce between dlese aDd die acreage 
for all forest lauds. RIItioe are calculated from two separate bases: numbers shown under 
base are a COIDpIIriIon with 1990, while diose under medium aDd bigh are a comparison with 
base 2040. 

The magnitude of loss projected for oaks in the north central portion of 
Minnesota suggests a major impact upon deer, because mast is an 
important nutritional resource for animals in this region. However, the 
nutritional contribution of mast to deer in fall, relative to other foods 
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available in the zone, is not sufficiently understood to permit tying a 
habitat-loss value to the decline in oaks. 

The point is that, in regions where oak-mast but not agricultural food 
sources are available, deer doubtlessly depend heavily on acorns for 
laying on fat prior to winter. Loss of oaks may well lead to lower 
over-winter survival, particularly during severe winters as well as for 
fawns every winter, and possibly such loss will also lower overall 
reproductive success. Efforts to retain oaks for deer, as well as for 
many other wildlife species, are an important aspect of mitigation in 
response to projected increased timber harvests in north central 
Minnesota. 

3. 	 Southern farm-woodland zone: Because it was reasoned that an overall 
sufficiency of wooded cover and of oak mast would persist in this 
region, the only criterion of change examined was for an increase in 
timber harvesting. This zone, comprising all of ecoregion 5 except the 
northwestern tip and ecoregioD 6, was analyzed for increases in young 
forest stands (seedling/sapling stage) of all cover types resulting from 
clearcutting. By 2040, differences among projections under the three 
scenarios were negligible, thus it is concluded there will be no 
projectable impacts, negative or positive, due to increased timber harvest 
on the deer of this region. 

On the other hand, the projected overall increase in forest land 
throughout southern Minnesota will favor deer, since the increases will 
be mostly in small patches that continue to be surrounded by active or 
abandoned farmlands. Other influences such as increased urbanization, 
fencing, highways, and hunting closures will probably have the greatest 
influence on deer of this region, but those factors are not of concern in 
this analysis. 

4. 	 Intensive agriculture region: Analysis for loss of any forest cover in the 
intensive agricultural lands, ecoregions 7, 8, and the southern portion of 
9, did not project any differences in 2040 among the harvest levels. 
However, due to low forest acreage in this zone and the lack of 
widespread timber harvest there, impacts of harvesting on deer were 
judged modest and difficult to quantify. Significant impacts from losses 
in the farmland zone, should they occur, will arise from relatively local 
clearing and conversion of forest patches to nonforest uses. On the other 
hand, if current USDA policy continues to promote forest planting on 
crop reserve lands, then substantial increases in deer habitat may result. 

5. 	 Statewide Impacts on Deer: Deer are considered the paramount big 
game animal in virtually every part of the state except the inner Metro 
Area. Thus great attention will be focused on projected impacts upon 
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deer, positive or negative, from increased timber harvest throughout 
Minnesota. The analysis of deer impacts here projects no major 
changes-positive or negative-by 2040 under the three harvest 
scenarios. The only area of possible concern is the effect of greatly 
reducing mast-producing oaks in the central region lying north of the 
agricultural zone. Protection of oaks is addressed in depth among the 
recommended mitigation measures. 

Large gains in deer habitat in the northern, deep-snow region associated 
with increased clearcutting were projected to be offset by local losses of 
mature conifers that provide critical winter cover. Again, mitigations 
directed at retaining a widespread distribution of adequate conifer patches 
where timber harvests are heavy should lead to substantial increases in 
deer habitat. 

Black Bear 
The link between estimated habitat quality for black bears and output from 
the harvest scenarios is change in the overall extent of mature oak forests 
throughout the major bear range. Were more known about the relationship 
between bears and conversion of old conifer or mixed hardwood-conifer 
forests to young, early-succession hardwoods, then, for the far northern 
portion of the state, this relationship might be used for analyzing future 
harvesting impacts. 

The projections based on oak-mast acreages show that, while four 
ecoregions, 1 to 4, were analyzed, data from ecoregions 1 to 3, where 
mature oak is quite sparse, did not have an adequate data base. Therefore, 
data from ecoregions 1 to 3 are combined with 4, the ecoregion containing 
the overwhelming majority of oak resources within the range of the black 
bear. This is not to discount the great potential importance of oaks in 
ecoregions 1 to 3, where, even as they are sparse, oaks are intensely sought 
by bears in fall. While it is safe to say that most of the black bears of 
ecoregions 1 to 3 are currently surviving without access to oak mast, 
whatever mast does exist has a marked impact on the productivity of those 
bears that do use it. 

Table 4.12 can be interpreted as essentially the projected changes of oaks in 
ecoregion 4, where, although bears are most abundant in the northern half, 
the oak acreage is most abundant in the southern half. Changes in oak 
acreages, indicated by the ratios, are compared with base 2040 rather than 
1990, because the former is believed to be the best estimate of forest cover 
50 years from now and because this scenario models harvests essentially at 
today's levels. First, it is clear that impacts on timberland reflect overall 
impacts, due to the relatively small portion of reserved forest within the oak 
zone of ecoregion 4. A decrease of about 20 percent is projected under the 
medium scenario and 25 percent under the high scenario. 
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Table 4.12. Projected acreagesin 2040 ofmast-producing oak (pole plus sawtimber size) for 
ecoregioIIs 1 to 4 under three harvest scenarios for all forest lands as these relate to habitat 
for black bears. The accompanying ratios eompare difi'e:rences in the medium and high 
sceuarios with those of the base scenario, all for 2040.* 

*BcoregiODS are not shown separately because 99 percent of the oak accounted for lies in 
eooregion 4. 

As stated in the methods (3.3.3), because black bears can substitute other fall 
foods for mast, a loss of mast would not have a directly equivalent impact 
on bear populations. An arbitrary impact-index of 0.5 was chosen. This 
would translate to an estimated impact of 10 percent habitat loss under the 
medium scenario and 12 percent under the high scenario, neither of which 
is classified as "significant." 

While no quantitative analysis was attempted on the impact of increasing 
acreages of young forest associated with increased timber harvest, studies in 
Minnesota show that, in summer, bears appear to favor young aspen stands. 
It would follow then that there should be a positive relationship between 
increased cutting in northern Minnesota and the future quality of habitats for 
the black bear. 

In reality, numbers of bears in Minnesota will continue to be regulated far 
more directly by humans-legal hunting, nuisance control, highway 
mortality, and illegal killing-than by any habitat resources that are affected 
by timber harvesting. However, major reduction of mast will undoubtedly 
reduce productivity-the rate at which bears can replace mortality losses. 
From the standpoint of promoting sport hunting of bears, oak resources 
should be protected; from a nuisance control standpoint, the higher 
reproduction in bears associated with access to oaks may not be seen as a 
positive factor. 

Moose 
Within the major moose range of northern Minnesota, harvest scenarios were 
analyzed in order to estimate impacts on moose, township by township, in 
accordance with a scheme based on the assumption that moose need 
reasonable cover and will benefit from increases in young forests within the 
same locale. 
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Table 4.13 indicates trends in numbers of townships showing adequate cover 
throughout the moose range. Relative to 1990, there are increases in all 
ecoregions under the base scenario and in most regions under the medium 
scenario, but generally a decrease under the high scenario. The increase 
under the base scenario apparently reflects an aging or maturation of present 
stands, particularly in ecoregions 2 and 3. Changes in ecoregion 9 probably 
do not follow the same pattern as elsewhere in the moose range; the apparent 
increase in cover there is apparently due to an increase in sawtimber-size 
aspen, which, in that region, is probably not accompanied by the 
development of a conifer subcanopy. The sharp difference between 
timberland and all forest projections for ecoregion 2 under the high scenario 
reflects the fact that extensive reserve forest there retain adequate cover, 
while timberland forests are projected to lose cover under the high harvest. 

Table 4.13. Number of townships retaining ~ 15 percent adequate cover (see 3.3.3) for 
timberland and for all forest land within the major moose range of northern Minnesota. 
Ratios in this table are relative to 1990 numbers. The analysis was done within the major 
moose range, which includes all of ecoregions 1, 2, 3, and 9 plus about half of 3. 

a) Timberland 

Table 4.14 reflects the same analysis as in table 4.13, but in terms of acres 
in qualifying townships rather than numbers of townships. Also, the ratios 
are based on comparisons with the 2040 base scenario rather than 1990 
acres. Lower cover, based on township acres, is projected under the high 
scenario for ecoregions 1 to 3 in both timberlands and all forest lands. Even 
ecoregion 2 with its extensive reserved forest shows 14 percent less cover in 
all forests under the high scenario compared to the base scenario. 
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Table 4.14. Acreqe in towJI8b.ips with adequate cover (the summed forest acreage from all 
towJI8b.ips in which cover remains adequate for moose) comparing among ecoregions, and the 
projected forests of 2040 under three harvest scenarios. The comparison ratios are related to 
the base level in 2040. The malysis was done within the major moose range, which includes 
all of ecoregions I, 2, 3, and 9 plus the northern half of 3. 

a) Timberland 

BCoregfoa 
I=:· .••.•... 

...... 1990 ... 

Scenario«I (2040) 

..s.e.•.. . ~~... ·RaIio i Jti&h Ratio 

1 2,045,400 1,928,493 1,750,641 0.91 1,443,094 0.75 

2 711,900 767,030 777,018 1.01 537,196 0.70 

3 592,700 615,990 587,m 0.95 371,681 0.60 

9 42,700 ISI,652 150,238 1.05 146,738 0.97 

Total 3,392,700 3,463,165 3,265,669 0;!1 2,498,709 0.72 

b) AU Forest Laud 

1 2,282,700 2,242,693 2,065,841 0.92 1,7S8,294 0;78 

2 1,340,600 1,735,930 1,745918 1.01 1,495,996 0.86 

3 624,300 652,290 624,072 0.96 406,181 0.62 

9 44,500 162,600 161,186 0.99 1S7,686 0.97 

Total 4,292,100 4,793,513 4,597,017 0.96 3,818,157 0.80 

Table 4.15 shows acres of increased forage (seedling/sapling stands of most 
forest types) for those townships throughout the moose range that retained 
adequate cover (table 4.14). Comparison ratios are based on the base-level 
scenario in 2040. Note first that the acreage is the same for all forest lands 
as for timberlands. This resulted from the fact that only on timberland sites 
in townships of adequate cover were there forage increases ~ 10 percent 
between 1990 and 2040. Thus, even though more acreage of cover was 
retained on all forest lands versus timberlands, the only areas that account for 
forage increases are those subject to harvesting over the next 50 years. 

The fact that the net qualifying acreage increased as harvest intensity 
increased reflects a lower rate of cover decrease than of forage increase. For 
the existing township with adequate cover, the portion of each that underwent 
moose-habitat quality increases was 23, 30, and 40 percent for the base, 
medium, and high scenarios respectively. These more than offset the loss of 
township acres due to decreasing cover with increasing harvest. 

In summary, the township-by..wwnship analysis, that combines loss of cover 
with gain of forage, clearly suggests that moose will benefit under increased 
timber harvest in northern Minnesota. Furthermore, since the deer analysis 
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did not show similar trends for the same region, it can be suggested that the 
moose will genuinely benefit. If comparably large increases of habitat for 
white-tailed deer were to occur within the moose range, then, due to the 
presumed negative impact on moose from infection by the deer--carried 
brainworm, mortality from the parasite might prevent moose from taking 
advantage of the projected habitat increases. 

Table 4.15. Acreage in townships with ~reased forage (seedlinglsapIing stands of most 
forest types) for 1hose townships throughout 1he IIlOOIIe range that retained adequate cover 
(table 4.14) among ecoregioDs within 1he IIlOOIIe range for three harvest sceuari.08 for 2040. 
Ratios are based on comparisons with 1he base sceuari.o in 2040. 

b) All Forest Land 

Gray Wolf. No significant impacts related to habitat loss were detected for 
this species. 

Other Impacts: Although no significant impacts were identified for this 
species, increased timberland access due to increased harvesting may present 
a negative impact. At the same time an increase in deer productivity due to 
more harvesting may outweigh the negative impacts of increasing access. 

Woodland Caribou. The prospective attempt to restore woodland caribou 
will in all likelihood be confined to the BWCA W. Projection of timber 
harvest impacts on the probability of a successful caribou restoration is made 
in terms of projected changes in white-tailed deer habitat for the targeted 
region. Table 4.10 indicates that, for ecoregion 2 as a whole, deer habitat 
is projected to increase by some 13 percent under the medium harvest 
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scenario and 50 percent under the high scenario. The analysis, however, to 
be more meaningful, should be restricted to the zone surrounding the 
BWCAW-primarily the Superior National Forest. Since the current rate of 
harvesting and presumably the future rate also on the Superior is lower than 
on adjacent private and industrial lands, it is assumed that deer will not 
increase by 25 percent in this portion of ecoregion 2. Any increase, 
however, is considered detrimental to a species so sensitive to the brainworm 
parasite in deer that this factor may have led to its earlier extirpation from 
the state. 

4.3 
Projected Impacts on Birds 

The primary basis for designating significant impacts used here is criterion 
11 which was developed by the study leaders in consultation with the EQB 
and Citizens Advisory Committee. Criterion 11 states that an impact is 
considered significant if the available habitat for a species is projected to 
change by 25 percent in any ecoregion. Hence, any increase or decrease 
mentioned below should be assumed to reflect a percentage change in 
available habitat of ~ 25 percent from the base value. 

On a statewide basis, the forest bird species projected to be affected by the 
three harvest scenarios using commercial forests and using all forest lands are 
shown in table 4.16 and table 4.17, respectively. Results for all species are 
shown in appendix 5, table 7a and 7b. Under the base harvesting scenario 
for timberlands only, 3 species are projected to decrease, 106 are projected 
to remain stable, and 27 species are projected to increase (table 4.16). As 
harvesting is increased to the high level, the pattern changes substantially. 
Sixty species are projected to decrease, 39 species are projected to remain 
relatively stable, and 37 species are projected to increase. When all forest 
lands are included, the changes are similar but fewer species are projected 
to decrease at the medium and high harvest scenarios (table 4.17). Twenty
two species are projected to increase, 109 are projected to remain relatively 
stable, and 5 are projected to decrease under the base harvest scenario for all 
forest lands. Like the pattern with timberland, there is a substantial increase 
in the number of species that are projected to decrease and a moderate 
increase in the number of species projected to increase under the high harvest 
scenario for all forest lands. 

Thirty-four species are projected to increase, 60 are projected to remain 
relatively stable, and 42 species are projected to decrease under the high 
harvest scenario for all forest lands. Note that the number of species 
significantly impacted are higher when projections at the ecoregion level are 
considered. 
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Table 4.16. Number and percent of forest birds (excluding Forest Grouse) on a statewide 
basis, that are projected to decrease (2:.25 percent), remain relatively stable, or increase (>25 
percent), based on three barvesting scenarios using only timberlands for abe state of 
Minnesota. 

Table 4.17. Number and percent of forest birds (excluding Forest Grouse) on a statewide 
basis, that areprojected to decrease (2:.25 percent), remain relatively stable, or increase (>25 
percent), based on three harvesting scenarios using all forest lands for abe state of Minnesota. 

Hardwood Dependent Species 
Statewide chonges. Three of 33 hardwood dependent species (Red
shouldered Hawk, Yellow-throated Vireo, Hooded Warbler) were projected 
to decline statewide when all forest land was considered under the base 
harvest scenario (figure 4.31; appendix S, table 6B). Two species (Red
shouldered Hawk and Yellow-throated Vireo) were projected to decline in 
timberland only (figure 4.32; appendix S, table 6A). The Yellow-billed 
Cuckoo was projected to increase in both timberland and on all forest land 
under the base harvest scenario. All other hardwood dependent species were 
projected to remain relatively stable on both timberland and on all forest land 
under the base harvest scenario. 

Six species were projected to decline statewide under the medium harvest 
scenario on timberland and all forest land (figure 4.33). These included the 
two species projected to decrease under the base scenario and the Wood 
Thrush, Cerulean Warbler, Hooded Warbler, and Northern Oriole (appendix 
S, table 6B). One species, the Yellow-billed Cuckoo, was projected to 
increase when both all forest land and timberlands were included. All other 
hardwood dependent species were projected to remain stable under the 
medium harvest scenario (appendix S, table 6A, 6B). 

124 




Jaakko Poyry Consulting. Inc.. Minnesota GElS. Forest Wildlife Technical Paper 

Number of hardwood dependent bird species Cal I forest land) 

20~----------------------------------~ 

15 

Increasing 
10 

creas I no 
10 

-15 

-20~--------------------------------~ 
1 2 3 4 5 6 7 9 *5* 

Ecoregion 

Figure 4.31. Number of hardwood dependent species projected to increase (2:.25 percent) 
of decrease (2:.25 percent) by ecoregion and statewide for three harvest levels on all forest 
Jand. 

More than 50 percent of hardwood dependent species (17 of 33) were 
projected to decrease when timberlands on a statewide basis were considered 
under the high harvest scenario (figure 4.33). In addition to species 
impacted under the medium scenario, the Cooper's Hawk, Barred Owl, 
Pileated Woodpecker, Acadian Flycatcher, Least Flycatcher, Great Crested 
Flycatcher, Blue Jay, White-breasted Nuthatch, and Blue-gray Gnatcatcher 
were also projected to decrease (appendix 5, table 6B). Projected decreases 
when all forest lands were included was 16 species (figure 4.31). This 
included all species impacted on timberland, except the Cooper's Hawk 
(appendix 5, table 6A). Again, only one species, the Yellow-billed Cuckoo, 
was projected to increase under the high harvest scenario when both 
timberland and all forest land was included. All other hardwood dependent 
species were projected to remain relatively stable in both timberlands (15 
species) and on all forest lands (16 species) (appendix 5, table 7a, 7b). 

Ecoregion chtmges. Overall, many projected increases on an ecoregion level 
occurred in the southern portion of the state (ecoregions 5 and 7) for both 
timberland and all forest land (figures 4.33 and 4.31). These increases are 
most likely due to the substantial increase in total forest area in the state that 
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was projected in the timber harvest model. Several species were projected 
to increase in ecoregion 9 under all harvest levels and on both timberland and 
all forest land (appendix 5, table 6a, 6b). Other increases in northern 
ecoregions were generally for species found in early successional habitats 
(e.g., Black-billed Cuckoo, Rose-breasted Grosbeak) (appendix 5, table 6a, 
6b). 
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Figure 4.32. Number ofacres of1imberIandprojected at Ihe fifth decade for Dine forest types 
(Spt ... spnaceItamarack; Ced = cedar; Spf = spruce/fir; Pin = upland pine; Elm 
elmlasblcottoawood; Mba ... maplelbasswood; Bir ... birch; Asp = aspen; Oak = oak) and 
three size classes (1 =seedling/sapling; 2-pole size; 3 -sawtimber). Values are given for 
three harvest levels and actual values are provided in appendix 5, table 8b. 

In contrast with projected ecoregion increases in the southern part of 
Minnesota, many species were projected to decrease in northern ecoregions. 
These ecoregion decreases are due to the projected decrease of mature forest 
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area in the north as well as the relatively higher proportion of timberland 
harvested in these ecoregions (figure 4.34 and 4.32). In addition, there is a 
relatively small proportion of forest land in reserves in ecoregions 4 and 6. 
Hence, impacts for all forest land and timberland are similar (appendix 5, 
table 6a, 6b). 
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Figure 4.33. Number of hardwood depeDdent species projected to ineIease <2:..25 percent) 
or decrease <2:..25 percent) by ecoregion aDd statewide for Cbree harvest levels on timberland. 

Overall, 24 of 33 hardwood dependent species were projected to increase in 
at least one ecoregion under all three harvest scenarios in timberlands. 
Twenty-five species were projected to increase in an ecoregion when all 
forest lands were considered. Again, most increases (20 of 26 and 20 of 25 
for commercial and all forest lands respectively) will likely occur in either 
ecoregions 7 or 9. Of 26 species projected to increase, 18 also were 
projected to decrease in another ecoregion (appendix 5, table 6B). Species 
that were projected to increase only on an ecoregion basis (and not statewide) 
using all forest land were the Black-billed Cuckoo, Downy Woodpecker, 
Warbling Vireo, Rose-breasted Grosbeak, and Orchard Oriole. These same 
species, plus the Tufted Titmouse and Philadelphia Vireo, did not show a 
statewide increase when timberland was considered. 
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Figure 4.34. Number of acres of all forest land projected at the fifth decade for nine forest 
types (Spt = spnice/tamarack; Ced = cedar; Spf = spnice/fir; Pin = upland pine; Elm = 
elmlashlcottonwood; Mba = maplelbasswood; Bir = birch; Asp = aspen; Oak = oak) and 
three size classes (l=seedlinglsapling; 2=pole size; 3=sawtimber). Values are given for 
three harvest levels and actual values are provided in appendix S, table 8a). 

Most ecoregion declines were projected for ecoregions 4 and 6 under all 
harvest scenarios and for both timberland and all forest land (figures 4.31 
and 4.33). Overall, 24 of 33 hardwood dependent species were projected to 
decrease in at least one ecoregion and for at least one harvest level in either 
timberland or all forest land (appendix 5, table 6a, 6b). Increases for 18 of 
these species wi11likely also occur in another ecoregion in the same harvest 
level. Hardwood dependent species that were projected to only decrease 
were the same for both timberland and all forest land. These included the 
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Red-shouldered Hawk, Acadian Flycatcher, Yellow-throated Vireo, Black
throated Blue Warbler, Cerulean Warbler, and Hooded Warbler (appendix 
5, table 6a, 6b). 

Conifer Dependent Species 
StIltewide clumges. One conifer dependent species (Lincoln's Sparrow) was 
projected to decrease under the base harvest scenario in both timberland and 
all forest land (figures 4.35 and 4.36; appendix 5, table 6a, 6b). Two 
species (Yellow-bellied Flycatcher and Palm Warbler) were projected to 
increase and the remaining 28 conifer dependent species were projected to 
remain relatively stable in both timberland and all forest land under the base 
harvest scenario (figures 4.35 and 4.36; appendix 5, table 6a, 6b). The 
decrease in Lincoln's Sparrows and increase in Yellow-bellied Flycatchers 
and Palm Warblers are likely due to the regeneration of lowland conifers 
from the seedling-sapling stage to the pole and saw size forest classes along 
with little harvesting of lowland conifers under the base harvest scenario. 

Two of 30 species were projected to decrease on timberland in the medium 
harvest scenario (Lincoln's Sparrow and Pine Siskin), while 28 will likely 
remain stable, and none were projected to increase (figure 4.36; appendix 5, 
table 6b). When all forest land was considered, only the Lincoln's Sparrow 
was projected to decrease (figure 4.35; appendix 5, table 6a). 

Only three (Magnolia Warbler, Chipping Sparrow, Dark-eyed Junco) of the 
total of 31 species defined as conifer dependent were projected to not 
decrease under the high harvest when timberland was included (figure 4.36; 
appendix 5, table 6b). When all forest land was considered, fewer decreases 
were projected; however, 10 species were still projected to decrease under 
this scenario. These species include Sharp-shinned Hawk, Merlin, Common 
Raven, Golden-crowned Kinglet, Solitary Vireo, Northern Parula, 
Blackburnian Warbler, Pine Warbler, Lincoln's Sparrow, and Pine Siskin 
(figure 4.35; appendix 5, table 6a, 6b). The remaining species were all 
projected to remain relatively stable and no species were projected to 
increase. 
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Figure 4.35. Number of conifer dependent species projected to increase (a25 percent) or 
decrease (a25 percent) by ecoregion and statewide for three harvest levels on all forest land. 
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Figure 4.36. Number of conifer dependent species projected to increase (a25 percent) or 
decrease (a25 percent) by ecoregion and statewide for three harvest levels on timberland. 

130 



Iaakko Pom Consulting, Inc.. Minnesota GBIS. Forest WjldJifeTeclmica1 Paper 

Ecoregion clumges. Many of the species (13 of 18) that were projected to 
increase in an ecoregion increased in ecoregion 1, primarily in the base 
harvest scenario when timberland was considered (appendix 5, table 6b). 
Similar results were shown when all forest land was considered. Increases 
for conifer dependent species in this ecoregion are likely attributable to the· 
low amount of conifer harvested and the amount of unproductive lowland 
conifer habitat present. F9r example, unproductive lowland conifer not 
harvested was allowed to mature to pole and saw size age classes over the 
course of the 50-year projection period. 

With the exception of a projected decline for Pine Siskin in ecoregion 5, all 
other decreases in conifer dependent species by ecoregion occurred in 
northern ecoregions (1,2, 3, and 4) (appendix A, table 6a, 6b). This pattern 
reflects the distribution of conifers in the state (e.g., few conifers exist in 
ecoregions 6 and 7). Most species that were projected to decrease were in 
ecoregions 3 and 4 for all harvest scenarios and for both timberland and all 
forest land. More ecoregion decreases were projected for timberland in 
comparison with all forests in ecoregions 1 and 2, especially under the high 
scenario (figure 4.36; appendix 5, table 6b). The reduction of species 
projected to decrease in ecoregions 1 and 2 when all forest land was included 
is attributable to the relatively large proportion of reserved forest in these 
ecoregions (figures 4.34 and 4.32). 

All conifer dependent species that were projected to increase in an ecoregion 
for any harvest scenario also showed a decrease in another ecoregion or 
harvest level when all timberlands were included (appendix 5, table 6a, 6b). 
When all forest land was included, only one of 29 species, the palm warbler, 
was projected to increase but did not show a subsequent decrease in another 
ecoregion (appendix 5, table 6a). 

The Sharp-shinned Hawk, Merlin, Great Gray Owl, Three-toed Woodpecker, 
Common Raven, Tennessee Warbler, Magnolia Warbler, Yellow-romped 
Warbler, Blackburnian Warbler, Pine Warbler, Bay-breasted Warbler, and 
Dark-eyed Junco were species that were projected to decrease in an 
ecoregion, but did not show a subsequent increase in another ecoregion when 
timberland was included (appendix 5, table 6a, 6b). Similar results were 
shown for species (except the Great Gray Owl, Bay-breasted Warbler, and 
Three-toed Woodpecker) that were projected to decrease in an ecoregion 
when all forest land was considered, but did not increase in a subsequent 
ecoregion (appendix 5, tables 6a, 6b). 

Cavity Dependent Species 
Stotewide clumges. Under the base harvest scenario, no cavity dependent 
species were projected to decrease, 22 species were projected to remain 
relatively stable, and 7 species (Common Goldeneye, Bufflehead, Hooded 
Merganser, Common Merganser, American Kestrel, Tree Swallow, and 
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Eastern Bluebird) were projected to increase within timberlands (figure 4.37). 
Similar results were found when all forest lands were included in the 
analysis, except the Hooded Merganser and Eastern Bluebird no longer 
showed an increase (figure 4.38). . 

In the medium harvest scenario, very similar patterns were observed in 
comparison with the base harvest scenario. Using only timberlands, no 
species were projected to decrease, while 20 species were projected to remain 
relatively stable, and 8 species (those noted above plus the Northern Flicker) 
were projected to increase. When all forest lands were included, no species 
were projected to decrease, 23 species were projected to remain relatively 
stable, and 6 species (Common Goldeneye, Bufflehead, Common Merganser, 
American Kestrel, Tree Swallow, and Eastern Bluebird) were projected to 
increase. 

In the high harvest scenario, using only timberlands, 12 species (Barred Owl, 
Boreal Owl, Northern Saw-whet Owl, Yellow-bellied Sapsucker, Three-toed 
Woodpecker, Black-backed Woodpecker, Pileated Woodpecker, Great-crested 
Flycatcher, Black-capped Chickadee, Boreal Chickadee, Red-breasted 
Nuthatch, and White-breasted Nuthatch) were projected to decrease, 9 were 
projected to remain relatively stable, and 8 (Common Goldeneye, Bufflehead, 
Hooded Merganser, Common Merganser, American Kestrel, Northern 
Flicker, Tree Swallow, and Eastern Bluebird) were projected to increase. 
When all forest lands were considered, the results were similar except one 
species (Three-toed Woodpecker) was no longer projected to decrease and 
another (Hooded Merganser) no longer projected to increase. 

A detailed summary of the results for cavity dependent species can be found 
in appendix 5 (tables 6a, 6b). 

Ecoregion clumges. The results on an ecoregion level strongly reflect those 
changes that were observed on a statewide basis. Most of the changes 
observed were projected increases in the cavity-nesting species noted above. 
For example, many of the hole-nesting waterfowl species (Wood Duck, 
Common Goldeneye, Bufflehead, Hooded Merganser, and Common 
Merganser) showed projected increases in many ecoregions where they 
occur, using either timberland or all forest lands and using all three harvest 
scenarios. As shown in the discussion of riparian birds (below), this was due 
to the increase of riparian habitats in all harvest scenarios because thinning 
(selective cutting) was the only type of harvesting allowed in these habitats. 
Hence, in the different harvest scenarios, selectively cut riparian habitats 
were not greatly changed (in terms of covertype or size class). 
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Figure 4.37. Number of cavity dependent species projected to increase ~25 percent) or 
decrease ~25 percent) by ecoregion and statewide for three harvest levels on timberland. 
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F'lgure 4.38. Number of cavity dependent species projected to increase ~25 percent) or 
decrease ~25 percent) by ecoregion and statewide for three harvest levels on all forest Jand. 
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Species that showed projected decreases on a statewide basis also had several 

ecoregions where decreases were noted. These species primarily included 

owls (e.g., Barred Owl, Boreal Owl, and Northern Saw-whet Owl), 

woodpeckers (e.g., Yellow-bellied Sapsucker, Black-backed Woodpeckers, 

and Pileated Woodpeckers), and chickadees. Projected decreases were 

generally lowest under the base harvest scenario and increased to the high 

harvest scenario for both timberlan~ and all forest lands. The number of 

projected decreases in species by ecoregion were slightly less when all forest 

lands were used, especially in ecoregion 2 where few species were projected 

to decrease under the high harvest scenario. 


In total, 23 of the 29 species classified into this group were projected to 

increase in at least one ecoregion for at least one of the three harvest 

scenarios using timberlands (appendix 5, tables 6a and 6b). The results were 

similar when all forest lands were used. In contrast, 16 of the 29 species 

classified into this group were projected to decrease in at least one ecoregion 

for at least one of the three harvest scenarios using the timberlands. Twenty

one of 29 species showed this pattern when all forest lands were used. 

Sixteen of the 29 species in this group showed a projected increase in one 

ecoregion under one of the harvest scenarios and a projected decrease in 

another ecoregion under a different harvest scenario. This was true for data 

using only timberlands and all forest lands. 


The general pattern of ecoregion changes for cavity dependent species is 

shown in figure 4.37 for timberlands. In the base and medium harvest 

scenarios, the amount of available habitat is projected to increase for more 

species associated with cavities in comparison with those that are projected 

to decrease. This is especially pronounced for ecoregions 5, 6, 7, and 9. 

The only exception is in ecoregion 4 where more species were projected to 

decrease in the medium harvest scenario for both timberland and all forest 

lands (figure 4.38). It also is generally consistent for both timberland and 

all forest lands. Under the high harvest scenario, the pattern is similar for 

those species that were projected to increase, but more than 10 species were 

projected to decrease under this scenario in ecoregions 1, 2, 3, and 4 using 

timberlands. The projected number of species exhibiting a decrease was 

reduced in ecoregions 1 and 4 and eliminated in ecoregion 2 when all forest 

lands were considered. 


Forest Raptors 

Statewide changes. Under the base harvest scenario, one species (Red

shouldered Hawk) offorest raptor was projected to decrease, 13 species were 

projected to remain relatively stable, and 2 species (osprey and bald eagle) 

were projected to increase within both timberlands (figure 4.39) and for all 

forest lands (figure 4.40). 
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Figure4~. Numberofforest raptor speciesprojected to increase (2:.25 percent) or decrease 
(2:.25 percent) by ecoregion and statewide for three harvest levels on timberland, 
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Figure4.40. Number of forest raptor species projected to increase (2:.25 percent) or decrease 
(2:.25 percent) by ecoregion and statewide for three harvest levels on all forest land. 
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In the medium harvest scenario, the same statewide changes found for the 
base harvest scenario were observed when all forest lands were used. 
However, when only timberlands were used, one additional species (Northern 
Goshawk) was projected to decrease. For those species showing an increase, 
results were the same as found with die base harvest scenario. 

In the high harvest scenario, 11 species (Sharp-shinned Hawk, Cooper's 
Hawk, Northern Goshawk, Red-shouldered Hawk, Broad-winged Hawk, 
Merlin, Barred Owl, Great Gray Owl, Long-eared Owl, Boreal Owl, and 
Northern Saw-whet Owl) were projected to decrease, 3 were projected to 
remain relatively stable, and 2 (Osprey and Bald Eagle) were projected to 
increase, using only timberlands. When all forest lands were considered, 
two species (Cooper's Hawk and Great Gray Owl) no longer showed a 
projected decrease in available habitat. Otherwise, those species projected 
to have relatively stable available habitats or increased available habitats did 
not change from projections based on timberlands. 

A detailed summary of the results for forest raptors can be found in appendix 
5, tables 6a, 6b. 

Ecoregion c#umges. In the timberlands and under all harvest scenarios, the 
projected increases in available habitat for forest raptouare dominated by 
projected increases in osprey and bald eagle in ecoregions 1, 2, 3, 4, and 5. 
The primary exceptions are in ecoregions 7 and 9, where Cooper's Hawk, 
Red-tailed Hawk, and Great-homed Owl are projected to have increased 
available habitat in the base and medium harvest scenarios. 

The species that are projected to have decreased available habitat when 
considering timberlands are dominated by changes in ecoregions 1, 2, 3, and 
4. The Northern Goshawk, Broad-winged Hawk, Merlin, Great-homed Owl, 
Barred Owl, Long-eared Owl, and Boreal Owl all showed projected 
decreases in these ecoregions under the high harvest scenario. In the 
medium harvest scenario, the projected decreases were reduced substantially, 
and even more so in the base harvest scenario. In the base harvest scenario, 
the only species with projected decreases in available habitat for more than 
one ecoregion were for the Red-shouldered Hawk (ecoregions 4, 5, and 6), 
Cooper's Hawk (ecoregions 1 and 4), and Great Gray Owl (ecoregions 3 and 
4). 

When all forest lands were included, all the projected decreases for forest 
raptors under all 3 scenarios in ecoregion 2 were eliminated and reduced in 
ecoregion 1 (e.g., Sharp-shinned Hawk, Merlin, Long-eared Owl, Boreal 
Owl, and Northern Saw-whet Owl). Because many of the hawk and owl 
species are associated with mature forests, the increased availability of 
noncommercial mature forests in ecoregions 1 and 2 are responsible for 
changes in these patterns. 
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In general, the patterns of decreasing and increasing trends in forest raptors 
according to the three harvest scenarios and in consideration of all forest land 
can be summarized as follows: 

1. 	 Increases in the availability of breeding habitat for Osprey and Bald 
Eagle throughout much of the Minnesota range of these species. This is 
related to the increase projected for many of the cavity dependent species 
previously discussed and the riparian species described below. In the 
second model runs, riparian forests were only allowed to be thinned or 
selectively harvested and thus these forests were largely unchanged and 
matured over the SO-year period (see figure 4.47). 

2. 	 Several species also showed projected increases in ecoregions 7 and 9 
under the base and medium harvest scenarios, primarily because of the 
increased availability of mature forests in these regions. 

3. 	 Projected decreases in forest raptors were primarily associated with 
ecoregions 1, 3, and 4, especially in the medium and high harvest 
scenarios. Species showing the projected decreases were largely 
associated with mature forests. 

Forest Interior 
Statewide changes. Under the base harvest scenario, two species (Red
shouldered Hawk and Yellow-throated Vireo) classified as forest interior 
species were projected to decrease, 14 species were projected to remain 
relatively stable, and one species (Northern Waterthrush) was projected to 
increase when only the timberlands (figure 4.41) were included in the 
analysis. When all forest lands (figure 4.42) were included, one additional 
species (Hooded Warbler) was projected to decrease and no projected 
increase was detected for the Northern Waterthrush. 

In the medium harvest scenario, three additional species (Cerulean Warbler, 
Hooded Warbler, and Scarlet Tanager) were projected to have reduced 
available habitat, while the remaining 10 species were projected to remain 
relatively stable. Again the Northern Waterthrush was projected to increase 
using only the timberland data. Using all forest lands, 4 species (Red
shouldered Hawk, Yellow-throated Vireo, Cerulean Warbler, and Hooded 
Warbler) showed a projected decrease in available habitat and, hence, the 
remaining 13 species were projected to remain relatively stable. 
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Figure 4.41. Number of interior forest bird species projected to increase (2:.25 percent) or 
decrease (2:.25 percent) by ecoregion and statewide for three harvest levels on timberland. 
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Figure 4.42. Number of interior forest bird species projected to increase (2:.25 percent) or 
decrease (2:.25 percent) by ecoregionand statewide for three harvestlevels on all forest lands. 
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In the high harvest scenario, 12 species (Red-shouldered Hawk, Barred Owl, 
Pileated Woodpecker, Acadian Flycatcher, Yellow-throated Warbler, Red
eyed Vireo, Northern Parula, Black-throated Blue Warbler, Cerulean 
Warbler, Ovenbird, Hooded Warbler, and Scarlet Tanager) were projected 
to decrease, while four species were projected to remain relatively stable 
using the timberlands. Again, the Northern Waterthmsh was projected to 
increase. When all forest lands were considered, all 12 species were still 
projected to have a decrease in available habitat, while the projected increase 
for the Northern Waterthmsh was no longer present. 

A detailed summary of the results for forest interior species can be found in 
appendix S, tables 6a and 6b. 

Ecorrglon clumga. On timberlands under the base harvest scenario, most 
ecoregion effects were associated with ecoregion 6 (ten species-Red
shouldered Hawk, Barred Owl, Pileated Woodpecker, Acadian Flycatcher, 
Yellow-throated Vireo, Red-eyed Vireo, Cerulean Warbler, Ovenbird, 
Hooded Warbler, and Scarlet Tanager) for species showing projected 
decreases, while projected increases primarily were found in ecoregion 9 (six 
species-Pileated Woodpecker, Yellow-throated Vireo, Red-eyed Vireo, 
American Redstart, Ovenbird, and Scarlet Tanager). As with other forest 
groups, this group tended to have species with both increasing and decreasing 
projections of available habitat within different ecoregions. The results using 
all forest lands showed that there were less ecoregions with species projected 
to decrease and more projected increases (e.g., Barred Owl, Red-eyed Vireo, 
and American Redstart in ecoregion 2). 

In the medium harvest scenario, species projected to decrease in ecoregions 
were scattered among many ecoregions, but again were most pronounced in 
ecoregion 6. Those species projected to increase were primarily found in 
ecoregion 9. When all forest lands were considered, the projected increases 
for species were similar to those described under the base harvest scenario. 
When only timberlands were considered, the differences were primarily the 
projected increases in.ecoregion 2, as shown above. 

When considering timberlands under the high harvest scenario, many of the 
species already described under statewide changes showed many ecoregions 
where projections indicate a decrease in available habitat. Species such as 
the Barred Owl, Pileated Woodpecker, Red-eyed Vireo, Ovenbird, and 
Scarlet Tanager were projected to decrease in six ecoregions (I, 2, 3, 4, S, 
and 6). When all forest lands were considered, the decreases were projected 
to be less than the 2S percent significant level for ecoregion 2. Using 
timberlands, four species showed a projected increase in available habitat 
with the high harvest scenario. 
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In summary, most of the species classified as forest interior species showed 
decreasing trends under the medium and high harvest scenarios, but trends 
were most pronounced in the high scenario. The projected decreases in the 
high harvest scenario were most evident in ecoregion 1, 3, 4, 5, and 6 
(figure 4.42). Projected increases were most pronounced in ecoregions 2 and 
9. 

Mature FOI."fSt Species 
Statewide clumges. Under the base harvest scenario, two species (Red
shouldered Hawk and Yellow-throated Vireo) classified as associated with 
mature forests were projected to decrease, 56 species were projected to 
remain relatively stable, and 7 (Common Goldeneye, Bufflehead, Hooded 
Merganser, Common Merganser, Bald Eagle, Chimney Swift, and Yellow
bellied Flycatcher) were projected to increase when only timberlands (figure 
4.43) were included. When all forest lands (figure 4.44) were included, one 
additional species (Hooded Warbler) was projected to decrease, but the 
Hooded Merganser no longer showed an increase. Hence, five species were 
projected to increase when all forest lands were included. This is primarily 
due to the increase in available habitat whereby the population of the species 
may not increase enough in proportion to this increase in available habitat. 

In the medium harvest scenario, 9 species (the 2 named above plus Northern 
Goshawk, Brown Creeper, Wood Thrush, Black-throated Green Warbler, 
Cerulean Warbler, Hooded Warbler, and Scarlet Tanager) were projected to 
decrease using all timberlands. A total of 50 species were projected to 
remain relatively stable and 6 species (those named above minus the Yellow
bellied Flycatcher) were projected to increase. When all forest lands were 
included, only 5 species were projected to decrease. They consisted of the 
same 2 species named above for the base harvest scenario plus the Wood 
Thrush, Cerulean Warbler, and Hooded Warbler. One species, Hooded 
Merganser, also no longer showed an increasing trend when all forest lands 
were included. Hence, 56 species were projected to remain relatively stable, 
while 5 were projected to increase when all forest data were included. 

In the high harvest scenario, the same 6 species identified in the base and 
medium harvest scenarios were projected to increase, while 12 species were 
projected to remain relatively stable with all timberland data. A total of 47 
species was projected to decrease under the high harvest scenario (see 
appendix 5, tables 6a and 6b for complete list). When all forest lands were 
included, five species were projected to increase and 23 were projected to 
remain relatively stable. However, 32 species (15 less than with only 
timberlands) were projected to decrease. These species consisted of (in 
addition to the 5 previously mentioned under the base and medium harvest 
scenarios): Sharp-shinned Hawk, Northern Goshawk, Broad-winged Hawk, 
Barred Owl, Long-eared Owl, Boreal Owl, Northern Saw-whet Owl, Pileated 
Woodpecker, Yellow-bellied Sapsucker, Eastern Wood Pewee, Acadian 
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Figure 4.43. Number of mature forest bUd species projected to incJ:eue (2:,25 pen:eat) or 
decrease (2:,25 percent) by ecoregion UId statewide for three iwvCllt levels on timberland. 
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Flycatcher, Least Flycatcher, Great Crested Flycatcher, Common Raven, 
Black-capped Chickadee, White-breasted Nuthatch, Brown Creeper, Golden
crowned Kinglet, Hermit Thrush, Wood Thrush, Blue-gray Gnatcatcher, 
Solitary Vireo, Northern Parula, Black-throated Blue Warbler, Black-throated 
Green Warbler, Cerulean Warbler, Blackbumian Warbler, Pine Warbler, and 
Scarlet Tanager. 

A detailed summary of the results for forest interior species can be found in 
appendix 5, tables 6a and 6b. 

Ecoregion c1umges. Base harvest scenario. A wide variety of both 
increases and decreases for species were projected to occur for birds 
associated with mature forests. Many species showed increases in one 
ecoregion and decreases in others. In the base harvest scenario, 45 of the 65 
species classified in this group were projected to increase in at least one 
ecoregion using timberland, while 46 species were projected to increase in 
at least one ecoregion when all forest lands were used. In contrast, 17 of the 
65 species classified in this group were projected to decrease in at least one 
ecoregion under the base harvest scenario when timberlands were considered. 
When all forest lands were included, 18 species were projected to decrease 
in at least one ecoregion. If all forest lands are considered under the base 
harvest scenario (figure 4.41), most of the projected increases for species 
were observed in ecoregions 1, 5, 7, and 9, while most of the projected 
decreases were in ecoregions 3, 4, and 6. 

Mediwn harvtst scenario. More species (44 species) were projected to 
decrease within ecoregions under the medium than under the base harvest 
scenario, while the number of species with projected increases by ecoregion 
decreased to 32 species using timberlands. With all forest lands considered, 
the number of species projected to decrease in at least one ecoregion was 
slightly less at 42 species, while 33 species were still projected to increase. 
Using all forest lands, the patterns by ecoregion indicated that the number of 
species increasing was greatest in ecoregions 2, 5, 7, and 9, but relatively the 
same in ecoregion 1. In particular, the number of species projected to 
increase were dominated by the increases in ecoregions 7 and 9. The 
number of species projected to decrease primarily occurred in ecoregions 3, 
4, and 6. 

High harvtst scenario. The dominant pattern in the trends from the base and 
medium harvest scenarios indicated that more species in more ecoregions 
were projected to decrease, while about the same number of species were 
projected to increase as observed in the medium harvest scenario. A total of 
53 species were projected to decrease in at least one ecoregion when 
timberland or all forest lands were included. In contrast, 26 species were 
projected to increase in at least one ecoregion when timberlands were 
included and 30 species were projected to increase in at least one ecoregion 
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when all forest lands were considered. Considering all forest lands, the same 
patterns observed from the base to medium harvest scenarios were observed 
from the medium to high harvest scenarios. The number of species showing 
a projected decrease in available habitat primarily increased in ecoregions 1, 
3, and 4. The patterns for species that showed a projected increase were 
very similar with those already shown for the medium harvest scenario. 
Increases were primarily noted in ecoregions 7 and 9. As with many of the 
other groups, when only timberlands were included in the analysis some 
species showed projected decreases in ecoregion 2, but when all forest lands 
were included most of these decreases were eliminated because of the 
inclusion of the BWCA W forest area. The primary reason for an overall 
statewide decrease in birds classified into mature forests relative to those 
showing an increase on an ecoregion basis is because of the large forest areas 
in ecoregions 1 and 4 relative to ecoregions 7 and 9, where many of the 
increases were noted. 

Riparian Species 
StIItewide clumges. Nine of 20 riparian bird species were projected to 
increase under the base harvest scenario on timberland (figure 4.45). Eleven 
species were projected to remain stable and no species were projected to 
decrease (appendix 5, table 6b). Species likely to increase included 
American Black Duck, Common Goldeneye, Bufflehead, Hooded Merganser, 
Common Merganser, Bald Eagle, Osprey, Northern Waterthrush, and Rusty 
Blackbird. Fewer species (6 of 20) were projected to increase when all 
forest land was considered (figure 4.46) and the remaining 14 will likely 
remain stable (appendix 5, table 6a). Species projected to increase on 
timberland (above) but not on all forest land were the Hooded Merganser, 
Northern Waterthrush, and Rusty Blackbird. 

Statewide impacts for the medium and high cutting scenarios for both 
timberland and all forest land were identical to those projected for the base 
harvest scenario (above). No decreases were projected for any species under 
either harvesting scenario or with timberland or all forest lands (figures 4.45 
and 4.46; appendix 5, table 6a, 6b). 

Ecoregion clumges. With the harvest levels examined in this analysis, the 
mitigations included constraining harvesting practices within 100 feet of 
water. In these areas, stands were only thinned, rotation ages were 
extended, or uneven-aged management was practiced in ecoregions 1, 2 and 
3. Moreover, clearcutting was not allowed to occur within 200 feet of lakes 
or streams in ecoregions 4,5,6, and 7. With this mitigation, essentially all 
riparian species will either increase or remain relatively stable under all three 
harvest scenarios and in all ecoregions (figures 4.45 and 4.46). 
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The increase in riparian forests are primarily due to the growing of seedling
sapling aged trees at year 0 to saw size trees at year SO (figure 4.47). For 
example, in the forest model, all riparian stands are grown over a SO-year 
period which results in a large increase in the proportion of riparian forests 
with saw-sized trees. Even though stands were thinned or portions outside 
of the 200-foot buffer are harvested, the stand remains in the same category. 
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Figure 4.47. Projected proportion of riparian habitat by habitat groups (decid .. upland 
deciduous; low decid = 10wlmd deciduous; low conif - lowland conifer) at year 0 (base 
year) and at year SO. Values preseated for three size cIaasea (eeecfling/sapling, poletimber, 
sawtimber) are means from all harvest levels and from timberland and all forest lands. 

Some species in this category were projected to decrease on an ecoregion 
level, but all also increased in another ecoregion. One species, the Eastern 
Phoebe, was projected to decline in ecoregion 2 under all three harvest levels 
and on both timberland and all forest land (appendix S, table 6a, 6b). The 
Louisiana Waterth:rush was projected to decrease in ecoregion 7 under all 
three harvesting scenarios using either timberland or all forest lands 
(appendix S, table 6a, 6b). Other species projected to decrease when all 
forest land was included were the Green-backed Heron in ecoregion 3 and 
6 under the base scenario, but a decline was only projected in ecoregion 6 
in the medium and high harvesting scenarios (appendix A, table 6a). 
Additionally, the Wood Duck and Common Goldeneye were projected to 
decrease in ecoregiop. 3 under the medium and high harvest scenarios. 
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Forest Grouse 

Overall, fewer species showed ecoregional declines when timberlands were 
considered (appendix 5, table 6a, 6b). 

RufI'ed Grouse 
The basis for evaluating timber harvest impacts on habitat for Ruffed Grouse 
was to analyze for changes in total acreage of the aspen covertype combined 
with the composition within those forests among the three size classes. The 
formula for determining adjusted acres of aspen is detailed in 3.3.4. 
Adjusted acres refers to a formulation wherein the actual acres number is 
adjusted by a weighting that decreases with degree of departure from an even 
distribution among size classes; only when the ratio of 
sapling:pole:sawtimber is 1: 1: 1 are adjusted acres equal to actual acres of 
aspen. 

Table 4.18 shows, for all forest land, that the increased harvest is not 
projected to raise overall ruffed grouse habitat around the state by a very 
large magnitude. In fact, within ecoregion 4, where the preponderance of 
aspen and hence presumed Ruffed Grouse habitat lies, there are actually 
small declines projected for all harvest scenarios. The notion that grouse 
should increase with increased cutting is best examined through the same 
analysis applied to timberland only (table 4.19). Here, even though six of 
eight ecoregions consistently show gains in adjusted acreage of grouse habitat 
under all scenarios, the statewide values do not show this trend because of 
the major influence of ecoregion 4; that ecoregion, containing more than half 
the state's potential good grouse range, remains nearly unchanged or slighdy 
declining under the high scenario. 

The very large percent gains shown for the farmland ecoregions of 6 to 8 are 
of little relevance, since aspen acreage in that sector is negligible. Major 
increases in the northern ecoregions, 1 to 4 and 9, while impacting only half 
as much acreage as in ecoregion 4, do indicate that conditions for grouse are 
projected to improve in that sector of the state-probably due to widespread 
conversion of conifers to aspen. Interestingly, the increase in grouse quality 
is greater for the north, as it also is for the whole state, under the medium 
rather than under the high scenario. 

Lack of change in ecoregion 4, where there is already a large component of 
aspen in the forests, appears to result from a balancing between favorable 
increases in aspen acreage and unfavorable shifting from a relatively even 
distribution among size classes to an over-representation of young stands. 
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Table 4.18. Adjusted acres (I,OOOs) of aspen for 1992, based on requirements of Ruffed 
Grouse, and percent change (+1-) from 1990 to 2040 for each harvest scenario for all forest 
Jands. 

Table 4.19. Adjusted acres (1,000s) of aspen for 1992, based on requirements of Ruffed 
Grouse, and percentchaage (+1-) from 1990 to 2040 for each harvest scenario for timberland 
only. 

Finally, a comparison between the amount of aspen and the quality of 
grouse-habitat (table 4.20) suggests that, if the habitat modeling here is at all 
realistic, increasing aspen alone does not guarantee a corresponding increase 
in habitat for Ruffed Grouse, at least over the first five decades. Note that 
the ratio of adjusted acres to actual acres of aspen drops from 0.92 in 1990 
to 0.74 by 2040 under the high harvest. The discrepancy is clearly a 
function of the sharp imbalance among the size classes under accelerated 
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harvesting, The decline from 0,92 to 0.84 in 50 years under the low harvest 
probably reflects that, even today, mature aspen is being removed more 
rapidly than stands are maturing. 

Table 4.20. Comparison between statewide totals of aspen acreage (1,000&), "ASP," and 
grouse-adjusted acres, "ADJ," 08 timberland "Timb" a10ae and 08 all forest land, "All," for 
the three projected scenarios over SO years. Also shown is the ratio 08 timberlands of 
adjusted acres to acCual acres for each scenario. 

As suggested for ecoregion 4, the imbalance projected over the next 50 years 
presumably would adjust itself later on with a more equitable distribution 
among size classes, assuming that harvest rates will be adjusted so as to 
come into equilibrium with forest growth, i.e., management on a 
sustained-yield basis. Theoretically, at that stage, grouse habitat should be 
increased over the present to the same degree that aspen acreage will have 
increased. All of this also assumes that the size of aspen clearcuts will 
remain similar to today·s. If cuts become much larger, then habitat quality 
for Ruffed Grouse would not increase to the degree that aspen-acreage 
increase might predict. 

Spmce Grouse 
The basis for evaluating impacts on habitat for Spruce Grouse from three 
levels of timber harvest over 50 years was to examine for changes in total 
acreage of lowland conifer and jack pine in the current range reported for 
this species in Minnesota. 

For all forest land (table 4.21), as well as for timberland only (table 4.22), 
under the high scenario for 2040, significant declines in Spruce Grouse 
habitat are projected for ecoregions 1 and 2 plus the small part of ecoregion 
4, Beltrami County. that also includes Spruce Grouse range. Under the 
medium scenario, declines are projected for each ecoregion, but only that in 
the Beltrami comer of ecoregion 4 is projected to exceed 25 percent. In 
sharp contrast to the declines under medium and high harvest, under the low 
scenario, substantial gains are projected for ecoregions 1 and 2. 
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Table 4.21. Spnace Grouse habitat, 1990 acreage (1.000s) and peroent cbange in acreage 
from 1990 to 2040 by ecoregi.on an forest land. 

Table 4.ll. Spnace Grouse habitat, 1990 acreage (1.000s) and peroent cbange in acreage 
from 1990 to 2040 by ecoregion for timberland only. 

The fate of Spruce Grouse in Minnesota lies with the maintenance of 
extensive lowland conifer. The modeled scenario of heavy harvesting may 
be simulating the type of conifer removal that occurred 80 to 120 years ago 
when Spruce Grouse underwent a drastic decline in numbers and distribution 
within Minnesota. 

4.3.2 
Species of Special Concern, TbreateDed or Endangered 

Osprey (PondUm IuJliaetus) 
Based on the results of the model runs used here, it was projected that 
suitable Osprey habitat will increase statewide and in every ecoregion where 
the species occurs. Increases were projected under all three harvest scenarios 
and when both all forest and timberlands were included (appendix S, table 
6a, 6b). If BMPs are adhered to and suitable nest trees such as large pine 
trees are retained in riparian habitats, the declines projected for this species 
in the initial harvest runs may be mitigated. In addition, active management 
for this species through placement of nest platforms and protection of nest 
sites during the nesting period will be beneficial. 

Bald Eagle (Haliaeetus leucocepJuilus) 
Projections indicate that suitable habitat for Bald Eagles will increase 
statewide under all three harvest levels in both commercial and all forest land 
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(appendix 5, table 6a, 6b). If existing nest sites are protected and best 

management practices in riparian areas are adhered to, declines projected in 

the previous model runs may by mitigated (see Osprey above). However, 

in addition to available habitat a variety of additional factors need to be 

considered for this species. These factors include protection of nest sites 

with appropriate buffer zones and maintenance of suitable foraging areas. 


Peregrine Falcon (Falco perepus) 

Due to the difficulty in assigning forest types of relevance to this species, no 

projections of impacts of timber harvesting for this species were completed. 

However, in places where this species is being reintroduced, appropriate 

buffer zones will need to be maintained and other factors associated with the 

success of these introductions will need to be considered. 


Red-sbouldered Hawk (Buteo lineotus) 

The Red-shouldered Hawk was projected to decrease statewide under all 

three harvest scenarios using both timberlands and all forest lands in the 

analysis. Declines are likely to occur in ecoregions 4, 5, and 6 under all 

harvest .scenarios and when both timberlands and all forest land are 

considered. Impacts for both timberlands and all forest lands for this species 

probably reflect the low proportion of forest lands not in commercial 

production within this species range (appendix 5, table 6a, 6b). Potential 

impacts may be mitigated by preserving or managing for large contiguous 

deciduous forest tracts in the southern portion of the state, especially in the 

range where the species now occurs. Unfortunately, the FIA data base is 

inadequate for addressing larger scale issues such as the potential landscape 

needed by this species. For instance, it is unclear how much selective 

cutting can be tolerated by the species. 


Loggerhead Shrike (Umius ludovicionus) 

The results suggested that suitable habitat for this species will likely increase 

statewide under all three harvest scenarios using either timberland or all 

forest land (appendix 5, table 6a, 6b). The projected increases are primarily 

due to the increase in recently cut areas. However, the overall dependence 

of this species on recently cut areas is likely to be minimal in Minnesota. 

The species is highly associated with prairie and agricultural landscapes, 

rather than forested areas. Timber harvesting will likely have little relevance 

to this species in Minnesota, until factors limiting its current distribution and 

abundance are better understood. 


Louisiana Waterthnlsh (Sei""" 1IUJItIcm.) 
Suitable habitat for this species was projected to decline in ecoregion 7 under 
all three harvest scenarios and for both timberland and all forest land. In 
contrast, increases were projected for ecoregion 5 for all three harvest levels 
and on both timberland and all forest lands (appendix 5, table 6a, 6b). 
Because increases were projected in ecoregion 5 and decreases in ecoregion 
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Other Birds 

7, no statewide decreases or increases were projected. In addition, the bulk 
of the species population in Minnesota is in ecoregion 6 where no projected 
change was predicted. 

Several species of forest birds were not classified into any of the groupings 
described above and, hence, have not been considered thus far. A summary 
of the results for each of these species was included under the description for 
each species in the appendix. Two species, however, that have some 
relevance to the issue of forest songbirds are the American Crow and Brown
headed Cowbird. The American Crow is a known predator of eggs and 
young of a variety of songbirds. The species has been implicated as a 
contributor to increased predation of many bird species in fragmented 
landscapes. In addition, the Brown-headed Cowbird is a nest parasite and it 
uses a variety of forest songbirds as hosts. Changes in populations in either 
of these species could have additional effects on several forest bird species. 

American Crow 
Under the base and medium harvest scenario, the American Crow was 
projected to increase in ecoregions 5, 7, and 9 using both timberland and in 
ecoregions 7 and 9 on all forest lands (appendix 5, table 7a, 7b). Under the 
high harvest, the species was still projected to increase in ecoregion 7 on 
timberlands and all forest lands. However, a statewide decrease was also 
projected under the high harvest scenario, where decreases were projected 
in ecoregions 1, 2, 3, and 4 on all timberlands and in ecoregions 1, 3, and 
4 in all forest lands. The decrease under the high harvest scenario is largely 
due to the reduction in pole- and saw-sized trees in forests which the species 
uses for nesting. However, because of the high adaptability of this species 
in a variety of forest and agricultural settings, projections based solely on 
habitat requirements for this species may be questionable. 

BroWll"'beaded Cowbird 
The Brown-headed Cowbird was projected to increase in ecoregions 6 and 
7 under the base harvest scenario using both timberlands and all forest lands. 
Under the medium harvest scenario, the species was projected to increase in 
ecoregions 5, 6, and 7 using timberlands, and in ecoregions 4, 5, 6, and 7 
using all forest lands. In the high harvest scenario, the species was projected 
to have a significant statewide increase and specifically in ecoregions 4, 5, 
6, and 7 using timberlands and all forest lands. No decreasing trends in 
Brown-headed Cowbirds were observed in any ecoregion under any of the 
three harvest scenarios (appendix 5, table 7a, 7b). The projected increases 
in this species can considerably confound projections ofpositive and negative 
trends for many species that serve as hosts to this species. 
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Vulnerability of Bird Spedes 

Many changes in aVailability of suitable habitat on a species specific basis 
were projected for birds under three different harvest scenarios. Because of 
the relatively large number of projected changes, some perspective on 
relative vulnerability of species in light of projected changes is necessary. 
The analysis presented. here is intended as a general guide to identify species 
most at risk. if timber harvesting within the state increases. Actual 
identification of species most at risk and discussion on pros and cons of 
increased timber harvesting, however, requires a much broader analysis of 
species vulnerability and dialogue among interested parties. 

Vulnerability is considered to incorporate the idea of how susceptible a 
species is to extinction. Several concepts have been developed to assess 
susceptibility, and many have been used to identify priorities in conservation 
strategies (e.g., Sparrowe and Wight 1975). One of the most elaborate was 
developed for Florida (Milsap et al, 1990). Time and resources did not 
allow this level of analysis for the GElS process. Hence, data derived from 
the analysis itself was used as measures of vulnerability. For instance, 
Niemi (1982) and Reed (1992) used the criteria developed by Rabinowitz 
(1981) to define those attributes of species that contributed to their rarity. 
Rarity, in tum, can aid in defining how susceptible a species is to extinction 
or, in other words, how vulnerable it is. 

Rabinowitz (1981) defined three criteria that were important considerations 
in defining species rarity; each is related with survival of the species. They 
are: (1) habitat specificity, (2) geographic distribution, and (3) local 
population size. Each of these categories can be defined in various ways 
(e.g. see Niemi 1982, Milsap et al. 1990, Reed 1992). Because of the 
restricted time frame and resources, the analysis was limited only to 
Minnesota. Categories were defined as follows for all bird species included 
in this report, except Forest Grouse. The bird subgroup did not analyze this 
group. Habitat spedfidty was defined as the proportion offorest cover types 
and age classes in which the species occupied in appendix 5, table 5. Hence, 
a species with a relatively narrow habitat range would occur in a low 
proportion of habitat and age classes. Geographic distribution was defined 
as number of ecoregions the species was found in Minnesota. Because of the 
large size of ecoregion 4, species that occurred throughout the ecoregion 
were assigned 2 ecoregions. Hence, geographic distribution values ranged 
from 1 to 9 (ecoregions I, 2, 3, 4 (counts as 2), 5, 6, 7, and 9). Local 
population size was defined as the logarithm of relative abundance of the 
species in the state. This value was based on relative populations of the 
species in various habitat type and age classes multiplied by amount of 
available habitat in all forest lands in Minnesota. All forest lands were 
defined from the base runs (time 0) from the PIA data base. Note these 
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values were only used to derive a relative ranking of vulnerability with 
respect to the three harvest scenarios. 

In a general sense, according to Rabinowitz (1981) and Reed (1992), species 
that have a relatively narrow range of habitat types used, small geographic 
distribution, and relatively small populations are most at risk to extinction. 
Both authors additionally emphasize that various combinations of these 
factors, in addition to others, may contribute to threats on species survival. 
In order to further simplify the relationship between results of changes 
projected for three harvest scenarios, the three criteria defined above were 
combined into one axis defined as relative vulnerability. One way to do this 
is to simply sum all three categories together into one value. However, if 
the three variables are highly correlated, then a more elegant and appropriate 
mathematical means to do this is to take weighted combinations of the three 
variables that account for their degree of covariation or correlation. The 
classic statistical means by which this is done is to calculate the principal 
components of the three variables and define one new axis which is a linear 
combination of the three original variables. 

Since correlations between these three variables were relatively high (r> 0.30 
for all combinations of three variables), a principal components analysis of 
the matrix of 136 bird species and the three criteria defined above was 
calculated. Although correlations between geographic distribution and habitat 
specificity was the lowest (r=0.31), all three were highly and positively 
correlated with the first principal component (r> +0.72). In addition, the 
first principal component explained about 62 percent of the variation in these 
data. The first principal component was the easiest variable to interpret also. 

In a general sense, one new axis (the first principal component) could be 
considered as an axis of vulnerability. Vulnerability is interpreted here as 
follows: as the value of principal component 1 increases, the number of 
ecoregions in which species occur, number of habitat types and age classes 
in which species occur, and relative abundance of species also increases. 
Hence, according to the criteria, species with relatively low values of 
principal component 1 are those that occur in few ecoregions, occur in few 
habitat types and age classes (possibly habitat specialists), and have low 
relative abundance in state forests. Principal component 1 hereafter refers 
to a species vulnerability index~ 

The use of the vulnerability index was coupled with results of the three 
timber harvest scenarios. For instance, by plotting results of projected 
significant (+ or -25 percent) changes with the vulnerability index, four 
general cells can be defined (figure 4.48). One cell (cell 2) in the upper 
right defines species projected to increase under the respective harvest 
scenario, but these species do not appear to have biological attributes that are 
currently vulnerable to their continued survival. However, species classified 
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into this cell may have subsequent effects on other. more vulnerable species. 
An example of this would include the Brown-headed Cowbird. An increase 
in Brown-headed Cowbirds (a nest parasite) may additionally affect potential 
hosts of this species. Similarly, an increase in certain predators may have 
secondary affects on more vulnerable species, 

Cell 1 

Negative effect of increased forest 
harvesting on species, but species 
aweer less vulnerable 

- projected decreases 

Cell 3 

NegatiVe effect of increased forest 
harvesting on species that are 
possbly vulnerable 

ow 
Vulnerability 

Cell 2 

Species with little concern, except 
for those with subsequent ~cts 
on other more vulnerable species 
(e.g., brown-headed cowbird) 

projeCted Increases ... 

Cell 4 

PositIVe effect of Increased forest 
harvesting on species that are 
possb, vulnenlble 

High 
Vulnerability 

F'lIure 4M. Cells defiDed by specieI wm..biIity iadex...projecfed cIwI&e projecmd by 
tine timber buY_ aceaarioI in Mffuwog, Tbia fipre eo.mI8pOIlda to fipre 4.49 
iIhuIc:nd:iDi apecieI reJltjonahips for the bale level. Speciee poIIitioD within cells for the 
medium ...hip buY_ aceaarioI U'O in tppeadix 5, table 9. 

Species classified intQ the lower right cell (cell 4) have biological attributes 
suggesting that they are vulnerable. but harvesting scenario outputs suggest 
that there is an increase in available habitat for this species. This should 
result in a positive effect on a species that is currently vulnerable. 

Species classified into the upper left cell (cellI) have been projected to have 
a decrease in habitat available, but their vulnerability is relatively low 
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because they occur in many ecoregions, are habitat generalists, and have high 
relative abundance based on available habitat in the state. 

Finally, species classified into the lower left cell (cell 3) are species that will 
be of most concern with respect to timber harvesting and future viability of 
their populations in the state. They are species that tend to have low relative 
abundance, possibly due to limitations in available habitat. They also have 
restricted state distributions and tend to occur in more specific habitat type 
and age classes within state forests. 

For each of the three harvest scenarios, species vulnerability index and 
projected increases and decreases at time 45 years postharvest were plotted 
for those species with significant changes (+ or -25 percent). Because of the 
wide range of percent change values, these values were plotted in a 
logarithmic (natural) scale. The point of significant vulnerability on the 
vulnerability scale is highly arbitrary and was not defined here. A general 
discussion of the species in the lower portion of each of the plots for the 
three harvest scenarios is presented. 

In general, results of the vulnerability analysis indicated that species with 
highly restricted breeding distributions within the state were grouped as most 
vulnerable. These species also had relatively few habitats where they are 
found and relative abunda.pce was low. They included Bell's Vireo, Yellow
breasted Chat, Wilson's Warbler, Black-billed Magpie, Hooded Warbler, and 
Bufflehead. The relationship and importance of timber harvesting with 
respect to each of these species is species-specific. Some of the species 
populations may have little relevance with respect to timber harvesting, while 
others may have direct relevance and for others the relevance is unknown. 
In the summary for each species (appendix 4), many of these issues are 
discussed in more detail and simply summarized below. 

Base barvest sceuario. Five species were projected to decrease statewide 
under this scenario. Four of these species were clustered into the vulnerable 
portion of figure 4.49 and appendix 5, table 9. Both the Wilson's Warbler 
and Hooded Warbler are rare species in the state. For rare species with low 
relative abundance, small changes in available habitat can quickly result in 
"significant" changes as defined at the 25 percent level. Although the 
Wilson's Warbler is rare, its dependence on forested habitats is questionable. 
In Canada, the species is found in a variety of forested wetland habitats, but 
it probably reaches its highest abundance in shrubby wetlands. This habitat 
type was not considered in this analysis. The Hooded Warbler is a species 
of concern in the eastern deciduous forests because of its potential 
susceptibility to habitat fragmentation. However, the species is quite rare in 
Minnesota and it may always have been relatively rare. Because of its rarity 
in Minnesota, it will be a very difficult species to study and, hence, develop 
more specific management guidelines. 
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Two other species in this category, Lincoln's Sparrow and Red-shouldered 
Hawk represent two very different issues. The Lincoln's Sparrow occurs in 
very specific habitats in northern Minnesota, semi-open muskeg and some 
shrubby wetlands. This habitat type is generally classified as seedling/sapling 
because the trees are quite short, although the stand may be >50 years of 
age. However, an examination of forest projections, indicated that this 
habitat was regenerated to pole and saw size relatively quickly. Because 
some black spruce lowlands are very slow growing, it is possible that these 
habitat types would not be regenerated within decades. If so, more habitat 
would be available for Lincoln's Sparrow in the northern ecoregions. As 
discussed both in the forest raptor section and under the species description, 
there are a variety of concerns on the potential effects of timber harvesting 
on the Red-shouldered Hawk. The species has been described as area 
sensitive and requires mature forest for some aspects of its life history. 
However, ability of the species to use selectively cut or clearcut areas within 
its range and persist within these regions is unclear. 
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rllure 4.49. Position of bird species withiD cells defined by vu1nenbility and projected 
change for the base harvest scenario. See figure 4.48 for interpretation of axes and cells. 
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A variety of species were projected to increase under the base harvest 
scenario that were also defined as potentially vulnerable. As with those 
species projected to decrease, it is uncertain whether more available habitat 
for these species would result in an increase in abundance if more habitat was 
available. Many of these species may have a variety of other factors limiting 
their distribution and abundance which has little to do with Minnesota. 
Species such as the Bell's Vireo, Yellow-breasted Chat, Loggerhead Shrike, 
American Black Duck, Chimney Swift, and Black-billed Magpie were 
projected to increase with the base harvest scenario. Like the Hooded 
Warbler, the breeding status of the Bell's Vireo and Yellow-breasted Chat 
are highly uncertain in Minnesota. These species may have always been 
relatively marginal breeding species with their ranges expanding and 
contracting in Minnesota, depending on a variety of conditions. 

Several species that were classified within cell 4 (appendix 5, table 9) were 
projected to increase because of the increase in younger-aged forests in the 
seedling/sapling size class. These species include the American Kestrel, 
Yellow-billed Cuckoo, Blue-winged Warbler, Golden-winger Warbler, and 
Rufus-sided Towhee. Of these species, the Yellow-billed Cuckoo is of some 
concern. Fox example, this species has been declining for unknown reasons 
in its continental range, but no trend has been detected in Minnesota. The 
species primarily is found nesting and feeding in sapling size forests, along 
edges, and in thick shrubbery. If available habitat is a limitation for this 
species, then projected increases in this habitat type in southern portions of 
ecoregion 4 and in ecoregions 5 and 7 may be beneficial to this species. 

The status of the Loggerhead Shrike and importance of forests to this species 
are questionable. Moreover, the projected increase in the American Black 
Duck (as well as Osprey and Bald Eagle) in northern ecoregions are due to 
its classification as a riparian species and subsequent restrictions in logging 
applied to riparian habitats in those ecoregions. It is likely that the greatest 
factor in viability of the American Black Duck is the status of the Mallard in 
northern forest regions and the ability of the Black Duck to maintain its 
genetic identity following extensive hybridization with the Mallard. The 
Black-billed Magpie was projected to have increased available habitat (recent 
cut areas - sapling age classes) in the northwestern and north central regions. 
The potential for the species' population to expand in this region is also 
questionable. If it does, however, the predatory nature of this species may 
have additionally negative effects on a variety of other bird species which it 
preys upon. 

Hence, for most of the species identified as highly vulnerable and projected 
to decrease or increase under the base harvest scenario, the importance of 
habitat changes due to timber harvest activities are unclear. Some effects 
mayor may not occur depending on a variety of other factors; many of these 
have little to do with the distribution of these species in the forests of 

157 



JaaJrko POyry Consu1tiDg. Inc.. MiDneaota GBIS. Forest W'ddlife Teelmical Paper 

Minnesota. Of those species projected to increase, those that may be 
vulnerable are riparian associated species (e.g., American Black Duck, 
Bufflehead, Common Merganser, Osprey, Bald Eagle, and Common 
Goldeneye). Their ability to potentially increase with an increase in 
availability of mature riparian forests, is dependent on their tolerance to 
selective cutting in these areas. 

Medium harvest scenario. Under this scenario, 7 species were classified 
into cell 3-species that are most vulnerable and projected to have statewide 
decreases (appendix 5, table 9). Several species were already discussed in 
the base harvest scenario (R.ed-shouldered Hawk, Yellow-throated Vireo, 
Hooded Warbler, Wilson's Warbler, and Lincoln's Sparrow). Species not 
previously discussed were the Wood Thrush and Cerulean Warbler. Ofthese 
species, the Cerulean Warbler is of greatest concern because it has a 
relatively small population in Minnesota and relatively specific habitat needs 
(mature hardwood forests). In addition, as discussed in the species 
description (appendix 4), it has been declining throughout much of its range. 
The species appears to be sensitive to size of forest area and, hence, 
susceptible to habitat fragmentation within its breeding range. In addition, 
reductions in mature hardwood forests, especially floodplain, bottomland 
hardwoods, will likely have direct effects on the availability of suitable 
breeding habitats. 

Projected decreases in available habitat for the Wood Thrush coincide with 
the Cerulean Warbler since they co-occur in the same habitats. Moreover, 
as with the Cerulean Warbler, the Wood Thrush has also been on the decline 
throughout its range in eastern North America (Sauer and Droege 1992), 
although no trend has been noted in Minnesota (Janssen 1990). 

Ofthe 16 species classified into cell 4, most were previously discussed under 
the base harvest scenario. 

High harvest scenario. Seventeen species were classified into cell 4 under 
this scenario, indicating species that were defined as relatively vulnerable but 
with projected increases in available habitat (appendix 5, table 9). All but 
one, Wilson's Warbler, was previously discussed. However, this species was 
projected to decline in the base and medium scenarios. The relatively low 
population of this species in the state is largely responsible for its relatively 
rapid change for decreases and increases in available habitat. 

A total of 18 species were classified into cell 3 indicating that they had 
relatively high vulnerability and projected decreases under the high harvest 
scenario. Six of these species were previously discussed under the base and 
medium harvest scenarios. The fifteen which have not been considered 
included: Northern Goshawk, Merlin, Boreal Owl, Northern Saw-whet Owl, 
Acadian Flycatcher, Golden-crowned Kinglet, Blue-gray Gnatcatcher, 
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Solitary Vireo, Black-throated Blue Warbler, Pine Warbler, Pine Siskin and 
Evening Grosbeak. For these species, issues regarding timber harvesting can 
be divided into three general categories based on their habitat needs. The 
largest group contain species that partially or exclusively require mature 
coniferous forest habitats. Species included in this group were the Northern 
Goshawk, Merlin, Boreal Owl, Northern Saw-whet Owl, Golden-crowned 
Kinglet, Solitary Vireo, Pine Warbler, Pine Siskin and Grosbeak. The 
second group includes species that, like the Red-shouldered Hawk, Cerulean 
Warbler, Hooded Warbler, and Wood Thrush, require mature hardwood 
forests, primarily in southeastern Minnesota. These species include the 
Acadian Flycatcher and Blue-gray Gna~her. The final group of one 
species, the Black-throated Blue Warbler, requires mature hardwood forests 
in extreme northeastern Minnesota. This species is a habitat specialist in 
northern hardwood forests and is the only Minnesota forest species with this 
peculiar distribution pattern. 

4.4 
Projected Impacts on Ampbibiam and Reptiles 

4.4.1 
General Impacts 

Because forest amphibians and reptiles (herps) are closely tied to the 
configuration of litter on the forest floor, any forest practice that reduces 
quantities and varieties of downed woody material will adversely impact 
many herp species. In addition, many herps require an environment that is 
low in direct solar radiation and high in soil moisture. In the forest this 
translates to a heavy shading from the canopy and a heavy layer of 
decomposing leaves, both of which are associated with mature stands, 
particularly ofdeciduous trees as dominants. Higher temperatures and lower 
moisture content at the ground surface tends to reduce the abundance of 
typical prey for forest herps (earthworms, snails and slugs). Not only does 
this render the site as poor habitat, but, due to the limited mobility of most 
herps, it can create barriers between sites of breeding and local habitats that 
may be favorable. Species so affected include red-backed salamanders, wood 
frogs (particularly in the southeast), northern cricket frogs, boreal chorus 
frogs, ringneck snakes, and redbelly snakes. 

Large-scale cutting may result in the loss of ephemeral ponds and fishless 
permanent ponds through siltation or early drying. Also removal of shade 
may cause water temperatures to rise above the level tolerable by various 
amphibians as well as leading to early drying-up. Many amphibian species 
rely on small, forest wetlands as the breeding habitat. Loss of such habitat 
has negative impacts primarily on wood frogs, treefrogs, spring peepers, 
eastern newts, and blue spotted salamanders. 
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Some new approaches to logging such as whole harvesting or, in preparation 
for planting, rockraking and other ground preparation methods that tend to 
remove slash after clearcutting tend to reduce the downed woody material 
critical to many herps. In addition, any forestry that is based on shorter 
rotations than at present will overall reduce the amount of such material on 
the ground as a function of the shorter time available for dead limbs and 
whole trees to accumulate on the ground. 

Road networks associated with extensive logging can impact herps in various 
ways. Logging roads are favored by turtles in some areas as nesting habitat. 
Because key predators upon turtle eggs tend to be funneled along roads, the 
frequency of nest destruction along roads tends to be many times greater than 
on nests not along a travel corridor. A species particularly vulnerable in this 
regard is the wood turtle. Roads also increase human access to remote 
areas, such that exploitation of herps may be increased: for food (snapping 
and other soft-shell turtles and bullfrogs), for sale to biological supply houses 
(wood frogs), for fishing bait (frogs, newts and some larval salamanders), for 
pets (wood turtles and larger snakes such as rat and bull snakes), and for 
previously bountied species (timber rattlesnake and massasauga). 

Cutting of remnant mature oak habitat in the southeast will impact species 
that rely on forested bluffs and bottomlands, including the rat snake, fox 
snake, massasauga, timber rattlesnake, eastern hognose and, to a lesser 
extent, milk snakes. 

The disturbance of forests comprising remnant populations of the five-lined 
stink, massasauga, rat snake, and lined snake may extirpate any one of these 
from Minnesota. 

Lack of coniferous regeneration in mixed deciduous-coniferous forests in the 
northeast will impact species which are associated with mixed forests, such 
as the wood turtle, ringneck snakes, and redback salamander. 

4.4.2 
Impacts on Individual Species 

Statewide Impacts 
Under the base harvesting scenario, statewide habitat for nine species of 
interest on all forest lands would increase for all species, except for a slight 
decline of eastern newt (table 4.23). Four species would experience a slight 
but insignificant decline in available habitat on timberlands only. Results are 
very similar for the medium and high harvest scenarios, except that the 
ringneck snake would experience a significant habitat loss of greater than 25 
percent both on timberlands and on all forests. 
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Table 4.23. 1990 habitat acreage statewide with raU08 of 2040 projected acreage to 1990 acreage for the base, 
medium and high harvest 1ICeDIU'ios. All = all forest lands including timberlands, reserved IUld unproductive 
forest; Tim = timberlands ouly. 

* denotes significant impact under criterion DUmber 11. 

EooregiooalJmpacts 
Tables 4.24 through 4.31 show the projected ratio of 2040 habitat acreage 
to 1990 habitat acreage, for all forest lands, including timberland. reserved, 
and unproductive forest. Declines to 0.75 or less are significant under 
criterion 11. Note that ecoregion 8 does not currently have any habitat for 
these nine species, and no table is shown. Significant reductions in habitat 
(including all forest lands) for wood turtle are projected to occur in 
ecoregions 1 and 3 (tables 4.24 and 4.26). Significant reductions in habitat 
for the ringneck snake are projected for all three harvest scenarios in 
ecoregion 1, and the medium and high scenarios in ecoregions 3 and 4 
(tables 4.24, 4.26, 4.27). Significant habitat declines for the eastern newt 
are predicted under the high harvest scenario in ecoregions 1 and 4 (tables 
4.24 and 4.27). The spring peeper would experience similar decline in 
habitat in ecoregions 3 and 4 (tables 4.26 and 4.27). Habitat for the red
backed salamander and wood frog are projected to decline significantly 
under the high harvesting scenario in ecoregions 1 and 3, respectively (tables 
4.24 and 4.26). 
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Table 4.24. 1990 habitat acreqe for ecoregioa I with ratio of 2040 .creage to 1990 acreage 
for Ibe nine amphibian and reptile species of iDterest. Timberland. reserved, and unproductive 
forest included. 

~ : . ~ :~ :.~~ 

:~~<. :·:1990····:· 
2040 ~ 

~::.... Medium : High 

Timber rattlesDake 0 0.00 0.00 0.00 

RingDeck snake 5,000 0.64* 0.64* 0.64* 

Hopose snake 0 0.00 0.00 0.00 

Eutemnewt 283,500 0.84 0.76 0.66* 

Recl-bacbd ....maDder 464,500 0.86 0.79 0.69* II 
Wood frog 2,638,100 1.04 0.95 0.88 

Spring peep« 28,000 1.44 1.48 1.28 

Pickerel frog 0 0.00 0.00 0.00 

*Denotes significant impact under criteri01l number II. 

Table 4.25. 1990 habitat acreqefor ecoregion 2 with ratio of 2040 .creageto 1990 .creage 
for the nine amphibian and reptile species ofiDterest. TUDberland, reserved, and unproductive 
forest included. 

2040 . .~. .~~.~~...~:~.~.::.::'.::<> I:>:;{:'td i 
'} :TL ..::•• ...•·.•.•.••:...i:.l990•••·•• :.li'iF.:/.:~.~ ~..............,.> I} .·MocJium:·••:·:. :: 


Timber rattlesDake 0 0.00 0.00 0.00 

RingDeck snake 21,800 1.18 0.941.25 

Hoposesnab 0 0.00 0.00 0.00 

Eutemnewt 1,522,800 1.05 1.04 0.94' 

1,522,800 0.94ked sal.mander LOS 1.04 

Wood frog 1,738,700 1.05 1.03 0.93 

61,400 1.62Spring peep« 1.60 1.26 

Pickerel frog 0 0.00 0.00 0.00 
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Table 4.26. 1990 habitat acre&Ie for ecoregiOD 3 with ratio of 2040 acreage to 1990 acreage 
for the Dine amphibian and reptile species ofiaterest. Timberbind, reserved, and unproductive 
forest included. 

"':':> .........:.:: ........: : ... . 
~n ••• ···········/1990 

............. ....... 

Medium· High 

Timber rauJesna1ce o 0.00 0.00 0.00 
63,000 1.02 0.60* 0.50* 

Hognoae snab o 0.00 0.00 0.00 
556,000 

556,000 

1.00 

1.00 

0.95 

0.95 

0.82 

0.82 
Wood frog 750,400 0.96 0.89 0.75* 

Spring peeper 101,900 1.17 0.90 0.66* 

Picbrel frog o 0.00 0.00 0.00 

*Denotes significant impact under criterion number 1 L 

Table 4.27. 1990 habitat acreage for ecoregiOD 4 with ratio of 2040 acreage to 1990 acre&Ie 
for the Dine amphibian and reptile species ofiaterest. TunbedaDd, reserved. and unproductive 
forest included. 

Timber raltJeanake 0 0.00 0.00 0.00 

Ringneck snab 

Hognoae snab 

77,800 

183,900 

1.04

1.27 

0.64* 

1.15 ~I 
Eastemnewt 2,090,800 0.88 0.83 0.75* 

Red-backcd u1amander 3,236,200 1.00 0.93 0.82 

Wood frog 6,470,800 0.92 0.87 0.76 

Spring peeper 853,800 1.00 0.83 0.68* 

Picbrel frog 0 0.00 0.00 0.00 

*Denotes significant impact under criteriOD number 11. 
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Table 4..21. 1990 habitIIt acreap for ocorogiOil 5 with ratio of 2040 acreap to 1990 acreage 
for die nine amphibian and Rlptile species ofintetest. Timberland, reserved, and unproductive 
forest included. 

~.•.••......•...... / 

\< .......• f···· . 
.... 1 • ....:.. F·•• ·Baa·.·.. .:' . . . . 

.. lO4Q 

MedilbD. Hiob::t 
Timber l'lItdeaaab 0 0.00 0.00 0.00 

Ringneck snake 0 0.00 0.00 0.00 

Hopose ImIke 60,200 1.44 1.40 1.29 

Eastemaewt 154,900 1.26 1.19 1.07 

Red-bacbd a.Jamander 10,400 1.35 1.19 0.87 

Wood frog 566,000 1.25 1.19 0.97 

Spring peeper 144,500 1.09 1.02 0.90 

Pickerel frog 0 0.00 0.00 0.00 

Table 4.1'. 1990 habitlt acreap for ocorogion 6 with ratio of 2040 IICruge to 1990 IICruge 
for die nine amphibian and reptile species of iDteieet. Timberl.aad, reserved, and unproductive 
forest iD.cluded• 

r)\> ..... ·<·)i· ..2.040- ·<i .. ... ... ... .....(i> . •~i· .<.< 
..... .•;~ •.••.•~ .•.•••••.•.•••.••••••••••••••••••••••••<.••.••••••.••.•••• 

.. i H•• >lp·.·.:.· ...\ I· ..... )i·~~.m•...•···< I.·· HiP· 
1.09Timber raaleRaa.ke 436,800 1.02 0.98 

0 0.00 0.00Ringneck 8DIke 0.00 

1.87Hopose 8DIke 40,900 2.12 1.86 

1.32 1.32 1.30Eastemnewt 13.SOO 

1,200 1.31 0.00Red-backed uJ.1IIUIder 1.31 

Wood frog 277,800 1.29 1.22 1.17 

1.11 0.99Spring peeper 389,400 1.04 

1.6SPickerel frog 51,300 1.76 1.65 
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Table 4.30. 1990 babitll acreage for ecoregioo 7 wiIb ratio of 2040 acreage to 1990 ac.n:age 
for Ihe nine amphibian aDd reptile species of interest. TimberlaDd, reserved, and unproductive 
forest included. 

•.••~~......•.•.. 

.... 
..... 

.. ·1990 Sue .. 
·2040 

. Medium Hdl 
Timber raldesnake 0 0.00 0.00 0.00 

R.ingneck snake 0 0.00 0.00 0.00 

Hognose snake 1,000 1,31 1.31 1.31 

Eutemnewt 8,400 1.31 1.31 1.31 

Red-backed salamandeI' 6,900 1.02 1.02 1.02 

Wood frog 21,400 1.26 1.26 1.18 

Spring peeper 7,300 0.90 0.90 0.90 

Pickerel frog 0 0.00 0.00 0.00 

Table 4.31. 1990 babitll acreage for ecoregioo 9 wiIb ratio of 2040 ac.n:age to 1990 ac.n:age 
for the nine ampbibian aDd reptile species ofinterest. Timberland, reserved, aDd unproductive 
forest included. . 

« .•• <\....{« ........... ....... ........:. <2040 ::::, , :.::........... .. 

" I<i ...•..•....• 

Timber raIdesnake 

(·· ....··.··· .. If.:·;·······....... -:.~.~ •.••.•. } ••••• <••~.( 

0.00 

·M_um 
... 

0.00 

I.'. High 

0.000 

Ringneck snake 0 0.00 0.00 0.00 

Hognose snake 0 0.00 0.00 0.00 

Eutemnewt 31,600 1.08 1.08 0.88 

Red-backed salamandeI' 0 0.00 0.00 0.00 

Wood frog 324,600 I.S2 1.S3 1.39 

Spring peeper 4,400 1.17 1.02 0.86 

Pickerel frog 0 0.00 0.00 0.00 

Species Not Modelled 
Due to a lack of ecological data on some herps, quantitative modelling of 
impacts from increased harvest was not possible for following four species: 

The gray treelrog requires forested ponds surrounded by abundant riparian 
vegetation. The extent to which BMPs in forestry are implemented will 
closely parallel the degree to which these frogs are protected from impacts. 
The BMPs adopted by the state of Minnesota do not, however, address 
protection of small wetlands, especially temporary ponds. Thus technically. 
even if existing BMPs are followed in timber harvesting, lack of applicability 
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to the small and ephemeral forest ponds does not provide adequate protection 
for the gray treefrog under increased timber harvest. 

The blue-spotted salamander requires semipermanent ponds surrounded by 
hardwood forests, preferably maple-basswood, that have abundant woody 
debris on the ground. The species will be impacted by short rotations where 
there is a loss of debris and the degradation of semipermanent ponds. 

The milk snake requires large amounts of forest leaf litter and woody debris, 
and it will be impacted by short rotations, through reduction of litter. 

The Wood Turtle (Oemm" insClllpta). Although a state-listed species 
closely associated with forested regions, the wood turtle does not appear in 
jeopardy from changes in forest cover associated with increased timber 
harvest. One negative impact from increased intensity of forest management 
might be construction of roads along streams and rivers near which wood 
turtles rest. 

5 
SIGNIFICANT IMPACTS 

Impacts identified in the course of this study will vary in their significance 
and therefore in the need to develop a specific mitigation response. This is 
a critical stage of the study process, as these tests of significance will 
ultimately define the scope of policy recommendations developed by the 
GElS. 

Identification of an impact as being significant does not automatically 
prescribe a specific mitigation response. The significance criteria have been 
developed to be inclusive rather than exclusive. Their purpose is to identify 
the issues and circumstances where policy initiatives will be required. The 
range of possible policy responses, the factors used to choose between them, 
and the implications of selecting a particular response are all evaluated by 
subsequent criteria. 

Criteria have been developed for each of the issues of concern in the FSD 
and are identified below. 

The categories of impacts to be considered are set out in the FSD within the 
Issues of Concern (section viii, page 8). Eighteen categories of impacts have 
been identified based on the ten issue areas in the FSD. The categories are 
as follows: 

1. The sustainability of harvesting forest resources; 
2. Size and composition of Minnesota's forest land base; 
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3. 	 Abundance, composition, spatial distribution, age class structure, 
genetic variability and tree species mixture of Minnesota's forests; 

4. 	 Risk of disease and insect infestation; 
5. 	 Biological diversity at a genetic, species or ecosystem level; 
6. 	 Patterns of forest cover; 
7. 	 Federal or state listed species of special concern, threatened, or 

endangered species or their habitats; 
8. 	 Old growth forests; 
9. 	 Populations of (10 groups) of forest dependent wildlife and fish and 

their habitats; 
10. 	 Level of sedimentation, nutrient loading, and runoff in lakes, rivers. 

streams and wetlands; 
11. 	 Water quality of ground and surface waters; 
12. 	 Aquatic ecosystems, wetlands and peatlands; 
13. 	 Soil erosion; 
14. 	 Forest soil productivity; 
15. 	 Recreational use; 
16. 	 Regional and state economies; 
17. 	 Historical and cultural resources; and 
18. 	 Visual quality. 

For each significance criterion developed, several background factors were 
used to determine levels or thresholds when impacts are likely to be 
considered significant. They include: 

• severity and spatial extent of impact; 
• certainty of impacts; 
• duration of impact (irreversibility); 
• consideration of existing guidelines and standards; and 
• biological and economic implications. 

The first factor identifies the likely extent and severity of an impact. Impact 
extent varies considerably ranging from very localized site specific impacts 
to those impacting a watershed, physiographic region, soil type, covertype, 
ecoregion or the entire state. The second factor identifies the degree of 
certainty that a predicted impact will occur. The key factors influencing 
certainty are identified for each criterion. The third factor incorporates the 
anticipated duration of the impact, and whether or not it is reversible. 
Duration is defined as very short-term-Iess than 2 years; short-term-2 to 
10 years; medium-term-l0 to 50 years; long-term-greater than 50 years; 
and irreversible. The fourth factor incorporates those existing standards and 
guidelines that are applicable to the respective issue areas. The fifth factor 
identifies the key biological and economic implications of the impact. These 
are particularly important in those circumstances where impacts are indirect. 
For example, loss of mast (e.g., acorns) producing trees is the impact 
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criterion and what makes this loss significant is its effect on populations of 
animals dependent on these trees for food. 

Significance Criteria Assessed in this ADalysis 

. 8. FedeI'aI or state listed species of spedaI coneern, threatened or 
endaDgered or their habitats. 

An impact is considered significant if any harvest or forest 
management activity is projected to diminish the habitat and disturb a 
species listed as of special concern, threatened or endangered (either 
federal or state). 

Severity and/or extent. The severity of impact will be assessed on the basis 
of the species current status (special concern, threatened or endangered) and 
the degree to which projected harvesting levels adversely impact habitat for 
the species. Changes in habitat availability for species with limited 
populations that are not currently on either state or federal lists will be 
assessed by criteria numbers 9, 10, and 11. 

Certainty of impact. Populations of listed species differ in terms of the 
species ability to rebuild population numbers and to cope with disturbance. 
Relevant factors influencing this ability include: 

• species life history, dispersal ability, ecological and genetic factors; and 
• management objectives and practices of landowners. 

State and federal ownerships have policies that are directed towards 
improving conditions for species on these lists. Other ownerships have less 
explicit management objectives, with a consequent increase in the risk of 
adverse impacts. 

Duration of impact (UTeVersibUity). Medium- to long-term impacts would 
be associated with reductions of populations. The timeframe would depend 
on the factors identified above. Irreversible impacts could occur where a 
species is lost from within and outside Minnesota. 

Existia& pidelines and standards. MN: DNR guidelines and rules. 
Federal: Endangered Species Act. Federal and state ownerships actively 
manage lands to create the conditions needed to rebuild popUlations of certain 
listed species. This can include setting target levels for these species. 

Biological implicatiollS. There is the potential for a loss of biodiversity as 
these species diminish or are lost from the ecosystem. 
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Economic implications. Not applicable. 

11. Forest dependent wildlife· habitats. 

An impact is considered significant if the available habitat of a species 
is projected to be changed by 25 percent in any ecoregion. 

In most circumstances reduction of habitat will be regarded as a negative 
impact. However, in some cases an increase in habitat may also have 
negative impacts, e.g., where the species are known to have ecological or 
economic impacts under certain circumstances, such as cowbirds, foxes, deer 
(in some regions), and beavers. 

There may also be positive impacts from increases in habitat, particularly for 
those animals that are favored game species such as deer and ruffed grouse 
that increase with increasing early succession forests. 

The criterion will not be applied in cases where the species increase is not 
of any presently perceiVed ecological or economic importance. 

Severity aodlor extent. The severity of impact will be determined by the 
consequences of the change as it applies to individual species. This will 
include considerations of the population trends both within and outside of 
Minnesota. The severity of impact is partly a function of the total 
distribution and overall status of each species, ,as well as the public interest 
in each species. If a species occurs only in one Minnesota ecoregion, then 
a 25 percent loss of its habitat there would be considered more severe than 
for a species that occurs in all ecoregions, 

Certainty of impact. As forests are harvested or otherwise altered, 
dependent plant and animals species are affected in varying ways. Some of 
these relationships are understood and others are not. Stands that are thinned 
or managed as uneven-aged may retain some habitat value that are lost from 
stands that are clearcut. Early-succession species will be less affected by 
clearcutting than late succession species. Size of cuts and spatial patterns of 
regeneration may be the critical issues of habitat quality. In general, there 
is considerable uncertainty in making assessments of possible changes over 
the long-term. Key factors determining certainty of impact include: 

• management objectives of various ownerships; 
• species life history, dispersal ability, ecological and genetic factors; and 
• degree to which species depend on mature versus regenerated forests. 

Duration of impact (ilTeversibUity). Medium to long-term. 
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Biologica1 implications. Dependent on position of species in the 
ecosystem-changes in important prey species may adversely impact 
predators. 

Economic implications. Economic importance of species for consumptive 
and nonconsumptive uses. 

Assessment of Sipilicant Negative Impacts by Criteria 8 and 11 

Base Harvest Scenario 

A total of 173 species of interest were assessed by criteria 11 (22 small- and 
medium-sized mammals,S large mammals, 138 birds, and 8 herptofauna). 
Of the various significance criteria that relate to biodiversity and forest 
wildlife, criterion 11 (forest dependent wildlife - habitats) can be tied most 
directly, explicitly, and quantitatively to the PIA data, the harvest model 
output, and the analyses that reasonably could be made of that information. 
In an attempt to maintain the strongest link possible between the analyses and 
the PIA data/model output, all four subgroups (small- and medium-sized 
mammals, large mammals, birds, and amphibians and reptiles) have 
emphasized use of criterion number 11 in assessing impacts. Because 
criterion 8 (endangered and threatened species) designates any negative 
change in habitat as significant, it is directly related to the analyses presented 
in this paper. The study group will interpret a decrease of 5 percent in 
habitat or population index statewide as significant under criterion 8. This 
is to allow for error in the analyses; a 1 or 2 percent decrease in the type of 
projections used here may not be statistically valid. The terminology 
available habitat in criterion 11 has been interpreted to indicate not only the 
habitat in which a species is present but also differences in abundance among 
several habitat types used by the species. Under this approach, a change in 
forest composition that involves a shift in proportions of high and low density 
habitats, even where total acreage remains the same, would be projected into 
a change in potential population abundance (via habitat association). Such 
an approach was used by all study subgroups except the herps subgroup. 
Data on distribution and habitat requirements of herps are inadequate to 
permit this level of analysis. Also note that, as specified in the background 
following criterion 11 above, projected increases in populations above the 2S 
percent level are not considered significant unless the increase is "of 
ecological or economic importance." Thus, increases in species such as least 
chipmunk are not judged significant. 

The analyses conducted indicate that 46, or about 27 percent of all wildlife 
species of interest would be significantly impacted over the next SO years 
under the base harvest scenario (table 5.1). Among the species subgroups, 
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percentages impacted range from none (large mammals) to 28 percent 
(birds). Two species that are threatened, endangered, or of special concern 
would be significantly negatively impacted: i.e., Red-shouldered Hawk and 
Louisiana Waterthrush. When statewide impacts are considered ~5 percent 
reduction in any endangered, threatened or special concern species and L25 
percent reduction in any other species), only 5 species of birds are affected, 
including the Red-shouldered Hawk (tables 5.1 and 5.2). 

Table 5.1. Number, by faulll1 subgroup, and perceot within each subgroup of species !hat 
are assessed to be significantly impacted on all forest land under the base harvest scenario 
using criterion 8 ~s perceot statewide decline for • species listed as endanaered. Ihreatened 
or special concern) and criterion 11 ~2S perceot decline in anyecoregion). Number of 
species with statewide decline is in parentheses. 

Table 5.1. Species significantly negatively impacted on all forest lands by scenario using 
criterion 8 ~S perceot statewide decliDe for • species listed as endangered. threatened or 
special concern) and criterion 11 ~2S perceot decline in any ecoregion). Double x (xx) 
shows those species wi!h • >2S perceot decline statewide, plus all species affeeted by criteria 
8. 

Lynx x x x 
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Table Sol. (cootiDued) 

172 




Jaakko Pom Consulting. Inc .. Minnesota GBIS. Forest WikDife Tecbnica1 Paper 

Table 5.2. (continued) 
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Table 5.l. (continued) 

5.2.2 
Medium Harvest Scenario 

Seventy-six species or 44 percent are projected to be significantly impacted 
over the 50 years under the medium scenario (tables 5.2, 5.3). This is 
approximately two-thirds higher than under the base scenario. Among 
species subgroups, percentages impacted range from 0 percent of large 
mammals to 50 percent of the birds. Two species listed as endangered, 
threatened, or of special concern (Red-shouldered Hawk and Louisiana 
Waterthrush) were projected to be negatively impacted. Statewide, 11 
species would be impacted-more than twice the number impacted by the 
base scenario. 
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5.2.3 
High Harvest Scenario 

Table Sol. Number, by fauaal subgroup, and percent witbin each subgroup of species 
projected to be sigaificuat1y impacted under the medium scenario usiag criterion 8 G::..S 
percent statewide decline for • species listed u endangered, threatened or special concern) and 
criterion 11 G::..2S percent dectiae in any ecoregion). Number of species with statewide 
dectiae is in parentheses. 

SmaU, medium mammals 6 (2) 27 

Larp Mammals 0 0 

Birds 69 (8) SO 
Haps 1 (1) 13 

AD 76 (11) 44 

Some 91 or 53 percent of all species analyzed were projected to be 
significantly impacted over the SO years under the high scenario (tables 5.2. 
5.4). This is about 2.0 times the number projected for the base scenario, and. 
1.2 times more than the medium scenario. Among faunal subgroups, 
percentages of species projected to be significantly impacted range from 0 
percent (large mammals) to 63 percent (berps). One more endangered, 
threatened or special concern species than listed for the medium scenario 
would be negatively impacted under this scenario-the pine marten. 
Statewide. 50 species would be impacted. This is dramatically more (4.5 
times) than the medium scenario. 

Table 5.4. Number. by fauaal subgroup, and percent within each subgroup of species that 
are projected to be sigaificuat1y impacted under the bip scenario using criterion 8 G::..S 
percent statewide declino for • species listed as endanpred, tbreatened or special concern) and 
criterion 11 G::..2S percent declino in any ecorep.oa). Number of species with statewide 
decIinea is in parenlheael. 
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Unkages to Other Significance Criteria of Relevance to Wildlife Regulations 

In addition to the quantitative assessments of impacts set out above, linkages 
to other criteria were also identified. These linkages were developed to 
ensure that the implications of other impacts of relevance to wildlife 
populations could be assessed. These implications can provide additional 
insight to assist in the development of mitigation alternatives in section 6. 

1. Changes to Minnesota Forests - Size and Composition of Forest Land 
Base (public and private). 

An impact is considered significant if it is projected that there will be 
cumulative over the 50-year study period: 
• A change of 3 percent in the size of the total Minnesota forest land 
base. 
• A change of 3 percent in the area of timberland (commercial forest 
land) available for wood production. 
• A change of 7 percent in the area of the total forest land base by 
ecoregion. 
• A change of 7 percent in the area of timberland by ecoregion. 

Severity and/or extent. The total area of forest and the proportion available 
for harvesting will change over time. Conversion to (and from) agricultural 
uses and urbanization, and not harvesting and forest management, are the 
main factors likely to change the total forest land base in Minnesota. 
Records of past changes (trends) in areas converted were used to estimate 
future changes. The proportion of the total forest land base classified as 
timberland and also available for harvesting will also change over time. The 
proportion available will be dependent on the policies and objectives of the 
various ownerships. 

The criterion above were applied statewide and by ecoregion to assess 
cumulative changes over the 50-year study period. Significant impacts in the 
form of loss of forest lands were identified in ecoregions 1 and 3 and 
significant timberland losses were projected for ecoregions 1, 2, 3 and 4. 
Statewide, the change in forest land was small and positive, but overall 
timberland area was projected to decline significantly. 

Understanding the possible changes to Minnesota's forest land base, and the 
relative proportions allocated to different uses, is fundamental to many of the 
issues identified in the FSD. Loss of forest land base does not occur as a 
direct consequence of harvesting and forest management activities, except 
where regeneration has been repeatedly unsuccessful. However, the loss of 
forest land base will have major impacts on some wildlife and will compound 
other impacts that are attributable to harvesting. 
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Nonindustrial private forests (NIPF)-this ownership category is expected to 
experience the largest changes, particularly in the total forest land base 
category as forest is cleared for agriculture and/or sold to parties with 
development interests. 

2. ChaDges to Minnesota forests - patterm of forest cover in areas of 
mixed land use. 

An impact is considered significant if noncontiguous forested tracts or 
patches less than 300 acres in size are projected to experience 
clearcutting of more than 20 percent of the tract or patch in anyone 
decade. 

Although the harvest projections did not specifically determine the occurrence 
of clearcutting of forest tracts less than 300 acres in size in agricultural and 
urban areas of the state, the model results can be indirectly applied to this 
criterion. Several mammal species as well as forest interior birds occurring 
largely or entirely in these more developed portions of the state were 
projected to experience sigDificant declines in ecoregions 5, 6, and 7. The 
projected significant impacts on these species can be assumed to be closely 
related to this criterion, i.e., further fragmentation of remnant forest patches. 
Some of the species in question are: gray and fox squirrels, Ovenbird, 
Cerulean Warbler, and Yellow*throated Vireo. The Red*shouldered Hawk. 
a species of special concern, will be significantly impacted if further 
fragmentation of forest cover in mixed land use regions of the state occurs. 

3. ChaDges to Minnesota forests - Patterns of forest cover in 
predominately forested areas. 

An impact is considered significant if there is projected to be 

development of permanent forest roads in areas meeting the criteria 

for either of the following ROS (Recreation Opportunity Spectrum) 

categories: 

Unroaded primitive areas. 

Semiprimitive nonmotorized areas. 


This criterion is used to assess impacts in the Recreation and Aesthetics 
Technical Paper. It identifies impacts resulting from establishment of 
permanent forest roads in unroaded primitive areas and semiprimitive 
nonmotorized areas, primarily in the northern part of the state. Changes in 
road density can affect population levels of wildlife species that are highly 
wlnerable to legal and illegal trapping. Construction of roads providing 
better access for trappers increases trapping pressure on these species. 
Mammal species affected are: pine marten, fisher, lynx, bobcat, and gray 
wolf. These animals are highly susceptible to trapping, and overharvest was 
almost certainly a key factor in their declines earlier in this century. Timber 
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wolves are afforded protection under the law. However, people opposed to 
their spread will kill them irrespective of the law. Therefore, increased 
density of roading carries with it an increased likelihood that contact between 
wolves and humans will increase, which in turn increases the risk of illegal 
shooting. 

4. Changes to Minnesota forests • tree species mix. 

An impact is considered significant if projected gross changes in the 
relative proportion of any tree species exceeds 25 percent for the 
respective covertypes over the 50-year period. 

This significance criterion clearly relates to the distribution and abundance 
of forest wildlife species of interest. Generally speaking, reduction of forest 
tree diversity reduces animal biodiversity, due simply to a lower number of 
options of different food resources spread across the seasons or spread among 
different animal feeding specialists. Likewise, different tree species offer 
varying types of security and nesting or cavity substrate that meet the varying 
needs of numerous birds and mammals. Various animal species depend upon 
conifer stands or inclusions of conifers within mixed species stands for 
structural attributes, e.g., Great Gray Owl, Bald Eagle, Pine Warbler, white
tailed deer, moose, pine marten, lynx, snowshoe hare, red-backed vole. 
Others depend on conifers for food they provide, e.g., Spruce Grouse, Red
breasted Nuthatch, red squirrel, porcupine, and moose. However, analyses 
in the MPFRB technical paper suggest only modest changes in overall tree 
species composition. 

5. Changes to Minnesota forests • age class structure. 

An impact is considered significant if the projected replacement age 
class structure of forests, by covertype, at the end of the 50-year 
planning period, is insufficient to provide replacement of mature stand 
acreage (Le., sustainability of forest communities). 

The impacts relative to this criterion are projected throughout much of the 
state, involving stands dominated by conifer, hardwood and mixed 
composition, and growing either on upland or lowland sites. The ecological 
impacts on various animals from presence of older forest are many: 

1. 	 Large amounts of dead and down woody material is essential for 
numerous forest floor small mammals and herps. This includes mice and 
the red-backed vole, predators upon mice such as the pine marten, 
salamanders and some forest snakes. 

2. 	 Relatively high density of aged and dead standing trees. As trees age 
they are more prone to develop cavities that are critical nesting or shelter 
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areas for a wide variety of forest birds and mammals. Included are all 
tree squirrels, chipmunks, to some extent porcupines and raccoons, many 
owls, several waterfowl species, most woodpeckers, and a variety of 
song birds including tree swallows, chickadees, nuthatches, eastern 
bluebirds, and Prothonotary Warbler. 

3. 	 Appearance of late-successional tree species, some of which may be 
uniquely important to wildlife (see discussion under criterion 4). 

4. 	 A characteristic of older forests is development of greater diversity of 
structure in the tree and understory layers. This provides a greater 
variety of nesting and feeding opportunities for birds on a per unit area 
basis. In addition, older forests tend to have a greater range of species 
in each layer; again, this generally leads to a greater range of substrate, 
cover and feeding opportunities for different wildlife species. 

6. Forest Health - change in susceptibiUty or vulnerabiUty. 

An impact is considered significant if projected changes to the forest 
and activities undertaken lead directly or indirectly to changed 
susceptibility (risk of an outbreak/infection) or vulnerability (damage 
if an outbreak occurs) to more than 10 percent area by covertype. 

One issue related to forest health is that of sanitation aimed at reducing the 
abundance of pests that live in dead wood. This type of sanitation can lead 
to negative impacts on wildlife that depend on forest floor coarse woody 
debris and on standing dead or dying trees. Affected species include those 
listed under points 1 and 2 of the discussion of criterion 5. 

A second forest health issue is forest loss due to introduced pests. Human 
disturbance has caused oak wilt to spread rapidly, causing major oak 
mortality throughout the southern half of the state. The importance of oaks 
to many wildlife species is discussed under criterion 12, as well as in the 
analysis of the harvest scenarios for impacts on squirrels and bears. Dutch 
elm disease has caused extensive losses of riparian forests along Minnesota's 
riverways, particularly in the southern. half of the state. While the dead 
American elms tend to be replaced by other species, this replacement takes 
many decades and may never produce stands that are as large and complex 
as those dominated by elms. White pine blister rust has hindered the 
recovery of white pines that were heavily cut in the past. This species is the 
supercanopy tree most sought by eagles and ospreys for nesting, and white 
pines of diameter >20 inches are the preferred tree of sow black bears for 
having their cubs climb for safety. More recent threats include birch dieback 
and possibly the gypsy moth. 
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7. Old growth forests. 

An impact is considered significant if there is projected to be any net 
loss of area of forest meeting the DNR definition for old growth by 
covertype by ecoregion over the 50-year study period. 

None of the mammal or bird species of interest is truly an old growth 
specialist, but 10 to 12 mammal species and 67 species of birds are most 
abundant in forests that are mature or older, so that reduction in the area of 
these forests would have a greater effect on abundance than a reduction in the 
area of younger forests. The attributes of older forests beneficial to old 
growth associated species are listed under criterion 5. 

,. Forest species - genetic variability. 

An impact is considered significant if there is projected to be a loss of 
genetic variability in forest plant or animal species as measured by: 
1. 	 a reduction or isolation of habitat or communities supporting a 

species, or 
2. 	 a reduction of geographic ecotypes such that a species now present 

as a viable population disappears or is approaching extirpation 
from any ecoregion. 

The issue here is one of fragmentation, isolation, and finally loss of local 
segments of a species' geographic distribution, assuming that distinct genetic 
variation is spread across that geographic range. That is, loss of population 
segments that are separated by many miles from the nearest segment may 
mean permanent loss of unique genetic traits that are an integral part of the 
species genetic diversity. The importance attached to change affecting 
individual species can be assessed by weighing several factors including the 
overall size of the population, the distances involved, and particularly the 
mobility of the animal. Thus, birds would probably be least affected and 
herps would be most vulnerable, particularly those that are not likely to 
disperse along major streams and rivers. Some species show genetic 
variability over their range whereas othen have a more homogeneous genetic 
makeup. Information on this is essentially lacking, so this discussion must 

. be confined to generalities. This issue is fully discussed with regard to plants 
in the Biodiversity technical paper. 

In general, when fragmented populations at or near the boundaries of a 
species range are in jeopardy, it suggests that genetic loss is much more 
likely than where the same amount of local loss occurs well inside the 
geographic range of a species. Minnesota, with its great diversity of forest 
and climatic types, includes the distributional limits of many wildlife 
species-including cases of northern, southern, eastern, and western edges 
of species' distributions. Thus, among states, Minnesota has an unusual 
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number of cases where the edges of a species' genetic variability might be 
jeopardized. Species with significant predicted impacts from timber 
harvesting that reach the edge of their range in the state include: black bear, 
fisher, pine marten, northern flying squirrel, fox squirrel, red squirrel, 
woodland jumping mouse, lynx, Great Gray Owl, Boreal Owl, and red
backed salamander. 

10. Forest dependeDt wildlife - habitats (lowland eonifers). 

An impact is considered significant if, by ecoregion, net loss of 
patches of mature lowland conifer between 10 and 200 acres is 
projected to exceed 25 percent of total patches over the 50-year study 
period. 

This issue is relevant in regions of the state where lowland conifers occur as 
relatively small, separate patches within the more extensive upland forests. 
As part of a forest mosaic, these patches provide local cover for a variety of 
mammals, often being more important in winter than summer, except in the 
case of the moose. For deer, one model recommends that in northern 
Minnesota lowland conifers comprise a minimum of forest cover within each 
square mile. For thermal cover, mature northern white cedar is the most 
suitable. 

Good year-round habitat for deer, moose and snowshoe hare is comprised of 
lowland conifer cover adjacent to productive young hardwood stands. Both 
snowshoe hare and their chief predators, the lynx and bobcat, are closely tied 
to lowland conifers, and during years of low hare abundance, this is the 
primary habitat in which they are found during winter. Other closely 
associated species are the northern flying squirrel, pine marten, and fisher. 
Spruce grouse are seldom found anywhere in winter other than lowland 
conifer, generally dominated by black spruce and tamarack. Characteristic 
breeding bird species are the Connecticut Warbler, Palm Warbler, Yellow
bellier Flycatcher, and Swainson's Thrush. 

In regions where great expanses of lowland conifers, particularly black 
spruce, predominate on the landscape, protection of this covertype is not as 
critical to wildlife as where the type occurs as isolated patches. 

12.. Forest dependent wildlife - food species. 

An impact is considered significant if, by ecoregion, the projected rate 
of removal of tree species that provide vital food for wildlife, (oaks, 
hickories and mountain ash), exceeds their projected rate of 
replacement. 
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A number of species projected to have significant declines under the harvest 
scenarios rely on important tree species as food. resources. However, 
estimates of trends in specific food trees was not part of the harvest 
modelling. However, in cases where the food species is also part of the 
dominant cover, and the age at which that species begins producing the food 
were known, then the relationship was modelled. The clearest example is the 
projected changes in populations of mast-eating mammals that were based on 
the modelled changes in oak-dominated covertypes in ecoregions 5,6 and 7 
and the southern part of ecoregion 4. 

The following list includes only some of the more obvious instances of vital 
linkages between food trees and individual bird or mammal species: 

• 	 porcupine-white pine, maples; 
• 	 black bear, white-tailed deer, southern flying squirrel, fox squirrel, gray 

squirrel, Wood. Duck, and Wild Turkey-oaks and other trees that 
produce mast; 

• 	 red squirrel-conifers, particularly white spruce; 
• 	 Ruffed Grouse-quaking aspen; 
• 	 Pine Grosbeak, American Robin, Cedar and Bohemian Waxwings, and 

red fox-mountain ash and cherries; and 
• 	 Pine Siskin, and Common Redpoll-birches. 

While some tree species are conspicuously important as food sources for 
some wildlife, it must be emphasized that both reproductive and vegetative 
parts of all tree species provide some type of forage to some bird or 
mammal. 

6 
POssmLE MITIGATIONS TO SIGNIFICANT IMPACTS 

6.1 
Mitigation Alternatives Criteria 

This section offers management alternatives that would serve to mitigate the 
significant impacts that have been projected from analysis of the harvesting 
scenarios. After a listing of various reasonable alternatives is offered (6.1 
-6.11) with technical explanations, an estimate is made of which mitigations 
might be preferred-both in tenDS of feasibility and of economic, political, 
and administrative practicality. Throughout this process, the Wildlife and 
Biodiversity study group has chosen only those alternatives that are believed 
highly probable of mitigating the projected impacts. In many cases, 
however, both the informational bases for the impact predictions and 
knowledge of effectiveness of various mitigation strategies are limited. 
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Input from GElS study team members, other technical experts, the GElS 
Advisory Committee, and the EQB are reflected in the final preferred 
mitigation strategies. Unlike the significance criteria, the mitigation criteria 
are intended to apply uniformly across all issue areas listed in the FSD. 

Major considerations used in the development of criteria to identify 
mitigation alternatives include: 

• financial considerations; 
• administrative considerations; 
• certainty of effectiveness; and 
• social implications. 

This study group's first concern is identifying those strategies that most likely 
will mitigate against the impacts upon wildlife habitats under the three 
harvesting scenarios. It is recognized that choices as to when and where 
mitigations should be applied will be based on a combination of ecological, 
economic, social, and administrative considerations. In this context, it 
should be re-emphasized that the margin of error for many projected outputs 
is great, so the study group offers an approach that allows for some margin 
of safety. For the major recommendations, imprecision lies more in 
quantifying how extensively or intensively a mitigation should be applied 
than with the type of mitigations required. 

The following discussion of mitigations omits those mentioned earlier but 
treated in more detail in other technical papers. Those treated elsewhere 
include loss of forest land (Maintaining Productivity and Forest Resource 
Base Technical Paper) and inventory of biological features of Minnesota 
forests (Biodiversity Technical Paper). 

It is difficult to offer specific quantitative strategies for mitigating the varied 
and extetisive impacts upon wildlife that are predicted to occur, particularly 
under the high harvest scenario. It is possible that the full range of impacts 
projected on the high scenario cannot be mitigated by any means other than 
harvesting less timber. However, some mitigation may be achieved through 
tailored silvicultural techniques, particularly in relation to harvest and 
regeneration. 

A major drawback to recommending varying silvicultural alternatives is the 
fact that many have not been tried over a wide range of Minnesota forests, 
and hence there has been very little opportunity to gauge response by animal 
species of interest. Nevertheless, a series of alternative options is presented, 
along with indications of the uncertainty that accompanies each suggestion. 

The following general silvicultural practices would contribute to mitigating 
the effects of harvesting on wildlife. Literature or other information is not 
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available to provide a basis for rigorous prioritization of these mitigation 
alternatives. The effectiveness of these suggestions needs to be evaluated in 
local circumstances. with respect to the composition of the surrounding forest 
and to the various wildlife species subject to harvest impacts. Many of these 
silvicultural practices are readily accomplished, but most involve extra costs 
of varying magnitudes. 

A number of the following recommendations involve quantitative alterations 
in the removal of fiber-either in acreage or in rotation length. 
Consequences of these in timber yield can be estimated from the harvest 
model. Other recommendations are of a qualitative nature that, while adding 
costs to forest management, cannot be directly evaluated in terms of altering 
harvest yields from a given area. 

6.2 
Mitigation: Extended Rotation Forests 

Manage about 25 percent ofeven..a,ged forests with extended rotations, that 
are 20 to 50 percent longer than optimum economic rotations. Details on 
extended rotation guidelines (based on MNDNR guidelines), are presented in 
the Biodiversity Technical Paper. 

Rationale and Workability: 

Many of the significant impacts were projected for species that are restricted 

to or are most abundant in mature forests. There are a wide variety of 

attributes, such as availability of large downed logs and a deep litter layer, 

old trees with cavities, spatial patchiness, emergence of late-successional 

conifers, and gaps that are characteristic of mature but not young forests. 


In timberlands, the most direct approach to increasing acreage of older 

forests is through lengthening of rotation, i.e., a less frequent cycle of 

recutting (generally applied to a clearcut or the last cut of a thinning 

progression). For a region with no reserved stands and being managed 

uniformly throughout, there is a direct relation between rotation age and the 

spatial distribution of stands by age: if rotation is 50 years, then, when the 

cutting program comes to equilibrium, 2 percent of the forest will be in each 

of the age classes from 1 to 50 years. 


The long-rotation recommendation is framed as the portion of a given region 

that should, on average, be in an older-age condition. To generate such a 

pattern, there must be a schedule that provides a continuous portion of the 

forest in middle-aged stands, to become the future older forest when current 

older stands are harvested. 


Although older stands of all covertypes should be represented to some extent 

in the future forests of Minnesota, priorities for wildlife should be focused 
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on oak: stands in all ecoregions; on other upland types with substantial 
components of oaks or conifers, including mixed aspen-conifer forests in the 
north; and on northern white cedar lowlands and other lowland conifer types. 

Within an ecoregion or even a smaller land unit, allocation of short- and 
long-rotation forests can be distributed spatially according to economic, 
ecological, or integrated-resource-use criteria. Economically, a regional 
pattern might allocate short rotations to industrial lands, balanced by longer 
rotation on adjacent public lands. And, within public forest lands, longer 
rotation may be allocated to sites of lower accessibility or to sites with 
highest recreational potential. From an ecological standpoint, spatial 
distribution of the acreage specified should optimize wildlife benefits, based 
on whatever information is available concerning greatest needs or greatest 
productivity in the animal species of concern. 

Relationsbip to Other Mitigations 
Longer rotations are directly applicable to both mitigations 6.4 and 6.7 
because conifers and mast trees must be mature to be of use as winter cover, 
and as producers of seeds/fruits/nuts used by wildlife. Shorter rotations 
typically favor early development of deciduous vegetation. Coniferous 
species, e.g., balsam fir, pines, and white spruce, often do not achieve 
prominence in the forest community until later stages, e.g., >40 years. 
Longer rotations also lead to more cavity trees (6.5), more dead and down 
material (6.6), and, in general, less road access. 

6.3 
Mitigation: Silvicultural Systems Other Than ClearcuttiDg 

A broad range of silvicultural systems should be applied to a substantial 
portion of stands in each ecoregion to achieve specific habitat attributes. 
although it is recognized that clearcutting. or clearcutting followed by 
burning or other disturbance may be necessary to regenerate some 
covertypes. 

Rationale and Workability 
Silvicultural systems that are variations of and alternatives to clearcutting 
include: clearcutting with standing residuals, shelterwood cutting, seed tree 
cutting, selective cutting, and thinning. The Silvicultural Systems 
Background Paper survey of current practices indicates that clearcutting with 
standing residuals is the predominant system employed by the USDA Forest 
Service on national forests, and that it is used with moderate frequency on 
state and county forest lands. On other ownerships, clearcutting (without 
standing residuals) is the general rule. For example, on forest industry land 
over.90 percent of the timber removed. tallied by either volume or area. is 
by clearcutting (Jaakko POyry Consulting, Inc. 1992). Shelterwood and 
selective cuts, which would benefit many interior forest wildlife species. are 
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used in only a small portion of harvests in selected forest types. However, 
while these do not cover great acreages, and are most common in the 
hardwood timber producing areas of ecoregion 6 and in riparian zones of 
southern Minnesota, they are disproportionately important in terms of many 
bird, mammal and herp species found in those forests. 

The following are silvicultural systems that are either now or could readily 
be applied in Minnesota forests, along with wildlife species that would 
benefit from results of these alternative systems. 

Clearcuttmg with residuals 
This system generally prescribes the number of snags to be left uncut, e.g., 
7 to 15 per acre, and the inclusion of dense, lowland conifer patches of from 
5 to 10 acres each. In more intensively monitored harvest, specific tree 
species may be flagged for saving, particularly the food producing trees such 
as oaks, hickories, mountain ash, and cherries. 

Selective cutting 
Selective removal of up to 2S percent of the marketable trees in a stand 
leaves much of the forest structure, from canopy to forest floor, relatively 
intact. Many species that require mature trees for security or nesting, or 
subcanopy trees and shrubs, or a typical forest floor (litter, dead and downed 
woody material) may still find suitable habitat in a selectively cut forest. 

Relationship to Other Mitigations 
Silvicultural systems that remove a sufficient number of trees to open the 
forest canopy alter habitat quality for a number of mammal and bird species, 
although not as extremely as complete clearcutting. Thus, widespread 
application of this mitigation must be used in conjunction with, not as a 
substitute for, retention ofunharvested mature forest stands (mitigation 6.2). 

Selective cutting will tend to leave a reasonable density and variety of cavity 
trees (6.5) and will provide forests with longer retention of a greater 
accumulation of ground debris and litter (6.6). In general, selective cutting 
will lead to a forest more varied in composition, including presence of 
conifers (6.7). Selective cutting applied to riparian zones will protect a wide 
variety of birds and herps that would otherwise be severely impacted by 
clearcutting (6.9). 

Mitigation: More Mature Mast and Other Food-Producing Trees 

Manage jor the conJinuedpresence ofadequate. mature mast-producing trees 
in stands where these species are found. 
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Rationale and Workability 
In forests containing oaks or oaks and hickories, maintenance of at least 40 
trees/acre of large mast-bearing trees will assure continued. food production 
for a variety of the species for which significant impacts were projected 
under a harvesting system confined. to clearcutting. The MNDNR Forestry
Wildlife Guidelines (1985) recommend retaining a higher density yet for 
maintaining mast production. The suggestion here agrees with the GElS 
covertype management guidelines for red. oak: and is compatible with the 
selective cutting system discussed. above. 

In some cases, clearcutting followed by burning will result in good oak 
regeneration. However, such systems should be used when there are other 
mature mast-producing stands nearby for use by wildlife while the 
regenerating stand is maturing. 

Shelterwood or group selection cuts retain more mast-producing trees than 
clearcutting with residuals, but it is not clear whether these systems would 
meet minimum residual levels ofoaks for continued mast production. There 
is a need for more information on factors relating to forest practices and 
protection of mast production in Minnesota's forests. 

Identification of good mast-producing trees before a thinning cut enhances the 
mast-producing potential after harvest, but of course this process is time
consuming and expensive. In areas where appropriate, retention ofboth oaks 
and hickories increases likelihood of maintaining stable populations of 
mast-dependent species. Furthermore, multispecies oak stands are more 
likely to provide a steady supply of mast than one-species stands: it has been 
shown that (1) oaks tend to be episodic in production among years, and (2) 
different species on the same site do not show synchrony in their years of 
good mast crops. 

In addition to mast trees, some species are particularly important producers 
of over-wintering berries. These include mountain ash, hawthorns, cherries 
and juneberries, some of which are rather small trees (or rather large 
shrubs). In either select cuts or clearcuts, saving these trees will strongly 
benefit a number of bird and mammals species. 

In general, retention of mast and other key, food-producing tree-types should 
be prioritized partly in accordance with the local abundance of each tree 
species. In areas of least abundance, greatest attention should be applied. to 
retention. Thus for oaks, the northern limit is the most critical zone for 
assuring that the range of producing trees is not diminished. 

Relationship to Other Mitigations 
Rotation ages of the oak: types should be extended. to increase the period of 
maximum mast production within the stand; furthermore, extending the 
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rotation age of virtually any tree species will bring it into a stage of greater 
seed/mast/fruit production than if cut earlier (6.1). Residuals in clearcuts 
should always include mast and berry species, particularly when such species 
are sparsely represented in the stands being cut (6.3). Retention of conifers 
serves the function of providing conifer seeds to a wide variety of birds and 
mammals that depend in part or entirely on that food source (6.7). 

6.5 
Mitigation: Retention of More Trees With Cavities 

Maintain cavity trees and provide for juture-potential cavity trees in 
harvested stands in accordlInce with MNDNR and USDA. Forest Service 
guidelines as a minimum. 

Rationale and Workability 
In postharvst forests, retention of an adequate number of cavity-containing 
trees, or of mature trees that are likely to produce cavities, will provide 
nesting and security substrate for a wide array of birds as well as some 
mammals. Studies have shown that cavity formation in most tree species 
requires a number of decades. Also, frequency of cavities is greater in 
diseased or damaged trees. Thus, young or sanitized forests often contain 
inadequate numbers of cavities for the mammal and bird species dependent 
on them. Maintenance of cavities should be considered in culling operations. 
The scale of the USDA Forest Service and MNDNR guidelines appear 
generally appropriate for maintaining adequate cavities, although the needs 
of wildlife for cavity trees are not fully understood. The specific objective 
of retaining trees containing cavities should be given more attention in each 
forest type, by ecoregion, relative to various alternative silvicultural systems 
being applied, and more research is needed to gain a quantitative 
understanding of wildlife requirements. 

Relatiol&lip to Other Mitigatio.: 
Retention of cavity-containing trees is directly related to longer rotations, 
because mature forests have a larger number of decadent trees which may 
develop cavities. Retention of dead and dying trees as snags in clearcuts 
with inclusions is similarly relevant. Retention of oaks for mast also insures 
a prime source of cavities. 

6.6 
Mitigation: Retention of Slash 

Retain slash from harvest operations uniformly distributed, including a 
portion ofsome large-diameter tree trunks. 
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Rationale and WorkabiUty 
Downed woody material provides a critical habitat component for many 
wildlife species. As discussed in section 3.4.2, the impacts of timber harvest 
on some wildlife species-notably the herps and small mammals
undoubtedly would be far more severe if slash is not retained on the stand. 
While the USDA Forest Service recommends leaving at least two felled trees 
per acre for wildlife, this density appears to be inadequate to meet the needs 
of many small mammals and herps. A more reasonable number is five per 
acre, unless the original density of trees is so low and their commercial value 
so high that discarding them would be economically unsound. In most 
clearcut stands, there are at least five unmerchantable trees per acre (Plus the 
dead and dying trees left for snags). A counter argument to leaving slash is 
that forest health may be jeopardized by pathogens that are resident within 
decaying wood; this issue needs to be addressed on a case by case basis. 
Slash can also be a fire hazard. Also, some managers consider an 
accumulation of slash after cutting as being unsightly to the public. To 
overcome this potential problem, interpretive signs and other communication 
should be used to explain the value of slash to wildlife. 

The disposition of limbs from cut trees is a 1W\i0r factor in slash retention. 
Some operators haul whole trees to a landing and limb them there, piling the 
slash, often for burning. More modem techniques return slash across the 
landscape, sometimes spreading it as a roadway for machinery to protect the 
soil surface. Redistributing or leaving the slash at the site of the cut tree will 
provide a more favorable habitat for many ground animals. 

In preparing c1earcuts for planting, in the past all slash was commonly 
pushed into piles or rows. However, the GElS silvicultural practices survey 
indicates that plantings, hence site preparation, involve a relatively small 
portion of total acreage being cut in Minnesota. If in the future, there is a 
return to conifer planting on a large scale, then techniques should be 
developed that preclude the need to pile slash. In fact, piling slash and other 
past site-preparation techniques have in many instances been highly 
detrimental to surface soils, particularly in forested regions of relatively thin 
soil. Such impact is not only detrimental to forest production, but also to 
production of food and cover for wildlife. 

'.7 
Mitigation: Retention of Conifers 

A reasonable representation of conifers, by region, spedes, and drainage 
type, should be retained for the 1nIl1IY habitat characteristics that conifers 
provide to a large portion ofnon hem Minnesota's venebratefauna. Conifer 
stands, inclusions of conifers within mixed-species stands. and conifer 
understories in old aspen and birch stands are aU important components of 
wildlife habitat in Minnesota. 
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Rationale and Workability 
One of the greatest concerns for wildlife in projecting the effects of greatly 
increased timber harvest throughout northern Minnesota is extensive and 
semipermanent conversion of conifer or mixed hardwood-conifer forests to 
early succession aspen-birch. Under continued heavy demand for pulpwood, 
the deciduous covers in areas that normally would support a major extent of 
conifers would be maintained through short rotations. 

This mitigation recommendation addresses a variety of submitigations. from 
preserving patches of solid, lowland conifer through maintenance of a conifer 
component in upland forests, to retaining conifer inclusions during 
clearcutting. 

In clearcutting, conifer inclusions (both isolated trees and clumps of trees) 
should be retained in clearcut stands; and major blocks of conifers should 
continue to be a significant component of the landscape in zones where 
conifers were dominant in the original vegetation. 

In clearcuts, conifer patches provide critical cover for some mammals that 
otherwise would not take advantage of the valuable foraging afforded in 
young hardwood stands. Conifers are selected for nesting or for song 
perches by some bird species that use open habitats. Conifers on the edges 
of openings are excellent hunting perches for some raptors. Retention of 
conifer seed trees increases the probability that conifers will later emerge on 
clearcut stands where, under natural regenerations, early-stage aspen and 
birch are generally the initial dominants of the new stand. 

Moose favor clearcuts with scattered patches of spruce; in addition, moose 
on hot summer days require damp conifer stands for thermal protection. 
Thus clearcuts with patches of conifer included within, or on the edge, are 
of greater value for foraging moose than the same c1earcut would be without 
conifer inclusions. This is particularly true for the large cuts considered 
appropriate for moose-management areas (6.8 below). 

Inclusion of small conifer patches would benefit deer feeding in c1earcuts 
when snow is not deeper than 12 to 18 inches. The same patches would also 
be used for thermal and security cover by deer in midsummer. Conifer 
patches may provide key habitat for snowshoe hares where the animals would 
otherwise not have sufficient security to feed in the open habitat. 

As mentioned under the longer rotation mitigation (6.1), emergence of 
conifers within postdisturbance birch and aspen stands creates new habitat for 
a wide diversity of birds and mammals. Often the conifers provide a cover 
element that provides thermal and safety security or nesting substrate to birds 
and mammals that otherwise can make good. use, of food resources in the 
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hardwoods. Added structural diversity appears very important for choice of 
breeding territories by many songbirds. 

Lowland conifers are of very great value to certain wildlife, besides forming 
plant communities of unique interest within the state. 

Relationship with Other Mitigations 
Lengthening of rotations typically allows for emergence of conifers within 
stands that are initially predominantly deciduous. Retention of individual 
conifer trees is a component of the clearcutting with standing residuals 
system, practiced widely on national forest lands. Not only do these 
individual trees or patches of conifers serve immediate habitat needs of 
certain species, but they are also a seed source for natural regeneration of 
conifers within stands that are often predominantly aspen. 

6.8 
Mitigation: Spatial Patterns of Cutting 

Size and shape of both cuts and uncut zones should be tailored. within 
economic and administrative feasibility. to meet varying habitaJ needs of 
native wildlife.' and travel corridors should be provided, particularly in 
clearcuts thai are large or elongaJe. 

For a given yield of timber, variations in landscape-patterns of clearcutting 
have many vital implications to wildlife. Patterns of concern include size and 
shape of cuts; time interval or tree-size difference between a new cut and 
adjacent, earlier cuts; and size of uncut patches. Also critical is retention of 
stringers across clearcuts as travel corridors. 

It is probably best that clearcuts vary in size to meet varying wildlife 
objectives. For benefiting wildlife in managed forests of Minnesota, 
managers and biologists no longer assume that a single size of clearcut 
should be prescribed. Rather, current trends are to recommend a variety of 
sizes from as small as is economically feasible, e.g., around 10 acres, up to 
larger than the previous maxima of 100 to 200 acres (Angelstam 1991). 
Guidelines of the USDA Forest Service recognize that different management 
objectives may best be favored by different cut sizes: for Ruffed Grouse, 10 
acres; for white-tailed deer, 20 to 50 acres; and for moose, 100 to 200 acres. 
The bigger question is how sizes are set when many dozens of wildlife 
species are of concern. One simple advantage in prescribing a variety of 
sizes is that there will be an opportunity for systematic testing of responses 
by any number of species to size of clearcut. 

Large deamats and Retention of large patches of mature forest. 
In at least some portions ofthe state, it is recommended there be a scattering 
ofclearcuts of500 to l,()()() acres, with residual inclusions and corridors as 
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defined above. Since it is impractical for one such large area to be totally 
harvested in a single year, the cut can comprise a series of contiguous 
segments that are harvested over several years. Large cuts such as this 
would mimic the pattern of major fires that were a recurrent disturbance 
factor in northern forests (Heinselman 1973). 

A parallel management strategy to having some very large clearcuts is to 
have a corresponding set of equally large uncut tracts. This would tend to 
assure that future forests will contain some tracts of mature forest large 
enough to meet the requirements of forest interior species. Implementation 
of such patterns would be most feasible in ecoregions 1 to 3 plus the 
northern half of 4, where large blocks are in public or industrial ownership. 
and some large patches of cut and uncut forest currently exist. 

In the southern portions of Minnesota, habitat fragmentation is one of the 
greatest threats to maintenance of forest bird populations due to increased 
impacts by predators that operate from forest edges, and by nest parasitism. 
Where possible in the southern and western regions, there should be 
harvesting coordination among timber ownerships and timber harvest patterns 
to prevent further fragmentation. There should be no further reduction of the 
current acreage in large patches (> 100 acres) of mature (>50 year) forest 
in the southern portion of ecoregion 4 and in ecoregions 5, 6, and 7 to 
potentially mitigate adverse effects for forest interior species. 

Travel colTidors 
Stringers ofmature forest should be retained across large clearcuts, and by 
planning the spatial arrangement ofharvests to maintain ordevelop corridors 
across the landscape. 

Impacts of timber harvest on a number of wildlife species are minimized, and 
use of harvested areas increased, by provision of travel corridors of mature 
forest that link nearby mature stands. Travel corridors become more 
important to local populations as the proportion of an area being harvested 
increases, i.e. as either the size of single clearcuts, or the size of areas 
comprising adjacent cuts that are separated by a relatively few years « 10 
to 20 years) increases. Corridors may also mitigate visual and aesthetic 
impacts. 

In ecoregion 7, protecting corridors is not so much an issue of designing cuts 
as it is of saving what narrow strips may still exist within an otherwise totally 
farmed landscape. These remaining corridors are most frequently riparian 
strips, and are often broken by clearing and cultivation up to stream banks. 

Relationship to Other Mitigations 
Maintaining corridors in southern Minnesota can be accomplished primarily 
by protecting riparian zones (6.9). 
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Mitigation: Riparian Zones 

A minimwn 200-foot buffer offorest should be maintained along both banks 
ofall streams and lakes, and a 250-ft buffer zone should be maintainedfor 
25 percent ofall streams greater than order three within ecoregions 4, 5, 6, 
and 7. Within the buffers, only thinning and uneven-aged management would 
be permitted. Special focus should be applied to wider areas ofbottomland 
and bluffs along the Minnesota River, and in the noriforest land ofEcoregion 
7 protection ofall riparian strips through private farmlands would greatly 
benefit local wildlife. Options for longer rotations and thinning cuts I which 
would be carried outduring the nonbreeding season (September to February) 
are also recommended. 

Rationale and Workability 
Maintaining a 200-foot buffer along edges of all water bodies, i.e., streams 
and second order rivers and lakes, in all ecoregions should mitigate effects 
of impacts projected for most riparian birds and herps. This recommendation 
exceeds the widths recommended in the state's BMPs guidelines (MNDNR, 
Division of Forestry), but allows for more flexibility as long as wildlife 
habitat considerations are protected. 

Generally, the greatest concern for riparian habitats is in those areas where 
the uplands have been converted to agriculture. so there is little additional 
forest of any kind in the region-i.e. in the southern and western portions of 
the state. Also, in those regions, riparian communities tend to be distinct 
from adjacent uplands to a far greater degree than is found along waterways 
in the north and north central regions. However, if agricultural practices are 
not likewise modified. these buffers will have little effect. 

In the southeast, where much riparian acreage is in private ownership, 
programs that encourage harvesting of timber products in river bottoms will 
benefit wildlife greatly in contrast to having economic considerations drive 
the same land into clearing for agriculture. Therefore silvicultural strategies 
that are compatible with wildlife needs should be developed so that thinning 
or relatively long rotations will assure that sizable tracts of bottomland forest 
will remain relatively intact along all the major drainages. 

In the north, more flexibility can be afforded: longer rotation, thinning cuts, 
and exceptions to complete streamside protection in order to include the 
habitat needs of beavers, and consequently, the other species that depend 
upon beaver impoundments. 

Small Wetland Buffer Zones 
Currently recommended BMPs should be expanded to protect ephemeral or 
vernal wetlands. These s""!1l water bodies or wetlands should be identified 
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during the spring before cutting takes place. A minimum b14ifer of40ft will 
protect most small wetlands. 1his mitigation is primarily for herps such as 
the gray tree frog and pickerel frog. 

6.10 
Mitigation: Protection of Sensitive Sites 

Sensitive nest sites. habitats, and rookeries should be identified andprotected 
by appropriate b14ifers. 

Current guidelines followed by the MNDNR and USDA Forest Service 
around nests of Bald Eagles and rookeries of colonial birds should be used 
as the model for protecting sensitive sites. The Bald Eagle guidelines 
include: no new roads or trails and no logging. even during the nonbreeding . 
season, within 660 feet; all activities prohibited except those related to 
protecting the site, within 330 feet; no activities during the breeding season 
. from mid-February to early October, within 1,320 feet; no logging even in 
the nonbreeding season, within 660 feet. These recommendation are based 
on studies and management applications by the Chippewa National Forest. 
These guidelines also include a lakeside buffer of one-fourth mile rather than 
200 feet in areas that eagles are likely to be feeding. However, 
modifications would be appropriate where eagles colonize already active 
logging areas or right of ways. 

For rookeries of colonial wading birds (herons and egrets), based on 
MNDNR current guidelines, the guidelines are: no logging within 330 feet, 
and no logging or other disturbance during the nesting season (April to July 
inclusive) 660 feet. Finally, no logging should be carried out within 300 feet 
of bluffs with hibernacula of massasauga and timber rattlesnake, or near 
known populations of five-lined skinks, rat snakes, and lined snakes. 

6.11 
Mitigation: Reduce Use of Herbicides 

Broadcast application of herbiddes, particularly from the air, should be 
limited to situations where it is the only feasible management option and its 
use is based on the Herbldde Mediation Agreement. 

Rationale and Workability 
Where studies show that plantation or enrichment stock clearly requires 
release (control ofcompeting plants), spot application of relatively short-lived 
chemicals is recommended. Creating monoculture conifer plantations is 
detrimental to many wildlife species that might otherwise benefit from these 
sites. However, little acreage is truly a monoculture in Minnesota. 
Hardwood shrubs and saplings that emerge alongside planted stock provide 
valuable forage to important wildlife during the first couple of decades before 
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the plantation canopy closes. A scattering of hardwood trees within conifer 
plantations will enhance the value of these stands to wildlife while having 
negligible economic impact. In fact, at least for white spruce, some studies 
suggest that growth in saplings is likely to be better with moderate levels of 
hardwoods in the shrub layer than in a shrub layer without a hardwood level. 

Studies have shown that herbicide application for site preparation and release 
can greatly reduce the aVailability and reproduction of browse and of berry
producing shrubs. Also, amphibians are particularly sensitive to some of 
these chemicals. Among chemicals used, some (e.g., glyphosate) kill woody 
plants entirely, while others (e.g. 2,4-0) simply kill back tops ofplants long 
enough for the conifers to grow out of range of the competition. Currently 
the USDA Forest Service uses no chemicals in its management of 
plantations, due to the cost of meeting public challenges. Use of herbicides 
should not be regarded as unacceptable because there are environmentally 
safe agents now available, and their judicious use can accomplish silvicultural 
goals with minimum, though usually measurable, wildlife impacts. Because 
the majority of future herbicide use will be confined to private lands, 
industry would be well advised to seek, through careful documentation, the 
extent to which these agents truly provide clear economic advantage, and 
when marginal economic gain may be achieved at the expense of some major 
impacts to wildlife. 

Elimination or great reduction of ground herbs will impact a wide variety of 
birds, including grouse chicks. The insects which bird hatchlings vitally 
require will be missing or in low density, due to loss of the vegetation layer 
which supports these insects. 

Glyphosate and its relatives are among the most environmentally safe 
biocides, because of its rapid biodegradation upon first contact. Aerial 
applications are regularly ineffective due to canopy interception, wind drift, 
or invulnerability of target plants due to growth stage or water relations. 
These disadvantages can be rectified by ground-based spot application on 
only those plants clearly impeding growth of planted stock. 

7 
PREFERRED MITIGATION STRATEGIES 

7.1 
Framework for Analyzing MitigatiODS and Selecting Preferred Mitigation Strategies 

Criteria for selecting strategies are drawn from the final criteria document 
noted above and reproduced below: 
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Based on an analysis of mitigation alternatives identified, preferred 
mitigation strategies will be selected by considering in relative terms: 
1. 	 the effectiveness at mitigating the identified significant impacts; 
2. 	 the beneficial effects on other resource values; 
3. 	 the adverse effects on other resource values; 
4. 	 the physical, biological, administrative (implementation and 

oversight), financial (costs, public and private, direct and 
indirect), and social (ability to organize, support and effect 
implementation) feasibility; and 

5. 	 the probability of success and duration of success. 

In practice, the verbal and written input from the Advisory Committee on the 
potential mitigation strategies led to acceptance, rejection andlor refinement 
ofthe potential strategies. These results were then approved by the EQB and 
comprise the strategies considered and evaluated in detail. Additionally, for· 
this analysis the above criteria were grouped as follows: 

1. 	 Effectiveness addresses a mitigation strategy in terms of its ability to 
either avoid or reduce the identified impacts. 

2. 	 Feasibility addresses the likelihood that the mitigation strategy can be 
implemented, based on existing or future economic, social, biophysical, 
or administrative constraints. 

3. 	 Duration of mitigation can best be scored into four classes: 1 =long
term-greater than 50 years; 2-medium-term-lO to 50 years; 3=short
term-2 to ten years; 4-very short-term-Iess than 2 years. 

4. 	 Concomitant effects refers to those strategies that have the potential to 
significantly affect other resources. It is clearly fallacious to consider 
that any forest management practice will only affect a single resource; 
forests are intricately interacting ecosystems, and each practice affects 
many resources. 

5. 	 Probability of success, though not tabulated explicitly in the following 
tables, is a combination of effectiveness, feasibility and duration with 
minimal negative concomitant effects. The strategies identified as highly 
effective, highly feasible, of long duration and with minimal negative 
concomitant effects are assumed to have the greatest chance of success 
in the long-run. 

These criteria were then applied to the various mitigation strategies for the 
purpose of comparison among them and to help determine preferred 
mitigation strategies. 
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Effectiveness of MitigatioDi 

Extended Rotation Forests (6.2) 
Eifoctiveness: Species Mitigated 
A variety of small- and medium-sized mammals (including red-backed voles, 
all species of tree squirrels, fisher and pine marten) would benefit most from 
older forests on the landscape. Bobcat, lynx, snowshoe hare and northern 
flying squirrel would also benefit from older lowland conifer forests, and 
deciduous forests where conifers are appearing in the understory. An upland 
deciduous forests may contain plentiful food for hares, but without 
cover-providing low conifer, hares cannot exist due to predation 
vulnerability . 

White-tailed deer would benefit only to the extent that scattered lowland 
conifer stands in the north are preserved in a mature stage, and that some 
northern hardwood stands grow long enough to develop a conifer component 
of :fir and spruce for cover. Moose, while favored by good acreages of 
young regenerating aspen, also do well in very old forests where the canopy 
is opening to permit a well-developed shrub layer of mountain maple, hazel 
and dogwoods. However, this stage of forest aging might more likely fall 
under old growth. Moose also seek conifer cover in summer and winter to 
avoid extremes in temperature. 

Wherever oak mast is a critical resource to some mammals, particularly deer, 
bears, and squirrels (see 6.4), longer rotation is important. The importance 
of this feature is inversely proportional to the abundance of the oaks, so 
greatest priority should be applied in the northern regions where oaks 
become a minor part of forest composition. In general, most tree species are 
more prolific in seed/mast/fruit production at an age older than that normal 
for early timber harvest. 

Many bird species projected to be significantly impacted by harvesting are 
associated strongly with mature forests, including Barred Owl, Long-eared 
Owl, Boreal Owl. Pileated Woodpecker, Black-backed Woodpecker, 
Yellow-bellied Sapsucker, Red-shouldered Hawk, Red-breasted Nuthatch, 
and Scarlet Tanager. 

A variety of forest-floor herps are favored by old forests in that they require 
deep shade, a deep layer of moist leaf litter, and a good distribution of 
woody debris that is characteristic of the accumulations ofdead material over 
many decades. These include all forest salamanders, the wood frog, milk 
snake, and eastern hognose snake. In addition, forest mice and shrews in 
many cases depend heavily upon small and large decomposing woody debris 
for cover and for sources of food. In tum, this benefit favors the avian and 
mammalian predators of these small mammals. 
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Silvicultural Methods Other Tbao Clearcutting (6.3) 
Clearcutting with Residuals 
Effectiveness: Spedes Mitigated 
Deer, moose, snowshoe hare, and pine marten will use the inclusions as 
cover from heat, cold, or predators while still having access to the emergent 
forage in the clearcut. Black bears will use conifer shade in summer while 
feeding on berries in clearcuts. A variety of birds will use the snags for 
nesting when cavities develop, including Tree Swallows, Northern Saw-whet 
Owls, Eastern Bluebirds, and most woodpecker species. Other birds use the 
snags for territorial singing perches, including Golden-winged Warbler, 
American Robin, and Chestnut-sided Warbler. Raptors use the snags for 
hunting perches-theRed-tailed Hawk, Kestrel, and Northern Saw-whet Owl. 

Selective Cutting 
Effectiveness: Spedes mitigated. 
This mitigation will minimize reduction in important features of older forests 
needed by some small- and medium-sized mamma]s, amphibians, and reptiles 
in all ecoregions. It will favor black bears in the north by producing small 
openings where fruits, such as raspberries, will flourish. as well as 
herbaceous plants that sought in spring. while the selective pattern retains 
mast-producing. mature trees plus ample shade. This pattern will favor deer 
year-round throughout the state, by leaving thermal cover while producing 
temporary patches of forest herbs and of shrubs that provide summer and 
winter browse with high quality summer and winter forage. The deer would 
still need access to herbaceous openings. In the north, moose would be 
favored as well as deer, although the quantities of forage they require will 
not be provided as well as by clearcuts. Snowshoe hares will also be favored 
if some low conifer for security is present. 

Where forests dominated by oaks are cut in this manner rather than by 
clearcutting, all mast-dependent species will be favored, particularly fox and 
gray squirrels, bears, deer, and Wood Ducks. 

A wide variety of forest birds that would otherwise disappear from clearcut 
stands will remain in the select cuts. Forest raptors can often be protected 
by reserving a few acres around each nesting site. Apparently the 
Red-shouldered Hawk may not tolerate this level of disturbance. More data 
are needed to determine the extent to which it will tolerate forest cutting and 
at what times. 

Ruffed Grouse will be partly favored, particularly if some aspen arises in the 
openings created by the cutting; however, numbers will not be as great as in 
small clearcuts. Woodcock will be favored in sites where soil is moist 
enough to provide their invertebrate food sources. 
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More Mast and Other Food Producing Trees (6.4) 
Effectiveness: Species Mitigated 
Among small mammals, this mitigation is most applicable to the impacted 
squirrel species analyzed, and to forests in the southern and central portion 
of the state (including all of ecoregion 4). 

The productivity and survival of white-tailed deer and black bear are higher, 
all other habitat features being equal, when good supplies of mast are 
available; this is true wherever the range of these large mammals overlaps 
with the range of oaks. In northern· Minnesota, where oak stands are 
relatively rare, individual bears sometimes travel over 10 miles just to feed 
on acorns in the fall. The Wood Duck and the Wild Turkey are both 
mast-eating birds that will benefit from protection of the producing trees. In 
the case of the wood duck, the oaks used are generally in a riparian setting. 

Berry trees are used by the Pine Grosbeak, Brown Thrasher, all thrushes, 
Evening Grosbeak, Cedar Waxwing, Bohemian Waxwing, Ruffed Grouse, 
Scarlet Tanager, Rose-breasted Grosbeak, and Northern Oriole; as well as 
by all tree squirrels, black bears, and red and gray foxes. 

It is assumed that federal and state policy will regulate the harvest of the oak 
type, but-the majority of the state's oak forests lie outside these ownership 
jurisdictions. Existing oak stands should be identified and managed so as to 
maintain the mast resource as a primary objective. Special silvicultural 
standards are needed to incorporate protection of key berry-producing 
species. 

Retention of More Trees With Cavities (6.5) 
Effectiveness: Species Mitigated 
As pointed out in the species accounts (section 2), studies in Dlinois have 
shown that forests inhabited by gray squirrels contained a minimum of 6 
cavity treesfha (about 2.4 trees/acre); southern flying squirrels use a large 
number of tree cavities during each night's activity as escape sites, feeding 
stations, and resting areas. This mitigation should be applied over all 
Minnesota ecoregions, but for mammals it may be especially critical within 
the range of the gray squirrel, projected to be heavily impacted under all 
harvest scenarios. 

Many bird species are dependent upon cavities for nesting, and a number of 
overwintering songbirds, such as Chickadees, require cavities for thermal 
protection in cold weather. Tree-cavity nesters range through all forest types 
and stand sizes; some species prefer lone trees in openings, hence the 
importance of cavity-snags on edges and within clearcuts. Cavity nesters in 
Minnesota forests include Owls-Boreal, Barred, Screech, and Northern 
Saw-whet; Woodpeckers-Red-headed, Red-bellied, Downy, Hairy, 
Three-toed, Black-backed, and Northern Flicker; Black-capped and Boreal 
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Chickadees; Red-breasted and White-breasted Nuthatches; Eastern Bluebird; 
Tree Swallow; and several ducks-common goldeneye, common and hooded 
mergansers, and Wood Duck. 

Retention of slash ('.6) 
Effectiveness: Species Mitigated 
Slash retention should be applied statewide to benefit small mammals, such 
as the red-backed vole, shrews, and deer mice. This material also aids 
herps, such as the wood turtle, that begin to use clearcuts with early 
development of the shrub layer and increased soil-moisture retention. 
Although slash retention may not increase use of recent clearcuts by these 
animals substantially, presence of slash in older regenerating stands is an 
important habitat feature for these animals. Another important function of 
slash is the creation of a favorable subnivean substrate for small mammals, 
including predators and prey. The structure of slash-particularly branches 
with limbs-prevents packing of snow thus allowing extensive travel-ways, 
cover and foraging sites for mice, shrews, and weasels. The larger 
dimension slash including whole, unlimbed trees provides subnivean security 
for larger mammals such as snowshoe hares and pine marten. This habitat 
attribute is particularly critical in large clearcuts where wind otherwise 
compresses snow so as to impede subnivean movements. 

An important effect of adequate slash cover for small mammals is provision . 
of prey for such mammalian carnivores as foxes, and, in the north, pine 
marten and fisher. As discussed in the pine-marten account, snags, 
blowdowns, deadfalls, and slash comprise critical substrate, not only for 
supporting prey but also for the mobility and security-cover of the marten 
itself. Likewise, increased densities of small- and medium-sized mammals 
serve to increase prey for forest raptors, many of which are relatively 
tolerant of some forest clearing as long as suitable nest trees are left. 
Raptors affected here include the Red-tailed Hawk, Kestrel, and Goshawk; 
and many owl species found in forested areas throughout the state. 

Because adequate food is promoted through slash retention, this tends to 
offset, in part but not entirely, some potential negative impacts of 
clearcutting on raptors. 

Logging practices which leave large amounts of scattered slash and some 
larger logs will greatly reduce the impact of harvesting on herps. Although 
not all species are known to use slash, some species, such as the milk snake, 
wood turtle, blue-spotted salamander, redback salamander, eastern newt, 
boreal ringneck snake, eastern hognose snake, wood frog, and spring peeper 
will benefit. . 

Because BMPs do not apply to small or temporary wetlands and ephemeral 
streams, they should be modified or expanded to include protection of these 
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wetlands from slash piling or other disturbances. Application of this BMPs 
modification should include instructions on recognizing such wetlands during 
dry periods and particularly during winter, when a considerable amount of 
harvest occurs. 

Retention of More Conifers (6.7) 
Effectiveness: Species Mitigated 
Mitigations directed at retaining conifer forest cover, conifer inclusions in 
mixed stands, and conifer understories are related to a very long list of birds 
of northern Minnesota. Many songbirds and raptors-either breeding in or 
migrating through the forested north-are associated with conifer cover. 

Isolated patches of conifers are known to enhance the use of harvested areas 
by pine marten, at least during winter, and conifers are an important 
component of mature forest habitat for this species. The red squirrel, one of 
the prey for the pine marten, is strongly tied to spruce and cedar forests. 

White-tailed deer and moose use conifer cover in northern Minnesota during 
winter because of the reduced wind chill and lower, less crusted snow cover 
within conifer stands. While research is being carried out on how conifer 
cover relates to survival of wintering deer in the north, according to the 
harvest model, the reductions of mature conifers are extensive enough under 
the high harvest scenario that mitigations would be required immediately. 
It is assumed that federal and state forest management guidelines for retaining 
lowland conifer for wildlife will be sufficiently effective for all federal and 
state lands, and to some extent, county lands. However, much of the 
harvesting will be on other ownerships. Therefore, the recommendations for 
mitigation include the reservation of plots of mature conifers, with northern 
white cedar having the highest priority, followed by white spruce, balsam fir, 
jack pine, red and white pine, and finally black spruce. The mitigation also 
includes extension of the rotation ages of clearcut forests to permit 
emergence and maturation of some conifers (6.2). These mitigations apply 
primarily to ecoregions 1, 2, 3, and the northern half of 4. 

Conifer presence is important for moose, probably most critically in summer 
when, without deep conifer-shaded and moist-soil stands, the animals would 
be stressed by the heat of midsummer. Moose in winter also are more often 
found in the proximity of conifer clumps, even as they forage in open shrub 
vegetation. Retention of lowland black spruce, plus some types ofjack pine, 
is critical to the Spruce Grouse. 

Regionwide inventory and composition targets need to be developed to 
develop conifer-retention approaches that are truly effective in protecting 
habitats of so many northern Minnesota species. For relatively uniform 
habitat maintenance over the entire region, guidelines need to be applied at 
the level of a reasonably localized unit, perhaps the township, as was chosen 
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here for analyzing projected impacts on deer in the north. Starting with the 
estimated percent conifer found on the 1990 FIA plot. this level could be 
used as a guide for pursuing a no-net-loss target for every township. While 
it may appear that the program is directed primarily towards deer. the effects 
would indeed impact a very broad spectrum of birds and mammals. 

Retention of conifers will mitigate the adverse impacts of harvesting to bird 
species associated with mixed coniferous-hardwood or totally conifer 
covertypes. This is especially true for conifer inclusions within hardwood 
stands in ecoregions 1 through 4. Wildlife species that would be partially 
mitigated by this measure include most of those that are associated with 
conifer trees in otherwise hardwood-dominated forest covertypes and include 
Sharp-shinned Hawk, Swainson's Thrush, Red-breasted Nuthatch, 
Golden-crowned Kinglet. Ruby-crowned Kinglet, Northern Parula, Pine 
Warbler, Yellow-rumped Warbler. Chipping Sparrow. and Pine Siskin. 

In addition to retention of conifers. it is also important to consider plantings 
designed in such a manner to increase conifer cover and inclusions. 

The wood turtle. ringneck snakes. and red-backed salamander are associated 
with mixed species stands and would benefit from retention of conifer 
inclusions within aspen forests. 

spatial Pattems of Cutting (6.8) 

Large dearcuts and large patdles of mature conifer forest. 

Effectiveness: Species mitigated ' 
The very large clear cuts will favor moose in the early stages; when mature, 
if they are eventually large patches of conifer. then they will favor such 
conifer interior birds as the Three-toed Woodpecker and mammals such as 
the pine marten. 

Retaining relatively large tracts of mature forest in ecoregions 4, 5, 6. and 
7 will potential mitigate harvesting impacts on the gray squirrel and all forest 
interior birds in that part of the state: Pileated Woodpecker. Acadian 
Flycatcher. Cerulean Warbler. Black-and-white Warbler, Ovenbird. and 
Scarlet Tanager. Much of this mitigation is related to reducing nest 
parasitism by the Brown-headed Cowbird. also an edge species. In addition. 
large areas of continuous, mature forest are required to mitigate negative 
impacts on forest raptors. especially the Red-shouldered Hawk and possibly 
the Goshawk. 

Travel conidors 
Effectiveness: Species Mitigated 
Corridors will be particularly important to the pine marten. red squirrel. 
flying squirrel, and red-backed vole year round. and to deer and snowshoe 
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7.3 
Preferred Mitigations 

hares in winter. In southern and central Minnesota corridors through larger 
cuts will serve tree squirrels and flying squirrels. 

Riparian Corridors (6.9) 
Effectiveness: Species mitigated 
The wider buffer will mitigate negative effects of harvesting on most herps 
as well as on birds such as the Prothonotary Warbler, Louisiana Waterthrush, 
Northern Waterthrush, and Cerulean Warbler, the habitat problems for which 
are concentrated mainly in the southern portion of the state. In the north, 
occasional exceptions to restricting harvest from stream edges will maintain 
favorable habitat for the beaver which requires young, emergent deciduous 
trees, mainly aspen; the beaver in tum creates extensive habitats through 
impoundments for birds, mammals and herps. 

Protection of Semitive Sites (6.10) 
Effectiveness: Species mitigated 
This mitigation is aimed at species such as the Massasauga, timber 
rattlesnake, five-lined skink, and lined snake, . which are too rare for analysis 
of habitat abundance in this paper. This mitigation is already in place for rare 
birds such as the Bald Eagle. Similar mitigations, tailored to the needs of 
each rare species, are necessary to preserve other species which may not be 
as publicly visible as the Bald Eagle. 

Reduce Use of Herbicides (6.11) 
Effectiveness: Species Mitigated 
Black bears, deer, moose, snowshoe hares and many bird species are highly 
dependent on the browse and fruit produced by many shrubs on conifer 
plantations. Birds whose hatchlings depend on insects from the herb or low 
shrub layers in plantations may be impacted from the reduction of this food 
source. All frogs and salamanders may be negatively impacted by the use 
of herbicides. However, since herbicide use is very limited in Minnesota's 
forests, this mitigation is not expected to produce major results. 

Determination of preferred mitigation strategies for impacts of harvesting on 
wildlife is a complex process. Each of the mitigations strategies identified 
provides partial mitigation for a number of significant impacts, and 
concomitantly, each impact is mitigated by several strategies. In addition, 
each mitigation strategy, if implemented, affects the outcome of the other 
strategies. Also, some of the mitigations have long been in place and others 
just recently been implemented to some degree. 

All of the identified strategies are of long-term duration, all are quite feasible 
physically, and all are very effective under certain circumstances. 
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Financially, all of the mitigation strategies identified require administrative 
guidelines that would also cost time and money during preparation of timber 
sales. In addition, the cost of actually growing and harvesting timber would 
be higher, because most of the strategies, such as extended rotation forest, 
retention ofmast trees and changes in spatial patterns of cutting would reduce 
timber production and require less intense harvest over a larger area or 
harvest over a longer time or at greater expense. 

Concomitant effects of the mitigation strategies identified would be virtually 
all positive for biodiversity, and extended rotation forests would have a 
positive effect on soil nutrient balance and aesthetics. Retention of conifers 
and silvicultural methods other than clearcutting would also have a positive 
effect on recreation and aesthetics. Three mitigation strategies (extended 
rotation forests, retention of slash and retention of trees with cavities) may 
have negative effects on forest health and productivity in some cases. 

The simplest way to determine which strategies are preferred is to find a 
combination of a few strategies that partially or wholly mitigate the 
maximum number of significant impacts identified in this paper. The 
mitigations that appear of greatest relevance to a broad spectrum of animals 
are 6.7. Retention ofConifers, particularly for northern Minnesota, and 6.9_ 
Protection of Riparian 'Zones, particularly in southern and western 
Minnesota. The next two most important mitigation strategies appear to be 
6.2_ Extended Rotation Forest and 6.8, Spatial Patterns of Cutting. These 
four strategies in combination appear to provide some mitigation for a 
majority of significant impacts identified. However, all of the mitigations 
will be useful in certain cases. 

The second runs of the harvest scenarios incorporated increases in forest area 
in all ownerships in the southern part of the state and decreases in forest area 
in private ownership in the northern part of the state. The results of this 
analysis could differ markedly with different area change estimates for 
several species of birds and mammals. In the southern part of the state, the 
projected increase in forest area ameliorates the effects of harvesting, while 
the projected decrease in forest area in the north exacerbates the negative 
impacts of harvesting. Therefore, the mitigation strategies in the MPFRB 
Technical Paper aimed at reducing the loss of forest area by ecoregion would 
also work well in conjunction with the mitigation strategies identified by the 
wildlife study group. 

For sound economic policy and environmental management, it is not wise to 
consider applying the mitigation recommendations above in an isolated or 
generic manner. Rather, they need to be applied in relation to an 
understanding of regional wildlife and biodiversity problems and in 
conjunction with the potential of different land ownerships to contribute 
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differentially to both protection of wildlife and production of timber 
products. 

To implement regional, cross-ownership wildlife management and protection, 
a uniform data base on habitats and populations must be developed as the 
first step, as discussed in the Biodiversity Technical Paper. Such an 
inventory system must be far more uniform in coverage and comprehensive 
in parameters measured than any regional system now in place or being 
planned within the forested part of the state. Among other attributes, such 
a system must have a spatial dimension, so that landscape patterns are 
recorded at scales and with attention to relationships that are dictated by the 
needs of various animal species. 

Under comprehensive regional wildlife habitat inventory and conservation 
planning, the need for any of the specific mitigations described above will be 
prioritized in terms of sites, timing, and funding allocations. The overall 
objective of such coordination will be an optimization of efforts and 
expenditures for protecting the state's forest wildlife and minimizing the risk 
of critical habitat loss. 
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