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EXECUTIVE SUMMARY 

The Intergovernmental Panel on Climate Change (IPCC), in their latest assessment 

report, concluded that “Warming of the climate system is unequivocal, as is now evident from 

observations of increases in global average air and ocean temperatures…” (IPCC 2007:30), and 

“Most of the observed increase in global average temperatures since the mid-20th century is very 

likely [>90% probability] due to the observed increase in anthropogenic GHG [greenhouse gas] 

concentrations” (IPCC 2007:39).  Some of the impacts of recent warming on the Earth’s biota 

have been documented (Parmesan and Galbraith 2004), and projected climate change will have 

implications for wildlife in particular (Inkley et al. 2004).  In recognition of the importance and 

urgency of developing approaches to deal with climate change, senior managers in the Minnesota 

Department of Natural Resources’ Division of Fish and Wildlife convened a working group 

within the Section of Wildlife during August 2007.  The purpose of the Wildlife Climate Change 

Working Group was to guide the Division of Fish and Wildlife in describing (1) climate change 

in Minnesota, (2) its effects on wildlife species and habitat, and (3) the development of wildlife 

management and monitoring actions needed to respond to this unprecedented wildlife 

management challenge.  The goal was to produce this summary document by spring of 2008. 

During the next 100 years average temperatures in Minnesota are projected to increase by 

6–10 oF (3–5.5oC) in winter and 7–16 oF (4–9oC) in summer (Kling et al. 2003, IPCC 2007).  

Precipitation is projected to decline by 0–15% during summer but increase by 5–30% overall 

(Kling et al. 2003, IPCC 2007).  The frequency of extreme precipitation events is projected to 

increase by 50–100% (Kling et al. 2003), which will result in greater surface runoff and less 

percolation into the soil.  Increasing temperatures and declining soil moisture during summer 

will have dramatic effects on plant communities.  The boundary between grassland and 

deciduous forest biomes will shift.  Tree species composition in forests will change.  Specific 

effects of climate change, however, are difficult to predict because of uncertainty in future 

precipitation patterns and because climate change will interact in complex ways with changes in 

other disturbances like human land use and invasive species.  Climate change may affect forest 

disturbances by changing the frequency, duration, and severity of fires, tornadoes, outbreaks of 

insects and pathogens, thunderstorms, and drought (Dale et al. 2001).  Due to differences among 

species in sensitivity to temperature and precipitation, rates of dispersal, and vulnerability to 

various disturbances and threats, biological communities with which we are familiar may not 
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remain intact.  New biological communities may be dominated by plant and animal species best 

able to disperse, including many of the invasive species we are currently managing.   

Climate change will be beneficial for some species, but it is likely to be detrimental for 

many species.  In response to climate change, plants and animals can adapt, migrate (i.e., shift 

their range), or become extirpated or extinct (Noss 2001).  In Minnesota, it is likely that ranges 

of some species will shift generally from south to north with increasing temperatures and perhaps 

from west to east if summers become drier.  It is predicted that ranges of many wildlife species 

may become smaller (Parmesan and Galbraith 2004).  As the spatial distributions of species 

change, some species will become extirpated from Minnesota and others will move into 

Minnesota (Price and Glick 2002).  Several wildlife species have expanded into northern 

Minnesota from the south during recent decades, presumably due to warmer temperatures and 

mild winters.  Examples include mourning doves, northern cardinals, and opossums.  Wildlife 

associated with near-boreal forests in northern Minnesota may be under the greatest threat of 

extirpation from the state due to climate change. 

Rising interest in and development of renewable sources of energy, partially due to 

desires to mitigate for climate change, are influencing land-use decisions that affect wildlife.  For 

example, in western Minnesota commercial wind turbine projects and planting feedstocks for 

ethanol fuel and biomass (e.g., corn, switchgrass) are becoming more common.  Opportunities 

exist, however, to produce biofuels, sequester carbon from the atmosphere, and provide other 

ecosystem services using high-diversity plantings of native grassland perennials (Tilman et al. 

2006). 

We in the Wildlife Climate Change Working Group believe that communicating and 

establishing a clear, shared vision within the Section of Wildlife (or higher level within 

MNDNR) about climate change is important.  A critical aspect of the vision should include being 

proactive in identifying and implementing responsible, science-based strategies for mitigating 

climate change and adapting to unavoidable climate changes.  We also believe that the 

significance of climate change to the management and conservation of wildlife warrants making 

it an explicit priority of the Section, Division, and Department to develop and implement a 

proactive response to climate change. 

In general, we in the Section of Wildlife should (1) focus on objectives that help the 

Section accomplish its mission and mandates; (2) acknowledge uncertainty when making 
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decisions and confront it in a logical, productive manner; and (3) strive to work effectively with 

colleagues and stakeholders to achieve wildlife management goals.  Furthermore, the Section of 

Wildlife as a whole should address climate change using mitigation and adaptation strategies.  

The following lists highlight some of our recommendations for how to approach climate 

change:1 

Mitigate climate change: 

• Accomplish gubernatorial mandates to reduce energy consumption and increase efficiency of 

energy use by staff (Pawlenty 2004a,b; 2005; 2006). 

• Develop recommendations for personal choices that result in mitigation. 

• Seek carbon sequestration opportunities that do not conflict with or diminish wildlife 

conservation. 

Adapt to unavoidable consequences of climate change: 

• Develop, utilize, and communicate transparent decision processes.   

• Identify important decisions and decision thresholds, so management and monitoring 

objectives can be specified.  

• Establish interdisciplinary teams to collaborate on climate change issues. 

• Provide specific guidance to staff about whether or how to address climate change in 

management actions and planning efforts (USGAO 2007). 

• Dedicate 1 new FTE position at the Program level in the Section of Wildlife or the Division 

of Fish and Wildlife to lead and coordinate climate change efforts.   

• Link monitoring programs to specific management decisions or scientific hypotheses. 

• Continue to acquire and manage land for wildlife purposes. 

• Maintain ecological structures and functions (e.g., biodiversity, water quality). 

• Reduce nonclimate stressors that we can influence now (e.g., habitat loss; Inkley et al. 

2004:18).   

• Proactively choose where and when to resist climate-induced changes, encourage resilience 

of systems to change, or enable climate-induced changes (Millar et al. 2007).   

 

                                                 
1 The suggestions and recommendations in this report are intended primarily for the Division Management Team 
and, therefore, do not represent a statement of policy by the Section of Wildlife, Division of Fish and Wildlife, or 
any other unit within the Minnesota Department of Natural Resources. 
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1.  INTRODUCTION 

The most comprehensive research on climate change is summarized by the 

Intergovernmental Panel on Climate Change (IPCC).  The IPCC, comprised of many scientists 

from around the world, was created by the World Meteorological Organization and the United 

Nations Environment Programme to provide an objective source of climate change information 

for policymakers.  In their latest assessment report, the IPCC made the following conclusions:  

“Warming of the climate system is unequivocal, as is now evident from observations of increases 

in global average air and ocean temperatures, widespread melting of snow and ice and rising 

global average sea level” (IPCC 2007:30); “Most of the observed increase in global average 

temperatures since the mid-20th century is very likely [>90% probability] due to the observed 

increase in anthropogenic GHG [greenhouse gas] concentrations” (IPCC 2007:39); and “It is 

likely [>66% probability] that there has been significant anthropogenic warming over the past 50 

years averaged over each continent (except Antarctica)” (IPCC 2007:39). 

Some of the impacts of recent warming on the Earth’s biota have been documented 

(Parmesan and Galbraith 2004), and projected climate change will have implications for wildlife 

in particular (Inkley et al. 2004).  In recognition of the importance and urgency of developing 

approaches to deal with climate change, senior managers in the Division of Fish and Wildlife of 

the Minnesota Department of Natural Resources (MNDNR) started 2 initiatives.  First, a group in 

Fisheries Research redesigned its long-term lake survey program to detect early climate change 

impacts.  The new program is called Sustaining Lakes in a Changing Environment (SLICE, 

Valley 2008).  The second initiative was to form a short-term working group within the MNDNR 

Section of Wildlife.  Three Advisors, who provided direction and oversight, convened the 

Wildlife Climate Change Working Group during August 2007.  The purpose of the working 

group was to guide the MNDNR Division of Fish and Wildlife in describing (1) climate change 

in Minnesota, (2) its effects on wildlife species and habitat, and (3) the development of wildlife 

management and monitoring actions needed to respond to this unprecedented wildlife 

management challenge.  The goal was to produce this summary document by spring of 2008. 

 The organization of this report follows directly from our 3-point statement of purpose.  

Knowledge of climate change as it relates to Minnesota is summarized in Section 2.  Observed 

and potential effects of climate change on wildlife and habitats are described in Section 3.  Our 
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suggestions for how to approach the challenges posed by climate change and ideas for next steps 

are presented in Section 4. 

 This report is intended primarily for the Division Management Team of the MNDNR 

Division of Fish and Wildlife and the Advisors of the working group.  The efforts and products 

of the working group, including this report, are simply the Section of Wildlife’s first step in 

considering how to approach the issue of climate change.  The suggestions and recommendations 

in this report do not represent a statement of policy by the Section of Wildlife, Division of Fish 

and Wildlife, or any other unit within the MNDNR.  Furthermore, there is no expectation for 

implementation of any of our recommendations unless or until they are requested by the Director 

of the Division of Fish and Wildlife or the Commissioner of the MNDNR and specified in a 

separate document.   

 

2.  CLIMATE CHANGE IN MINNESOTA 

2.1.  Climate predictions 

 2.1.1.  How are climate change predictions made? 

 First, it is important to distinguish between weather and climate.  Weather is the state of 

the atmosphere (e.g., temperature, wind speed, pressure, water vapor content) over a relatively 

short period of time (e.g., minutes to months).  Climate is the average weather over a longer 

period of time (e.g., seasons to many years).  Importantly, average conditions are often easier to 

predict than specific temporal and spatial patterns.  For example, gross changes in climate 

(averaged across space) can be predicted by considering overall changes in solar and terrestrially 

emitted radiation resulting from increases in the concentration of greenhouse gases, decreases in 

surface reflectivity (or albedo) following snow and ice melt, variation due to the Earth’s orbit, 

etc. (Thorpe 2005).  More detailed predictions, however, are usually made with global 

circulation models (GCMs). 

  Similar to weather prediction models, GCMs forecast changes in atmospheric conditions 

using classic laws of physics (Thorpe 2005).  This process requires modeling complex 

interactions between the atmosphere, oceans, land, and sea ice.  Importantly, changes in climate 

may result from changes in external forces (e.g., solar radiation, volcanic activity), human 

actions (e.g., emission of greenhouse gases), and complicated feedback loops involving the 

climate system itself (NRC 2003), such as: 
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• melting sea ice reduces the Earth’s albedo, which in turn increases average temperatures; 

• warming air and sea temperatures influence ocean circulation patterns, which in turn 

influence heat and carbon uptake by the world’s oceans; 

• higher temperatures lead to more water vapor in the air, which in turn traps more energy 

radiated from the Earth’s surface; and 

• increased greenhouse gas concentrations may lead to changes in the amount and distribution 

of cloud cover, which in turn changes the reflective properties of the atmosphere. 

 

 Vegetation can also have a strong influence on climate (e.g., due to carbon uptake, 

evapotranspiration, and albedo effects) and vice versa.  Plants typically assimilate more carbon 

with warmer temperatures, but changes in precipitation patterns and soil moisture levels may 

lead to large changes in the amount and distribution of vegetation.  Wide-spread changes in land 

use that alter the amount of vegetation and the reflective properties of the Earth’s surface are also 

expected in the future (see Section 2.2.2 below).   

 

 2.1.2.  Model uncertainty 

 Weather and climate projections both require the solution to partial differential equations, 

which describe continuous changes in measurements through time and space.  These solutions 

are approximated at a set of grid points using numerical methods.  In the case of climate models, 

this grid is fairly coarse.  As a result, effects on scales smaller than the grid cannot be accounted 

for directly in the models and must be predicted by linking historic regional data with GCMs of 

the Earth’s climate system.  Sub-grid predictions are typically more uncertain, particularly for 

climatic variables that vary substantially across space and that are difficult for GCMs to predict 

with a coarse grid (e.g., rainfall).  Although predictions should improve over time with advances 

in computing power, considerable uncertainties result from limited understanding of the complex 

physical processes that influence climatic variables (e.g., the feedback loops discussed in Section 

2.1.1) and inadequate parameterization of model sub-components.  Forecasts must also consider 

a range of future greenhouse gas emissions that reflect uncertainty in future development trends, 

energy systems, and societies’ responses to climate change.  As with weather predictions, the 

range of possible outcomes is captured by making multiple projections starting at different initial 
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conditions and using slightly different parameter values in the models.  The end result is an 

ensemble of forecasts that can be used to describe predictive uncertainty.   

 

 2.1.3.  Model validation 

 Climate models have been subjected to an extensive series of validation tests (IPCC 

2007:Chapter 8), and have largely been able to reproduce accurate descriptions of the following: 

• spatial distribution of observed climatic conditions on global and regional scales, 

• explosive volcanic events leading to short-term perturbations in global climate, 

• 150-year mean annual global temperature record, 

• 50-year record of oceanic heat gain or loss, 

• 1,000-year northern hemispheric surface temperature record, and 

• 10,000-year reconstructed record of northern hemispheric surface temperatures.   

However, these models cannot account for recent temperature increases without including 

emissions of greenhouse gases by humans (Stott et al. 2000, IPCC 2007).  In its fourth 

assessment report, the IPCC concluded, “most of the observed increase in global average 

temperatures since the mid-20th century is very likely [>90% certainty] due to the observed 

increase in anthropogenic GHG [greenhouse gas] concentrations” (IPCC 2007:39). 

 

   2.1.4.  Summary of current predictions  

 The following are projections for the next 100 years, generated by linking GCM 

predictions from IPCC (2000) emission scenarios to past historic data from Minnesota (Kling et 

al. 2003):  

• Average temperatures in Minnesota are projected to increase by 6–10 oF (3–5.5oC) in winter 

and 7–16 oF (4–9oC) in summer.  The number of days with extreme temperatures (e.g., 

>95oF) is expected to increase. 

• Average annual precipitation for the Great Lakes region may increase, decrease, or stay 

about the same, but precipitation levels are expected to increase in the winter (15–40%) and 

decrease in the summer (up to 15%).   

• Frequency of extreme precipitation events is expected to increase.  Projections suggest 24-

hour and multi-day heavy rainstorms will increase in frequency (50–100% higher than 

current values). 
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• With precipitation concentrated in fewer storm events of shorter duration, longer intervening 

periods of more intense drought and increased risk of wildfires may be expected. 

• Duration of seasonal ice cover on the Great Lakes and inland lakes is expected to continue to 

decline (see also Austin and Colman 2007). 

Projections from the latest set of climate models (IPCC 2007, Table 1) differ slightly 

from those above.  Although the projections in Table 1 do not attempt to link coarse scale GCM 

results to historic data, they are based on more recent climate models. 

 

Table 1.  Differences in mean values of climate parameters for Minnesota during the 100 years 
between the periods 1980–1999 and 2080–2099 (IPCC 2007). 
 
Climate parameter Dominant change Exception Location of exception 

Surface temperature (°C)    

Annual +4  +3.5  Extreme south  

Summer +3.5  +4  Southwest  

Winter +4  +4.5  Extreme north  

Precipitation (%)    

Annual +5 to +10   

Summer 0 to -5 0 to +5 Extreme north 

 
 

 2.1.5.  Summary of the potential impact of climate change in Minnesota 

• Possibly reduced summer water levels will result in loss of wetlands and lower lake levels 

unless precipitation offsets losses. 

• Pollution in the water supply is expected to increase (e.g., due to increased runoff associated 

with a greater frequency of larger storm events). 

• Agriculture will see a longer growing season but may be constrained by a decline in soil 

moisture and an increase in soil acidity. 

• Increased frequency of severe weather events (e.g., storms, floods) will place heavier burden 

on emergency management, with increased costs in clean-up and rebuilding. 
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• Native aquatic plant and animal species will be affected by warming waters, oxygen 

depletion, possibly lower water levels, and increases in invasive species. 

• Boreal forests will shrink, causing some terrestrial wildlife species’ ranges to move 

northward. 

• Recreation and tourism will be affected by loss of habitat, possible changes from pines to 

hardwoods, shifts in migratory bird populations, and reduced winter sporting opportunities.  

• Warmer minimum winter temperatures will result in range expansions for some plant and 

animal species. 

• Warmer nighttime summer temperatures will stress both humans and wildlife. 

• The costs of suppressing wildfires are increasing rapidly and will likely account for an even 

greater portion of future natural resource budgets if anticipated changes in climate occur. 

 

2.2.  Other trends to consider with climate change 

 Addressing climate change in Minnesota will require consideration of large time scales, 

and the context in which we practice wildlife conservation is likely to change over time.  It will 

be important, therefore, to consider potential impacts of trends in other major influences on 

wildlife, particularly those associated with human activities (Vitousek et al. 1997). 

 

 2.2.1.  Human demographics 

 The following list of projections of future population demographics are from the 

Minnesota State Demographic Center < www.demography.state.mn.us >: 

• Minnesota’s population will increase by 2.7 million by 2060 (to 7.1 million total).  

Population gains are achieved by both natural increase (more births than deaths) and by 

immigration (internationally and from other states).   

• Substantial growth in the Twin Cities suburbs and the Rochester and St. Cloud regions.  The 

lakes area of northcentral Minnesota is also projected to have a considerable increase.  

Western Minnesota and the urban neighborhoods of the Twin Cities are projected to 

experience a slow growth or decline.   

• “Baby boomers,” born between 1946 and 1964, will produce a doubling of the number of 

people ages 55–69 by 2035 (623,200 in 2005 to 1,400,000).  The population under age 65 

will grow only 10%.  The number of very old in Minnesota will surge after 2025 as baby 
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boomers begin to pass their 85th birthdays.  Increasing longevity contributes to the predicted 

gains for this age group.    

• Households in Minnesota will change.  As the population grows older, more people will be 

living in small, one- or two-person households instead of in larger families (a projected 

decrease of more than 22% in the number of households with a married couple and children 

by 2035). 

• Minnesota is one of the least diverse states in the nation (in 2000, minorities in Minnesota 

were 14% of the population vs. 33% for the U.S. average).  However, Minnesota’s non-white 

and Latino populations are projected to grow substantially faster than the white population.  

By the period 2025–2030, the non-white population will account for more than half of the 

total population gain.  The Latino population is projected to almost triple over 30 years, due 

to a combination of international immigration, immigration from other states, and a high 

birth rate.  Non-white and Latino populations are younger than the white population, and this 

will continue in the future. 

• Levels of education have risen sharply in Minnesota.  In the last 40 years, the number of 

people >25 years old having completed high school (high school graduation or GED) 

increased by 52% while the number having completed college rose by 75%.  Levels of 

educational attainment are influenced by social and economic factors, but it is reasonable to 

expect this trend will continue. 

 Projected demographic changes are likely to influence societal values, attitudes, and 

beliefs about natural resource management issues.  This may result in changes in outdoor 

recreation and support for wildlife management programs.  For example, Minnesota’s movement 

toward a population that is older, more urban/suburban, and comprised of increased numbers of 

non-white and Latino members suggests that rates of outdoor recreation will be lower in the 

future.  Although overall sales of hunting licenses in Minnesota did not decline during 2000–

2005, it is likely they will decline in the future because rates of hunting participation by younger 

adults (ages 16 to 44) is declining (Kelly 2005). 

 

 2.2.2.  Land use conversion and intensification 

 Loss of habitat is the greatest immediate threat to wildlife populations (Czech et al. 

2000).  Habitat loss and fragmentation are often driven by changes in land use by humans.  The 
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most obvious and detrimental changes are conversions of land to uses that are not compatible 

with maintaining wildlife habitat, such as expansion of new infrastructure (e.g., houses, retail 

stores, roads; Radeloff et al. 2005) and conversion of small farms with crop fields, grasslands, 

and woodlots to suburban developments. 

 Intensifying particular land uses may have substantial negative impacts on wildlife 

conservation.  For example, pressures to produce more energy from renewable sources is 

changing land uses in agriculture and forestry (Westcott 2007).  There is concern that perennial 

grasses (e.g., on lands enrolled in the Conservation Reserve Program, or CRP) will be replaced 

by additional row crops or other feedstocks for ethanol production (Bies 2006).  Burning 

biomass to produce heat and electricity will lead to collection of additional woody debris after 

timber cuts and the harvesting of shrubs from brushlands.  Whereas the effect on wildlife habitat 

of specific land use changes may differ, the net effect of intensifying land use could be 

detrimental.  On the other hand, special attention to bioenergy derived from low-input, high-

diversity native grasslands (Tilman et al. 2006) could conceivably be managed to expand wildlife 

habitat while providing biofuel and other ecosystem services. 

 

 2.2.3.  Costs of energy 

 Costs of energy are increasing and will continue to do so as fossil fuels, particularly 

conventional oil, become more scarce and transitions to alternative energy sources and 

technologies occur (EIA 2007), barring some unforeseeable event.  This trend has already 

resulted in plans within the MNDNR to investigate ways in which we can use energy more 

efficiently (e.g., using more fuel-efficient vehicles) and reduce energy consumption (e.g., turning 

off lights and computers when they are not being used).  Predictions about future energy 

availability vary widely, but it may become necessary to dramatically reduce even further the 

rates and overall amount of energy we consume, which may require changes in how we conduct 

our work.  Another important consideration is that the increasing scarcity of oil and major shifts 

in energy production and use are likely to have even broader impacts on the economy (Cleveland 

et al. 1984, Hallock et al. 2004) and levels of future greenhouse gas emissions (Brandt and 

Farrell 2007). 

 

424



3.  EFFECTS OF CLIMATE CHANGE ON LANDSCAPES AND WILDLIFE IN 

MINNESOTA 

 Climate changes and their effects on wildlife and other natural resources have been 

observed and documented already (Parmesan and Galbraith 2004).   Based on these observations, 

broad climate change predictions, and ecological theory, we can describe potential impacts on 

Minnesota’s biological communities and wildlife populations.  Models that can be used to 

predict specific outcomes of climate change at small spatial scales, however, do not exist yet. 

 

3.1.  General responses of plant and animal species to climate change 

 3.1.1.  Adaptation 

 Species may adapt to climate change in various ways, including acclimatization, genetic 

evolution, and shifts in geographic distribution (i.e., range) to suitable sites (Noss 2001).  Failure 

to adapt may result in population declines and extinction.  Most species responded to past 

climate changes primarily by shifting their ranges (Noss 2001).  However, current climate 

change is predicted to occur faster than previous changes during the Quaternary Period (1.8 

million years ago to present), so it is uncertain whether rates of range shifts will be sufficient.  

Furthermore, range shifts may be difficult for species with poor dispersal abilities such as plants 

with large seeds, small forest vertebrates, and flightless invertebrates (Noss 2001). 

 Peters and Darling (1985) also believed that range shifts may be too slow for predicted 

climate changes, especially considering barriers to dispersal and migration.  Even if native 

species can migrate, the high fecundity of invasive species makes it highly probable that 

invasives will be the first to arrive and dominate new sites.  Habitat fragmentation, especially by 

agricultural and urban development, has created many barriers to movements of plants and 

animals (Noss and Csuti 1997, Iverson et al. 1999).  Lack of appropriate soils, including 

moisture conditions, may be another barrier for plants.  The Great Lakes pose a formidable 

barrier to species movements from the U.S. into Canada. 

 In Minnesota, it is likely that ranges of some species will shift generally from south to 

north with increasing temperatures and perhaps from west to east if summers become drier.  It is 

predicted that ranges of many species may become smaller (Parmesan and Galbraith 2004).  As 

the spatial distribution of species change, some species will become extirpated from Minnesota 

and others will move into Minnesota (Price and Glick 2002).  More locally, especially in 
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southeastern Minnesota and the North Shore where topographic relief is relatively pronounced, 

north slopes may act as refugia, allowing individuals and populations to remain in suitable 

microclimates by moving from south to north slopes. 

 Genetic adaptation in response to warming temperatures has been demonstrated by some 

species (Nowak et al. 1994, Hughes 2000) and depends on generation time as well as adequate 

levels of genetic variation within and among populations (Noss 2001).  Species whose range and 

populations increase under climate change, such as many insects, may adapt well.  For other 

species, however, genetic adaptation will be limited by anticipated declines in abundance and 

genetic variation as a consequence of selection imposed by climate change (Noss 2001). 

 Some wildlife species are distributed throughout most or all of Minnesota (Appendix A). 

These habitat generalists will be affected by climate change, but the effects may be less severe or 

more difficult to monitor than effects on species that are habitat specialists.  Many habitat 

generalists demonstrate great adaptability to different levels of human development, including 

urban landscapes.  Some of these species, however, may require management attention if climate 

change causes their populations to exceed acceptable levels.  For example, managing white-

tailed deer populations within goals will continue to be important (scientific names are provided 

in Appendix B).  Survival of white-tailed deer is related to the frequency and severity of winter 

weather (DelGiudice et al. 2002) and could increase due to climate change.  Impacts on deer may 

depend on specific moisture regimes.  For example, increased winter precipitation may cause 

deeper snow pack, which reduces deer survival.  As a large herbivore, deer have the potential to 

impact plant communities and species diversity.  Over-wintering populations greater than 9.7–

13.5 deer/mi2 (25–35 deer/km2) in fragmented forests result in local extirpation of trillium and 

other understory forbs and inhibit plant and forest restoration efforts (Augustine and Frelich 

1998). 

 
 3.1.2.  Biodiversity and new biological communities  

 Moisture, minimum and maximum temperatures, soils, and length of the growing season 

largely determine the composition and distribution of biological communities in Minnesota.  

Natural and human-induced disturbance regimes also influence our present and future natural 

environment. 
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 Currie (2001) and Hansen et al. (2001) compared the predictions of various climate 

change models to known relationships between climate and species richness for the continental 

U.S.  They noted that species richness of both endothermic and ectothermic species is strongly 

correlated with temperature.  Endothermic species richness is greatest in moderately warm areas 

and decreases in hotter areas, suggesting that bird and mammal species richness may decline in 

temperate regions in response to global warming.  Ectothermic species richness increases with 

temperature, and the richness-temperature relationship is even stronger than it is for endotherms.  

Species richness of ectotherms, therefore, may increase throughout the continental U.S.  It is 

uncertain, however, whether temperature increases alone will be sufficient for amphibian 

populations to overcome recent population declines, numerous threats (e.g., disease, habitat 

loss), and potentially drier surface conditions due to climate change.  

 Changes in moisture and temperature associated with global climate change are likely to 

affect reproduction and survival in amphibians and reptiles.  Rain and temperature trigger 

chorusing in some frogs, which is an important component of breeding (Busby and Brecheisen 

1997).  Temperature and water levels also affect predation on amphibians by affecting the length 

of vulnerable larval stages (Manjarrez 1996, Moore and Townsend 1998) and periods of activity 

(Bider and Morrison 1981).  Temperature is related to sex ratios in some reptiles, and it is related 

to sexual maturation rate, overwinter survival, metamorphosis size (Werner 1986, Smith 1987), 

and mating success as it relates to body size and fecundity in amphibians (Berven 1981). 

 In response to climate change, some of the biological communities we currently manage 

will cease to exist, and new combinations of plant and animal species will emerge (Schugart et 

al. 2003, Inkley et al. 2004).  The new communities may be simpler (e.g., contain fewer species) 

than the communities they replace and communities that develop as better competitors arrive 

(Hansen et al. 2001).  Species’ responses to climate change will depend on the specific 

characteristics, favoring generalists that can disperse effectively and adapt rapidly.  In a few 

cases, species with similar characteristics and environmental requirements could occur in 

assemblages similar to those seen in current native plant communities.  However, there will 

likely be unpredicted interactions between microbes, plants, and animals that create challenging 

management scenarios.  

 New biological communities may be dominated by plant and animal species best able to 

disperse, including many of the invasive species we are currently managing.  Climate change 
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will likely increase the number of invasive species in Minnesota, but it will also increase the 

reproductive capacity, survival, and competitiveness of existing invasive species and some non-

native species that have been innocuous.  It is likely that invasive species will disperse faster 

than the rate of climate change and be better able than other species to disperse in human-

dominated and climate-altered landscapes (Hansen et al. 2001, Kusler 2006).  A combination of 

climate change, invasive species, and decreased area of native habitats will likely promote 

homogenization of native plant communities, ultimately favoring the invasive species.  Negative 

effects of invasive non-natives on native species, especially endangered species, are well 

documented (Pimentel et al. 2000) and can be expected to increase.   

 Changes in the relationships among pests and their hosts and predators can be expected, 

which may amplify the magnitude of natural disturbance regimes and hasten large scale 

community changes.  Modeling by Logan et al. (2003) indicated that all aspects of insect 

outbreak behavior would intensify as the climate warms.  Warmer temperatures are providing the 

opportunity for additional breeding cycles within a year.  Price (2002) suggested that spruce 

budworm outbreaks can be expected to become more significant because of the species’ response 

to warmer temperatures and a northward shift in the ranges of several of its major avian 

predators (e.g., wood warblers).  Coupled with the expected increases in drought and fire, this 

asynchrony between predator and prey could hasten the loss of the southern boreal forest.   

 

3.2.  Potential effects of climate change on ecological provinces and systems in Minnesota 

 Following a national framework, the MNDNR and the U.S. Forest Service developed an 

Ecological Classification System (ECS) for ecological mapping and landscape classification in 

Minnesota (MNDNR 2008a).  The system uses associations of biotic and abiotic environmental 

factors, including climate, geology, topography, soils, hydrology, and vegetation.  There are 8 

hierarchical levels of ECS units in the United States.  Map units for 6 of these levels occur in 

Minnesota.  In order from least to most specific (i.e., from top to bottom), they are Provinces, 

Sections, Subsections, Land Type Associations, Land Types, and Land Type Phases.  Provinces 

are units of land defined using major climate zones, native vegetation, and biomes such as 

prairies, deciduous forests, or boreal forests (MNDNR 2008a).  There are 4 provinces in 

Minnesota—Laurentian Mixed Forest, Eastern Broadleaf Forest, Tallgrass Aspen Parklands, and 
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Prairie Parkland (Figure 1, MNDNR 2006).  This section of our report (3.2) is organized by 

provinces of the ECS. 

 

 
Figure 1.  Provinces of the Ecological Classification System of Minnesota. 

 

 Nearly all ecological systems occur in more than 1 province.  We tried to minimize 

redundancy, however, by discussing some of the main ecological systems in the context of only 

1 province.  We discuss upland coniferous forests, mixed coniferous-deciduous forests, and 

lowland coniferous forests in Section 3.2.1 (Laurentian Mixed Forest Province).  We discuss 

deciduous forests and oak savannas in Section 3.2.2 (Eastern Broadleaf Forest Province).  Our 

main treatment of lakes and wetlands is also in Section 3.2.2, but we discuss wetland issues in 

the sections for other provinces as well. 
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 Minnesota DNR ecologists recently completed a new classification of the native 

vegetation of Minnesota (MNDNR 2008b).  The new classification is intended to provide a 

framework and common language for management of native vegetation in Minnesota.  The 

classification is hierarchical, with vegetation units described at levels ranging from broad 

landscape-level ecological systems to local communities.  One of the most important features of 

the new classification is the inclusion of ecological processes as an organizing principle.  The 

classification has 6 levels.  In order from least to most specific (i.e., from top to bottom), they are 

System Group, Ecological System, Floristic Region, Native Plant Community (NPC) Class, NPC 

Type, and NPC Subtype (MNDNR 2003).  The NPC classification system levels are referenced 

in the following discussion on impacts to ecological systems.  We used plant and community 

descriptions contained in the Field Guides to Native Plant Communities of Minnesota (MNDNR 

2003; MNDNR 2005a, b), especially fire dependence and soil characteristics, to make 

predictions of potential range shifts.  The data and plant community knowledge acquired to 

develop the NPC classification system and the implementation of the system will be helpful as 

the MNDNR continues to analyze the potential effects of climate change on natural resources.  In 

describing how provinces and ecological systems might be affected by climate change, we based 

our discussion on the available literature and our best professional judgment.   

 Many models of the effects of climate change exist, with some emphasizing impacts on 

particular ecological systems [e.g., DISTURB (Iverson and Prasad 2001), WETS (Johnson et al. 

2005)] and others focusing on coarser scale changes in temperature and precipitation [e.g., 

Hadley Center model, Canadian Climate Center model (MacCracken et al. 2000)].  Models are 

simplified representations of reality and rely on assumptions that may limit their applicability 

and testability.  For example, most of the ecological impacts models assume that habitat 

suitability is characterized by a few key parameters and that all available habitats will be 

colonized (Iverson and Prasad 2001).  

 

 3.2.1.  Laurentian Mixed Forest Province 

 The Laurentian Mixed Forest Province is the largest of Minnesota’s 4 provinces, 

covering two-fifths of the state (Figure 1).  This province is characterized by broad areas of 

conifer forest, mixed coniferous-deciduous forests, and conifer bogs and swamps.  The landscape 

ranges from rugged lake-dotted terrain with thin glacial deposits over bedrock, to hummocky or 
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undulating plains with deep glacial drift.  The highest and lowest elevations in Minnesota both 

occur in this province (MNDNR 2006).  The province supports many industries, including 

recreation, tourism, mining, and forestry.  While the majority of the land remains forested, the 

age and species composition of trees have changed.   

 A distinct suite of boreal forest species inhabits this province.  Animal species include 

great gray owl, Connecticut warbler, boreal owl, boreal chickadee, black-backed woodpecker, 

northern goshawk, spruce grouse, moose, gray fox, pine marten, and Canada lynx (scientific 

names are provided in Appendix B).  Species of greatest conservation need (SGCN) are “animals 

whose populations are rare, declining, or vulnerable to decline and are below levels desirable to 

ensure their long-term health and stability.”  The Laurentian Mixed Forest Province is home to 

171 SGCN, 47 of which are found only in this province (Table 2).  Habitat loss (75%) and 

degradation (83%) are the greatest immediate threats to these species (MNDNR 2006).   

 
Table 2.  Animal species in greatest conservation need (SGCN) in the ecological  
provinces of Minnesota (MNDNR 2006). 
 

Province 

Number of 

species 

Number unique 

to province 

Percent unique 

to province 

Laurentian Mixed Forest 171 47 27 

Eastern Broadleaf Forest 205 51 25 

Tallgrass Aspen Parklands 85 2 2 

Prairie Parkland 139 13 9 

 
 
  3.2.1.1.  Upland forests in the Laurentian Mixed Forest Province 

 Warmer temperatures associated with climate change will clearly affect forest and 

woodland systems.  Changes in precipitation will also have great impacts, but they will be more 

difficult to predict (see Section 2 above).  Brush cover types may increase as the climate changes 

(Iverson et al. 2007).  Climate change may alter the frequency and intensity of forest 

disturbances (Dale et al. 2001).  Predictions include changes in the frequency, duration, and 

severity of fires, tornadoes, outbreaks of insects and pathogens, thunderstorms, drought, and ice 

storms.  A higher frequency or intensity of disturbances could alter the way that forests recover 

from disturbances (Dale et al. 2001).    
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 Of particular importance as a source of forest disturbance are insects, whose geographic 

ranges are largely determined by temperature.  Short generation times and high reproductive 

rates result in rapid responses by insects to changing conditions, more rapid than those of their 

slow-growing tree hosts (Logan et al. 2003).  Thus, insects will likely expand into forest 

communities that have previously been outside their range.  This may disrupt the synchrony and 

associations between forest plant communities and forest pests that have formed over long 

periods of time, which may cause infestations to become persistent rather than episodic (USGAO 

2007).  Adverse effects of insects or other forest pests can appear suddenly, occurring when a 

temperature limit or other climatic threshold is passed and can include changes out of proportion 

to the relatively small climatic change that induced the effect. 

 

   3.2.1.1.1.  Coniferous forests 

 Coniferous forests in Minnesota occur almost exclusively in the Laurentian Mixed Forest 

Province.  Dominant conifer species in the province include white, jack, and red pines in 

uplands, where fire was the main historical disturbance, and black spruce, tamarack, and white 

cedar in lowlands, where small-scale blowdown was the main historical disturbance (MNDNR 

2006).   

 Changes in plant species abundance and distribution will depend on species dispersal 

ability and moisture regimes, which are determined not only by precipitation but also by 

temperature, topography, evapotranspiration, and soils.  Fire dependent forest systems (many 

pine types) will be particularly sensitive to a change in moisture regimes that result in wetter 

conditions and less frequent or less intense fires.  If this scenario is realized, fire dependent forest 

systems will become less abundant in the Laurentian Mixed Forest Province.  Mesic hardwood 

systems (e.g., red oak-sugar maple types) would likely experience a range expansion.  Generally, 

a shift northward for spruce-fir forests is predicted (Hansen et al. 2003, Iverson and Prasad 

2001).  Tree species associated with lowland coniferous forests are predicted to decline in 

abundance and may convert to lowland hardwood forests (Hogg and Hurdle 1995).  New 

combinations of plant and animal communities should be anticipated as species’ ranges 

(described here primarily as tree species) shift.  It is likely that global warming will cause the 

southern boundary of the near-boreal forest to migrate northward out of Minnesota.   
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 If conditions in the Laurentian Mixed Forest Province are warmer and drier, fire 

dependent hardwood systems (e.g., bur oak) will likely increase with a range shift to the north 

and east.  Jack and red pine woodland types (fire dependent on dry, nutrient poor soils) may 

persist or expand.  The likely increase in fire frequency and intensity with warmer, drier 

conditions will influence fire dependent forest systems, both coniferous and deciduous.  It is 

possible, however, that site specific characteristics (e.g., slope, aspect, soil type) and their 

influence on moisture availability will be particularly significant under this scenario.  New 

associations of plants and animals are likely with the potential for dominance by invasive 

species. 

 Declines of coniferous forests will have negative impacts on the plant and animal 

communities associated with them.  For example, spruce grouse feed on pine or spruce needles 

during much of the year (Boag and Schroeder 1992).  Moose populations are declining (Lenarz 

2008), perhaps due to heat stress (Murray et al. 2006).  Habitat changes in northeastern 

Minnesota induced by climate change may also negatively affect moose populations.  Wildlife 

associated with coniferous forests may be under the greatest threat of extirpation from Minnesota 

due to climate change.   

 

   3.2.1.1.2.  Mixed coniferous-deciduous forests 

 Mixed coniferous-deciduous forests of Minnesota are located primarily within the 

Laurentian Mixed Forest Province.  Typical trees in these forests include pine, spruce, balsam fir, 

oak, aspen, and maple.  The mix of tree species and their relative importance within the canopy 

vary with the age, disturbance history, soil, and geographic location of the forest stand.   

 Warmer, drier conditions will likely favor fire dependent deciduous trees such as oaks  

and hickory (more commonly associated with the Eastern Broadleaf Forest Province) over aspen 

and birch.  Jack pine woodlands may expand under this scenario, depending on how dry it 

becomes and how rich the soils are.  Shifts in plant species’ ranges, diseases, pests, disturbances, 

and invasive species may contribute to the emergence of new and unpredictable species 

associations. 

 Warmer, wetter conditions would likely favor mesic hardwood types, which currently 

occur in but are not relatively abundant in the Laurentian Mixed Forest Province.  Fires would 

likely be less frequent and intense under wetter conditions.  Species that favor wetter sites 
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include aspen, birch, and sugar maple.  Soil characteristics and nutrients will also change species 

associations.  Emerging combinations of plant and animals may be quite new and strongly 

influenced by invasive species, disease, and pests. 

 Global warming will likely cause some animal species associated with the mixed 

coniferous-deciduous forests to move northward and others to enter the province from the south.  

Because of the significant amount of public forestland in the Laurentian Mixed Forest Province, 

connectivity to the north is likely adequate but needs to be specifically maintained as part of 

forest management activities.  Connectivity to the south likely is not as secure due to changes in 

ownership patterns, land use, and human population densities.  Changes in distributions of plants 

and animals, as well as functional relationships among them, may take centuries to develop. 

 The impact of climate change on wildlife species will depend upon many factors, 

especially changes in plant communities with which they are associated.  Ruffed grouse and 

snowshoe hares may decline in abundance and distribution as climate change reduces the 

dominance and shifts the ranges of aspen, birch, and balsam fir (Iverson and Prasad 2001).  

Breeding American woodcock also favor young aspen and paper birch stands (MNDNR 2006).   

The persistence of lynx in Minnesota, especially during low periods of the lynx–hare population 

cycles, may be less likely due to changes in habitat and snow depth patterns associated with 

climate change.  Several wildlife species have expanded into the Laurentian Mixed Forest 

Province from the south during recent decades, presumably due to warmer temperatures and mild 

winters.  Examples include mourning doves, ring-necked pheasants, northern cardinals, and 

opossums.   

 

  3.2.1.2.  Lowland forests and wetlands in the Laurentian Mixed Forest Province 

 Wetlands within the boreal and near-boreal forests play an important role in the carbon 

cycle due to large accumulations of peat (Burkett and Kusler 2000), which are estimated to 

contain the equivalent of nearly 100 times the annual emissions of carbon dioxide from burning 

fossil fuels (Bridgham et al. 1995).  Decomposition of peat is expected to accelerate under 

warmer, drier conditions, which will result in the release of carbon from these historical carbon 

sinks (Burkett and Kusler 2000).  Climate change is also likely to alter water flow in peatlands, 

which influences water chemistry, peat accumulation and decay, and the species of trees that can 

grow (Heinselman 1970).  Cash et al. (2007) pointed out that lakes contain 15% of the boreal 
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carbon pool and should not be overlooked when considering the carbon cycle.  Release of this 

carbon may have important feedback effects on climate change. 

 Lakes and wetlands in the boreal forest are the second most important area for breeding 

ducks (14 million waterfowl, USFWS 2002), yet survival and reproductive rates of ducks and 

other breeding birds in the boreal forest are poorly understood.  Other species dependent on these 

wetlands in Minnesota include mink frogs, northern bog lemmings, and four-toed salamanders.  

The way these species will be affected by climate change is still unknown. 

 Non-boreal forested wetlands are also common in the Laurentian Mixed Forest Province.  

These wetlands and associated wildlife are also susceptible to drying under warmer, drier 

conditions.  Wetlands dominated by ash trees, however, are also at risk of future infestations by 

the emerald ash borer, an exotic beetle from China that has killed >30 million ash trees in 

Michigan (USFS 2006). 

 Lowland conifers occur in the Laurentian Mixed Forest Province and the Tallgrass Aspen 

Parkland Province.  Many ecologically important lowland conifers or bogs associated with large 

Scientific and Natural Areas (SNAs) may be affected by temperature increases more slowly than 

adjacent uplands due to their microclimate.  Similarly, forest reserves and corridors closely 

associated with the microclimate of Lake Superior may be affected more slowly than forests 

further inland.  These areas may serve as refugia from climate change and may support some 

species that might otherwise be extirpated. 

 

3.2.2.  Eastern Broadleaf Forest Province 

 The Eastern Broadleaf Forest Province is a transition zone between the prairie to the west 

and the mixed coniferous-deciduous forest to the northeast (Figure 1).  The deciduous forests of 

this province are a species-rich extension of the eastern U.S. deciduous forest.  Topography 

varies from level plains to steep blufflands along the Mississippi River, with major landforms of 

outwash plains, end moraines, ground moraines, and drumlin fields (MNDNR 2006). 

 The Eastern Broadleaf Forest Province coincides roughly with the part of Minnesota 

where precipitation approximately equals evapotranspiration.  It seems likely that this aspect of 

climate has an important influence on plants because many forest species reach their western 

range limits and several prairie species reach their eastern range limits within the province. 

Precipitation in the province increases from about 24 inches (60 cm) annually in the 
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northwestern portion to 35 inches (90 cm) in the southeast.  Normal annual temperatures range 

from 38°F (3°C) in the northwest to 46°F (8°C) in the southeast (MNDNR 2003).  Row crop 

agriculture is one of the major land uses in this province.  Recreation and tourism are important 

industries, especially surrounding the many lakes and wetlands.  Most Minnesotans live in this 

province, which encompasses the Twin Cities, St. Cloud and Rochester  (MNDNR 2006). 

 The Eastern Broadleaf Forest Province is home to many wildlife species, including the 

red-shouldered hawk, cerulean warbler, Louisiana waterthrush, wild turkey, ruffed grouse, 

American woodcock, wood duck, and Blanding’s turtle (scientific names are provided in 

Appendix B).  Species of greatest conservation need in this province number 205, with 51 unique 

to the province (Table 2).  Fourteen of the unique SGCN occur in the blufflands of southeastern 

Minnesota.  Habitat loss (82%) and degradation (88%) are the greatest immediate threats to these 

species (MNDNR 2006).   

 

  3.2.2.1. Upland forests in the Eastern Broadleaf Forest Province 

 Site-specific characteristics such as soil type, evapotranspiration rates, aspect, and slope 

may be significant in determining climate-induced shifts in plant communities in this province, 

where fire disturbance is less widespread, primarily due to human influence.  The western 

boundary of the Eastern Broadleaf Forest Province is sharply delineated with non-forested areas, 

whereas the northeastern edge is a diffuse transition from deciduous to mixed forests.  Warmer, 

wetter conditions would likely favor mesic hardwood tree species, which are currently common 

in the Eastern Broadleaf Forest Province.  Fires would likely be less frequent and intense under 

wetter conditions.  Species that favor wetter sites include aspen, birch, and sugar maple.  Soil 

characteristics and nutrients will also change species associations.  Emerging combinations of 

plant and animals may be new and strongly influenced by invasive species, diseases, and pests. 

 Several climate change models predict warmer, drier conditions for existing deciduous 

forests.  Under this scenario, deciduous forests will tend toward savanna types (fire dependent 

hardwood systems), if managed with fire, and the range of mesic hardwood forests will likely 

contract.  If not managed with fire, these areas will likely become brushlands or become 

dominated by non-native woody invasive species.  Iverson and Prasad (2001) predict expansions 

of oak-hickory and oak-pine forests (fire dependent-drier forest types) as well as reductions in 

aspen-birch forests (a mesic hardwood type).   
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Animal species associated with mesic hardwood systems (e.g., wood thrush, ovenbird, 

and red-backed salamanders) will likely decline.  Birds such as cerulean warblers and red-

shouldered hawks generally require large areas of contiguous mature or old growth hardwood 

forest and may be negatively impacted by climate change.  An expansion of drier deciduous 

forests may result in an expansion in the ranges of animal species dependent upon them, 

provided the transition and climax forests include adequate habitat.  The eastern hognose snake 

is an example of a species that may benefit from expanding dry oak forests.   

 Minnesota’s deciduous forests have been severely fragmented by agriculture and 

urban/suburban expansion.  They are at risk of further fragmentation and habitat degradation, 

especially near urban centers.  Lack of habitat corridors and ongoing land development may 

compromise the ability of many species in deciduous forests to adapt to climate change.  

Furthermore, competition for groundwater resources may affect soil moisture regimes. 

 

  3.2.2.2.  Oak savannas 

Oak savanna plant communities occur in the Eastern Broadleaf Forest, Tallgrass Aspen 

Parklands, and Prairie Parkland Provinces.  Oak savannas exist between forests and prairies and 

support biological communities from both adjacent biomes.  Oak savannas, which have 10–70% 

canopy closure, are dominated by big and little bluestem, porcupine grass, Indian grass, bur oak, 

northern pin oak, and black oak in Minnesota (Taft 1997, Anderson 1998, MNDNR 2006).  So 

few of the historical oak savanna NPCs remain (MNDNR 2006) that changes in land use are 

more likely than climate change to affect this biological community.  Over 80% of the former 

oak savanna in Minnesota is now farmed, and the Minneapolis-St. Paul metro area is at its 

northern boundary (MNDNR 2006).   

 As in other prairie-forest transition communities, moisture is the most important limiting 

factor and fire is the most important disturbance (MNDNR 2008c).  Warmer temperatures and 

wetter conditions could allow expansion of more mesic hardwood species at the expense of bur, 

northern pin, and black oak associated with oak savannas.  This conversion is already occurring 

due to the lack of fire.  Greater soil moisture would favor woody plants over herbaceous plants 

associated with oak savannas.  New and more homogenous biological communities may emerge. 

If the change is toward a warmer, drier climate in Minnesota, the oak savanna range may 

shift to the north and east, expanding further into the Eastern Broadleaf Forest Province and 
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moving out of the Prairie Parkland Province.  Drought conditions in general would favor growth 

of herbaceous rather than woody plants.  Under warmer, drier conditions the frequency and 

intensity of fires would likely increase (Schwarz and Wein 1990).  Depending on how fire is 

used as a land management tool, burning could contribute to conversion of forest to savannas and 

prairie.  Without fire, there will likely be a slow transition to brushland systems potentially 

dominated by non-native species.  Although oaks favoring drier sites may shift into historic 

mesic hardwood regions, it is unknown whether native herbaceous plants associated with oak 

savannas will also be able to shift in the presence of fast dispersing invasive plants.  New 

combinations of species that are strongly influenced by invasive species, disease, and pests 

should be anticipated.  One of the few animals linked closely with oak savannas is the red-

headed woodpecker (Brawn 2006).  Expansion of oak savanna range would likely benefit this 

bird. 

 

  3.2.2.3.  Lakes and wetlands 

 Minnesota is at the latitude where the greatest impacts of climate change on aquatic 

ecosystems are predicted to occur (Stefan et al. 1996).  Meyer et al. (1999) emphasized that these 

impacts must be assessed in the context of the massive anthropogenic changes in land and water 

use that will be occurring simultaneously. 

Projected temperature increases will likely result in soil moisture deficits throughout 

Minnesota due to increased rates of evaporation and transpiration (Johnson et al. 2003, Kling et 

al. 2003, Johnson et al. 2005), although predictions of changing precipitation patterns are 

somewhat uncertain.  Moisture deficits would reduce groundwater recharge, wetland area and 

water quality, and dry small streams (Hostetler and Small 1999, Johnson et al. 2003, Kling et al. 

2003).  Semi-permanent wetlands could be reduced in size and number (Johnson et al. 2005, 

Kusler 2006).  Warmer average temperatures could also result in changes in native wetland 

communities through new opportunities for invasive species (both native and exotic) to expand 

their range northward (Kusler 2006).  These changes could result in the loss of rare or range-

restricted native species or regional losses of entire wetland communities. 

Wetlands sequester large amounts of carbon, primarily as organic sediment and methane 

(Burkett and Kusler 2000).  The net effect of climate change on carbon sequestration in 

wetlands, however, is still uncertain.  Increases in atmospheric CO2 concentrations will likely 
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increase the primary productivity of wetlands, unless other factors such as moisture or 

temperature are limiting (Kusler 2006).  Where moisture deficits occur, wetlands—especially 

peatlands—may become sources rather than sinks for atmospheric carbon due to increased 

decomposition (Burkett and Kusler 2000, Camill and Clark 2000). 

The impacts of climate change on Minnesota lakes are expected to vary with latitude, 

trophic state, and lake morphometry (Stefan et al. 1996, Hostetler and Small 1999, Kling et al. 

2003, Magnuson et al. 2003).  In general, though, climate change will result in warmer, more 

productive waters, and eutrophication has implications for overall fish community integrity 

(Drake and Valley 2005).  Temperature increases could increase annual evaporative water losses 

by as much as 30 cm (Stefan et al. 1996) and reduce summer water levels.  Predicted increases in 

water temperatures, stratification (Stefan et al. 1996), and anoxic conditions would cause 

pronounced changes in aquatic habitats.  Estimates of the increase in the ice-free season range 

from 40 to >100 days (Hostetler and Small 1999, Magnuson et al. 2003), and the frequency of 

winterkill of fish in some lakes will decline.  Cold-water fish are predicted to lose habitat while 

cool- and warm-water fish gain habitat (Stefan et al. 1996).  Cool- and warm-water fish, 

however, may actually realize a net loss of productivity if more favorable temperatures are not 

accompanied by increased food availability (Hostetler and Small 1999, Kling et al. 2003, Shuter 

et al. 2003). 

 

3.2.3.  Tallgrass Aspen Parklands Province 

The Tallgrass Aspen Parklands Province in northwestern Minnesota is characterized by 

low, flat topography that was once part of Glacial Lake Agassiz (Figure 1).  The portion of this 

province that is in Minnesota is the southern end of a much larger area that stretches north and 

west into Canada and serves as the transition zone between the prairie and forest, much like the 

Eastern Broadleaf Forest Province to the south.  Historically, fire created a complex mosaic of 

prairie, brushland, and forest in the Tallgrass Aspen Parklands Province.  Extensive peatlands 

occur in this province as well (MNDNR 2006).  Over 60% of the province is used for agriculture 

(MNDNR 2006).  Recreation, especially wildlife viewing, is an increasing industry.  Large state 

and federal wildlife areas exist, which facilitates wildlife-related recreation. 

 Wildlife species of the Tallgrass Aspen Parkland Province include the sharp-tailed 

grouse, elk, moose, marbled godwit, bobolink, and upland sandpiper (scientific names are 
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provided in Appendix B).  Breeding waterbirds occurring here include the horned grebe, 

Franklin’s gull, American white pelican, yellow rail, Forster’s tern, trumpeter swan, and 

American bittern.  A total of 85 species of greatest conservation need can be found in this 

province.  Two of these are unique to the province (Table 2).  Habitat loss (90%) and 

degradation (95%) are the greatest immediate threats to these species (MNDNR 2006).  Common 

plant species in Tallgrass Aspen Parklands Province include aspen, paper birch, bur oak, black 

spruce, tamarack, big and little bluestem, cattail, and smooth brome (MNDNR  2005b, Appendix 

B).   

 

  3.2.3.1. Uplands in the Tallgrass Aspen Parklands Province 

Moisture is the most important limiting factor and fire is the most important disturbance 

in forest-prairie transition zones (MNDNR 2008d).  Climate change, therefore, may have 

dramatic impacts in these zones.  Warmer temperatures coupled with wetter conditions could 

allow expansion of deciduous forests (Iverson and Prasad 2001) and brushlands into the remnant 

prairies and grasslands of the province.  Greater soil moisture would favor growth of woody over 

herbaceous plants, resulting in canopied systems rather than open systems.  Wetter conditions 

may reduce the frequency and intensity of fires.  Higher rates of evapotranspiration under 

warmer temperatures will also be a factor influencing plant communities.  Wildlife species that 

depend upon grasslands, including the chestnut-collared longspur, Baird’s sparrow, and several 

species of butterflies, would be negatively affected by additional losses of grasslands in the 

Tallgrass Aspen Parklands Province (MNDNR 2006). 

   If changes are toward a warmer, drier climate, the impacts on wildlife in forest-prairie 

transitions would be different but still substantial.  Deciduous forests in the Tallgrass Aspen 

Parkland Province would likely decline as the landscape becomes drier.  Deciduous trees, 

especially aspens, would be subject to drought stress (Hogg and Hurdle 1995) and potentially 

more abundant insect defoliators and fungal diseases (Ives 1981, Zoltai et al. 1991, Peterson and 

Peterson 1992).  Drought conditions in general would favor growth of grasses and other 

herbaceous plants rather than woody species.  Under warmer, drier conditions the frequency and 

intensity of fires may increase and contribute to conversion of forest to prairie, especially if fire 

is used as a land management tool (Schwarz and Wein 1990).   
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Warmer, drier conditions could exclude wildlife that require cool, moist conditions, such 

as northern bog lemmings.  Species like sharp-tailed grouse and white-tailed jackrabbits, 

however, would benefit from more open landscapes.  In the Tallgrass Aspen Parkland Province 

large blocks of wildlife habitat exist that may facilitate the northward range shift of wildlife 

populations due to a warming climate. 

 

  3.2.3.2. Wetlands in the Tallgrass Aspen Parklands Province 

 Specific information on the impacts of climate change on aspen parkland wetlands is 

limited.  Larsen (1995) modeled the relationship between climate variables and the percentage of 

wet basins and found that aspen parklands may be much more vulnerable to increased 

temperatures than either Canadian or U.S. grasslands.  Camill and Clark (2000) argued that the 

complex ecological dynamics of the prairie-forest interface may include lags and thresholds that 

make it subject to sudden large responses that are difficult to discern from current vegetation. 

 

3.2.4.  Prairie Parkland Province  

 The Prairie Parkland Province stretches across most of southern and western Minnesota 

(Figure 1).  Before European settlement the area was mostly covered by tallgrass prairies and 

wetlands, including sparsely vegetated sand dunes, vast expanses of tallgrass prairie, sedge 

meadows and marshes, and short-grass prairies on the Prairie Coteau.  Major land forms of lake 

plains and ground moraines exist across land that is mostly level to gently rolling.  Much of the 

flat, fertile land has been plowed for agriculture.  Less than 1% (about 150,000 acres) of the 

original 18 million acres of prairie remains, and many grasses that persist are not native.  

Agriculture is the primary industry in the province (MNDNR 2006). 

 Ring-necked pheasants, gray partridge, and greater prairie-chickens occur in mixed crop-

grass landscapes in Minnesota.  Pheasants and partridge tolerate greater proportions of crop 

fields, whereas prairie-chickens and many grassland songbirds (e.g., bobolink) require more 

grass in larger patches.  Other grassland wildlife species include the marbled godwit, upland 

sandpiper, Sprague’s pipit, chestnut-collared longspur, western meadowlark, Franklin’s and 

Richardson’s ground squirrels, and badger (scientific names are provided in Appendix B).  

Waterfowl and shorebirds that breed in the province include the trumpeter swan, Canada goose, 

mallard, northern pintail, canvasback, blue-winged teal, gadwall, redhead, northern shoveler, 
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western grebe,  Wilson’s snipe, American bittern, sora, and Virginia rail.  Species of greatest 

conservation need total 139 for the province, with 13 being unique to this province only (Table 

2).  Habitat loss (88%) and degradation (92%) are the greatest immediate threats to these species 

(MNDNR 2006). 

 
  3.2.4.1.  Grasslands and agricultural lands in the Prairie Parkland Province 

Hansen et al. (2003) reviewed potential effects of climate change on grasslands around 

the world.  Where precipitation is likely to decline grasslands may experience decreased 

productivity and increased vulnerability to invasive species and wildfires.  Populations of many 

wildlife species in the Prairie Parkland Province have responded to changes in agricultural 

policies and land-use practices (e.g., the Conservation Reserve Program).  Given the intensive 

use of land by humans and paucity of native vegetation in this part of Minnesota, such policies 

and practices are likely to continue being the primary force affecting wildlife habitat.  Climate 

change is unlikely to cause a dramatic change in potential native vegetation (e.g., from grass and 

forbs to trees) or a reduction in the proportion of land allocated to production of agricultural 

commodities in this province.   

Rising interest in and development of renewable sources of energy, partially due to 

desires to mitigate for climate change, are influencing land-use decisions that affect wildlife.  For 

example, commercial wind turbine projects and planting feedstocks for ethanol fuel and biomass 

(e.g., corn, switchgrass) are becoming more common.  As mentioned in Section 2 above, 

however, opportunities exist to produce biofuels, sequester carbon from the atmosphere, and 

provide other ecosystem services using high-diversity plantings of native grassland perennials 

(Tilman et al. 2006). 

 

  3.2.4.2. Wetlands in the Prairie Parkland Province 

 The Prairie Pothole Region (PPR) is an area within central North America that is defined 

by glacially formed wetlands within a matrix of grassland and agriculture.  The PPR, also called 

the “duck factory,” is the most important area for breeding ducks.  Currently, western Minnesota 

is the most eastern extent of the PPR.  Climate change, however, is expected to bring drier 

conditions to the western PPR and shift the distribution of moisture in the PPR to the east into 

Minnesota.  Nearly all models suggest soil moisture declines, fewer wetlands, shorter 
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hydroperiods for temporary wetlands, more variation in the extent of surface water, and changes 

in depth, salinity, temperature, and aquatic plants in the PPR (Poiani and Johnson 1991, Larsen 

1995, Poiani et al. 1995, Clair et al. 1998, Johnson et al. 2005). 

 Changes for prairie wetlands in Minnesota are difficult to predict because changes in 

precipitation are uncertain in climate models.  If precipitation decreases, wetland conditions are 

expected to be too dry to provide good breeding habitat for waterfowl in most years (Johnson et 

al. 2005).  Dry conditions have been linked to smaller clutch sizes, less reproductive effort, and 

reduced offspring survival and recruitment in waterfowl (Dzus and Clark 1998, Anderson et al. 

2001).  If precipitation increases, habitat conditions for waterfowl may improve in western 

Minnesota (Johnson et al. 2005). 

 Wetland losses in the western portion of the PPR, however, are not likely to be offset by 

gains in the east because many wetlands in western Minnesota have been drained for agriculture.  

As a result, duck distributions on the landscape are expected to change and duck populations are 

anticipated to decline (Bethke and Nudds 1995, Sorenson et al. 1998).  Wetland protection and 

restoration in Minnesota are even more urgent in light of expected changes in wetland conditions 

in the PPR associated with climate change. 

 Climate change may affect other wildlife species associated with prairie wetlands.  

Wetland birds may experience mismatches between the timing of breeding and the availability of 

prey for offspring (Visser et al. 1998).  Murphy-Klassen et al. (2005) documented that the first 

spring sightings of 27 of 96 migrant bird species at Delta Marsh, Manitoba, were significantly 

correlated with a trend of increased spring temperatures. 

 

4.  SUGGESTIONS FOR THE SECTION OF WILDLIFE’S APPROACH TO CLIMATE 

CHANGE 

4.1.  Organization transitions 

Future climate conditions will present dramatic social, ecological, and economic changes 

for both individual Minnesota citizens and agencies mandated with management of Minnesota’s 

natural resources.  Individual adjustments to life-changing events or processes have been 

recognized to occur in a sequence of stages manifested as denial, anger, bargaining, depression, 

and finally acceptance (Kubler-Ross 1969).  In discussions with staff and stakeholders about 
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changing conditions, it will be important to understand and accept that individuals are at 

different stages along this continuum. 

Bryson (2004) advises that organizations need to respond to dramatic changes or 

challenges in order to “survive, prosper and do good and important work.”  Organizational 

responses to challenges range from maintaining the status quo, maintaining previous approaches 

but increasing the intensity or volume of work, to shifting focus and strategies, or a combination 

of the latter 2.  Organizational responses to dramatic and rapid changes can produce anxiety and 

decrease effectiveness in accomplishing the organization’s mission.  To be successful in 

realizing its mission, vision, and goals, an organization must also be aware of and manage these 

periods of transition. 

Managing organizational change has been described as an 8-step process (Kotter 1996).  

The initial 4 steps focus on revisiting the status quo and energizing the organization around a 

new vision.  The last 4 steps move the organization to the desired state, implements new 

practices, and reinforces changes in the organizational culture (Figure 2).  A first step for 

Minnesota DNR was creating a Wildlife Climate Change Working Group to guide the Division 

of Fish and Wildlife in describing climate change in Minnesota, its effects on wildlife species 

and habitat, and the development of wildlife management and monitoring actions needed to 

respond to this unprecedented wildlife management challenge.  The recommendations in this 

report begin to articulate a vision and strategies for conserving wildlife populations and habitats 

in the face of changing climate conditions. 

 

4.2.  Vision statement 

As presented in Kotter’s step 3 (Kotter 1996; Figure 2 here), creating a shared vision of a 

desirable future is a critical aspect of organizational change.  Costanza (2000) discussed the 

importance of visioning in the context of conserving natural resources.  The Wildlife Climate 

Change Working Group believes that communicating a clear vision and establishing a shared 

vision within the Section of Wildlife (or higher level within MNDNR) about climate change is 

important.  We suggest the following vision statement to help guide the Section of Wildlife’s 

approach to climate change: 
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The Minnesota Department of Natural Resources Section of Wildlife will continue 

to accomplish its mission1 in the face of climate change.  Despite uncertainties 

about the future, staff within the Section will be proactive in identifying and 

implementing responsible, science-based strategies for mitigating climate change 

and adapting to unavoidable climate changes.  Staff, others in public service, 

stakeholders, and the general public will understand the unprecedented 

challenges to wildlife conservation posed by climate change, and they will 

support the Section’s decisions and initiatives related to climate change.  

Populations of diverse wildlife species will continue to be a critical component of 

the high quality of life of the citizens of Minnesota. 

  

4.3.  Recommendations to Section and Division leaders 

 First and foremost, we in the Wildlife Climate Change Working Group think the 

significance of climate change to the management and conservation of wildlife—and natural 

resources in general—warrants making a proactive response to climate change an explicit 

priority of the Section, Division, and Department based upon our missions and legal mandates. 

A few guiding principles—sufficiently important and general to be useful in most or all 

situations—provide a good place to start when considering additional ideas and priorities for 

approaching the unique challenge of climate change.  The Section of Wildlife should: 

(1) focus on objectives that help the Section accomplish its mission and mandates; 

(2) acknowledge uncertainty when making decisions and confront it in a logical, 

productive manner; and 

(3) strive to work effectively with colleagues and stakeholders to achieve wildlife 

management goals. 

 Options for addressing climate change fall into 2 broad categories—mitigation and 

adaptation.  Climate change mitigation includes actions taken to avoid or minimize the change.  

Most directly, mitigation actions reduce emissions of greenhouse gases or reduce concentrations 

of greenhouse gases in the atmosphere (e.g., carbon sequestration).  Adaptation refers to actions  

                                                 
1 The mission of the Section of Wildlife is “to work with the people of Minnesota to conserve and manage wildlife 
populations and habitats, to provide wildlife-related recreation, and to preserve Minnesota's hunting and trapping 
heritage.” 
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Figure 2.  A process for creating major organizational change [adapted from Kotter (1996) for 

wildlife professionals]. 

 
Step 1.  Establish the Priority 

z Examine the natural resource and recreational realities 
z Identify and discuss crises, potential crises, or major opportunities in the context of risk 

 
Step 2.  Develop Scientific Guidance 

z Charge a group to develop biological and social science based guidance 
z Identify network of experts and resources 

 
Step 3.  Develop a Vision and Strategy 

z Create a vision to help direct the change effort 
z Develop strategies for achieving vision 

 
Step 4.  Communicate the Change Vision 

z Use multiple venues to communicate the new vision and strategies with staff and stakeholders 
z Provide opportunities for staff and stakeholders discussion of new vision and strategies 

 
Step 5.  Empower Broad-Based Action 

z Charge Operations, Programs, and Research with next steps 
z Utilize biennial budget and annual spending plans to incorporate approaches 
z Encourage risk taking and nontraditional ideas, activities, and actions 

 
Step 6.  Take Initial Implementation Steps  

z Identify objectives 
z Implement steps 

 
Step 7.  Evaluate, Adjust, and Expand Change Efforts 

z Evaluate and adapt existing and new approaches, programs, projects, and policies 
z Communicate findings and status 
z Use increased credibility to change all systems, structures, and policies that don’t fit together and don’t 

fit the transformation vision 
z Consider needs in workforce planning (i.e., new hires, promotions, and training) 
z Reinvigorate the process with new projects, themes, and change agents  

 
Step 8.  Operationalize Approaches 

z Create better performance through customer- and productivity-oriented behavior, more and better 
leadership, and more efficient management 

z Articulate the connections between new behaviors and organization success 
z Develop means to ensure leadership development and succession 
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taken to manage the unavoidable impacts of climate change.  We classified our remaining 

recommendations as either mitigation or adaptation. 

 

 4.3.1.  Mitigation 

• Accomplish gubernatorial mandates to reduce energy consumption and increase efficiency of 

energy use by staff (Pawlenty 2004a,b; 2005; 2006).  Consider and educate others about 

potential impacts of the production of renewable transportation fuels on wildlife and other 

natural resources.  To reduce fuel consumption, staff should first try to reduce the number of 

miles they drive, then try to use the most fuel-efficient vehicle for a particular task.  We 

should also continue to identify and prioritize specific actions, in addition to those related to 

fleet and facilities management.   

• Develop recommendations for personal choices by staff, those participating in wildlife-

related recreation, and the general public to reduce direct and indirect consumption of fossil 

fuels (e.g., strategies for driving fewer miles, reducing use of electricity).  We should 

encourage the use of fuel-efficient and low-emission vehicles for personal travel by the 

millions of hunters, trappers, and wildlife watchers in Minnesota.  Specifically for staff, we 

should consider evaluating and drafting policies regarding telecommuting from home rather 

than driving to work every day, use of telephone and video conferencing for meetings, and 

the net effect on climate change of various practices. 

• Develop more wildlife-related recreational opportunities near urban population centers to 

reduce travel distance or the need to travel (Schultz et al. 2003). 

• Seek carbon sequestration opportunities that do not conflict with or diminish wildlife 

conservation. 

• Use the Division’s outreach capacity to inform constituents and other citizens about how 

they can reduce their contributions to climate change. 

 

 4.3.2.  Adaptation 

 4.3.2.1.  Administration 

• Develop, utilize, and communicate transparent decision processes.  This will be important for 

documenting climate-related decisions and ensuring support for the decisions from staff and 

stakeholders.  We must confront uncertainty in a logical, productive manner when making 
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decisions (e.g., employ adaptive management when appropriate; Inkley et al. 2004:20, 

Williams et al. 2007).  In the face of uncertainty about climate change, preserve future 

options and be cautious by anticipating threats to natural resources, acting to conserve 

resources despite the uncertainty, and explicitly valuing long-term benefits.  Consider risk 

management to identify risk potential and consequences for habitat and population 

management actions.  Consider triage—a decision framework for classifying relative 

priorities during emergencies—when appropriate (Millar et al. 2007).  Although triage 

decisions may affect single species, multiple species (i.e., competing priorities) should be 

considered explicitly during the decision process.  

• Identify important decisions and decision thresholds, so management and monitoring 

objectives can be specified.  

• Establish interdisciplinary teams to collaborate on climate change issues.  For example, we 

encourage initiation of a Department-wide team to address climate change and seek 

participation on interagency climate change teams.  Unified approaches and sharing of 

information and other resources among a wide variety of organizations [e.g., MNDNR 

divisions, state and federal agencies, universities, and nongovernmental organizations 

(NGOs)] will be necessary to manage wildlife successfully in the face of climate change. 

• Provide specific guidance to staff, programs, and projects about whether or how to address 

climate change in management actions and planning efforts (USGAO 2007). 

• Complete a more comprehensive assessment of recent and on-going initiatives and research 

related to climate change and wildlife impacts. 

• Communicate with public, stakeholders, and elected officials about habitat and population 

impacts and management implications (using practical examples). 

• Improve communication and coordination (as distinct from collaboration) among disciplines 

and organizations. 

• Assign specific staff to stay abreast of the large and growing body of literature on climate 

change. 

• Consider desirable expertise and staffing plans during workforce planning. 

• Consider reducing workloads related to short-terms goals to focus sufficient effort on climate 

change and other long-term issues (USGAO 2007). 
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• Dedicate 1 new FTE position at the Program level in the Section of Wildlife or the Division 

of Fish and Wildlife to lead and coordinate climate change efforts.  This person should chair 

a standing committee to address climate change issues and develop strategic approaches for 

responding to climate change impacts. 

• Address funding needs through reallocation of existing appropriations or new state/federal 

appropriations and grants. 

• Support a review and update of Minnesota’s Comprehensive Wildlife Conservation Strategy 

in terms of climate changes. 

 

  4.3.2.2.  Research and Policy 

• Link monitoring programs to specific management decisions or scientific hypotheses 

(Yoccoz et al. 2001, Inkley et al. 2004:20).  Interest in and ideas for monitoring will likely 

exceed the available resources.  It will be imperative, therefore, to carefully identify and 

prioritize monitoring needs based on the potential impact on future decisions and 

management activities. 

• Identify species, communities, and ecosystems that are most vulnerable to climate change or 

are the best indicators of climate change effects (Noss 2001), identify ecological thresholds 

at which significant climate-induced changes may be particularly abrupt (Halpin 1997), and 

identify species and communities that may migrate into Minnesota.  

• Expand the focus of habitat management evaluation biologists in Wildlife Research to 

include consideration of carbon sequestration and energy footprint for land management 

practices. 

• Support the development and use of models to provide local projections of expected changes. 

• Develop new tools and approaches for determining the appropriate type and amount of 

resource management efforts.  For example, a decision tree may help staff determine the best 

management practices for systems in transition. 

 

  4.3.2.3.  Operations and Programs 

• Continue to acquire and manage land for wildlife purposes as part of the Outdoor Recreation 

System to “protect those lands and waters which have a high potential for wildlife 

production” as directed by Minnesota Statute 86A. 
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• Maintain ecological structures and functions (e.g., water quality, biodiversity), not just 

specific components (e.g., individual species; Inkley et al. 2004:20).  For example, individual 

wildlife species have great value, but conserving the ecosystem processes upon which 

humans and wildlife depend is more fundamental and important.  We will need a better 

understanding of ecological systems to be successful.  We will need to improve our 

understanding of community ecology and the likely succession of communities through 

climate change (Noss 2001).  Managing communities and ecosystems requires working with 

large areas, so we will need to develop programs to manage habitat at the landscape level 

with multiple land ownership types (e.g., state, federal, county, private, NGO). 

• Maintain connected, diverse populations of wildlife, so they can adapt and migrate.  This 

should include ensuring that land acquisition policies consider climate change and support 

biodiversity and connectivity now and in the future (Inkley et al. 2004:19).  Subsection 

Forest Resource Management Plans and the Forest Resource Council’s Landscape Teams 

should consider and address habitat connectivity issues.  Bioreserve programs such as the 

Wildlife Management Area (WMA), Aquatic Management Area, and SNA programs should 

be expanded because, in addition to protecting native biodiversity, these parcels may 

contribute to potential migration corridors.  

• Reduce nonclimate stressors that we can influence now (Inkley et al. 2004:18).  For example, 

we can minimize habitat loss, degradation, and fragmentation near WMAs and other public 

lands, thereby conserving more habitat for wildlife adapting to a changing climate.  We 

should focus on major disturbance agents that we can influence now, such as preventing and 

controlling catastrophic fire and invasive species (Inkley et al. 2004:19, MNDNR 

Operational Order #113).  More specifically, we should continue to manage deer for 

population goals that do not negatively impact plant communities. 

• Proactively choose where and when to resist climate-induced changes, encourage resilience 

of systems to change, or enable climate-induced changes (Millar et al. 2007).  Resist climate-

induced changes only temporarily and only for resources of high value (e.g., endangered 

species).  Interdisciplinary work is needed to identify management practices (e.g., 

elimination of invasive species versus integration into habitat frameworks) that contribute to 

resilient systems and functions with the objective of maintaining or increasing resilience 

where and when it’s appropriate (e.g., site prep for forest stand regeneration, reducing 
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