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Climate Change & Northfield’s Biodiversity

Over the past decades there has been a great debate waged over climate change.  Today, the debate continues, however, scientists have recognized that the earth has been warming.  In the past 15,000 years, global temperatures have risen 8 to 10 degrees Fahrenheit.  In the past 100 years, the average land temperature climbed about 1.5 degrees Fahrenheit.  Greenhouse gases keep the earth warm by trapping the sun’s energy in the lower atmosphere and slowing its release back to space.  This background greenhouse effect adds roughly 60 degrees Fahrenheit to the surface temperature of earth. Greenhouse gases and carbon dioxide are crucial for the survival plants and animals on earth, but the recent increase in greenhouse gases since the Industrial Revolution has created unwanted consequences (MPCA 2003).  The increase in temperature and change in climate has begun to have a detrimental effect on the biodiversity of the world.  As climates begin to change, plant and animal species adapted to specific climates and ecosystems are struggling to adapt.  The Intergovernmental Panel on Climate Control (2007) noted that the resiliency of many of the ecosystems will be surpassed in the next century by a change in climate and the continued impact of humans on the environment.  Unless actions are taken to reduce our reliance on greenhouse emitting fossil fuels much of the biodiversity will be lost.  Creating incentives is a necessity to guarantee that these actions will work.   With the accumulation of greenhouse gases in the atmosphere it may be impossible to fully mitigate the effects of this change, but something must be done.  
The climate of Southern Minnesota has already begun to change as the amount of greenhouse gases emitted continues to increase. Since 1981, eight of the 20 warmest years in Minnesota have been recorded (Weflen 2001).  Over the past century the average surface temperature has risen one degree Fahrenheit.  Average winter temperatures are increasing more than twice as fast as average annual temperatures as winter temperatures are rising at 2.3 degrees Fahrenheit.  The change in winter temperature has led to shorter winters.  The snow season in the Great Lakes region has decreased by roughly 6 days over the last 50 years.  In many areas, springs arrives much earlier.  The climate change has also been observed in the amount of rainfall.  Precipitation has increased by 15 to 20 percent in parts of Minnesota, especially the southern part.  A study of flood variability in the Upper Mississippi River Basin revealed a significant increase in flood flows overtime (MPCA 2003).  If the trend of changing precipitation and temperature continues many scientists predict that Minnesota will begin to look much more like Nebraska or Missouri with much drier conditions and less forest cover.  Animals and insects have appeared in the past decades that have never been seen in Minnesota before.  True katydids and opossums have now been spotted in Minnesota as far north as the twin cities.  The climate of Southern Minnesota has started to change.

After more then a decade of research and studies there are a plethora of reports detailing future possible climate change.  The Minnesota Pollution Control Agency outlined many of the possible changes to Minnesota’s climate.  The accumulation of greenhouse gases in the atmosphere will lead to increased warming of the earth’s surface.  The global surface temperature will rise at least 1 degree Celsius (1.5 º F) over the next century.  Some estimates, however, have temperature increasing as much as 6 degrees Celsius (11º F) by 2100.  Precipitation is projected to continue increasing another 15 percent.  However, the frequency and severity of droughts is predicted to increase.  The amount of precipitation per rainfall is also expected to increase (MPCA 2003).  The MPCA report predicted a warmer, wetter Minnesota which is more prone to severe weather.

The predicted climate change would have a dramatic effect on the biodiversity of Southern Minnesota and Northfield.  The effect on ecosystems varies from ecosystem to ecosystem, but every ecosystem will be impacted.  One of the possible outcomes of the change in climate is an increased runoff and earlier spring peak discharge in many snow-fed rivers (IPCC 2007).  The increased runoff would alter many of the aquatic ecosystems.  The Cannon River runs through downtown Northfield.  An increase in runoff and spring peak discharge could lead to a reduction in the water quality of the lake.  As a result of the proximity of many agricultural lands and residential neighborhoods to the river runoff into the lake would be filled with fertilizers and other pollutants.  The result may be a reduction of aquatic species that are less tolerant to polluted waters.  Species like carp and bullhead catfish, who are more pollutant tolerant, will thrive.  In this area cultural eutrophication could also occur as the nitrates from fertilizers could facilitate an algae bloom.  Eutrophication occurs when excesses amounts of nutrients cause an algae bloom.  After the algae die bacteria decomposing the algae use all the dissolved oxygen creating dead zones in lakes and rivers.  Increased runoff pollution isn’t the only problem facing aquatic ecosystem.  Changes in freshwater biological systems are associated with rising water temperature (IPCC 2007).  The greatest change would be the loss of cold water fish species from southern Minnesota.  Though no cold water lakes exist in Northfield, other species of fish will be affected by the change in water temperature.  Many of the fish found in the Cannon River require a certain temperature to breed.  Black Crappies found in the Cannon River require a temperature between 58-68 degrees Fahrenheit to breed (Roberts 2000).  An increase in the temperature will put the survival of their offspring in jeopardy.  The affects of climate change on many fishes that require aquatic ecosystems will be sizeable.  

The disruption of the aquatic ecosystem will have a large impact on the duck in particular.   As the temperatures increase, the water level of many wetlands in Minnesota has started to decrease.  The wetland areas are crucial for ducks’ reproduction and survival.  The greatest variability in their reproduction comes from a lack of adequate breeding habitat.  A drought caused by the climate change would lead to a reduction in the amount of breeding areas and thus reduce the overall size of the duck population (NWF 2005).  There is a considerable amount of wetland area throughout Northfield.  St. Olaf College has fifteen restored wetlands on their campus and Carleton’s Arb has a few more.  The predicted droughts may adversely affect the livelihood of these ecosystems as the moist habitat need by many plants will be unavailable. The migration patterns of the ducks will change as they are forced to move further north in search of wetlands to use.  Many of the ducks seen on Carleton’s campus and around Northfield may disappear as they are forced to find more suitable habitats.   Ducks and other waterfowl are also particularly vulnerable because of their need for high water quality.  

The negative impact of climate change wouldn’t be limited only to aquatic ecosystems.  Forest ecosystems would be altered by the change in climate.  As the climate warms it is inevitable that forests will change.  Changes in the variety of species, geographic range, health, and productivity have all been predicted.  If precipitation does increase then there would be an increase in oaks and southern pines.  A drier climate would likely mean the elimination of much of the forest of southern Minnesota.  These forests would be replaced by grasslands and pastures.  Estimates of forest losses vary from almost none to as much as 50-70% depending on precipitation actual changes (MPCA 2003).  The loss of forest habitat and trees would have a devastating effect on Carleton’s Cowling Arboretum.  Carleton College has invested thousands of dollars to plant many thousands of trees throughout the Upper and Lower Arb.  The climate change could lead to the 230 acres of upland forests in the Arb to be eliminated and replaced by either grassland monoculture or possibly prairies.  Reduction of forests would have a negative consequence on many of the animals which require woodland habitats.  Unique animals like the wood turtle may cease to exist in the Arb.   Though it is doubtful that all the forest in the arb would disappear, a change in climate would have a harmful negative impact on the forests ecosystems.

 
The predicted changes will impact many of the bird found in Northfield and at Carleton.  Birds’ life cycles are closely connected to the change in season.  Birds depend on the flowering and seeding of plants which is affected by changes in temperature and precipitation.  The migratory path of many birds will be altered because of climate change.  Many birds have begun to migrate up to 21 days earlier in the spring.  The birds are also beginning to go further north (Price 2002).  The change in birds’ migration is creating a problem.  Birds are arriving too early with snow still on the ground and plants yet to flower or too late for optimal food availability. Cowling Arboretum has 193 different species of birds.  Many of the migratory birds may alter their migration patterns and bypass the Arb all together.  A report by the American Bird Conservancy and National Wildlife Foundation found that as many as 25 of the bird species found in the Arb may alter their migration paths to exclude Minnesota.  Warblers in particular seem the most likely to change their migration to exclude Minnesota.   On a positive note a few species like Say’s Phoebe, Scissor-tailed Flycatcher, Painted Bunting, Cassin’s Sparrow and Great-tailed Grackle summer range may now include Minnesota (Price 2002).  The change in climate could lead to a reduction of the biodiversity in Southern Minnesota as birds alter their migration patterns.

 The change in climate will negatively affect many species, but some species and organisms will thrive as a result.  Pests, like the mosquito and ticks, will increase in frequency as the winters become shorter and less intense.  The increase of these pests could easily cause a greater spread of diseases.  Many of the diseases that are not found Minnesota currently may be able to make there way here.   Recently, mosquitoes carrying yellow fever, dengue fever, Eastern equine encephalitis, and La Crosse encephalitis have spread as far north as Chicago.  The prevalence of other diseases, like West Nile virus and Lyme’s disease, already found in Minnesota will increase (EPA 1997).  These diseases could have a devastating affect not only on humans but also on many animal species, on which mosquitoes and ticks prey.  Other pests like the spruce budworm, which is one of the most destructive pests to spruce and fir forests, will benefit from elimination of predation.  Several species of warblers’ eat up to 84 percent of all spruce budworm larvae.  As climate change shifts the warblers’ migration pattern further north into Canada many of the pests may be able to thrive.  Insects and pests who are more tolerant to increased temperatures will be able to remain in their current habitat, while their less adaptable predators will be forced to relocate (Price and Glick 2002).   Many pests will thrive as a result of the increased temperature because of climate change.      

The greatest impact of the climate change is a problem which almost all plant and animal species must face.  Plant and animal species have adapted and evolved according to a specific climate.  Local genotypes of plants and animals represent the specific local condition which species are best adapted for.  The most specialized species will experience the hardest time adapting to climate change.  The dwarf trout lily, an endemic, endangered plant found in Southern Minnesota around Northfield, is in particular trouble.  The dwarf trout lily reproduces rarely by sending out offshoot runners bearing one bulbs, which will create a new plant.  This form of reproduction cripples both its ability to disperse and its ability to adapt genetically.  DNR officials have noticed a crash in the number of colonies and plants in recent years.  As the climate changes the dwarf trout lily will be left helpless and further declines in populations will increase till its possible extinction (Weflen 2001).  Many plants will share a similar fate if they have difficulty relocating.  As the change in climate shifts, many species will be forced to try and shift with the climate.  For some animal species, like birds, changing habitat is fairly easy, but for many animal species and almost all plants relocated is nearly impossible.  The destruction of habitat and ecosystems has lead to a fragmentation of habitats.  Many species are isolated in a small remaining amount of habitat.  The species in isolation are almost completely doomed to failure.   Plants are particularly slow to relocate because they rely on birds and other factors to disperse their seeds.  University of Minnesota ecologist Margaret Davis predicts that by 2060 geographical range limits would move about 300 miles per century.  A typical tree species only moves about 10 to 60 miles per century (Weflen 2001).  The incapability of many plant and animal species to relocate with the change in climates is a problem.

The extent of many of the effects of climate change may be debatable, but biodiversity will certainly be affected by the change.  Solving the problem of climate change is very difficult because it is a global problem and will require a long timeframe.  The Minnesota Climate Control Action Plans (MCCA) stipulates a two step response program.  The MCCA suggests that a ‘no-regrets’ short-term strategy centered on improved efficiency of the state’s economy in the use of energy and materials should be adopted.  This will help to reduce of the use of current greenhouse gases.  The second step is to slowly wean the economy of its reliance on fossil fuels causing the emission of greenhouse gases (MPCA 2003).  On a more local level I interviewed Scott Bierman to discuss some local solution.  Dean Bierman has the interesting role of being both an economics instructor and a dean of the college.  He notes, “Carleton as an educational institution has a responsibility to teach students to respect the world around them.” College should be civic and environmental leaders.  One possibility would allow students to recover a portion of there housing fees for how much energy their residence hall saves.  Dean Bierman remarked that any plan like this would be very hard to enact and is a long ways off.   He also mentioned the recent carbon neutrality agreement which President Oden has signed.  Protecting the Arb from climate change may prove to be the most difficult task.  Currently candidates are being interviewed for a new Arb director position.  The Arb director will be a steward for the Arboretuem.  He will be in charge of trying to protect the Arb from the future effects of climate change.  There are numerous possible solutions that will help to reduce the amount of future climate change.     


The change in climate is a problem that faces every nation must face.  In Minnesota many effects of climate change have already begun to occur.  These effects will have a wide array of different consequences on the local ecosystems of Northfield.   The magnitude of the effects from climate change is still being debated but the local biodiversity of Northfield will be affect.  Humans must begin to think on a broader scale about the effect of their actions on the environment.  Carleton is blessed to have a wonderful array of different plants and animals surrounding its campus.  
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