A WHOLE NEW GAME

Climate Change Effects on Hunting, Fishing, and Outdoor Recreation
Colorado Report

 Izaak Walton League of America, July 2007

We know that the earth has natural climate cycles. Some, like the advance and receding of glaciers, take tens of thousands of years. Other more local events like the El Nino in the Pacific occur every few years. Plants, animals and people have proved very adaptable to such natural changes over the millennia. But the changes underway today are different. They are happening more rapidly and the long-term trend is in the same direction, getting warmer, rather than going in cycles. The collection of evidence has convinced all major international scientific associations, most world governments, and leaders of many of the world’s largest corporations that unprecedented change is happening.

According to the International Panel on Climate Change, a group of more than 2000 scientists that has been studying climate change since 1988, 11 of the last 12 years (1995 to 2006) rank among the 12 warmest years since 1850 when global surface temperatures started being recorded.
 In February 2007, the panel issued its most defining report, stating that, “Warming of the climate system is unequivocal, as is now evident from observations in global average air and ocean temperatures, widespread melting of snow, ice and rising global average sea level.” As to the cause, the report lays the question of human influence to rest. It is more than 90 percent likely that the warming that has occurred in the last half century is being caused by human actions that have raised the concentration of carbon dioxide and other heat-trapping gases in the earth’s atmosphere.  These actions include the use of coal and natural gas for electricity, heating and industrial production, and the gasoline used to run our cars and trucks. Land use changes that release stored carbon into the atmosphere, such as deforestation, have also contributed to a warmer earth.
Within the last 100 years, the average global temperature has gone up by 1.4 degrees Fahrenheit. The warming has been greatest in the northern latitudes—some parts of Canada have warmed as much as one degree per decade. Since the 1950s, there have been fewer days of extreme cold but more days of extreme heat. These warmer temperatures also mean more evaporation of surface water. In the 20th century, precipitation has increased in the mid to northern latitudes while other areas of the world have experienced more frequent droughts and drying soils. Precipitation patterns have included more extreme rain, snow, and ice events. Winter snowfalls have decreased and mountain snow pack melts earlier. Sea levels have risen 4 to 8 inches because of thermal expansion and the addition of fresh water from melting glaciers. 

While seemingly small, this change in the global temperature has already produced very significant effects. Field observations from the deep oceans to high mountaintops are documenting changes in life cycles, ranges, even the DNA of plants and animals. More ominously, they are documenting the extinction of species at a rate far higher than occurs naturally. Migratory species are changing when and where they migrate. This can mean problems for the animals if they arrive before traditional food sources emerge. Changes in the migrations of pollinators are affecting the plants that depend on them. Scientists are already observing longer growing seasons in mid to northern latitudes and a shifting in animal ranges toward the poles and to higher elevations.

We are facing some dramatic changes in the natural communities we have become accustomed to. For sportsmen and sportswomen, this could mean lasting changes not only to their favorite recreational pastimes, but also in the very culture and traditions that many sporting families have known for generations. Moving forward, it is not a question of whether the world will warm, but by how much it will warm. That answer is up to us. By becoming aware of the threat that global warming poses and taking actions to halt further warming, we will pass along the outdoor experiences to the next generations that we have so richly enjoyed.  

COLORADO

Introducing Colorado

Colorado has a well-earned reputation as being a natural wonderland, rich in outdoor recreational opportunities. Defining the state’s image are its snow-capped mountains, home to abundant wildlife and a vibrant winter sports industry. But Colorado is also home to rolling prairies and several major rivers, making it an appealing place to fish, paddle, vacation, or settle down. In fact, the biggest conservation threat to the state is the influx of people who find it an attractive place to live.

Colorado’s dominant feature is its high elevation, which averages 6,800 feet about sea level—the highest in the contiguous United States. Pike’s Peak, near the center of the state, juts upward more than 14,000 feet. Mountain ranges extend north and south, splitting the state down the middle. The Rocky Mountains are the major feature of the western half of the state; on the other half, the Eastern Plains make up about 40 percent of the state. Four of the nation’s major rivers have their headwaters in Colorado: the Colorado, the Rio Grande, the Arkansas, and the Platte. The Green River also cuts through the northwestern corner of the state.

An interesting mix of ecosystems arises from Colorado’s varied topography. In the highest elevations, above 11,000 feet, is the unique world of the alpine tundra. The fragile ecosystem hosts delicate wildflowers and lichen, as well as a few animal species, such as pika and white-tailed ptarmigan. Mountain goats, not native to Colorado, walk the steep slopes above timberline. Also found in high elevations are elk, mule deer, and bighorn sheep, as well as many birds—like the rosy finch and Swainson’s hawk. Some cutthroat trout occur naturally in alpine lakes, as well as boreal toads and tiger salamanders. Many of these creatures draw wildlife watchers to Colorado’s mountain environment.

Down the mountain the landscape changes, with sub-alpine spruce and fir forests and ponderosa pines and sage flats in lower areas. A mix of other habitats link the mountains and prairies, from areas of aspen, to shrubland and sagebrush, home to the greater sage grouse.

The shortgrass prairie of eastern Colorado has brought homesteaders and ranchers to its vast, arid landscape. Much of it is privately owned and used for grazing cattle. Herds of bison roam here, as well as deer, badgers, prairie wolves, and black-tailed prairie dogs. Punctuating the grasslands are the buttes, whose higher ground often serve as nesting sites for raptors such as prairie falcons. Near the rivers are riparian corridors and wetlands, such as the Platte River basin where waterfowl come to roost. All of these natural offerings are why Colorado is considered such a desirable place to live—for humans and for wildlife.

Outdoor Recreation

Colorado’s economy depends on the number of people who use and enjoy the state’s famous natural resources. Some 915,000 anglers from all over the state and country come to fish for trout and other species. They spend about $646 million in Colorado on trip-related costs, like food and lodging, as well as equipment, bait, and fishing licenses.

The state’s wildlife also draws a significant number of hunters; about 281,000 hunt in Colorado each year. Their hunting-related expenses, from guns and ammunition to transportation and permits, add up to about $383 million per year.

There are also a huge number of people who enjoy the state’s flora and fauna by participating in wildlife-watching activities, which includes feeding, observing, and photographing wildlife. About 1.5 million wildlife enthusiasts spend more than $624 million on these pursuits all across Colorado.

On top of these are a host of sports and activities, from skiing to camping to rafting, which define Colorado’s image and keep its economy alive. Colorado’s ski industry alone generates $1.7 billion in economic benefit each year.

Climate Change Predictions

Colorado’s climate reflects the varied topography within the state. The mountain ranges, the eastern plains, the canyons and plateaus to the west—each area has its own climate. Overall, Colorado’s climate is defined by its placement at the interior of our continent, plus its standing as the state with the highest elevation in the contiguous United States. The general climate is characterized as cool and dry, but with large seasonal swings in temperature.

Some scientists project Colorado’s average annual temperature will see increases of 3 to 4 degrees Fahrenheit in spring and fall and 5 to 6 degrees Fahrenheit in summer and winter by the end of this century. The increased temperatures are predicted to lead to hotter, drier summers, increased wildfires, and drought combined with more severe rains. Precipitation is projected to increase, but in the form of more summer storms, which are not likely to lead to a wetter climate overall. The warmer temperatures would also cause mountain snow pack to diminish, which would also mean earlier snowmelt, more winter runoff, and reduced summer flows to the state’s streams. With Colorado getting 85 percent of its water from snow pack, the net result of these changes would be overall drier conditions.
 Chances of wildfires are apt to increase.

Because so much of Colorado’s economy is linked to the use and enjoyment of the outdoors, from skiing to fishing to farming, the potential impacts of climate change on the state could be substantial.

State Wildlife Action Plan

The Colorado Division of Wildlife gathered scientific and stakeholder input to identify species of greatest conservation need as well as habitat conservation concerns. The resulting Comprehensive Wildlife Conservation Strategy documented the state’s abundant wildlife—more than 960 native species and 41 land cover types.

Many of the primary challenges to conserving wildlife in Colorado identified in the report are linked to a projected population increase of more than 50 percent in the state over the coming 25 years. This human influx will inevitably create conservation challenges, including: conversion and fragmentation of habitat, human use and depletion of natural resources, pollution, introduction of invasive and exotic species, and alteration of ecological processes. The plan calls for coordination of population and habitat objectives among a wide array of agencies and organizations.

With population growth looming as the key challenge to Colorado’s conservation future, concerns about climate change are intertwined with greater human presence and use of natural resources. The state action plan does not address climate change specifically when detailing the key conservation challenges facing the state. However, the plan does name climate change in a few instances as a general threat to some of the species listed, including the white-tailed ptarmigan, black rosy finch, and brown-capped rosy finch. In each case, the prescribed conservation action is to “maintain and restore habitat” and, specifically, to “reduce CO2 emissions.” 

Impacts on Wildlife

Mountain Ecosystem

Colorado’s snow-and-ice system is made up of mountain glaciers, ice sheets, seasonal snow, and river and lake ice. This system is particularly vulnerable to climate change. Warming conditions would lead to disappearing glaciers, receding snow pack, earlier snowmelt, less snowfall and more rain. Climate-induced threats to the Rocky Mountains would impact Colorado’s best-known attractions, from skiing to wildlife 

Skiing, the state’s big industry, would be reduced to a shorter season. Warmer temperatures could lead to a greater chance of avalanches, endangering skiers and other winter recreationists.

But even more endangered would be the non-human residents of Colorado’s high-altitude ecosystem. Only a few distinct species thrive in the alpine tundra. One of these is the white-tailed ptarmigan, a year-round alpine resident, whose feathers change from mottled brown in summer to snow white in winter. Others include the pika and the yellow-bellied marmot.

The lower limit of the alpine tundra is determined by where the tree line begins. Climate plays the primary role in setting that limit. If warmer climate makes the tree line shift up the mountain slope, the area left for the alpine tundra shrinks. Researchers have already shown that sub-alpine Engelmann spruce have moved 650 feet upslope in Nevada—and that’s just from 1992 to 2001. Colorado State University researchers project the tree line could rise 1,200 feet with current climate change predictions of a 5 degree rise in temperature. That would mean the elimination of at least half the tundra. Even if this does not occur, substantial reductions or fragmentation of tundra habitat is likely, which would make it difficult for the animals and plants of this sensitive ecosystem to survive.

One study simulated the effects of warming winter temperatures on the white-tailed ptarmigan and found that such trends would likely lower population growth, even to the point of extinction.
 Another alpine resident, the pika, is also seen as vulnerable if conditions warm.
 The little round rabbit relative is one of the few mammals who stays in alpine terrain year-round. Scientists say pikas already are disappearing from western mountain slopes.

Larger mammals, like bighorn sheep, that frequent higher elevations may initially benefit from increased vegetation that warmer temperatures would bring. But over time, they would not do well if habitat shifted up slope, putting them in the midst of conifers. This habitat would offer them little of their preferred food, but it would increase the number of predators around them, from coyotes to lynx.

Some high-altitude plants have already suffered the consequences of climate change. The aspen sunflower is one of them. Its buds have been killed by frost over the past seven of nine years that University of Maryland biologist David Inouye has been studying the flower for indications of warming effects.
 The decline in winter snowfall and higher spring temperatures cause the flower to grow earlier, then have sensitive flower buds in mid-June when hard frosts are still likely in that geographical range. If the buds dies, no flowers appear, which means no seeds will bring new flowers. “The fate of the aspen sunflower is important as an indicator of what can happen to other species,” says Inouye. “The reduction in flowers means that there are fewer resources for pollinators such as bumble bees and for herbivores such as deer and elk that eat the flowers.” He says that finding the impacts of frost is yet another warning that climate change effects can be “unexpected and significant.” 

Water Impacts

Colorado is known for its world-class angling. With miles and miles of blue ribbon trout streams, there are few better places in the world to cast for a host of cold-water species, including the species unique to this region: the greenback cutthroat, the Colorado River cutthroat, and the Rio Grande cutthroat.  These species are some of the most culturally and economically important fish species in the American West.

Direct impacts to some of these species could arise from warmer annual temperatures. “The most obviously affected would be the cold-water salmonids,” says Colorado Division of Wildlife fish pathologist Peter Walker.
 The state’s signature trout species are all cold-water lovers. For example, cutthroat trout eggs don’t fare well unless water temperatures are below 55 degrees Fahrenheit. “Temperature could be a limiting factor in their successful reproduction,” says Walker.

Cutthroat may have to seek out colder waters, but the question is whether those habitats will be available. For example, the greenback cutthroat, a signature Colorado fish, lives in limited areas in remote, high-elevation habitats. Its distribution has been confined due to competition from other non-native fish and of changes to stream depth and temperature over the years. One study found that changes in climate could alter the distribution of native fish like the greenback cutthroat.
 Earlier snowmelt and warmer summer water temperatures could increase available habitat for greenbacks in some high-elevation locations, but other sites would become less hospitable. The study concluded that climate change must be considered when planning to help restore this trout population by translocating the fish and expanding its range.

Other trout can tolerate slightly higher water temperatures. Rainbows usually die when waters reach about 70 degrees Fahrenheit, while brown trout are able to survive slightly warmer waters, but not for more than a couple weeks. Global warming would push both these species up to cooler places—higher elevations or more northern streams. 

“I fear there will also be impacts to cool water and even warm water species,” says Walker, pointing out that Colorado’s drought problems have dried up ponds across the state. Climate change predictions foresee more frequent periods of long drought. Cool water fish, like channel catfish, walleye, tiger muskie, and striped bass, would suffer. Warm water fish like sunfish, black bass, and crappie could also be impacted.

Another problem associated with climate change could be that environmental conditions improve for certain invasive species. One that Walker cites as a concern is a greenish-gold algae, didymo sphenia geminata—more commonly known as “rock snot” for the way it covers rocks with a layer of unpleasant goop. A decade ago, this algae was a high-altitude, pure-water organism. Since then, it has moved down to the edge of the plains and other areas. Not only does the invasive look awful, converting streams into filamentous masses of algae, but it offers solid cover for invertebrates. That’s a plus for the invertebrates, but the downside is that sportfish can’t access their food through the algae.

A similar problem involves a type of New Zealand mudsnail that has invaded trout streams throughout the West. These typically live in places where they can find thermal refuge to make it through the winter, such as in deep water releases from reservoirs and in high root balls of willow trees. Global warming would increase the mudsnail’s options.

“If the climate warms, it will expand the potential habitat for these invasives and make a mess of the natural balance,” says Walker.

The waterfowl that use Colorado’s wetlands, rivers, and lakes as stopover points and wintering habitat could also be disturbed by climate change.
 For example, less snow pack in the Rocky Mountains could reduce water flow in the Platte River basin, which waterfowl use as they migrate each year. In general, global warming affects waterfowl by altering their nesting and migration patterns, which in turn may cause their timing to no longer synchronize with their food source. Also, loss of wetland habitat causes their populations to decline, with fewer nesting spots, smaller clutch sizes, and more stress to their young.

Other Challenges

For some animals, warmer temperatures could be a good thing, offering milder winters and more vegetation. But even these benefits can lead to problems. One study looked at the potential impact of climate change on the elk population in Rocky Mountain National Park.
 Currently, the elk population is already considered excessively large, which causes stress to the ecosystem by harming native plants like aspen and willow. The models the scientists used suggested that warmer winters and wetter summers would increase the elk’s equilibrium population size by 50 to 100 percent. This overabundance of elk would further harm the balance of the ecosystem and become a challenge for park managers, who have traditionally relied on the effects of harsh weather to keep elk populations in check. Beyond the management issue, other problems tend to accompany overabundance of any species, such as more competition for food and greater chance of disease.

“As temperatures warm or as weather conditions become more extreme, changes might occur in the prevalence of vector-borne diseases,” says Mike Miller, senior wildlife veterinarian with the Colorado Division of Wildlife.
  He cites some of the diseases that could spread through the state’s wildlife under changing conditions, such as West Nile virus, which targets avian species like the greater sage grouse. “Overall climate change could lead to more crowding of water supplies, more problems with nutrition, and would facilitate certain diseases to be introduced,” says Miller. Another example would be the plague, which could wipe out the black-tailed prairie dog population. In a typical environmental domino effect, that would then mean that predators like the ferret or hawk that depend on a diet of prairie dogs would suffer, as well as the burrowing owls that use the prairie dogs holes as homes.

In another scenario, introduction of a new disease could have magnified effects as well. The meningeal worm is a normal parasite found in white-tailed deer, but it is currently not found in Colorado. In general, the worm is only found east of Nebraska. With changing climate, the ecological barrier that currently makes Colorado inhospitable to the parasite could disappear. The appearance of this little worm in Colorado could be devastating to the elk population. The worm doesn’t often cause damage to its usual deer host, but when it infects elk, it is often fatal.

In Colorado’s forests, myriad problems could also result from warmer temperatures, periodic water logging and drought. Overall drier soils, water shortages, increased disease, and forest fires are all likely by products of climate change. All of these would naturally impact the wildlife species that live in the forested regions of Colorado, such as elk, mountain lions, and black bear.

Other hazards to the forest related to climate change are the new pests that thrive in warmer conditions. Already in Colorado, the milder winters of the last decade have meant that pine beetle larvae are not being killed off by extreme cold, as they were in the past. Now that an increasing number of these harmful beetles have been attacking trees each summer, vast areas of forest are already being destroyed. These dead trees increase the chance of more intense forest fires, which would wipe out millions of acres of wildlife habitat, hunting opportunities, natural resources, and human homes as well.

A recent study found that global warming and rising concentrations of carbon dioxide would have mixed effects on Eastern Colorado’s grasslands, where both domestic and native animals graze. Grass production would increase, but forage quality would decrease due to lower nitrogen concentrations
. “In maybe 50 years, the total biomass for grazers like cattle and pronghorn antelope would be higher, but the problem is that forage quality would be substantially less,” says William Parton, senior research scientist with Colorado State University’s Natural Resource Ecology Laboratory.
 For animals like pronghorn who are more sensitive to the quality of their food, increased carbon dioxide would likely impact their health and reproduction numbers. With domestic animals like cattle, ranchers can supplement their diets. Wildlife doesn’t have that benefit. 

Parton points out that climate models consistently predict higher temperatures, but questions remain as to whether more variability in climate will result in wetter or drier conditions in different ecosystems. In any case, habitats are already shifting. He finds that shrubs and woody growth will increase in the grasslands, which could bring more diversity of species but also new concerns with invasives or disease. “There will always be winners and losers,” says Parton. “You can’t just say it’ll be bad everywhere. The overall system will be there, but it will have to adapt. Things will change. And we’ll have to deal with managing that.”

SOUTH DAKOTA

Introducing South Dakota

South Dakota contains a diversity of grassland and prairie ecosystems, with a mountainous region cropping up in the far west. It is a largely rural state in which 80 percent of the land is privately held. The most visible of South Dakota’s geographic features are the Missouri River, which bisects the state and the Black Hills, a miniature version of the Rocky Mountains that lies in the far western region of the state. Surrounding these signature landmarks are agriculture and range lands, prairies and grasslands, rivers and wetlands, supporting a diversity of wildlife and game species, including pheasants, duck, deer, elk, bighorn sheep, and mountain lions.

More than 12,000 years ago, the great ice sheet that covered eastern South Dakota retreated, leaving a vast region of depressions surrounded by a sea of grass. Settlers called these depressions “prairie potholes.” The once vast complex of wetlands and mixed grass and tall grass prairie is now a fragmented landscape with large amounts of crop and range land interspersed with more isolated prairies. At least 70 percent of the native South Dakota eastern prairie is gone and 35 percent of the wetlands have been drained.
 This prairie land conversion has accelerated since 2000 in both eastern North and South Dakota. Between 2002 and 2005 alone, 300,000 acres of grassland in the eastern Dakotas was converted to cropland, leaving just 13 million acres of native prairie.
 The wetlands and shallow lakes now cover about 10 percent of the region and many receive only enough rainfall to be seasonal wetlands.  

The Missouri River is the dividing line between the eastern central lowlands and the western plains region. Once a meandering river system with shifting channels, the Missouri has been drastically altered by the construction of dams and channelization for flood control, navigation and power generation. Within South Dakota’s borders, four large dams and storage reservoirs were created along the river, the largest of which is Lake Oahe, over 250 miles long. In the process, river habitats such as sandbars and floodplain forests have been altered or eliminated. Originally lined with more than 500 miles of river bottomland of cottonwoods and green ash, less than 80 miles of forested floodplain remain. The reservoirs have changed the aquatic environment from a flowing water system to a standing water system. Seventy-five percent of the native fish species in the Missouri River basin are now considered rare, threatened, or endangered.
 Habitat loss has greatly reduced the numbers of once-common big river fish such as sturgeon and paddlefish. However, species like walleye, white bass, and smallmouth bass have flourished in the clearer lake habitat of the reservoirs. In the largest, deepest reservoirs, such as Lake Oahe, habitat has now been formed that can sustain cold water fish species such as rainbow smelt and chinook salmon.

The great northern plains roll westward from the Missouri River. Before settlement this drier region of poorer soils supported a vast prairie of mixed grass types and was home to big horn sheep, elk, grizzly bear, and golden eagles. Today, 75 percent of the west-river region exists as native rangeland and tame pastures, which are grazed by domestic livestock and home to wildlife such as coyote, mule deer, antelope, jackrabbit, sharp-tailed grouse, greater prairie chickens, and ring-necked pheasants. Most of this rangeland is not like what existed before European settlement. Its plant and animal diversity has been altered by fire suppression and changes in grazing animals and practices.  And like the east-river prairie, there is growing pressure to convert western grasslands to cropland.

Described as an “island of trees in a sea of grass,” the Black Hills mountainous region supports a convergence of eastern and western forests. Dominated by ponderosa pine, the forests also include dense spruce stands and areas of aspen, birch, and oak. The tallest peaks in North America east of the Rockies are located in the Black Hills (7,200 feet above sea-level), but the region also contains canyons and grasslands, open streams and caves. White-tailed deer and mule deer are common, and elk are encountered less often. Many songbird species are present as well as goshawks and ospreys that nest in the forest and bald eagles that may visit in the winter. Premier trout streams support brown, rainbow and brook trout.

Outdoor Recreation

South Dakotans value their state’s fish and wildlife, with 97 percent of citizens reporting that healthy fish and wildlife populations are important to the economy and well-being of the state.
 About 20 percent of South Dakotans hunt and fish each year and many visitors are drawn by the state’s populations of game species including upland birds like pheasants, grouse, and quail. South Dakota supports the highest pheasant population in the nation and tens of thousands of hunters visit the state each fall. In 2005, the pheasant population approached 10 million birds and over 174,000 hunters harvested almost 2 million roosters. Pheasant hunters spent $153 million, accounting for half of the state’s total hunting expenditures.
 The large reservoirs on the Missouri River experience over 8 million visitor days annually and offer anglers the chance to catch walleye, channel catfish, Chinook salmon, smallmouth bass, and northern pike.

State Wildlife Action Plan

The focus on South Dakota’s Wildlife Action Plan is to provide for ecosystem diversity across all ecoregions within South Dakota. The state seeks to establish a process to identify and provide the diverse range of ecosystems that in turn support the diversity of wildlife in South Dakota. The South Dakota Department of Game, Fish and Parks cites three challenges to maintaining adequate diversity: the direct alteration or conversion of ecosystems through factors such as agriculture, urbanization, dams, and wetland draining; the alteration or suppression of historical disturbance patterns, including fire suppression, altered grazing regimes, flood control, and control of prairie dogs and beavers; and the influence of human activities through the introduction of non-native species and possible effects from climate change.

The Wildlife Action Plan mentions climate change as a human influence on ecosystems, noting that the northern great plains are likely to experience warmer and drier conditions in the coming decades. In response to changing habitats, certain wildlife may attempt to adapt by shifting into different ranges if human or environmental barriers do not prevent these changes. Some species or ecosystems that are unable to adapt are likely to be eliminated by climate change. The plan does not specifically address state responses to prepare for, mitigate, and adapt to climate change.

The action plan identifies 90 species of greatest concern if they are: listed as threatened by the state or federal government; species for which South Dakota represents a large portion of their overall range; and species that depend on a declining or unique habitat in South Dakota.
 As with all state wildlife action plans, most of the species of greatest concern are not game species but a large variety of birds, fish, insects, reptiles, and mammals. Only three game species are listed because of vulnerable or declining habitat: greater sage grouse, greater prairie chicken, and the paddlefish. 

The SDGFP is implementing a pilot project in the prairie pothole region to test how providing certain ecosystem conditions will benefit waterfowl as well as a number of species of greatest conservation need that rely on this habitat. The results of the pilot project will be used to guide implementation of other action plan projects and to determine what modifications may be necessary in the plan revision in five years.
Climate Change Predictions 

South Dakota has a highly variable climate. Summertime temperatures routinely exceed 100 degrees Fahrenheit and wintertime lows may drop 20 degrees below zero Fahrenheit. It is considered a semi-arid state that experiences periodic droughts. The state is currently in the eighth year of a drought. Records show that temperatures have increased by 1.6 degrees Fahrenheit over the last century. As a mid-continent state, South Dakota is likely to experience greater overall warming than other parts of the United States, with the greatest warming expected to occur in the winter time—a continuation of a current trend. By 2100, spring and summer temperatures projected to warm 1 to 6 degrees F and 2 to 7 degrees F in the winter. 

Already warmer winter and springtime temperatures coupled with lack of rain and snow are producing effects in the Missouri River basin. The most recent five-year period was the hottest in the past 110 years for the basin and snowpack in the mountains and prairies of the Missouri River watershed has been below average 14 of the last 16 years. Reservoir levels are at historic low water levels.

Impacts on Wildlife
Prairie Potholes

Eastern South Dakota’s wetland-rich grassland complex lies within a vast prairie pothole region, which stretches from northern Iowa to central Alberta. Ranging in size from large lakes to temporary wetlands as small as one tenth of an acre, these potholes may number over one hundred basins per square mile. The prairie pothole region provides ideal waterfowl habitat and has been called America’s duck factory, estimated to produce 50 percent of North America’s ducks. But many other grassland and migrating birds depend on South Dakota’s prairies and wetlands. Shallow wetlands filled with aquatic and plant life and the surrounding grasslands provide vital habitat for shorebirds, wading birds, passerines, hawks, owls, as well as ducks. 

The prairie region is very sensitive to variability in the climate and when drought has occurred in the past, duck populations have plummeted.
 Scientists believe that under most climate change projections, the prairie pothole region will experience increased drought, along with milder winters, hotter summers, and longer growing seasons.

Under these conditions, up to 90 percent of the wetlands in the prairie potholes may be lost, which in turn will reduce the abundance of breeding ducks by estimates as high as 69 percent.
 The changes that occur in South Dakota will reverberate much farther than just South Dakota. It is the eastern Dakotas and southeastern Saskatchewan that have been “the heart of the duck factory during the 20th century.”
 Prairie potholes also provide critical breeding and migration habitat for more than 200 non-waterfowl species of birds, including many priority species.
In the western portion of the prairie pothole region, climate conditions are likely to dry up many of the semi-permanent wetlands, now a vital element in breeding habitat. According to Carter Johnson, professor of ecology at South Dakota State University, there is likelihood that rainfall patterns will shift eastward in the pothole region and shift duck breeding sites to much smaller, less productive locations in southern Minnesota and north central Iowa where drought may not be as severe. But in Minnesota and Iowa, drainage has been extensive and restoration of drained wetlands has moved slowly because of the high cost of farmland easements. In a radio interview, Johnson described the shift in rainfall patterns and what it means for duck populations: “The problem with that is that the loss of wetlands in the east provides no insurance for duck production that we’ve had in the past. The water will be there. The basins won’t be there. In the west where we have the basins, we won’t have the water.”
 

In Pheasant Country, Johnson states his belief that the future of duck hunting rests on the fate of prairie wetlands. “We could expect to lose up to half of the ducks in the fall flight, which could mean an end to duck season.”
 “The message to us as managers and planners is that we’re going to need every wetland we can get to keep this kind of negative change to a minimum.”

Equally important to healthy duck populations are the grasslands and prairies that surround the wetlands. Certain species of upland-nesting ducks, such as the northern pintail, mallard, and the blue-winged teal, will nest several miles away from wetlands in grasslands that provide cover and safety from predators. A lack of protective grassland habitat is now recognized as a key reason for low nesting success.  

Many acres of prairie grasslands, once considered unfit for crops are now being converted to row crop agriculture, driven in large part by federal farm program subsidies that support the growing of corn, wheat, and soybeans; the development of drought-hardy, cold-resistant, and herbicide-tolerant varieties; and, the rise of the biofuels industry. In response to higher corn prices, the U.S. Department of Agriculture estimates that 91 million new acres of corn will be planted nationwide during 2007. 

The concern over prairie lands conversion is heightened by the large amount of Conservation Reserve Program acreage that will expire in 2007, 5 million acres in South and North Dakota alone. Only 63 percent of South Dakota’s CRP acres will be re-enrolled, the lowest level in the northern plains region.
  Conservationists, hunters and state wildlife managers all recognize the critical role that CRP lands play in providing critical habitat for all kinds of wildlife, including ducks and pheasants. 

Black Hills: Forests and Trout Streams
The Black Hills draws millions of visitors each year to see the presidential monument Mount Rushmore, Badlands National Park, and Custer State Park. But many also come to fish for trout in the Hill’s 400 miles of streams and 14 lakes. Hatcheries stock 450,000 brown, rainbow, and brook trout in Black Hills streams and lakes each year, but many streams also hold healthy populations of wild trout.

One of the region’s largest trout streams, Rapid Creek, illustrates the impact that hotter temperatures and drought have already had on South Dakota’s trout streams. Rapid Creek begins deep in the Black Hills and flows into and out of the Pactola Reservoir. Along the way, water flows in Rapid Creek are supplied by shallow aquifers as well as flow from the reservoir. 

Trout need cold, highly oxygenated flowing water in order to survive. While persistent drought conditions have reduced stream levels and raised water temperatures, fisheries managers have also not been able to count on enough water flow from the reservoir to counteract the drought’s effects in Rapid Creek. Years of below-normal runoff in the Pactola watershed have depleted the reservoir to the point that water managers are concerned about maintaining enough water for municipal use and have had to reduce flows into Rapid Creek below the level that is needed to maintain a healthy trout population. In summer 2006, the state purchased water from Rapid City in order to maintain water temperatures to prevent further damage to the trout populations.
 Stream biologists are investigating whether low, constant stream flows are contributing to the explosive growth of didymo, invasive algae that covers streams beds and knocks out the plant and insect growth necessary for healthy brown trout. Brown trout numbers have fallen by more than 90 percent in parts of the creek and the GFPD is undertaking an experimental program to restore nutrient levels sufficient to promote good stream plant growth. 

Rapid Creek’s example illustrates the challenge of maintaining adequate water conditions in South Dakota’s trout streams in the face of global warming. For anglers, the numbers and types of fish available is likely to change. GFPD fisheries manager Dennis Unkenholz talked about these changes in a Rapid City Journal interview: “There very likely is going to be some trout where there’s cold enough water. It may be just a remnant population, or it may be a population that doesn’t support a whole lot of fishing use. But if the cold water goes away, you’re going to see a species change and favor a cool or warm-water species.”

Forests of ponderosa pine are a signature of the Black Hills. But this forested landscape is also vulnerable to the effects of a changing climate. Mild winters have created perfect living conditions for the mountain pine beetle, which are infesting the Black Hills trees in epidemic levels. The beetle is native to South Dakota and has occurred in cycles in the past but infestation grows when winters are not cold enough or long enough to kill off the beetle. Healthy trees can fight off the pests, but drought weakens the ability of trees to recover, leading to massive die-offs. Evergreen forests turn into reddish-brown tinder stands—kindling for potential wild fires.

Beyond trout 

In the northeastern region of the state, a string of glacial lakes supports a vital fishery. Until quite recently, these lakes were small, shallow marshes, and some were dry enough to be farmed until wet periods in the 1990s filled the lakes to depths between 20 to 30 feet. Many of these lakes are prone to winterkill and the state conducts aggressive hatching and stocking. The habitat is available for a large number of sport fish, including walleye, perch, smallmouth bass, and northern pike. Communities across the region have benefited from an increase in fishing tourism. 

But the ability of South Dakota’s glacial lakes to maintain the habitat necessary for healthy fish populations depends on future conditions. If drought and higher temperatures prevail, water levels may fall to the point that the present fishery cannot survive.
 Other immediate threats to the lakes arise in the surrounding watershed, including wetland and shoreline destruction, invasive plants and animals, and pollution from agricultural runoff. Lakes receive increased sediment and nutrient loads from surrounding agricultural lands, which in turn promotes algae growth and depletes the oxygen available for fish. Watershed improvements that include wetland preservation, shoreline stabilization and grazing management plans will promote better water quality for these shallow lakes and may provide the boost to water quality that will enable fish to weather more adverse climate conditions. 

Across the state, a warmer climate may alter habitat and water quality conditions enough to change the state’s fisheries. GFPD fisheries manager Dennis Ukenholtz told the Rapid City Journal, “A move to warm-water situations would tend to favor warm-water fish over cold-water fish for sure and possibly over cool water fish like walleye.”
 So along with the fish, anglers may have to do some adapting of their own. Bluegills and bass, better suited for warmer temperatures, may replace walleye and trout in many South Dakota lakes and streams. In some cases, simply getting access to go fishing has proven challenging as water levels drop. Reservoirs along the Missouri River have suffered from the lack of rain and snow—and it shows. Many of the 32 boat ramps on Lake Oahe, which is about 25 to 30 feet below normal water level, are out of service. The state has had to build extensions on several ramps in order to make them useable.

Upland birds

South Dakota is home to a number of upland game birds including sharp-tailed grouse, prairie chickens, and pheasants. Of these, the pheasant is the prominent game bird in the state, which usually holds the honor of the highest pheasant population in the United States. The pheasant is not native to South Dakota, but since its introduction 100 years ago, it has flourished and become a vital part of the state’s hunting economy and traditions. Most of the state’s pheasant population, about 96 percent, is located in the eastern half of the state where croplands and grasslands provide necessary habitat. 

If climate changes trend toward warmer, drier conditions, game birds in the drier western regions of South Dakota will face increasingly harsh condition and the primary pheasant range may shift further northward and eastward to regions of greater precipitation.
 Wildlife managers in Minnesota have identified pheasants as one species that may do better in that state under warming conditions. 

The breeding success of birds and the survival of their young is closely linked to temperature and moisture conditions. Wet, cold conditions can be lethal to newly hatched chicks while early summer heat is dangerous for young birds that are just leaving the nest to search for insects and water.  In the case of pheasants, it has been demonstrated that chick survival is impaired when conditions become too hot and dry. While 2006 pheasant population numbers did not decline significantly due to the state’s ongoing drought, smaller broods where found, particularly in areas hit hardest by the drought. “Poor habitat conditions, created by the lack of precipitation and extreme hot conditions, resulted in limited cover and minimal insect production,” according to Thomas Kirschenmann, a senior wildlife biologist for GFPD. “The combination of these two factors was the most likely cause of the lower chick survival that we observed in 2006.”

All upland birds are dependent on healthy grasslands for nesting, food supply, and protection from harsh weather. According to Tony Leif, game program administrator for the state Game, Fish and Parks Department, “Weather conditions are bumps in the road— good one year and maybe bad the next—but healthy habitat is the vital component for upland birds.”
  Land conservation programs like the Soil Bank program from the 1960s and the Conservation Reserve Program have played a vital role in the success of South Dakota bird populations. The accelerated conversion of prairies and grasslands to cropland and the retirement of existing CRP acreage is a cause for significant concern among wildlife managers. South Dakota’s ability to continue to produce large numbers of pheasants in drought conditions is due in a large part to the CRP.
 As noted by then GFPD secretary John Cooper, “Once again we see how critical it is to continue the CRP in the next Farm Bill, or, in its place, institute a program that duplicates the standing residual cover that’s so important for wildlife.”
 

Along with protecting the essential habitat needed for all of South Dakota’s wildlife, South Dakota State University professor Carter Johnson identifies the other essential response to global warming: “On the other side, we need to reduce the chance of this happening by reducing the emission of greenhouse gases into the atmosphere.”
 Johnson recognizes that his own choices affect the resources he cares deeply about. “I’ve got a pretty big carbon footprint, but I’m working to correct that. As hunters and anglers, we need to recognize that our lifestyle is hurting our sport and our resources. The sacrifices don’t have to be great but there is a lot of work to be done.”

MINNESOTA

Introducing Minnesota

Minnesota, the Land of 10,000 Lakes, is defined by its water—from Lake Superior to its thousands of inland lakes to the headwaters of the Mississippi River. In addition to its abundance of water, Minnesota’s location produces a climate and landscapes of great variation. Sitting at the North American crossroads of three major biomes, the prairie, the eastern broadleaf forest and the northern boreal forest, bestows Minnesota with a rich diversity of wildlife and natural beauty.  

 The prairie region begins in the southern and western parts of Minnesota and stretches westward into the Dakotas and across the western central plains. Before European settlement, this region was covered mostly by tall grass prairie and wetlands and was home to an abundance of birds, waterfowl and large mammals like bison, elk and white-tailed deer. Now, a century and a half after settlement, less than 1 percent of Minnesota’s original 18 million acres of prairie remain. While areas of prairie wetlands remain and are critical habitat for waterfowl and other animals, the majority of the land is used for row crops and pasture.

A belt of eastern broadleaf forest passes diagonally across Minnesota’s mid-section and is a transition between the prairies to the west and the boreal forests to the northeast. Minnesota’s deciduous forests are the very western edge of the forests of the eastern United States and host many plants and wildlife enjoyed by Minnesotans, including the wild turkey, wood ducks and hawks. Within this central zone are level plains, wetlands and even very steep blufflands that border the Mississippi River. The majority of Minnesotans live within this zone, and row crop agriculture is one of the principal land uses.

Minnesota’s treasured northwoods region is the state’s largest, covering two-fifths of Minnesota. Within this forested region there are bogs, peatlands, rolling plains and hundreds of lakes. These forests contain a mixture of conifers, like spruce and cedar, and hardwood trees including aspen and yellow birch. The natural beauty of this region draws a great number of visitors and summer residents that hunt, fish and enjoy wildlife. Unique species, such as great gray owls, northern hawk owls, Connecticut warblers and spruce grouse make their homes in these woods. Some of Minnesota’s most treasured wildlife, including moose and trout, rely on this area’s forests and cold water for survival. The state’s signature wilderness and the most visited wilderness in the country, the Boundary Waters Canoe Area, lies at the northeastern border of this region.

Outdoor Recreation

Minnesotans use and enjoy the state’s abundance of natural gifts. Each year, more than $2.8 billion is spent on wildlife-associated recreation. Minnesota leads the nation in the sales of fishing licenses, per capita. One third of Minnesotans fish, spending $1.3 billion each year pursuing their sport.  Sixteen percent of Minnesotans hunt a range of species including deer, ducks, bear, grouse, and pheasant. A growing group of recreationists are wildlife watchers, who spent $531 million, exceeding the expenditures of hunters for the first time in state surveys. Minnesota is a growing state, expected to add 1.35 million new residents by 2030. This growth in population will place added pressures on the state’s natural resources through increased development and recreational pursuits. 

State Wildlife Action Plan

Minnesota’s Comprehensive Wildlife Conservation Strategy, a plan focused on managing populations of “species in greatest conservation need,” identifies habitat loss and degradation as the key problems facing these species.
 Most of these vulnerable species live in rivers, prairies and wetlands—habitats that have experienced some of the greatest loss and degradation. Some of these 292 species in greatest need are well known to Minnesotans, including the gray wolf, common loon, and peregrine falcon. Others are familiar to hunters and anglers such as lake sturgeon, spruce grouse, and northern pintail. Most of these species, however, are little-known but vital components of Minnesota’s environment.

Global warming is a threat to a much greater share of Minnesota’s wildlife as well as the state’s forest, prairies, and waters. The CWCS does not explicitly analyze the challenge of global warming to Minnesota wildlife, nor does it address state responses to prepare for, mitigate and adapt to climate change. Its conclusion that habitat loss and degradation are the key problems facing these species provides part of the roadmap by which Minnesota can help all wildlife weather the coming storms of a warming climate. The CWCS recommends a “simple and direct approach to this problem: conserve habitats used by these species of greatest conservation need in order to conserve the majority of Minnesota’s wildlife.” 

Climate Change Predictions 

Minnesota’s climate has already warmed an average of 1 degree Fahrenheit over the last century, with wintertime temperatures rising faster. The effects are evident: spring arrives a week or more earlier, growing seasons are longer, average wintertime temperatures have increased, ice cover on lakes has diminished, and some wildlife has already shifted its range northward. 

Current climate models predict a much warmer Minnesota by the end of the next century. Because of its northern latitude, Minnesota will likely experience greater temperature changes than many other parts of the country. Wintertime temperatures are projected to rise 6-10 degrees Fahrenheit and 7-16 degrees Fahrenheit in the summer.
 While predictions range from less moisture to a slight increase in precipitation for Minnesota, it is expected that higher temperatures will bring about more drought, drier soils, less ice cover, and lower lake levels. The rainfall that does come is likely to arrive in more frequent heavy rainstorms, and other extreme weather events are projected to increase. Some scientists describe a Minnesota summer that will resemble current-day Kansas and winters more like those of Illinois. 

Impacts on Wildlife

Minnesota’s continental location makes it particularly sensitive to changes in the climate. As temperatures rise, the plants and animals living in the transition zones between prairies to hardwood forests to conifer forests, literally at the borders of their preferred habitat, must be able to adapt in order to survive. 

Leaders at the Minnesota Department of Natural Resources believe that global warming is underway and affecting Minnesota’s plant and animal life. Biologists speculate that some Minnesota fish and wildlife may well benefit from a warmer climate, such as deer, pheasants and bear. With less-severe winters, Minnesota’s white-tailed deer population has flourished and increased hunting harvests reflect this growth. Wild turkeys and pheasants, living at the northern edge of their range in Minnesota, are also finding more favorable conditions. Black bears will probably make the necessary adjustments. Their ability to survive in many climates and on a variety of food sources demonstrates their adaptability.

But unlike deer, moose are not able to withstand hotter temperatures and a diminished northern forest. The state’s largest, most productive herd once numbering 4,000 in northwestern Minnesota, fell within about twenty years to just 250 moose. The northeastern Minnesota herd suffered a 25 percent loss in just the last year. Biologists believe that higher temperatures have stressed the moose, making them more susceptible to disease and parasites and requiring them to expend too much energy just keeping cool. Considered a premier symbol of Minnesota’s north woods, their very survival in the state is in question. Their livable range may well move out of the state, along with other northern species, like lynx, pine marten and fisher. 

Bill Berg, an Izaak Walton League member and a Minnesota Department of Natural Resources wildlife biologist who retired in 2001, observed these changes in the field during his 31-year career. He saw opossums advancing northward from the Twin Cities to northern Minnesota, the southern range limit of snowshoe hares receding about 40 miles northward, ruffed grouse drumming about 10 days earlier in spring, and cottontail rabbits now common in towns along the Canadian border. “The northern limits of many species’ ranges are advancing north, while the southern range limits of many northern species are receding north,” says Berg.

Water Resources at Risk

The foundation of Minnesota’s natural heritage is its water, with more than 12,000 lakes, 92,000 miles of rivers and streams, and its border along Lake Superior. About one fifth of the state is covered with surface water, and global warming is a direct threat to Minnesota’s waters. Rising summer and winter air temperatures along with loss of winter ice cover will increase water temperatures, leading to more evaporation and lower water levels.  

Minnesota lakes already face a number of challenges: overdevelopment, overuse, invasive plants and animals, and pollution from sources like leaky septic systems, agricultural runoff, and storm-water runoff.  It is estimated that over 40 percent of Minnesota’s lakes have impaired water quality, although only 16 percent of the state’s lakes have been tested. With warming temperatures, only the healthiest lakes will have the resilience to weather the changes from global warming. 

Warmer lake water temperature creates earlier summer stratification —a yearly changeover in which a warm surface layer of water develops over cooler, deeper water.  Earlier summer stratification can increase the formation of oxygen-depleted, deepwater dead zones for fish and other lake life, producing toxic algae blooms and summerkill. Lower oxygen and warmer temperatures also promote greater microbial decomposition and the release of even more nutrients and contaminants from bottom sediments. 
The state’s premier game fish, the walleye, requires cooler waters and a plentiful supply of ciscos —a cold-water fish that is food for gamefish, including northerns and lake trout. The amounts of ciscos present in lakes have been declining over the past two decades due to a greater die-off in warmer summer lakes. In some lakes, this die-off will accelerate with global warming. According to Don Pereira, Fisheries Research and Policy Manager of the Minnesota DNR, there are currently about 650 lakes with the water quality conditions necessary to maintain an adequate population of ciscos. Within 50 years, he estimates that only 50 to100 lakes will remain healthy enough to support ciscos.
 As cisco populations decline, anglers may very well need to head to cooler northern lakes that retain the conditions needed for good growth of walleye or northern pike. In addition, many of Minnesota’s top walleye lakes are not configured to provide a deep, cool water refuge that walleye may need as temperatures warm. In Lake Pepin, a walleye lake along the Mississippi River, warm summer temperatures have already had an effect on the size and reproduction of some walleye. At water temperatures greater than 77 degrees F, walleyes become stressed and stop growing. It seems unlikely to biologists that enough of Lake Pepin can maintain water temperatures below 77 degrees during hot summer months. Challenges like these will make efforts to restore quality angling in Minnesota only more difficult.

Pereira’s gave his diagnosis for hanging on to as much of Minnesota’s walleye as possible: “What’s important is that we keep the lakes clean so that they can continue to support important prey species like cisco. Any decline in water quality is going to make the situation worse. Climate change is going to take our current habitat issues and magnify them.”

But like the lakes and fish, anglers will also need to adapt and accept other game fish species like bass and panfish, which may increase in abundance in many of Minnesota’s prime fishing lakes. As a consequence, natural resource agencies may need to reevaluate the current fish stocking programs to adjust to these changes. 

Walleye won’t be the only fish affected by warmer temperatures. Minnesota is home to two native trout species: brook trout, which need cold streams, and lake trout, which live in Minnesota’s deepest, coldest northern lakes. The survival of both is in question. For lake trout, the probability is quite high that they will not be able to persist in current lakes that are unable to provide an oxygen-rich environment in the deepest, coldest portions.

Brook trout require cold, clean, highly oxygenated water and are currently found only in the southeastern and northeastern regions of the state. The spring-fed trout streams in southeastern Minnesota can sustain trout only as long as shallow aquifers can provide a source of cold water. But stream and aquifer temperatures are related to air temperatures, which will be rising. More extreme storms and rain events that are predicted to come along with global warming challenge trout streams with rapid influx of run off and shoreline disruption. The north shore trout streams are not fed by coldwater springs but by snowmelt, surface water runoff and flow from lakes. Temperatures are maintained in part by a dense shoreline cover of spruce, which provide cool enough stream conditions for trout survival. As warmer climates shift northward, spruce cover is expected to decline, surface water temperatures will rise and trout streams may warm—a situation that does not bode well for brook trout survival, and a loss that many anglers find hard to contemplate. Dave Zentner, past national president of the Izaak Walton League and long-time conservationist, “Our small char, the fish we call brook trout, could disappear more quickly than anyone ever imagined. Losing the little fish we call ‘the wood duck of the trout family’ would make me sad. Is the ‘big economy’ worth the loss of beauty and wildness?”

Changes have already occurred in Minnesota’s coldest lake—Lake Superior. The great lake has already warmed twice as much as air temperatures, which scientists theorize may be due to a lack of ice cover. As a result, Lake Superior’s levels are the lowest in recorded history. Lack of ice cover also jeopardizes the reproduction of whitefish, which occurs in shallow bays where ice cover is needed to protect its eggs from storm disturbance. 

The Nation’s Duck Factory

Minnesota is one of the most important states for waterfowl, drawing more than 140,000 hunters and 600,000 waterfowl watchers each year, one of the highest in the nation. No other state in the Mississippi Flyway has the waterfowl production potential of Minnesota given its wetlands, grasslands and lakes but these habitats have degraded over time and it shows in the health of the duck populations and in related recreational activities. 

In response to falling duck populations and dropping hunter satisfaction, the state, along with conservation partners has set ambitious goals to restore Minnesota’s waterfowl hunting heritage. The goals are to boost the state’s average breeding duck population from 636,000 to 1 million birds, producing a fall production of 1.4 million ducks, and to restore hunting opportunities that existed during the 1970s.
  The plan states that hunting regulations alone cannot be the main tool to achieve this goal. Minnesota’s primary strategy to accomplish these goals focuses on protecting and restoring an additional 2 million acres of habitat in prairie wetlands and grasslands within 50 years. These goals become even more essential given the threats posed by global warming.

Minnesota is located in the southeastern corner of the prairie pothole region. This vast region stretching from northern Iowa to central Alberta was formed 12,000 years ago by retreating glaciers that melted and filled millions of shallow depressions. The wetlands and prairies that were created provide ideal waterfowl habitat and has been called America’s duck factory, estimated to produce 50 percent of North America’s ducks. But many other grassland and migrating birds depend on the prairie pothole region. Shallow wetlands filled with aquatic and plant life and the surrounding grasslands provide vital habitat for shorebirds, wading birds, passerines, hawks, owls, and songbirds.
The loss of habitat in the entire pothole region is now extensive. Minnesota alone has lost more than 90 percent of prairie wetlands due to agricultural and urban development. Prairie grasslands have suffered an even more extensive decline. Both wetlands and prairies throughout the pothole region face growing risk from conversion to cropland, driven in large part by federal farm program subsidies that support the growing of corn, wheat and soybeans; the development of drought-hardy, cold-resistant, and herbicide-tolerant varieties; and, the rise of the biofuels industry. Between 2002 and 2005 alone, 300,000 acres of grassland in eastern North and South Dakota was converted to cropland, leaving just 13 million acres of native prairie.
 

The prairie region is very sensitive to variability in the climate; when drought has occurred in the past, duck populations have plummeted.
 Scientists believe that under most climate change projections, the prairie pothole region will experience increased drought, along with milder winters, hotter summers and longer growing seasons. Under these conditions, up to 90 percent of the wetlands in the prairie potholes may be lost, which in turn will reduce the abundance of breeding ducks by estimates as high as 69 percent.

This pothole drought will shift duck breeding sites to smaller, less productive locations in the east where drought may not be as severe. “The problem with that is that the loss of wetlands in the east provides no insurance for duck production that we’ve had in the past,” according to Carter Johnson, an ecologist at South Dakota State University. “The water will be there. The basins won’t be there. In the west where we have the basins, we won’t have the water.”
 This eastern shift in waterfowl habitat places increased importance on Minnesota’s efforts to preserve and restore healthy wetlands and grasslands for the myriad of bird species that rely on prairie potholes. “The message to us as managers and planners if that we’re going to need every wetland we can get to keep this kind of negative change to a minimum.”
 

Shallow lakes located throughout this prairie pothole region of Minnesota are increasingly fouled by species like carp and minnows. Until just recently, these lakes completely froze in the winter, killing the undesirable species and improving habitat for ducks. Now winterkill is becoming rare. In Swan Lake, a premier waterfowl lake, water levels were lowered in hopes of producing a winterkill. But the state had to resort to chemical treatment to kill invading carp when mild winter temperatures failed to produce a hard freeze. 

Northern forests

Along with its lakes, Minnesota’s signature landscape is its northern forest. Driving northward from the Twin Cities to Duluth and points beyond, the transitions unfold as farm fields convert to hardwood forests of maple and ash and then to the forests of spruce and pine mixed with aspen and birch. But what appears to Minnesotans as a sturdy, immovable landscape is, in reality, at great risk from global warming. 

Over time, warmer summers and milder winters will create conditions that gradually push out northern species such as jack pine, red pine, balsam fir and spruce. These boreal species will be replaced with more hardwood trees like red maple and oak. If rainfall is unable to support these more southern trees, grasslands will likely expand even further northward. 

Forest scientists speak about the real possibility that in 50 years, northern Minnesota forests may bear little resemblance to what Minnesotans currently know and love. 

“Within my son’s lifetime, the northern boreal forests will be gone,” says John Pastor, professor of biology at the University of Minnesota, Duluth, and with the Natural Resources Research Institute. “Under the more moderate scenario of warming, conditions may be able to support a northern hardwood forest like you find in northern Wisconsin. But if we experience greater warming and drying, we’ll have thin oak and prairie savannah everywhere.”

Threats arising from a warming climate are already appearing in these forests. In 1995 and 1999 severe storms blew down millions of trees in the Boundary Waters forests. Scientists believe these blowdowns are a harbinger of more frequent damage as the current severe storm zone may push northward from the Twin Cities. Trees in northern forests are less able to withstand these types of storms; their root systems are shallow and their wood is weak. “Blowdowns aren’t a normal part of the natural history of the boreal forest the way fires are,” says Lee Frelich, forest ecologist at the University of Minnesota, as noted in UMN News. “They abruptly disrupt the gradual succession of species. The 1999 blowdown is pushing the forest forward to a state it wouldn’t otherwise reach for 100 years.”
 

The May 2007 Ham Lake forest fire, which burned more than 36,000 acres in northeastern Minnesota and 39,000 acres in Canada, was driven largely by the very dry conditions in the forest. Lee Frelich added up the variables that created fire conditions: “Spring came so early, there was less winter snow, and we’d already been experiencing a long, dry spell. Under global warming conditions, we can expect this type of fire more frequently.”
 

A warmer climate will expand the range of pests that are already causing widespread to damage to forests in other regions and droughts will reduce the ability of trees to fight off pest damage. Warmer winters make it easier for many of these pests to survive and thrive. Even the earthworm, which is not native to Minnesota, poses a threat. Under warmer conditions, they spread more quickly, consuming more of the duff layer that insulates the forest floor, which in turn dries the soil further, promotes loss of soil nutrients and encourages the growth of invasive plants like buckthorn. 

Visitors to the northern forests already observe these changes around them. Stranded for a time during the Ham Lake fire at a campsite on Seagull Lake, Frelich observed that “we were surrounded by red maples that are growing about 4 feet each season and there was no duff on the forest floor.”

The number of deer in northern Minnesota is expected to grow with milder winter conditions. A burgeoning deer population will create widespread destruction of white pine, white cedar and yellow birch seedlings, a favorite food of deer. Other species, such as raccoon, opossum and skunk are also finding more favorable conditions in the northern forests and pose a direct threat to nesting songbirds and other small prey. 

Forests and the animals that live in them have evolved together. As the forest changes, wildlife living within the forest must also adapt, migrate or die off. Many northern species living at the southern boundary of their range, such as boreal chickadees, spruce grouse, moose, fishers, lynx and northern hawk owls, may well be forced to leave Minnesota in search of forests in which they can survive. Most trees species however, will not be able to migrate fast enough. 

“We define ourselves as Minnesotan’s by our big pines, our spruce, the loon calls and the moose. If we lose these, are we still the people of the north woods?” asks Pastor. 

Pastor believes there is a chance to save these treasures of our state, but only if we act now. “There is no time. If you want to see the north woods stay, this week you must take action.”
 

New York

· As the climate warms, the rise in sea level by 2100 could eliminate up to 45 percent of the shallow wetlands along the Atlantic coast.  As part of the Atlantic Flyway, these wetlands and marshes are important wintering habitat for waterfowl.  Coastal marshes support important commercial and recreational fisheries, including the American lobster and the winter flounder.  The formation of new coastlines, marshes and habitat will be impeded by roads, buildings, seawalls and other barriers.

· New York’s famed sugar maple forests may not tolerate drier, warmer conditions and could be replaced with oak and ash woodlands.  Northern species, like the spruce grouse and many other birds would experience disruptions in nesting and feeding patterns.  Some of these birds eat pests, like the eastern spruce budworm.  If the birds leave, the forests could suffer.

· New York’s extensive aquatic resources include fresh and saltwater fisheries that will be impacted by warmer temperatures.  Earlier ice-outs, lower lake levels, earlier summer stratification and dead zone formation threaten many cold and cool water fish species.  Lobster, round whitefish, brook trout, burbot and native freshwater mussels are all species whose range may be lost in New York and replaced by warm water fish expanding northward.  Wildlife biologists know that aquatic invasive species make retaining New York’s rich fish populations much more difficult.  “We’re trying to keep wildlife species resilient so that they can survive large changes like climate change.  But if warmer temperatures bring more invasives and more diseases, many species already stressed out by climate change will become more susceptible.”

Maryland
· Sea level rise imperils the Chesapeake Bay.  Since much of the Bay’s coastline is only 5 feet or less above sea level, most of the marshes, coastal wetlands and beaches could be covered by the end of the century.  Many species that live around and in the Bay define Maryland’s economy, such as shellfish.  Some are already struggling to survive from overharvesting, disease and loss of habitat, such as the native oyster, whose population has declined to just one percent of its historic level.  Warming temperatures could be the nail in the coffin for this dwindling species.

· In 2005, a long hot spell killed 95 percent of the Chesapeake Bay’s eelgrass, which helps to shelter baby crabs from predators.  While the eelgrass recovered, scientists are concerned that sustained warming would eventually cause the grass beds to die off, which would devastate a myriad of species in the Chesapeake Bay.

· Stream temperatures in Maryland have already risen and if they continue to rise a few additional degrees, the eastern brook trout in the western part of the state and even the brown trout will lose the cold water habitat necessary for survival.  

Solutions and Actions

“Those of us who hunt and fish are already experiencing the changes brought about by a warmer world. If we lose the vulnerable parts of our natural world, like moose and trout and pine forests, we’ve failed in our duty to be good stewards. Hunters and anglers voices should be among the loudest calling for action on global warming.”

—Bill Grant, Associate Executive Director, Izaak Walton League of America 

Sportsmen and women have risen to the call for stewardship countless times in order to protect our natural heritage. The Izaak Walton League itself began when a group of fisherman banded together in 1922 to preserve the threatened ecosystem of the Upper Mississippi River.

Today, the call for stewardship has reached a volume that must be heeded. The solutions are at hand and we need to get to work. Each of our individual actions is critical for building a national response to global warming.

Reduce Electricity Use

Electricity contributes about 35 percent of the carbon dioxide pollution in the United States. This is largely due to coal being the largest fuel used to generate electricity. Coal’s negative impacts include both global warming emissions and mining practices that harm our land, water, and wildlife. Actions you can take:

Replace your light bulbs with compact flluorescents (CFLs)

While CFLs cost more than standard incandescent light bulbs, they can last 10 times as long and can save you $30 or more over the life of the bulb. If every U.S. family replaced one standard light bulb with a CFL, it would eliminate 90 billion pounds of global warming gases, the same as taking 7.5 million cars off the road. 

Get an energy audit on your home

Most homes do not use energy efficiently, whether due to air-leaking cracks or old appliances. Most utilities offer an option for someone to conduct an energy audit of your home. They may also have incentives to reduce the cost of replacing appliances with more efficient ones. Contact your local electric utility to see what programs are available in your area. 

Practice conserving electricity
This could be simple behavior changes such as turning off lights, taking shorter showers, unplugging appliances when they are not in use, washing clothes in cold water, drying clothes outdoors, and using less air conditioning or heat. Your monthly electric bills will show the difference. For more homeowner-friendly ideas, visit the Colorado Energy Science Center’s Web site, Smart Energy Living, at www.smartenergyliving.org.

Buy efficient appliances

Look for the Energy Star label when buying a new refrigerator, television, or other appliance. This rating issued by the Environmental Protection Agency says the appliance you are buying meets certain energy-efficiency standards. To learn more about energy-efficient appliances, visit www.energystar.gov.
Work with your community

Spread the savings. After making your home energy efficient, start talking to your neighbors, local school, church, lodge, and community center to see where they can install CFLs, get energy audits done, and conserve electricity. 

Reduce Petroleum Use

Our transportation system relies predominantly on gasoline today and is responsible for about 45 percent of our country’s carbon dioxide emissions. Passenger vehicles in the U.S. alone account for one-tenth of the world’s petroleum consumption.

Drive less

Walk, bike ride, carpool, or use public transit to reduce global warming emissions. Make sure your car is properly tuned up and tires inflated to increase your car’s fuel efficiency.

Buy used or hybrid vehicles

Anytime you buy a used product or vehicle you are saving the energy used to make a new one. If you do buy a new vehicle, look for new hybrid technology that has a higher mileage rate. To see what vehicles are the best for reducing your global warming emissions or to find out more about hybrids, see http://www.fueleconomy.gov/.

Get involved in local public policy 

Get involved in local zoning and development policy to make sure new developments in your town are not only energy efficient but are located near one another and have access for other modes of transportation besides automobiles.

Buy local products

Much of what we consume is trucked or shipped long distances using diesel and other petroleum fuels. Look to buy groceries and other goods that were produced nearby, requiring less energy in getting to your store shelves. 

Support Renewable Energy

While using less energy is the first step, it also helps to use a renewable, sustainable fuel instead of a fossil fuel.  

Support green power

Many electric utilities in Colorado offer a green power purchase program where you can pay a little extra to make sure the electricity you use is coming from a renewable source such as wind or solar. To see if your utility has a green power purchase program check out www.cogreenpower.org.

Buy flexible-fuel vehicles

Flexible fuel vehicles can use a higher blend of ethanol, and use less gasoline. In the coming years, the ethanol industry is moving toward the use of perennials (such as prairie grasses) and low-carbon processing which will allow for more sustainable and widespread production of ethanol. Many drivers don’t realize their current vehicles are flex-fuel. To check on your model, go to www.fueleconomy.gov/feg/flextech.shtml. 

Promote Conservation Practices

This is something many of us already do, but the more the better for the sake of curbing global warming. 

Support local conservation efforts

Volunteer for and promote programs that protect and improve habitats that maintain healthy, connected, genetically diverse populations of plants and animals. When we work to restore wetlands and streams, maintain natural shoreline habitats, prevent the spread of invasive species and create wildlife buffers, our individual actions add up to help take carbon out of the atmosphere and help wildlife weather the coming changes.

Contact your state wildlife agency

State wildlife plans have recently been adopted in all 50 states. These plans describe current threats and make recommendations on how to protect wildlife. But most states did not explicitly examine how to help wildlife in an era of global warming. State fish and wildlife agencies listen to their stakeholder groups. Encourage them to become proactive in protecting Colorado’s fish and wildlife resources from global warming. You can reach the Colorado Division of Wildlife at by visiting their Web site: wildlife.state.co.us/

Contact Elected Leaders

Let city council members, the mayor, state representatives, or your member of Congress know you care about global warming and its impact on wildlife. Your voice should be heard regarding:

· Actions you have taken in your home and community to reduce energy use, support renewable resources, and promote conservation efforts that are planning for global warming 

· Your concern about the wildlife impacts of global warming and your wish for strong policies that will curb your city/state/nation’s global warming gas emissions

· Our need to reduce our dependency on oil and other fossil fuels through greater energy efficiency efforts and the development of renewable energy source

· Your support for strong wildlife stewardship and funding to be a part of any global warming policy; this includes bolstering the ability of wetlands, forests and other natural systems to absorb and store carbon

To find out how to contact your elected officials, go to www.vote-smart.org.

Join the Ikes

The Izaak Walton League of America has chapters all over the country, with members who work together to protect the soil, air, woods, and water in their region. The League’s mission is to promote common-sense conservation through community-based efforts. Members enjoy the outdoors for hunting, fishing, and outdoor recreation, and they appreciate the importance of protecting our natural resources for future generations.

For more information, visit www.iwla.org or call 800-IKELINE.
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