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Chapter 1: Horicon Marsh Background 

 

Introduction  
By: Pa Houa Lee 

 

At approximately 

33,000 acres, Horicon 

Marsh is Wisconsin’s 

largest freshwater 

wetland.  Being a very 

large wetland it provides 

many basic habit 

necessities for various 

species, for example it is 

a critical stop over point 

for thousands of 

migratory birds, and is globally recognized as an important site for bird species.  

 Located in Dodge and Fond du Lac counties, the marsh is fed by the Rock River which 

eventually flows into the Mississippi River.  This endlessly beautiful marsh was created by the 

Green Bay lobe of the Wisconsin glaciations during the last Ice Age nearly 12,000 years ago 

(USFWS).  However, the current status of the Horicon Marsh is a result of various restoration 

projects, with the intent to provide a refuge for this invaluable ecosystem.  The marsh is 

managed by two organizations that have differing management practices.  The northern two-

thirds of the Horicon Marsh is managed by the U.S. Fish & Wildlife Service as Horicon National 

Wildlife Refuge, while the southern third of the marsh is managed by the Wisconsin 

Department of Natural Resources as Horicon Marsh State Wildlife Area (Volkert).  Along with 

many alterations to this ecosystem came a highway that passes through the northern part of 

the Horicon National Wildlife Refuge.  

This highway (Highway 49) was built in the early 1950’s by the Wisconsin Department of 

Transportation.  The stretch of highway that goes through the Horicon Marsh is about 2.5 miles 

in length.  Highway 49 is a heavily used roadway for daily commuters, semi-trucks for 

transportation purposes, and a popular spot for visitors to view wildlife.  This highway sits 

between two pool impoundments of water (see appendix 1D), and this has created an increase 

in the amount of road mortalities.  The U.S. Fish & Wildlife Service has been monitoring road 

mortalities for several years, following a specific procedure (see appendix 4C).  According to the 

Wildlife Refuge documents, since 2001 at least 3,253 mammals, reptiles, and birds have been 

killed (not including frogs and toads). 

Photo 1: A picture of Horicon Marsh. 
Source: Wisconsin DNR 
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To reduce wildlife mortality on highway 49, we are proposing to promote alternative 

road crossings for wildlife with the highest mortality rates.  To achieve this, we will identify 

some potential species of concern that could represent an animal class.  We will also identify 

“hot spots” of mortality found along the highway which would narrow the focus areas.  In these 

small areas that we will focus on, we will aim to reduce mortality by about 20% over a 4 year 

period.  Then, we will identify some possible solutions or alternatives to prevent or reduce 

future collisions, according to U.S. Department of Transportation standards (see appendix 1C).  

Finally, we will estimate the cost and time of the alternatives proposed. Addressing the practice 

managements and protecting the wildlife in this marsh could affect the long-term abundance of 

species and overall biodiversity.  

 

History of the Horicon Marsh and Highway 49 
By: Michelle Zignego 

  

 The formation of the Horicon Marsh started after the Green Bay Lobe glacier melted 

away, and created a 75 square mile lake.  This lake was eventually drained by a channel which 

became the Rock River.  Mound building Native Americans were the first to colonize the area, 

but vanished by 1056 A.D. leaving behind traces of their existence in the form of mounds that 

were discovered on lands surrounding the marsh.  The various Native American tribes, such as 

the Winnebago and Potawatomi, took advantage of the rich wildlife and vegetation that 

surrounded the marsh.  The current City of Horicon sits on the site of an old Winnebago village 

that was home to over 2,000 people.  These tribes did not vastly influence the ecology of the 

land and lived within its means. For over 12,000 years the marsh was undisturbed, but this all 

changed when the European settlers arrived in the 1840’s (Wright, 1957). 

 In the last 150 years, the marsh has undergone extensive changes to its ecology and 

habitat brought about solely by man.  The city of Horicon was established in 1845 and was the 

first city to be built on the marsh (see appendix 2D).  In 1846 a dam was built across the Rock 

River which drained the Horicon Marsh, resulting in the creation of Lake Horicon.   This lake was 

considered to be the largest manmade lake, in the world at that time.  The lake flooded 

surrounding farmland and private property, which caused vast amounts of damage.  This led to 

a case that went to the Wisconsin Supreme Court in 1869, and the courts ruled that the dam 

owners had to pay for all damages that the dam had inflicted on those areas surrounding the 

lake.  This ruling persuaded the dam owners to remove the dam altogether, because it was the 

cheaper option.  The removal of dam caused the lake to revert back to its original state.  Once 

the marsh started to flourish again the waterfowl came back in large numbers, and with them 

the hunters (Wright, 1957). 

 At this time, the majority of bird populations in the marsh consisted of various species 

of waterfowl.  This led to the rise of hunting clubs on privately leased lands on the marsh.  
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Although these clubs instituted some conservation practices of waterfowl, local hunters were 

angered that the clubs privatized much of the common hunting grounds around the marsh.  

Due to this outrage, a case was sent to the Wisconsin Supreme Court, and they ruled that the 

lands were public and free to all. This led to the disappearance of the hunting clubs.  The real 

damage, however, was from market hunters who hunted on the land open to the public.  There 

were no limits to how many ducks they could take, and these activities not only decimated the 

waterfowl population, but affected the entire ecology of the marsh. (Wright, 1957). 

 Due to lower duck populations in the marshland, people wanted to drain the marsh and 

use it for cropland.  The marsh hay was harvested at a great rate to sustain farmers’ horses, 

cattle, and other livestock.  Beginning in 1910, a series of extensive ditches were built to drain 

the wetland and make it suitable for farming.  These actions were never successful and 

drainage was a continuing problem, especially in the southern part of the marsh.  Farmers 

abandoned their practices on the marsh and left the overturned peat soils to rot in the sun.  

This caused fires to rage in this area for almost two decades from the 1920s to the 1930s; 

Horicon Marsh had now become a wasteland for animals and people alike (Wright, 1957). 

 Louis Radke spearheaded the movement to restore the Horicon Marsh for wildlife 

starting in 1921.  The restoration would be costly and extensive, so he took his efforts to 

Madison.  These efforts were rewarded with the passage of a bill in 1927 called the Horicon 

Marsh Wildlife Refuge Bill.  This bill provided funding over ten years to purchase land, construct 

a dam, and restore the original water level so that the native wetland vegetation could be 

restored.  Unfortunately, the funding ran out at the end of the 1930s and still only one-third of 

the marsh had been restored to its natural state.  This is when the federal government stepped 

in and completed the restoration.  In 1941, they created a national wildlife refuge on the 

northern two-thirds of the marsh.  This is how the refuge became divided between the two 

organizations, with the northern two-thirds controlled by the federal government and the 

southern third managed by the stated (Volkert, 1999). 

 Although Horicon Marsh has been restored, there are still notable differences from its 

original ecology.  It used to be a habitat composed of many different types of marsh, including 

river channels, open waters, oxbow lakes, peat lands, islands, lily pads, bogs, cattail marshes, 

sedge meadows, lowland brush, and some forested areas.  Today it is mainly a marsh composed 

of cattails of varying densities and open water.  Even though the habitat has been very much 

degraded and controlled by humans, various species of wildlife have returned to the marsh in 

increasing droves; over 300 species of birds have been seen in the marsh since the restoration.  

This shows the extraordinary resilience of wildlife to survive in less than ideal circumstances 

and habitats (Volkert, 1999). 

 The Horicon Marsh is now receiving the attention it deserves as one of the most 

important wetland systems in the Midwest.  In 1991, they received the title of “Wetland of 

International Importance” from the Ramsar Convention of the United Nations.  In 1997, the 
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marsh was recognized as a Globally Important Bird Area by the American Bird Conservancy.  It 

was also recognized as an Ice Age Scientific Reserve in May 1997 by the Federal Register 

(Volkert, 1999). 

 Even with these many notable recognitions, one important human effect still plagues 

the Marsh today. The effect is the high amount of road mortalities of various wildlife species, 

which results from Highway 49 running through the northern end of the marsh.  In 1947, 

County Trunk AW was designated as State Highway 49, and construction of the new highway 

started in 1948 and was opened for public use in 1949.  The old Highway 49, now called Old 

Marsh Road, was closed to automotive traffic and is now used for biking and walking through 

the marsh (see appendix 2A). 

In 1951, 1954, and 1956, the Refuge staff collected records of all the wildlife killed along 

the 2.5 mile stretch of Highway 49 that runs through 

the marsh.  The Radke Pool restoration north of the 

highway was completed in 1999, this led to a higher 

numbers of wildlife killed.  Starting in 1991, the 

Refuge staff began to keep records of all the wildlife 

killed on Highway 49.  In 2002, the group Friends of 

Horicon National Wildlife Refuge created a task force 

to address this issue; they involved the Wisconsin 

Department of Transportation (WDOT) and local 

sheriffs’ offices in their efforts.  In the summer of 

2005, the Refuge put up two signs stating “Please 

give Wildlife a Brake” on either end of the marsh 

along that 2.5 mile stretch.  The sign also included a 

place to put the number of road mortalities recorded 

that year.  In 2007, the Refuge staff wanted to pursue 

a bird pole pilot study for the birds killed in the marsh, 

however, due to lack of funds, and cooperation the 

project was not completed (see appendix 2A). 

 

Geography of the Horicon Marsh  
By: Stephanie Marquardt 

 

The Horicon Marsh, located in Dodge and 

Fond du Loc counties (USFWS) is a 33,000 acre marsh 

(USGS) making it the largest freshwater cattail marsh 

in the US.  The Marsh is divided and managed 

separately by the Wisconsin Department of Natural 

Figure 1: An overview map of the Horicon Marsh. 
Source: Google Maps  
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Resources as the Horicon State Wildlife Area in the South, and the Horicon National Wildlife 

Refuge in the North, managed by the US Fish and Wildlife Service (WDNR).  

After the glacier receded an earthen dam was created which held back the melt waters 

and created a post-glacial lake known as Glacial Lake Horicon.  The Rock River formed the 

headwaters around the lake and over time eroded the dam, which drained the lake.  Silts, clay, 

and peat accumulated as the lake level dropped creating a large marsh.  As the lake was 

transforming into a marsh it was also transforming into a rich wildlife habitat (WDNR).  

The Marsh is now fed by the Rock River which flows through the marsh and empties at 

the Mississippi River in Illinois.  The primary vegetation of the marsh includes cattail, bulrushes, 

sedges and smartweeds which provide food for many species of birds.  Though the marsh is 

very large, it is not the only habitat type at the wildlife refuge.  There is also prairie land on the 

refuge which stabilizes the soil, conserves water and provides nesting habitat for many species 

of animals.  The important prairie species include big bluestem, Indian grass, cup plant, prairie 

dock and several types of cone flowers.  Along with marsh and prairie land there are small 

pockets of forest habitat which provide food and shelter for both migrating and local woodland 

species.  In the forest patches there are several species of oak, ash and cherry trees (USFWS).  

Due to the variety of vegetation present, three ecological zones can be identified in the area: 

(1) marsh and peat areas; (2) small pothole wetlands; and (3) shallow lakes which occur during 

wet years (Ramsar, 2011).  

 During the 1920s the Marsh was managed for wildlife nesting, and in the 1940s for 

migratory resting areas.  The Marsh is one of the largest areas in the country for the redheaded 

duck.  Other waterfowl are also very abundant during nesting season; among the most 

abundant species are mallards, blue-winged teals, and Canada geese. The marsh is managed by 

controlling water levels to encourage growth of indigenous plants which provide food for 

waterfowl and other species.  The habitat is specifically managed to promote game species, but 

is also available for non-game species which require wetlands.  Approximately 300 species of 

birds have been recorded on the Marsh, over half of them nesting in the area.  The Marsh is 

also of great importance to mammals, fish, amphibians and reptiles (WDNR). 

 The Wildlife Refuge is now managed primarily for migratory birds, providing habitat for 

feeding, breeding and nesting.  The Refuge is managed through water level manipulation, 

prescribed fire burns, and invasive species control (USFWS).  The Marsh is an internationally 

important staging area for more than 80% of the Mississippi flyway population of Canada Geese 

(Ramsar, 2011). 
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Chapter 2: Natural History of Target Species 

  

Methodology  
By: Pa Houa Lee & Bradley Wolf 

 

As mentioned earlier, the marsh is a habitat for many different species.  This means that 

there are many species to consider, and a single alternative crossing to meet all the individual 

species needs would be impossible.  All the information gathered from supplementary cases 

throughout the United States never specified on a particular species, instead the information 

was gathered in categories of animal classes.  Therefore, the targeted species in this study will 

be picked to represent an animal class of mammals, reptiles, amphibians, and birds (general 

avian and shorebirds).  The targeted species will then be determined by using the following 

criteria, mortality rates and the conservation status of the species (for example threatened, 

endangered, etc.).  

Using data collected from U.S. Fish and Wildlife Service on highway 49 mortalities, the 

targeted species that we have chosen are: Muskrat, Canada Goose, Least Bittern, Painted Turtle, 

and Green Frog (see appendix 1B).  Muskrats were picked to represent mammals and had the 

highest mortality rate on highway 49 compared to any other animal in the marsh. Canada 

Goose (general avian) and Least Bittern (shorebird) were picked to represent birds who had the 

highest mortality rates on highway 49, and the conservation status of the Least Bittern was also 

considered (special concern in Wisconsin & protected under the Migratory Bird Act).  The 

Painted Turtle represented reptiles, and they had the highest mortality rate in this category and 

are also considered threatened in some states.  The Green Frog was chosen to represent 

amphibians that are considered threatened in some states.   

Having these targeted species will help narrow down the search on their whereabouts 

by knowing what they like to eat or where they prefer to live.  Using the information gathered 

from the targeted species, it will potentially help us understand other species behaviors that 

are categorized in the same animal class.  
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Photo 2: A muskrat feeding on vegetation.  
Source: Flemingoutdoors.com 

Literature Review  
By: Bradley Wolf 

 

The following articles are of similar cases that deal with effects on animals due to roadways, in 

specific areas of interest.  By reviewing these articles, it will help supplement the methodology of our 

study. 

 Effects of Paved Roads on Birds (By: Angela V. Kociolek & Anthony P. Clevenger) 

o http://y2y.net/files/979-y2y-technical-report-8-effects-of-paved-roads-

on-birds.pdf 

 

 Lake Jackson Ecopassage Feasibility Study (By: State of Florida DOT) 

o http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4

&ved=0CDoQFjAD&url=http%3A%2F%2Fwww.lakejacksonturtles.org%2FLAKE

_JACKSON_ECOPASSAGE_FE.PDF&ei=KbIgU4W3I8iWyAHAh4DIAw&usg=AFQjC

NHtdGeRrnfKnPOsCv2yr8IRNBT2KA 

 

Natural History of the Muskrat (Ondatra zibethicus)  
By: Bradley Wolf 

 

Description: 

 The muskrat is a medium-sized, semi aquatic 

rodent.  They are generally found in wetlands over a 

wide range of climates.  The muskrat is a very 

adaptive animal, which allows them to thrive in many 

different habitats.  Being semi-aquatic, they are 

rather good swimmers, and are able to swim at 

speeds of 2-3 miles per hour (Wild Mammals of North 

America, 2003).   

Habitat: 

  Muskrats are found throughout the United 

States, inhabiting many different types of aquatic 

environments, including:  small streams, ponds, and various types of wetlands. They prefer an 

environment that has slow moving water between four and six feet deep (Wild Mammals of 

North America, 2003).  They also need open water channels in their habitat, so they can easily 

move around.  Although they have preferences, the muskrats’ habitat is density dependent, so 

http://y2y.net/files/979-y2y-technical-report-8-effects-of-paved-roads-on-birds.pdf
http://y2y.net/files/979-y2y-technical-report-8-effects-of-paved-roads-on-birds.pdf
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&ved=0CDoQFjAD&url=http%3A%2F%2Fwww.lakejacksonturtles.org%2FLAKE_JACKSON_ECOPASSAGE_FE.PDF&ei=KbIgU4W3I8iWyAHAh4DIAw&usg=AFQjCNHtdGeRrnfKnPOsCv2yr8IRNBT2KA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&ved=0CDoQFjAD&url=http%3A%2F%2Fwww.lakejacksonturtles.org%2FLAKE_JACKSON_ECOPASSAGE_FE.PDF&ei=KbIgU4W3I8iWyAHAh4DIAw&usg=AFQjCNHtdGeRrnfKnPOsCv2yr8IRNBT2KA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&ved=0CDoQFjAD&url=http%3A%2F%2Fwww.lakejacksonturtles.org%2FLAKE_JACKSON_ECOPASSAGE_FE.PDF&ei=KbIgU4W3I8iWyAHAh4DIAw&usg=AFQjCNHtdGeRrnfKnPOsCv2yr8IRNBT2KA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=4&ved=0CDoQFjAD&url=http%3A%2F%2Fwww.lakejacksonturtles.org%2FLAKE_JACKSON_ECOPASSAGE_FE.PDF&ei=KbIgU4W3I8iWyAHAh4DIAw&usg=AFQjCNHtdGeRrnfKnPOsCv2yr8IRNBT2KA
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if there is a large density in a favorable area, it might push muskrats away to other less 

favorable areas.  

Diet:  

 Muskrats are omnivores, but the majority of their diet consists of various types of 

aquatic vegetation, such as cattails, sedges, and duck weed.  Water levels can also play a role in 

the feeding tendencies of these animals (Wild Mammals of North America, 2003).   

Population:  

  Muskrat colonies usually consist of a breeding male and female, with the addition of 

their young.  During the spring months, the muskrats fight to claim territory and potential 

mates.  They are prolific breeders, and a female muskrat can have two or three litters of six to 

eight young per year.  Although muskrats are prolific breeders, they have a cyclic population 

that has boom and bust phases.  The cyclic population is primarily due to the available amount 

of food that the muskrats have; they tend to overpopulate and diminish their food source, 

seeing the population then decline because there is not enough food to sustain their numbers.  

Once the population declines enough, and the food source is able to replenish itself, then the 

muskrats will increase in population and the cycle starts over again.  Another factor that 

influences population is social interactions; excessive fighting among colonies can have a 

dramatic effect on the overall population (Wild animals of North America, 2003).  Generally, 

muskrats have a very short life-span; they live on average about 1 year in the wild. 

Behavior:  

 They live in small lodges that they build, or they burrow into the side of the banks to 

make their dens.  Muskrats stay in a general area year round, and do not hibernate during the 

winter months.  However, muskrats do make spring and autumn migrations within their general 

habitat range.  They migrate in the spring, after ice-out, to find mates and a territory of their 

own to rear their young.  Then, in the autumn migration, the muskrats find a place to spend the 

winter, where they can have access to a food source underneath the ice.  Muskrats travel 

around 200 meters, on average, between their summer and winter homes (Wild Animals of 

North America, 2003).  To travel from one location to another, the muskrats create multiple 

channels and openings in their wetland environment.  This is a very important process, because 

it provides ideal habitat for other species, such as aquatic birds.  Muskrats are also mostly 

nocturnal, so much of their major activities occur during the nighttime hours.  

Horicon Marsh Case: 

  On Highway 49, the muskrat has the highest mortality rate on the section of highway 

that cuts through the northern end of the marsh.  An ongoing survey, done by the U.S. Fish and 

Wildlife Service from 2001-2012, showed that 3,581 muskrats were killed (see appendix 1B) 
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Photo 3: A muskrat utilizing a culvert.  
Source: Nuttynewstoday.com   

 

along that portion of the highway (This 

number comprised 47.87% of total 

recorded mortalities) (USFWS).  Since 

muskrat activity is highest at night (due 

to muskrats being nocturnal), most of 

the fatalities are likely to occur during 

this time.  This would make it hard for 

oncoming drivers to see the muskrats 

because they are low to the road and 

dark in color.  Muskrats have very poor 

locomotion methods; when traversing 

across terrestrial environments, they move very slowly, making them vulnerable to automobile-

related mortality (Wild Mammals of North America, 2013).  Since muskrats have a spring and 

autumn migration, it is most likely that many of them get hit on the road during these periods.  

There is an abundance of high quality habitat right along the side of Highway 49 for them to 

build their lodges, and since their home range could easily extend to both sides of the road, this 

would cause them to consistently cross the highway.  Also, pool management changes on either 

side of the highway could affect the muskrats’ crossings; if one pool is more favorable than the 

other, the muskrats will go to that pool.  

 

Natural History of the Canada Goose (Branta canadensis)  
By: Stephanie Marquardt 

Description:  

The Canada Goose is a 

North American goose from the 

Anatidae family of waterfowl 

(Birdlife International, 2012). 

Geese are black, gray and brown 

waterfowl with long slender necks. 

Males and females have the same 

plumage coloration, though 

females are smaller (Audubon, 

2005).  Geese have a large range, 

breeding across Canada, the US 

and Mexico and have been Photo 4: A Canada goose with its goslings.  
Source: Flickr   
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introduced in Europe (Birdlife International, 2012).  

The species Branta canadensis includes seven subspecies; canadensis, interior, maxima, 

moffitti, fulva, occidentalis, parvipes. Canada Geese have been divided into subpecies 

historically on the basis of of size and color.  Typically the larger geese nest in the south, smaller 

geese nest in the north; ligher colored geese are generally found in the east and darker geese 

found in the west (Stackhouse, 2005). 

B. c. canadensis, the Atlantic Goose is large, typically 7.5 to 9lbs; this subspecies is 

common in Eastern North America. B. c. interior,the Interior Goose, is also large, 7.5 to 9.5 lbs. 

The Interior Goose breeds in eastern and central Canada and winters in the Midwest. B. c. 

maxima,the Giant Goose, is very large at 14 to 15lbs and typically found along the Mississippi 

Flyway. B. c. moffitti, the Western Goose, ranges from 8 to 14 lbs and is the common goose in 

the west. B. c. fulva, the Vancouver Goose, ranges from 6 to 13lbs.  This subspecies breeds in 

Canada and winters in Washington and Oregon. B. c. occidentalis, the Dusky Goose, is a 

medium to large subspecies, at a size of about 8 to 10lbs.  Dusky Geese breed in Alaska and 

winter in Washington and Oregon. B. c. parvipes, which is part of the “Lesser Complex”, is a 

medium sized goose at 5 to 6 lbs, and also breeds in Alaska, wintering in Washington and 

Oregon (Stackhouse, 2005). 

Habitat and behavior: 

Geese tend to arrive to their breeding marsh synchronously with melting temperatures; 

this allows them to have ample space for displays and breeding. Geese return to nesting areas 

that had been successful the previous year.  Common vegetative covers for nesting sites include 

hardstem bulrush, cattails, whitetop, phragmites, and grass.  It is also very common for geese 

nest sites to be built on top of muskrat houses.  Nests are typically made of weeds, twigs, grass, 

moss or needles (Lutz, 2002).  

Geese defend territories around 

their nest site from laying until hatching 

of their brood. The size of the defended 

territory is the largest at the beginning of 

incubation and decreases until hatching 

when territorial defense is abandoned 

(Cooper, 1978).  Upon hatching of their 

brood, geese immediately move from 

their nesting site to their rearing site 

(Cooper, 1978 and Zicus, 1981).  Geese 

will move up to 16 miles with their brood 

depending on food availability. Females 

also prefer to use brooding sites which Photo 5: A Canada goose nest with eggs.   
Source: Canada Goose Management 
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they had previously used.  Canada geese rear their broods in areas that are being used by other 

families and multiple broods will feed together in that shared area.  The geese tend to remain 

in the same brood rearing site during the entire rearing period (Zicus, 1981).  

Geese fly to feeding areas in early morning and late afternoon.  Increased flight activity 

is seen during storm conditions because flight is highly correlated to light intensity, causing 

flight times to be less predictable during cloudy conditions. Daily flight to feeding areas is 

usually about 100 to 500 feet high.  When temperatures are low there may be no heavy flight of 

geese for feeding.  During temperatures below 15°F, geese are typically seen sleeping with their 

bill tucked into their feathers.  During these cold temperatures, activity is minimal (Raveling et 

al, 1972).  Due to less activity in the winter, highest road mortality is seen between April and 

September.  Road mortality is also highly impacted by traffic patterns, in Europe higher road 

mortality was found on weekends and holidays, which may be due to higher use of highways 

throughout the day rather than two daily traffic peaks. Higher mortality is also due to the 

geography of the area, the highway cutting through a wetland, creating two ponds on either 

side (Erritoze et al, 2003). 

Mating:  

 Geese form monogamous, life-long pair bonds, usually formed during the second year of 

life (Mowbray et al, 2002).  Males engage in fights for access to females, using their wings and 

bills.  The winning male will approach the female with his head lowered making hissing and 

honking sounds.  Mating then occurs with the female partially or completely submerged in 

water.  

 The average clutch size is five eggs, but can range from two to nine eggs.  Females will 

then incubate their eggs from 23 to 30 days, while the male defends the nest from intruders 

(Lutz, 2002).  

Food and Predators: 

 During brood rearing geese obtain most, if not all, of their food from green plants 

(Sedinger, 1986).  Differing plants become the most important component of goose diets during 

different stages of the season.  Arrowgrass is a preferred food for geese due to the high protein 

content, especially during the pre-molt period.  Seeds of sedges and crowberry fruit are 

commonly eaten during brood rearing, along with arrowgrass.  Mackenzie's sedge becomes the 

most important sedge in the diet during the molting stage.  Seeds and crowberry fruit are also 

very important components of the fledging diet (Sedinger, 1984). 

 Geese are at risk of egg predation by coyotes, foxes, raccoons, wolves, crows and bears. 

Once geese have reached maturity they are preyed upon more rarely.  Predators that take adult 

geese include coyotes, wolves, owls, eagles and humans (Mowbray et al, 2002).  
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Horicon Marsh Case: 

 Canada Geese have the third highest rate of highway mortality on Highway 49 (see 

appendix 1B).  Data has not been collected on the age of the geese that have been killed on the 

highway.  Additional data of this type would help understand if the birds are being hit while 

flying or walking across the highway, which will influence the type of mitigation required 

reducing highway mortality.  

 

Natural History of Least Bittern (Ixobrychus exilis)  
By: Stephanie Marquardt 

 

Description: 

The Least Bittern is a secretive marsh bird 

which typically spends most of its time over deep 

water, feeding on the open water while clinging 

to vegetation (Weller, 1961).  The Least Bittern is 

the smallest heron.  They have pale buff 

coloration with a dark crown and black and bluff 

colored wings.  Males and females are sexually 

dimorphic, with females typically being larger 

than males.  There is sexual dimorphism in 

coloration as well.  Males have green and black 

heads, while females’ heads are chestnut and 

have a less prominent crown.  Least Bitterns range in size from 

73 to 95 grams (IUCN, 2011).   The Least Bittern is a weak flier, 

typically only flying short distances.  When startled they can be 

seen flying with their legs dangling and their neck outstretched 

(IUCN, 2011).  

Habitat and Behavior: 

 Least Bitterns have a breeding range throughout North, 

Central, and South America.  They are typically found in areas 

with dense vegetation in water, often cattail marshes (IUCN, 

2011). These marshes  are in close proximity to other marsh 

areas, usually separated by no more than a dyke; they are not 

often found on isolated marshes.  Females will move among 

marshes before settling in one area for the remainder of the 

Photo 6: A male Least Bittern.  
Source: PBase 

Photo 7: A female Least Bittern. Source: 
Florida Wildlife Virtual Gallery 
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season.  The average home range size is 9.7 ha, possibly due to their habit of feeding in the area 

around their nest site (Bogner and Bladassarre, 2002).  

Diet: 

Commonly reported feeding behaviors include standing motionless and waiting for prey 

to approach, and gleaning which is picking prey from the ground and water (Kushlan, 1976).  

Least Bitterns are also seen walking slowly through reeds stalking their prey; they walk in a 

crouched posture with their neck extended and strike prey from this position.  The most 

common prey of Least Bitterns are small fish, they also consume crabs, crayfish, leeches, frogs, 

tadpoles, salamanders, small mammals, and insects (IUCN, 2011). 

Mating and Nesting: 

Little is known about Least Bittern courtship.  It is known that males will advertise with a 

call.  Male Least Bitterns build their nests over water in emergent vegetation usually in cattail, 

sedges, or bulrush plants (Bogner and Bladassarre, 2011).  Nests are typically 15-20 cm wide 

and 5 to 12 cm thick (IUCN, 2011).  There is only little evidence to suggest territorial behavior 

between least bitterns.  After a failed brood, Least Bitterns will re-nest during the same season, 

moving to a different location for their next brood (Bogner and Bladassarre, 2002).  

Least Bitterns will lay two to seven eggs per brood, varying with breeding range. 

Incubation will begin after the first or second egg is laid and lasts 17 to 20 days (IUCN, 2011). 

Both male and female take part in incubation and rearing of the young, occasionally rearing two 

broods per season (Weller, 1961).  Hatching of the brood is asynchronous and will occur over 

three to four days.  Least Bitterns occasionally live semi-colonially (Rehm and Baldassarre, 

2007). 

Horicon Marsh Case: 

 Least Bitterns are the most commonly killed heron on Highway 49 (see appendix 1B). 

Being weak fliers may influence their high mortality rate at the highway.  Mitigation to 

encourage higher flight over the highway will be necessary to reduce deaths of Least Bitterns 

on Highway 49.  

 

Natural History of the Painted Turtle (Chrysemys picta) 
By: Michelle Zignego 

 

Description:  

Fossils show that the painted turtle existed over 15 million years ago.  Painted turtles 

can live from 20-40 years in the wild (Ernst et al, 1994).  They have an average shell size of 4 to 
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10 in length.  It has an oval shape, a smooth surface, and is flat on the bottom.  The color of the 

top shell, called the carapace, can range in color from olive to black depending on the color of 

the water that the turtle lives in.  The bottom shell, called the plastron, can be either yellow or 

red with dark markings in the center.  The turtles’ skin can range from olive to black just like the 

shell, but also has yellow and red stripes on its head, neck, legs, and tail.  Their feet are webbed 

in order to help with swimming (Ernst & Lovich, 2009).  The adult females are usually longer 

and weigh more than the adult males. 

Subspecies:   

The Painted turtle is the most numerous and widespread native turtle species in North 

America.  This species has four subspecies which evolved during the last ice age, all with very 

similar appearances and characteristics.  The four subspecies of the painted turtle do 

interbreed on the edges of their ranges that overlap but in the middle of their ranges they are 

genetically distinct.  The four subspecies are listed below with important information pertaining 

to each (Senneke, 2003). 

 The eastern painted turtle, C. p. picta, has a top shell which ranges from olive green to 

black and may have a pale stripe down the center and red markings on the edges. The 

segments or scutes of the top shell have pale edges and occur in straight rows across the back. 

This pattern is unique to this turtle alone. The bottom shell can be plain yellow in color or can 

be lightly spotted.  This turtle prefers to eat in the water, but will eat on land if necessary.  This 

turtle’s range includes southeastern Canada all the way to North Georgia and its western 

boundary ends at the Appalachian Mountains. This subspecies is very aquatic and will not leave 

its waters unless forced to do so by drought. They will even endure high amounts of pollution in 

order to remain in their habitat (Senneke, 2003). 

The midland painted turtle, C. p. marginata, is the hardest to distinguish from the other 

three subspecies.  It has a centrally located dark shadow on the bottom shell which varies in 

shape and color with every turtle.  This turtle mainly eats aquatic insects and plants found in its 

habitat (Carr, 1952).  Its range includes lower Ontario and Quebec, New York, Pennsylvania, 

West Virginia, Kentucky, Tennessee, 

Indiana, Ohio, and Michigan.  This 

subspecies likes shallow, quiet 

waters like those in shores or coves. 

They like dense vegetation and also 

can endure high amounts of pollution 

(Ernst & Lovich, 2009). 

Photo 8: A Midland Painted Turtle.  
Source: Wikipedia 



 

[Type text] Page 15 

The southern painted turtle, C. p. dorsalis, 

is the smallest of the subspecies.  It has a bright 

red stripe on its top shell, and the bottom shell is 

tan and almost completely spotless. When they 

are young a much larger percentage of their diet 

is made up of animals, usually larvae and crayfish 

than when they are older. Mature adults must 

content themselves with plant matter which 

compromises a major portion of their diet.  Its 

range includes parts of Tennessee, Arkansas, 

Louisiana, and Alabama.  This subspecies likes 

shallow, quiet waters like those in shores or coves.  They like dense vegetation and also can 

endure high amounts of pollution (Ernst & Lovich, 2009). 

The western painted turtle, C. p. bellii, is the largest of the subspecies.  Its top shell has a 

mesh-like pattern of light lines running over it, and it does not have the prominent red stripe 

down the middle of the top shell like the southern painted.  Its bottom shell has a large colored 

splotch that spreads over most of the shell and is often red in color.  This turtle’s diet changes 

with the season, depending on what food in available.  In early summer half of its diet is insects, 

and in late summer half of its diet is plants.  Its range includes southern parts of western 

Canada, all of Wisconsin, Iowa, Illinois, Minnesota, Upper Michigan, Missouri, North Dakota, 

South Dakota, Nebraska, Kansas, and the northernmost part of Oklahoma.  They also have the 

fastest growth rate of all the subspecies.  This turtle lives in streams and lakes, but will also take 

up residence in temporary small bodies of waters, like flooded farm fields and pools of water on 

the side of the road (Ernst & Lovich, 2009). 

Diet: 

 The painted turtle swims along the bottom of water bodies hunting for its food.  It 

forces potential victims out into the water where they can be pursued by stirring up the 

vegetation on the bottom with its head.  It holds prey with its mouth while tearing it apart with 

its foreclaws.  The main part of its diet consists of plants, but also consumes other animals such 

as crayfish and insects (Ernst & Lovich, 2009). 

Predators: 

The painted turtle has predators at every stage of its life cycle.  The eggs and the young 

hatchlings are at the highest risk.  Eggs are stolen from nests by garter snakes, skunks, raccoons, 

groundhogs, badgers, foxes, and humans.  The hatchlings fall prey to fish, insects, frogs, 

snapping turtles, snakes, herons, rats, weasels, muskrats, minks, and raccoons.  Adult turtles 

Photo 9: A Southern Painted Turtle.  
Source: Wikipedia 
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are extremely well protected by their shells but they still have enemies to contend with.  These 

include alligators, ospreys, hawks, eagles, and raccoons (Ernst et al, 1994). 

Mating:  

Painted turtles mate in spring and fall when the water temperature ranges from 10-25°C 

(50-77°F).  Turtles’ mating starts when the male and female meet face to face.  The male 

strokes the female’s face and neck with his claws and an accepting female returns the action. 

They then descend to the bottom of the water to copulate.  A female can store a male’s sperm 

for three clutches in her oviducts for up to three years.  Due to this, a single clutch can have 

multiple fathers (Ernst & Lovich, 2009). 

Females construct their nests alone and then lay their eggs from late May to mid July. 

The nests are shaped like vases or flasks and are usually dug in sandy soil.  The older more 

mature females tend to build nests further inland from the body of water they frequent. 

Females sometimes return to the same nests over several years.  If nests are dug close to each 

other they are more susceptible to predators plundering them. After her labors, the mother 

turtle returns to the water and leaves her eggs to fend for themselves (Pinou, 1968; Ernst & 

Lovich, 2009).  Turtle eggs, like other reptile eggs, are not laid with the sex already determined.  

The sex is determined by the temperature during the middle third time of incubation.  Cooler 

temperatures favor males, and warmer temperatures favor females.  

Behavior:  

The turtle is an ectothermic reptile that regulates its inner temperature through the 

outside environment. Their preferred way of doing this is by basking on logs, sand banks, rocks, 

or any surface that is available to them.  

 Turtles travel to find suitable food, water habitat for themselves, and mates.  They will 

travel to find new water bodies if theirs has become too shallow or dried up all together.  

Painted turtles have limited homing ability using visual recognition of landmarks on their 

normal habitat.  When in a large body of water they can return to their particular spot from up 

to 4 miles away (Ernst et al, 1994). 

Habitat: 

 A painted turtle’s prime habitat includes a body of freshwater, multiple basking sites, 

sandy ground for nest sites, and aquatic vegetation.  Locations include creeks, slow moving 

rivers, marshes, ponds, and the shallow shoreline of large lakes (Carr, 1952).  Studies have 

shown that painted turtles can survive a high degree of pollution in the waters that they 

frequent.  One study showed that turtles in a polluted river in Michigan exhibited a faster rate 

of growth than turtles in unpolluted waters (Knight & Gibbons, 1968). 
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Horicon Marsh Case: 

A total of 516 painted turtles have been killed on Hwy 49 between 2001 and 2012 (see 

appendix 1B).  These turtles are being killed as they try to cross the road.  They do so because 

they are searching for appropriate nesting sites, suitable mates, or new habitat if their previous 

location is no longer livable.  Also the road can bring in predators that could not otherwise 

enter the marsh.  

 

Natural History of the Northern Green Frog (Litobates clamitans)  
By: Pa Houa Lee 

  

Description: 

 The Northern Green Frog is a 

native amphibian found throughout the 

United States from Florida to the Great 

Lakes and into Canada (Harding, 1997). 

The green frog is protected by law in some 

states during hunting seasons and has bag 

limits in Kansas, Missouri, Mississippi, New 

York, New Jersey, and Pennsylvania (Levell, 

1997).  Green frogs’ living habitats are 

usually in areas that surround water, such 

as swamps, ponds, lakes, marshes, and 

streams.  Adult green frogs are usually green, while juveniles are usually green with irregular 

dark brown spots.  They have two large tympanums (eardrums) that are behind the eyes.  

Males have a bright yellow throat and tend to have larger tympanums than their eyes.  Female 

green frogs have a yellowish or white throat and have tympanums that are the same size as 

their eyes (Harding and Holman, 1992 & Jordan, 1920 & Tyning, 1990).  

Habitat and Behavior: 

 Adult frogs spend most of their time on the edges of water or near water, and will not 

travel far from the body of water.  On the other hand juveniles will sometimes go overland, for 

instance, juveniles disperse into wooded areas or meadows during periods of rain.  Adults will 

not seek cover even when it rains (Harding and Holman, 1992 &Harding, 1997 & Tyning, 1990).  

It has been shown that green frogs have “favorite spots”—where they stay when it is not 

breeding season, and where they stay for breeding season (Breder et al, 1927).  

Photo 10: A Northern Green Frog.  
Source: Wisconsin DNR 
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Food and Predators: 

 Green frogs prey on insects and other small animals without backbones, for example, 

snails or spiders.  Sometimes green frogs eat other vertebrates such as smaller frogs.  According 

to Hamilton Jr., one investigator collected green frogs during July and found that a large part of 

the food consumed consisted of developing smaller frogs.  Although green frogs are always 

active, it has been shown that they feed more frequently at night.  Data collected from both 

daytime and night time revealed more ingested crayfish and water insects in the night than in 

the daytime (Hamilton, 1948).  

 Like many species, green frogs are preyed upon by a variety of animals.  The tadpoles 

and eggs are usually eaten by fish, turtles, birds, and aquatic insects.  The adults are eaten by 

larger frogs, turtles, garter snakes, raccoons, and sometimes humans.  Due to the fact that 

green frogs have a similar appearance to mink frogs, they are preyed upon by mink frog 

predators.  Since mink frogs create a foul taste, the predators have taken advantage of the 

green frogs because they do not have a foul taste, and is a form of mimicry of the mink frog 

(Gillilland, 2000).  

Mating: 

 Breeding season is in late spring, and occurs in large ponds or along the edges of water. 

The male becomes extremely territorial, as breeding season approaches.  He establishes the 

breeding territory by centering the area on clumps of rushes or sages, artificial shelters, or 

abandoned muskrat tunnels (Well, 1997) and maintains the area until the breeding period is 

over.  After the male settles down on an area, he begins to sing from inside the territory while 

patrolling the outer edges (Tyning, 1990).  Males defend their territories by fighting other 

invading male frogs.  The females choose their mates based on the desirability of their 

territories for laying eggs (Harding and Holman, 1992 & Tyning, 1990 & Wells, 1976).  

Nesting: 

 After amplexus, the female frog will lay her eggs in a mass attached to floating 

vegetation or on the water’s surface.  The nest site also requires permanent water, such as 

deep marshes, large ponds, or a lake because their young overwinter as tadpoles (Harding and 

Holman, 1992).  The duration of an egg becoming a froglet varies, in some cases it can take 

more than a year (Hallock et al, 2009).  After the female lays her eggs, parental involvement is 

no longer seen during the tadpoles’ development.  

Horicon Marsh Case: 

 During the day, the frogs will hide under water plants or on water edges.  Since the green 

frog is mostly nocturnal, much of their activities occur at night.  This means that they are migrating for 

various reasons, for example they could be trying to find a better food source (Hamilton, 1948).  Other 

migrations for green frogs could be due to the breeding season.  Male adults will leave their 
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home during breeding season to find the appropriate territory for mating, and will return back 

to their home after the season is over.  These two factors could explain why the green frog is 

crossing the highway and getting killed.  Frogs typically will not travel far from the body of 

water that they inhabit, but eventually the frog will travel for food or for mating.  
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Chapter 3: Species Specific Alternatives 

 

Muskrat Alternatives 
By: Bradley Wolf 

Alternative Drift Fencing and Existing Culverts 

 There are culverts in place (see appendix 3D) that the U.S. Fish & Wildlife staff uses to 

control pool water levels (see appendix 1D).  We could use these culverts as animal crossings, 

by putting up some drift fencing to corral the animals toward the culvert.  The U.S. Department 

of Transportation suggests that our situation uses some type of underpass (see appendix 2C & 

3C), so utilizing the culverts is a viable option.  This method would definitely help if the animals 

are able to utilize the culverts.  Since the pools are managed by gravity flow, most of the time, 

the culverts have board barriers to restrict water movement and keep water levels at a specific 

point.  The Annual Water Management Plan is revised annually, and keeping a consistent pool 

Figure 2: A rendering of fencing added to an existing culvert. 
Source: Bradley Wolf  
Rendering: Stephanie Marquardt 
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level is challenging due to various climatic and environmental conditions (for more information 

on the Annual Water Management Plan visit http://www.fws.gov/refuge/horicon/).  The muskrats 

would be able to climb over the boards, so long as the pool was not at its max capacity.  They 

would then be unable to utilize the culvert, since it would be boarded to the top.  Although 

muskrats can hold their breath for 10-12 minutes at a time (Wild Mammals of North America, 

2003), there would be no way for them to enter the blocked off culvert.   Even if the animals 

would not be able to utilize the culverts, the fencing alone should reduce mortalities.  A project 

done in Long Point (Ontario, Canada), had a similar situation to this case.  They reported that 

just by adding a low plastic woven fence, road mortalities of animals were reduced by more 

than 50% (for more information on Long Point project visit http://longpointcauseway.com).   

Installation of Drift Fencing: 

 This type of fencing has a standard height of 2 feet, but can be adjusted for specific 

needs.  The fencing should be buried below ground about 8 inches, so the muskrats will not 

burrow underneath it (Clevenger and Huijser, 2011).  The culvert should be integrated into the 

fencing, ensuring that there are no holes that the animals could slip through.  

Materials for Fence: 

 Some type of hardware cloth or hard plastic material should be used, so that the 

muskrats cannot climb over the fence.  The top of the fence should have some type of topping 

(at a 45-degree angle) that discourages the animals from climbing over the fence if they are 

able to reach the top (Clevenger and Huijser, 2011).   

 

Canada Goose Alternatives 
By: Stephanie Marquardt 

Alternative 1: Fencing 

The first and most important alternative to reduce highway mortality of Canada Geese is 

to line highway 49 with a short fence, about two feet high.  This method will be very important 

in reducing the mortality of goslings that are unable to fly, as non-flying birds are at the 

greatest risk of road mortality (Jacobson, 2002).  The fence will act as a deterrent to keep the 

geese from accidentally or purposefully walking onto or across the highway.  Though in some 

cases fencing can be considered more harmful to the population than highway related mortality 

(Jaeger and Lenore, 2005) the fencing at highway 49 should not cause a barrier to geese as 

there is an abundance of food and water resources on either side of the highway.  Adult geese 

will also be able to fly across the highway, as will the goslings after their fledging stage.  Due to 

the high rate of highway mortality of geese, fencing will not decrease the probability of the 

goose population persistence (Jaeger and Lenore, 2005). 

http://www.fws.gov/refuge/horicon/
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Guidelines for Fencing: 

The area most important for 

placement of the fence is between mile 

markers 1.1 and 1.6, as the area between 

these markers tends to see the highest 

mortality each year.  Ideally, the fencing 

would be expanded to include the entire 

highway where it intersects the marsh.  

Along with deterring birds from 

walking on the highway a short fence will 

also encourage higher flight across the highway. Highway mortality of birds is more likely to 

occur when birds fly at lower elevations (Kociolek and Clevenger, 2009).  Higher flight across the 

highway will decrease the likelihood that the birds will be struck by vehicles.  

Maintenance of Fence: 

The fence should be occasionally checked for breakage and maintained accordingly to 

prevent animals from being caught in the fence which could result in injury or death.  

Alternative 2: Diversion Poles 

Along with short fencing, we also suggest the use of diversion poles.  These poles can be 

implemented along with the fence to further deter low elevation flight over the highway. 

Vertical, pole barriers along marine highways have been proven as effective in reducing 

mortality of seabirds (Jacobson, 2002).  The diversion poles should also be implemented 

between mile markers 1.1 and 1.6, where mortality is the highest (see appendix 2B & 3B).  

Guidelines for Diversion Poles: 

The diversion poles should be vertical PVC poles at a height of 13 feet, with a diameter 

of 3 inches.  This diameter will allow the poles to sway in wind and to easily break should 

vehicle collision occur, preventing any further damage to the vehicles. The poles should be 

placed along both sides of the highway.   

Alternative 3: Wildlife Signage 

Signage alerting drivers to the presence of geese should be placed on the side of the 

highway in each direction.  This will allow drivers to slow down accordingly to prevent collision 

with Canada geese.  

Figure 3: Highway 49 with rendering of fencing.  
Source & Rendering: Stephanie Marquardt 
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Figure 4: Highway 49 with a rendering of diversion poles.  
Source & Rendering: Stephanie Marquardt 

Least Bittern Alternatives 
By: Stephanie Marquardt 

Alternative 1: Diversion Poles 

 The most effective alternative for the 

Least Bittern is the use of diversion poles.  

These poles can be implemented to deter 

low elevation flight over the highway.  

Vertical, pole barriers along marine 

highways have been proven as effective in 

reducing mortality of seabirds (Jacobson, 

2002).  The diversion poles should be 

located in the area of peak mortality of Least 

Bitterns; this area is likely between mile 

markers 1.1 and 1.6, as this is the peak 

mortality area for many species. 

Guidelines for Diversion Poles: 

 The diversion poles should be 

vertical PVC poles at a height of 13 feet tall, 

with a diameter of 3 inches.  The poles 

should be placed along both sides of the 

highway.  Highway mortality of birds is more likely to occur when birds fly at lower elevations 

(Kociolek and Clevenger, 2009).  Higher flight across the highway will decrease the likelihood 

that the birds will be struck by vehicles.  

Alternative 2: Wildlife Signage 

Wildlife signage alerting drivers to the presence of Least Bitterns will provide them with 

the knowledge that the species is present and allow them to slow down accordingly.  One sign 

should be placed on the side of the highway in each direction. 
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Painted Turtle Alternatives  
By: Michelle Zignego  

 

Alternative 1: Amphibian/Reptile Tunnel 

 An excellent option to reduce turtles 

from crossing highway 49 and risking death is to 

construct an amphibian/reptile tunnel under 

the existing roadbed.  The tunnel must be 

constructed in such a way that the turtle can 

see light coming in, either from the other side or 

from holes in the ceiling of the tunnel, or they 

will not use it.  Another feature may be to 

construct dry areas in the tunnel where the 

turtles can rest while going through the tunnel. 

The tunnels should be spaced about 200 feet 

apart with guiding walls or fences to funnel the 

turtles into the tunnel.  

Alternative 2: Fencing 

 In order to guide the turtles into the tunnels or culverts, drift fencing should be put up 

along the highway leading to the tunnels.  The material should be smooth so that they cannot 

get stuck in the fence.  Some materials that can be used are rigid plastic, polythene, or canvas. 

The height should be at least 1.25 feet in order to stop the turtles from trying to climb over it. 

Also the fencing should be fastened to the ground or buried so they cannot dig under it. 

Alternative 3: Signs 

 Species specific signs highlighting the danger of animal crossings should be placed on 

either side of the stretch of highway going through the marsh.  One sign should be placed on 

one side of the road in each direction right where the traffic begins to enter the marsh.  

Alternative 4: Utilize Existing Culverts 

 There are fourteen culverts, each about 80 ft. in length, along that stretch of road used 

by the Refuge to control the level of water in their pools.  These culverts are only blocked 

occasionally, and could potentially provide an avenue for the turtles to be able to move 

between ponds.         

Photo 11: An Amphibian/Reptile tunnel in Waterton National Park, 
Alberta  
Source: Parks Canada 
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Green Frog Alternatives 
By: Pa Houa Lee 

Alternative 1: Amphibian/Reptile Tunnel 

 Dealing with small species, such as the Green Frog, an amphibian/reptile tunnel is an 

alternative option.  According to the DOT, there are two possible types of tunnels that could be 

used for amphibian crossing.  The first type is a large tunnel which provides a greater airflow 

and natural light for the species.   

 The second type is a smaller tunnel that has grated slots to allow natural light, 

temperature, and humidity for the species.  This type is more effective to lock in moisture and 

create a more natural substrate for travel (must include a natural soil to cover the bottom of 

the tunnels).  The sizes of the tunnels can vary for specific needs or requirements (Clevenger 

and Huijser, 2011). 

Guidelines for Tunnel: 

 The tunnel should be located in an area where the migration and the movement of the 

frogs occur.  Also, the tunnels should have good drainage to avoid flooding, since some 

amphibians will not utilize a flooded structure.  There should be a wall or fence built at both 

ends of the tunnel at approximately  a 45° angle to intercept the frogs’ movements, and direct 

them toward the tunnel.  The recommended minimum height of the wall or fence needs to be 

around 1.25 ft to 2 ft (Clevenger and Huijser, 2011).  These walls/ fencings should be made out 

of concrete, treated wood, or other opaque materials that do not consist of translucent 

material or wire mesh to inhibit the species from climbing over.  The wall/ fence should also 

avoid any surface irregularities or gaps that might direct movement away from the tunnel 

entrance.   

Maintenance of Tunnel: 

 To manage the area, there should be continuous habitat or vegetation surrounding and 

adjacent to the tunnel.  This is to promote more species abundance.  

Alternative 2: Fencing 

Another alternative option is fencing the sides of the highway to prevent the 

amphibians from crossing.  The fence should be buried at least 6 to 10 inches below the ground, 

and should be at least 2 feet tall (Clevenger and Huijser, 2011).  Fencing should be made of an 

opaque material, such as a smooth fabric which could prevent any amphibian or other species 

from climbing or jumping over.  Another method to prevent the amphibians from climbing over 

the fence is to make the fence curve inward on the top to create an overhang or lip.  Fencing 
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should be clear of any vegetation, because overhanging 

vegetation could allow various species to climb over the 

barrier.  
 The effectiveness of the fence could be measured 

by placing collection buckets up against the fence.  This 

will maximize the amount of capture of migrating species.  

These buckets should be buried about 12 to 16 inches, 

and should have the tops of the buckets at ground level.  

The buckets should be placed about 30 feet apart.  

Having a bucket at the ends of each side will keep any 

amphibian from reaching the road (Clevenger and 

Huijser, 2011).  This measurement does require frequent 

checkups especially during migration seasons to count 

the number of amphibians or reptiles captured.  

Maintenance of Fence: 

 The following recommendations are to help 

maintain the fence and to prevent species from climbing 

over it.  The fencing should be checked regularly to avoid any damages especially after a heavy 

rainfall (Clevenger and Huijser, 2011). Mowing grass around the fence is also encouraged for 

successful travel of amphibians; however the time of mowing will depend greatly on 

management recommendations.   

Alternative 3: Reduce Speed Limit on Highway 49 

 Another way is to actually reduce the speed limit by 20 miles per hour.  This could help 

drivers’ spot wildlife crossing more easily at a lower speed, and potentially allow drivers to 

avoid the animals. 

Alternative 4: Signs to Educate Public 

The last alternative is to put up signs around the marsh.  The signs should be there to 

educate the public about wildlife crossing.  The size of the signs should be large enough for a 

driver to see and the signs should have very simple words so it is easy to read.  Other signage 

that could potentially reduce drivers speed could also be an option.  For example, having a large 

painted sign on the road that reads “SLOW” on the entrance of the highway on both sides could 

inform drivers to be cautious. This sign must be made of a reflective paint so that even drivers 

at night can see it. 

Photo 12: A drift fence for amphibians and 
reptiles with an overhang.  
Source: Tony Clevenger 
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Chapter 4: Non-viable Alternatives 
By: Bradley Wolf 

Background 
  

 This section references alternatives that were brought up by various groups and organizations, 

such as the U.S. Fish & Wildlife service and the Wisconsin DOT.  The alternatives mentioned are not 

viable, due to varying conflicts (such as regulations, cost, and effectiveness).  Although these ideas have 

been rejected, there is still potential of implementing variants of these ideas on smaller scales. 

 

Inapplicable Solutions  
 

1. Pool Management Changes 

 Radke pool could be managed more as a portion of “river,” rather than a pool (as 

done historically).  Such river-type management would not be a viable solution, 

because the Radke pool provides a great amount of habitat for many diverse 

species, and even if the pool management changed, there would still be animal 

strikes on the highway. 

 

2.  Relocating the Highway 

 This would be very costly, and not practical, since the road was recently repaved 

and is in excellent condition.  This could also cause more environmental damage 

to surrounding areas. 

 

3. Raising the Roadway 

 This would be another costly endeavor; in 2004 the Wisconsin DOT gave a rough 

estimate of $0.5 to $1 million dollars per mile of road to do this (just 

construction cost).  This alternative would also do little to help the birds flying 

across the highway, and would also completely eliminate any parking places for 

people to observe the wildlife. 

 

4. Closing Highway 49 

 Although achievable, this alternative will not be pursued by the Wisconsin DOT 

(as stated in their correspondence letter in appendix 1A).  
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5. Existing Culvert Expansion 

 During the recent repaving of Highway 49, the refuge staff suggested to the 

Wisconsin DOT to add new culverts on top of existing culverts to act as animal 

crossings during periods of high water levels.  The DOT said that this could not be 

done because of structural reasons that could potentially affect the roadway. 

 

6. Overpasses  

 Due to the surrounding environment on both sides of the road, it would be near 

impossible to build animal overpasses across the highway.  In addition to the 

structural restriction, the idea of an overpass would probably not help many of 

the major concern species because they would be less inclined to use this type of 

crossing.  

 

7. Speed Bumps Along the Highway  

 Although this method would reduce most motorists’ speeds, it would most likely 

cause more vehicle crashes and accidents.  In addition to that, the Wisconsin 

DOT would also have to renovate the newly repaved road, which would be 

undesirable and cost ineffective.   
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Chapter 5: Final Recommendations 

 

Fencing 
By: All Group Members  

 We recommend fencing to be 

used to guide the animals into the 

existing culverts.  The location of the 

fences should be between mile markers 

1.1 and 1.6 (figure 5), connecting the 

existing culverts that are on the highway 

(a culvert between mile 1.1 & 1.2 and 

the other culvert between mile 1.3 & 

1.4).  The fencing should be angled at 45 

degrees from the entrance to the 

culverts.  The culverts can then be 

connected with this fencing running in 

between them.  The recommended 

height of the fence should be about 

three feet above the ground.  Also, at 

the top of the fence there should be an 

overhang angled at 45 degrees to 

prevent animals from climbing over onto 

the road.  We estimated that there 

would be 1,664 feet of fencing on each side of the road, and this would be a total of 3,328 feet 

of fencing to do both sides of the road in the suggested test site (see appendix 4D).  

 The materials used should be some galvanized hex netting, wood stakes, standard duty 

tarps, and finally some standard zip ties.  The idea would be to put up the galvanized hex 

netting up with the wood stakes (1 stake every 5’) to give the skeleton of the fence, and then to 

cover the marsh side of the fence with the tarps (the tarps would need to be cut into tenths) by 

using the zip ties to attach it. 

After the fence is constructed, mortality data must be collected to determine if there is 

any difference between the fenced area and the unfenced areas.  If the results are significant, 

the final solution should be to use PVC fencing or another durable material, and the fencing 

should be expanded to the entire stretch of the highway which passes through the marsh. 

 

Figure 5: Rendering of the recommended test site for 
implementation of fencing.  
Source: Stephanie Marquardt 
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Materials List: 

Galvanized Hex Netting 

Tarps 

Cable Ties 

Wood Stakes 

 

Signs 
  By: All Group Members 

 We recommend four diamond shape signs total, two goose and two turtle. One sign of 

each animal should be placed on both sides of the highway.  They should be 18x18 inches and 

engineer grade reflective.  Posts for the signs should be 4” x 6” x 12’ AC2 pressure treated 

critical structural posts.  Lag bolts will be needed to fasten the signs to the posts, these lag bolts 

would be galvanized steel with a diameter of 3/8” and be 3” in length.  

 

Materials List: 

Signs 

Sign Post 

Hardware 

 

Bird poles 
By: All Group Members 

 We recommend 20 PVC gray poles total, 10 on each side.  The poles will be located in 

the same area as the fencing as an experimental testing.  The PVC poles should be 3 inches in 

diameter and should be at least 13 feet tall from the ground.  The materials for this suggestion 

would be 3” gray PVC pipes.  We suggest buying the poles in 20 foot lengths, so that the poles 

could be driven into the ground about 7 feet.   

  After the poles are put into place, mortality data must be collected to determine if 

there is any difference between the poled area and the unpoled areas.  If the results are 

significant, the final solution should be to extend more permanent poles along the entire 

highway, and they could be concreted into the ground to prevent shifting of the poles and 

reduce maintenance.  

 

Materials List: 
 
PVC Pipe 
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Reduce Speed Limit 
 By: All Group Members 

 The current speed limit on highway 49 is 55mph.  We recommend reducing the speed 

limit to 45mph; this reduction will allow drivers to have a faster reaction time to any wildlife 

which may be crossing the highway.  It will also allow for more time between cars for wildlife to 

cross the highway.  While reducing the speed limit further would produce better results, it is 

unlikely that a larger reduction would be achievable due to the high use of the highway and the 

lack of patrol in the area.  

 

Monitoring of Wildlife 
By: All Group Members 

 To determine the significance in the reduction of wildlife mortality, monitoring must be 

implemented.  We recommend the implementation of game cameras and track pads to 

determine if wildlife are using the culverts.  The game cameras should also be implemented to 

determine if birds are flying above the bird poles rather than between.  It will also be important 

to continue to monitor wildlife mortality rates.  We recommend that mortality data be 

collected along the entire highway, making note of the locations to determine if mortality is 

lower in the test areas.  This will allow for expansion of the fence and/or bird poles if the results 

found are significant. 

 

Schedule of priorities 
By: All Group Members 

 The schedule for implementation of the alternatives is based on how much of an impact 

they will have on the mortality of wildlife on the highway rather than the cost.  Those with the 

largest impact should be done first. 

1.) Fencing: 
Fencing should be first because it has the largest impact on our representative species.  
 

2.) Bird poles: 
In addition to fencing, the bird pole will promote higher flight for the birds in the marsh. 
 

3.) Signs: 
Although signage will not have significant impact on wildlife mortality it will promote 
public awareness of the issue.  
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4.) Reduce Speed Limit: 
Reducing the speed will allow drivers to have a faster reaction to wildlife. 
 

5.) Monitor Wildlife: 
Monitoring should be continually. 

 

Potential Funding 
By: Bradley Wolf 

Grants- Potential grants could be obtained from various government associations.  The 

best possibility for obtaining these grants would be to try and enroll the Horicon Marsh into the 

world biosphere reserve.  This honor would be granted by UNESCO (United Nations Educational, 

Scientific and Cultural Organization), and if this honor was obtained, UNESCO would provide 

potential funding for the promotion of practical sustainability efforts (for more information on 

biosphere reserves see http://www.unesco.org).  An example of what these grants can achieve 

is seen in the case of Long Point (Ontario Canada), as previously mentioned.  They were able to 

receive $223,000 in federal grants to help with their improvement projects; this funding 

provided substantially toward the implementation of the project. 

 

 Non-Profit Organizations- There are many non-profit organizations involved with 

various facets within the Horicon Marsh.  Some of these organizations could provide potential 

funding through fundraising, or provide voluntary labor that could greatly reduce the cost of 

implementing projects.   

  

 Some of the organizations include: 

1. The Friends of Horicon Marsh 

2. Ducks Unlimited 

3. Wisconsin Society of Ornithology 

 

 For a full list of Horicon related clubs see: 

http://www.enjoyhoriconmarsh.com/organizations/clubs/index.htm 
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Conclusion 
By: All Group Members 

 Our recommendation is to begin the project in test sites rather than the entire length of 

the highway, because we believe it is important to first determine if these methods will be 

successful.  If significant results are found in the reduction of mortality on highway 49, we then 

recommend that the mortality reduction methods be expanded to additional lengths of the 

highway.  This will ensure that funds are not appropriated on a project that will not achieve its 

intended goals.  We hope that all the parties involved will find this proposal useful for future 

discussion or implementation.  

 

 

 

 

 

Figure 6: Rendering of an overall final recommendation.  
Source & Rendering: Stephanie Marquardt 
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Appendices  
Organized By: Bradley Wolf 

Section A: Correspondence  
1A: Letter from Wisconsin DOT (providing their alternative crossing suggestions) 

Source: U.S. Fish & Wildlife Service 
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2A: Highway 49 Mortality Timeline  

Source: U.S. Fish & Wildlife Service 

 In 1947, “Marsh Road” (formerly called County Trunk AW) was re-designated as State Highway 49 

(this is the road that we now call Old Marsh Road).  The following year, the present day State 

Highway 49 was built and opened in 1949. 

 

 In 1951, Refuge staff became very concerned about the animals being killed on Highway 49.  They 

kept records of the road kill along the 2.5 mile stretch.  The count for 1951 was 107 animals killed.  

They repeated the survey in 1954 and 1956, counting 63 and 113 animals killed.  

 

 1n 1999, Radke Pool restoration was completed.  This wetland is the area north of Highway 49.  Staff 

started noticing that the road kill increased, especially with Least Bitterns.  

 

 In 2001, Refuge staffs began road kill survey and have continued it since that time. 

 

 In 2002, the Friends of Horicon NWR established a task force to address the issue.  The first meeting 

was held November 7, 2002, among Friends members.  News release was sent out regarding this 

new task force, with their goal stated as “work with Department of Transportation to reduce the 

current speed limit from 55 to 45, and to erect flashing “caution wildlife” signs.”   

 

 Between 2002 and 2004, the task force eventually involved the Wisconsin Department of 

Transportation (DOT), and numerous meetings were held with the DOT.  The attached letter from 

DOT summarizes their position. 

 

 In 2004, Refuge staff added a message to the Traveler’s Information System radio announcement 

alerting people to the problem on Highway 49. 

 

 In 2004, Refuge staff inquired of local sheriff offices asking for assistance.  Law enforcement 

presence heightened since that time.    

 

 3/21/05: Refuge staff developed a fact sheet that identified the issue and addressed goals and 

planned actions.  This fact sheet was available for public distribution. 

 

 4/6/05:  Bid received from Erosion Control Specialties regarding our request for fencing along 

Highway 49.  Refuge staff did not follow through with this approach due to safety, maintenance, 

expense, and lack of crossings. 

   

 5/12/05:  Letter received from Wisconsin Society for Ornithology expressing concern over the 

wildlife being killed by vehicles on Highway 49.  Regional Director of U.S. Fish and Wildlife Service 

sent response on 6/8/05.   
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 June 2005:  “Deadly Crossing” article by Scott Craven and Jamie Nack published in Wisconsin Natural 

Resources magazine.  Throughout entire time span, numerous articles have been published in local 

newspapers regarding the problem on Highway 49.    

 

 Summer 2005:  Two signs (“Please give Wildlife a Brake”) erected on each end of Highway 49 by 

Refuge staff. 

 

 August 2005:  Two Refuge staff (Patti and Diane) attend International Conference on Ecology and 

Transportation conference in San Diego.  Partnership established with Forest Service Biologist Sandy 

Jacobson, “road kill expert”.  

 

 9/19/05:  Letter received from Wisconsin Society for Ornithology regarding an update on the 

Refuge’s progress with the issue.  Refuge staff sent response on 9/30/05.  

 

 Between September 2005 and September 2007, Sandy Jacobson helps Refuge staff with design of 

bird pole study.  Sandy visited Refuge in October 2005 for a site visit.  Friends of Horicon NWR solicit 

support for project.  Challenge grant for project is received in January 2007.  

 

 Fall 2006:  Refuge law enforcement officer John Below trained in radar and adds to the law 

enforcement presence on Highway 49. 

 

 June 2007:  Application to work on highway right-of-way (for bird pole study) mailed.  Department 

of Transportation never responded but Refuge staff (Diane) would continue to send updates and 

more information regarding bird pole study throughout the summer.  Diane left voice mail messages 

periodically.  As the time for installation was getting closer, Diane called DOT everyday during the 

week of August 6 to ascertain the status of the permit.  Diane received a message on 8/10/07 saying 

that the Refuge proposal was much more extensive than DOT originally thought and they would 

now have to involve their State engineer.  It is not known if they followed through with this.  No 

further word from DOT on this issue.   

 

 July 2007:  Two Refuge staff (Patti and Diane) attend Innovative Approaches to Wildlife/Highway 

Interactions in Madison, WI.  Class included a field trip to Highway 49 where additional input was 

received.     

 

 In September 2007, Refuge staff held staff meeting and discussed bird pole study.  For many 

reasons, including no permit to date from DOT, Refuge staff decided against pursuing project.  DOT 

was not informed and Refuge staff has yet to hear from them regarding the permit. 
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Section B: Data 
1B: Highway Mortality Data 

Source: U.S. Fish & Wildlife Service 

HWY 49 - Horicon Road Kill Data 

Group Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 Total 

Mammal Muskrat 597 842 71 13 79 22 97 180 378 1089 169 44 3581 

Reptile Painted Turtle 54 69 42 66 35 46 63 46 33 25 27 10 516 

Bird Canada Goose 28 41 18 13 7 20 80 113 81 35 29 41 506 

Bird American Coot 51 64 25 97 2 16 9 27 27 21 8 5 352 

Bird Red-winged Blackbird 40 87 11 20 14 23 31 20 28 11 4 13 302 

Mammal Raccoon 36 40 12 17 9 10 29 31 14 15 16 8 237 

Bird Unid. Bird spp. 0 1 25 1 19 55 46 38 21 13 7 9 235 

Reptile Snapping Turtle 6 25 6 17 23 42 40 25 6 6 7 9 212 

Bird Mallard 34 26 11 20 32 8 9 6 5 7 1 3 162 

Mammal Opossum 4 25 14 14 12 32 15 3  4 6 10 139 

Bird Tree Swallow 7 15 21 6 3 13 30 4 3 14 8 2 126 

Bird Least Bittern 41 12 1 2 0 31 6 4 5    102 

Mammal Cottontail Rabbit 0 6 7 9 1 22 14  3 2  1 65 

Mammal White-tailed Deer 4 4 5 6 9 5 8 5 5 7 2 3 63 

Bird Sparrow spp. 4 9 9 15 8 0 2 1 1    49 

Mammal Striped Skunk 8 0 5 4 8 3 4 5 2 1 4 3 47 

Bird Yellow-headed Blackbird 18 9 0 1 2 5 3 2 5    45 

Bird Marsh Wren 6 1 0 1 4 4 13 3 6    38 

Bird Blue-winged Teal 7 6 4 1 5 4 2 2 2   2 35 

Bird Swamp Sparrow 0 2 3 4 2 10 5 6     32 

Mammal River Otter 2 2 2 8 2 1 1 7 1 2 1 2 31 

Bird Common Moorhen 9 12 2 2 0 0 1 2     28 

Bird European Starling 3 3 1 5 0 2 10 2  1  1 28 

Reptile Garter Snake spp. 2 5 12 0 2 0 2 1 3  1  28 

Bird Virginia Rail 3 6 3 2 4 0 2 5 1 1  1 28 

Bird Ring-necked Pheasant 1 1 2 7 7 4 3 1   1  27 

Bird Sora 5 5 6 3 1 2 1 1  2   26 

Mammal Vole spp. 0 0 1 1 1 16    1 1  21 

Bird Barn Swallow 0 5 9 0 1 0 4      19 

Bird Common Yellowthroat 2 3 3 4 1 0 1 4    1 19 

Bird Gull spp. 0 0 1 2 0 2 2 5 2 1 4  19 

Mammal Mink spp. 2 0 0 1 0 2 6 5 2 1   19 

Bird Yelllow Warbler 2 8 2 0 2 4       18 

Bird Black Tern 2 0 2 0 0 6 1 1 1 1   14 

Bird Cedar Waxwing 0 1 0 0 1 0 8  4    14 

Bird Common Grackle 3 1 1 0 2 1 1 3 1    13 

Mammal Squirrel spp. 4 1 2 1 0 2  1  1 1  13 

Bird Swallow spp. 0 0 4 3 5 1       13 
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Bird Redhead 6 3 1 1 0 1       12 

Bird Great Horned Owl 0 3 0 3 2 1 1 1     11 

Bird Pied-billed Grebe 0 4 2 0 0 2  1 1 1   11 

Bird Ring-billed Gull 1 5 0 0 0 0   1  1 3 11 

Mammal Rodent spp. 0 6 5 0 0 0       11 

Bird Ruddy Duck 0 3 0 0 0 2 0 2 3    10 

Mammal Woodchuck 1 2 0 2 0 1 1 1  2   10 

Mammal Beaver 0 0 2 2 1 0  1 2  1  9 

Unknow
n 

Unidentifiable 0 0 6 0 0 1  1  1   9 

Mammal Weasel spp. 0 0 4 0 1 0 3   1   9 

Bird 
Black-crowned Night 

Heron 
4 2 1 1 0 0       8 

Bird Gray Catbird 0 1 0 0 0 0 4   1 1  7 

Bird Chipping Sparrow 0 0 0 0 0 0 2  1 3   6 

Mammal 
Moles spp. /Star-nosed 

mole 
0 0 1 0 0 3   1 1   6 

Butterfly Monarch 0 0 1 0 0 0 0 4 1    6 

Bird American Bittern 2 0 0 1 0 1  1     5 

Mammal Coyote 0 1 0 0 0 0 1  1  2  5 

Bird Forster's Tern 0 0 0 0 0 0 1 3 1    5 

Bird Killdeer 0 2 2 0 1 0       5 

Bird Wild Turkey 0 1 1 0 0 0 0 2    1 5 

Bird Common Snipe 1 1 1 0 0 0  1     4 

Mammal Domestic Cat 0 2 0 0 0 2       4 

Bird Herring Gull 3 0 0 0 0 0 0 1     4 

Bird Red-tailed Hawk 0 2 0 0 0 1    1   4 

Bird Songbird spp. 0 0 3 0 1 0       4 

Bird Warbler spp. 0 1 1 0 0 0 1     1 4 

Bird Yellow-rumped Warbler 1 3 0 0 0 0       4 

Bird American Goldfinch 1 1 0 0 0 0 0 1     3 

Bird American Robin 0 1 0 0 1 1       3 

Mammal Bat spp. 0 0 1 0 2 0       3 

Bird House Sparrow 0 0 3 0 0 0       3 

Mammal Mouse Spp. 0 0 0 0 0 3       3 

Bird 
Semi-palmated 

Sandpiper 
0 1 0 0 1 0      1 3 

Mammal Shrew spp. 0 2 1 0 0 0       3 

Bird Wood Duck 0 0 1 0 0 0  1   1  3 

Bird Bank Swallow 0 1 0 0 0 1       2 

Bird Brown-headed cowbird 0 1 0 0 0 0  1     2 

Fish Bullhead 0 0 1 0 0 0 0 1     2 

Bird Duck spp. 0 1 0 1 0 0       2 

Bird Great Crested Flycatcher 0 1 0 0 1 0       2 

Bird Great Egret 0 0 0 0 0 0 0 1   1  2 

Bird Mourning Dove 0 0 0 0 0 0 2      2 

Mammal 
Thirteen-lined Ground 

Squirrel 
0 1 0 0 0 1       2 
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Bird American Crow 0 0 0 0 0 0 0 0 1    1 

Bird American Golden Plover 0 0 0 0 0 0 0 0 1    1 

Bird American White Pelican 0 0 0 0 0 0 0 1     1 

Bird Black-bellied Plover 0 0 0 0 0 0 0 0 1    1 

Bird Chickadee 0 0 0 1 0 0       1 

Bird Chimney Swift 0 0 1 0 0 0       1 

Mammal Chipmunk 0 0 0 1 0 0       1 

Bird Cliff Swallow 0 0 1 0 0 0       1 

Mammal Fox Squirrel            1 1 

Mammal Gray Squirrel            1 1 

Bird Great Blue Heron 0 1 0 0 0 0       1 

Bird Green Heron 1 0 0 0 0 0       1 

Bird House Wren 0 0 1 0 0 0       1 

Mammal Little Brown Bat 0 0 1 0 0 0       1 

Mammal Norway Rat 0 0 0 0 0 1       1 

Bird Oriole 0 1 0 0 0 0       1 

Bird Piping Plover            1 1 

Mammal Red Fox 0 1 0 0 0 0       1 

Reptile Red-bellied Snake 0 0 1 0 0 0       1 

Bird Screech Owl 0 0 0 0 0 0 1      1 

Bird Shorebird spp. 0 1 0 0 0 0       1 

Mammal Short-tailed Shrew 0 1 0 0 0 0       1 

Bird Snow Bunting 0 0 0 0 0 0 0 1     1 

Bird Snowy Owl 1 0 0 0 0 0       1 

Bird Song Sparrow 0 0 1 0 0 0       1 

Amphibi
an 

Spotted Salamander 0 0 0 0 0 1       1 

Reptile Unknown reptile 0 0 0 0 0 1       1 

Bird Western Sandpiper 0 0 1 0 0 0       1 

Bird Willow Flycatcher 0 0 0 0 0 0 0 0 1    1 

Amphibi
an 

Frog/Toad 
7XXX

X 
1370

x 
78XX

XX 
2xxx 22xx 

217x
x 

245x
x 

2xx     0 

 
xxx = frog and toad 

numbers not in Totals 
            0 

 

Totals  1007 1394 388 379 314 438 566 585 656 1272 304 177 7480 
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2B: Peak Road Mortalities (By Mileage) 

Source: U.S. Fish & Wildlife Service  

 

 

 



 

[Type text] Page 48 

 

 

 

 

 

 

 

 

 

 

 

 



 

[Type text] Page 49 

3B: Hot Spots (By Species) 

Source: U.S. Fish & Wildlife Service  
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Section C: Toolboxes & Guidelines 
1C: Crossing Function  

Source: Wildlife Crossing Structures Handbook (U.S. Department of Transportation) 

  

2C: Guideline for Highway 49 Scenario 

Source: Wildlife Crossing Structures Handbook (U.S. Department of Transportation) 
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3C: Suitability of Design 

Source: Wildlife Crossing Structures Handbook (U.S. Department of Transportation) 
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4C: Road Mortality Survey Methodology  

Source: U.S. Fish & Wildlife Service 

Hwy. 49 Road Kill Survey History and Protocol 

Horicon National Wildlife Refuge 
U.S. Fish and Wildlife Service 
By Molly Stoddard 
 
The road kill survey is conducted daily most of the year (in years of high water) and less frequently in 

winter or in years of lower water.  For example, during major drawdowns or droughts, once the marsh is 

frozen, dike trapping has started, and/or snow starts to accumulate and become plowed, frequency 

decreases from M-F daily to M-W-F to not at all.   

Since it was initiated in March 2001, Diane Penttila conducted the survey.  She has since taken a new 

position in Utah, so in October 2002, ranger Stoddard conducted the survey.  Both Diane and Molly 

conducted the survey at the same time of day, between 7:00 am and 8:00 am, on their way to work.  

Molly turned it back to the new biologist, Wendy Woyczik, in spring 2003 and biological technician Jon 

Krapfl has conducted it since then. 

The survey starts with the vehicle parked on the south side of the road at the I-4/I-5 dike gate just inside 

the west boundary of the Refuge where it intersects Highway 49 east of the Hwy. 49 auto tour and trail 

and east of Marsh Haven Nature Center. (Gravel drive near East roadkill sign) 
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The trip counter on the vehicle odometer is zeroed out and flashers turned on.  On a clipboard, the 

surveyor documents the date, day, and initials.   

Then the survey begins with the vehicle traveling along the south shoulder heading east across the 

marsh at speeds of a maximum of 10 miles per hour most of the year or 20 miles per hour in winter.  

When new road kill is found, the surveyor writes down the mileage from the trip meter, identification as 

specific as possible, and the location on the road to prevent double-counting on subsequent days.  

Abbreviations are used such as SG or NG for south gravel and north gravel; C or YL, SWL, or NWL for  

center or yellow line, south white line, and north white line; and NL or SL for north lane or south lane.  

South
Gravel

North
White Line

North
Lane

Center

South
White Line

North
Gravel

Shoulder / Ditch line
Road Edge
White Line
Lane Tire Tracks
Center Line

N

South
Lane

Highway 49 – Broken down into 7 different zones from N to S

 

Mileage is marked by the closest tenth of a mile. An example of an entry on the raw data sheet would 

include the mileage mark, road zone, and animal(s).  i.e. 0.3 – SWL – MR 

That translates to one muskrat at 0.3 miles in the south white line area.  

 Accurate identification may require the use of binoculars or carefully leaving the vehicle for closer 

examination wearing an orange safety vest.  Double counting is avoided by referring to notes (location, 

identification, date).  New additions are also determined by observations made regarding presence of 

fresh red blood, stage of decomposition in warmer months, and, I don’t know how else to say it, but 

relative degree of flatness. Current and recent weather conditions must also be taken into consideration 

as snow plowing and heavy rain will usually provide a clean slate, but warm weather gentle rains will 

provide a dramatic increase in large numbers of snakes, frogs, and toads -- which will be too numerous 

to count.  Yes, it’s a great way to start your day or week as after two days off in warm weather over the 
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weekend with lots of night time driving, road kill really accumulates.  Other lessons learned:  the most 

durable part of a muskrat is its tail and of a frog, its hind feet (thank goodness for identification purposes 

in both cases). 

The survey usually ends once Hwy. 49 takes a southerly curve near the first intersection with County Z 

going to the north.  Sometimes, an animal is located past that but before the second intersection with Z 

going south and is usually included since the Refuge is still adjacent.  Daily survey notes are compiled 

onto a data form which is then tabulated by hand.  This survey will be conducted for at least one more 

calendar year, probably longer.  The Friends of Horicon NWR has established a task force to research the 

traffic safety/roadkill issue and will need relative and comparable data if changes are made on Highway 

49 as a result of their efforts. 
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Section D: Maps & Diagrams 
1D: Pool Impoundments 

Source: U.S. Fish & Wildlife Service  
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2D: Historical Maps 

Source: US Geological Survey, National Water Summary on Wetland Resources (United States Government Printing Office) 
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3D: Culvert Locations with Mileage Markers 

Source: U.S. Fish & Wildlife Service  
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4D: Rough Measurement Diagram of Fencing 

Source & Rendering: Bradley Wolf 

 

 

 

 

 

 

 

 

 

 

 

 


