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ABSTRACT
Rasmussen, H. Disturbance of waterfowl by boaters on Pool 4 of the Upper Mississippi
River National Wildlife and Fish Refuge. Masters of Science in Recreation Management,
August 2007, 56 pp. (S. Simpson)

The Upper Mississippi National Wildlife and Fish Refuge is currently undergoing a
Comprehensive Conservation Plan (CCP) that will determine how the river will be
managed over the next 15 years. The research I have conducted focuses on Pool 4 of the
Mississippi River, which is a popular resting and feeding site for waterfowl during
migration. Data was collected at two specific sites on Pool 4. The first is Peterson Lake
which is currently closed to waterfowl hunting. The second is Big Lake which is
currently open to all hunting. Part of the CCP proposes to close Big Lake in 2009 to
waterfowl hunting and incorporate boating corridors to better protect the waterfowl that
use the area as a resting and feeding site. Big Lake experienced a much greater amount
of disturbances during the observation period than Peterson Lake, and the majority of
those disturbances were caused by hunting boats. Each time waterfowl were disturbed,
they were forced to expend a certain amount of energy which they need to complete a
successful migration. Overall, 293 boating incidents occurred on Big Lake during the
observation period resulting in a total of 212 disturbances; whereas 58 boating incidents
occurred on Peterson Lake resulting in a total of 23 disturbances.
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INTRODUCTION
The Mississippi River is the mostly heavily used waterfowl flyway in the United
States. Annually millions of tundra swans, white pelicans, shorebirds, Canada geese, and
several species of ducks use this river as their primary migration route and rely on its
backwaters as resting and feeding areas (Ducks Unlimited, 2007). These same waters,
however, are also a popular recreational resource, serving large numbers of fishermen,
duck hunters, bird watchers, and recreational boaters. Annually recreation-related
expenditures on the Upper Mississippi River System exceed $1.2 billion (U.S. Geological
Survey, 2007). Successful migrations require undisturbed resting areas, and water-based
recreation is the primary source of disturbance. This potential conflict is a major issue
for resource management agencies committed to both wildlife conservation and quality
outdoor recreation.
The governmental entity responsible for overseeing the management of the
flyway, at least along a major northern section, is the Upper Mississippi River National
Wildlife and Fish Refuge. Extending 261 miles from Wabasha, Minnesota downstream
to Rock Island, Illinois, the Refuge is the longest unit of United States Fish and Wildlife
Service (USFWS) outside of Alaska. The Upper Mississippi Refuge’s newly approved
comprehensive conservation plan (CCP) is essentially a 300+ page document describing
in detail a balancing act between wildlife preservation and outdoor recreation (USFWS,
2006).
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One of the more controversial components of the CCP is the closing of 23 areas
within the refuge to waterfowl hunting.1 While this constitutes only 43,764 acres of the
refuge’s total of 240,000 acres, it includes significant waterfowl resting and feeding areas
and, therefore, prime hunting sites (USFWS, 2006, p. 151; Fox & Madsen, 1997). Two
of the sites proposed for waterfowl hunting bans are backwater areas known as Peterson
Lake and Big Lake. Peterson Lake has been closed to waterfowl hunting for many years,
and the CPP will open to hunting small sections of area that currently are closed. Big
Lake currently is open to hunting, but will be closed beginning 2009. See appendix C for
a map of both study areas. This study was an attempt to discern the extent that various
types of boaters disturb waterfowl on Peterson Lake and Big Lake and how birds react to
each disturbance. Specifically it was an anonymous observation of boat traffic and its
effect on waterfowl during the 2006 Wisconsin waterfowl hunting season. The compiled
information is intended to help USFWS managers determine whether the closing of these
specific areas to hunting is an effective way to minimize waterfowl disturbance.

Boat and Hunting Disturbances
Past research does suggest that motor boating and hunting are the two main
recreation activities disturbing waterfowl in the Upper Midwest (Korschgen, George, &
Green, 1985; Dahlgren & Korschgen, 1992). In a study on Lake Onalaska of the Upper
Mississippi River, over half of the disturbances that took place were by hunting and
fishing boats (Kenow, Korschgen, Nissen, Elfessi, & Steinbach, 2003). In a similar study
on human disturbance of diving ducks on Long Point Bay in Lake Erie, commercial
1

Some areas of the Refuge had been closed to waterfowl hunting prior to the 2006 CCP. While the Plan
actually reduces the total acreage closed to hunting, it does withdraw from hunting some backwater areas
that previously had been open.
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fishing boats were the most common cause of waterfowl disturbance during spring
(81.2%), and hunting boats were the most common cause of disturbance in fall (66.6%)
(Knapton, Petrie, & Herring, 2000).
Bechet, Giroux, and Gauthier (2004) actually compared specific areas that were
open to hunting one season and closed to hunting another. Their findings showed that
disturbance levels increased during years with hunting, mostly due to the increase in
hunting activities. The waterfowl flew longer distances after a hunting disturbance, and
disturbed geese used habitats that yielded less metabolizable energy sources in hunting
years. When geese are forced to move to areas that do not have as abundant of a food
supply, they may not be acquiring the amount and kinds of food they need for migration
energy demands. Paillisson, Reber, and Marion (2002) observed that hunting
disturbances limited diurnal accessibility of ducks to wet grasslands, and the duck
population in flooding grasslands increased by 55-65% when hunting was prohibited and
species richness grew from 14-19 species to 23 species.
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METHODS
This study was anonymous observation of boating activity and boating’s effect on
birds at Peterson Lake and Big Lake, two backwater areas of Mississippi River Pool 4.
The Upper Mississippi River is a series of navigation locks and dams. The pools behind
the dams are identified by number. The Upper Mississippi National Wildlife and Fish
Refuge extends from Pool 4 downstream to Pool 13. Big Lake is located at the south end
of the Refuge’s northernmost pool near Nelson, Wisconsin and is 2,461 acres in size.
Peterson Lake is located adjacent the main channel and just above the lock and dam near
Alma, Wisconsin. It is 677 acres in size.
Erosion of islands that border Peterson Lake has led to a decrease of both aquatic
and land habitat diversity. There is, however, a proposal to increase emergent vegetation
by 500% through manmade island formation. Big Lake is considered a prime puddle
duck and diving duck habitat, although sedimentation buildup has negatively impacted
both aquatic vegetation and water depth diversity. Proposals for Big Lake include island
construction, maintenance of water depths, and re-vegetation of select sites (USFWS,
2006, pp. 739-742).
Observations of boating activity were made with spotting scopes from elevated
sites atop the Mississippi bluffs. Observations were made daily from September 30, 2006
(opening day of Wisconsin waterfowl hunting season) and ending December 1 (the last
day any open water remained at either site). Hours of observation varied, depending on
availability of volunteers and weather conditions (i.e., fog causing poor visibility). All
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observations were made during daylight hours. All volunteers received training from the
primary investigator.
The research instrument was adapted from a similar study conducted on Lake
Onalaska (Mississippi River Pool 7) by Kenow, Korschgen, Nissen, Elfessi, and
Steinbach (2003). A pilot study of the revised instrument and the two viewing sites was
conducted by USFWS staff fall of 2005.
The information observed and recorded during the study included 1) total number
of birds present, 2) weather conditions, and 3) details of each boating incident. A boating
incident is defined as any time a boat moves through a designated area, independent of
whether birds were actually disturbed. For each boating incident, observers noted 1) date
and time of the incident, 2) the boat’s origin, route, and destination, 3) type of boat, 4)
approximate boat speed (i.e., slow, moderate or fast), 5) level of disturbance (i.e., no
disturbance, fewer than 1000 birds disturbed, more than1000 birds disturbed), 6) duration
of each disturbance, 7) species and number of birds disturbed), and 8) bird reaction to
disturbance (i.e., parted, circled, or moved). Parted meant the birds swam away, circled
meant the birds took flight, but remained in the area. Moved means that the birds left the
area altogether. Interestingly, the bird behavior was species specific. For example, coots
had a tendency to part when a boat entered the area, whereas canvasbacks would circle or
fly out of the area. See Appendix C for an example of the recording sheet.
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RESULTS
During the 2006 Wisconsin hunting season, observers recorded 293 boating
incidents on Big Lake, resulting in 212 disturbances (see Figure 4). On Peterson Lake,
the numbers were 58 incidents resulting in a total of 23 disturbances (see Figure 5).
Obviously Big Lake had considerably more incidents than Peterson Lake, but Big Lake is
nearly four times bigger than Peterson Lake – and during the autumn of 2006, Big Lake
was open to waterfowl hunting, while Peterson Lake was closed. Peterson Lake also had
two other restrictions on it that Big Lake did not. The first was a voluntary avoidance
designation. This means that the area was posted to encourage, but not require all
boaters, to practice limited entry during the waterfowl hunting season. The second was a
posted travel corridor from the Peterson Lake boat landing to the main channel of the
Mississippi River. This meant that boaters entering the Refuge from the Peterson Lake
landing were encouraged to follow a designated boating lane when motoring through
Peterson Lake (USFWS, 2006, p. 737).
The following figures 1-3 are spaghetti maps of the routes the boaters took at each
site. Big Lake has been separated on two different maps by month because there was
much more activity at this location. Note at Peterson Lake the highest concentration of
routes fall on the marked boating corridor.

6

Figure 1. Spaghetti Map of Boater Routes on Peterson Lake
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Figure 2. Spaghetti Map of Boater Routes on Big Lake (October 2006)
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Figure 3. Spaghetti Map of Boater Routes on Big Lake (November, 2006)

On average 5.23 incidents occurred each day at Big Lake resulting in an average
of 3.85 disturbances per day, whereas an average of 2.25 incidents occurred each day at
Peterson Lake resulting in an average of 1.5 disturbances per day.
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Figure 5. Observed Incidents and Disturbances on Peterson Lake

Principal Types of Boating Activity
70% of boating events on Big Lake were hunters, 18% were fishermen, and the
remaining 12% were a combination of canoes, pleasure, airboats, and unknowns. On
Peterson Lake (closed to hunting), 60% of boats were fishermen, 31% were classified as
pleasure, only 7% were hunters, and the remaining 2% were canoes (see Figure 6).
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Figure 6. Principle Types of Boating Activity Observed on Big Lake and Peterson Lake

Effects of Boating Activity
Figure 7 shows that at Big Lake hunting boats resulted in the highest percentage
of major and minor disturbances. Major disturbances were over 1000 birds being
affected, and minor disturbances were fewer than 1000 birds. Peterson Lake, on the other
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hand, showed that hunting boats resulted in no disturbances during the entire observation
period. Fishing and pleasure boats caused the highest percentage of minor disturbances
at this site, and no disturbances were classified as major (Peterson Lake was never
observed to have over 1000 birds present, so a major disturbance could not occur).
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Figure 7. Level of Disturbances (major>1000 birds, Minor<1000 birds, None) at Big
Lake and Peterson Lake

12

Bird’s Reactions Upon Disturbance
Each species of bird reacted differently to disturbances. Diving ducks and coots,
in 70% of disturbances, parted; i.e., they neither circled nor flew away, but simply swam
away from the disturbance. When they did take flight, they usually flew away (27%)
rather than circled (3%). Canvasbacks scared more easily. With 60% of the
disturbances, the birds would circle for an average of about 3 minutes; 36% of the time
they would actually move to a new area, and in only 4% of disturbances would they part
when a boat came through. Pelicans, when disturbed, flew away 100% of the time. (see
Figure 8).

Bird Reactions When Disturbed - Big Lake
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Divers and Coots
Pelicans
Canvas Backs

60.0%
40.0%
20.0%
0.0%
Part Only

Circle

Move

Figure 8. Species Specific Reactions upon a Disturbance at Big Lake

Energy expenditure for flight is much higher than that used for other behaviors
(Tucker, 1973). Each time a disturbance caused the birds to move or circle they used
energy that was stored for migration. It can be inferred that canvasbacks are burning
more energy reserves because of their tendency to move or circle upon each disturbance.
If canvasbacks are disturbed at a rate of 1 hour/day, they would need to consume
13

additional food, as much as 75 kcal/day above their maintenance level 400 kcal to
compensate for the energy demand of the disturbances (Korschgen, George, & Green,
1985; Prince, 1979).
With an average of four observed disturbances/day at Big Lake and an average of
three minutes per disturbance, observed disturbances lasted on average 12 minutes per
day. However, up to 8 daylight hours each day were not observed, so numbers very
likely exceed those observed.

Bird Counts
A greater number of birds used Big Lake each day with an average of 11,571
birds per day; Peterson Lake had an average of 556 birds per day. Big Lake experienced
a significant drop in numbers around November 9th and Peterson Lake experienced an
increase in numbers peaking around November 25th (see Figure 9). This decrease in
numbers is mostly due to migration patterns and birds moving further south from the
area. Coots and divers made up the majority of the bird counts each day.
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Figure 9. Daily Bird Counts at Big Lake and Peterson Lake

The data gathered on bird activity at each site showed that unless there was a high
rate of disturbance, birds were observed either resting or actively feeding. On cold windy
days and at dusk birds tended to group more closely together, which would cause a
greater disturbance if a boat passed through these dense groups of birds. On warmer
more calm days the birds had a tendency to spread out, which created a greater number of
disturbances, because there was no route for boaters to avoid close contact with the birds.
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DISCUSSION
The Ecology
Were ecological factors the sole consideration, appropriate resource management
would be closing to hunting a series of prime feeding areas the entire length of the Upper
Mississippi National Wildlife and Fish Refuge. Based upon the study, the area closed to
hunting (Peterson Lake) had fewer boating incidents and disturbances than the area open
to hunting (Big Lake), and the majority of users on Pool 4 during the fall migration were
hunters. Very likely plans to close Big Lake to hunting in 2009 will lessen disturbances
and truly provide a refuge for waterfowl to feed and rest during migration. Definitive
information concerning the effectiveness of closures will come only when the results of
this study are compared to future research (studies conducted after Big Lake is closed to
hunting in 2009). The most valuable long-term importance of this 2006 study may be as
a baseline for the ongoing monitoring of both Peterson Lake and Big Lakes.
One topic deserving further study is posted boating corridors. On Peterson Lake,
the majority of boats moving through the area did follow the marked corridor, which may
have resulted in less disturbances overall. The birds had a tendency to sit far enough
away from the boating corridor that the majority of them were not disturbed by boats that
stayed to the corridor. On Big Lake, there were preferred boating routes, but without a
marked corridor in place, boats traveled throughout the area. This freedom to move
around the area may have contributed to a greater number of disturbances; boats on Big
Lake did sometimes move through large rafts of birds. Based on limited results, it is
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recommended that a marked boating corridor similar to that on Peterson Lake be
established on Big Lake. Based on the spaghetti maps that show the most common
boater route, the USWFS may be able to establish a route that would be suitable for the
waterfowl using the area and for users passing through. Further research might determine
whether boating corridors are an alternative to complete boating bans.

The Politics
Hunting closures are as much a political issue, as an ecological one. The
Refuge’s CCP explicitly states that the goals of hunting closures are not entirely
waterfowl protection, but include the provision of quality hunting (USFWS, 2006, p.
738). The approval process of the comprehensive conservation plan was controversial
and involved a high volume of public input. In total, there were 46 public meetings
attended by 4,500 people, plus 3,230 written comments were submitted to USFWS
officials (USFWS, 2006, p.). Now that the plan has been finalized, hunting conservation
groups and interested individuals continue to question some of the hunting policies. This
research and research like it are vital not only to guide management actions, but also to
provide data that can be used to show the interested public that restrictive policies are
based upon objective research. This study, it should be pointed out, was conducted after
the CCP was finalized. Its purpose was not to establish policy, but to help managers
determine whether the policy was correct – and if the research supported the policy, to
use the data as substantiation for management actions.
The long-term goal of research on boater-waterfowl interaction may be
determining the least restrictive forms of regulation that still provide a safe migration

17

route. A series of resting and feeding areas closed to hunting is an effective and cautious
policy for an agency that puts waterfowl conservation over recreation when the two
social goods conflict. Short of a total boating ban, it may be the most effective policy –
and until other techniques are researched, it may be the best. The question is to what
extent can guaranteed effectiveness be compromised in order to provide additional
opportunities for recreation. By combining management techniques (i.e., boating ban,
motor ban, hunting ban, boating corridors, voluntary avoidance), resource managers may
be able to fine tune policies that impact both the ecological and recreational ramifications
of their actions.
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LITERATURE REVIEW
Introduction
The following is a literature review that focuses on three elements of waterfowl
and recreation. First is a review of the history of waterfowl management and what is
currently being done today to better protect and preserve waterfowl populations in the
heavily used Mississippi flyway. Second is a specific look at hunting disturbance to
waterfowl. Finally, included is a review of energy expenditure on waterfowl caused by
human disturbance. This is an important element to examine in order to better
understand the effects boating disturbance had on the waterfowl in this study.
The History of Waterfowl Management
In 1986 a North American Waterfowl Management Plan (NAWMP) was signed
by the U.S. Secretary of the Interior and the Canadian Minister of the Environment, with
a goal of restoring waterfowl populations in North America to levels of the 1970s via
habitat conservation (Bolen, 2000). Since then partners have contributed over $1.4
billion dollars to deliver conservation on about 2 million acres throughout North America
(Williams, Koneff, & Smith, 1999). During the same period of time, most waterfowl
populations have experienced a dramatic recovery (Kelley, Caithamer, & Wilkins, 1998).
Many factors may have contributed to these population increases, including restrictions
on the sport harvest of waterfowl and habitat conservation (Williams et al., 1999). Some
of these restrictions might include closing certain areas to hunting, lowering bag limits,
making the hunting season shorter, or restricting what kinds of species hunters can shoot.
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The establishment of the National Wildlife Refuge System is another very
important event to note. President Theodore Roosevelt initiated the refuge system when
by an Executive Order issued in 1903, he protected Pelican Island in Florida and thereby
ended plume hunting in the island’s egret rookeries. Roosevelt would carve nearly 40
additional refuges from the public domain before he left office (Bolen, 2000). This
network of protected lands has grown to encompass over 535 wildlife refuges and more
than 3,000 small waterfowl breeding and resting areas. Each year millions of migrating
birds use refuges as stepping stones to rest as they fly thousands of miles south for the
winter and return north for the summer (US Fish and Wildlife Service, 2002).
Current Waterfowl Management on the Upper Mississippi River
Under the National Wildlife Refuge System Improvement Act of 1997, all
national wildlife refuges are required to develop a comprehensive conservation plan
(CCP). CCP is a document that provides a framework for guiding refuge management
decisions. All refuges are required by law to complete its CCP by 2012 (National
Wildlife Refuge Association, 2007).
The whole process - from formulating a plan to implementing it - complies with
standards outlined in the National Environmental Policy Act (NEPA). NEPA requires
CCPs both to examine a full range of alternative approaches to refuge management and
also to involve the public in selecting the alternative best suited to the refuge's purposes.
In addition, the Refuge Improvement Act also states that refuges must "develop and
implement a [planning] process to ensure an opportunity for active public involvement in
the preparation and revision of comprehensive conservation plans" (National Wildlife
Refuge Association, 2007).
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The research conducted was on Pool 4 of the Mississippi River which is part of
the Upper Mississippi National Wildlife and Fish Refuge (UMRR). Over the past four
years the UMRR has been going through the CCP process developing a 15-year
management plan to best protect the resources of the river which is heavily used for
recreational and commercial purposes (U.S. Fish and Wildlife Service, 2006).
Recreation opportunities on the Upper Mississippi River System are as varied as
the river itself. Millions of people visit the area every year to participate in water
activities, including boating, fishing, swimming, or simply enjoying the river's beauty.
Annual recreational expenditures on the Upper Mississippi River System exceed $1.2
billion (US Geological Survey, 2007).
An economic impact study by the USGS (1990) found there were over 12 million
daily visits by recreationists during the study year. Boating, fishing, and sightseeing were
the most popular activities, and half of all visitors boated. Visitors spent over $190
million on items consumed on trips during the study year, and spending on durable items
amounted to over $150 million. The average spending per visitor per day for items
consumed on trips was $15.84. These numbers show just how heavily the Mississippi
River is used for recreational purposes.
Commercially, the Mississippi is one of the world's most important and
intensively regulated rivers; the term regulated applies to rivers that are dammed and
constrained. The river is navigable by ocean vessels upstream as far as Baton Rouge,
Louisiana, and by commercial craft with a 9-foot (2.7-meters) draft as far as Minneapolis
(U.S. Geological Survey, 2007).
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Along with being an important area for recreation and commercial purposes, the
UMRR is also site to one of the most important and heavily used migration flyways in the
United States. Established in 1924, the 240,000-acre Refuge covers 261 miles of the
River valley from Wabasha, Minnesota, to Rock Island, Illinois (U.S. Fish and Wildlife
Service, 2007). One of the main management goals for this refuge is to preserve this
stretch of land for spring and fall migration.
Millions of waterfowl rely on habitat along the Upper Mississippi River for
breeding, migration and foraging. This area provides a major migratory corridor for the
Mississippi Flyway, which funnels more waterfowl to the wintering grounds than any
other flyway (Ducks Unlimited, 2007).
The Mississippi Flyway is the migration corridor for 40% of North America's
waterfowl and shorebirds. The river's north-to-south orientation and nearly contiguous
habitat make it critical to the life cycle of many migratory birds. A 40-mile reach of the
Upper Mississippi River has been characterized as the single most important inland area
for migrating diving ducks in the United States (U.S. Geological Survey, 2007).
Part of the UMRR CCP is to close Big Lake on Pool 4 to waterfowl hunting,
which is an area heavily used by waterfowl during migration as a resting and feeding site.
The hope is that with the area closed to hunting there will be fewer disturbances to the
waterfowl using the area (U.S. Fish and Wildlife Service, 2006). The research collected
compares disturbances in an area already closed to waterfowl hunting Peterson Lake on
Pool 4 with Big Lake, which is open to hunting.
As the human population continues to grow, there will be an increasing demand
on resources, including sites that are essential resting and feeding sites for waterfowl.
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For example, Lake Onalaska established a voluntary waterfowl avoidance area (VWAA)
in 1986 to curtail boat disturbance during migration. Boating traffic on Lake Onalaska
has increased steadily from 1981 level, to 1.82 boating events per hour in 198688(Steinbach, 1988), 1.97 in 1993, and 2.58 in 1997. Despite a 62% increase in boating
traffic, the lake-wide disturbance rates in 1997 were comparable to that in 1981 (Kenow
et al., 2003). This is a perfect example of how as boating activity continues to increase,
management techniques can be implemented to preserve certain areas.
It will be important to continue to monitor boater activity on the Mississippi River
as it continues to increase in order to best manage the resource for all wildlife. When Big
Lake has closed to waterfowl hunting in 2009 it will be especially important to collect
and compare data in order to help determine whether the USFWS management practices
are working. It is also suggested to collect data in years following the closing of Big
Lake to record if numbers and species diversity of waterfowl increase.
Effects of Hunting and Boating on the Behavior of Waterfowl
Motor boating and hunting are the two main activities that disturb waterfowl in
the upper Midwest ( Korschgen et al, 1985; Dahlgren & Korschgen, 1992). In an
ongoing study on Lake Onalaska of the Upper Mississippi River it showed that over half
of the disturbances that took place were by hunting and fishing boats (Kenow et al,
2003). In a similar study on human disturbance of diving ducks on Long Point Bay, Lake
Erie, commercial fishing boats were the most common cause of waterfowl disturbance
during spring (81.2%) and hunting boats were the most common cause of disturbance in
fall (66.6%) (Knapton, Petrie, & Herring, 2000).
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In a recent study, two upper and lower estuaries were observed and compared to
a period when hunting was allowed to a period the areas were closed to hunting. Bechet,
Giroux, and Gauthier (2004) findings showed that disturbance levels increased in the
upper and lower estuary during years with hunting, mostly through an increase in hunting
activities. The waterfowl flew longer distances after a hunting disturbance, and disturbed
geese used habitats that yielded less metabolizable energy, especially in hunting years.
When geese are forced to move to areas that don’t have as abundant of a food supply,
they may not be acquiring the amount and kinds of food they need for migration energy
demands.
In other studies there is further evidence that hunting is the main cause of
mortality among certain waterfowl. Moon and Haukos (2006) concluded the period of
highest mortality occurred during the pintail hunting season with 88% of deaths during
2002-2003 occurring during this period. The birds in this study were radiotagged and
monitored providing evidence that this was the reason for mortality. Similarly, hunting
was a significant mortality factor for wintering female pintails in some parts of Louisiana
and California (Fleskes, Jarvis, & Gilmer, 2002). Cox, Afton, and Pace (1998) reported
that 65% of mortalities in Louisiana were from hunting. Although survival estimates in
Mexico were high, Migoya and Baldassarre (1995) also found that hunting caused most
mortalities with only one known death occurring from natural causes in Mexico. All of
these studies are examples of how hunting has a strong impact on the survival of
waterfowl, whether it be from disturbance or directly being shot.
Responses of the waterbird community to the management regime of a wet
grassland system (primarily small changes in water regime but also hunting disturbance)
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in a large floodplain lake, Grand-Lieu, were studied during three consecutive years
(1998-2000). The hunting disturbance clearly limited diurnal accessibility of ducks to
wet grasslands in January and February 1998 and 1999. Also, the duck population in
flooding grasslands increased by 55-65% in January 2000 when hunting was prohibited
and in the same time the species richness grew from 14-19 species up to 23 species in
2000 (Paillisson, Reber, & Marion, 2002). This study is important because it supports the
theory that waterfowl hunting is a major cause of waterfowl disturbances.
Other studies demonstrate that hunting disturbances can have negative effects on
behavior of spring staging geese, and ultimately adversely affects their prenuptial
fattening and ensuing reproduction. (Feret, Gauthier, Bechet, Giroux, & Hobson, 2003;
Mainguy, Bety, Gauthier, & Giroux, 2002). This is mainly because a bird’s priority
changes to one of accumulation of fat and protein reserves during prenuptial migration
and disturbances can affect their ability to store these reserves. In addition, waterfowl
weapons have an effective range of 30-40m, requiring hunters to have close access to
their quarry. Sites most heavily used by waterfowl tend also to be those most heavily
used by hunters (Fox & Madsen, 1997).
The following study is an example of how important and useful it is to close
certain areas to hunting in order to better protect and preserve waterfowl. In two Danish
coastal wetlands, waterfowl hunting was the most critical source of disturbance to
autumn-staging waterfowl. To test whether hunting disturbance displaced birds from
sites, experimental refuge areas were established with hunting-free areas. In both areas,
experiments showed that quarry geese and dabbling ducks re-distributed according to the
position of hunting-free areas, and species richness increased from before to after the
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experiment. In quarry geese, there was 6-8-fold increase in numbers from before to after
the experiments; in quarry dabbling ducks there was a 4-50-fold increase. This showed
strong evidence that refuge creation is an efficient management tool to improve the
conservation value and biodiversity of wetlands of importance to waterfowl (Madsen,
1998).
While physical development in most cases causes an irreversible loss of wetland
habitat, disturbance from recreational activities causing a functional habitat loss is
reversible because it can be mitigated by access regulation (Madsen, 1998).
Energy Expenditure on Waterfowl Caused by Human Disturbance
There have been a number of studies conducted on human disturbances of
waterfowl all over the world (Dahlgren & Korschgen, 1992). Disturbance to normal
roosting/feeding patterns operates at three different levels. First, birds may be disrupted
from their normal activity or displaced from an optimal distribution, which imposes
additional energetic costs (extra flight cost and/or lost foraging time). Secondly,
exclusion from the optimal distribution may reduce the birds’ ability to harvest food by
displacement from optimal feeding sites to those that are less profitable. Finally, because
of disturbance to a roost, birds may suffer enhanced predation risk (Fox & Madsen,
1997).
Human activity causes wintering waterfowl to expend energy to avoid humans at
a time in their annual cycle when energy conservation is important to survival, migration,
and breeding reserves (Pease, Rose, & Butler, 2005). In capital breeders these critical
reserves are required to complete migration and contribute to breeding success (Bety,
Gauthier, & Giroux, 2003). Consequently, disturbances could influence the ability of
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birds to acquire the fat necessary for migration as well as for egg laying following spring
migration and for over winter survival following fall migration (Haramis, Nicholls,
Polluck, & Hines, 1986). For example, Feret et al. (2003) showed that abdominal fat and
breast muscle protein of greater snow geese at the end of staging was 5-11% lower,
respectively, in years with hunting relative to years without, for all regions. In another
study Bechet, Giroux, Guthier, Nichols, and Hines (2003) showed that in years with
hunting the increase in backwards movements of birds during migration represented an
augmentation in the frequency of long-distance flights and thus in energetic costs.
Another consequence of the backward movement was that migration no longer tracked
the seasonal changes in resource availability. Hence, these movements may have forced
some geese to move back to regions where resources were already depleted.
Energy expenditure for flight is much higher than that used for other behaviors
(Tucker, 1973). If canvasbacks are disturbed at a rate of 1 hour/day, they would need to
consume an additional increment of food, perhaps as much as 75 kcal/day above their
estimated 400 kcal for maintenance to compensate for the energy demand of the
disturbances (Korschgen et al., 1985; Prince, 1979). Unlike dabbling ducks, geese, and
swans, which attain much of their nutrition through terrestrial feeding, diving ducks are
dependent solely on aquatic foods. Consequently, diving ducks consume large quantities
of aquatic plants and invertebrates during migration to obtain energy and nutrients
necessary for sustained flight, future reproduction, and survival (Knapton et al., 2000).
It is relatively easy to assess the proximate effects of human disturbance on
waterfowl. It is these effects that can ultimately compromise the carrying capacity of key
staging areas, as well as the ability of birds to meet the energy requirements of migration,
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breeding, and survival. Obtaining information pertaining to these ultimate effects of
disturbance, however, is much more difficult. Human disturbance is most likely to
increase, so an indication of the ultimate effects of disturbance on waterfowl (e.g., their
ability to acquire body fat and the length of stay) is essential (Knapton et al., 2000).

Summary
There have been a number of studies conducted on how human disturbance
affects waterfowl populations. Through proper management techniques there are ways to
alleviate these disturbances on waterfowl during migration and other times energy is in
high demand. It is clear we need to find a balance between allowing recreational
activities, especially waterfowl hunting, and preserving areas that are important resting
and feeding sites for waterfowl populations.
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Research Schedule
Weekday

Date

Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday

Sept. 30
Oct. 1
Oct. 2
Oct. 3
Oct. 4
Oct. 5
Oct. 6
Oct. 7
Oct. 8
Oct. 9
Oct. 10
Oct. 11
Oct. 12
Oct. 13
Oct. 14
Oct. 15

Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday

Oct. 16
Oct. 17
Oct. 18
Oct. 19
Oct. 20
Oct. 21
Oct. 22
Oct. 23
Oct. 24
Oct. 25
Oct. 26
Oct. 27
Oct. 28
Oct. 29
Oct. 30
Oct. 31
Nov. 1
Nov. 2
Nov. 3
Nov. 4
Nov. 5
Nov. 6
Nov. 7
Nov. 8
Nov. 9
Nov. 10
Nov. 11
Nov. 12
Nov. 13

Peterson Lake
Hours Observed
7:30-11:00 & 13:0016:00
10:30-15:00
9:00-11:00
13:00-15:00
11:30-13:30
8:00-10:30
15:30-18:30
14:00-17:00
8:00-10:30
13:00-15:00
12:00-14:00
12:00-15:00
9:00-11:30
14:00-17:00
8:00-11:00 & 13:3015:30
14:30-16:30
13:00-16:00
16:00-18:00
8:00-11:00
9:30-13:00
12:30-15:30
8:00-11:00
13:00-15:30
10:00-12:00
12:30-15:30
10:00-14:30
9:00-12:00
9:30-12:00
10:30-12:30
15:00-17:00
13:30-16:30
12:30-15:30
8:00-17:00
9:00-14:30
11:00-2:00
15:30-17:30
10:30-13:00
12:30-15:30
9:30-11:30
12:30-16:30
7:00-12:00
10:00-12:30
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Big Lake
Hours Observed
7:30-11:00 & 13:00-16:00
10:30-15:00
9:00-11:00
10:00-15:00
8:30-11:00 & 13:00-15:00
14:00-18:00
12:00-17:30
8:00-11:30
12:00-15:00
14:00-17:00
8:00-10:30
13:00-15:00
9:00-11:30
12:00-15:00
12:00-15:00
8:00-11:00
13:30-15:30
17:00-18:30
13:00-16:00
12:30-15:00
7:30-10:30
9:30-13:00
12:00-16:00
12:30-15:30
8:00-11:00
10:00-12:30
13:00-16:00
12:30-15:30
10:00-14:30
12:00-14:30
12:00-14:00
7:00-10:00
13:00-15:00
13:30-16:30
12:30-15:30
8:00-12:30
13:00-17:00
14:30-16:30
12:30-15:30
7:00-10:00
12:30-15:30
7:00-9:00
7:00-12:00
13:00-16:30
7:00-10:00

Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday
Wednesday
Thursday
Friday
Saturday
Sunday
Monday
Tuesday

Nov. 14
Nov. 15
Nov.16
Nov. 17
Nov. 18
Nov. 19
Nov. 20
Nov. 21
Nov. 22
Nov. 23
Nov. 24
Nov. 25
Nov. 26
Nov. 27
Nov. 28
Nov. 29
Nov. 30
Dec. 1
Dec. 2
Dec. 3
Dec. 4
Dec. 5

14:30-16:30
11:00-13:00
11:30-14:30
13:30-16:30
10:00-14:00
7:00-12:00
12:00-14:00
8:30-11:30
8:00-10:00

14:30-16:30
7:30-10:30
12:00-14:30
13:30-16:30
10:00-14:00
7:00-12:00
14:30-16:30
8:30-11:30
10:30-12:30

12:30-15:30
9:30-10:00
13:30-15:30
12:00-14:00
12:30-14:30
9:00-12:00
12:30-14:30
Lake Frozen
Lake Frozen
Lake Frozen
Lake Frozen

7:00-12:00
10:00-11:00
10:30-13:00
14:00-16:30
9:00-12:00
12:30-14:30
12:30-14:30
Lake Frozen
Lake Frozen
Lake Frozen
Lake Frozen
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2006 Big Lake Recreational Boating Survey
DATE: ____ / ____ / ____ TIME OF INCIDENT: ____:____ OBSERVER :

BOAT ORIGIN: _______

BOAT DESTINATION: _____

______

[Diagram route of boat]

TYPE OF BOAT/ACTIVITY: ____

1)Hunting 2)Fishing 3)Pleasure 4)Sailing
5)Airboat 6)Canoe 7)Commercial 8)Airplane 9)Government 10)Unknown

BOAT SPEED: ____ S)low M)oderate F)ast
EVENT TYPE: ____ N)on-intrusion I)ntrusion into proposed closed area
DISTURBANCE: __ 1) NONE 2) MINOR [<1000 BIRDS] 3) MAJOR [>1000 BIRDS]
PROPORTION OF DISTRUBED BIRDS INSIDE PROPOSED CLOSED AREA (%)
______
BIRD BEHAVIOR: _____ P)arted C)ircled _____ times M)oved to/direction of flight ______
AMOUNT OF TIME DISTURBED (sec) ________
NUMBER OF BIRDS INVOLVED BY SPECIES
CANV

LESC

RNDU

DIVER

AMCO

DV+CT

PUDDL

TUSW

GEESE

GTBH

GREG

Boat origin/destination codes:
1. North end of Big Lake
2. Catfish Slough
3. Beef Slough
4. Robinson Lake
5. Main Channel South
6. Main Channel North
WEATHER CONDITIONS (Please check all that apply):
Sunny ____ Cloudy____ Partly Cloudy____ Windy____ Foggy____
Rain____Snow____
Approximate Temperature (degrees Fahrenheit)__________
WORK COMPLETED BY: ____________ DATE: __________ STUDY DIRECTOR
REVIEW: __________________________
ENTERED ON COMPUTER BY: _______ DATE: _______ COMPUTER ENTRY
VERIFIED BY: _______ DATE: ______

Notes
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2006 Peterson Lake Recreational Boating Survey
DATE: ____ / ____ / ____ TIME OF INCIDENT: ____:____ OBSERVER :

BOAT ORIGIN: _______

BOAT DESTINATION: _____

______

[Diagram route of boat]

TYPE OF BOAT/ACTIVITY: ____

1)Hunting 2)Fishing 3)Pleasure 4)Sailing
5)Airboat 6)Canoe 7)Commercial 8)Airplane 9)Government 10)Unknown

BOAT SPEED: ____ S)low M)oderate F)ast
EVENT TYPE: _____ N)on-intrusion I)ntrusion into closed area
DISTURBANCE: __ 1) NONE 2) MINOR [<1000 BIRDS] 3) MAJOR [>1000 BIRDS]
PROPORTION OF DISTURBED BIRDS INSIDE THE CLOSED AREA (%) _______
BIRD BEHAVIOR: _____ P)arted C)ircled _____ times M)oved to/direction of flight ______
AMOUNT OF TIME DISTURBED (sec) ________
NUMBER OF BIRDS INVOLVED BY SPECIES
CANV

LESC

RNDU

DIVER

AMCO

DV+CT

PUDDL

TUSW

GEESE

GTBH

GREG

Boat origin/destination codes:
1. Opening to main channel
2. Peterson Lake landing
3. Pioneer Marina
4. Private docks
5. Alma Marina
6. Main Channel South
7. Main Channel North
WEATHER CONDITIONS (Please check all that apply):
Sunny ____ Cloudy____ Partly Cloudy____ Windy____ Foggy____
Rain____Snow____
Approximate Temperature (degrees Fahrenheit)__________

WORK COMPLETED BY: ____________ DATE: __________ STUDY DIRECTOR
REVIEW: __________________________
ENTERED ON COMPUTER BY: _______ DATE: _______ COMPUTER ENTRY
VERIFIED BY: _______ DATE: ______

Notes:

41

BAEA

42

43

Definitions of Terms

1. Navigation Pools= The Upper Mississippi River is separated into pools by 29
different lock and dams for navigation purposes.
2. Boating Event= Each time a boat moves through a designated area.
3. Disturbance= Anytime waterfowl react and move from human activity.
4. Boater Routes= The recorded path each boat took through a specific area beginning
with its origin and ending with its destination.
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Limitations
There were a number of limitations that should be taken into consideration when
examining the data and drawing conclusions. One major limitation to data collection was
weather conditions. There were a few days that the fog was so thick at each site that the
visibility was too poor to record any data. High winds and heavy snow also led to poor
visibility and cold temperatures caused the lens on the spotting scope to fog up which
was problematic at times.
A number of other factors may have had an effect on boater activity including: if
it was a weekday or weekend, if other hunting was taking place such as opening of deer
hunting, and there may be more or less activity based on time of day. We tried to combat
this limitation by recording at all different times of day at each site.
One limitation, as mentioned earlier, was that observations for Big Lake were
taken from privately owned lands. There were a few instances that we were unable to
record from this site and were forced to use a site with limited views of the area.
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Aerial Views of Big lake from Observation Site
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Aerial Views of Peterson Lake from Observation Site
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