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PREFACE 

 

The common loon (Gavia immer) has been designated as a "Species of Management Concern" by 

the U.S. Fish and Wildlife Service in Region 3 due to its susceptibility to decline from 

anthropogenic threats, including habitat loss and degradation (Titus and VanDruff 1981, 

McIntyre 1988a,b), direct human activity (e.g., recreational disturbance, drowning in commercial 

fish nets) (McIntyre 1988a,b, Robinson 1993, Stocek 1993, Titus and VanDruff 1981), and 

environmental contaminants (e.g., mercury deposition, acid precipitation, and lead) (Alvo et al. 

1988, Barr 1986, Meyer and Daulton 1995, Ensor et al. 1992, Pokras et al. 1993, Swain and 

Helwig 1989). These threats have likely contributed to the decrease of the breeding range of the 

common loon over the past century along its southern periphery (Bohlen 1989, Dinsmore et al. 

1984, Palmer 1962, Parker and Miller 1988, Roberts 1932, Sutcliffe 1981 as cited in McIntyre 

1988a). Declines in the number of territorial loons and fledging rates have been observed in some 

regions of Minnesota over the past 10 to 20 years (McIntyre 1988b, P. Perry pers. comm.) and in 

the central and eastern Upper Peninsula of Michigan (Robinson 1993). (See "Literature Review" 

section at end of preface for more details.) Because of historical declines and current threats, state 

legislatures and natural resource agencies have listed the common loon as threatened in Michigan, 

New Hampshire, and Vermont and as a species of concern in Massachusetts and New York 

(McIntyre 1988a) . 

 

To determine whether threats are increasing, monitoring programs, usually utilizing volunteers, 

have been established in most of the northern U.S. and some provinces in Canada by non-profit 

and governmental organizations (e.g., the Maine Audubon Society, Michigan Loon Preservation 

Society, Minnesota Department of Natural Resources, the Loon Preservation Committee in New 

Hampshire, Vermont Institute of Natural Science in Vermont, LoonWatch in Wisconsin, and the 

Canadian Lakes Loon Survey). In 1989, the Minnesota Department of Natural Resources (MN 

DNR) conducted a statewide survey and found that Minnesota provides over 50% of the loon 

breeding habitat in the 48 contiguous states. In 1994, the MN DNR initiated the development of a 

program that could detect changes in the adult loon population and reproductive success more 

rapidly than would a statewide population estimate and that could provide information about 

specific causes of a population decline, if a decline were detected. 
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In developing a statewide monitoring program, other loon monitoring activities in Minnesota 

were assessed. Most programs are lake or region specific (Table 1). The only on-going statewide 

program, the Minnesota Loon Survey (MLS), is a collection of data based on repeated surveys 

over the breeding season from lakes on which volunteers live. Because these data utilize repeated 

surveys, they may provide useful information on territory occupancy and changes in nesting and 

fledging success for this specific set of lakes, but many confounding variables likely exist (e.g., 

bias towards large lakes with homes and lakes with loons). However, conducting repeated 

surveys on a scale large enough to assess loon activity throughout Minnesota may not be 

logistically or economically feasible. 

 

In addition to addressing the problems caused by the large number of lakes in Minnesota 

(approximately 12,000 > 10 acres in surface area), many species-specific factors were considered 

in developing a monitoring program. Because the loon is long-lived and can utilize a variety of 

habitats and food sources, environmental stressors are likely to result in a slow change in adult 

loon populations (Strong 1990). Strong suggested that loon reproductive rates could serve as 

better indicators of habitat quality (e.g., suitable nesting habitat, adequate food supply, and 

tolerable levels of human activity). There is much year to year variability in survivorship of 

juveniles, thus long-term data are required to assess trends in productivity. However, the loon's 

relatively low juvenile survivorship may mean the adult population is the "driving force" in 

maintaining a demographically stable population (McIntyre 1988a). This points to the need to 

assess both the adult population and productivity. 

 

To know whether anthropogenic threats may be affecting loon populations, changes in adult 

numbers, territorial pairs, and productivity need to be confirmed first; this is what monitoring 

programs throughout North America are attempting to accomplish and is the primary goal for the 

new monitoring program in Minnesota. If populations are changing, especially declining, then 

there is need to determine the underlying mechanisms of the detected changes (Krebs 1991). 

 

To address these concerns, the MN DNR and I initiated the Minnesota Loon Monitoring Program 

(MLMP) in 1994 utilizing volunteers to census over 600 lakes within six regions of the state 

("index areas") annually. The objective of the MLMP is to ensure rapid detection of changes in 

the number of adults and reproductive success in the loon populations within these areas. 
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Tracking the same set of lakes over time will provide a detailed record of changes in adult and 

juvenile numbers and densities and number of territories. The design of the MLMP surveys 

should provide insight into the causes of population and productivity declines, should either be 

detected. In Chapter 4,1 present the findings from the first two years of this monitoring program. 

 

Because the MLMP is based on complete censuses in six localities, there is no sampling error. 

However, other sources of error exist in the form of measurement error, which includes observer 

error, species-selection effects (e.g., loon movement), and other environmental effects (e.g., 

terrain, plot size) (Verner 1981). It is possible that the census results will be biased if there is 

substantial measurement error associated with the use of volunteer surveyors. Most loon 

monitoring programs throughout North America also utilize volunteers to conduct surveys. It is 

assumed volunteer observations are accurate, yet few studies have attempted to verify this 

assumption. In chapter 1, several studies are presented that assess the accuracy of volunteer 

surveys and other sources of variation in loon counts. 

 

I applied the results of the volunteer accuracy studies to an analysis of the statistical power of 

detecting declines in the MLMP survey regions over time in Chapter 2. If no significant decline is 

observed after several years of data collection, it would be helpful for the MN DNR to know what 

rate of change is required and how long monitoring is necessary before a negative trend could be 

detected. I modeled adult loon population declines with randomized variable counts and 

statistically assessed the power of being able to detect various decline rates. 

 

I also investigated the accuracy of aerial surveys to count loons in Chapter 3. Many monitoring 

programs utilize aerial surveys to count loons, including the MLMP. Studies on the accuracy of 

aerial surveys compared to ground counts have shown considerable variation. In addition, most 

of these studies have only reported single ratio estimates (Y_ aerial counts / Y_ ground counts) 

without assessing the variability around the ratio. 

 

Each chapter is written to stand on its own, thus some information is repeated. Other chapters in 

the thesis are referenced as necessary. 

 

3 
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The studies assessed in this thesis should provide useful information for the MN DNR and other 

loon monitoring programs about the use of volunteers, survey methodology, and the population 

dynamics of the common loon, especially rates of lake use and breeding success. In addition to 

providing needed information about the status of Minnesota's loons and survey methodology, 

hopefully this project reaches the lives of the citizens of the state through the volunteers and the 

stories they share. Because the loon is a species people care about and relate to, generating the 

support to maintain a healthy loon population and lake habitat is feasible. 

 

 

Literature review 

 

 

Environmental contaminants 

 

Ensor et al. (1992) identified mercury contamination, lake acidification, and lead poisoning as 

three major concerns and reported that in Minnesota, juvenile loons who died from disease had 

significantly higher concentrations of mercury than live juveniles or juveniles dying from injury. 

Some adult loons had mercury levels high enough to impair reproduction (Barr 1986). In 

northeastern Minnesota, mean levels of mercury in juvenile loon feathers and in fish even in 

remote lakes are higher than in other regions of the state (Ensor et al. 1992, Swain and Helwig 

1989). The majority of mercury found in fish enters from the atmosphere (Rada et al. 1989) and is 

likely related to fossil fuel combustion, municipal waste incineration, and industrial processes 

(Meyer et al. 1993). Mercury may damage the nervous system and impair motor coordination, 

reproduction, growth, and behavior (Eisler 1987 as cited in Ensor et al. 1992). Loons on lower pH 

lakes, common in northeastern Minnesota, may have elevated exposure to mercury (Meyer 1994). 

However, J. Pichner (pers. comm.) and Ensor et al. (1992) found high mercury concentrations in 

necropsied adult loons recovered in north-central and northwestern Minnesota, as well as some 

areas of northeastern Minnesota. Current research efforts are attempting to clarify the extent and 

mechanisms of mercury contamination. Lakes with low pH may also have low breeding success 

because of inadequate food supplies (Alvo et al. 1988). Parker and Miller (1988) observed no 

relationship between breeding success and low lake pH. Timm and McCall (1993) detected an 

insignificant trend relating lower reproductive success and acid-sensitive lakes, but both authors 

noted that feeding behavior was altered on these lakes. And finally, lead poisoning from the 
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ingestion of lead sinkers has been linked to the mortality of 17 and 57% of recovered loons in 

Minnesota and New England, respectively (Ensor et al., 1992). High levels of lead sinkers are 

likely associated with high human use of the lakes. 

 

Human Activity 

 

Increased recreational use and lakeshore development may negatively affect loon populations 

(McIntyre 1988a,b, Olson and Marshall 1952, Strong 1985, Titus and VanDruff 1981, Valley 

1985, Zimmer 1979), but these impacts are difficult to quantify. Loons are able to tolerate a fair 

amount of habitat loss and disturbance before reproductive success and lake occupancy by adults 

are negatively affected (Caron and Robinson 1994, McIntyre 1988a, Parker and Miller 1988, 

Stockwell and Jacobs 1993, Strong 1990). Alvo (1981) and Titus and VanDruff (1981) 

documented that when human habitation increased, loons switched nest locations from preferred 

island sites to more remote but less optimal mainland sites. Many studies have actually found . 

positive correlations with lakeshore development and loon presence and breeding success (Caron 

and Robinson 1994, McIntyre 1988a, Timm and McCall 1993). These observations are not 

surprising as optimal loon habitat includes lakes with deep, clear water and islands for nesting 

(Strong 1985, Blair 1989), which are the same types of lakes people utilize for homes and 

recreation (McIntyre 1988a). Direct human impacts from gunshots, fish-line entanglement, and 

boat propeller strikes accounted for 18% of collected dead loons in the study by Ensor et al. 

(1992). Drowning of loons in commercial fishery nets on the Great Lakes has caused significant 

mortality, especially for non-breeding loons and sub-adults (Robinson 1993). A threshold likely 

exists where human activity (e.g., recreational disturbance, degradation and loss of habitat) 

negatively affects loon activity, but this threshold may vary considerably. 

 

Historic and current status of the common loon 

 

The breeding range of the common loon has decreased over the past century along its southern 

periphery. Loons historically had summer ranges in southern Minnesota, northern Iowa, southern 

Wisconsin, Illinois, and Indiana (Bohlen 1989, Dinsmore et al. 1984, Palmer 1962, Roberts 

1932). Populations in New Hampshire and New York have declined from 35 to 50% since the 

1930's (Sutcliffe 1980 as cited in McIntyre 1988a, Parker and Miller 1988). Loon numbers have 

declined 
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in the central and eastern Upper Peninsula of Michigan throughout the 1980's (Robinson 1993). 

On the Whitefish chain of lakes in central Minnesota, the number of occupied territories declined 

by about 25% since the early 1980's (P. Perry, pers. comm.). McIntyre (1988b) estimated that the 

number of territorial loons on 230 volunteer-monitored lakes in Minnesota decreased slightly 

between 1971 and 1986, and during the same time, shoreline development and recreational use 

increased. The majority of the lakes in McIntyre's study were located at the southern edge of the 

breeding range in Minnesota. Fledging rates have possibly declined in Wisconsin from 1986 to 

1993 (Meyer and Daulton 1995) and Minnesota from 1971 to 1986 (McIntyre 1988b). Meyer and 

Daulton hypothesized that the observed reduction in productivity could be caused by increased 

predation, harsher weather conditions, a general decline in habitat quality (e.g., reduced prey 

base, loss of habitat, higher disturbance rates, environmental pollution), or density dependent 

factors from an increased number of adults. 

 

Despite these historical declines, many local populations have apparently increased since the 

1970's in Michigan, New Hampshire, and Wisconsin (Robinson 1993, Rimmer 1993, Strong 

1988, Meyer and Daulton 1995) and remained relatively constant in New York (Parker and Miller 

1988). Additionally, adults loons reestablished summer residence in Massachusetts in the 1970's 

as well (Blodget and Lyons 1988). Mooty (1993) reported that numbers of loon territories on 

Knife Lake in the Boundary Waters Canoe Area Wilderness (BWCA) declined from the 1950's 

through the late 1960's, but numbers have rebounded to 1950 levels over the last two decades. On 

Lake Vermillion in northeastern Minnesota, large increases in adult numbers were reported in the 

early 1990's (Sportsman's Club of Lake Vermillion 1994). 

 

Changes in survey methodology, however, may have contributed to apparent increases in loon 

populations (Strong 1988, Robinson 1993). In Wisconsin, the mid-1980 ground surveys were 

compared to surveys conducted both from the ground and the air in the mid-1970's, but aerial 

surveys tend to underestimate loon numbers (see Hanson, Chapter 3). In Michigan, recent 

population estimates included lake resident surveys ("loon rangers") in addition to the original 

stratified sampling results, thus a potential bias toward lakes with known loon activity were 

included in the population estimate (Robinson 1993). 
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Table 1. Loon monitoring activity in Minnesota since 1950. This list is probably not complete due to lack of published material 

 

 Sampling    Number of times 
Location scheme  Survey type Loon count objectives          Date initiated conducted 
Statewide a random  single adult and juvenile numbers 1989 1 
 
    territory, nesting and 
Statewide - MN Loon Survey b opportunistic  repeated - annual fledging rates N.A. N.A. 
 
Chippewa National Forest c random  single -aerial counts only  adult and juvenile numbers N.A. N.A. 
 
   territory, nesting, and 
Knife Lake d selected  single - every 5 years fledging rates 1952 10 
 
Lake Vermillion e selected  single - annual adult and juvenile numbers 1981 13 
 
    territory, nesting, and 
Whitefish Chain f selected  repeated - every 10 years fledging rates 1981 2 
 
Voyageurs National Park (Sections of Rainy, 
Namakan, and Kabetogema Lakes) f selected repeated - annual territory, nesting rates 1992 4 
 
 
a Strong and Baker 1991  
b P. Perry pers. comm.  
c Mooty pers. comm.  
d Mooty 1993  
e Sportsman's Club of Lake Vermillion 1994  
f Evers, pers. comm. 
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Chapter 1: An evaluation of the accuracy of using volunteers to conduct common loon 

surveys. 

 

INTRODUCTION 

 

Volunteers are widely used in counting the common loon (Gavia immer) for monitoring programs 

in Maine (the Maine Audubon Society), Michigan (Michigan Loon Preservation Society), 

Minnesota (Minnesota Department of Natural Resources), New Hampshire (the Loon 

Preservation Committee), Wisconsin (LoonWatch), and Canada (the Canadian Lakes Loon 

Survey). It is assumed that volunteer observations are accurate, yet except for two studies in 

Wisconsin (Daulton 1993, Meyer and Daulton 1995), few attempts have been made to verify this 

assumption. 

 

Errors associated with observer accuracy may be considered "measurement" or "observer error" 

and are often thought to be small in relation to "sampling error" (Raitt 1981). However, several 

recent studies and discussions of observer accuracy of passerines have found that measurement 

errors can be substantial (Davis 1981, Faanes and Bystrak 1981, Kepler and Scott 1981, 

McDonald 1981, Raitt 1981, Verner and Milne 1990). Factors contributing to observer error 

include observer effects (e.g., previous experience, hearing ability, attentiveness, physical 

condition), species-selection effects (variation in detectability, behavior, and habitat), and site 

selection effects (e.g., vegetation, terrain, plot size) (Verner 1981). For loon counts, the major 

observer effects likely consist of previous experience, sighting ability (especially at a distance), 

and the ability to keep track of loons already counted. Species-specific and site-specific effects 

may include loon movement (e.g., diving behavior, flying from lake to lake), the size, color, and 

behavior of chicks, seasonal effects (e.g., changes in territory fidelity), the effect of nonbreeding 

"floaters," time of day, lake size and shape, and weather conditions (e.g., wind, lighting). 

 

Observer error has been difficult to quantify. For many taxa, such as passerines and amphibians, 

temporal and spatial variation have complicated attempts to obtain reliable count data and 

measure various sources of bias. Most monitoring programs employed study designs that control 

the numerous sources of bias (Verner 1981). Study design is discussed in detail in many sampling 

texts (Cochran 1977, Seber 1982, Norton-Griffiths 1978). Faanes and Bystrak (1981) and Kepler 
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and Scott (1981) conducted training programs in an attempt to minimize observer error in 

passerine counts. They reported that training reduced, but did not eliminate observer error. Kepler 

and Scott (1981) intensively trained a few observers over a three-week period. However, for 

largescale monitoring programs involving hundreds of observers, this type of training would be 

impractical. Faanes and Bystrak (1981) concluded that observer variability would cause an 

insignificant bias in large-scale census work involving many observers as long as observer skills 

were adequate for the species or taxa being counted. However, observer variability may be 

significant for small-scale studies. Davis (1981) recommended that the optimal survey method 

should be determined based on each species' characteristics, behavior, and preferences (e.g., 

vocal, secretive, habitat type) as bias will vary by species or related taxa. 

 

Studies of observer error in loon surveys indicate that accuracy of volunteers and trained 

professionals are comparable (Daulton 1993, Meyer and Daulton 1995); thus "measurement 

error" may be minimal for volunteer loon monitoring programs. The biases caused by observers, 

species-specific effects, and site selection factors discussed above for passerines may be of less 

concern in loon surveys because of the high visibility of loons and their use of open water 

habitats. Furthermore, because of the high profile of the loon in Minnesota and its familiarity 

even to nonbirders, specific training of volunteers may not be necessary to obtain accurate adult 

and juvenile counts of this distinctive species. 

 

Numerous common loon programs have been initiated throughout North America over the past 

few decades as concern for the loon's welfare has risen. Anthropogenic threats, including habitat 

loss and degradation (Titus and VanDruff 1981, McIntyre 1988a,b), direct human activity (e.g., 

recreational disturbance, drowning in commercial fish nets) (McIntyre 1988a,b, Robinson 1993, 

Stocek 1993, Titus and VanDruff 1981), and environmental contaminants, including mercury 

deposition, acid precipitation, and lead (Alvo et al. 1988, Barr 1986, Daulton and Meyer 1995; 

Ensor et al. 1992, Pokras et al. 1992, Swain and Helwig 1989) have been documented throughout 

the loon's breeding range. Loons historically had summer ranges in southern Minnesota, northern 

Iowa, southern Wisconsin, Illinois, and Indiana (Bohlen 1989, Dinsmore et al. 1984, Palmer 

1962, Roberts 1932). Recently loons reestablished summer residence in Massachusetts (Blodget 

and Lyons 1988). Because of historical declines and current threats, the common loon currently 

is, considered threatened in Michigan, New Hampshire, and Vermont. 
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To address these concerns, the Minnesota Department of Natural Resources (MN DNR) 

attempted a scientifically valid survey of Minnesota's adult common loon population in 1989 

utilizing over 700 volunteers. Because lakes were randomly sampled, observer error was 

essentially lumped into the sampling error around the estimate. In 1994, the MN DNR initiated 

the Minnesota Loon Monitoring Program (MLMP) to annually assess the adult common loon 

population and its reproductive success. The MLMP is a large-scale project requiring hundreds of 

volunteers to survey lakes for adult and juvenile loons. In 1994 and 1995, complete censuses 

were conducted on over 600 lakes that were > 10 acres in surface area, within six regions of the 

state ("index areas"). The MLMP was established because Minnesota provides habitat for over 

50°10 of the breeding common loon population in the lower 48 contiguous states (Strong and 

Baker 1991), the existence of significant anthropogenic threats, and concern over the decline of 

the breeding range over the past century. The objective of the MLMP is to census 600 lakes 

annually within the six index areas in order to ensure rapid detection of changes in the number of 

adults and reproductive success. Because the MLMP is based on complete censuses in six 

localities, however, there is no sampling error. It is possible that the census results will be biased 

if there is substantial measurement error associated with the use of volunteers. Therefore, I 

conducted three studies to assess the accuracy and variability of volunteer loon counts in the MN 

DNR's long-term Loon Monitoring Program with a focus on the effect of observers and lake size. 

 

In the primary study, I compared the adult and juvenile common loon counts of volunteers who 

had attended a training session ("trained volunteers") to counts of volunteers who had not 

attended training sessions ("untrained volunteers") on different sized lakes. The objective of this 

study was to evaluate the effectiveness of a volunteer training program in reducing variability in 

the loon counts on lakes of three size classes. The secondary study assessed loon counts of paired 

volunteers on 139 lakes. Volunteers were arbitrarily assigned to one of two groups, and the adult 

and juvenile loon count differences between the two groups were compared. The objective of this 

study was to assess the magnitude of variation of the count differences between the pairs of 

volunteers and whether the variation differed on lakes of four size classes. The third study 

assessed the residual learning effect of "returning" volunteers from the previous year of the 

MLMP compared to "new" volunteers. These studies will complement those done in Wisconsin 

by addressing the effectiveness of an economically and logistically feasible training program and 

the effects of lake size on observer variability. 
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METHODS 

 

Study Site  

Loon surveys were conducted within six index areas located in southwest Aitkin/east-central 

Crow Wing Counties, north-central Becker County, west Cook/east Lake Counties, central Itasca 

County, north Kandiyohi County, and central Otter Tail County (Fig. 1). Each index area 

included about 100 lakes z 10 acres in surface area. The six index areas were chosen to be 

indicators of the major anthropogenic threats (i.e., habitat loss, recreational disturbance, lake 

acidification and associated mercury contamination) that may occur in different regions of 

Minnesota. The following criteria were used as measures of the potential threats to loons from 

pollutants, human activity, and habitat loss: 1) lake sensitivity to acidification, 2) human 

population density, 3) road density, 4) projected human population growth, and 5) land 

ownership. Regions with relatively low, moderate, and high levels of potential threats were 

identified using these criteria. Current human population density and road density were used 

simultaneously as indicators of current human activity levels. I assumed that recreational 

disturbance and development would tend to be less of a threat on public lands than on private 

lands, because human activity and development would be less restricted on private lands. At least 

two index area were located in regions with higher levels of threats and two in regions with lower 

levels compared to the other index areas. Suitable index area locations were identified using map 

overlays and geographic information system (GIS) data. The results are summarized in Table 1. 

(See Hanson Chapter 4 for complete description of site selection.) 

 

The Aitkin/Crow Wing index area is located within the northern coniferous forest biome (Coffin 

and Pfannmuller 1988). Local vegetation varies from stands of conifers including red (Pinus 

resinosa) and white pine (Pinus strobus) to areas of mixed aspen (Populus sp.), white birch 

(Betula papyrifera), maples (Acer sp.), and basswoods (Tilia americana). Most lakes were 

formed by ice blocks left in glacial till associated with the St. Croix moraine (MN DNR 1968). 

Shoreline of most lakes is primarily privately owned. Both seasonal and permanent homes are 

common in the area, but only 10 lakes have public access. 

 

The Becker index area overlays sections of both the northern coniferous and eastern deciduous 

forest biomes (Coffin and Pfannmuller 1988). Most lakes in the index area are located in till in 

the 
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Alexandria moraine, but some are found in glacial outwash plains (MN DNR 1968) resulting in a 

mix of shallow to deep lakes. Many lakes surveyed in the Becker index area are located within or 

near the Tamarack National Wildlife Refuge where there is little or no shoreline development. A 

few of the larger lakes surrounding the refuge have moderate to high levels of development where 

shoreline ownership is either private, county, state, or part of the White Earth Indian Reservation 

(MN DNR 1991). 

 

The Cook/Lake index area is located within the northern coniferous forest biome (Coffin and 

Pfannmuller 1988). Lakes were formed primarily from three processes: ice left in glacial till in 

the Highland moraine, glacial erosion, and glacial drift damming valleys (MN DNR 1968). Most

lakes are located within the Superior National Forest and Pat Bayle Minnesota State Forest. A 

few lakes are located along the southern edge of the Boundary Waters Canoe Area Wilderness. 

Shoreline on some of the larger lakes is privately owned, but most small and medium-sized lakes 

have little or no development (MN DNR 1991).   

 

The Itasca index area lies in the northern coniferous forest biome (Coffin and Pfannmuller 1988).  

Local vegetation consists of a mixture of conifers and hardwoods. Lakes in the Itasca index area 

were formed primarily by ice left in glacial till (MN DNR 1968). The majority of lakes are found 

within the Chippewa National Forest, but shoreline sections of many lakes are privately owned. 

Development varies from moderate to none. A few lakes are bordered by county and state lands 

(MN DNR 1991). 

 

The Kandiyohi area is located on the border of the tallgrass prairie and eastern deciduous forest 

biomes (Coffin and Pfannmuller 1988). Lakes tend to be shallow with shorelines supporting 

dense growths of aquatic vegetation. A few large areas of maple, basswood, and oak forests still 

exist around some lakes. Most of the index area lakes are in a terminal moraine. Two water 

bodies, Mongalahia and Crow River, were greatly enlarged by the damming of the Crow River 

(MN DNR 1968). Almost all lakes are located on private lands. Five lakes are located in Sibley 

State Park (MN DNR 1991). 

 

 Lakes the in Otter Tail index area are located within the eastern deciduous forest biome. Most 

treeless areas are dominated by agriculture (Coffin and Pfannmuller 1988). Local vegetation 
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includes maple (Acer sp.) and basswood (Tilia americana) forests, aspens (Populus sp.), and oaks 

(Quercus sp.). Lakes were formed by both ice block basins in glacial till and in till-filled 

preglacial valleys (MN DNR 1968). All lakes are located on private lands (MN DNR 1991). 

 

Many of the shallow lakes in Becker, Kandiyohi and Otter Tail index areas have extensive tracts 

of emergent aquatic vegetation. Lakes in open areas in Kandiyohi and Otter Tail index area are 

highly influenced by agriculture activities along their borders. 

 

 

Effect of training on volunteer accuracy, after controlling for possible (confounding) effects 

of lake size and date of survey 

 

This study was conducted in the Aitkin/Crow Wing index area because of the overall ease of 

access to lakes and the proximity to a large pool of volunteers. Lakes > 700 acres were not 

included in the study. 

 

The study was conducted during the first three days (15-17 July) of the 1994 statewide MLMP. 

MLMP volunteers were assigned five days (15-19 July) to conduct their surveys. The survey 

dates were selected to best assess the adult common loon population, territorial occupancy, and 

reproductive success from a single annual survey. Factors considered in selecting the survey dates 

included juvenile mortality and seasonal movement. Most juvenile mortality occurs during the 

first two weeks posthatching (McIntyre 1988a). In mid-July in Minnesota, most juvenile loons 

should be between two and four weeks of age, and therefore very likely to fledge (McIntyre 

1988a). Alvo et al. (1988) and Dulin (1988) reported that a second period of increased juvenile 

mortality may occur in highly acidic lakes at four to five weeks of age, possibly caused by food 

shortages. Thus, Belant et al. (1993) recommended that surveys should be conducted when 

juveniles are greater than six to seven weeks of age (early August in Minnesota). However, I 

decided to conduct the surveys in July rather than early August, so as to avoid the increasing 

movement of adult loons away from their territorial lakes which occurs as the breeding season 

progresses (Croskery 1988, McIntyre 1988a, D. Evers pers. comm.). 
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Twenty-five volunteers were recruited from the larger pool of volunteers in the MLMP, four 

volunteers from the Aitkin County Coalition of Lake Associations, and one from the Minnesota 

Loon Fest in Nisswa, MN, for a total of 30 volunteers. 

 

Study Design 

The effect of training on volunteer accuracy was assessed by comparing the differences in adult 

and juvenile loon counts between 15 randomly paired volunteers who surveyed the same lake at 

the same time. One member of each pair was randomly selected to attend a pre-study training 

session on how to conduct common loon surveys and the other volunteer did not attend. All 

volunteers received the same written instructions. Fifteen lakes were surveyed on each of three 

consecutive days, i.e., three replications resulting in a total of 45 comparisons. Lakes were 

blocked by surface area: small (10-149 acres), medium (150-399 acres), and large (400-700 

acres). Only those lakes accessible by road were considered, yielding stratum sizes of 35, 25, and 

7 lakes, respectively. From these, five lakes were randomly selected to represent each size class in 

the experiment. Each lake was surveyed once per day by a pair of volunteers, thus each lake was 

surveyed six times. 

 

The paired difference in loon counts on each lake was the response variable, and training/no 

training was the dichotomous treatment. The trained and untrained volunteers may be regarded as 

two types of measuring devices. The effects of training were tested across three lake size strata, 

over a three-day period. Lake size was modeled as a treatment effect modifier and day as a 

repeated time factor. Each lake was considered a subject (observational unit) and was modeled as 

a random effect. Under the null hypothesis of no significant treatment effect, the expected mean 

response is zero (i.e., no difference between trained and untrained observers' loon counts). This 

hypothesis was evaluated for all combinations of lake size and day of survey. In addition, a test 

for a trend over days was applied to evaluate a learning effect on the part of the volunteers. 

 

Because the response variable was assessed across potentially confounding factors, lake size and 

day, a randomized latin square with repeated measures was used (Table 2) (see the statistical 

analysis section for details). This was accomplished by randomly assigning the 15 matched pairs 

to one of three groups (A, B, and C). Because there were many possible random assignments of 

the 15 pairs to 3 groups of 5, "group" was modeled as a random blocking factor. Each group was 

 



18 

assigned to a different lake size class on different days in a Latin square to ensure that each group 

of volunteers surveyed lakes from every size category (Table 2). The five trained and untrained 

volunteers within each group were then randomly assigned to lakes. 

 

All surveys were scheduled to commence at 1000 h. Volunteers were explicitly instructed not to 

discuss the loon count with anyone on the lake to ensure independence of counts by each member 

of the matched pairs. Volunteers were encouraged but not required to use a boat or canoe on 

larger lakes. Observations from the shoreline were made from multiple vantage points to ensure 

that all surface water areas were observed. Instructions for boat surveys varied on the size and 

shape of the lake. For small and medium-sized lakes, volunteers were to stay about 100 m from 

shore while systematically circling the lake. All islands were to be completely circled. For large, 

round lakes, in addition to the procedures described above, observers systematically surveyed 

open water regions by boating out into the lake and back to the shore every 400 to 800 m. For 

large, convoluted lakes, observers surveyed narrow sections and bays completely before moving 

on to other parts of the lake. Boat surveyors were asked to stop the boat and scan the entire water 

surface every 400 m for loons. 

 

Trained and untrained volunteers received identical written instructions covering protocol relating 

to finding back-up observers, checking lakes before the survey, obtaining access to the lake, when 

to survey, weather conditions under which to survey and not to survey, minimum length of 

survey, what to count, loon movement and other potential problem areas, and pictures and 

descriptions of potentially confusing avifauna (See App. II). 

 

Eight, 90-minute training sessions were held throughout the state in conjunction with the MLMP. 

The training program covered many of the same topics presented in the written instructions but in 

more depth and with visual and verbal explanations (See App. III). The critical training material 

covered bird and age class identification, photos of loons at various distances, long-distance loon 

detection, how to keep track of loons already observed, methods for surveying different sized and 

shaped lakes, and appropriate observation rates. The training also explained the MLMP's purpose 

and how it was designed giving volunteers a better understanding of the program. 
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Volunteers recorded the location and number of adult and juvenile common loons observed, the 

beginning and end time of observation, observation method (e.g., by boat/canoe or from shore), 

equipment used (e.g., binoculars, spotting scope), weather and surface water conditions, a 

qualitative assessment of the percent of disturbed/developed shoreline, and level of confidence in 

completing an accurate survey (See App. lI). 

 

 

Statistical Analysis 

To accommodate both the layout of the study and the problem caused by taking measurements on 

the same observational unit over time, I employed a mixed models latin square ANOVA with 

repeated measures. Lake size class and the day of the survey were modeled as fixed discrete 

effects. The lakes themselves were modeled as random "subject" effects. The response was the 

difference in loon counts as measured by paired volunteers who had been randomly blocked into 

three groups. 

 

Mixed linear models have recently been extended to the case of repeated-measures ANOVA 

(Ware 1985), wherein subjects (i.e., lakes) are modeled as a random effect. The procedure 

involves two steps in which the within-subjects correlation structure (Jennrich and Schlucter 

1986, Wolfinger 1993) is modeled, first. The treatment effects are then estimated from the fitted 

correlation structure. This technique circumvents the usual independence assumption by 

explicitly accounting for the non-independence among the repeated measures, thus yielding 

unbiased estimates of the residual variance. Although neither the time-effect or lake size effect 

were the principle factors of interest, their inclusion in the model made it possible to obtain an 

unconfounded estimate of the effects of the training. The null hypothesis of no training effect was 

evaluated by testing if the mean of the matched difference in counts equaled zero, within and 

across lake size classes and time. 

 

I fit the mixed model using restricted maximum likelihood (REMLs) estimators (SAS Proc 

Mixed, SAS 1996). Seven covariance structures were evaluated including autoregressive (AR), 

heterogeneous AR, autoregressive-moving average (ARMA), compound symmetry (CS), 

heterogeneous CS, Huynh-Feldt, and unstructured. The covariance structure with the largest 

Akaike's Information Criterion (AIC) values was chosen (Wolfinger and Chang 1995). 
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I also assessed the variability of the six loon counts on the same lake by calculating the 

coefficient of variation (C.V.) for each lake. Adult loon presence on individual lakes may vary 

depending on whether a territory is present, the status of the territory, and habitat suitability. 

 

 

Assessment of the differences between paired observers' adult and juvenile loon counts. 

 

One hundred thirty-nine lakes were surveyed by two different observers from 14-18 July 1995. 

The first person assigned to the lake was arbitrarily designated as "observer 1." This person was 

usually the returning volunteer from the 1994 survey. The second observer assigned to the lake 

was designated "observer 2." The paired loon counts were conducted on lakes in all six index 

areas, including 36 lakes in Aitkin/Crow Wing, 12 in Becker, 22 in Cook/Lake, 29 in Itasca, 25 in 

Kandiyohi, and 15 in Otter Tail. All surveys were conducted between 0500 and 1200 h. Survey 

methods, instructions, and data collected were nearly identical to those described for the study on 

the effect of training. 

 

The purpose of this study was to verify the assumption, implicit in the design of the first study, 

that the expected distribution of the paired differences was normal with p = 0. The two groups of 

observers were arbitrarily chosen from the same population of volunteers, thus I would expect 

that the mean of the paired differences to be zero. With this study, I can assess the magnitude of 

variation of the count differences between the pairs of volunteers and whether the variation 

differed on lakes of four size classes. 

 

Statistical Analysis 

The differences between the two observers' adult and juvenile loon counts were assessed by using 

a one-sample t-test on the adult and juvenile loon count differences of matched observations 

(observer 1 count minus observer 2 count) and plotting the frequency distribution of the 

differences. To check for normality, a Wilk-Shapiro test was applied and normal probability plots 

of the paired differences were constructed. 

 

Differences in the frequency distributions were assessed among four lake size-classes: small (10-

149 acres), medium (15-399 acres), large (400-699 acres), and very large (>700 acres). The 

small, medium, large, and very large size classes each contained 89, 29, 8, and 13 lakes, 



21 

respectively. A Kruskal-Wallis test was used to assess the effect of lake size, and a one-sample 

t-test was used to determine if count differences were equal to zero for each lake size, separately. 

I assessed any trends in the median count differences among lake sizes using a rank-ANOVA 

test, followed by a linear contrast. 

 

A comparison of first time (new) vs. returning volunteers' adult and juvenile loon counts 

over a two year period. 

 

As observers become more experienced, there may be a learning effect that will influence the 

accuracy of adult and juvenile loon counts. The assumption is that new observers are less 

experienced and thus, are more likely to undercount adult and juvenile loons. With experience, 

detection rates will increase. However, overcounting may occur, especially on large lakes. 

 

To test whether returning volunteers tended to count more loons than new volunteers, I compared 

the frequency distribution of the differences between the 1995 and 1994 adult and juvenile loon 

counts on the same lakes for two groups: 1) first year (new) volunteers in both 1994 and 1995 and 

2) first year volunteers in 1994 and returning volunteers in 1995. The study sites, survey methods, 

instructions, and data collected are identical to those described in the previous two sections. 

 

Statistical Analysis 

I tested the similarity of the distributions of loon counts statistically using a Wilcoxon rank sum 

test. The hypothesis of equal location of loon count distributions of new and returning volunteers 

would be verified if distributions of the count differences between 1994 and 1995 were normal 

with a mean zero, resulting in a non-significant Wilcoxon test. 

 

Yvanders
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RESULTS 

 

Effect of training on accuracy, after controlling for possible (confounding) effects of lake 

size and date of survey 

 

Fifteen pairs of trained and untrained observers censused one lake/day, on three different days, 

for a total of 45 paired counts. Trained observers counted a total of 92 adult and 19 juvenile 

common loons. Untrained observers counted a total of 86 adult and 16 juvenile common loons. 

Volunteers observed adult loons at least one time on all 15 lakes except one, which was in the 

small size class. 

 

Based on Akaike's Information Criterion (AIC), a first order autoregressive (AR) covariance 

structure with heterogenous variances was optimal for the repeated measures model. The 

likelihood ratio test (x2=12.52, 4 df, p=0.0139) verified that the fitted covariance model improved 

the overall model fit. Modelbased estimates of the mean and standard errors of the differences in 

loon counts are presented in Table 3 for each group, lake size, and day of survey. The mean 

difference between trained and untrained observer adult loon counts did not vary significantly by 

lake size (F2,,2=0.70, p=0.5137) or over days (F2,28=2.06, p=0.1465). In addition, groups of 

volunteers as apportioned for the latin square design, did not exhibit a significant trend in loon 

counts with lake size (F1,12=1.41, p=.2587) or over time (F,,28=1.14, p=0.2955), the latter 

indicating that there was no learning effect. 

 

Model-based estimates of the means of the paired adult loon count differences between trained 

and untrained observers were not significantly different from zero for any lake size class (Table 

4). However, the count difference on day three was marginally significant (Table 4). The trained 

observers counted nine more adult loons than the untrained observers on this day resulting in a 

mean difference of 0.6 (Table 3). The variability (SE) among the count differences increased on 

large lakes (Table 3), an indication that it is more difficult to obtain reliable counts on larger lakes 

regardless of the amount of prior training. 

 

The paired differences in adult loon counts ranged from -7 to 4. The frequency distribution of 

differences by lake size class and for the overall study are presented in Fig. 2. For the small and 
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medium size class, all but three differences ranged between 0 and 1. For the large size class, there 

were four differences > two. 

 

Although the variability of the count differences increased with lake size, when considering the 

six repeated loon counts for each lake, the largest C.V.'s were observed on small lakes (Table 5). 

Changes of one or two loons between observations increased the C.V.'s more on small lakes than 

on medium-sized or large lakes. 

 

Juvenile loons were only observed consistently on three of the five lakes in the large size class. 

Because juvenile loons usually cannot leave their natal lake until they are 11 to 12 weeks of age, 

the actual number of juveniles on a lake will remain constant. It could be determined with high 

confidence that two juveniles were present on each of these three lakes. Trained observers both 

undercounted and overcounted the number of juveniles once. Untrained observers undercounted 

three times, misidentified adult loons as juveniles on one lake, and had no overcounts. 

 

Trained observers spent an average of 58, 72, and 101 minutes surveying small, medium, and 

large lakes, respectively, and untrained observers spent 59, 100, and 116 minutes. For the large 

and medium-sized lakes, untrained observers spent more time surveying than the trained 

observers, but the difference was only significant for medium lakes using a two-sample t-test 

(t=2.09, df=14, p=0.0455). 

 

Despite instructions to survey all lakes at 1000 h, 6 of the 45 paired observers failed to survey 

their lakes within one hour of each other. Three of these paired observations were greater than 

two hours apart. The count differences for the comparisons made between one and two hours 

apart were -2, -1, and 1, and for the paired observations greater than two hours apart, the 

differences were -1, 0, and 1. 

 

Assessment of the differences between paired observers' adult and juvenile loon counts. 

 

The overall total adult and juvenile loon counts conducted over a five day period (July 14-18) for 

the pair of observers were similar (Table 6). Using a one-sample t-test, the differences between 

the two observers' adult and juvenile loon counts were not significantly different from zero for 
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adult (t=1.289, df=138, p=0.200) or juvenile (t=0.450, df=138, p=0.654) loons. As expected, by 

arbitrarily selecting two groups of volunteers from the same population, similar results were 

obtained. 

 

The frequency distributions of the differences in adult and juvenile loon counts are presented in 

Fig. 3. Visual assessment of the distributions of loon count differences and the Wilk-Shapiro 

normal probability plot indicated that they were distributed normally with means of zero. 

However, the differences for juveniles had many structural zeros (i.e., lakes likely without 

breeding activity), which made the normal probability plot appear non-normal. The majority of 

the paired observations were either identical or had differences within one or two loons. Sixty-

eight and 88% of the adult and juvenile loon count differences lay between -1 and 1, respectively. 

Adult and juvenile loons were not observed by either volunteer on 22 and 84 lakes, respectively. 

 

The medians of the loon count differences did not vary significantly by lake size class for adults 

(X2=5.7370, p=0.1251) or juveniles (X2=6.3016, p=0.0978). In addition, adult and juvenile loon 

count differences were not significantly different than zero in any size class (Table 7). However, 

a contrast for an ordering in the median count differences by lake size class was significant 

(F1,35=3.96, p=0.0485; Fig. 4). The variability of the differences also increased on larger lakes. 

 

 

A comparison of first time (new) vs. returning volunteers' adult and juvenile loon counts 

over a two year period. 

 

The frequency distributions of differences of adult and juvenile loon counts on the same lake for 

new and returning volunteers (1995 counts minus 1994 counts) are presented in Figs. 5 and 6, 

respectively. Returning volunteers counted slightly more loons in 1995 than in 1994, which can 

be explained by substantially larger loon counts being made on eight lakes in 1995. New 

volunteers had no count differences of this magnitude. 

 

The frequency distribution of the differences for the two groups appeared to be approximately 

normal. The results of the Wilcoxon test indicated that the medians of the two frequency 
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distributions were equal to zero for adult (t=0.000, p=1.000) and juvenile (t=0.489, p=0.625) loon 

count differences. 

 

 

DISCUSSION 

 

Effect of training 

The results indicate that pre-training of volunteers did not have a significant effect on their counts 

of adult loons when compared to untrained volunteers' loon counts. Because the true values for 

the number of resident loons were not known, it is not possible to determine whether untrained or 

trained observers tended to undercount or overcount relative to the true value. However, on 

average, the differences between the pairs of observers were not significantly different from zero. 

 

These results are consistent with those of Meyer and Daulton (1995) in Wisconsin. They did not 

detect any significant difference between 81 paired loon counts conducted by DNR trained 

biologists vs. volunteers, on lakes ranging from 15 to 3,111 acres in size. In two small (n=23) 

Wisconsin studies (Daulton 1993), volunteers detected about 90% of the adult territorial pairs 

observed by the DNR biologists on lakes < 400 acres. DiBello and Bissonette (1984) compared 

loon counts of two observers on large lakes (n=5) and found that counts were similar. 

 

Although training did not have a significant effect overall, there were two cases where training 

may have improved the results. Untrained observers on one lake overcounted the number of loons 

by seven compared to simultaneous counts of the trained observer and aerial observers, each of 

whom obtained the same count. A television reporter who spoke with the untrained observers at 

the boat landing upon completion of the survey noted that the observers actually thought they had 

counted the same loons more than once. In the other case, an untrained observer likely 

misidentified two adults as juveniles. Juveniles were not detected by any other observers on that 

lake in 1994. In addition, untrained observers, on average, took longer than trained observers to 

survey medium and large lakes (150-700 acres), indicating that training may improve survey 

efficiency. 
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Observer error does not appear to be a significant source of "measurement error", given a large 

enough number of observers. Improvement in observer skills provided by the training were not 

detected, except for the possible increase in efficiency. Efficiency would be a more important 

concern if there were monetary costs associated with the observations. 

 

Prior experience of volunteers may be a more important factor than training. Volunteers were 

recruited from previous loon survey volunteers (from the 1989 statewide random survey and the 

Minnesota Loon Survey), members of the Minnesota Ornithological Union, numerous Audubon 

chapters, the Sierra Club, and MN DNR, U.S. Fish and Wildlife, and U.S. Forest Service 

employees. Other volunteers were lake residents familiar with their lake and loon activity. In 

general, the typical volunteer had experience in loon observations. 

 

A possible source of error was "observer-expectancy bias" wherein trained and untrained 

observers have different expectations of what their survey results should be. Balph and Balph 

(1983) noted that if the variables were well-defined and easily recorded, as in our-study, bias 

should be minimal. It might have been possible to blind the volunteer accuracy participants to 

details and results of the study, but I felt it was important to inform the volunteers about the study 

to maintain their interest. 

 

Effect of experience 

The frequency distributions of loon count differences between 1994 and 1995 for the new and 

returning volunteers were both normal with means of zero. Although returning volunteers 

counted slightly more adults in 1995 than in 1994 compared to new volunteers, this difference 

could easily be caused by other sources of error (e.g., loon movement). 

 

A possible source of bias in the 1994-1995 study was the possibility that experienced volunteers 

might not have returned to lakes on which they had not observed loons in the previous year 

(1994). If this response by volunteers occurred, new volunteers in 1995 may have surveyed a 

higher proportion of lakes without loons. To assess whether this may have occurred, I calculated 

the percent of lakes without loons in 1994 for the two groups. The percentages of lakes with no 

loons observed by the new and returning volunteer groups in 1994 were 42 and 39%, 

respectively. Thus, bias does not appear to have occurred. 
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Based on this study, experience may have a small but non-significant effect. I did not assess the 

previous experience of volunteers, thus some new volunteers likely had prior experience in loon 

and bird observation. To assess the degree of prior experience more definitively, new volunteers 

should be questioned prior to the survey. 

 

It was encouraging to observe that the distributions of the count differences between the two 

years for both groups were uniformly normal and that the distributions' medians were centered on 

zero. Over the 1994-1995 period, I would not expect the adult loon population to change within 

the index areas. The common loon is a long-lived species, and changes in the population likely 

occur very slowly over time. 

 

Effect of lake size 

Median loon count differences did not vary among lake sizes. Although Meyer and Daulton 

(1995) did not specifically assess loon count differences across lake size strata, they did not 

observe differences between volunteer and DNR biologist loon counts in their study on lakes up 

to 3,111 acres in size (i.e., differences in loon counts on lakes of any one size class did not 

influence the overall results). 

 

The variance in adult and juvenile loon count differences increased with lake size in our studies. 

In contrast, C.V.'s of repeated adult loon counts were highest on small lakes. In the context of 

wanting to assess population changes over time, however, differences of plus or minus one loon 

on small lakes would not likely cause major changes in total loon counts for an entire index area. 

In fact, changes of this magnitude would be expected as adults will often leave their breeding 

territory to feed elsewhere. However, larger differences in loon counts, which tend to occur on 

large lakes, will have a greater influence on monitoring results. 

 

Two important conclusions can be made from these observations. First, if sample sizes are large 

enough, differences between volunteer loon counts are normally distributed about a mean of 

zero, especially on lakes s 700 acres in size. Second, the variance of loon counts will increase 

with lake size. Because the training study was randomized and simultaneously examined the 

effects of training, lake size, and time, the conclusions about volunteer accuracy on lakes under 

700 acres were more rigorous than the study that assessed two groups of arbitrarily selected 

volunteers. 
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Numerous factors likely contribute to the increased variance in adult loon counts on large lakes. 

Large lakes with multiple loon territories are more conducive to loon movement than lakes 

containing only one common loon territory, especially in regards to non-resident adult loons, i.e., 

non-breeding "floaters" and visiting breeding loons from smaller, surrounding lakes (Croskery 

1988, McIntyre 1988a). Belant et al. (1993) noted that counts of non-resident loons on a 5292 ha 

reservoir ranged from 0 to 27 during the nesting and brood-rearing periods. Obviously, more 

loons can occupy large lakes, thus creating the potential for a wider range in the counts. 

 

Many examples of this variability were observed. In the overall MLMP, 66 more adult loons were 

counted in 1995 (878 adults) than in 1994 (812 adults). The majority (65%) of this increase 

occurred on only five lakes, all over 1000 acres in size (see Hanson, Chapter 4). Most of these 

"extra" loons were observed in large congregations, and many of them were likely non-

resident/non-territorial adults. To a lesser extent, variation caused by loon movement also was 

observed on small lakes. On a 64-acre lake, one observer counted six adult loons, and the second 

observer counted zero loons on a different day. At least four of the loons observed on this lake 

likely were non-residents, as lakes this small can support only one territorial pair of adults. 

 

It is possible that observation skills may be more important on extremely large bodies of water. 

Therefore, I would recommend that future studies be conducted to assess the effects of training 

and experience of observers on lakes z 700 acres in surveys where such large lakes are important. 

 

Loon movement was not directly assessed in any of these studies. In the study on training effect, 

all efforts were made to minimize the effect of movement by having surveys conducted at the 

same time, but some timing differences still occurred. In the studies of paired counts and 

volunteer experience, observer error cannot be distinguished from the effect of loon movement, 

because the pairs of counts were conducted at different times. DiBello and Bissonette (1984) 

noted that loon movement alone could cause much year-to-year variability in results on individual 

lakes. Large sample sizes should help reduce the effect of loon movement, but this has not been 

thoroughly tested. Johnson (1981) found that many studies employ a large sample approach in 

hoping that the effects of numerous variables "average out." Other investigators (Walter Piper, 

Smithsonian Institution, and James Paruk, University of Idaho) have been collecting data on the 

population 
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dynamics of the common loon on small and large lakes, including the amount of time loons spend 

on a lake. Frequency of loon movement may be estimable from these data. 

 

Effect of time 

Surveying lakes on three consecutive days could cause a learning effect in the volunteers. 

However, no significant trend in the count differences was observed between the trained or 

untrained volunteers over time. 

 

The only marginally significant difference detected between trained and untrained observer loon 

counts was on day three and in the pairwise difference between day two and three. On day three 

on lakes where two paired observations were not conducted at the same time, two more adult 

loons were counted by trained observers. Also on day three, an untrained observer likely 

misidentified two adults as juveniles as mentioned earlier. If these anomalies were removed from 

the data, the difference on day three and the pairwise difference between day two and three would 

not be significant. 

 

On any given day, the number of adult loons present may vary, especially on large lakes (see 

previous discussion). In the studies on paired counts and effects of experience, the effect of day or 

loon movement could not be separated from observer effects. Given the large number of lakes 

included in these studies, the overall measurement bias was small because the counts by the two 

sets of observers in both studies were similar. I can cautiously conclude that in the MLMP, where 

the sample size is even larger, the overall effects of adult loons being absent from a lake or 

visiting loons being present on any given day will likely cancel out. 

 

Noncompliance of observers with study design 

The six surveys that were conducted more than one hour apart were retained in the training study. 

Five of the six non-compliant surveys occurred on small and medium-sized lakes where loon 

movement tends to be less than on large lakes. One of the lakes did not appear to have quality 

loon habitat. The net effect of keeping these observations in the study would likely increase the 

count differences between observers. This effect was observed on day three as discussed 

previously. Because no overall significant difference between trained and untrained observers 

was 
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detected with the non-overlapping observations included, the conclusion that training had no 

effect is stronger. 

 

For all the studies, I only specified the minimum amount of time to spend surveying, not a limit 

on how long to spend. As a result some observers spent 30 minutes, whereas others spent two to 

four hours. Specifying time limits based on lake size may have increased compliance. For future 

studies, I would specify time limits as well as minimum times to spend observing (e.g., 30 

minutes for small lakes, one to two hours for medium-sized lakes, and two to three hours for large 

lakes). 

 

Juveniles 

In the training study, two volunteers (one trained and one untrained) each missed a pair of 

juveniles. As noted earlier, one of the untrained observers misidentified two adults as juveniles. 

In the study assessing paired counts, there were six counts where the number of juveniles differed 

by three or four. Juveniles loons are unable to fly until 11 to 12 weeks of age, and thus will 

always be present on a lake unless mortality occurs. These results indicated that juveniles will 

occasionally be missed, double counted, or misidentified during surveys. Overall., however, 

differences between trained and untrained volunteer juvenile loon counts have a mean of zero. 

 

Boat vs. Shoreline Survey Methods 

Volunteers conducted the loon surveys from the shoreline and by boat. I recommended that all 

surveys on large lakes be conducted by boat but did not require it. Testing the accuracy of shore 

and boat surveys was beyond the scope of this study. Koskimies and Poysa (1989) found that 

point counts of waterbirds from numerous locations along the lakeshore gave nearly identical 

results as counts from a boat. 

 

 

SUMMARY AND CONCLUSIONS 

 

Of the different components of this study, only the aspect assessing training controlled for the 

effect of loon movement by requiring that observations be made at the same time. However, 

because a few surveys were conducted at different times and for different lengths of time, loon 

movement still may have influenced the results. For the purposes of the MLMP where annual 
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censuses are being conducted, the source of variation is not important. The important point is that 

all the studies indicated that volunteers tend to obtain similar adult and juvenile loon counts and 

the overall measurement error is small. 

 

The study on the effect of training on volunteer accuracy showed that short training sessions did 

not significantly influence the survey results. The training study and paired count study both 

demonstrated that variation in loon counts increased on larger lakes. However, training did appear 

to increase survey efficiency. Training programs, if feasible, will likely improve observer 

efficiency, ensure compliance to survey protocols, and increase commitment to and 

understanding of the monitoring program. 

 

The sources and magnitude of variation identified in these studies will be used to help interpret 

annual changes in the MLMP census results. The effect of loon movement, especially on large 

lakes, should be considered when interpreting the results of the MLMP. Utilizing volunteers who 

are already familiar with the large lakes should decrease the variability. For the largest lakes, this 

step has already been taken. Training material, whether written instructions or in a workshop 

format, should be targeted toward reducing variability on large lake surveys. 
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Chapter 2: A modeling exercise to determine the power of detecting decreasing trends in 

adult common loon numbers in Minnesota 

 

INTRODUCTION 

 

In 1994, the Minnesota Department of Natural Resources (MN DNR) initiated the Minnesota 

Loon Monitoring Program (MLMP) to annually assess the status of the adult loon population and 

reproductive success throughout the state. The MN DNR's primary concern is to detect a decline 

in the loon population before the problem becomes so serious as to require regulatory action (e.g., 

threatened or endangered species status). It would be helpful for the MN DNR to know what rate 

of change is required and how long monitoring is necessary before a negative trend could be 

statistically detected. 

 

The probability of mistakenly failing to reject a false null hypothesis is called statistical power 

(Toft and Shea 1983). Low power indicates a greater chance of not rejecting the null hypothesis 

when a real change has occurred (false negative). The reason for non-detection of a change could 

include small sample size, large variability in the data, brief sampling period, or small a used in 

statistical tests. High power is desired, especially in regards to conservation problems. For 

example, concluding that a population is stable when an actual decline has occurred may be 

detrimental to a rare species (Taylor and Gerrodette 193). Power is usually calculated using a 

measure of effect size or rate of change in abundance, sample size, precision (e.g., variance, 

coefficient of variation), and statistical a levels (Gerrodette 1987, Peterman 1990). If no direct 

measure of variance is available, Peterman (1990) described a simulation procedure to assess 

power that uses a random variable to assess variability. !For a more detailed discussion of power 

and its applications see Gerrodette (1987), Green (1988) Peterman (1990), Rotenberry and Wiens 

(1985), Taylor and Gerrodette (1993), and Toft and Shea (1983). 

 

The error associated with sampling is low because the MLMP is based on a complete census of 

six regions ("index areas") consisting of about 100 lakes each. However, measurement error 

exists from observer error, loon movement, weather condition, etc. (See Hanson, Chapter 1 for a 

discussion of measurement error.) Thus, the annual MLMP survey results are based on variable 
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counts that peed to be considered when interpreting trends. I developed a computer model to 

simulate adult loon population declines and variable volunteer loon counts. I used linear 

regression to assess modeled loon abundance against time and quantified the proportion of cases 

in which the null hypothesis (Ho) was correctly rejected (i.e., a statistically significant negative 

slope was detected). 

 

The objective of the study was to assess the power of detecting significant declines of the 

modeled loon population while varying count variability, the length of monitoring period, the 

number of lakes surveyed, and a levels. The outcome of the study should provide the MN DNR 

guidance on how many years of monitoring are necessary to detect various rates of decline in the 

adult loon population within the MLMP survey region. 

 

 

METHODS 

 

A stochastic spreadsheet model was used to determine the power of detecting predetermined 

declines in tie adult loon population. Parameters included measurement error estimates, 

predetermined annual population declines, time (in years), number of lakes surveyed, and a 

levels. The response variable was the power in detecting significant changes in the population. 

For year zero, I used loon count data from the entire MLMP 1995 results, n=630, and two of the 

six index areas, n= ~100, where n is the number of lakes surveyed. 

 

Three levels of measurement error were used, which were derived from three distributions of 

differences of paired adult loon counts on individual lakes from actual volunteer count data (Fig. 

1). For a measure of low variability, differences of paired volunteers' loon counts conducted on 

the same lake at the same time were assessed ("same time"). These differences primarily 

measured observer error. Moderate variability was determined from paired counts conducted on 

the same lakes during the same five-day period ("5-day period"). This assessment incorporates 

other sources of measurement error in addition to observer error, especially loon movement and 

surveying under potentially different environmental conditions. The largest measure of variability 

in loon counts was done by comparing the 1994 and 1995 results on the same set of lakes with the 

assumption that the real population on these lakes did not change between years ("between 

years"). 



51 

 

The study site and survey methods are described in Hanson, Chapter 4. Because the magnitude of 

the adult loon count differences increased with lake size, the differences were divided into four 

size classes. An example of the distribution of count differences by lake size class is presented in 

Fig. 2 for the "between year" measurement error. 

 

Variable counts were simulated by randomly selecting point from the distribution of count 

differences and adding the appropriate number of loon from the expected loon count on 

individual lakes. The model was run at chosen constant population decline rates of 0.0, 0.7, 1.0, 

1.7, 2.4, 3.0, 4.3, and 5.6%. For each parameter combination, the model was run 500 times. Each 

run was 20 years. The untransformed loon counts from each run were plotted against time using 

linear regression, and the percent of statistically significant slopes using a t-test at a levels of 0.05 

and 0.10 were tallied at 5, 7, 10, 15, and 20 years. The percent of significant negative slopes 

indicated the power of detecting an actual decline (i.e., correctly rejecting the null hypothesis 

when the null hypothesis was known to be false). A sample Of three runs of the model are 

presented in Fig. 3. 

 

Power curves were constructed for the three levels of variability and the two alpha levels across 

the five time periods. Power levels of 0.8 (ß=0.2) were assumed to be adequate in determining the 

period of time necessary to confidently detect changes io the population. If greater power is 

desired for the time periods assessed in this study, detectable decline rates would be larger. 

 

The variability of the differences in paired adult loon counts was assumed to adequately assess 

measurement error. For the "between year" count differences, I assumed that the overall 

population did not change from 1994 to 1995. 1 also assumed that annual decline rates and the 

number of loons expected to be observed on a lake remained constant. This last assumption is 

violated when loons leave their territorial lake. However, the distribution of loon count 

differences for the 5-day period and between years should account for loon movement and other 

sources of error. 
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RESULTS 

 

The monitoring time and rates of decline required to obtain a power level of 0.8 in detecting 

population declines using the three levels of measurement error are presented in Fig. 4. 

Measurement error in estimates of abundance had a greater effect for short monitoring periods: 

For example, a decline of 2.2% per year may be detectable after five years assuming low 

measurement error (counts at same time) compared to 31,.4% per year for high measurement 

error (between years). (If the original loon population within the survey region was 1000 adults, a 

3.4% annual decline would result in loon population of 841 after five years of monitoring.) After 

10 to 15 years of monitoring, most population declines of 0.5I to 1 % per year should be 

detectable whether low or high levels of variability are assumed. 

 

For the remainder of the analyses, I will use the high measurement error (count differences 

"between years") for modeling variable counts to provide the most conservative estimate of 

power. 

 

The power curves for monitoring the loon population over a 5 to 20 year time period are shown in 

Fig. 5. If after five years of monitoring no significant slope is detected, the loon population 

probably has not declined at a rate greater than 3.4% per year, but may have declined at smaller 

rates. As the time of monitoring progresses, smaller decline rates should become more detectable. 

For example, the probability of being able to detect a 1 % annual decline after five years is only 

0.1 but is about 0.8 after 10 years. (After 10 years, an annual decline rate of 1.0% would result in 

a loon population of 904 within the six index areas based on an original population of 1000.) 

 

Increasing α from 0.05 to 0.10 to determine the significance of the slope of the least squares line 

resulted in annual population declines to be detectable sooner (Fig. 6). For example, after five 

years of monitoring, an annual decline rate of about 2.8% may be detectable using an a of 0.10 

compared to 4.3% using an a of 0.05. As time progresses, the calculated power became similar 

using either an a of 0.05 or 0.10. 

 

The number of lakes surveyed is extremely important in the ability to detect declines as 

demonstrated by the comparison of power curves for all lakes in the MLMP and two index areas 

modeled separately (Fig. 7). Given an annual decline rate  of 3.4% where power equaled 0.8 for 
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all MLMP lakes, the power to detect a decline within a single index area was only about 0.3. 

Extrapolating from the power curve for the five year time period, a decline of approximately 

7.5% would have to occur to obtain power of 0.8 for a single index area (Fig. 8). (If an index area 

had 150 adult loons in year zero, there would be 102 adults:, after five years given an annual 

decline rate of 7.5%.) As monitoring periods of 15 and 20 yeas are approached, the effect of 

sample size diminished. Although the adult loon populations varied between the two index areas 

(i.e., Aitkin had more loons than Otter Tail), power curves were similar for each. 

 

 

DISCUSSION 

 

Model simulations of the common loon population demonstrate that declines within the MLMP 

should be detectable within a reasonable timeframe from a natural resource management 

perspective. The power of differentiating the true slop& from a slope of zero (i.e., no change in 

abundance) for this study appears to be high in comparison to monitoring of other animal 

populations because the of small measurement error and the large number of lakes surveyed. 

Gerrodette (1987) calculated that it would take 11 years) to detect a population increase of about 

4.5% annually in California sea otters (Enhydra lutris) ( at a power level of 0.95 using a single 

annual aerial, survey. For the MLMP, it would take about five years for the same decline rate and 

power level. Edwards and Perkins (1992) determined that annual changes of 10% in the northern 

offshore spotted dolphin population (Stenella attenuata) may be detectable in 10 years using a 

power level of 0.9. Using power of 0.9 in this study, a 1.3% annual decline may be detectable in 

10 years. For a study on the vaquita (Phocoena sinus) population, a rare porpoise, Taylor and 

Gerrodette 0993) found that to monitor the population tong enough to obtain high power in 

detecting a decline may result in the near extinction of the species. 

 

For individual index areas, if a significant negative slop(; is not observed, it will take a longer 

time or larger decline rates before changes in the population can be detected with adequate power 

compared to assessing all MLMP lakes. The results for lithe Aitkin/Crow Wing and Otter Tail 

index areas are probably applicable to the remaining four index areas. Measurement error will 

likely be more pronounced in annual loon counts from a single index area compared to the entire 

MLMP, increasing the chances of falsely rejecting the null hypothesis. Harris (1986) and 
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Gerrodette (!,1987) suggested that conducting multiple counts within years would reduce 

measurement error caused by variable counts, but unfortunately logistical and financial 

constraints do not make this option feasible unless the project was conducted at a much smaller 

scale. To reduce the effect of variable counts and to increase power, especially for monitoring 

changes within individual index areas compared to the entire study area, longer monitoring 

periods, pooling of two or three years of data (Kendall et al. 1992), or using a large a will have to 

suffice. See Hanson (Chapter 4) for further discussion on dealing with the effects of variable 

counts. 

 

The results of the analysis should be interpreted conservatively as unknown biases in the model 

may exist arid modeled count variability may underestimiate real variance (Gerrodette 1987). 

These results indicate the minimum number of years necessary to monitor the loon population 

within the MLMP study area given a constant rate of increase. In the actual loon count data from 

1994 and 19'95, 66 more adults were counted in 1995. The observed difference was primarily 

caused by large congregations of adults on a few large lakes (see Hanson, Chapter 4). These 

congregations may indicate an actual population increase, or they may occur so sporadically that 

even large sample size did not reduce their influence. I modeled a zero percent change in the adult 

loon population and found that changes of this magnitude or greater (change of 66 loons between 

years) occurred in 23.4% of the runs. Thus, the variation in loon counts used in the model appears 

to be adequate. Even if there is more variability in the loon counts than modeled here, after 10 to 

15 years of monitoring, changes in the population may be detectable regardless of the variability 

as indicated by the detectable decline rates becoming nearly identical. 

 

CONCLUSION 

 

The variability in adult loon counts appears to be low enough to allow population changes to be 

detected before the population becomes threatened. Longer monitoring periods will be required to 

distinguish small changes from measurement error for the adult loon population within the 

MLMP study area. For individual index areas, longer monitoring periods will be necessary to 

obtain the same power levels as when assessing the entire MLMP results. If significant declines 

are detected either for the entire MLMP or within index areas, steps pan be confidently taken to 

determine what is causing the observed decline. Count variability may still influence the results, 
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however. To ensure that measurement error is not the cause of the observed decline, an extra year 

or two of surveying should provide confirmation.  
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Chapter 3: 'A comparison of ground and aerial counts of the common loon as a component 

of along-term monitoring program in Minnesota. 

 

 

INTRODUCTION 

 

Aerial surveys have been used extensively to provide estimates of animal population size and 

density especially for large terrestrial mammals (Caughley ey 1974, Caughley et al. 1976, Siniff 

and Skoog 1964, Steinhorst and Samuel 1989), sea mamm s (Geibel and Miller 1984, Myers and 

Bowen 1989, Packard et al. 1986), waterbirds (Broome 1985, Henny et al. 1972, Rodgers et al. 

1995), and the common loon (Gavia immer) (Lanctot and Quang 1992, Strong and Baker 1991, 

DiBello and Bissonette 1984, Mooty 1987, McIntyre 191, S. Stockwell pers. comm., Zimmer 

1979). Aerial survey results usually provide underestimates of the actual number of individuals 

present due to visibility bias (i.e., not all animals are sighted) (Caughley 1974). Previous studies  

indicated that aerial counts underestimated loon numbers when compared to ground counts, but 

the results have varied considerably (DiBello and Bissonette 1984, Mooty 1987, McIntyre 1991, 

Zimmer 1979). Despite evidence of visibility biases, aerial surveys have been necessary for 

surveying remote regions or where the costs of equivalent ground surveys are prohibitive 

(Caughley 1974). 

 

Visibility bias for aerial surveys is influenced by two general components: aerial survey biases 

and characteristics of the species to be surveyed. Aerial survey biases include surface water and 

lighting conditions, altitude and speed of the airplane, pilot/observer experience, and observer 

fatigue (Caughley 1974, Pollock and Kendall 1987). Bases dependent on the species being 

surveyed include habitat type (e.g., vegetation, topography) and behavioral characteristics. 

Components of visibility bias are discussed in-depth in other papers (Broome 1985, Caughley et. 

al. 1976, Caughley 1974, Myers and Bowen 1989, Seber 1982). 

 

Seber (1982) recommended three ways to deal with visibility bias in aerial surveys: 1) attempt to 

make the bias constant and use the results as indices, 2) calculate a correction factor utilizing 

ground counts to derive ratio or least squares estimates, and 3) correct for the bias using sampling 

and transect theory. Pollock and Kendall (1987) reviewed several estimation procedures including 
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ratio estimates from aerial and ground counts, two sample capture-recapture (Peterson) estimator, 

two sample removal method, line transect modeling, and bounded counts. They concluded that 

the best estimation technique was the total ground count assuming that relatively accurate ground 

counts could be obtained. Jolly (1969 as cited in Pollock and Kendall 1987) noted that only a few 

ground courts were necessary in developing a precise ratio estimate. 

 

When comparing ground to aerial counts, the ground count is assumed to be unbiased and precise 

(Seber 1982). This assumption often fails for animals Pound in dense vegetation and rough 

terrain. Broome (1985) found that aerial sightability of waterfowl declined with patchy 

backgrounds (e.g., reed beds, meadows, shallow water) but improved in open water areas. Henny 

et al. (1972) had to abandon the use of ground counts of waterfowl because of dense aquatic 

vegetation. Aerial survey accuracy also decreases when counting large groups and flocks of 

mixed species (Broome 1989, Caughley 1974, Myers and Bowen 1989, Rodgers et al. 1985, 

Samuel et al. 1987). 

 

Some of the sources of visibility bias mentioned above for waterbirds are not applicable to the 

common loon. The common loon is conspicuous water ird ranging from 30 to 36 inches in length 

with contrasting black and white markings and spends t e majority of time in open water habitat. 

Loons rarely form large flocks during the breeding season or flock with multiple species 

(McIntyre 1988a). 

 

Species-specific visibility biases that apply to the common loon include adult diving behavior and 

the size, color, and behavior of chicks. When feeding and moving from one area to another, adult 

loons may spend a considerable amount of time below the water surface. Loon chicks may be 

difficult to detect because of their smaller size and uniform color. Chicks less than two weeks of 

age spend much time in the immediate proximity to adults, including on adults' backs or under 

their wings, making detection difficult. Loons also exhibit bit a dive response to low-flying 

aircraft (Lanctot and Quang 1992, DiBello and Bissonette 1984',, personal observation). Aerial 

loon surveys will likely suffer from the same aerial survey biases as other species mentioned 

previously. Evidence of both aerial and species-specific biases is demonstrated by the variability 

of air/ground count ratios from other studies, which ranged from 0.28 to 1.0 (DiBello and 

Bissonette 1984, Lee and Arbuckle 1988, Mooty 1987, McIntyre 1991, Zimmer 1979). 
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In 1994 and 1995, aerial surveys were utilized in the Minnesota Loon Monitoring Program 

(MLMP), a project initiated by the Minnesota Department of Natural Resources (MN DNR) to 

annually assess the adult common loon population and its reproductive success in six distinct 

regions ("index areas") of the state. Complete censuses, were conducted on over 600 lakes z 10 

acres in surface area. About 10% of the lakes were aerially surveyed; the remainder were 

surveyed by volunteers and MN DNR and U.S. Fish and Wildlife Service personnel. The MLMP 

was established because Minnesota provides habitat for over 50% of the breeding common loon 

population in the lower 48 contiguous states (Strong and Baker 1991), the existence of significant 

anthropogenic threats, and concern over the decline of the breeding range over the past century. 

The objective of the MLMP is to census 600 lakes annually within the six index areas in order to 

ensure rapid detection of declines in the number of adults and for reproductive success. Loons 

historically had summer ranges in southern Minnesota, northern Iowa, southern Wisconsin, 

Illinois, Indiana, and Connecticut (Bohlen 1989, Dins more et al. 1984, Palmer 1962, Roberts 

1932). Recently loons reestablished summer residence in Massachusetts (Blodget and Lyons 

1988). Anthropogenic threats, including habitat loss and degradation (Titus and VanDruff 1981, 

McIntyre 1988a,b), direct human activity (e.g., recreational disturbance, drowning in commercial 

fish nets) (McIntyre 1988a,b, Robinson 1993, Stocek 193, Titus and VanDruff 1981), and 

environmental contaminants, including mercury deposition, acid precipitation, and lead (Alvo et 

al. 1988, Barr 1986, Daulton and Meyer 1995, Ensor et al. 1992, Pokras et al. 1993, Swain and 

Helwig 1989) have been documented throughout the loon's breeding range. Because of historical 

declines and present threats, the common loon is considered threatened in Michigan, New 

Hampshire, and Vermont (see Hanson, Chapter 4). 

 

Because aerial surveys were conducted on inaccessible lakes and lakes > 500 acres in size, two 

studies were conducted in 1994 and 1995 to assess the accuracy of aerial counts in relation to 

ground counts. In 1994, lakes were surveyed from both the air and the ground at or near the same 

time. In 1995, a larger group of lakes was surveyed from both the air and ground over the same 

week-long survey period, but not necessarily at the same time. 

 

These studies will help determine to what extent aerial surveys should be used in the future of the 

MLMP and will provide guidance on the use of aerial surveys for other loon monitoring 

programs. Because the MLMP utilizes volunteers for the ground surveys, it costs more to conduct 

aerial surveys than to conduct the ground surveys. If ground surveys are found to provide more 
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accurate and precise estimates of loon numbers than aerial surveys, the DNR would only conduct 

aerial surveys on inaccessible lakes. Based on qualitative observations that the 1994 aerial 

surveys were highly variable on large lakes, ground surveys were also conducted on all lakes z 

500 acres in. 1995 in addition to aerial counts. 

 

The objectives of the study were divided into three co components: 1) determine whether ground 

surveys should be used in lieu of aerial surveys where both are feasible, 2) assess the variability 

of aerial/ground count differences, especially in relation to lake size, and 3) calculate adult and 

juvenile loon correction factors using aerial/ground count ratios. 

 

 

METHODS 

 

Study site  

Loon surveys were conducted within six index areas located in southwest Aitkin/east-central 

Crow Wing Counties, north-central Becker County, west Cook/east Lake Counties, central Itasca 

County, north Kandiyohi County, and central Otter Tail County (Fig. 1). Each index area 

included about 100 lakes >10 acres in surface area. The six index areas were chosen to be 

indicators of the major anthropogenic threats (i.e., habitat loss, recreational disturbance, lake 

acidification and associated mercury contamination) that may occur in different regions of 

Minnesota. The following criteria were used as measures of the potential threats to loons from 

pollutants, human activity, and habitat loss: 1) lake sensitivity to acidification, 2) human 

population density, 3) road density, 4) projected human population growth, and 5) land 

ownership. Regions with relatively low, moderate, and high levels of potential threats were 

identified using these criteria. Current human population density and road density were used 

simultaneously as indicators of current human activity levels. I assumed that recreational 

disturbance and development would tend to be less of a threat on public lands than on private 

lands, because human activity and development would be less restricted on private lands. At least 

two index area were located in regions with higher levels of threats and two in regions with lower 

levels. Suitable index area locations were identified using map overlays and geographic 

information system (GIS) data. The results are summarized' in Table 1. (See Hanson, Chapter 4 

for complete description of site selection.)  
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The Aitkin/Crow Wing index area is located within the northern coniferous forest biome (Coffin 

and Pfannmuller 1988). Local vegetation varies from sands of conifers including red (Pinus 

resinosa) and white pine (Pinus strobus) to areas of mixed aspen (Populus sp.), white birch 

(Betula papyrifera), maples (Acer sp.), and basswoods (Tilia americana). Most lakes were 

formed by ice blocks left in glacial till associated with the St. Croix moraine (MN DNR 1968). 

Shoreline of most lakes is primarily privately owned. Both seasonal and permanent homes are 

common in the area, but only 10 lakes have public access. 

 

The Becker index area overlays sections of both the no hem coniferous and eastern deciduous 

forest biomes (Coffin and Pfannmuller 1988). Most 1akes in the index area are located in till in 

the Alexandria moraine, but some are found in glacial out lash plains (MN DNR 1968) resulting 

in a mix of shallow to deep lakes. Many lakes surveyed in t e Becker index area are located 

within or near the Tamarack National Wildlife Refuge where the a is little or no shoreline 

development. A few of the larger lakes surrounding the refuge have moderate to high levels of 

development where shoreline ownership is either private, county, state, or part of the White Earth 

Indian Reservation (MN DNR 1991). 

 

The Cook/Lake index area is located within the northern coniferous forest biome (Coffin and 

Pfannmuller 1988). Lakes were formed primarily from three processes: ice left in glacial till in 

the Highland moraine, glacial erosion, and glacial drift damming valleys (MN DNR 1968). Most 

lakes are located within the Superior National Forest an Pat Bayle Minnesota State Forest. A few 

lakes are located along the southern edge of the Bound Waters Canoe Area Wilderness. Shoreline 

on some of the larger lakes is privately owned,, but most small and medium-sized lakes have little 

or no development (MN DNR 1991). 

  

The Itasca index area lies in the northern coniferous forest biome (Coffin and Pfannmuller 1988). 

Local vegetation consists of a mixture of conifers and hardwoods. Lakes in the Itasca index area 

were formed primarily by ice left in glacial till (MN DNR 1968). The majority of lakes are found 

within the Chippewa National Forest, but shoreline sections of many lakes are privately owned. 

Development varies from moderate to none. A few lakes s are bordered by county and state lands 

(MN DNR 1991). 
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The Kandiyohi area is located on the border of the tallgrass ass prairie and eastern deciduous 

forest biomes (Coffin and Pfannmuller 1988). Lakes tend to a shallow with shorelines supporting 

dense growths of aquatic vegetation. A few large areas of maple, basswood, and oak forests still 

exist around some lakes. Most of the index area lakes a in a terminal moraine. Two water bodies, 

Mongalahia and Crow River, were greatly enlarged by the damming of the Crow River (MN 

DNR 1968). Almost all lakes are located on private to lands. Five lakes are located in Sibley State 

Park (MN DNR 1991). 

 

Lakes the in Otter Tail index area are located within they eastern deciduous forest biome. Most 

treeless areas are dominated by agriculture (Coffin and Pfannmuller 1988). Local vegetation 

includes maple (Acer sp.) and basswood (Tilia america) forests, aspens (Populus sp.), and oaks 

(Quercus sp.). Lakes were formed by both ice block basins ins in glacial till and in till-filled pre-

glacial valleys (MN DNR 1968). All lakes are located on private lands (MN DNR 1991). Many of 

the shallow lakes in Becker, Kandiyohi and Otter Tail index areas have extensive tracts of 

emergent aquatic vegetation. Lakes in open areas in Kandiyohi and Otter Tail index area are 

highly influenced by agriculture activities along their borders. 

 

I 

A comparison of ground and aerial surveys conducted at the same time (1994 study). 

 

Forty three paired aerial/ground count comparisons were made on lakes located in the 

Aitkin/Crow Wing (n=36), Becker (n=6), and Itasca (n=1) index are s of the MLMP. Lakes were 

surveyed on July 15 and 16, 1994. Thirty nine lakes were < 700 acres s in size, and four lakes 

were between 700 and 1300 acres. 

 

Aerial counts 

Aerial surveys were conducted from fixed winged aircraft with two observers, the pilot and a 

trained biologist. Surveys took place between 0900 and a 1000 h and involved circling lakes at an 

altitude of 70-170 m above ground level (agl) at 70-90 knots. Two passes were made over each 

lake. If loons were observed, an additional pass was made to confirm species and age 

identification and to check for the presence of other loons that may have been missed or dived. 

Three separate aerial surveys were conducted in the three index areas. 

Yvanders
I
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Ground counts 

Concurrent with the aerial surveys, I compared trained and untrained volunteers' adult and 

juvenile loon counts in the Aitkin/Crow Wing index area. Most ground observers were 

participating in this study on the effect of training. To compare the aerial and ground counts, I 

used the volunteer count that was closest to the time of the aerial count for that lake. In the 

Becker and Itasca index areas, ground counts were conducted by U.S. Fish and Wildlife Service 

and MN DNR personnel. 

 

Ground surveys were conducted from shorelines and b3 boat for a minimum of 30 minutes. 

Volunteers were encouraged but not required to use a bat or canoe on larger lakes. Observations 

from the shoreline were made from multiple vantage pints to ensure that all surface water areas 

were observed. Instructions for boat surveys varied on a size and shape of the lake. For small and 

medium-sized lakes, volunteers were to stay about 00 m from shore while systematically circling 

the lake. All islands were to be completely circled led. For large, round lakes, in addition to the 

procedures described above, observers systematical y surveyed open water regions by boating out 

and back to the shore every 400 to 800 m. For large , convoluted lakes, observers surveyed 

narrow sections and bays completely before moving on o other parts of the lake. Boat surveyors 

were asked to stop the boat and scan the entire water surface ace every 400 m for loons. 

 

Statistical analysis 

A one-sample t-test was used to assess whether the differences  between aerial and ground loon 

counts differed from zero. The null hypothesis was that the difference would be equal to zero. 

Based on initial least square models assessing the relationship between aerial and ground counts, 

it appeared that the ratio of aerial counts to ground counts may change with lake size. Therefore, 

to assess whether lake size influenced loon counts, I used ordinary least squares to fit the model 

 

log(yi) = β0 + β1 log(xi) + ei, 

 

where yi was the ratio of aerial to ground count on lake (aerial count+l/ground count+l), and xi 

was lake size on same lake i. 

 

If aerial counts differed significantly from ground count based on the t-test, then a correction 

factor was calculated that could be used to adjust loon counts for lakes only surveyed aerially. If 
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the slope of the least squares line was not significantly different from zero, then a simple 

correction factor was calculated using a ratio estimate a described by Seber (1982). The 

correction factor, p, equals ΣYi / Σ Xi, where Yi was the aerial count on lake i, and Xi was the 

ground count on lake i. However, if a significant slope was detected, then aerial/ground count 

ratios varied with lake size. The equation for the least squares line was used to calculate 

correction factors for each lake by size. 

 

I made the assumption that the probability of a loon being seen from the airplane was constant. 

Ground counts should provide an adequate baseline from which to compare aerial counts based 

on two observer accuracy studies, where differences between n paired observers' adult loon 

counts were distributed normally with a mean of zero (see Hanson, Chapter 1). 

 

A comparison of ground and aerial surveys conduct d at different times (1995 study) 

 

In 1995, ground and aerial surveys were compared on 7 lakes selected from the 645 lakes within 

the six index areas. Most lakes > 500 acres in the MLMP were surveyed from the air and ground, 

and inaccessible lakes < 500 acres were surveyed from a air. Paired surveys were conducted 

during the same one-week period. I assumed that any patterns in adult loon count differences 

between the two methods would be detectable. During is one-week period in mid-July, it is 

unlikely any major changes in adult loon movement patterns would have occurred. As the 

breeding season progresses, adult loons begin to congregate in larger groups consisting of 

nonbreeders, failed breeders, and visiting adults from active territories, and rates of movement 

increase (Croskery 1988, McIntyre 1988a). Juvenile loons are unable to fly until 10-12 weeks of 

age, and thus their numbers should remain constant over the survey period. Any differences in 

juvenile loon counts should be a result of counting biases and not because juvenile loons moved 

to a different lake. Ten, 13, 17, 6, 16, and 9 lakes were surveyed from the air and ground in the 

Aitkin/Crow Wing, Becker, Crow Wing, Itasca, Kandiyohi hi, and Otter Tail index areas, 

respectively.  
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Aerial surveys 

Because calm wind conditions were important for aerial surveys, the aerial survey period was 

extended to 8 days (14-21 July 1995). Five different pilots and observers conducted the aerial 

surveys, but all groups followed the same instructions. The methods described in the 1994 study 

were used. I conducted a Kruskal-Wallis test to determine if aerial and ground count differences 

varied by pilot. Pilot was a five level factor, and the adult loon count difference (ground minus 

aerial count) was the observational unit. 

 

Ground surveys 

Ground surveys were conducted over a five-day period (14-18 July 1995) and used similar survey 

methods as described in the 1994 study. Surveys were to be conducted between 0600 and 1200 h. 

Volunteers were told to not survey under windy or heavy rain conditions. Large lakes (>500 

acres) were surveyed by volunteers familiar with the lake or by MN DNR personnel. 

 

Statistical analysis 

The analysis described for the 1994 study was repeated or the 1995 results. (See "statistical 

analysis" in previous section). 

 

 

The effect of repeating aerial counts at different time intervals 

 

The effect of time between paired surveys and the influence of loon movement was qualitatively 

evaluated by resurveying lakes at three different time intervals. 1) 17 of the same lakes were 

surveyed on two successive days ("long" interval). 2) Seven lakes were resurveyed from the air 

between one and two hours after the initial survey ("moderate" interval). 3) Ten lakes were 

resurveyed immediately after the first survey ("short" interval). The four largest lakes were 

included in all three time intervals, and all of the lakes from the moderate and short interval were 

included in the long interval. A Kruskal-Wallis test was used to test if count differences varied 

between the three time intervals. 
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RESULTS 

 

A comparison of ground and aerial surveys conducted at the same time (1994 study) 

 

The total number of adult and juvenile common loons observed from the ground and air are listed 

in Table 2. Because of the low number of juvenile loons present, statistical tests on the effect of 

method and lake size were only conducted for adult loons. 

 

Adult loons 

Using a one-sample t-test, the differences between the round and aerial loon counts were 

significantly different from zero (t = 2.38, df = 42, p = 0 .0218). Only four aerial adult loon 

counts exceeded ground counts, all occurring on lakes larger an 400 acres, whereas 18 ground 

counts were greater than aerial counts. No loons were observe from the ground or the air for 4 of 

the 21 identical counts. Ground counts exceeded aerial counts by 13 on two lakes, 800 and 1266 

acres in size. No other differences of this magnitude were observed in this part of the study. 

Ground minus aerial count differences ranged from -4 to 13. The mean number of adult loons 

counted from the ground and the air was 3.32 and 2.00, respectively 

 

The relationship between the log of aerial/ground count ratios and log of lake size (Fig. 2) 

indicated a potential negative slope (t = 1.96, p = 0.056 ), but the relationship was weak as 

indicated by the large variance of the ratios around the regression line, log(yi)) = 0.207 - 0.143 

log(xi). The variance appeared to increase for larger lakes. Three data points from the largest 

lakes highly influenced the linear regression model. The scales of both axes are log transformed. 

 

Juvenile loons 

Based on six repeated ground surveys to each lake assessed in the Aitkin/Crow Wing index area, 

two juveniles were present on each of 6 of the 36 lakes surveyed. Ground and aerial observers 

counted 11 and 4 of the 12 juvenile loons present, respectively. One juvenile loon detected from 

the air was not detected by the designated ground observer or five other observers who surveyed 

the lake. On the 1266 acre lake mentioned previously, the aerial observers detected only 1 of 8 

juveniles detected from the ground. 
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A comparison of ground and aerial surveys conducted at different times (1995 study) 

 

Adult loons 

Ground and aerial adult and juvenile loon counts are presented in Table 3. Using a one sample t-

test, ground and aerial adult loon count differences were significantly different from zero (t = 

5.53, df = 70, p = 0.000). Only five aerial counts were greater than ground counts, whereas 46 

ground counts exceeded aerial counts. For 16 of the 20 identical counts, no loons were observed 

from the ground or the air. The count differences ranged from -10 to 21. The mean number of 

adult loons counted from the ground and the air was 5.39 and 2.35, respectively. 

 

The relationship between the log of aerial/ground count ratios and log of lake size (Fig. 2) 

indicated a potential negative slope (t = -1.94, p = 0.05 3), but the ratios were highly variable 

around the regression line, log(yi) = 0.122 - 0.145 log(xi). The scales of both axes are log 

transformed. 

 

Juveniles 

Ground and aerial loon counts were significantly different for juvenile loons using a one-sample 

t-test (t = 3.89, df = 70, p = 0.002). For juvenile loons, tree aerial counts were greater than ground 

counts, and 26 ground counts were greater than aerial counts. For 39 of the 40 identical counts, no 

juveniles were observed using either method. Juvenile aerial and ground count differences ranged 

from -2 to 8. The mean number of juveniles counted from the ground and air was 0.96 and 0.32, 

respectively. 

 

The least squares regression line of the log of aerial/ground ratios plotted against the log of lake 

size showed neither a significant slope nor intercept different from one (β0: t = 0.67, p = 0.509, β1: 

t = -1.40, p = 0.166) (Fig. 3). The correction factor, p, or juvenile loons was 0.34. 

 

Observer effect 

Adult loon count differences between aerial and ground surveys were significantly different for 

the Itasca index area compared to Aitkin/Crow Wing, Coo Lake, and Kandiyohi index areas using 

a Kruskal-Wallis test (χ2=18.057, p=0.0012). The same pilot conducted surveys in Becker and 

Otter Tail index areas, and these differences were indistinguishable from the other four index 

areas. 
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Calculating correction factors utilizing both the 199 and 1995 results 

 

Because ground adult and juvenile loon counts significantly exceeded aerial counts, the loon 

counts from the 30 lakes that were surveyed only from the air in 1994 were adjusted to make 

them comparable to the 1995 ground counts. Using the least squares regression line of 

aerial/ground ratios plotted against lake size from the 1994 and 1995 studies, aerial counts of 

adult loons were corrected according to the lake size. The equations for calculating the correction 

factors for by lake size were 

 

1994 study: log(yi) = 0.207 - 0.143 log(xi) and  

1995 study: log(yi) = 0.122 - 0.145 log(xi), 

 

where yi was the ratio of aerial to ground count on lake (aerial count+l/ground count+l), and xi 

was the lake size on lake i. For juvenile loons, a ratio estimate of 0.34 (aerial count/ground count) 

was used to make corrections. For these 30 lakes, the actual and corrected aerial loon counts from 

1994 and 1995 and actual ground counts from 1995 are presented in Table 4. 

 

Effect of repeating aerial counts at different time intervals 

 

The effect of repeating aerial counts over three different time intervals indicated that the 

magnitude of count differences increased positively wit the amount of time between surveys (χ2 = 

8.50, p = 0.014). The differences for the hour and day intervals were not distinct from each other. 

The mean ranks are presented in Table 5, and the frequency distribution of the differences 

between adult and juvenile loon counts for the three time intervals are presented in Fig. 5. 
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DISCUSSION 

 

Effects of survey method and lake size 

 

The results of the 1994 and 1995 studies clearly demonstrate that aerial surveys underestimate 

adult and juvenile loon numbers compared to ground surveys. These underestimates tend to 

increase with lake size as indicated by the negative slops of the aerial/ground count ratios plotted 

against lake size in the 1994 and 1995 studies (Figs. 2 d 3). Lee and Arbuckle (1988) reported a 

similar relationship between small and large lakes, where the mean aerial/ground count ratios 

were 0.48 (n=17) and 0.33 (n=36) for lakes below and above 500 acres, respectively. The slopes 

of the least squares line for the 1994 and 1995 studies were nearly identical, but the aerial/ground 

count ratios were smaller for the 1995 study (smaller intercept). This difference between the two 

studies may be explained by at least two factors. First, the size of lakes included in the two 

studies differed. In the 1994 study, 74% of the lakes were < 500 acres, whereas in the 1995 study, 

only 14% were this small. For large lakes in both studies, aerial/ground count ratios were smaller 

than ratios for small lakes, thus the 1995 study may have bee biased toward large lakes. Loon 

counts conducted during the same time (1994 study) probably provide a better comparison of the 

two methods, because factors, such as loon movement, should have less of an effect on the 

results. Second, the aerial and ground counts in the 1994 study ere conducted during the same 

morning of the same day compared to the 1995 study, where counts is were conducted during the 

same five day period. Thus, in the 1995 study, the effect of loons moving from lake to lake was 

greater, which may have contributed to smaller ratios being observed  in the 1995 study. 

 

In addition to observing that lake size may influence the accuracy of aerial loon counts, the other 

major finding of this study is that the aerial/ground court ratios vary widely. The least square 

lines for the 1994 and 1995 studies are based on weak relationships ships between aerial/ground 

count ratios and lake size, and the variability of these ratios appears o increase with lake size. 

This increased variability is likely attributable to more loons inhabiting large lakes in association 

with observer errors in under- and overcounting loons and loon movement. DiBello and 

Bissonette (1984) also reported large variance for individual lake results, but t e variance was 

greater on a small lake (30 acres) than a large lake (2000 acres). However, DiBello and 

Bissonette's sample sizes were small (n=10). DiBello and Bissonette (1984) observed that on 

small lakes, where fewer loons are likely to be observed, differences of 1 or 2 loons dramatically 
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affected the ratio between the two survey methods. On large lakes, where more loons may be pre 

present, changes of one or two does not affect the ratio as much. This may be true, but numerous 

adult count differences greater than 10 were observed on the largest lakes in the 1994 and 1995 

studies, contributing to the high variance in the ratios in the studies reported here. 

 

Lake size and high variance in aerial/ground count ratios s may partially explain the wide range 

of aerial/ground count ratios reported in other studies (0.2 to 1.0) (DiBello and Bissonette 1984, 

Lee and Arbuckle 1988, McIntyre 1991, Mooty 1987, and Zimmer 1979) (Table 5). McIntyre 

(1991), Mooty (1987), and Zimmer (1991) did not report lake s sizes or assess the variance for 

calculated aerial/ground ratios. The range of estimated aerial/ground count ratios based on the 

least squares line of the 1994 study falls within the range of reported values. For example, 

calculated aerial/ground count ratios using the 1994 least squares 1 line for 100, 500, and 2000 

acre lakes equaled 0.83, 0.66, and 0.54, respectively. It would be helpful to reassess these other 

studies to determine whether aerial/ground ratios decrease with increasing lake size. It would also 

be prudent to assess the variability of aerial/ground count ratios of these studies. Use of ratios 

without knowledge of the variability could result in placing  too much credence in population 

estimates based on adjusted aerial counts. 

 

The correction factors used to adjust the 1994 aerial loon counts are based on highly variable 

results. This variability should be considered when con paring these results to loon counts in 

future years. 

 

Other sources of variability 

 

In addition to lake size, the differences in aerial and ground counts may have also been influenced 

by methodology differences such as survey heights, pilot observer experience, and time intervals 

between paired surveys. 

 

Survey intensity: altitude and speed 

In 1995, five different pilot/observers conducted aerial surveys, each with varying experience in 
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surveying loons. Despite the standard aerial survey protocol, the intensity and heights of each 

survey likely varied by pilot. Instructions suggested that aerial surveys be conducted between 70 

and 170 m agl depending on weather conditions and pilot preferences. For all the observations 

made in the Aitkin/Crow Wing index area, the aerial/ground and count ratios were highest. These 

aerial surveys were conducted between 70 and 90 m agl with a minimum of two passes. For one 

of the Itasca lakes, where the aerial count grossly under underestimated loon numbers, the ground 

observer who was a wildlife biologist for the MN DNR noted that the plane appeared to be "very 

high". The low aerial/ground count ratios observed in Itasca were likely influenced by at least 

some aerial surveys being conducted in the upper height range. 

 

Survey heights were lower for the two studies with air/ round count ratios above 0.78 [i.e., 

McIntyre (1991) 35-75 m, Zimmer (1979) 100 m]. DiBello and Bissonette (1984) allowed for the 

same range of survey heights that were used in these studies dies (70-170 m). From a qualitative 

perspective, it appears that detection levels likely decrease as survey heights increase over 100 m 

agl, thus altitude may be a potential cause for some of the variability in the observed 

aerial/ground count ratios between studies and among index areas. 

 

Survey time and speed could also contribute to variable counts. Zimmer (1979) circled an area for 

three minutes when a loon was observed to check for of other loons that may have dived. This 

increased survey time may have contributed to Zimmer’s higher detection rates. Most pilots in the 

MLMP made a minimum of two passes over each lake surveyed. The speed at which the different 

pilots conducted surveys was not recorded. 

 

The effects of aerial speed and altitude were not thoroughly investigated in this study, but have 

been studied by others (Broome 1985, Caughley 1974, Caughley et al 1976, Lanctot and Quang 

1992). Lanctot and Quang (1992) recommended that flights be conducted at faster speeds to 

reduce the diving response of loons, but did point out t at lower speeds may be necessary to 

distinguish adults from juveniles. DiBello and Bissonette to (1984) and Caughley (1974) thought 

increased speed would reduce the time available to make observations. In consideration of 

altitude, Caughley (1974) found that sightability decreased at higher altitudes, but noted that at 

lower altitudes, observation time is decreased per unit area. Broome (1985) recommended that 

aerial surveys for waterbirds be conducted at altitudes o 45-50 m agl. Although surveying at 
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higher elevations allows for a greater area to be observed, detection efficiency appears to be 

reduced. For large lakes, surveying at lower heights will require a more intensive search to cover 

the lake surface adequately. 

 

Pilot experience 

When I separated the count differences from the 1995 study by index area, four of the five 

differences where aerial counts exceeded ground count occurred in the Aitkin/Crow Wing index 

area. The pilot for this index area also conducted the surveys for 36 of the 43 lakes surveyed in 

1994, where aerial/ground count ratios were highest. 

 

Disturbance of loons 

Another potential factor contributing to the higher air/g air/ground count ratios in the 1994 study 

was the airplane causing loons to dive, potentially leave the lake, or become wary of loud motors 

or large objects (e.g., airplanes, boats). It has been well documented that aerial surveys cause 

loons to dive (personal observation, DiBello and Bissonette 1984, Lanctot and Quang 1992). 

What is not known is whether the disturbance of aerial surveys would cause loons to remain wary 

for a short time after the survey or even cause them to leave the lake. In the 1994 study, most 

aerial surveys were conducted during the hour before or during the ground surveys. If loons 

remained wary or left the lake, ground counts could have been reduced, thus increasing the 

aerial/ground count ratio. One ground observer noted that an adult ton flew from the lake 

immediately after the plane flew overhead. 

 

Loon movement 

Loon movement, especially on large lakes, can be frequent (Croskery 1988, McIntyre 1988a). 

DiBello and Bissonette (1984) noted that loon movement alone could cause much year-to-year 

variability of loon counts on individual lakes. The effect of loon movement may have been 

exacerbated for surveys conducted at different times as observed in the time interval study (Fig. 

5). In the 1995 study, the largest differences may have occurred because surveys were conducted 

on different days. For the aerial count that exceeded its paired ground count by 10, the MN DNR 

staff person, who was part of both surveys over two day, felt loon movement was the likely cause 

of the difference. Large sample sizes should help reduced the effect of loon movement and the 

effect of timing, but this has not been thoroughly tested. Johnson (1981) found that many studies 
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employ a large sample approach in hoping that the effects of numerous variables "average out". 

Until further studies are conducted on the effects loon movement, other techniques will have to be 

used to reduce the sources of variability discussed in this paper. 

 

Lighting conditions 

One last factor that may highly influence aerial counts is the glare of sunlight off the water. While 

circling and keeping an eye on identified loons, I found that looking toward the sun or having the 

sun directly behind the line of sight made detection of the loons difficult or impossible. Broome 

(1985) and a MN DNR biologist (Jack Mooty, pers. comm.) found that cloud cover increased 

sightability on open water bodies. 

 

 

Biases of ground surveys 

 

Ground surveys may be subject to some of the same biases as aerial surveys (e.g., water and 

lighting conditions, diving loons, and loons leaving the lake), but to a lesser extent (Seber 1982). 

Ground observers can scan the lake surface for longer periods of time than aerial observers, 

allowing them to better detect diving or moving loons and compensate for poor viewing 

conditions. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

The 1994 and 1995 studies indicated that aerial surveys underestimate adult and juvenile loon 

counts compared to ground surveys, and these underestimates  increase with lake size. Using a 

simple correction factor based on the mean aerial and ground counts was not appropriate for adult 

loons, but was for juvenile loons. For adults, a least squares  line provided a better estimate of the 

aerial/ground count ratio taking into account the effect of lake size. The magnitude of count 

differences was high, especially for large lakes, and ranged from -10 to 21. The variance of the 

aerial/ground ratios was also high for all lake sizes and ended to be larger for large lakes. 
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If aerial surveys must be used on a broad scale in the future for the MLMP, the heterogeneity of 

sighting probability should be further investigated and sightability model potentially could be 

developed. Seber (1982) and Steinhorst and Samuel ( 989) agreed that ratio estimates can be used 

if the sighting probability remains relatively constant. ether aerial surveys are used to provide 

indices of abundance or population/density estimates, the variance on these indices and estimates 

is likely to be high. Confirmation of any population trends based solely on aerial surveys could 

not likely be made until many years, if not decades, of data are collected. 

 

Sources of visibility bias that were not explicitly examined in this study became apparent 

including the effects of pilot/observer experience, aerial survey height, and lighting. Optimum 

heights, based on this and other studies appear to be under 100 agl. For the MLMP, lower 

altitudes should have been specified rather than allowing a broad range of acceptable survey 

heights. I also recommend that aerial surveys for the MLMP be conducted when there is cloud 

cover, and in cases of "poor" lighting, second passes be made from a different angle. 

 

Caughley (1974) concluded that it may not be possible o reduce bias in aerial surveys. For places 

where ground counts are not feasible, as many factors a possible should be standardized and 

search effort should be high to increase the accuracy of aerial surveys (e.g., a minimum of two 

passes, repeat passes over identified loons, surveys conducted between 50 and 100 m agl). 

 

Because of logistical and budget constraints, it will be difficult to ensure that a strict aerial 

protocol will be followed in future MLMP surveys. Methodology will vary slightly and 

experience could vary greatly depending on the pilot an observer. Because ground surveys can be 

done for 97% of the lakes in the MLMP, aerial surveys should be restricted to inaccessible lakes. 

The lakes surveyed aerially can be used as an in ex of abundance for that particular set of lakes. 

Only surveys conducted under the same conditions should be compared directly (Caughley et al., 

1976), thus it is imperative that pilots and observers use the same protocol annually. The use of 

replicate counts should be further investigated. 

 

For the lakes surveyed only from the air in 1994 but no being surveyed from the ground, the 

correction factors calculated in this study can be used for that data with the understanding that the 

variability was higher than the ground count data from 1995. 
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Chapter 4: Assessment of the first two years of mo monitoring the common loon in six 

distinct regions of Minnesota 

 

INTRODUCTION 

 

The common loon (Gavia immer) faces many anthropogenic threats, including habitat loss and 

degradation (Titus and VanDruff 1981, McIntyre 1988 ,b), direct human activity (e.g., 

recreational disturbance, drowning in commercial fish nets) (McIntyre 1988a, b, Robinson 1993, 

Stocek 1993, Titus and VanDruff 1981), and environmental contaminants (e.g., mercury 

deposition, acid precipitation, and lead) (Alvo et al. 1988, Barr 1986, Meyer and Daulton 1995, 

Ensor et al. 1992, Pokras et al. 1993, Swain and Helwi 1989). Loons historically had summer 

ranges in southern Minnesota, northern Iowa, southern Wisconsin, Illinois, and Indiana (Bohlen 

1989, Dinsmore et al. 1984, Palmer 1962, Roberts 193 ). Recently loons reestablished summer 

residence in Massachusetts (Blodget and Lyons 1988). Because of historical declines and current 

threats, the common loon currently is considered threat threatened in Michigan, New Hampshire, 

and Vermont. Numerous monitoring programs and research efforts (e.g., toxicity studies) 

throughout North America have been established to address these concerns.  The Minnesota 

Department of Natural Resources (MN DNR) conducted a scientifically valid survey of 

Minnesota's adult common loon population in 1989 utilizing over 700 volunteers The statewide 

survey documented that Minnesota contains breeding habitat for more than 0% of the adult loons 

in the contiguous U.S. (Strong and Baker 1991). In 1994, the MN DNR initiated the development 

of a program that could detect changes in the adult loon population and reproductive success 

more rapidly than would a statewide population estimate. 

 

In developing this monitoring program, I assessed the information that could be obtained from 

two different monitoring approaches: single surveys and repeated surveys throughout the 

breeding season. Single surveys can provide population estimate of the survey region. In states 

with several thousand lakes (i.e., Maine, Michigan, Minnesota , Wisconsin), a single survey is 

only feasible on a small sample of lakes. These samples usually result in large variances and 

require many years of effort before declines can be confidently detected (Eberhardt 1978, 

Gerrodette 1987, Peterman 1990). Single surveys of individual lakes or small regions may 

provide more accurate population estimates, but the results are only applicable to the specified 



96 

survey region. For small states, this approach works well. For example, in New Hampshire, state 

population estimates are based on a single survey of all lakes in the state (J. Fair, pers. comm.). 

Repeated surveys throughout the breeding season provide territory, nesting, and fledging data that 

are difficult to obtain from single surveys, and are usually conducted on lakes where volunteers 

live. For all of these survey designs, variance can be minimized using standardized methods, 

conducting field tests to determine the accuracy of survey methods, using phenologically 

comparable dates, dispersing census locations over entire areas of concern, checking for 

consistency among observers, sampling all relevant habitats, and utilizing multiple observers 

within each survey region (Jarvinen and Vaisanen 19781. 

 

To survey enough lakes to adequately monitor loon activity on Minnesota's approximate 12,000 

lakes (> 10 acres), a single annual survey is the only economical approach. The MN DNR still 

desired a monitoring program that would provide insight into the causes of population and 

productivity declines, should either be detected. The initial idea for monitoring loons in 

Minnesota was to conduct a statewide random survey of lakes every five years (R. Baker, pers. 

comm.). In 1989, the resulting population estimate of 11,626 ± 1,271 adult loons had a relatively 

low variance compared to most animal surveys of this magnitude (Strong and Baker 1991). The 

nature of the survey, however, would not provide much information about potential causes of 

population changes. Also, based on the confidence interval of this population estimate, a 

minimum decline of about 25% would have to occur in the subsequent survey before any 

significant change would be detectable. Furthermore, the time, effort, and funds necessary to 

recruit hundreds of volunteers every five years was a major concern. With this in mind, the MN 

DNR and I developed the MLMP in 1994 utilizing volunteers to census over 600 lakes within six 

regions of the state ("index areas") annually. The prim objectives of the MLMP included: 

 

1) Providing the ability to detect changes in population size for target population within a 

five year time period. 

2) Providing the ability to detect long-term change in productivity for target population. 

3) Providing insight into the causes of population d productivity declines, should either be 

detected. 

4) Generating credible long-term data on Minnesota's  loon population. 

5) Creating a well-documented and easily-implemented monitoring protocol. 

6) Instilling commitment and sense of stewardship among volunteers. 
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Annual censuses of loon populations in the Minnesota index areas will provide data on 

differences in loon numbers and densities among index areas and among lakes with different 

physical and biological characteristics and changes in numbers of successful and potential 

territories. Detection of any population or productivity changes would be followed owed by steps 

to determine the mechanisms behind the changes. If changes occur differentially among index 

areas or lakes, the potential threats associated with the affected index areas) should provide 

guidance for future research. 

 

 

 

METHODS 

 

Study Site 

Loon surveys were conducted within six index areas located in southwest Aitkin/east-central 

Crow Wing Counties, north-central Becker County, west Cook/east Lake Counties, central Itasca 

County, north Kandiyohi County, and central Otter Tail County (Fig. 1). Each index area 

included about 100 lakes z 10 acres in surface area. Only regions of the state with relatively high 

lake densities were considered. Except for two lakes, only 1akes less than 3000 acres in surface 

area were included. Extremely large lakes were avoided because use of the logistical difficulty of 

surveying large open areas and the negative influence of even the slightest winds on sighting 

ability. Lakes < 50 acres in size were most numerous ( 1.3%), and lakes > 500 acres were least 

numerous (10.7%). Seventy percent of Minnesota's lakes are between 10 and 100 acres, which 

corresponds well with the distribution of lake sizes in the MLMP (MN Pollution Control Agency 

1992). The geographic characteristics of each index area are summarized in Table 1. All but the 

Kandiyohi index area were located in counties where adult loons occupied > 50% of the lakes 

(Strong and Baker 1989). 

 

The six index areas were chosen to be indicators of the major anthropogenic threats (i.e., habitat 

loss, recreational activity, lake acidification and associated mercury contamination) that may 

occur in different regions of Minnesota. When spatial pattern are of concern, such as these 

regional threats, systematic sampling may be preferable to random sampling (Eberhardt 1978). 

The following criteria were used as measures of the potential threats to loons from pollutants, 
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human activity, and habitat loss: 1) lake sensitivity to acidification, 2) human population density, 

3) road density, 4) projected human population growth, and 5) and ownership. Regions with 

relatively low, moderate, and high levels of potential threats were identified using these criteria. 

Current human population density and road density were used s simultaneously as indicators of 

current human activity levels. I assumed that recreational activity and shoreline development 

would tend to be less of a threat on public lands than on private lands, because human activity 

and development would be less restricted on private lands. At least two index area were located in 

regions with higher levels of threats and two in regions with lower levels. Suitable index area 

locations were identified using map overlays and geographic information system (GIS) data. The 

results are summarized in Table 2. 

 

Most lakes in the MLMP are located in the northern cot coniferous and eastern deciduous biomes 

with a few lakes in the prairie region (Coffin and Pfannmuller 1988). Ninety-six percent of 

Minnesota's 11,842 lakes are found in coniferous and deciduous regions (MN Pollution Control 

Agency 1992), thus the index areas are representative of most lakes in Minnesota, although 

geological and other unidentified factors may vary locally. Lakes in the coniferous biome are 

estimated to be about 24% oligotrophic, 48% mesotrophic, 25% eutrophic, and 3% 

hyper-eutrophic. Six percent of the lakes are impaired (i.e., exhibit excessive eutrophicatio) based 

on Carlson's Trophic State Index (TSI), summer Secchi transparency, and epilimnetic co 

concentrations of chlorophyll-a and total phosphorous. The lakes within the eastern deciduous 

region are estimated to be 5% oligotrophic, 22% mesotrophic, 43% eutrophic, and 28% hyper- 

eutrophic, of which 44% are impaired (MN Pollution Control Agency 1992). 

 

The Aitkin/Crow Wing index area is located within the northern coniferous forest biome (Coffin 

and Pfannmuller 1988). Local vegetation varies from stands of conifers including red (Pinus 

resinosa) and white pine (Pinus strobus) to areas of mi mixed aspen (Populus sp.), white birch 

(Betula papyrifera), maples (Acer sp.), and basswoods ( Tilia americana). Most lakes were 

formed by ice blocks left in glacial till associated with the St. Croix moraine (MN DNR 1968). 

Shoreline of most lakes is primarily privately owned. Both seasonal and permanent homes are 

common in the area, but only 10 lakes have public access. 
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The Becker index area overlays sections of both the northern coniferous and eastern deciduous 

forest biomes (Coffin and Pfannmuller 1988). Most 1akes in the index area are located in till in 

the Alexandria moraine, but some are found in glacial outwash plains (MN DNR 1968) resulting 

in a mix of shallow to deep lakes. Many lakes surveyed in a Becker index area are located within 

or near the Tamarack National Wildlife Refuge where there is little or no shoreline development. 

A few of the larger lakes surrounding the refuge have moderate to high levels of development 

where shoreline ownership is either private, county, state, or p of the White Earth Indian 

Reservation (MN DNR 1991). 

 

The Cook/Lake index area is located within the northern coniferous forest biome (Coffin and 

Pfannmuller 1988). Lakes were formed primarily from three processes: ice left in glacial till in 

the Highland moraine, glacial erosion, and glacial drift damming valleys (MN DNR 1968). Most 

lakes are located within the Superior National Forest an Pat Bayle Minnesota State Forest. A few 

lakes are located along the southern edge of the Bound Waters Canoe Area Wilderness. Shoreline 

on some of the larger lakes is privately owned, but most small and medium-sized lakes have little 

or no development (MN DNR 1991). 

 

The Itasca index area lies in the northern coniferous for forest biome (Coffin and Pfannmuller 

1988). Local vegetation consists of a mixture of conifers and hardwoods. Lakes in the Itasca 

index area were formed primarily by ice left in glacial till (MN DNR 1968). The majority of lakes 

are found within the Chippewa National Forest, but shoreline sections of many lakes are privately 

owned. Development varies from moderate to none. A few lakes are bordered by county and state 

lands (MN DNR 1991). 

 

The Kandiyohi area is located on the border of the tallgrass prairie and eastern deciduous forest 

biomes (Coffin and Pfannmuller 1988). Lakes tend to be shallow with shorelines supporting 

dense growths of aquatic vegetation. A few large areas f maple, basswood, and oak forests still 

exist around some lakes. Most of the index area lakes a in a terminal moraine. Two water bodies, 

Monongalia and Crow River, were greatly enlarged by the damming of the Crow River (MN 

DNR 1968). Almost all lakes are located on private a lands. Five lakes are located in Sibley State 

Park (MN DNR 1991). 
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Lakes the in Otter Tail index area are located within the eastern deciduous forest biome. Most 

treeless areas are dominated by agriculture (Coffin an Pfannmuller 1988). Local vegetation 

includes maple (Acer sp.) and basswood (Tilia americana) forests, aspens (Populus sp.), and oaks 

(Quercus sp.). Lakes were formed by both ice block b sins in glacial till and in till-filled 

preglacial valleys (MN DNR 1968). All lakes are located on private lands (MN DNR 1991). 

 

Many of the shallow lakes in Becker, Kandiyohi, and Otter Tail index areas have extensive tracts 

of emergent aquatic vegetation. Lakes in open areas in Kandiyohi and Otter Tail index area are 

highly influenced by agriculture activities along their borders. 

 

In addition to surveys within the six index areas, the Sportsmen's Club of Lake Vermillion has 

been conducting loon surveys for the past decade. Lake Vermillion supports hundreds of loons, 

and thus serves as a seventh index area for northeastern Minnesota. The annual surveys are well-

organized, and the methodology is comparable to the MLMP (B. Shook and M. Jackson pers. 

comm.). 

 

Study design 

Surveys were conducted from 15-19 July 1994 and 14- 8 July 1995. The survey dates were 

selected to best assess the adult common loon population , territorial occupancy, and reproductive 

success from a single annual survey. Although Strong (1990) suggested that several long visits to 

each lake throughout the breeding season would be ideal to adequately monitor adult loon 

populations, this level of effort is not possible for financial and logistical reasons in the 

Minnesota survey. Volunteers for 600 selected lakes can only be relied upon for a single visit. 

Factors considered in selecting the survey dates included juvenile mortality and seasonal 

movement. Most juvenile mortality occurs during the first two weeks post -hatching (McIntyre 

1988a). In mid-July in Minnesota, most juvenile loons should be between two and four weeks of 

age, and therefore very likely to fledge (McIntyre 1988a). Alvo et al. (198 ) and Dulin (1988) 

reported that a second period of increased juvenile mortality may occur in highly acidic lakes at 

four to five weeks of age, possibly caused by food shortages. Thus, Belant et al. ( 993) and Strong 

(1990) recommended that surveys be conducted when juveniles are greater than six to seven 

weeks of age (early August in Minnesota). However, I decided to conduct the surveys in July 

rather than early August to avoid the increasing movement of adult loons away from their 

territorial lakes, which occurs as the breeding season progresses (Croskery 1988, McIntyre 988a, 
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D. Evers pers. comm.). Additionally, adults spend more time away from the juveniles as the 

young grow older (McIntyre 1988a), making detection more difficult. Family groups are more 

conspicuous soon after hatching than later in the breeding season (Daulton 1993). 

 

Although many single annual surveys are conducted one designated day to reduce the effect of 

loon movement, poor weather conditions and missed surveys may confound results among years. 

For example, in the early 1990's in Maine where a single day was used for conducting surveys, 

foggy conditions likely reduced the number of loons observed, making that year's data difficult to 

compare to other years (S. Stockwell, pers. comm.). For the MLMP, volunteers were allowed to 

choose from among multiple days to complete their surveys  to ensure that all lakes were 

surveyed under ideal weather conditions. Conducting surveys over multiple days instead of on a 

single day should prevent poor sighting conditions from biasing the results, thus making surveys 

more comparable among years. 

 

Ground surveys: 

Measurement error was minimized by having volunteer follow a standard survey protocol. All 

surveys were conducted between 0500 and 1200 h. Ground surveys were conducted from 

shorelines and by boat for a minimum of 30 minutes.  Volunteers were encouraged but not 

required to use a boat or canoe on larger lakes. Koskimies and Poysa (1989) reported that point 

counts of waterbirds from numerous locations along the lakeshore gave nearly identical results as 

counts from a boat. Observations from the shoreline were made from multiple vantage points to 

ensure that all surface water areas were observed. Instructions for boat surveys varied according 

to the size and shape of the lake. For small and medium-sized lakes, volunteers were to stay about 

100 meters from shore while systematically circling the lake. All islands were to be completely 

circled. Strong (1985) found that common loons, especially those with young, tend to stay within 

200-300 meters of the shoreline. For large, round lakes in addition to the procedures described 

above, observers systematically surveyed open water re ions by boating out and back to the shore 

every 400 to 800 meters. For large, convoluted lakes, observers surveyed narrow sections and 

bays completely before moving on to other parts of the lake. Boat surveyors were asked to stop 

the boat and scan the entire water surface every 400 meters or loons. Volunteers recorded the 

location and number of adult and juvenile common loons observed, the beginning and end time of 
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observation, observation method (e.g., by boat/canoe r from shore), equipment used (e.g., 

binoculars, spotting scope), weather and surface water conditions, level of confidence in 

completing an accurate survey, and a qualitative assessment of the percent of disturbed/developed 

shoreline (See App. 1). Volunteers estimated the percent of disturbed/developed shoreline using 

six categories: 1) 0% and no road access to lake, 2) 0% and single road leading to lake, 3) 0-25%, 

4) >25-50%, 5) >50-75%, and 6) >75-100%. Categories 1 and 2 were used to differentiate lakes 

with and without potential public access. Volunteers were instructed to evaluate 

disturbed/developed shoreline based on the extent of disturbed natural vegetation (e.g., pastures, 

lawns, rip rap) and the presence of docks, cabins/houses, resorts, campgrounds, roads, and boat 

landings. 

 

Aerial surveys: 

Lakes < 500 acres and > 500 acres were surveyed from the ground and air, respectively, in 1994. 

In 1995, most lakes > 500 acres were surveyed from the air and ground. In both years, 

inaccessible lakes < 500 acres were surveyed from the air. Aerial surveys were conducted from 

fixed winged aircraft with two observers, the pilot and MN DNR biologist or myself. These 

surveys involved circling the lake at 70 to 170 meters above ground level (agl) at 70 to 90 knots. 

Two passes were made over each lake. If loons were observed, an additional pass was made to 

confirm species and age identification and to check whether  for the presence of other loons that 

were missed or had dove. Aerial surveys were conducted only under calm wind conditions. (See 

Hanson, Chapter 3 for a comparison of ground and aeria1 loon counts.) 

 

Recruitment and training: 

In 1994, volunteers were recruited from previous loon survey volunteers (from the 1989 statewide 

random survey and the Minnesota Loon Survey), members of the Minnesota Ornithological 

Union, numerous Audubon chapters, the Sierra Club, and MN NR, U.S. Fish and Wildlife, and 

U.S. Forest Service employees. In addition to targeting specific audiences, general press releases 

were used and numerous radio interviews were conducted regionally and statewide. In 1995, 

returning volunteers were encouraged to recruit friends and relatives. Many lake residents were 

recruited after learning about the MLMP from 1994 volunteers.  Press releases were again sent 

out and flyers were distributed to public agencies near the survey locations. Returning 1994 

volunteers were asked to survey additional lakes. 
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Volunteers received written instructions that covered a following topics: finding a back-up 

observer, checking lakes before the survey, obtaining access to the lake, when to survey, weather 

conditions under which to survey, minimum length of survey, what to count, loon movement and 

other potential problem areas, and pictures and descriptions of potentially confusing avifauna 

(See App. I). In June, 1994 eight 90-minute training sessions were held throughout the state in 

conjunction with the MLMP. All volunteers in the MLMP were strongly encouraged to attend. 

The training program covered many of the same topics as in the written instructions but in more 

depth and with visual and verbal explanations (See App. II). The more critical training material 

covered bird and age class identification, photos of loons at various distances, how to pick out a 

loon while scanning from a distance, how to keep track of loons already observed, methods for 

surveying different sized and shaped lakes, and appropriate observation rates. The training also 

explained the design and purpose of MLMP, giving volunteers a better understanding of the 

program. Training programs were not offered in 1995 because no difference in loon counts was 

detected between trained and untrained volunteers in 1994 (see Hanson, Chapter 1). For an 

assessment of the use of volunteers and the effectiveness of the instructions, see Appendix III. 

 

Analyses 

 

The analyses were divided into three sections: 

 

1) adult and juvenile loon numbers and densities, breeding activity, and consistent 

and intermittent lake use, 

2) effects of disturbed/developed shoreline and human population density on adult 

and juvenile loon presence, and 

3) changes in adult and juvenile loon abundance dance from 1994 to 1995. 

 

Adult and juvenile loon densities,  breeding activity. consistent and intermittent lake use, and 

fledging success 

 

Loon numbers, density, and breeding activity: 

I analyzed the 1994 and 1995 adult and juvenile loons counts for all lakes and by index area for 

the number of individuals present, three density measures, and number of known and potential 
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territories. Adult loon density measures were the percent of lakes with loons present (i.e., lake 

occupancy rate), the number of loons per lake, and the number of loons per 100 acres of surface 

water area. All density calculations were conducted for each of four lake size classes (10-49, 

50149, 150-499, a 500 acres), which were the same lake size classes used in previous loon 

surveys in Minnesota and Wisconsin (Strong and Baker 1991, D Daulton 1993). The number of 

territories was determined by counting each location where juveniles were present. Because some 

juvenile mortality likely occurs between two and six weeks of a e (mid-July to mid-August in 

Minnesota), I assessed the extent of juvenile mortality and fledging rates by conducting second 

surveys in mid to late August. These results are presented in Appendix IV. 

 

Consistent and intermittent lake use: 

I determined which lakes in each index area and lake size class were occupied by adults and 

juveniles in both years (consistent lake use) and in either year (intermittent lake use). A relative 

measure of loon habitat quality among index areas and lake size classes was determined by 

comparing the percentage of lakes used consistently by adults and juveniles to the percentage of 

lakes used intermittently. 

 

Identifying potential territories: 

The consistent presence of adult loons on a lake without Juveniles may indicate the presence of 

an established territory. To determine whether the consistent presence of adult loons could be 

used as an indicator of potential territories, lakes were identified that had breeding activity in one 

year only but had two or more adults in the other year. If the percent of lakes with two or more 

adults was high in the other year when no breeding was detected, then the observation of two 

adults in both years may indicate an occupied territory. Thus, lakes that had two or more adults 

and no juveniles observed on them in both 1994 and 1995 may have potential loon territories. The 

presence of two adults was used instead of only one to obtain a conservative estimate. 

 

Effects of disturbed/developed shoreline and human population density on adult and juvenile loon 

presence 

 

I assessed the percent of disturbed and/or developed shoreline and human population density 
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estimates by township in relation to both adult and juvenile loon presence and absence. I 

employed these two characteristics as indicators of potential habitat loss and direct disturbance 

from recreational activity. The presence of juveniles indicated that the lake was suitable for 

breeding. The estimated human population was obtained for each township (MN State Planning 

Agency 1995) and the population density of the township was calculated. Each lake within a 

township was assigned the same human population density estimate. Presence and absence of 

adult loons or breeding activity in either year was indicated with a one and zero, respectively. I 

used logistic regression to analyze the predictive power of disturbed/developed shoreline and 

human population density on the presence of adult loons and breeding activity. I also analyzed the 

results separately for four lake size classes: small 10-49 acres (n=259), medium 50149 acres 

(n=203), large 150-499 acres (n=137), and very large z 500 acres (n=77).   

 

Changes in adult and juvenile loon abundance from 194 to 1995 

 

Adult and juvenile loon counts from 1994 and 1995 vi ere compared on lakes surveyed in both 

years using the same methods (e.g., aerial counts compared to aerial counts and ground counts 

compared to ground counts). 

 

 

RESULTS 

 

Adult and juvenile loon numbers and densities, breeding activity, and consistent and 

intermittent lake use 

 

Adult loons 

In both 1994 and 1995, 486 lakes were surveyed. Loon counts for individual lakes are given in 

Appendix V. A summary of the results for all lakes surveyed in 1994 (n=511) and 1995 (n=630) 

are presented in Appendix VI. 

 

Differences among index areas: 

Itasca, Becker, and Aitkin/Crow Wing had the highest number of adult loons and densities, and 

Kandiyohi had the lowest values (Table 3). Although) adult lake occupancy rates were similar for 
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Itasca, Becker, and Aitkin/Crow Wing, the number of adults per 100 acres in Itasca and 

Aitkin/Crow Wing was two to four times higher than in Becker. 

 

Assessing consistent vs. intermittent lake use, adults were present on 71.3% of all lakes in either 

1994 or 1995 (Table 4). The percent of lake occupied in either year by adults ranged from 42.0% 

for Kandiyohi to 89.7% for Becker. Of the 345 lakes tat had adults present in either 1994 or 1995, 

65.4% had loons present in both years (Table 4)f The values ranged from 47.1 % in Kandiyohi 

(the most intermittent lake use) to 90.8% in Itasca (the most consistent lake use). 

 

Effect of lake size:   

Adult loon numbers and density by lake size class for 1994 and 1995 are summarized in Table 5. 

For a summary of adult loon numbers and density by index area for each size class, see Appendix 

VII.  Adult lake occupancy was lowest in the 10-49 aces lake size class. However, these small 

lakes provided a substantial source of habitat (20% of the adults observed), and 46% of the lakes 

< 25 acres had adults present. Lake > 500 acres had the lowest adults per 100 acres. Adult lake 

occupancy in either year ranged from 59.7% for lakes < 50 acres to 87.1 % for lakes between 150 

and 499 acres (Table 6). 

 

Juveniles 

 

Differences among index areas: 

Itasca and Becker had the highest juvenile loon numbers and lake occupancy rates and Cook/Lake 

and Kandiyohi the lowest (Table 3). For Aitkin/Crow Wing, juvenile numbers and lake 

occupancy were considerably lower than Itasca and Becker, although adult results were similar 

for these three index areas. In Kandiyohi, the majority of juvenile loons were observed on two 

large lakes that are part of the Crow River flowage. 

 

 Thirty-five percent of all lakes had juveniles present in either 1994 or 1995, and 11.7% of the 

lakes had juveniles in both years (Table 7). Thus, only 33.3% of lakes with known breeding 

activity had successful loon territories in both years. Otter Tail and Cook/Lake had the fewest 

lakes with breeding activity in both years and Becker lad the most. 
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Effect of lake size: 

For lakes < 50 acres, 42 out of 201 lakes (20.9%) supported breeding activity in either 1994 or 

1995 (Table 8). Over 50% of the lakes > 150 acres supported breeding activity in either 1994 or 

1995. The smallest lakes with juveniles were 14 acres in Itasca and Otter Tail, and the smallest  

lake with two territories was 114 acres in Cook/Lake. A 323- acre lake in Itasca had four 

successful territories in 1994, and the lake with the most territories in one year was in Kandiyohi 

with seven.  

 

Identifying potential territories 

For lakes that had juveniles present in only one of the two years, 68% of these lakes had two or 

more adult loons present in the year when no breeding activity was observed. Fifty-two lakes had 

> 2 adults observed on them in 1994 and 1995 but lacked breeding activity (Table 9). 

 

 

Effects of disturbed/developed shoreline and human population density on adult and 

juvenile loon presence 

 

Adult and juvenile loons were present on 466 and 216 lakes out of 676 lakes, respectively, in 

either 1994 and/or 1995. Lake names, lake size, adult lake occupancy rate, presence of breeding, 

shoreline development factor, and township human population density estimates are listed in 

Appendix V. 

 

The average disturbed/developed shoreline factors by index area increased positively with human 

population density (Table 10). The mean values among index areas had a range of 1.6. 

Disturbed/developed shoreline factors were similar among index areas for lakes < 50 acres and 

exhibited much more variation for lakes > 150 acres (able 11). 

 

Adult loon presence 

Lake surface area and shoreline disturbance/development increased positively and significantly 

with adult loon presence (Table 12A). Human population density by township was inversely 

related to adult presence and was also significant. 
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Although a association of adult presence and shoreline disturbance/development was significant 

for all lakes, by lake size class, it was only significant for the smallest lake size class (< 50 acres) 

(Table 13 ). Human density was negatively associated and significant only for lakes > 150 acres. 

 

Breeding activity (juvenile loon presence)  

For all lakes, lake surface area and shoreline disturbance/development increased significantly 

with breeding activity (Table 12B). The relationship between township human population density 

and juvenile to n presence was not significant for all lakes, but was negatively associated and 

significant or lakes > 500 acres (Table 13B). By lake size class, shoreline development was 

significant only for small lakes. No significant trends were observed for any of the variables for 

adults or breeding loons on lakes in the 50-149 acre size class. 

 

Changes in adult and juvenile loon abundance from 1994 to 1995 

 

Adult loon 

Volunteers counted 809 adult loons in 1994 and 875 in 1995, but the percent of lakes with adult 

loons present was about the same for both years, 58.8 % in 1994 and 58.6 % in 1995 (Figs. 2A 

and 2B). The increase of 66 adults was largely attributable to 52 additional loons being observed 

on only five lakes (i.e., increases of 13, 11, 10, 9 and 9) in Itasca and Aitkin/Crow Wing index 

areas. The largest decrease on any individual lake from 1994 to 1995 was 7. The number of adults 

per lake an per 100 acres reflected the increase in loon numbers (Figs. 2C and 2D). Lake 

occupancy rate changes, however, tended to be more independent of loon numbers. 

 

By index -ea, comparisons between 1994 and 1995 results indicated that the number of loons 

increased in Itasca, Aitkin/Crow Wing, and Otter Tail index areas and decreased in Kandiyohi 

(Figs. 2A-D). These trends were also observed in the number of adults per lake and per 100 acres 

surface water. As noted earlier, the increase in the number of adults in Itasca and Aitkin/Crow 

Wing was attributable to large congregations of adults on a few lakes. Aitkin/Crow Wing and 

Cook/Lake experienced the greatest changes in lake occupancy with a decline of 7% and increase 

of 9%, respectively. Results by lake size class are presented in Figure 3. 
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Juvenile loons  

Almost exactly the same number of juvenile loons were counted in 1994 (190) and 1995 (193), 

however, t e percent of lakes with juveniles present increased from 21.2%  (103 lakes) in 1994 to 

24.1% (11 lakes) in 1995 (Figs. 4A and 4B). Productivity on large lakes with multiple territories 

declined in 1995 (i.e., fewer juveniles present), although there was an increase in the juvenile lake 

occupancy rate. 

 

 Despite the overall number of juveniles being similar in 1994 and 1995, the results were more 

variable for each index area (Fig. 4A). The number of juveniles counted in Cook/Lake index area 

doubled from 11 to 23. Itasca and Kandiyohi had decreases of 12 and 6 juveniles, respectively. 

The other tree index areas exhibited changes in loon number of less than four. Small increases in 

juvenile lake occupancy were observed in Becker and Otter Tail. In Itasca, although the number 

of juveniles detected decreased substantially, the percentage of lakes with juveniles present 

stayed the same. By like size class, the biggest increase in juvenile numbers, territories, and 

occupancy rates occurred on lakes between 50 and 499 acres (Figs. 5A and 5B). 

 

Lake Vermillion results 

The numbed of adult and juvenile loons counted on Lake Vermillion from 1983 to 1995 is 

presented in Appendix IX (Sportsman's Club of Lake Vermillion 1994, M. Jackson pers. comm.). 

Counts were similar from 1983 to 1992, but in 1993 the number of adults observed almost 

doubled. In 1994 and 1995 numbers fell, but were substantially higher than the decade before. 

The Lake Vermillion results were not included in the analysis of loon counts from the six index 

areas. 

 

DISCUSSION 

 

Adult and juvenile loon numbers and densities, breeding ding activity, and intermittent and 

consistent lake use 

 

Differences among the six index areas 

Based on adult loon numbers and densities within the six index areas, Itasca, Becker, and 
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Aitkin/Crow Wing provided the best habitat for adults and Kandiyohi the poorest (Table 3). 

Juvenile loon numbers and lake occupancy densities reflected the adult loon results except in 

Aitkin/Crow Wing, which had low breeding success relative to the high number of adults 

observed (Table 3). Itasca and Aitkin/Crow Wing tend to have deep, clear lakes which are 

associated with optimum loon habitat (McIntyre 1988a, Strong 1985, Blair 1989, Zimmer 1979). 

Although many lakes in Becker are shallower, the lakes are productive. The low adult loon 

numbers and densities in Cook/Lake are the only results from 1994 and 1995 that differed 

substantially from the loon densities observed for each respective county in the 1989 statewide 

survey (Strong and Baker 1991). 

 

Aitkin/Crow Wing has higher levels of human activity and shoreline development than the other 

index areas, except for Kandiyohi. This activity potentially affected reproductive success. 

Breeding success was highest in regions which are predominantly located on public lands and 

have lower levels of human activity (i.e., Itasca and Becker). Based on conversations with 

volunteers in Aitkin/Crow Wing, several cases of nesting failure were likely caused by 

disturbance from recreational activities. Lakes in Cook and Lake Counties are commonly thought 

to provide ideal loon habitat, but observations do not support this perception. There are at least 

two possible explanations for this finding. First, the low productivity in Cook/Lake may be 

associated with the nutrient poor waters of the region (Gorham et al. 1982) and their sensitivity to 

lake acidification (MN Pollution Control Agency, date unknown). Second, the density of lakes is 

low compared to other index areas and the Boundary Waters Canoe Area Wilderness (BWCA) 

region to the north of the Cook/Lake index area. Loon occupancy of isolated lakes, especially 

small lakes, may be lower than that of more densely grouped lakes, but this relationship needs to 

be further assessed. Surveying more interior lakes in Cook and Lake would have been preferred, 

but conducting surveys within the BWCA was not logistically feasible. Lake Vermillion, located 

50 miles northwest of the Cook/Lake survey area, is densely populated with loons and also has 

high productivity. 

 

The low productivity in both Cook/Lake and Kandiyohi may cause these index areas to be 

potential "sinks" in the population, i.e., emigration maintains population in the area, not 

productivity (Pulliam 1988). Kandiyohi is at the southern periphery of the breeding range, where 
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loon densities would be expected to be lower. Additionally, numerous lakes in Kandiyohi are 

highly influenced by agricultural activities and shoreline development. 

 

Effect of lake size 

Large lakes: 

As expected, lake occupancy rates were higher for larger lakes (Table 5), because they provide 

more resources. However, many lakes > 150-500 acres in Otter Tail, Cook/Lake, and Kandiyohi 

did not have consistent adult loon occupancy in both 1994 and 1995 compared to the other three 

index areas (Table 6). Shape, depth, clarity, recreational use, and most likely, breeding habitat 

and food abundance, influenced these differences, but the exact causes are unknown. 

 

The shape of large lakes influenced adult loon densities within the three index areas with higher 

adult densities. The 1994 and 1995 surveys confirmed that loons are more abundant and may 

establish more territories on large lakes with visual barriers (e.g., islands, peninsulas) (McIntyre 

1988a). Itasca and Aitkin/Crow Wing, whose lakes > 500 acres tend to be convoluted, had many 

more adult loons per 100 acres than Becker, which has round, open large lakes (App. VII). 

 

Small lakes: 

Although the larger lakes can support more loons than small lakes, small lakes provide an 

important source of habitat because they are numerous. Small lakes in Itasca and Becker likely 

provide better habitat than those in Cook/Lake and Kandiyohi based on higher occupancy rates 

(App. VII). Possible factors that may reduce the habitat quality provided by small lakes include 

winter freeze-outs, influence of runoff, inadequate shorelines for nesting, and isolation from 

quality habitat. 

 

Many loon surveys do not include lakes < 25 acres, assuming loon use is minimal (Daulton 1993, 

Robinson 1987). McIntyre (1975) and Sjolander and Agren (1972 as cited in Daulton 1993) 

designated 25 acres as the minimum size lake that loons will use. Zimmer (1979) detected a 3.5% 

adult lake occupancy rate for lakes < 30 acres throughout Wisconsin. However, Perry (1987) 

observed an adult lake occupancy rate of 36% on 10-24 acre lakes in Crow Wing County, 

Minnesota in the mid-1980's. For the 1989 Minnesota statewide survey, 25% of the 10-25 acre 

lakes were occupied (Strong and Baker 1991). The results from the MLMP study (46% adult 
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occupancy of 10-25 acre lakes) indicate that the perception that loons do not utilize lakes < 25 

acres may be wrong as even in Kandiyohi, where adult densities were the lowest in the MLMP, 

about 23% of the lakes < 25 acres were utilized. 

 

Density measures and lake size: 

The number of adults per 100 acres appears to be inversely related to lake size. Density measures 

are probably most useful for making comparisons within the same study area over time and to 

indicate habitat differences among areas. Caution should be used when comparing loon densities 

among regions or states based on region-specific studies (Table 14). Observed differences among 

regions may reflect the effect of lake size more than food quality, nesting sites, or environmental 

degradation. For example, lakes in Itasca State Park are relatively small compared to other 

regions in Minnesota. The high number of adults per 100 acres corresponds to the densities 

observed on the smaller lakes in this study. 

 

Identification of potential territories 

Loon territories can be positively identified by the presence of juveniles, nesting adults, and 

possibly by adults showing territory defense behavior (e.g., yodel call by males). Lakes were 

surveyed post-nesting, thus unsuccessful territories (i.e., no nesting, failed nesting, early chick 

mortality) were not identified. D. Evers (pers. comm.) has casually observed that loon pairs are 

successful in rearing young about once every three years, on average. Breeding pairs that are not 

successful often remain on the territory for various periods of time depending on the level of 

resources on the lake (McIntyre 1988a). For those territories that were only successful in one year 

(either 1994 or 1995), the percent of lakes with two adults present in the non-breeding year was 

relatively high (68%), thus the assumption that the presence of two adults may be used as an 

indicator of potential territories may be appropriate. It is possible that about two-thirds of the 52 

lakes with two adult loons and no juveniles present in both years had established loon territories. 

 

Consistent and intermittent lake use 

Index areas - adults loons: 

Lakes where adults are consistently observed likely provide higher quality habitat (e.g., abundant 

resources) compared to lakes in regions with greater levels of intermittent lake use (e.g., 

Kandiyohi) (Table 4). It should be made clear, however, that one cannot conclude from the 
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observed a absence of adult loons in a single annual survey that loons did not utilize the lake in 

that particular ear. Loons may have been off the lake at the time of observation or observers may 

have failed to detect adults. Two possible explanations for higher rates of intermittent use include 

the need for loons to utilize several lakes to obtain adequate resources and the presence of fewer 

established territories allowing loons to more easily visit "undefended" lakes. In contrast, Itasca 

had the greatest test number of lakes occupied by adult loons in both years, indicating that most 

lakes, including s all ones, likely provide sufficient resources (Table 6 and App. VII). In addition, 

when a lake is actively "defended", the number of visiting loons (e.g., non-breeders, failed 

breeders) may be reduced, especially on small lakes. 

 

Index areas - breeding success: 

Variability in breeding success between years was observed in this study, because 33.3 % of 

those lakes with documented breeding activity had juveniles present in both years (Table 7). 

Because juveniles rarely leave their natal lake, changes in juvenile lake occupancy between years 

should reflect the a actual success and failure in breeding, but observers may have failed to detect 

breeding activity. Nesting success and juvenile survival can be highly variable from year to year 

because of weather, predation, water level changes, and other numerous factors (McIntyre 1988a, 

Strong 1990). Becker had the most lakes with juveniles in both years, thus this index area may 

provide the best nesting and chick-rearing habitat. Otter Tail and Cook/Lake had the fewest lakes 

with successful breeding in both years, thus nesting failure and chick mortality may be high. 

 

Effects of d disturbed/developed shoreline and human population density on adult and 

juvenile loon presence 

 

Developed/ disturbed shoreline: 

The finding that lakes with higher levels of disturbed/developed shoreline within the MLMP 

study area had greater adult and juvenile loon occupancy rates has been observed in several 

studies (Caron and Robinson 1994, McIntyre 1988a, Timm and McCall 1993). However, by lake 

size class, this relationship was only significant for lakes less than 50 acres. This trend within the 

small lake size class may have been driving the observed effects for all lakes, because small lakes 

accounted for a large percentage of the lakes in the study (37%). For small lakes, people and 

loons probably avoid the shallow, marshy, and bog-like lakes preferring the deeper, clear lakes 
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(McIntyre 1988a). 

 

  The extent of f disturbed/developed shoreline was a subjective measure, especially with regard 

to what percent of the shoreline is disturbed or natural vegetation. For over 130 lakes, two 

different volunteers made independent estimates of disturbed/developed shoreline and less than 

two percent of the estimates differed by more than one level (e.g., one volunteer estimated a level 

6, another volunteer estimated a level of 4). 

 

Human population density 

Large lakes located in more densely populated townships had fewer adult loons observed on them 

and less breeding activity compared to regions with fewer people. Thus, human population 

density may be an indicator of the quality of loon habitat on lakes > 150 to 500 acres. Stockwell 

and Jacobs 1993) also observed this relationship. It is the large lakes that receive most 

recreational and development pressures, especially in densely populated areas. However, Strong 

(1985) observed that loons on small, highly disturbed lakes may not be able to avoid the potential 

negative effects of human activity, whereas on large lakes, loons can move to less disturbed areas  

of the lake.  

 

I limited the factors assessed in this study to levels of disturbed/developed shoreline, human 

population density, and lake size. Data on aquatic life, shoreline length, lake depth, water 

transparency, and water chemistry data were only available for a portion of the lakes included in 

the MLMP. Previous studies have clearly shown that adult occupancy and breeding are positively 

associated with lake size, depth, and shoreline length (Blair 1989, McIntyre 1988, Strong 1985, 

Zimmer 1979, Valley 1985), thus I did not want to focus on all of these habitat characteristics. I 

included lake size in the analysis with the expectation that adult loon presence and breeding 

activity would increase on larger lakes. 

 

Evaluation If changes in loon abundance from 1994 to 1995 

 

All lakes in the MLMP: 

From 1994 to 1995, adult lake occupancy rates and juvenile loon numbers remained nearly 

constant (Figs. 2B and 4A). Adult loon numbers and juvenile lake occupancy rates increased 



115 

slightly (Figs. s. 2A and 4B). Adult loon population changes over a two year period would likely 

be very small, because adults are long-lived (20-30 years) and have low rates of mortality once 

they reach adulthood (McIntyre 1988a). Breeding success will fluctuate more than adult numbers, 

because of a variability in nesting success and juvenile survivorship. This variation could easily 

explain the mall increase in juvenile lake occupancy. 

 

The increase in adult loon numbers occurred primarily in Itasca and Aitkin/Crow Wing, where 

large congregations were observed on a few large lakes (Fig. 2A). The large congregations of 

adults in 1995 may have been caused by several factors, including the possibility that an actual 

increase in the adult population occurred within Itasca and Aitkin/Crow Wing, and/or by chance, 

more large congregations were observed in 1995 than in 1994. First, if the population increased 

and territory occupancy rates were high, then there may be a surplus of adults (i.e., non-breeders). 

Non-breeders often congregate on large lakes where territorial boundaries are less distinct 

(Croskery 188, McIntyre 1988a). Second, because of the infrequent occurrence of large 

congregations of adults (Croskery 1988, McIntyre 1988a), more congregations may have been 

observed in 1995 by chance. Only 12 lakes are > 500 acres within the Itasca and Aitkin/Crow 

Wing index areas. Results from several more years of monitoring should reveal the frequency in 

which congregations of adults on large lakes are observed. 

 

The higher adult loon numbers in 1995 were reflected in the number of adults per lake and per 

100 acres, but not in lake occupancy rates. Lake occupancy rates may be more robust to the 

effects of large congregations of adult loons moving around as only presence/absence is being 

assessed.  However, lake occupancy may not measure changes in loon abundance on large lakes 

that usually have loons resent. Only the absence of adults would indicate lower abundance and 

possible degraded ha habitat. Another potentially useful measure of loon abundance would be to 

adjust loon counts of large congregations and monitoring territory occupancy rates. (See section 

on "coping with variable counts" for more details.) Use of multiple density measures may be 

especially useful for comparing count data among years when some lakes are not surveyed in a 

given year. The robustness of the different density measures should be further assessed.   
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Lakes within index areas: 

For individual index areas, more variability in loon abundance was observed between years than 

when all lakes in the MLMP were assessed. The smaller number of lakes surveyed (70-100 per 

index area) likely contributed to the increased variability. 

 

Evaluation of the use of a single annual survey 

 

Variable counts from using single annual survey  

Using only a one-time annual census essentially provides a single "snap-shot" of loon activity. 

Loon occupancy on individual lakes varied considerably between years (Table 4), but the overall 

percent of occupied lakes changed very little (58.8 to 58.6%) (Table 3). Loon counts on 

individual lakes between years may vary because of measurement error, which, for the purposes 

of this study, includes observer error, loon movement between lakes (i.e., large congregations of 

loons), and other unidentified sources of error. Actual changes in loon numbers may also occur 

between years, especially productivity. Observer error is likely small based on volunteer accuracy 

studies comparing paired volunteers' loon counts (see Hanson, Chapter 1 discussion). The results 

indicated that the differences between paired volunteers' loon counts were normally distributed 

around a mean of zero. Loon movement and the effects of large congregations likely contribute 

more to changes in loon numbers between years than observer error. 

 

When assessing all the lakes in the MLMP, overall changes caused by measurement error appear 

to be small because of the large number of lakes surveyed (Johnson 1981, Faanes and Bystrak 

1981), but the compensating effects of large sample size has not been thoroughly tested. 

Understanding the types of variation that may occur should make it easier to interpret whether 

actual population changes are occurring, if a trend is detected. 

 

Coping with the variable counts 

The precision of detecting trends based on variable counts can be improved through a number of 

steps, including repeating surveys within breeding seasons, adjusting loon counts of large groups, 

assessing territory occupancy rates, pooling multiple years of data, and utilizing multiple 

measures of loon abundance. 
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Repeated surveys within years: 

 Ideally, multiple counts would be conducted throughout the breeding season (Harris 1986, 

Strong 1990). Logistical and financial constraints precluded the feasibility of multiple surveys on 

600 lakes. Three to four surveys per year may be possible using a smaller sample size, but the 

data would be much less sensitive to statewide trends in the loon population. The Wisconsin DNR 

and LoonWatch successfully conducted multiple surveys over the breeding season on 80 lakes 

over an eight year period (Meyer and Daulton 1995). They obtained data on territorial occupancy 

and nesting, hatching, and fledging rates. If more detailed data such as these are required for the 

MLMP, especially for potential problem areas, a program modeled after the Wisconsin surveys 

would be appropriate. 

 

Adjusting loon counts of large congregations: 

The potential fluctuation in loon numbers caused by large congregations of adults could be 

minimized by only counting the groups as two adults. In this way, the presence of adults is still 

accounted for, but the variation in numbers is reduced. 

 

Territory occupancy rates: 

Another feasible approach to dealing with variable counts from a single survey is to assess known 

territories each year, especially for lakes with multiple territories. Adult loons reoccupy the same 

territories year after year making territory occupancy and subsequent breeding activity a reliable 

measure of adult loon numbers and productivity (Strong 1990). Monitoring known territories and 

corresponding presence of adults, even in years of unsuccessful breeding, will help reduce the 

effect of the movement of non-breeders and large gatherings of loons. 

 

Before territories can be tracked, juveniles or nesting activity must first be identified. 

Differentiating between failed breeders and non-breeders may be difficult with a onetime survey, 

especially on lakes with multiple territories. Belant et al. (1993) and Strong (1990) both noted 

that nonresident adult loons utilize large lakes and make population estimates of territorial pairs 

difficult. An assumption could be made that the presence of adults in the location of the territory 

indicates an occupied territory. The validity of this assumption was moderately supported with 

the results from this study, but further investigations could be made. The observer would have to 

know the location of the territory for large lakes, but for small lakes this would not be necessary. . 
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In the MLMP, only 15 lakes were positively identified as having multiple territories in 1994 and 

1995, although this number will probably increase as more data are collected. 

 

Pooling multiple years of data: 

Kendall et al. (1992) suggested that to improve the power of detecting trends, data can be pooled 

from multiple years. For each individual lake, the average number of loons observed over a 

specified time period could be calculated. Any trends detected across the pooled groups will be 

less influenced by annual variations. Pooling of data, however, assumes that population changes 

were negligible during the period of pooling. 

 

Multiple measures of loon abundance: 

Another way to reduce variability is by using multiple measures of loon abundance. I have 

summarized some possible measures and positive and negative attributes of each in Table 15. 

Adult lake occupancy rates may serve as a robust measure of the suitability of lakes for loon use 

(Robinson 1993, this study), reducing the problem caused by large congregations of loons. As 

discussed in the introduction, because adult loons can utilize a wide variety of habitats and 

tolerate environmental change, the number of juveniles present may be a better indicator of 

population stability and habitat quality than adult measures of abundance (Strong 1988). 

 

J. Fair (pers. comm.) noted that the adult loon population within New Hampshire appeared stable 

throughout the 1960's and 1970's, although at historically low levels. The primary problem was 

low productivity. As protective and educational measures were taken in the late 1970's and 

1980's, productivity increased, which was followed by increases in adult numbers. This type of 

observation indicates that as many measures as possible should be used to assess the status of the 

common loon population (e.g., adult and juvenile numbers, lake occupancy rates, territory 

occupancy, breeding success rates per territory, and other density measures). Recent color-

banding data and subsequent studies on population dynamics may reveal which life history stages 

most influence changes in population levels (D. Evers, M. Meyer, pers. comm.) such as reduced 

adult or juvenile survivorship or loss of habitat or decreased range (Spellerberg 1991). 

 

Power analysis of detecting trends: 

Single annual surveys likely have lower statistical power in detecting trends compared to 
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replicated surveys, thus it will take a longer period of time to positively detect positive or 

negative trends (Eberhardt 1978, Harris 1986). To determine the power of detecting trends in the 

MLMP, I modeled the variability observed in paired volunteer adult loon counts against 

predetermined population declines using actual loon count data (see Hanson, Chapter 2). Annual 

declines of 34% may be detectable within five years of monitoring and declines of 1 0% within 

10 years for all lakes within the MLMP. These results are based on modeling a high level of 

count variability. The power analysis demonstrates that declines within the MLMP should be 

detectable within a reasonable timeframe from a natural resource management perspective. If a 

significant decline is detected, one or two more years of monitoring will likely confirm whether 

the trend is real or may have been caused by variable counts. For individual index areas, if no 

change in loon numbers is observed, it will take a longer period of monitoring before changes in 

the population can be detected with adequate power. A power level of 0.8 was used as a basis for 

adequate power with alpha set at 0.05 in determining the significance of modeled population 

declines over time. 

 

Potential problems with the MLMP 

Because common loons only spend a portion of their lives in the breeding range, changes 

observed in the loon population could be caused by events during migration or on the wintering 

grounds. Strong (1990) noted that this migratory behavior and the loons adaptability to a wide 

range of. habitats and stressors do not make the loon an ideal indicator of the health of lake 

ecosystems. There is also a chance that changes occurring in Minnesota's loon population may 

not be detected by the index area lakes (e.g., other lake regions may have a different set of 

problems facing them). And lastly, one time surveys may underestimate true numbers (Jarvinen 

and Vaisanen 1978). 

 

There are problems with any monitoring program of wildlife populations. Given Minnesota's 

12,000 lakes and about as many adult loons, annual surveys provide a detailed assessment of the 

status of the loon population within the six index areas. The major concern for the MN DNR will 

be differentiating between real population and reproductive changes and those suggested by 

observed trends based on July loon counts. The large sample size and the analysis of data over 

many years dampen out the effects of loon movement and other measurement errors. 
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CONCLUSIONS 

 

Two years of monitoring the adult common loon population and productivity have been 

completed within six regions of Minnesota. The objectives of the study have been met. First, 

within a five year time period, relatively small changes in the adult loon population (>3.4% 

annual decline) within the six index areas should be detectable. If the population changes less 

than 3.4% annually, power may be inadequate to differentiate a decline from no change after five 

years. As monitoring continues, smaller annual decline rates will be detectable. For individual 

index areas, the power of detecting trends is less, thus it will take a longer time period to 

differentiate the true slope from a slope of zero. Although a power analysis for detecting trends 

was not conducted for juvenile loons, many sources of measurement error will influence juvenile 

loon counts less than adult loon counts (e.g., loon movement from lake to lake, congregations of 

adults, diving). Annual observed changes in productivity should closely reflect actual 

reproductive success. For adult loon counts, observer error appears to be small compared to these 

other sources of measurement error based on the volunteer accuracy studies, where paired 

volunteers on the same lake consistently counted about the same number of loons. 

 

Several steps can be taken to potentially reduce the effects of variable counts using a 

single-annual survey. If greater statistical power is desired, two to three years of data could be 

pooled at time by calculating the average number of loons observed on individual lakes. In 

addition, assessing multiple measures of loon abundance will provide a better picture of the status 

of the loon population within the six index areas (e.g., lake occupancy rates, breeding success, 

territory occupancy, other density measures, and loon numbers). Assessing whether adults are 

present on known territories, especially on lakes with multiple territories, should reduce the 

effects of large congregations of adults and allow changes in productivity to be detected sooner 

than only counting the number of juveniles. As the monitoring program continues, the amount of 

annual variation in each of these measures can be compared, and potentially, some of the factors 

to which each measure of abundance is sensitive can be identified. It may be possible to develop a 

computer model that can determine which measures of abundance are most robust to annual 

variation in loon counts. 
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Second, insights into the potential causes of any observed declines can be obtained from the 

potential threats associated with the index areas and individual lakes. For example, there may be a 

potential association of low adult and juvenile densities and mercury and acid deposition on lakes 

in the Cook/Lake index area. It may be that the nutrient poor waters and lower lake density in this 

region caused loon numbers to remain lower than interior lakes, but anthropogenic threats also 

need to be considered. The lower juvenile numbers in Aitkin/Crow Wing compared to Becker and 

Itasca and lower adult and juvenile numbers in Kandiyohi may be related to high levels of 

shoreline development and human activity. If declines in loon abundance are observed in these 

index areas, these associations provide starting points for further investigations into the specific 

causes. In addition, other regions of the state with similar physical and biological characteristics 

and human activity levels may be experiencing similar problems. Because adult and juvenile loon 

activity can be closely monitored within small regions, potential problems in either component of 

the loon population should be identified. If problems are observed with productivity, further 

studies may be required to determine the problems is associated with nesting and/or 

chick-rearing. For example, lakes of concern could be monitored more closely throughout the 

breeding season. 

 

And last, a foundation for a long-term database, survey protocol, and logistical support are well-

established (e.g., over 400 volunteers participating, maps collected, instructions and data forms 

developed). The results from the first two years clearly describe the loon activity within the 

survey regions, for different lake size classes, and for individual lakes. Indicators of human 

activity have also been identified using estimates of shoreline development and disturbance and 

human population densities. Assessing the effects of current human activity is difficult as many 

factors contribute to adult loon lake occupancy and reproductive success, including habitat 

quality, experience of loons, nesting history, climatic events, predation, water level fluctuations, 

time of disturbance during the breeding season, and others (McIntyre 1988a, Stockwell and 

Jacobs 1993). Determining which of these factors influence adult occupancy and productivity 

may only be identifiable after many years of monitoring. There may be a "human activity" 

threshold level where loon activity is negatively effected by human activity, but this level likely 

varies greatly by lake. Presently, the exact cause of lower productivity and adult presence in some 

of the index areas cannot be determined. If any declines are detected on the high human activity 

lakes either individually or on a broad scale, but no declines are observed on low human activity 

lakes, the evidence would strongly suggest that human activity may be having negative effects on 
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the loon population. However, if declines are detected and no patterns are observed that correlate 

with high levels of human activity, other factors are likely involved, which may or may not 

include direct human activity (e.g., airborne contaminants, density dependent factors). This type 

of information would still help the MN DNR determine what steps to take next in addressing the 

population declines. 

 

Trends in occupancy, adult population size, and productivity within the index areas will be used 

to infer potential changes in the larger statewide population. Detection of a negative trend in the 

loon population within a majority of index areas, in specific regions, or on certain types of lakes 

(e.g., small or large, developed) will serve as a warning to initiate further in-depth analysis of the 

potential causes of the trend. The MN DNR can more closely analyze the MLMP data by lake 

size, human activity levels, territory occupancy on individual lakes, and other potential factors. 

Further research into problem areas could be conducted such as monitoring a subset of lakes 

throughout the breeding season to obtain territory, nesting, and hatching data. In addition, other 

monitoring activities can be periodically reviewed (e.g., the Minnesota Loon Survey data, Lake 

Vermillion, Knife Lake, and Whitefish Chain counts, the Chippewa National Forest aerial survey 

data, and studies from nearby states). Extensive studies in Minnesota and Wisconsin are currently 

being conducted on mercury contamination and possible effects on loon behavior, breeding 

success, and other biological processes (D. Evers and M. Meyer, pers. comm.). In Minnesota, 

mercury levels in loons in Itasca County and Voyageur's National Park have been monitored 

since 1992 (D. Evers, pers. comm.). The Minnesota Pollution Control Agency (MPCA) and 

Minnesota Zoo are conducting necropsies on recovered loons to determine the causes of death (J. 

Pichner, pers. comm.). All of these studies should provide an even more complete picture of the 

common loon population in Minnesota. 

 

Birth and death rates, immigration, and emigration of loons may vary among the different 

geographic regions (Pulliam 1988) of Minnesota. However, Minnesota as a whole is located at 

the southern periphery of the common loon breeding range. For this reason, if a decline in 

Minnesota's loon population were to occur, there may be little effect on the overall population of 

North America's common loons. Any reduction in range size, especially if caused by 

anthropogenic effects, is nonetheless a concern for lake ecosystems. The monitoring activities, in 

Minnesota should allow early detection of a population decline if one were to occur, and would 
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prompt preventive action before the problem would become too serious. Such action could 

include education programs such as those in New Hampshire, whose success has contributed to 

an increase in loon numbers and productivity since the 1970's. Other preventive measures could 

include shoreline protection around nesting and chick rearing areas. Lastly, perhaps the very 

design of the MLMP will instill a stewardship ethic toward the loons and lakes in a willing corps 

of volunteers--this may be one of the largest factors in ensuring the common loon's viability in 

the state of Minnesota. 

 

 

RECOMMENDATIONS 

 

Based on the analysis of the first two years of the MLMP, I can make a number of 

recommendations about survey methodology, types of survey data that may be useful in assessing 

the status of the loon population within the six index areas, and potential areas of concern. 

 

Methodology 

If the MLMP needs to be streamlined in the future, I would recommend omitting small lakes 

(1025 acres) where no loons have been observed after at least four years of monitoring. Some 

small lakes will probably never be utilized by loons, and keeping definite non-loon lakes in the 

program may result in higher volunteer attrition rates. These lakes could be resurveyed 

periodically (e.g., every 10 years) for two to three years in a row to check if lakes are reoccupied. 

Because many, if not most lakes above 50 acres may support some loon use, these lakes should 

not be omitted. 

 

Useful information for assessing the loon population and reducing the effects of variable counts 

In future years, the effects of large congregations of loons on overall adult loon counts should be 

assessed to determine whether adult numbers remain at or above the 1995 level or whether 

congregation events are sporadic enough to cause the observed increase from 1994 to 1995. 

 

To reduce the effects of large congregations of loons on large lakes and other causes of variable 

counts, several measures of loon abundance should be monitored (Table 15). First, adult lake 

occupancy should be monitored. Second, an adjustment of congregation numbers could be made 

by counting all groups of three or more adults as only two adults. Third, an attempt could be 
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made to identify the locations of established loon territories, and then the success and occupancy 

of these territories could be tracked over time. Territories likely cover the entire lake for lakes 

under 200 acres. For larger lakes, multiple territories may exist and monitoring territorial 

occupancy could be more difficult. Volunteers who live on these lakes and follow loon activity 

over the entire breeding season should conduct the loon surveys, if possible. If territorial loons 

cannot be positively identified in the July census on larger lakes, a pilot program could be 

initiated to identify territorial pairs in late May/early June. 

 

To help with the positive identification of territories, a more intensive assessment should be make 

on lakes where adults are continuously present in future years but no breeding activity is 

documented. Landowners could be questioned about the history of loon activity and extra surveys 

could be conducted in late May or June to document whether territorial behavior or actual nesting 

occurs. If the lake has a territorial pair of loons, further investigation may reveal the reason for 

unsuccessful breeding. Interpretation of trends in productivity can likely be improved by 

continually monitoring breeding success rates on individual lakes and documenting on which 

types of lakes productivity is consistently lowest and highest. 

 

Identification of trends 

A minimum of four to five years of data should be collected before any potential trends are 

assessed. If no significant slope is detected, the power analysis should provide guidance on how 

long monitoring must continue to detect various decline rates. If a negative trend is detected, a 

year or two more of surveys should be conducted before taking action. However, if some 

potential concerns arise, further analysis of the data and other monitoring activities could be 

initiated. 

 

Potential areas of concern 

Adult loon lake occupancy and breeding success were lower on lakes above 150 acres in surface 

area that were located in regions with higher human population densities (i.e., Kandiyohi, Otter 

Tail) compared to regions with fewer people. These lakes should be monitored closely, in 

addition to lakes in Cook/Lake where there may be a potential association of low adult and 

juvenile densities and mercury and acid deposition. Although adult numbers and occupancy rates 

were relatively high in Aitkin/Crow Wing, Becker, and Itasca, breeding success in Aitkin/Crow 

Wing was less than that observed in Becker and Itasca. Breeding activity should be monitored 
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closely in the future in Aitkin/Crow Wing to determine how many established territories exist and 

whether high levels of breeding failure are occurring. If breeding failure is high, a closer 

assessment of nesting and chick-rearing success may be appropriate to determine whether any 

association exists with the higher levels of human activity in the region. 

 



126 

LITERATURE CITED 

 

Alvo, R. 1981. Marsh nesting of common loons (Gavia immer). Can. Field-Nat. 95:357. 
 
Alvo, R., D.J.T. Russell, and M. Berrill. 1988. The breeding success of common loons in relation 

to lake alkalinity and other lake characteristics in Ontario. Can. J. Zool. 66:746-752. 
 
Barr, J.F. 1986. Population dynamics of the common loon (Gavia immer) associated with 

mercury-contaminated waters in northwestern Ontario. Canadian Wildlife Service 
Occasional Paper No. 56. 

 
Belant, J.L., J.F. Olson, and R.K. Anderson. 1993. Evaluation of the single survey technique for 

assessing common loon populations. J. Field Ornithol. 64:77-83. 
 
Blair, R. 1989. Water quality and the summer distribution of Common Loons (Gavia immer) in 

Wisconsin, Michigan, New York, New Hampshire. M.S. Thesis. Univ. of Michigan. 
53pp. 

 
Blodget, B.G. and P.J. Lyons. 1988. The recolonization of Massachussetts by the common loon 

(Gavia immer). Pp.177-184 in P.I.V. Strong, ed. Papers from the 1987 conference on 
loon research and management. North Am. Loon Fund, Meredith, NH. 213pp. 

 
Bohlen, H.D. 1989. The birds of Illinois. Indiana Univ. Press, Bloomington, IN. 221pp. 
 
Carom J. A. and W.L. Robinson. 1994. Responses of breeding common loons to human activity 

in Upper Michigan. Hydrobiologia 279/280:431-438. 
 
Coffin, B. and L. Pfannmuller. 1988. Introduction. Pp. 3-19 in B. Coffin and L. Pfannmuller, eds. 

Minnesota's endangered flora and fauna. Univ. of Minnesota Press, Minneapolis, MN. 
474pp. 

 
Croskery, P. 1988. Flocking behavior of common loons (Gavia immer) in Northwest Ontario: 

early summer sites. Pp.66-75 in P.I.V. Strong, ed. Papers from the 1987 conference on 
loon research and management. North Am. Loon Fund, Meredith, NH. 213 pp. 

 
Daulton, T. 1993. Status of the common loon in Wisconsin. Pp.133-159 in L. Morse, S. 

Stockwell, and M. Pokras, eds. Proceedings from the 1992 conference on the loon and its 
ecosystem: status, management, and environmental concerns. U.S. Fish and Wildlife 
Service, Concord, NH. 247pp. 

 
Dinsmore, J.J., T.H. Kent, D. Koening, P.C. Peterson, and D.M Roosa. 1984. Iowa birds. The 

Iowa State Univ. Press, Ames. 356pp. 
 
Dulin, G. 1988. Pre-fledging feeding behavior and sibling rivalry in the common loon (Gavia 

immer). M.S. Thesis, Central Michigan Univ., Mt. Pleasant, MI. 93pp. 
 
Eberhardt, L.L. 1978. Appraising variability in population studies. J. Wildl. Manage. 42:207238. 
 
 



127 

Ensor, K.L., D.D. Helwig, and L.C. Wemmer. 1992. Mercury and lead in Minnesota common 
loons. Minnesota Pollution Control Agency. 32pp. 

 
Faanes, C.A. and D. Bystrak. 1981. The role of observer bias in the North American Breeding 

Bird Survey. Pp.353-359 in C.J. Ralph and J.M. Scott, eds. Estimating numbers of 
terrestrial birds. Allen Press, Lawrence, Kan. Studies in Avian Biology No. 6. 630pp. 

 
Gerrodette, T. 1987. A power analysis for detecting trends. Ecology 68:1364-1372. 
 
Gorham, E., W.E. Dean, and J.E. Sanger. 1982. The chemical composition of lakes in the North 

Central United States. Limnol. and Oceanogr. 28:287-301. 
 
Harris, R.B. 1986. Reliability of trend lines obtained from variable counts. J. Wildl. Manage. 

50:165-171. 
 
Jarvinen, O. and R.A. Vaisanen. 1978. Recent changes in forest bird populations in northern 

Finland. Ann. Zool. Fenn. 15:279-289. 
 
Johnson, D.H. 1981. Summarizing remarks: estimating relative abundance (part I). Pp.58-59 in 

C.J. Ralph and J.M. Scott, eds. Estimating numbers of terrestrial birds. Allen Press, 
Lawrence, Kan. Studies in Avian Biology No. 6. 630pp. 

 
Kendall, K.C., L.H. Metzgar, D.A. Patterson, and B.M. Steele. 1992. Power sign surveys to 

monitor population trends. Ecological Applications 2:422-430. 
 
Koskimies, P. and H. Poysa. 1989. Waterfowl censusing in environmental monitoring: a 

comparison between point and round counts. Ann. Zool. Fennici, 26:201-206. 
 
Land Management Information Center. 1983. Minnesota public lands, 1983. Minnesota State 

Planning Agency, November, 59pp. 
 
Lee, M. and J. Arbuckle. 1988. Maine common loons: a glance back and an eye toward the 

future. Pp. 167-176 in P.I.V. Strong, ed. Papers from the 1987 conference on loon 
research and management. North Am. Loon Fund, Meredith, NH. 213pp. 

 
McIntyre, J.W. 1978. The common loon: part III. The Loon, Spring:38-44. 
 
McIntyre, J.W. 1988a. The common loon: spirit of northern lakes. Univ. Minnesota Press, 

Minneapolis, Minnesota. 228pp. 
 
McIntyre, J.W. 1988b. The Minnesota report: a 15-year survey comparison. Pp. 118-130 in P.I.V. 

Strong, ed. Papers from the 1987 conference on loon research and management. North 
Am. Loon Fund, Meredith, NH. 213pp. 

 
Meyer, M.W. and T. Daulton. 1995. An evaluation of the LoonWatch lake monitoring database as 

an index of common loon productivity in Wisconsin. Final Report submitted to the 
Johnson's Wax Fund, Inc. March 15. 12pp. 

 
 



128 

Minnesota Department of Natural Resources. 1991. Public recreation information map. St. Paul, 
Minnesota. 

 
Minnesota Division of Waters. 1968. An inventory of Minnesota lakes. St. Paul, Division of 

Waters, Soils, and Minerals. Minnesota Conservation Department. Bulletin 25. 498pp. 
 
Minnesota Pollution Control Agency. Date unknown. Acid rain sensitivity map. Unpublished 

data. 
 
Minnesota Pollution Control Agency. 1992. Minnesota water quality: water years 1990-1991. St. 

Paul, Minnesota. 59pp. 
 
Minnesota State Planning Agency. 1994. Project human population in Minnesota by county. 

Unpublished data. 
 
Minnesota State Planning Agency. 1995. Human township population data for Minnesota. 

Unpublished data. 
 
Palmer, R.S. 1962. Handbook of North American birds, vol. 1. Yale Univ. Press, New Haven. 

567pp. 
 
Perry. P.S. 1987. A survey of loon on small lakes in Crow Wing County. Minnesota Dept. Nat. 

Res., Nongame Wildl. Prog., Unpubl. Rep. 6pp. 
 
Peterman, R.M. 1990. Statistical power analysis can improve fisheries research and management. 

Can. J. Fish. Aquat. Sci. 47:2-15. 
 
Pokras, M.A., S. Rohrbach, C. Press, R. Chafel, C. Perry, J. Burger. 1993. Environmental 

pathology of 124 common loons from the Northeastern United States 19891992. Pp.2053 
in L. Morse, S. Stockwell, and M. Pokras, eds. The loon and its ecosystem: status, 
management, and environmental concerns, 1992 American loon conference proceedings. 
U.S. Fish and Wildlife Service, Concord, NH. 247pp. 

 
Pulliam, H.R. 1988. Sources, sinks, and population regulation. Amer. Naturalist 132:658-9. 
 
Roberts, T.S. 1932. The birds of Minnesota, vol. 1. The Univ. of Minnesota Press, Minneapolis. 

689pp. 
 
Robinson, W.L., J.H. Hammill, H.R. Hill, and T.A. deBruyn. 1988. The status of the common 

loon in Michigan. Pp. 132-144 in P.I.V. Strong, ed. Papers from the 1987 conference on 
loon research and management. North Am. Loon Fund, Meredith, NH. 213pp. 

 
Robinson, W.L. 1993. The status and management of the common loon (Gavia immer) in 

Michigan. Pp.122-132 in L. Morse, S. Stockwell, and M. Pokras, eds. Proceedings from 
the 1992 conference on the loon and its ecosystem: status, management, and 
environmental concerns. U.S. Fish and Wildlife Service, Concord, NH. 247pp. 

 
Sjolander, S. and G. Agren. 1972. Reproductive behavior of the common loon. Wilson Bull. 

84:296-308. 
 



129 

Spellerberg, LF. 1991. Monitoring ecological change. Cambridge Univ. Press, Cambridge, 328pp. 
 
Sportsman's Club of Lake Vermillion. 1994. The loons of Lake Vermillion. Unpublished. 2pp. 
 
Stockwell, S.S. and J. Jacobs. 1993. Effects of lakeshore development and recreational activity on 

the reproductive success of common loons in southern Maine. Pp.222-234 in L. Morse, S. 
Stockwell, and M. Pokras, eds. The loon and its ecosystem: status, management, and 
environmental concerns, 1992 American loon conference proceedings. U.S. Fish and 
Wildlife Service, Concord, NH. 247pp. 

 
Stocek, R.F. 1993. The status of the common loon in New Brunswick, Canada. Pp.104-105 in L. 

Morse, S. Stockwell, and M. Pokras, eds. The loon and its ecosystem: status, 
management, and environmental concerns, 1992 American loon conference proceedings. 
U.S. Fish and Wildlife Service, Concord, NH. 247pp. 

 
Strong, P.I.V. 1985. Habitat selection by common loons. Ph.D. Thesis, Univ. Maine, Orono. 

52pp. 
 
Strong, P.I.V. 1988. Changes in Wisconsin's common loon population. Passenger Pigeon 

50:287-290. 
 
Strong, P.I.V. 1990. The suitability of the common loon as an indicator species. Wildl. Soc. Bull. 

18:257-261. 
 
Strong, P.I.V. and R. Baker. 1991. An estimate of Minnesota's summer population of adult 

common loons. Minnesota Dept. Nat. Res., Nongame Wildlife Prog. Biological Report 
No. 37. 64pp. 

 
Sutcliffe, S.A. 1980. Aspects of the nesting ecology of common loons in New Hampshire. 

Unpubl. M.S. thesis, University of New Hampshire, Durham, NH. 
 
Swain, E.B. and D.D. Helwig. 1989. Mercury in fish from Northeastern Minnesota lakes: 

historical trends, environmental correlates, and potential sources. J. Minnesota Acad. Sci. 
55:103-109. 

 
Swain, E.B., D.R. Engstrom, M.E. Brigham, T.A. Henning, P.L. Brezonik. 1992. Increasing rates 

of atmospheric mercury deposition in midcontinental North America. Science 
257:784787. 

 
Timm, K.J. and C.I. McCall. 1993. Studies on the status of the common loon (Gavia immer) in 

Central Canada. Pp. 117-121 in L. Morse, S. Stockwell, and M. Pokras, eds. The loon and 
its ecosystem: status, management, and environmental concerns, 1992 American loon 
conference proceedings. U.S. Fish and Wildlife Service, Concord, NH. 247pp. 

 
 

Yvanders



130 

Titus, J.R. and L.W. VanDruff. 1981. Response of the common loon to recreational disturbance 
in the Boundary Waters Canoe Area, northeastern Minnesota. Wildl. Monogr. 79. 

 
Valley, P. 1985. Common loon (Gavia immer) density, productivity, and nesting requirements on 

the Whitefish chain of lakes in North-central Minnesota. Senior thesis, Colorado College, 
Colorado Springs, CO. 42pp. 

 
Zimmer, G.E. 1979. Status and distribution of the common loon in Wisconsin. M.S. Thesis, Univ. 

Wisconsin, Stevens Point. 63pp. 
 
 

 

 



131 

 
 



132 

 
 

 



133 

 
 

 



134 

 
 



135 

 
 

 



136 

 
 

 



137 

 
 



138 

 
 



139 

 

 
 

 



140 

 
 

 



141 

 
 

 



142 

 
 

 



143 

 
 

 



144 

 
 

 

 

 



145 

 
 

 



146 

 
 

 



147 

 
 

 



148 

 
 

 



149 

 
 

 



150 

 
 

 



151 

 
 

 

 



152 

 
 

 

 



153 

 
 

 

 



154 

 
 

 

 



155 

 
 

 

 

 



156 

 
 

 

 



157 

 
 

 

 

 



158 

 
 

 

 



159 

 
 

 



160 

 

 

 

Appendices II – IX not included. 


