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Introduction 
 
 The Common Loon (Gavia immer) is a prominent symbol of Maine’s North Woods.  Documented 
anthropogenic impacts at the individual and population level have caused public concern and subsequently have 
impacted policies set by lake associations, local governing bodies, as well as state and federal governments.  Although 
Maine’s breeding loon population is robust and estimated at 1,400 pairs (Evers 2000) major stressors to the state’s 
population demands vigilance.  Major stressors currently quantified as critical to Maine’s breeding loon population are 
the availability of methylmercury (MeHg) in freshwater environments (Evers et al. 1998, Evers et al. 2000) and oil 
spills in marine environments (NOAA et al. 1999).  The latter stressor is of concern for this report.   

On 19 January 1996, a tanker spilled oil and subsequently killed an estimated 400 loons off the Rhode Island 
coast (NOAA et al. 1999).  Models based on the population dynamics of color-marked individuals (Evers 2001a) 
indicated approximately 3,900 loon-years lost.  The on-site replacement of this injury was deemed logistically 
impractical and the trustees determined the mitigation of this injury would instead focus on the purchase of lake 
shoreline breeding habitat in New England.  Monies paid by the responsible party for the loon-years lost were 
administered through the U.S. Fish and Wildlife Service (USFWS).  In an effort to identify the highest quality breeding 
loon habitat, BioDiversity Research Institute (BRI) was contracted to survey target areas and search, find, and evaluate 
loon territories.  Purchase priority would then be given to the highest quality shoreline habitat. 

To appropriately evaluate ecological impacts from multiple stressors, a simplified stressor-risk rank matrix was 
used as an additive model (Foran and Ferenc 1999).  We attempted to account for potential stressors on the breeding 
lakes, including shoreline development, water-based recreational activities, ingestion potential of lead, dam-based water 
level fluctuations, habitat degradation such as water clarity impacts related to increased silt loads, and increased 
predator densities (e.g., raccoon, Procyon lotor) and Herring Gull, Larus argentatus). 
 Protection of loon breeding habitat at a landscape level is critical to maintaining the integrity of populations 
and avoiding increased patchiness of suitable habitat.  Although the modeling of source-sink habitats is currently being 
investigated for the Northeast’s loon metapopulation we feel that there are multiple stressors at play that are causing 
local negative population growth rates. And, although Pulliam (1988) argued that species in spatially heterogeneous 
environments can maintain large sink populations in an evolutionary stable manner, we feel that the extremely 
restrictive dispersal abilities of breeding loons (i.e., an average of two km for adult males, Evers 2001a) combined with 
chronic breeding ground stressors (e.g., MeHg availability) and unpredictable but frequent wintering area stressors (e.g., 
marine oil spills) produces enough uncertainty that the chances for creating sink populations need to be aggressively 
minimized to maintain a minimum viable population. 
 We therefore feel that the following survey which (1) documents the number of territorial loon pairs, (2) 
documents juvenile survivorship, and (3) determines loon breeding habitat quality on lakes with shoreline selected by 
the Forestry Society of Maine (FSM), The Downeast Lakes Land Trust (DLLT), and The Nature Conservancy (TNC), 
provides the needed foundation for identifying areas with loon territories that are of high quality. 
 

Study Area and Methods 
 
  From mid - May to early September 2001, BRI conducted surveys for territorial Common Loon pairs 
inhabiting lakes bordered by land selected by DLLT, FSM, and TNC. Surveys focused on 74 lakes and were divided 
into three areas (Figure 1). The DLLT project area included 18 lakes (6 reservoirs and 12 natural lakes) and covered 
shoreline on larger waterbodies such as Big, Junior, Pocumcus, and West Grand lakes (Figure 2). A total of 38 lakes (10 
reservoirs and 28 natural lakes) were surveyed in the FSM project area, and included parts of larger waterbodies such as 
Caucomgomoc, Chesuncook, Lobster, Moosehead, Ragged, and Seboomook lakes (Figure 3).   The TNC project area 
included 18 lakes (all natural lakes) (Figure 4); some of the more prominent lakes included Nicatous and Third Machias. 
We documented presence of loon territories, juvenile survivorship, and habitat conditions and pressures for each area 
using similar standardized methodologies. 
 
Aerial Surveys 
 
 Aerial surveys were conducted to efficiently determine (1) approximate areas supporting territorial pairs of 
loons, and (2) to confirm fledging success of chicks.  Lakes less than 30 acres (12 ha) were not surveyed. Experienced 
pilots from Northern Wings, a non-profit organization providing aviation services for the environmental community, 
donated their time and aircraft to fly BRI staff over the study area.  We used Cessna 185 floatplanes, which could 
decrease their speed to approximately 70 miles/hr (116 km/hr) during the survey.  Surveys were routinely conducted at 
an altitude of 200-400 feet (60-120 m).  This enabled us to circle a lake and have confidence in our final evaluations of 
potential territorial pair presence and fledging success. 



Mitigation of Common Loon injury   3 

BioDiversity Research Institute 

 On 12 June, BRI staff flew with Folsom’s Air Service, located in Greenville, Maine, as part of a training 
exercise to standardize aerial survey techniques.  Over the next four weeks, trained BRI staff in collaboration with 
Northern Wings, conducted aerial surveys to determine loon pair locations. Aerial surveys were conducted on the 
following dates:  FSM project area – 15 June and 19 June, TNC project area – 26 June and 10 July, DLLT project area – 
29 June. 
 Late season aerial surveys for determining fledging success were only required on 4 September over the FSM 
project area.  Fledging success was determined through boat surveys on TNC and DLLT project areas. 
 
Figure 1.  Distribution of the three project areas in Maine. 
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Field logistics 
 

Travel times and accessibility of lakes varied considerably between and within the three areas.  On-water 
territory checks began 11 June within the FSM project area and ended on 23 August in the TNC project area.  Because 
of the large number of lakes and the broad survey area, only one on-site land visit was conducted for each loon territory. 
On the larger waterbodies supporting an adequate public boat launch, a 14-foot motorboat with a 25 hp two-stroke 
engine was used.  We used kayaks or canoes on lakes with limited or no road access. 

 
Determination of loon territories 
 
 All lakes were surveyed using 10x binoculars and 15-45x spotting scopes. An established territory was 
designated when observing (1) an active nest (2) a pair in suitable habitat, or (3) juvenile(s) with at least one adult. On-
site observations varied in length from a few minutes to over three hours.  The amount of time spent was typically 
related to weather conditions and loon behavioral states (e.g., if we immediately confirmed both members of a pair and 
one individual was incubating we would move on to the next territory).  
 
Determining water quality 
 
 The water quality within each territory was measured for pH, apparent color, and clarity. Samples were taken 
from the approximate center of a defined loon territory. The pH was measured using digital pH meters (pHTestr 3Ô ) 
and apparent color was tested with HachÒ color test kits. Lake samples were measured along a color gradient to provide 
us with an indication of the amount of dissolved organic carbon (DOC) within each territory. These two tests enabled us 
to ascertain general water quality and potential relationships with elevated MeHg availability (Driscoll et al. 1995).  For 
example, Meyer et al. (1995) found lakes with a pH < 6.3 to contain breeding adult and juvenile loons with higher blood 
mercury levels than lakes with a pH > 7.0.  Furthermore, Meyer et al. (1998) found these low pH-high mercury lakes to 
significantly produce fewer fledged loons.  Clarity was indicated with a secchi disk and a type 4 (slanted glass scope 
with a neoprene mask) viewing scope (Aqua-Scope II™). While looking through the viewing scope the disk was 
lowered until it was out of sight, brought back into view, then lowered again. The length from the disk to the water level 
was then recorded in meters. The Maine Volunteer Lakes Program uses this protocol. Barr (1986) and others have 
related loon foraging efficiency and overall habitat quality to water clarity. 
 
Explanation of Ranking Process   
 

A quantitative ranking exercise by the authors provides context for prioritizing the overall habitat quality.  All 
territories that contained territorial pairs of Common Loons were ranked according to the parameters defined in 
Appendix 1.  They generally received an equally-weighted ranking value for each of the 12 parameters via information 
gathered from field surveys.  Two parameters were given greater value and include chicks survived and shoreline 
development. These values were summed for each territory and then divided by the number of possible points used in 
the analysis.  Thus, missing information did not negatively impact a territory being evaluated.  The presence of potential 
predators was also recorded but not used in the ranking system. Although we realize this ranking system is 
oversimplified and higher resolution parameters (e.g., using DOC instead of apparent color) provide higher precision, it 
still establishes a basic outline for screening differences in breeding habitat quality.  We also realize the inclusion of 
chick survival biases the rankings to have a stronger relationship with overall productivity.  However, this parameter 
was deemed as an important indicator of overall habitat quality and for each project area was used in a standard way. 
This quantitative exercise is therefore a simple matrix with a final index rating that can be used as a tool to guide 
management decisions (Appendix 2-7). 

 
Territories that did not contain Common Loons 
 

Surveyed lakes and lake areas within the three study areas that did not contain territorial pairs were not ranked 
and were rated as low quality loon breeding habitat (Appendix 8).  The identified 7 lakes should be considered a low 
priority for protection of loon habitat. 
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Results 
 
Summary of overall reproductive success 
 
 We surveyed 74 lakes and on 67 of these lakes located 137 established territorial pairs in the three project 
areas:  DLLT (49 pairs), FSM (60 pairs), TNC (28 pairs) (Table 1).  From the territorial pairs observed, 41 chicks 
survived to fledge (9 chicks in the DLLT area, 16 chicks in the FSM area, and 16 chicks in the TNC area).  The number 
of chicks fledged per territorial pair (CF/TP) was highest in the TNC area (0.57), followed by the FSM area (0.27), and 
DLLT area (0.18).  No loons were found on seven lakes >30 acres (12 ha) (Appendix 8). 
 
Table 1.  Results of 2001 surveys in the three target areas and spatial and temporal comparisons. 
 
Study Area # lakes 

surveyed 

# of lakes with 

loon pairs 

Territorial 

Pairs 

Chicks 

Fledged 

Chicks Fledged /  

Territorial Pair 

# of Non-breeding 

Loons (%)* 

DLLT 18 18 49 9 0.18 1 (1%) 

Reservoirs 6 6 27 7 0.26  

Natural Lakes 12 12 22 2 0.09  

FSM 38 32 60 16 0.27 7 (6%) 

Reservoirs 10 11 32 7 0.22  

Natural Lakes 28 21 28 9 0.32  

TNC 18 17 28 16 0.57 3 (5%) 

       

Area of 

Comparison 

# lakes 

surveyed 

# of lakes with 

loon pairs 

Territorial 

Pairs 

Chicks 

Fledged 

Chicks Fledged /  

Territorial Pair / yr 

Non-breeding 

Loons* 

Rangeley Lakes    

   Area 2001 

 

40 

 

39 

 

141 

 

34 

 

0.24 

 

44 (13%) 

NH 2001 

   (statewide) 

 

259 

 

135 

 

212 

 

113 

 

0.53 

 

108 (20%) 

NH (1976-2001) 

   (statewide) 

 

n/a 

 

44 - 135 

 

3,650 

 

1,847 

 

0.52+/-0.09 

 

1,717 (19%) 

VT (1981-2000)  

n/a 

 

n/a 

 

492 

 

357 

 

0.84 +/- 0.16 

 

n/a 

* The actual number of non-breeding loons is difficult to attain, particularly within minimal survey effort.  Therefore,  
the number of non-breeding loons in the three project areas should only be used contextually. 
 

The habitat quality for each of the 137 identified loon territories was ranked.  The overall quantitative ranks in 
order from highest to lowest were the following: 0.71 for the TNC project area (Appendix 3), 0.64 for the FSM project 
area (Appendix 7), and 0.59 for the DLLT project area (Appendix 5).   
 The order of project areas based on the number of fledged chicks per territorial pair and quantitative ranking 
agreed.  Therefore, from highest to lowest overall rating, project areas are TNC, FSM, and DLLT. 
 

Discussion 
 

The summer 2001 surveys conducted on 74 target lakes and their shorelines abutting the DLLT, FSM, and 
TNC project areas provide a benchmark of lake occupancy, population structure, and reproductive status for the 
Common Loon in Maine.  Because New Hampshire productivity in 2001 was similar to the 23-year average (Table 1), 
regional weather patterns appear to be average and we assume 2001 surveys are relatively representative of the loon’s 
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current breeding status.  How these three populations compare with one another, with nearby populations, and current 
population models are important considerations in determining the relative health of the target populations.  
 
Project area descriptions 
 
 DLLT Project area:  Compared with the other project areas, DLLT had the lowest CF/TP of 0.18 and the 
lowest overall habitat quality ranking score of 0.59.  Although we did find 49 territorial pairs on the 18 surveyed lakes, 
only 9 chicks were found over 4 weeks of age (Figure 2).  The CF/TP was particularly low on natural lakes (0.09) and 
surprisingly higher on what we designated as reservoirs (0.26).  Only one non-breeding adult was found, which 
indicates a population that has been declining for several years or one that has experienced a significant mortality event.  
Reasons for the extremely low productivity are not known.   

Low habitat quality rankings were related to the many dam-controlled waterbodies (i.e., reservoirs), many loon 
territories without island nesting areas (45%), and easy access that typically included boat ramps (Appendix 2 and 3).  
Compared with the other project areas, the DLLT project area also had the greatest shoreline development (1.07 rating). 
Water quality and lake depth were not negative factors.  Several of the natural lakes without fledged chicks were 
evaluated with relatively high quality habitat.  The discrepancy between the two measures is explained by an established 
loon pair’s inability to produce chicks every year. 

 
 FSM Project area:  This area had a CF/TP of 0.27 and a habitat quality ranking score of 0.64.  A total of 60 
territorial pairs were found on 32 lakes; 6 of the 32 lakes surveyed were missing loon territories (Figure 3).  Only 16 
chicks were projected to survive; the calculated productivity ratio is approximately half of the New Hampshire 
statewide, long-term average.  The proportion of non-breeding adults was low (6%) and indicates a population structure 
that is atypical of a healthy situation. Productivity on natural lakes was higher than reservoirs. 
 Habitat quality rankings were lower because many of the loon territories were on waterbodies with dams and 
51% were without nesting islands (Appendix 4 and 5).   The highly fluctuating water levels on Caucomgomuc, 
Seboomook and Canada Falls reservoirs likely, greatly reduced loon productivity.  These fluctuating water levels have 
also been linked to high methylmercury availability (Evers and Reaman 1998).  Sampling efforts in 2001 that collected 
loon and merganser blood mercury levels from Canada Falls and Seboomook lakes indicate extra high risk to 
piscivorous birds and mammals (BRI Unpubl. data).  Recent sampling efforts on Chesuncook and Little Lobster lakes 
also indicate toxic levels of mercury.  Compared with the other project areas, the FSM area had the least shoreline 
development (1.57 rating).  Public access, water depth, and water quality were generally not negative factors. 
 
 TNC Project area:  This area had a CF/TP of 0.57 and a habitat quality ranking score of 0.71.  A total of 28 
territorial pairs were found on 17 lakes; only one surveyed lake was without a loon pair (Figure 4).  Productivity at this 
project area was higher than the other two areas and according to population models shows a positive growth rate 
(Figure 5).  The proportion of non-breeding adults was low (5%), implying a struggling population that has recruitment 
rates that are not able to appropriately offset mortality.  No reservoirs were identified on this project area, which likely 
improves the area’s overall loon reproductive success.  Productivity was particularly good on Nicatous Lake. 
 Habitat quality rankings were higher than the other project areas.   Unlike the other project areas, island-
nesting habitat was generally present (only 29% of the territories were without) and the lack of reservoirs reduced nest 
failures related to water level fluctuations.  Human disturbance pressures through shoreline development, road access, 
and lake access through boat ramps were moderate.  Water quality was high. 
 
Perspective of loon population dynamics 
 

Loons are long-lived birds (likely 30 years or more) that on average produce 4.4 fledged young and up to 13 
(modeled by using fecundity of 0.26 fledged young per female, 1-3 year annual survivorship of 55%, 3-20 year annual 
survivorship of 95%, and 20-30 year annual survivorship of 85%).  Based on these population growth models that were 
generated through Ramas software (Akcakaya et al. 1999), output indicates at least 0.46 fledged young per territorial 
pair (or 0.23 females assuming a 1:1 sex ratio) needs to be produced to maintain a lamda greater than one (Figure 5). 

Breeding loon populations reflect a mix of pairs that do not nest, experience nest failures, and succeed in 
hatching and fledging young.  Based on Taylor and Vogel’s (2000) 23-year, statewide New Hampshire database, a 
snapshot of a typical pre-nesting summer loon population contains 54% paired-nesting, 26% paired but non-nesting, and 
20% unpaired individuals.  The relevance of the loon’s population structure to our one-year survey is that we should 
assume that little more than half of the total adult breeding population attempted to nest and therefore evaluations based 
on one-year surveys only reflect a portion of the pairs that may potentially reproduce.   
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Perspective of project ratings and comparisons with other areas 
 

The highest quality habitat supports the highest fit individuals (Sutherland 2001), which generally produce the 
greatest number of young returning as breeding adults (Newton 1998).  Pulliam (1996) also found that reproductive 
success is a valid measure of habitat quality.  Therefore the overall habitat quality ranking and measurement of 
reproductive success we use here are valid parameters for use as decision-making guides.  Agreement between the two 
parameters provides further confidence.   

How these three projects compare with other sites is also important.  Comparisons are best made with other 
areas using the number of chicks fledged per territorial pair (CF/TP).  Based on the statewide, long-term average of 
CF/TP in New Hampshire of 0.52 +/- 0.09 and in Vermont of 0.84 +/- 0.16, only the TNC project area indicates 
comparable reproductive strength.  Closer examination of the New Hampshire population indicates an increasing 
population from the late 1970s to the mid 1980s with a reproductive level of 0.62 CF/TP and during a decline in some 
population parameters since the mid 1980s was 0.46 CF/TP (Figure 5).  New Hampshire, particularly the southeastern 
part, has a serious mercury contamination problem, which may be impacting population structure and reproduction 
(Evers 2001b) and causing the decline.  Therefore, if various stressors impact comparable areas, the best way to 
evaluate a population’s viability is the use of productivity estimates for multiple populations. 

 Inserting reproductive success into a population growth curve is one of the better indicators for evaluating 
population viability (Figure 5).  The TNC project area indicates a lamda >1 (or a positive population growth rate) while 
FSM and DLLT project areas indicate a lamda<1 (or a negative population growth rate).  Although one year of 
productivity data limits high confidence in an evaluation, only the TNC project area appears to contain a viable breeding 
population. 
 
Figure 5.  Population growth rate based on demographics collected between 1991-2000 from color-marked adult and 
juvenile loons in New England and the Great Lakes. 
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Recommendations 
 

1. We highly recommend the purchase of property/easements on the TNC project area for the 28 documented 
loon territories.  Productivity in 2001 was higher than the other two project areas and exceeded population 
growth models.  Habitat quality rankings were also high.  This is our first choice. 

2. The purchase of property/easements of the DLLT project area, that holds an estimated 49 territories and had 
the lowest productivity and habitat ranking of the three project areas, is our second choice (with some 
qualifications).  The lower than expected productivity on natural lakes, that apparently have high quality 
habitat and water quality, is considered an anomaly.  The increasing shoreline development indicates the need 
for further habitat protection.  Should this property be purchased, we strongly suggest instituting a program 
that uses artificial nesting platforms (and avian guards, Fair 1993), and educational signs to combat the lack of 
island nesting habitat, water level fluctuations, and human disturbance. 

3. The FSM project area, with its 60 documented loon territories, had comparably moderate habitat rankings and 
low productivity as found for the DLLT project area.  Although both these measure were higher than the DLLT 
project area, half of the breeding population reside on reservoirs that have exceptionally high water level 
fluctuations.  In 2001, Canada Falls, Loon, Moosehead, Caucomgomoc, Chesuncook, Seboomook lakes and 
waterbodies connected to those lakes experienced extreme drawdowns.  These drawdowns not only cause nest 
failures and increase chaos within the loon’s population structure (e.g., pair bonds are more likely to break 
following a nest failure), there is a link between water level changes of >5 feet (1.5 m) increasing 
methylmercury production and availability that can cause further risk to piscivorous wildlife (Evers and 
Reaman 1998).  This scenario appears common in this project area.  Because of these problems and the 
relatively close overall productivity and habitat quality rankings with the DLLT project area, this is our third 
choice. 
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APPENDIX 1: Explanation of Categories used to Rank Common Loon Territories 
 

Listed below are the parameters used to rank loon territories for overall habitat quality.  Actual field data 
collected for relevant parameters are listed in Appendix 2, while the ranks for territories based on these parameters is 
listed in Appendix 3.  Parameters are numbered in correspondence with columns in Appendix 3.   
 
1. Territorial Pair (TP) :  The basic quantification of occupancy of a lake or territory by a Common Loon pair in 2000.   

0 = Established pair not present 
1 = Established pair present 

 
2. Chick Survival (CS):  Ranked based on whether or not Chicks hatched on a territory actually survived to a minimum 
of four weeks old (known by changes in molt).  Because of the difficulties associated with actual confirmation of the 
young fledging from a lake and very low mortality of chicks > 4 weeks (i.e., < 5% loss), young that reach this age are 
assumed to have fledged. 
 0 = Chicks did not survive to 4 weeks of age 
 1 = Chicks survived to 4 weeks of age 
 
3. Multiple or Single Lake Territory:   Piper found territorial pairs occupying lakes less than 60 acres (24 ha) defended 
and fed on multiple lakes (Piper et al. 1997). Evers et al. (2001) found significantly higher adult turnover rates on loon 
territories with multiple lakes (76%) vs. lakes where one pair remained on one lake (84%).  As adult turnover rates 
increase, reproductive success declines (BRI Unpubl. Data).  Loon territories were then ranked 0 or 1 based on the area 
of the lake being surveyed. 
 
 0 = Loons defend lakes < 60 acres 
 1 = Loons defend lakes >/=60 acres 
 
4.  Dam-Control:  Water level fluctuations, including both increases and drawdowns, can have significant negative 
impacts on the nesting success of loons.  On Lake Umbagog, the water level management plan dictates no more than a 
rise of six inches and a fall of 12 inches between 1 June and 20 July.  Unless water level management plans have been 
developed, most dam-controlled waterbodies are going to exceed these criteria. 
 0 = Dam-controlled 
 1 = Not dam-controlled 
 
5. Islands Available:  Loons typically choose nesting sites on islands and have higher reproductive success vs. 
mainland sites (McIntyre 1988).  Although both sites can be successful, island nest sites have an advantage in that they 
limit exposure to mammalian predators.  Categorization was based on whether or not islands suitable for nesting were 
present within loon territories.   
 0 = No islands available for nesting within the territory 
 1 = At least one island suitable for nesting was present within the territory 
 
6. Development:  Shoreline development often displaces and/or destroys loon nesting habitat, but also is a 
representation of human activity (which is often associated with increasing predator densities) on a water body.  
Although many developed lakes are productive, and, conversely, many lakes that have no development are not 
productive – we assume loon territories with minimal development generally create fewer potential threats to nesting 
loons and their chicks. Territories were ranked based on the amount of developed shoreline within their borders.   
 0 = 67 to 100% of shoreline is developed 
 1 = 34 to 66% of shoreline is developed 

2 = 0 to 33% of shoreline is developed 
 
7. Boat Ramp:  Presence or absence of a boat ramp on a water body will typically affect the level of boating activity on 
a lake, and therefore a loon territory.  Human disturbances are often a cause for nest failure, and boats may collide with 
adults and/or young, risking injury or death.  Increased human activity also affects loon survival due to the use and 
improper disposal of fishing line and lead sinkers (Taylor and Vogel 2000).  Although it is recognized that smaller boats 
such as canoes and kayaks also may disturb loons during incubation and/or brooding (Titus and VanDruff), we feel that 
the absence of a “drivable” boat ramp (i.e., permits access with a boat on a trailer) significantly decreases the amount of 
boat traffic on a lake as well as the size and horsepower of the boats that use it.  Therefore, we categorized loon 
territories based on whether or not the lake on which they are located contains a vehicle-accessible boat ramp.   
 0 = Lake on which territory is located contains a vehicle-accessible boat ramp 
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 1 = Lake on which territory is located does not contain a boat ramp. 
 
8. Accessibility:  Many of our study lakes had very limited access for a variety of reasons such as locked gates, no 
access roads or trails, or restricted access due to private lands surrounding the waterbody.  Lakes with limited 
accessibility to the public are buffered from human disturbances as well as the predators that are associated with them.  
Lakes were rated for accessibility based on presence or absence of these access limitations. 
 0 = Lake on which territory is located has public access 
 1 = Lake on which territory is located has limited or no access 
 
9. Maximum Depth:  Maximum depth is an indicator of habitat quality for a loon territory. Lake depth will directly 
affect the ability of fish to survive the winter months.  Deeper lakes will generally support higher dissolved oxygen 
levels that fish require.  Some lakes that contained no loons were found to be only several feet deep.  Loons residing in 
territories with a maximum depth of ten feet (3 m) or less will likely require multiple lakes.  Loons that are able to feed 
within their territory are more able to defend it and their young.  Adult Common Loons do not bring prey items from 
neighboring lakes. Territories were rated based on whether or not they had a maximum depth greater than ten feet (3 m). 
 0 = Territory maximum depth between 0 and 10 feet (3 m) 
 1 = Territory maximum depth greater than 10 feet (3 m) 
 
10. pH:  pH is a measurement of the concentration of hydrogen ions in a water sample.  Several studies have found that 
fish from low pH (<6.7) lakes have elevated levels of methylmercury in their tissues (Wiener 1987, Cope, et al. 1990, 
Winfrey and Rudd 1990, Haines et al.  1995, Wiener and Spry 1996) and loons occupying low pH (<6.3) lakes had 
significantly higher blood mercury levels in comparison to loons nesting on circumneutral (neutral pH) lakes in 
Wisconsin (Meyer et al. 1995).  Our research has found significant impacts of methylmercury on Common Loon 
behavior and productivity (Evers et al. 2000a).  Lakes were ranked according to whether or not a grab water sample of 
their pH taken from the middle of the loon territory was below 6.3.  If only a single pH measurement was taken on a 
lake, it was used to represent all territories on that lake. 
 0 = pH measured in territory was less than 6.3 
 1 = pH measured in territory was greater than 6.3 
 
11. Apparent Color: Apparent color roughly indicates the amount of dissolved organic carbon (DOC).  We used color 
as a surrogate measure of DOC, which has been found to increase with total mercury and total methylmercury in fish on 
low pH lakes (Driscoll et al.  1995).  Because this relationship has not been found in higher pH lakes, those were not 
ranked for this category.  Lakes were thus categorized and ranked for apparent color that fell above or below 40 
Platinum Cobalt Units (PCU) according to our rough conversions with Driscoll et al. (1995).  
 0 = Apparent color measured in water sample was > 40 PCU 
 1 = Apparent color measured in water sample was < 40 PCU 
 
12. Clarity:   Barr (1986) found Common Loons to change their foraging behavior at water clarity measurements less 
than 5 feet (1.5 m). 
 0 = Secchi disk is visible at water depths measuring 0 to 5 feet (1.5 m) 
 1 = Secchi disk is visible at water depths measuring > 5 feet (1.5 m) 
 
13.  Quantitative Territory Rank (Quan Rank):  The overall Rank for a territory based on all of the parameters added 
and then divided by the total possible points for that territory.  If a parameter was not determined, it was not part of the 
calculation.   
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