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Executive Summary 
 
The Clearwater Resource Council initiated a community-based water monitoring 
program in the Clearwater Valley in Summer 2008. The objectives were to: 1) 
develop long-term information on lake transparency with enough sampling 
through time within and among lakes to resolve meaningful trends, and 2) 
educate ourselves and the community about our lakes, water quality issues, and 
the influence of development and land use on these natural resources.   
 
Volunteers used Secchi disks and thermometers to gauge water transparency 
and temperature, respectively. Eleven volunteers were recruited to collect data 
on Placid Lake, Lake Inez, Seeley Lake, Clearwater Lake, Lake Alva, and Rainy 
Lake in September and October. 
 
Transparency ranged from 4 meters at station 3 (south arm) on Seeley Lake to 
8.8 meters on Clearwater Lake. Transparency varied between 4.4. and 5.7 
meters over three sampling periods on Lake Inez. Secchi transparency on a 
single day in September varied from 4.4 meters on the south end of Seeley Lake 
(station 3) to 5.2 meters on the north.   
 
A summary of data for five lakes with multiple years of information shows that 
transparency has varied substantially both within and among the lakes and within 
a lake both within and among years. There appears to be a general trend of 
declining transparency from lakes high in the watershed (e.g., Alva) to those 
lower in the basin. Transparencies recorded in 2008 were within the range of 
those observed in the past on the lakes with a history of data collection. 
 
There appears to be a trend of increasing productivity for lakes lower in the 
Clearwater basin.  In general, productivity can be expected to increase (and 
transparency decline) with increasing watershed area and a natural increase in 
potential nutrient loading. The available data are not enough to conclude 
anything about recent trends in the conditions of the Clearwater lakes or 
determine whether human effects are important.  It will take more measurements 
and time. Useful monitoring will need to generate a relatively large number of 
samples throughout the spring, summer, and fall periods and need to be 
maintained over a number of years.  
 
 
 
 
 
 



Introduction 
 
The Clearwater River Basin includes five major (> 250 acre) lakes and numerous 
smaller ones (Figure 1).  The lakes are extremely important natural resources for 
the local communities, the region, and the State of Montana.  Fisheries, wildlife, 
recreation and aesthetic values are central to tourism, local lifestyles, and the 

local and regional economy.  The 
lakes support populations of adfluvial 
bull trout (an Endangered Species Act 
threatened species) and westslope 
cutthroat trout, loons, and other wildlife 
that are unique in the encompassing 
Blackfoot and Upper Clark Fork river 
basins.   

Figure 1. Map of the Clearwater River Basin. 

 
Seeley Lake serves as the primary 
water source for the town of Seeley 
Lake.  The maintenance of the unique 
values, economic vitality and beauty of 
the Clearwater basin depend in an 
important part on the quality and 
character of these waters and their 
watersheds.  The potential for "cultural 
eutrophication,” or increasing 
productivity related to human 
development, is an important concern.  
As lakes become more productive 
(more eutrophic), water clarity or 
transparency declines, the potential for 
nuisance algae blooms increases, and 
oxygen available for coldwater fish 
declines.  In general, many of the 
natural resource values and aesthetic 
qualities decline as well.   

 
Several earlier studies (e.g. Caldouhos 1971; Juday and Keller MWRC report No. 
110, Walker-Smith 1995), and other unpublished data summarized by the 
University of Montana, indicate that Seeley, Salmon, and Placid lakes are 
currently moderately productive.  Lakes Alva and Inez appear to be less 
productive.  Available information suggests that some improvements in status 
may have occurred in at least some of these lakes since the earlier work 
(V.Watson University of Montana and M. Suplee, Mt DEQ personal 
communication of unpublished data  (Storet link??or reference)), but it is difficult 
to resolve important trends with the limited number of observations.   
 



It is not clear whether human influence has substantially altered the status of any 
of the lakes in the Clearwater basin, but there are reasons for concern.  A strong 
link with groundwater for lakes in the valley floor could make them particularly 
vulnerable to groundwater pollution (John LaFave and Tom Patton, Montana 
Bureau of Mines and Geology; Jack Stanford UM Flathead Biological Station; 
personal communications).  The preliminary engineering report (PER) for the 
Seeley Lake Sewer District (McLeod and Aune 2004) summarized ground water 
work done by the Montana Bureau of Mines and the University of Montana and 
concluded that: 1) groundwater is being degraded by septic systems; 2) 
contamination is evident down gradient from town just before groundwater enters 
the lake; 3) increased nutrient loads to the lake will facilitate eutrophication and 
water quality degradation; and 4) that there is very limited carrying capacity for 
septic tank discharges.  Expanding population and development, ageing septic 
systems, and extensive industrial forestry in the watershed are further reasons 
for concern.  The experience of many other communities associated with lakes 
throughout the country shows these are common problems often associated with 
significant declines in lake water quality.   
 
In the final draft of the Middle Blackfoot TMDL analysis, MT Department of 
Environmental Quality acknowledged that data on the condition of Salmon and 
Seeley lakes are limited and that more detailed monitoring and analysis are 
needed.  Because of constraints in funding and staff, however, it appears unlikely 
that much additional work can be done by the agency in the foreseeable future. 
We believe that as a community we must take some responsibility for 
understanding and managing the quality of our environment.  State and national 
government agencies are unlikely to have the resources to do this for us 
although they may work with us in the process.  We are anxious to facilitate and 
support community education, sustainable land and water use, and water quality 
inventory, monitoring and analysis needed to better understand the conditions of 
our lakes and streams and their encompassing watersheds.   
 
In the summer of 2008, the Clearwater Resource Council (CRC) initiated a 
community-based Adopt-A-Lake monitoring program to begin to address these 
issues.  Our objectives were: 1) to develop long-term information on lake 
transparency with enough sampling through time within and among lakes to 
resolve meaningful trends, and 2) to educate ourselves and the community about 
our lakes, water quality issues, and the influence of development and land use 
on these natural resources.  CRC received a supporting grant of $2,500 from the 
Seeley Lake Community Foundation and began work on the project in August.   
 
Methods 
 
We used “Secchi disk” transparency and near surface temperature as the focus 
of our sampling effort.  Because transparency of the water is directly influenced 
by the amount of suspended particulate matter, including phytoplankton (algae 
suspended in open water), it is a good index of the amount of plant growth or 



plant biomass in the open lake.  Our approach followed standard methods used 
throughout the country and in a neighboring program coordinated by the 
Flathead Basin Commission.  Although Secchi transparency is a relatively simple 
metric it is widely used in community-based monitoring and scientific research 
and monitoring around the world.   It has proven to be a powerful tool for 
recognizing and documenting the effects of cultural eutrophication, perhaps most 
famously applied in Lake Tahoe, CA-NV (See: 
http://terc.ucdavis.edu/research/clarity.html ), and Lake Washington near Seattle, 
WA (Carlson 1977).  The Flathead program now includes more than 36 lakes 
with 15 years of data.  Volunteer monitoring like this is now occurring on literally 
thousands of lakes throughout the United States and Canada (for example see:  
http://dipin.kent.edu/ ). 
 
We solicited volunteers through flyers, a newspaper article, and announcements 
through the CRC mailing list and local home owners’ associations. We also held 
a public meeting to provide information on lake science, outline potential issues 
of lake water quality and encourage participation in the monitoring.  We held two 
training sessions, one in August on Lake Inez and one in September on Placid 
Lake.  At each session we reviewed the general sampling and recording process, 
and practiced transparency measurements. At the training on Lake Inez we 
recorded all measurements by each volunteer to consider inter-observer 
variation. 
 
Volunteers for each lake were asked to coordinate among themselves to collect 
data at each specified point on their lake twice per month. We worked with a lead 
volunteer for each lake to coordinate the transfer of data to CRC.   The methods 
for our program are detailed in a sampling plan (appendix    ), but briefly our 

approach was as follows:  

Figure 2. A map of Lake Alva showing the 
location of the site sampled for Secchi 
transparency in 2008. The site is mid lake 
over the deepest part of the basin.

 
Transparencies were measured with a 
20 cm (7.9”) black-white quadrant disk 
suspended on a calibrated cord.  
Measurements were made at one to 
three stations in each lake sampled in 
2008.  Sites were selected to include a 
central location over the deepest 
portion of each lake, which also 
coincided with locations for past work.  
In larger lakes (Inez, Seeley, Placid), 
we identified multiple sites to include 
the main basin and larger 
embayments (Figures 2-5) that could
be prone to localized effects (e.g., 
south arm of Seeley Lake). Sampling 
was planned for approximately two 
week intervals through the period from 

 

http://terc.ucdavis.edu/research/clarity.html
http://dipin.kent.edu/


ice off to early October.  Because we were late getting started in 2008, sampling 
was limited to three time periods on Inez and one on Clearwater, Rainey, Alva
Seeley, and Placid.  We were not able to locate volunteers to conduct work on 
Salmon, Big Sky or other lak

, 

es in 2008. 
 

          

Figure 3. A map of Lake Inez showing 
the location of the sites sampled for 
Secchi transparency in 2008.  The two 
sites are approximately mid lake over 
the deepest points in the lake. 

 

 

Figure 4. A map of Seeley Lake showing 
the location of the sites sampled for 

Secchi transparency in 2008.  The three 
sites are approximately mid lake over the 

deepest points in each of the three 
basins of the lake. Site 2 coincides with 
earlier sampling conducted in this lake. 

         

 

Figure 5. A map of Placid Lake showing the 
location of the sites sampled for Secchi 
transparency in 2008.  Measurements at the 
two sites were identical so only one data 
point is summarized in the report.  Site 1 
coincides with most earlier sampling 
conducted in this lake and is approximately 
mid lake over the deepest point.   

 



For a general comparison, we summarized Secchi transparencies and other 
information recorded for each lake in past studies.  Available data range from a 
total of 10 observations over three years in Lake Inez to more than 24 
observations over 4 years in Seeley Lake.  There are 8 years of data reported for 
Placid Lake, but only ranges rather than individual observations are available for 
most years.  Long term data for Placid Lake were developed by Edward Keller 
(personal communication), but, as yet, we have been unable to locate a copy of 
those data with the agencies that should have received it. 
 
Results  
 
We trained 11 volunteers in the August and September sessions.  Secchi 
transparencies were recorded on six lakes in September and October 2008.  
Transparency ranged from 4 meters at station 3 (south arm) on Seeley Lake to 
8.8 meters on Clearwater Lake (Figure 6).  Transparency varied between 4.4. 
and 5.7 meters over three sampling periods on Lake Inez.  Transparencies 
recorded in Clearwater, Rainey, and Alva were considerably higher than those in 
the other lakes, but these readings were also late in the season and could have 
been influenced by a seasonal decline in algae production.  Secchi transparency 
on a single day in September varied from 4.4 m on the south end of Seeley Lake 
(station 3) to 5.2. meters on the north.  Repeated observations on a single date 
on Lake Inez indicated that most observers were relatively consistent, but 
differences in two observations were as much as ±17% of the group mean (Table 
1). 
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Figure 6. Secchi transparencies recorded by volunteers on six lakes in the Clearwater basin in 
2008.  Transparency was substantially higher lakes in the upper watershed (e.g. Clearwater, 
Rainey, Alva), but these samples were also late in the year and could reflect a collapse of algal 
production with fall mixing.  Replicated sampling throughout the spring, summer, fall period will be 
important to measure important differences among the lakes. 
 
 
 
 
 



Table 1. Repeated observations of Secchi transparency (meters) by six different volunteers on 
Lake Inez, during the first training session in August 2008. 
 Observer 
Station 1 2 3 4 5 6 
One 5.6 5.7 5.6 5.7 6.5 4.8 
Two 5.2 5.6 --- --- --- --- 
 
A summary of data for five lakes with multiple years of information shows that  
transparency has varied substantially both within and among the lakes (Figure 7), 
and within a lake both within and among years (Figure 8).  There appears to be a 
general trend of declining transparency from lakes high in the watershed (e.g., 
Alva) to those lower in the basin (Figure 7).  Transparencies recorded in 2008 
were within the range of those observed in the past on the lakes with a history of 
data collection. 
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Figure 7. The range of all Secchi transparencies recorded across multiple years in 5 lakes in the 
Clearwater basin.  The data suggest a general trend of increasing productivity for lakes lower in 
the watershed. 
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Figure 8. Secchi transparencies recorded in Seeley Lake at station “2”in four different years.  The 
most intensive sampling in Seeley Lake was conducted in 1970 and all observations that year 
were within the bounds of the shaded box.  The large differences among observations in 1977 
and 2003 indicate that variation can be substantial within and among years.  
 
 



 
Discussion 
 
The Secchi transparencies recorded in 2008 fell within the range observed on 
each of the lakes in the past.  The data are consistent with trophic conditions 
ranging from unproductive or “oligotrophic” to moderately productive or 
“mesotrophic”.  Generally lakes with Secchi transparency consistently higher 
than 3-5 meters might be considered oligotrophic while those with transparencies 
consistently less than 2 meters might be considered more eutrophic.  These are 
simple rules of thumb and there is no single measure of good or poor quality.  In 
general, however, lakes with lower productivity and higher transparency are 
perceived to be higher quality and more aesthetically pleasing and are less likely 
have problems with nuisance algal blooms or loss of habitat for coldwater fishes.     
 
Secchi transparency can be particularly effective in detecting long term trends in 
productivity that might be tied to human effects (Carlson 1977).  There appears 
to be a trend of increasing productivity for lakes lower in the Clearwater basin.  In 
general, productivity can be expected to increase (and transparency decline) with 
increasing watershed area and a natural increase in potential nutrient loading.  
Because lakes lower in the basin have a much larger watershed above them, we 
can expect some increase in productivity going downstream.  But there is also 
increasing population and lake shore development lower in the Clearwater Basin 
that might also influence this trend.  The available data are not enough to 
conclude anything about recent trends in the conditions of the Clearwater lakes 
or determine whether human effects are important.  It will take more 
measurements and time.  Work conducted by the University of Montana in 2003, 
which replicated sampling conducted in the 1970s, hinted that some 
improvement in conditions may have occurred in lakes Placid, Inez and Alva 
(Watson personal communication of unpublished data).  These studies used 
several measures of lake condition in addition to Secchi transparency, and so the 
resolution may be better than Secchi transparency alone.  The strong variation in 
Secchi measurements within and among years, however, indicates that it could 
be difficult to conclude much about trends in lake conditions with only two or 
three measurements in a year and only two or three years of comparison.  Useful 
monitoring will need to generate a relatively large number of samples throughout 
the spring, summer and fall period and need to be maintained over a number of 
years.  
 
The relative simplicity of Secchi transparency lends itself to more intensive and 
longer term monitoring.  Volunteer-based sampling provides a way to collect 
frequent observations with minimal cost.  We were able to engage volunteers for 
monitoring on each of the major lakes in the Clearwater basin.  Since the 
program began we have been contacted by others interested in work on these 
and other lakes.  Based on the support for the program and the interest in 
community based monitoring in other regions, it appears that we can generate 
the effort needed for monitoring on most of the lakes.  Replicated sampling 



conducted during training at Lake Inez produced a range in observations that 
was varied from the average by up to 17%.  Sampling error could reduce the 
precision and accuracy of monitoring data. A program of quality control that 
includes routine  training, review, and replicated sampling to quantify sampling 
error will be important generate the best possible information.  
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