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Summary 
In 2011 we completed a fourth year, and third full season, of volunteer based sampling 
of the Clearwater River Basin lakes.  Eight lakes were represented with sampling 
beginning in May or early June and ending in September or early October.  In addition 
to Secchi transparency we sampled nutrient concentrations in Salmon and Seeley 
Lakes, the Clearwater River, two tributary streams and associated sites.  Comparison 
with previous information showed that conditions in most lakes remained similar to past 
years, but lakes (Alva, Salmon, and Big Sky) appeared to decline in transparency over 
the period of monitoring.  Within year variation in transparency was high in most lakes, 
but a general pattern of low transparency in the spring, high in the summer and then 
moderate in the fall was common.  Observer variation appears to be acceptable, but a 
focus on training, quality control, and regular review with the volunteers will continue to 
be important.  Nutrient samples collected during spring mixing provided an important 
update on conditions in Seeley and Salmon lakes and were incorporated into a 
comprehensive analysis of current and long term trends in trophic conditions for these 
lakes by the University of Montana.  The results of that study indicate that these two 
lakes are mesotrophic, or moderately productive, and have not changed substantially in 
condition since the early 1970s. There are several signs that these lakes may be near a 
“tipping point” and could shift quickly to a eutrophic or highly productive condition with 
declining water quality if nutrient loading is not controlled.   
 

Background 
The Clearwater River Basin includes 
five major (> 250 acre) lakes, several 
between 50 and 250 acres and 
numerous smaller lakes, ponds and 
wetlands (Figure 1).  The lakes are 
extremely important natural resources 
for the local community, 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 migratory bull trout (an 
Endangered Species Act threatened 
species), westslope cutthroat trout, 
non-native kokanee salmon and 
brown trout and several non-native 
warm and cool water species such as 
largemouth bass and northern pike.  
Loons and other wildlife such as 
grizzly bear and bald eagles are also 

Figure 1. The Clearwater River Basin.



associated with the lakes and connecting riparian and wetlands areas.   Seeley Lake 
serves as the primary water source for the town of Seeley Lake.   
 
Conserving the unique values, economic vitality and beauty of the Clearwater basin 
depends on the quality and character of these waters and their watersheds.  “Cultural 
eutrophication”1  with 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., Cladouhos 1971; Juday and Keller, undated), and other 
unpublished data summarized by the University of Montana, indicate that Seeley, 
Salmon, and Placid lakes were moderately productive in the past.  Lakes Alva and Inez 
appeared to be less productive.  Watson (2012) summarized all available data for 
Seeley and Salmon lakes across time and provided some mixed conclusions: 
 
• There are no strong trends in water quality data from the 1970’s to present.  

Conditions vary from year to year, but did not get noticeably worse (or better) over 
that time.   However, inconsistency in sampling methods, timing and sites may have 
obscured trends.  

• Most indicators of lake condition put both lakes in the middle range of trophic 
condition.  The lakes are still in pretty good shape, but recent observations  of low 
oxygen, algae blooms and nutrient levels in the lakes, groundwater and some 
streams, are worrying.  

• Modest increases or even the continuing input of nutrients from human sources 
could push the lakes past a tipping point, making restoration of better conditions very 
difficult.  The lack of evidence of much change in these lakes is not a guarantee that 
they are not changing. Their response may be hidden or delayed as it has been in 
other lakes.  

 
And some recommendations: 
 
• Careful and consistent monitoring should continue; better information should be 

developed on nutrients entering the lakes from different sources, especially via 
groundwater; 

• The densest housing areas closest to the lakes should be sewered; 
• The vegetation buffering stream and lake side areas should be protected. 

The experience of other communities associated with lakes throughout the country 
shows these are common problems often associated with significant declines in lake 
water quality.  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.   
 
                                                 
1 Cultural eutrophication is the increased plant productivity in lakes from human causes such as increased nutrients 
from agricultural or residential fertilizers, sewage and septic discharge, and erosion in the watershed.   
 



In the summer of 2008, the Clearwater Resource Council (CRC) initiated a community-
based Adopt-A-Lake monitoring program to address these issues. That work was 
continued and expanded in 2009, 2010 and 2011.  Our objectives have been: 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 from the Seeley Lake Community Foundation and 
began work on the project in August of 2008.  The Community Foundation provided 
additional funding to continue the work in 2009 and 2010. Sampling during 2011 was 
supported by donations and volunteers from the community and the University of 
Montana.   CRC also received funding through DEQ in 2009 to support a Watershed 
Planning Group (Rieman et al., 2012) and the comprehensive analysis of current 
conditions and trends in Seeley and Salmon Lakes (Watson 2012).   
 
In the past we volunteers measured transparency on eight lakes.  We also conducted 
limited analysis of water chemistry and oxygen concentrations on three lakes in 2009 
(Rieman et al., 2010). Secchi transparency indicated that productivity of lakes increased 
down valley.  Nutrient data suggested relatively modest nutrient concentrations with the 
exception of elevated concentrations in some samples in the south end of Seeley Lake 
and Lake Inez. Oxygen data suggested that significant oxygen deficits may exist at 
some times (Watson 2012).  More extensive nutrient sampling was conducted in spring 
of 2011 during mixing following ice off on Seeley and Salmon lakes.  This report 
summarizes the volunteer lake monitoring for transparency and nutrients conducted in 
2011.   
 
Methods 
Transparency 
 
 “Secchi disk” transparency (Figure 2) and near surface water temperature were the 
measurements made by volunteers on the eight major lakes in the basin.  Because 
transparency of the water is directly influenced by the amount of suspended particulate 
matter, including phytoplankton (algae in open water), it is a good index of the amount 
of plant growth or biomass in the lake.  Our approach followed standard methods used 
throughout the country.  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 (http://terc.ucdavis.edu/research/clarity.html ), and Lake Washington near 
Seattle, WA (Carlson 1977).   Volunteer monitoring like this is now occurring on literally 
thousands of lakes throughout the United States and Canada (http://dipin.kent.edu/ ). 
 
In 2011 we held training sessions for new volunteers in late May or early June.  We 
reviewed protocols with returning volunteers and then worked on the lakes, reviewing 
methods with each volunteer early in the season.   
 



Volunteers mailed or delivered their data to CRC and retained their own back-up copy. 
The methods for our program are detailed in a sampling and analysis plan (SAP 
available from CRC), but briefly our approach was as follows: Transparencies were 

measured with a 20 cm (7.9”) black- white quadrant 
disk suspended on a fiberglass tape measure.  We 
sampled transparency at one location in Clearwater, 
Rainy, Alva, and Big Sky lakes (Figure 3).  Each site 
was near the center, generally over the deepest 
portion of each lake, which also coincided with 
locations for any past work.  In larger lakes (Inez, 
Seeley, Placid and Salmon; Figures 4-7), we 
identified multiple sites to include the main basins or 
larger bays that could be subject to localized effects 
(e.g., south arm of Seeley Lake is believed to have 
little flow through since the outlet is mid lake). 
Sampling was planned for approximately two week 
intervals from ice-off in May to early October.   
 
To consider potential measurement errors we 
conducted “blind replication” with an experienced staff 
person sampling simultaneously with each volunteer 
at least once during the season. 
.   

Nutrient and Water Chemistry   
 
Samples for nutrients and related parameters were collected on May 7 and 8, 2011.  
Samples were collected at two sites each on Seeley and Salmon lakes.  At each site a 
sample was taken in the epilimnion (near surface waters) and the hypolimnion (deep 
waters) to test the assumption that the lakes were actively mixing.  A composite sample 
was also taken by pooling water collected at 5 points throughout the water column.  
Samples were collected at several tributary sites along Morrell Creek, at the lower end 
of Deer Creek, and at one road runoff site on Grizzly Drive in the Double Arrow 
Subdivision, to determine whether nutrients may vary substantially with watershed 
conditions.  We also sampled a seep entering Morrell Creek near the Seeley-Swan High 
School as background information for a monitoring program starting with the school.  
     
Water sample analysis was conducted at the University of California, Davis.  Electrical 
conductivity (Fisher conductivity meter), pH (Fisher pH meter), and turbidity (Hach 
turbidity meter) were measured on unfiltered subsamples using calibrated laboratory 
meters. A subsample was filtered through a 0.2 µ polycarbonate membrane (Millipore) 
for quantification of soluble reactive phosphorus (SR-PO4), nitrate+nitrite-N (NO3/NO2-
N), ammonium (NH4-N), and dissolved organic carbon (DOC).  SR-PO4 was 
determined using the ammonium molybdate spectrophotometric method (LOD ~5 µg/L). 
The vanadium chloride method was used to spectroscopically determine NO3-+NO2--N 
(MDL=0.01 mg/L).  NH4+-N was determined spectroscopically with the Berthelot 
reaction, using a salicylate analog of indophenol blue (LOD ~ 10 µg/L ).  DOC was 
measured using a Dohrmann UV enhanced-persulfate TOC analyzer (EPA Standard 
Method 5310C; Phoenix 8000; LOD ~0.1 mg/L).  

Figure 2. A Secchi disk is 
lowered into the water. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Figure 3. Lake Alva showing 
the location of the site sampled 
for Secchi transparency in 
2009-2011. The site is mid 
lake over the deepest part of 
the basin. 

Figure 4. Lake Inez showing the 
location of the sites sampled for 
Secchi transparency 2009-2011.  
The two sites are approximately 
mid lake over the deepest points 
in the lake. 



 
 

         
 
 
 

 
 

Figure 5. Seeley Lake 
showing the location of the 
sites sampled for Secchi 
transparency 2009-2011.  
The three sites are  
approximately mid lake over 
the deepest points in each of 
the three basins. Site 2 
coincides with earlier 
sampling in this lake.   

Figure 6. Placid Lake showing the 
location of the sites sampled for Secchi 
transparency 2009- 2011.  Site 1 
coincides with most earlier sampling 
conducted in this lake and is 
approximately mid lake over the 
deepest point.   



 
 
Results 
  
Transparency 
 
Sampling was conducted by 17 volunteers in 2011. Secchi transparencies have now 
been recorded on eight lakes from May to September or October in 2009, 2010 and 
2011 (Figure 8).     
 
Transparencies ranged from a low of about 6 feet on both Rainy and Inez in May-June 
to more than 30 feet Clearwater Lake in late June and July (Appendix A, B).  
Transparencies were generally the lowest early in the year, cleared and then fluctuated 
during the late summer sometimes declining again in the fall (Appendix B).  Patterns in 
transparency were generally similar within lakes among years, although a modest 
reduction in transparency seemed to occur in three lakes (Alva, Salmon, Big Sky) over 
the three year period. 
   
The mean and range of transparencies varied among lakes (Figure 8). Transparencies 
were highest in Clearwater and Big Sky and means were generally consistent with 
these lakes in an oligotrophic state.  Mean transparencies in Alva were on the transition 
between oligotrophic and mesotrophic, although Alva varied substantially among the 
three years.  Mean transparencies in Rainy, Inez, Placid, Salmon and Seeley were in 
the range of those considered to be mesotrophic.   
 
Blind replication of Secchi measurements varied by less than 15% on all occasions and 
was less than 10% for all volunteers but one (Figure 9)  It is important to note that the 
volunteer on Lake Inez consistently measured Secchi depths less than the CRC staff 
person (averaging 11.8% less over four duplicate observations).  If the Lake Inez 
measurements are adjusted accordingly the results would be within the range of an 
oligotrophic or borderline mesotrophic lake. 

Figure 7. Salmon Lake showing the 
location of sampling sites for Secchi 
transparency in 2009- 2011. Each site is 
over the deepest point in separate basins.  



 
 
Figure 8. Secchi transparencies recorded by volunteers at all sites on eight lakes in the Clearwater basin 
in 2009-2011.  All data for all sites are shown in Appendices A and B. 
 
 
 

 
Figure 9.  Secchi transparency measurements by the CRC staff person and volunteers on five lakes in 
2011. Where only one symbol is present the volunteer and staff person measurements were identical.   
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Figure 10.  Mean (dots) and range (solid vertical lines) of Secchi transparencies observed in eight lakes 
sampled in the Clearwater Basin 2009 - 2011.  The red and green lines are shown for reference and 
reflect a general classification of lakes with mean transparencies less than approximately 6 feet as 
eutrophic or more than approximately 16 feet as oligotrophic, respectively. The dashed vertical lines (Hx) 
represent the range of all previous Secchi measurements available for five of the lakes.  
 

In addition to measuring 
Secchi transparency lake 
volunteers also noted any 
unusual conditions 
associated with the lakes.  In 
September 2011 one of our 
volunteers was boating on 
Salmon Lake and noticed 
high concentrations of algae 
near the surface.  We 
collected a sample which was 
identified as Aphanizomenon 
spp., a blue green algae that 
has been reported in the past 
from Seeley Lake.  A bloom 
was also observed in Placid 
Lake.  

 

Figure 11. A bloom of the blue-green algae Aphanizomenon.  
A bloom similar to this was observed on Salmon Lake in September 2011.  Blue green 
algae blooms have been reported on Seeley Lake in the past (Cladouhos 1971). 



Nutrients and Water Chemistry  
 
Nitrogen and phosphorous are important nutrients that directly influence the productivity 
of lakes.  Total phosphorous ranged from 0.015 to 0.023 ug/l in samples from Seeley 
and Salmon lakes in 2011 (Appendix C).  The composite samples were 0.019 and 0.023 
ug/l in Salmon Lake and  0.015 ug/l at both sites on Seeley Lake.  Total nitrogen ranged 
from 0.15 to 0.29 ug/L in Salmon Lake, and 0.15 to 0.25 in Seeley Lake.  One of the 
composite samples showed the highest concentration in each lake.  The dissolved 
forms of nitrogen (NO3+NO2) and phosphorous (PO4-P) ranged from 0.01 to 0.04 ug/l 
and 0.003 to 0.006 ug/l respectively in both lakes.  Samples from the Clearwater River 
were similar to the higher measurements in the two lakes. Samples from Morrell Creek 
above and below the High School were among the lowest concentrations observed for 
nitrogen and phosphorous.  The two forms of nitrogen and two forms of phosphorous 
were unusually high in the seep to Morrell Creek.  Both forms of phosphorous were 
unusually high in the sample of road runoff, and total phosphorous was unusually high 
in Deer Creek. 
 
Discussion 
Secchi transparencies were generally shallower (less transparent) early in the year and 
were consistent with either increased turbidity related to runoff or a spring pulse in 
phytoplankton production followed by summer clearing as production declined.  The 
data are consistent with trophic conditions ranging from unproductive or “oligotrophic” to 
moderately productive or “mesotrophic” among the lakes.      
 
Secchi transparency can be particularly effective in detecting long term trends in 
productivity that might be tied to human effects (Carlson 1977).  A comprehensive 
analysis of the all historic information available for Salmon and Seeley lakes (Watson 
2012) including the transparency information from our study, indicated that these lakes 
have been in the mesotrophic range with no apparent trends since the 1970s.  The 
information collected in this project indicates the lakes are not declining in water quality, 
but they also are not improving (Figure 12). 
 
Nitrogen and phosphorous are important nutrients influencing the productivity of 
Clearwater Lakes.  Samples from the Salmon and Seeley lakes in 2010 were collected 
in the spring not long after ice-out to represent spring mixing concentrations before 
much primary production has occurred.  Watson (2012) compared these data with 
earlier samples and with other lakes and concluded that the nutrient concentrations are 
also consistent with a “mesotrophic” condition.   Watson argued that based on an 
approximation of nutrient loading and recent observations of ground water 
contamination linked to septic systems overall, nutrient loading is not likely declining 
and could be increasing with increasing development and septic tank failures.  The 
single sample from Deer Creek also hints that that watershed, which was a major 
nutrient source in the 1970s, could continue to be an important source of nutrients to 
Seeley Lake.  The high phosphorous we measured in road runoff hints that surface 
erosion associated with high road densities is a possible cause.   
 
Nutrient concentrations in Salmon and Seeley lakes are not considered to be at 
dangerous levels, but they are high and may be increasing, albeit slowly.  The blue 
green algae bloom observed on Salmon Lake and low oxygen concentrations observed 



in sample in 2010 are troubling signs.  Because past nutrients introduced to the lakes 
over many years and now trapped in the sediments can be released into the water 
column when oxygen is very low, anoxic conditions in deep waters can result in “internal 
nutrient loading” that perpetuate eutrophic conditions even if external nutrient loading is 
controlled (Scheffer et al., 2001).  Watson (2012) expressed concern that our lakes 
could be approaching a “tipping point” which would lead to rapid degradation of water 
quality in the future.  It will be important to continue monitoring and develop more 
refined information on nutrient sources in the future. 
 
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 in 2009, 2010, and 2011.  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 continue to generate the effort 
needed for monitoring on most of the lakes.   
 
Replicated sampling indicated that volunteers can produce consistent measurements, 
and only one set of observations varied by more than 10% of our standard.  Because 
measurement 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 to continue.    
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Figure 12. Trophic State Index values (TSI) for Seeley Lake (top) and Salmon Lake (bottom), based on 
summer chlorophyll a, Secchi depth, oxygen depletion (AHOD) and spring turnover total phosphorus data 
from 1970’s to 2011 from Watson (2012).  The TSI is a way of using different sources of information to 
evaluate a common condition of lake status and includes both early information and that developed 
through the volunteer monitoring program. 
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Appendix A: Raw Data 
Individual measurements of Secchi transparency (feet) and temperature (°C) collected 
by volunteers on lakes of the Clearwater Basin in 2011.  Observations highlighted in red 
were taken outside the recommended daytime hours for optimum lighting. 
 
Site Date Secchi  Temperature
Alva: 1 5/26/2011 5.4 9.5
Alva: 1 6/19/2011 7.8 12.0
Alva: 1 7/1/2011 11.4 14.0
Alva: 1 7/1/2011 11.0 15.0
Alva: 1 7/21/2011 15.4 19.5
Alva: 1 8/3/2011 18.8 22.0
Alva: 1 8/15/2011 24.3 21.0
Alva: 1 8/17/2011 25.1 19.0
Alva: 1 9/2/2011 24.7 19.0
Alva: 1 9/15/2011 19.3 18.0
Alva: 1 9/26/2011 17.5 12.0
Alva: 1 10/12/2011 18.4 13.0
Big Sky: 2 5/20/2011 10.1 11.0
Big Sky: 2 5/28/2011 10.3 11.0
Big Sky: 2 6/3/2011 10.8 10.0
Big Sky: 2 6/3/2011 10.1 11.0
Big Sky: 2 6/10/2011 7.2 14.0
Big Sky: 2 6/17/2011 9.8 13.0
Big Sky: 2 6/24/2011 14.3
Big Sky: 2 7/1/2011 16.3 18.5
Big Sky: 2 7/7/2011 14.2 22.0
Big Sky: 2 7/22/2011 12.5 20.5
Big Sky: 2 7/29/2011 12.0 21.0
Big Sky: 2 8/6/2011 15.3 21.5
Big Sky: 2 8/12/2011 15.2 22.0
Big Sky: 2 8/19/2011 15.4 21.0
Big Sky: 2 8/26/2011 17.9 21.0
Big Sky: 2 9/4/2011 19.1 18.5
Big Sky: 2 9/10/2011 20.4 18.5
Big Sky: 2 9/18/2011 15.5 15.5
Big Sky: 2 9/25/2011 17.6 16.0
Big Sky: 2 10/2/2011 17.4 16.5
Big Sky: 2 10/8/2011 16.1 13.5
Clearwater: 1 6/5/2011 22.1 10.5
Clearwater: 1 6/21/2011 28.4 13.5
Clearwater: 1 7/10/2011 29.4 16.5
Clearwater: 1 7/24/2011 31.3 18.0
Clearwater: 1 8/3/2011 29.7 19.5
Clearwater: 1 8/16/2011 28.0 19.5
Clearwater: 1 8/30/2011 26.1 19.5
Clearwater: 1 9/14/2011 24.4 17.5
Clearwater: 1 9/30/2011 21.9 15.0
Inez: 1 7/1/2011 10.8 16.0
Inez: 1 7/1/2011 12.6 16.5
Inez: 1 7/17/2011 15.3 20.0
Inez: 1 7/27/2011 17.4 20.0



Inez: 1 8/29/2011 19.5 19.0
Inez: 1 8/29/2011 17.2 19.0
Inez: 1 9/19/2011 15.9 15.0
Inez: 1 10/3/2011 13.8 13.0
Inez: 2 7/1/2011 10.5 19.0
Inez: 2 7/1/2011 12.5 16.0
Inez: 2 7/17/2011 15.6 21.0
Inez: 2 7/27/2011 16.2 20.0
Inez: 2 8/29/2011 17.8 18.0
Inez: 2 8/29/2011 18.8 18.0
Inez: 2 9/19/2011 14.6 15.0
Inez: 2 10/3/2011 14.2 11.0
Placid: 1 8/1/2011 15.8 21.0
Placid: 1 8/1/2011 14.9 21.0
Placid: 1 8/16/2011 16.6 19.5
Placid: 1 9/1/2011 13.6 18.5
Placid: 1 9/13/2011 11.3 18.0
Placid: 2 8/1/2011 14.0 21.0
Placid: 2 8/1/2011 14.1 21.0
Placid: 2 8/16/2011 17.0 19.0
Placid: 2 9/1/2011 12.3 18.5
Placid: 2 9/13/2011 11.5 18.5
Rainy: 1 6/4/2011 7.4 7.5
Rainy: 1 6/19/2011 5.4 10.0
Rainy: 1 7/6/2011 6.6 13.5
Rainy: 1 7/20/2011 4.6 16.5
Rainy: 1 8/5/2011 19.2 18.0
Rainy: 1 8/18/2011 21.6 17.5
Rainy: 1 8/30/2011 20.8 18.5
Rainy: 1 9/12/2011 20.5 17.0
Rainy: 1 10/3/2011 15.1 14.0
Salmon: 1 6/10/2011 6.8 11.0
Salmon: 1 6/24/2011 6.5 14.0
Salmon: 1 7/31/2011 12.5
Salmon: 1 9/22/2011 15.9 16.0
Salmon: 2 6/10/2011 6.3 11.0
Salmon: 2 6/24/2011 8.5 14.0
Salmon: 2 9/22/2011 15.2 16.5
Salmon: 3 6/10/2011 5.0 10.0
Salmon: 3 6/24/2011 8.2
Salmon: 3 7/13/2011 13.2 19.0
Salmon: 3 9/22/2011 15.3 16.0
Seeley: 1 6/5/2011 9.6 13.0
Seeley: 1 6/20/2011 10.5 12.0
Seeley: 1 7/4/2011 11.1 19.0
Seeley: 1 7/15/2011 13.6 19.0
Seeley: 1 7/15/2011 13.3 19.5
Seeley: 1 7/30/2011 14.1 20.5
Seeley: 1 8/14/2011 17.5 21.0
Seeley: 1 8/27/2011 18.0 22.0
Seeley: 1 9/11/2011 18.3 18.0
Seeley: 1 9/24/2011 18.3 14.5



Seeley: 1 10/9/2011 18.6 13.5
Seeley: 2 6/5/2011 9.8 14.5
Seeley: 2 6/20/2011 9.8 12.0
Seeley: 2 7/4/2011 9.8 19.0
Seeley: 2 7/15/2011 13.6 20.0
Seeley: 2 7/15/2011 13.0 20.0
Seeley: 2 7/30/2011 14.0 21.5
Seeley: 2 8/14/2011 14.1 21.0
Seeley: 2 8/27/2011 14.5 22.0
Seeley: 2 9/11/2011 15.8 18.0
Seeley: 2 9/24/2011 16.9 15.0
Seeley: 2 10/9/2011 15.5 13.0
Seeley: 3 6/1/2011 6.8 10.0
Seeley: 3 6/5/2011 9.8 15.5
Seeley: 3 6/20/2011 9.7 12.5
Seeley: 3 7/4/2011 10.6 19.0
Seeley: 3 7/15/2011 11.9 20.0
Seeley: 3 7/15/2011 12.2 20.0
Seeley: 3 7/30/2011 14.6 22.0
Seeley: 3 8/14/2011 14.4 22.0
Seeley: 3 8/25/2011 14.5 21.5
Seeley: 3 8/27/2011 15.3 22.0
Seeley: 3 9/11/2011 15.8 18.5
Seeley: 3 9/24/2011 17.3 17.0
Seeley: 3 10/9/2011 17.3 14.0



  
Appendix B: Figures   
Seasonal patterns in Secchi transparency collected by volunteers, shown by lake, for 
lakes of the Clearwater Basin in 2009-2011.   

 
 
 
 

 
 



 
 
 
 

 
 



 
 
 
 

 
 



 
 
 
 

 
 
 



Appendix C. Water chemistry results from samples collected in Salmon and Seeley lakes, the Clearwater River and several associated 
tributaries in May 7-8, 2011. Samples in the lakes were taken near the surface (3 m), at depth, and as a composite of the water column as 
described in the text.  Samples highlighted in orange represent observations that were unusually high (e.g. two or more times the other 
observations).  Sample B3 appeared to be contaminated by the acid rinse of the sampling bottle. 
  
 

LAB # Site ID pH EC Turbibity
mS/cm NTU

rep-1 rep-2 % rep-1 rep-2 % rep-1 rep-2 % rep-1 rep-2 % rep-1 rep-2 % rep-1 rep-2 %
B 1 Salmon 1 (3 m) 7.86 223 1.22 0.17 0.01 0.00 0.015 0.006 7.2
B 2 Salmon 1 (12 m) 7.8 226 1.19 0.19 0.02 0.01 0.015 0.006 10.5
B 3 Salmon 1 (Composite) 3.1 1080 1.47 0.19 0.01 0.01 0.019 0.005 5.8
B 4 Salmon 2 (3 m) 7.66 206 1.3 0.24 0.01 0.01 0.015 0.005 6.7
B 5 Salmon 2 (12 m) 7.74 210 1.48 0.24 0.02 0.02 2.6 0.01 0.019 0.005 6.7 6.7 0.0
B 6 Salmon 2 (Composite) 7.69 255 1.47 0.29 0.29 0.0 0.03 0.03 0.03 4.0 0.023 0.006 0.006 0.0 8.8
B 7 Seeley 1 (3 m) 7.58 170 1.69 0.23 0.03 0.00 0.019 0.006 6.2
B 8 Seeley 1 (25 m) 7.55 171 1.55 0.15 0.03 0.01 0.015 0.005 5.5
B 9 Seeley 1 (Composite) 7.56 162 1.82 0.19 0.03 0.00 0.015 0.005 7.5
B 10 Seeley 3 (3 m) 7.58 179 1.09 0.20 0.00 0.00 0.015 0.005 6.4 6.3 0.9
B 11 Seeley 3 (14 m) 7.55 172 1.2 0.18 0.03 0.03 0.0 0.01 0.015 0.005 6.2
B 12 Seeley 3 (Composite) 7.55 187 1.19 0.25 0.25 1.2 0.04 0.01 0.015 0.003 0.003 0.0 5.3
B 13 Blank DI 6.18 4 0.25 0.00 0.00 0.00 0.001 0.000 0.1
B 14 Clearwater PL1 7.44 187 1.66 0.20 0.02 0.00 0.015 0.005 6.6
B 15 Clearwater btwss2 7.58 174 1.56 0.16 0.01 0.00 0.019 0.005 6.9 7.2 3.4
B 16 Seeley Lake Outlet 7.48 175 1.33 0.26 0.01 0.00 0.023 0.005 6.2
B 17 Clearwater below Inez 7.63 139 4.82 0.17 0.17 0.0 0.00 0.00 0.0 0.00 0.00 0.0 0.023 0.006 0.006 0.0 8.4
B 18 Clearwater below Alva 7.59 197 3.17 0.15 0.00 0.00 0.015 0.005 6.6
B 19 Morrell DAR3 8.02 291 1.85 0.16 0.08 0.00 0.015 0.003 5.7
B 20 Morrell SCT4 8.02 193 2.81 0.08 0.03 0.00 0.015 0.005 5.6 5.5 2.2
B 21 Morrell SSHS 1 7.96 193 2.98 0.17 0.03 0.00 0.019 0.005 4.7
B 22 Morrell SSHS 25 6.87 259 1.12 1.66 1.65 1.0 1.51 1.51 0.0 0.00 0.081 0.056 0.053 5.7 10.0
B 23 Grizzly Dr 7.68 341 62.7 0.27 0.27 0.0 0.00 0.00 0.238 0.029 11.7
B 24 Deer Cr 7.76 75.2 11.5 0.20 0.00 0.01 11.9 0.01 0.01 30.2 0.048 0.006 0.006 0.0 11.3 11.4 0.7

1.Placid Lake Rd   2. Darloa bridge   3. Highway 82   4.  Cottonwood lakes Rd    5.  Bank Seep

STD run-ppm STD run-ppm STD run-ppm STD run-ppm STD run-ppm STD run-ppm
0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000

0.5 0.502 0.05 0.049 0.05 0.051 0.05 0.050 0.05 0.050 1 0.994
1 0.979 0.1 0.102 0.1 0.099 0.1 0.097 0.1 0.099 2 2.002

2.5 2.505 0.25 0.250 0.25 0.250 0.25 0.253 0.25 0.252 5 5.025
B22+1.0 100.1% IC 0.2258 94.8% 0.5 0.500 0.5 0.500 0.5 0.500 10 9.995

B 22*2+1.0 103.3% 23+0.25 98.7% IC 0.484 0.467 96.5%
B 22*2+1.0 98.8% B22+0.05 100.0%

TP  mg/L PO4-P  mg/L DOC  mg/LTN  mg/L NO3+NO2-N  mg/L NH4-N  mg/L

 


