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BACKGROUND

Degradation of water quality in lakes associated with growing communities and increasing 
watershed development has been common across the country and around the world. Those changes 
can have a profound affect on the natural, aesthetic and economic benefits communities find in their
lakes. Monitoring can help us better understand conditions of our lakes and educate ourselves about
how lakes work and their vulnerability to change.

In summer 2008, the Clearwater Resource Council (CRC) initiated a community-based lake-
monitoring program. That work was continued and expanded in subsequent years. Our objectives 
have been to: 1) develop long-term information within and among lakes 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. 

Our primary measurement is Secchi transparency. Because transparency, or clarity of the water, is 
directly influenced by the amount of phytoplankton (microscopic plants or algae in open water), it 
is a good index of the amount of plant growth in the lake. Our approach followed standard methods 
used throughout the country. Secchi transparency is a simple metric widely used in community-
based monitoring and scientific research and monitoring around the world. 

We have included additional work on nutrients and dissolved oxygen as time and funding allowed. 
Dissolved oxygen concentrations are key to the functioning of lakes. In general much of the organic
material (dead plants and animals) that is produced by primary and secondary production 
(photosynthesis and the resulting food web of plants and animals), or transported by streams to the 
lake from the surrounding watershed, ends up in the lake bottom sediments. Some decomposes 
consuming oxygen and releasing stored nutrients (mostly different forms of nitrogen and 
phosphorous which act as fertilizers) back to the lake. When primary production is low (the lake is 
said to be oligotrophic) much of the organic material and associated nutrients are stored in the 
sediments indefinitely. The lake is known as a sink or trap for nutrients coming from the watershed.
Generally, relatively little oxygen is consumed by decomposition and the lake remains high in 
dissolved oxygen concentrations. However, as more and more nutrients are introduced from outside
sources such as erosion, agricultural, resort and home fertilizers, or failing septic systems, the lake 
can become more and more productive much like the result of fertilizing lawns or farmer’s fields. 
More nutrients mean more plant growth (photosynthesis), lower transparencies, more organic 
material, more decomposition, less oxygen and more nutrients released back to the lake. A very 
productive lake (known as eutrophic) can have very limited oxygen in deep waters especially 
during summer when the lake stratifies (strong layering caused by temperature differences). If the 
amount of oxygen is too low near the lake bottom sediments for too long, nutrients stored in the 
sediments over many years can be released back to the lake at dramatically increasing rates. The 
lake can switch from being a nutrient sink to a nutrient source meaning even higher nutrient levels 
with increased plant growth and accelerated decomposition, and ultimately even less dissolved 
oxygen. Lakes that reach conditions like this are said to have gone past the “tipping point”. The 
ultimate result can be nuisance blooms of algae (some can even be toxic), drastically reduced 
clarity of water, increasing chances of fish kills or a change in the species of fish that do well in the 
lake, and a general decline in the aesthetic conditions that bring many people to lakes in the first 
place.



In the past, Secchi transparencies indicated that productivity of our lakes increased moving from 
the highest (e.g. Clearwater) to lowest (e.g. Salmon) elevations. Nutrient data suggested moderate 
nutrient concentrations with the exception of elevated levels at some times in the south end of 
Seeley Lake, Salmon Lake, and Lake Inez (Watson 2012). Oxygen data also indicated that low 
oxygen occurs at some times in Seeley, Salmon (Watson 2012) and Placid lakes. 

2014 was the sixth full season of monitoring. Eight lakes have been sampled over the years 
beginning in May or early June and ending in September or early October, although every lake has 
not been sampled every year. In addition to Secchi transparency on all lakes we collected periodic 
dissolved oxygen and temperature profiles in Seeley and Salmon lakes. We used dissolved oxygen 
concentrations to estimate the areal hypolimnetic oxygen depletion (AHOD) rate. Temperature 
profiles were used to identify the depth of the thermocline for the AHOD calculations. Both 
transparency and AHOD were used to estimate a Trophic Status Index (TSI) (Watson 2012) for 
these two lakes to facilitate comparison of conditions across the different water quality metrics, 
lakes and time.

The methods used to measure transparency in 2014 were the same as those outlined in previous 
reports (e.g., Rieman et al., 2014) and included volunteer training at the beginning of season. 
Measurements of dissolved oxygen and calculations of the AHOD for Seeley and Salmon lakes 
were the same as those outlined in Niederoest and Rieman (2014). We reviewed oxygen 
information reported for 2010 (Watson 2012) for Seeley Lake and revised the estimated AHOD 
because of inconsistencies in the lake volume weightings in the original calculations. We have not 
yet reviewed the earlier estimates for Salmon Lake.

In the past we summarized results for all the lakes as a group. This year we provide a brief 
summary for all lakes, appendices with the new data on Secchi transparencies (Appendix A) in all 
lakes and oxygen data for Seeley (Appendix B) and Salmon lakes(Appendix C). We also 
summarize information for each lake individually. Further details on lake morphometry, nutrient 
concentrations, sampling sites, and other work can be found in earlier reports (e.g. Rieman et al., 
2014)

TERMINOLOGY

anoxic – no or very low amounts of dissolved oxygen in the water. Because oxygen is necessary 
for much of life, anoxic waters are sometimes called “dead zones”.

areal hypolimnetic oxygen depletion (AHOD) rate – the rate of decline of oxygen in the 
hypoliminion of a lake during the summer. It is calculated by estimating the total mass of oxygen in 
the deep, cold waters of the lake multiple times during the summer to see how fast it is consumed. 
Oxygen is consumed primarily by respiration bacteria and decomposition of organic matter in the 
lake sediments. The AHOD is measured in the summer when the lake is stratified (warm on top, 
cold on the bottom) keeping oxygen from mixing into the deep water. 

dissolved oxygen – oxygen is normally found as a gas, but is readily dissolved in water. 
Concentrations are generally measured in milligrams of oxygen per liter of water (equivalent to 
parts per million). Dissolved oxygen is produced by photosynthesis of plants and diffusion from air 
to water.
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epilimnion – the upper levels of a lake where, in summer, the water is warmer and light is more 
available for photosynthesis by shoreline plants and algae. 

eutrophic – the scientific term (high food) for the condition in lakes and streams associated with 
high levels of algae and plant growth, high nutrient concentrations, and, commonly, low levels of 
dissolved oxygen. Eutrophication or the increase in plant growth over time may result in noticeably
poorer water quality and aesthetic conditions. Cultural-eutrophication is the result of changes in 
lakes, streams and their watersheds caused by humans. 

hypolimnion – the deeper colder waters of a lake that are isolated from the surface by temperature 
stratification or layering of the lake in the summer.

mesotrophic – the scientific term (mid food) for moderate levels of algae and plant growth and 
nutrient concentrations. See eutrophic and oligotrophic. 

nutrients – chemical elements and compounds that are critical to plant growth. Nitrogen and 
phosphorous are often in short supply in lakes and streams and thus act like fertilizers influencing 
trophic conditions. Increasing nutrient supplies are associated with cultural-eutrophication.

nutrient sink – the retention of nutrients in a lake. Much of the nutrient supply coming into a lake 
from streams, the atmosphere and groundwater can be consumed by plants or adsorbed by 
suspended sediments and ultimately deposited in lake bottom sediments. In this case the lake traps 
or stores nutrients and the amount leaving the lake will be less than the amount coming in. Under 
some conditions, associated with low oxygen near the lake bottom (see AHOD), those stored 
nutrients can be released making the lake a source of nutrients for itself or other lakes downstream. 
This change in conditions has been called a “tipping point” and is associated with eutrophication. 
Experience in other lakes has shown that it can be extremely difficult to reverse those conditions 
once they occur.

oligotrophic – the scientific term (low food) for low levels of algae, plant growth and nutrient 
concentrations. Oligotrophic lakes tend to have high water transparency or clarity and high 
aesthetic values.

Secchi disk – a white and black metal disk approximately 7” in diameter that is lowered into the 
lake to measure the transparency or clarity of the water. The Secchi depth is the depth at which the 
disk just disappears. 

thermocline – the layer of water in a lake where temperature drops very sharply between the 
epilimnion and hypolimnion. Because of the change in density of water with temperature, the 
thermocline can keep the lake from mixing between the near surface, warm epiliminion and the 
deep cold hypolimnion.

transparency – a measure of water clarity in lakes made by lowering a Secchi disk into the lake 
and recording the depth where it just disappears.

Trophic Status Index – a standardized numerical index of lake trophic condition that can be 
calculated from different measures such as Secchi transparency, nutrient concentration, AHOD, and
measures of plant growth. TSI allows a simple comparison of all the different measurements with a 
single index. 
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OBSERVATIONS

All Lakes

In 2014, 17 volunteers sampled all eight lakes through the season. Transparencies ranged from over
30' in Clearwater Lake to less than 3.2' in Rainy Lake (Figure 1). As in the past, transparencies 
were often low early in the season, increased in the summer and either remained relatively clear or 
declined modestly in the fall. 

The summer mean transparency in each lake has varied from year to year, but there have been no 
clear trends across years since 2009. Clearwater has consistently been the clearest lake in the basin, 
but Clearwater, Alva, and Big Sky lakes can be classified as oligotrophic based on the range of data
(Figure 2). The other lakes can be considered mesotrophic or borderline meso-oligotrophic based 
on transparencies across years.

A summary of the ranges in Secchi transparency from earlier years (available in Alva, Inez, Seeley, 
Placid, Salmon) indicate that Seeley, Placid and Salmon are still within the range of conditions 
observed in the past (Figure 2). Watson (2012) found similar results with other metrics in Salmon 
and Seeley Lakes. The earlier ranges in Alva and particularly in Inez, however, indicate that 
transparencies have occasionally been lower in recent years than observed in the past. Comparisons
with lake data preceding 2009 must be cautious because samples were often taken only a few times 
during the season, methods may have varied, or records are incomplete. 

Seeley Lake

Transparency 
Seeley Lake was sampled at three sites in 2014 and all preceding years. Transparency ranged from 
10.4′ to 17.9' in 2014. Transparency was relatively consistent throughout the season and across 
years compared to other lakes (Figure 3). Although the lowest transparencies tended to occur at 
either the southern (3) or middle (2) sites, there have not been consistent differences in the means 
among those sites. 

Dissolved Oxygen
Dissolved oxygen and temperature profiles were recorded at all three sites in Seeley Lake on five 
occasions from June 8 to September 15 (Appendix B). Oxygen concentrations below 5-7m declined
substantially with time at each site (Appendix B). The lowest concentrations (approaching 0 mg/l 
near the bottom) were measured at station 3, the shallowest site. 

The estimated total amount of dissolved oxygen declined steadily in the hypolimnion of Seeley 
Lake during the sampling period (Figure 4). The estimated AHOD rate averaged about 0.46 g 
O2/m2/day, relative to about 0.55 and 0.62 g O2/m2/day in 2010 and 2013 respectively. Earlier 
estimates (pre 2010) of AHOD for Seeley ranged widely compared to recent years, but the 
comparisons are limited because the earlier estimates (Watson 2012) were based on limited sample 
sizes and a single site in the lake. The most recent data are probably the best measures of lake 
condition made thus far.
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Summary
The TSIs calculated from transparency and oxygen information for Seeley Lake were similar and 
indicate that Seeley Lake is clearly mesotrophic (Figure 5).  This is consistent with conclusions in 
earlier work. No trend is apparent in recent information. Watson (2012) also found no consistent 
trends from the 1970s through 2010, but the data were highly variable across time and lake 
characteristics used for the calculations. Because of the volunteer program we have been able to 
collect very consistent and detailed information on transparency (since 2009) and on oxygen in 
2010, 2013 and 2014. 

Seeley Lake is well into the mesotrophic range and does experience substantial oxygen depletion. 
Concerns about rapid deterioration of water quality with continued or even accelerated nutrient 
loading (Watson 2012) remain. Rieman and Wallenburn (2014) found evidence that nutrient loading
from Deer Creek, one of the most important nutrient sources for the lake in the past, has declined 
over the last 30+ years. At the same time ground water contamination could be increasing (Watson 
2012). Additional nutrient information on both potential ground water sources and other watersheds
would be useful. In the interim, the lake data generated through the volunteer program provide a 
strong foundation for long-term evaluation of the conditions in Seeley Lake. 

Salmon Lake 

Transparency 
Salmon Lake was sampled at four sites in 2014. These include the same three sites sampled in 
2011-2013 and an additional mid-lake site included in 2009 and 2010. Transparency ranged from 
about 8.2' to 21'. Transparency was relatively low early in the season, increased in mid summer and 
then declined modestly in the fall (Figure 6). There were no consistent differences among the four 
sites. 

Dissolved Oxygen
Dissolved oxygen profiles were recorded at the four sites in Salmon Lake on five occasions from 
June 14 to October 14 (Appendix C). A substantial portion of the hypolimnion was (or was very 
close to) anoxic (at or near 0 mg/l) for much of the summer. Oxygen concentrations and the total 
oxygen in the hypolimnion (below 5m) declined between samples in June and mid September 
(Figure 7). Oxygen began increasing again in late September as thermal stratification broke down 
and the lake began mixing. The estimated AHOD for the entire lake was about 0.25 g O2/m2/day, 
and about 0.28 g O2/m2/day in 2010. 

Other
In 2014 we observed modest concentrations of the cyano-bacteria (also known as blue green algae) 
Aphanizomenon sp around the shoreline of the lake in September. Those dissipated later in the 
month and never reached levels like those in September and October 2011, 2012 and 2013 (Rieman
et al., 2014). Although we have not been able to quantify the blooms, 2013 appeared be 
substantially more concentrated and to extend longer into the fall (Rieman et al., 2014) than in any 
other year. 
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Summary
The TSIs calculated from transparency indicated that Salmon Lake is clearly mesotrophic while the
oxygen information indicate the lake is oligotrophic (Figure 8).  This was consistent with earlier 
work where oxygen depletion rates produced more optimistic estimates of lake trophic status than 
any other measure (Watson 2012) of lake condition. We don't fully understand the discrepancy. 
Substantial oxygen depletion occurred between the first two samples in 2014. It is possible that low
oxygen concentrations near the bottom of the lake began to limit oxygen consumption as the season
progressed and we could be underestimating the maximum rate of depletion. More frequent 
sampling early in the season might help resolve the inconsistencies.

Regardless of the estimated AHOD it is clear that Salmon Lake does experience extended anoxic or
near anoxic conditions in the summer hypolimnion. That is troublesome because it could contribute
to internal nutrient loading from lake sediments (Watson 2012) and to poor habitat conditions for 
coldwater fish. The recent blooms of Aphanizomenon add to the concern. Given the available 
information we conclude that Salmon Lake is well into the mesotrophic range, does experience 
substantial oxygen depletion, and that further deterioration of water quality remains an important 
possibility (Watson 2012). 

We have very limited information on potential nutrient loading for Salmon Lake. Seeley-Swan 
High School monitoring of Morrell Creek (CRC 2014) found evidence of increased nitrogen 
loading associated with housing and resort development downstream of Seeley-Swan High School. 
Ground water contamination associated with septic system failure around the downtown area is also
a concern (Watson 2012).  Given the oxygen deficits in Seeley and Salmon lakes it is possible that 
both already are, or could become, important nutrient sources for Salmon Lake. In other words both
lakes might actually be releasing nutrients from their sediments that could influence conditions in 
each lake and the next lake downstream. The same might be true of Placid Lake, but we have no 
recent data on oxygen conditions there. At the same time nutrient loading from upstream 
watersheds where timber harvest and roading have been important (such as Deer Creek) could be 
improving (Rieman et al., 2014). More detailed work on nutrients dynamics in the watershed could 
help resolve our concerns about the future of Salmon Lake. In the interim, volunteer monitoring of 
conditions in the lake itself provide an important foundation for tracking any changes in the system.

Clearwater Lake

Secchi transparency in Clearwater Lake has been sampled at a single site by a single volunteer for 
five years. Transparencies have ranged from just under 14' to well over 30' and average consistently
higher than any other lake in the system. Seasonal patterns have been consistent as well, lower 
early in the season, clearing to the highest levels observed in any lake in summer and then often 
declining again in later summer and early fall (Figure 9).

Clearwater appears to be strongly oligotrophic and visitors often comment about the unique clarity 
and beauty of the lake. Clearwater is the highest elevation lake we sample in the Clearwater basin. 
There are some forest roads above the lake and there has been a history of forest management 
activity, but there is no housing or other development. Clearwater Lake could serve as a useful 
“control” for consideration of long-term trends in other lower and more developed lakes and 
watersheds. 
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Rainy Lake

Rainy Lake has been sampled at a single site, by a single volunteer for five years. Transparency in 
Rainy Lake ranged from 3.2′ to just under 29' in 2014 (Figure 10). Transparency has varied 
substantially within each year. Rainy has had transparencies that are among the lowest (just under 1'
in 2013) and the highest in any lake we monitor. Though the range is high, the means and seasonal 
patterns have been relatively consistent from year to year and no trend in the means is apparent.

Based on the mean transparencies (Figure 2) Rainy Lake would be considered borderline oligo-
mesotrophic, but that classification could be confounded by other conditions in the watershed. 
Early in 2013 and 2014, when the lowest transparencies in the lake were measured, we also noted 
very turbid inflow from the E. Fork Clearwater River, the primary tributary to the lake. Color and 
other conditions in the lake appeared to be influenced more by suspended inorganic material than 
by a spring diatom algae bloom common to other lakes of the region. The E. Fork Clearwater River
did experience substantial sediment deposition from an upstream landslide in recent years (personal
communication from Shane Hendrickson, US Forest Service) and the substrate in the stream 
remains heavily embedded with fine sediment that is transported during high spring flows (personal
communication Ladd Knoteck MT FWP; Rieman and Wallenburn 2014). Rainy Lake also has some
housing development, agricultural activity, campgrounds and forest management upstream in both 
the Summit Creek and E. Fork Clearwater watersheds so the ultimate causes of the variability we 
have observed remain uncertain. High summer transparencies in Rainy Lake indicate that it remains
in relatively good condition. Continued monitoring of transparency and more detailed information 
on nutrients, oxygen and conditions in tributary streams, however, could help resolve the current 
status of Rainy Lake and provide a foundation for understanding long term trends. 

Lake Alva

Transparency in Lake Alva has been monitored consistently at a single site for six years by two 
different volunteers. Transparency in Alva ranged from about 12' to just over 25' in 2014 (Figure 11). 
Mean transparencies place Alva in the oligotrophic range (Figure 2), but the lake also shows a 
strong seasonal pattern similar to Rainy. Low transparency early in the season has commonly 
increased to much higher levels in summer. It may be that Alva also has some influence from 
inorganic turbidity that could be flushed quickly through Rainy Lake and the Clearwater River 
during high spring flows. Recent work on Richmond Creek, another tributary which is listed as 
water quality impaired, did not find excessive turbidity during spring flows (Rieman and 
Wallenburn 2014).

In 2014 new regulations were established by MT Dept. Fish Wildlife and Parks making Alva “no 
wake”. Use by water skiers, “wake” boats and other higher speed water craft has been curtailed. 
The main campground along the north shore of the lake has also been reconfigured and set further 
back from the shoreline. Lake Alva has no housing development. Shoreline erosion noted in the 
past may begin to recover and could contribute to even better conditions in the lake in the future. 
Additional information on nutrients, oxygen and tributary inflows would be useful to help 
understand long-term conditions and any changes that may occur in Lake Alva.
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Lake Inez

Lake Inez has been monitored at one or two sites by several different volunteers for six years. 
Transparency ranged from just over 12' to just over 20' in 2014 (Figure 12). Samples are complete 
enough for comparisons for five years. Transparency has fluctuated seasonally as in Rainy and 
Alva, though not as dramatically in some years. There have been no consistent differences between 
the two sites. Lake Inez is considered meso-oligotrophic and is commonly more turbid that Lake 
Alva which is immediately upstream. Given that most of the inflow to Inez comes from Alva via 
the Clearwater River and the oligotrophic nature of the upper lake, Alva should serve as a nutrient 
sink rather than a source for Inez. 

The comparison of recent Secchi transparencies with ranges available in earlier studies 
(Figure 2) is worth note and suggests that water quality in Lake Inez may have declined in recent 
years. Inez has a campground and numerous private homes along the shoreline. It is possible that 
nutrient loading from septic systems and other activity around the lake itself has had some 
influence on the conditions in the lake even though upstream sources (e.g. Alva) should be low. 
Further work on nutrients, oxygen and contributions from tributary streams as well as a more 
detailed comparison with earlier data could help resolve the status of Lake Inez. 

Placid Lake

Placid Lake has been monitored at two sites by several different volunteers for six years. Although 
some strong seasonal variability was observed in the first two years, the lake has not shown 
dramatic seasonal patterns apparent in some of the lakes in the upper Clearwater Basin (e.g. 
Clearwater, Alva, Inez). In 2014 transparency ranged only from about 13′ to 15' over the time 
sampled. The mean transparencies in Placid place it as a borderline meso-oligotrophic, with very 
little difference from year to year. 

More intensive work conducted on Placid Lake in the past was summarized in a report and 
comments (WET 2008) on land use planning conducted by Missoula County. The general 
conclusions were that some improvements in lake condition had occurred in recent years. The 
available data are very limited and highly variable (similar to those summarized by Watson 2012 
for Salmon and Seeley lakes), however, so any conclusion of trends in Placid Lake are only 
speculation. Past work has shown that a summer oxygen deficit can occur and algae blooms may 
have been common. In the last three years volunteers have commented on noticeable shoreline 
algae accumulation, and we have observed modest concentrations of Aphanizomenon spp. in the fall
at the same time blooms have occurred on Salmon Lake. We have not quantified algae or primary 
production in Placid Lake, but we also have not observed heavy concentrations of blue green or 
other algae like those apparent in Salmon Lake in 2013.

The Placid Lake watershed has a history of intensive forest management and was also extensively 
burned in the 2007 Jocko Lakes fire. The Placid Lake shoreline is also extensively developed with 
about 130 cabins using septic systems and older cesspools or seepage pits for wastewater (Missoula
County Health Department 2009). Recent changes in majority land ownership in the Placid 
watershed and changing focus from intensive forestry to conservation bode well for the upper 
watershed. Extensive lakeshore development and continued use of near lake septic disposal are a 
concern. 
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There are no apparent trends in the information for Placid Lake, but given changes and continued 
pressures in the watershed continued monitoring will be useful. The volunteer information provides
an important foundation, but additional information on nutrient loading, oxygen, and tributary 
conditions could be particularly helpful.  

Big Sky Lake 

Big Sky Lake has been monitored by two volunteers working together for six years making it the 
most consistent data set we have. In 2014 transparency in the lake ranged from just over 13' to just 
over 23'. The lake has not shown consistent seasonal patterns in transparency, but seems to vary, 
sometimes substantially, during the season. There are no obvious trends in Big Sky Lake, but it 
does appear that some differences have occurred among years that may be related to variability in 
the local climate or watershed conditions. 

Mean transparencies place Big Sky Lake in the oligotrophic range and the highest transparencies 
rival those in Lake Alva. The current condition of the lake and the lack of any apparent trends are 
encouraging. Big Sky Lake is ringed by private homes relying on septic systems. Many are newer 
systems and use is, for the most part, seasonal, so ground water contamination may be limited or 
non-existent. Past monitoring of transparencies in Big Sky Lake provides a good foundation to 
detect any changes in the future. Added work on nutrient conditions in the lake might also be useful
to homeowners concerned about protecting long-term water quality.

DISCUSSION

We now have five or six years of consistent information on the major lakes of the Clearwater Basin.
No trends are apparent in any of the lakes in that time though there are differences among the lakes.
Clearwater Lake is in excellent condition, Alva and Big Sky appear to be in good shape, but there 
are concerns with Inez, Placid, Seeley and Salmon. These last four lakes are either borderline or 
clearly meso-trophic. Three show oxygen depletion and/or blue green blooms, and we have no 
comparable information on the fourth. All have significant human development in the watersheds 
and modest to extensive shoreline development. Rainy Lake remains an enigma. 

Nutrient monitoring in Morrell Creek (CRC 2014) and a survey of some watersheds in the 
Clearwater Basin (Rieman and Wallenburn 2014) provide a useful starting point, but more work is 
needed. 

The future of our lakes is both hopeful and of concern. Longer-term analysis showed no evidence 
of change in conditions in Salmon and Seeley, but those lakes must have only a limited capacity to 
absorb continued or increasing loading of nutrients (Watson 2012). Whether nutrient loading in 
those lakes is increasing, stabilizing or even decreasing is uncertain. Watershed conditions are 
likely improving with major changes from industrial scale forestry to conservation ownerships in 
recent years. In addition, the Forest Service and MT Fish Wildlife and Parks have engaged in active
road mitigation and restoration. Because roads can be an important source of erosion, and thus 
phosphorous in the watershed (Rieman and Wallenburn 2014), that work should lead to reduction in
upstream nutrient sources through time.  But increased housing and the potential for groundwater 
contamination remain important. A sewer is in progress in Seeley Lake (which could benefit both 
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Seeley and Salmon Lakes), but early phases will only address a portion of ground water 
contamination close to either lake. The proposed early phases don't include lease lots and 
development along Clearwater River or other tributaries that pass through major developments. 
Recent work in Morrell Creek also shows that important nutrient sources may exist within the 
developed portion of Morrell and Trail creeks outside of any proposed sewer district (CRC 2012). 

In all cases continued volunteer monitoring is useful, but in some cases more detailed work will be 
required to clarify existing conditions. A summary of earlier information for most of the lakes, like 
that developed by Watson (2012) for Seeley and Salmon, is possible. More detailed work on 
nutrient loading, dissolved oxygen concentrations, and watershed conditions could be helpful as 
well.
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FIGURES

Figure 1. Secchi transparencies (depths) recorded at one or more sites in eight lakes in the
Clearwater River Basin, 2009 through 2014. 

Figure 2a.  Mean (solid point) and range (vertical line) of Secchi transparencies recorded in
four of eight lakes in the Clearwater River Basin, 2009 through 2014.  The dashed vertical
lines represent the range of transparencies in lakes where samples were available before
2009 (see Rieman et al., 2010 for background).  The red and green lines represent the
bounds for transparencies considered indicative of eutrophic and oligotrophic, respectively.

Adopt-A-Lake Monitoring 2014 Progress Report 12



Figure 2b. Continued mean (solid point) and range (vertical line) of Secchi transparencies
recorded in four of eight lakes in the Clearwater River Basin, 2009 through 2014.

Figure  3.  Secchi  transparencies  (depth)  recorded at  three  sites  in  Seeley  Lake,  2009
through 2014. (See Rieman et al., 2014 for a map of locations).

Adopt-A-Lake Monitoring 2014 Progress Report 13



Figure 4. Total hypolimnetic oxygen by lake surface area in Seeley Lake during summer
2014.  The first sample (day 0) was June 8 and the last was September 15.  The slope of
the regression provides an estimate of the AHOD rate.  Estimates for each site and date
are  shown  in  Appendix  B,  Table  1.   The  methods  for  estimation  were  described  in
Niederoest and Rieman (2014).

Figure 5.  The trophic status index calculated from AHOD rate and Secchi transparency for
Seeley  Lake  from  2009  through  2014.  Index  values  higher  than  50  are  considered
eutrophic; those below 30 are considered oligotrophic.  TSI for earlier years and other lake
metrics are available in Watson (2012).
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Figure  6.  Secchi  transparencies  (depth)  recorded  at  four  sites  in  Salmon Lake,  2009
through 2014. See Rieman et al. (2014) for a map of locations.

Figure 7. Total hypolimnetic oxygen by lake surface area in Salmon Lake during summer
2014.  The first sample (day 0) was June 7 and the last was October 25.  The slope of the
regression during the period of oxygen decline provides an estimate of the AHOD rate. The
increase  in  hypolimnetic  oxygen  after  day  100  was  associated  with  decreasing
stratification.
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Figure 8.  The trophic status index calculated from AHOD rate and Secchi transparency for
Salmon  Lake  from  2009  through  2014.   Index  values  higher  than  50  are  considered
eutrophic; those below 30 are considered oligotrophic. TSI for earlier years and other lake
metrics are available in Watson (2012).

Figure 9. Secchi transparencies (depth) recorded at a single site in Clearwater Lake, 2009
through 2014. 
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Figure 10. Secchi transparencies (depth) recorded at a single site in Rainy Lake, 2009
through 2014. 

Figure  11.  Secchi  transparencies (depth)  recorded at  a single  site  in  Lake Alva,  2009
through 2014. 
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Figure  12.  Secchi  transparencies  (depth)  recorded  at  a  two  sites  in  Lake  Inez,  2009
through 2014. See Rieman et al. (2014) for a map of locations.

Figure 13. Secchi transparencies (depth) recorded at  a two sites in Placid Lake,  2009
through 2014. See Rieman et al. (2014) for a map of locations.
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Figure 14. Secchi transparencies (depth) recorded at a single site in Big Sky Lake, 2009
through 2014.
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APPENDIX A.  : Individual measurements of Secchi transparency (feet) and temperature (°C) 
collected by volunteers on lakes of the Clearwater Basin in 2014.  

Site Date Secchi Temperature
Alva: 1 6/2/2014 12.1 14.0
Alva: 1 6/21/2014 19.3 16.0
Alva: 1 7/7/2014 22.2 20.0
Alva: 1 7/22/2014 21.6 19.0
Alva: 1 8/6/2014 23.3 22.0
Alva: 1 8/17/2014 23.8 20.0
Alva: 1 9/4/2014 25.1 18.0
Alva: 1 9/21/2014 19.4 15.0
Alva: 1 9/28/2014 20.1 14.0

Big Sky: 1 5/17/2014 13.0 13.0
Big Sky: 1 6/6/2014 23.3 16.0
Big Sky: 1 6/20/2014 22.9 16.0
Big Sky: 1 7/3/2014 14.4 19.5
Big Sky: 1 7/10/2014 14.8 21.0
Big Sky: 1 7/22/2014 14.6 20.5
Big Sky: 1 8/5/2014 16.5 21.0
Big Sky: 1 8/18/2014 20.6 21.0
Big Sky: 1 8/25/2014 20.9 19.0
Big Sky: 1 9/15/2014 20.6 16.0
Big Sky: 1 9/24/2014 22.3 16.0
Big Sky: 1 10/10/2014 21.3 14.0
Big Sky: 1 10/24/2014 18.4 10.5

Clearwater: 1 5/30/2014 28.5 14.0
Clearwater: 1 6/23/2014 21.3 15.0
Clearwater: 1 7/16/2014 27.3 21.0
Clearwater: 1 8/5/2014 27.2 22.0
Clearwater: 1 8/19/2014 28.1 21.0
Clearwater: 1 9/2/2014 30.4 18.0
Clearwater: 1 9/20/2014 30.9 16.0
Clearwater: 1 10/4/2014 23.2 14.0

Inez: 1 6/6/2014 16.0 15.0
Inez: 1 6/20/2014 11.2 18.0
Inez: 1 6/22/2014 17.8 20.0
Inez: 1 7/6/2014 13.9 0.0
Inez: 1 7/7/2014 17.2 21.0
Inez: 1 7/18/2014 15.8 22.0
Inez: 1 7/30/2014 18.5 22.0
Inez: 1 8/11/2014 19.6 22.0
Inez: 1 8/23/2014 14.3 20.0
Inez: 1 8/28/2014 16.2 20.0
Inez: 1 9/6/2014 20.6 17.0
Inez: 1 9/7/2014 19.7 17.0
Inez: 1 9/14/2014 17.4 15.0

Adopt-A-Lake Monitoring 2014 Progress Report 20



Appendix A continued
Site Date Secchi Temperature

Inez: 2 6/6/2014 12.2 16.0
Inez: 2 6/20/2014 13.3 18.0
Inez: 2 6/22/2014 17.8 0.0
Inez: 2 7/7/2014 18.8 22.0
Inez: 2 7/18/2014 15.8 24.0
Inez: 2 7/30/2014 20.2 22.0
Inez: 2 8/23/2014 14.7 20.0
Inez: 2 8/28/2014 17.6 20.0
Inez: 2 9/6/2014 20.2 17.0
Inez: 2 9/7/2014 19.4 17.0
Inez: 2 9/14/2014 18.9 15.0

Placid: 1 6/27/2014 15.0 16.0
Placid: 1 7/14/2014 15.7 21.0
Placid: 1 8/1/2014 13.3 22.0
Placid: 1 8/17/2014 14.3 20.0
Placid: 2 6/27/2014 15.0 17.0
Placid: 2 7/14/2014 15.6 22.0
Placid: 2 8/1/2014 14.3 21.0
Placid: 2 8/17/2014 15.5 20.0

Rainy: 1 5/26/2014 3.2 11.0
Rainy: 1 6/22/2014 13.9 13.0
Rainy: 1 7/16/2014 22.3 20.0
Rainy: 1 8/5/2014 20.2 21.0
Rainy: 1 8/18/2014 20.8 20.0
Rainy: 1 9/1/2014 18.3 18.0
Rainy: 1 9/19/2014 16.5 15.0
Rainy: 1 10/3/2014 9.2 14.0

Salmon: 1 5/26/2014 7.3 10.5
Salmon: 1 6/15/2014 11.2 11.0
Salmon: 1 7/5/2014 10.1 15.0
Salmon: 1 8/8/2014 18.6 21.0
Salmon: 1 9/1/2014 13.3 13.0
Salmon: 1 10/25/2014 16.1 10.9
Salmon: 2 5/26/2014 8.2 12.0
Salmon: 2 7/5/2014 15.4 16.0
Salmon: 2 9/1/2014 14.7 14.0
Salmon: 2 10/25/2014 14.4 11.0
Salmon: 3 7/5/2014 17.3 16.0
Salmon: 3 8/8/2014 18.0 21.5
Salmon: 3 10/25/2014 12.9 10.9
Salmon: 4 6/15/2014 9.1 11.0
Salmon: 4 7/5/2014 12.4 15.0
Salmon: 4 8/9/2014 18.5 21.0
Salmon: 4 9/1/2014 17.7 14.0
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Appendix A continued
Site Date Secchi Temperature

Seeley: 1 6/21/2014 16.3 15.0
Seeley: 1 7/13/2014 16.0 26.0
Seeley: 1 7/13/2014 14.7 24.5
Seeley: 1 7/26/2014 17.3 20.0
Seeley: 1 8/18/2014 17.9 23.0
Seeley: 1 8/30/2014 11.5 18.0
Seeley: 1 9/8/2014 15.1 17.5
Seeley: 1 9/21/2014 17.0 15.0
Seeley: 1 10/3/2014 15.0 15.0
Seeley: 2 6/21/2014 16.3 15.0
Seeley: 2 7/13/2014 14.2 24.0
Seeley: 2 7/26/2014 17.7 20.0
Seeley: 2 8/18/2014 13.8 22.0
Seeley: 2 8/30/2014 11.6 18.0
Seeley: 2 9/8/2014 11.6 18.0
Seeley: 2 9/21/2014 17.9 16.5
Seeley: 2 10/3/2014 13.2 18.0
Seeley: 3 6/1/2014 12.5 15.0
Seeley: 3 6/16/2014 12.2 14.5
Seeley: 3 6/21/2014 15.8 15.0
Seeley: 3 6/30/2014 15.6 17.0
Seeley: 3 7/26/2014 17.0 20.0
Seeley: 3 8/18/2014 12.9 22.5
Seeley: 3 8/30/2014 10.4 18.0
Seeley: 3 9/8/2014 11.5 18.5
Seeley: 3 9/21/2014 15.7 17.0
Seeley: 3 10/4/2014 13.0 18.0
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APPENDIX B. Dissolved oxygen concentration and temperature profiles collected on Seeley 
Lake at three sites on five days in summer 2014.  
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APPENDIX B. Table 1.  Total hypolimnetic oxygen by lake surface area in Seeley Lake at three 
sites on five occasions in 2014. The lake mean was used to estimate the AHOD rate (see Figure 4
on page 14). 
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gDO/m2 gDO/m2 gDO/m2 gDO/m2 gDO/m2

North Basin 153.4580113 139.3412036 129.0137036 117.1658471 98.43361275
Central Basin 83.96627138 77.70221171 68.37308965 52.67523845 48.19916161
South Basin 67.31044039 53.91037803 49.51483301 37.68239475 26.27113556

Mean 101.578241 90.31793113 82.30054209 69.17449345 57.63463664
Day 1 22 43 67 97



APPENDIX C.  Dissolved oxygen concentrations and temperature profiles collected on Salmon 
Lake at four sites on five days in summer-fall 2014.
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APPENDIX C. Table 1. Total hypolimnetic oxygen by lake surface area in Salmon on five 
occasions in 2014. The AHOD rate was estimated as the change/day and by regression over the 
period of decline (see Figure 7 on page 15). 

Oxygen
Amount AHOD rate

(g DO/m2) Day Date (g/m2/day)
50.02 1 6/1/15
32.18 69 8/9/15 0.259
24.46 28 9/6/15 0.276
29.13 12 9/18/15 -0.389
36.39 37 10/25/15 -0.196
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