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EXECUTIVE SUMMARY  
 

At the request of the Swan Lakers and Kootenai Lodge Estates, the Whitefish Lake Institute 

conducted a water quality investigation on Swan Lake from 2010-2013.  

 

This report provides a framework to display water quality information collected during the 

project period and compares it to historical data where applicable. Swan Lake appeared on the 

Montana 303(d) list of impaired waterbodies in 1996 in response to low dissolved oxygen (DO) 

concentrations and evidence that historical logging practices had contributed to increased 

siltation. With revisions to the 303(d) list in 2002, the support condition was downgraded to 

threatened with siltation listed as the probable cause for impairment. DEQ (2004) established 

two Primary Water Quality Targets based on direct measures or direct indicators of beneficial 

uses within the lake and three Secondary Targets based on loading conditions or surrogates for 

loading conditions within the watershed to track progress towards ensuring beneficial use 

support in the lake. 

 

Swan Lake is located between the Mission and Swan Ranges at an elevation of 3,067 feet. Swan 

Lake drains the Swan River watershed which provides the majority flow to the lake (Butler et al., 

1995). The lake has a surface area of 3,276 acres and a maximum depth of 133 feet. Swan Lake 

has a mean depth of 16 meters (52.5 feet), which means it is neither particularly shallow, nor 

particularly deep (Rawson, 1955; Sakamoto, 1966 in MDEQ, 2004). The Swan Lake hydraulic 

residence time average is 70 days (the lake empties about 5.3 times per year) Butler et al. (1995). 

 

Swan Lake is generally characterized by excellent water quality, with levels of nutrients, primary 

production, and chlorophyll (a) typical of an oligotrophic lake (low levels of nutrient inputs and 

low productivity). However, during late summer and early fall in the deepest parts of the lake, 

DO concentrations decline to low levels. This is particularly evident in the South Basin of the 

lake, where DO concentrations as low as 0.1% of saturation have been recorded at the benthic 

interface (PBS&J, 2008). 

 

Major land uses in the Swan Valley include harvest of forest and woodland products (WHA, 

1996). An historical sediment analysis for Swan Lake (Spencer, 1991) associated sediment 

deposition in Swan Lake primarily due to forest harvest activities and road building.  

Flooding as a natural disturbance activity was speculated to flush previously accumulated 

sediment from the watershed to the lake. 

 

Eight sites representing a longitudinal profile of the lake were synoptically sampled three times 

per year (May/June, August and October) for physical parameters during the study period. Two 

of the eight sites; South Basin and North Basin, received additional water chemistry analysis.  

 

This report provides data and discussion for Primary Targets 1 and 2. Primary Target 1 for 

Swan Lake is ñno decreasing percent saturation of dissolved oxygen (DO) in the bottom waters 

of Swan Lake and no increase in the spatial extent of the low DO in the lakeò (DEQ, 2004b). 

This study found no obvious signs of benthic DO decline in the South Basin and an increased 

general trend of benthic DO concentrations in the North Basin suggesting overall that Primary 

Target 1 for Swan Lake is being achieved.  
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Primary Target 2 for Swan Lake is ñno increasing trend of nutrient and chlorophyll (a) 

concentrations, no increasing trophic state index trends, and no decreasing trend in Secchi depth 

values in Swan Lakeò (DEQ, 2004b). Based on the trophic state index, Swan Lake is best 

described as an oligo-mesotrophic lake with an overall general improvement in water quality 

since 2007 suggesting Primary Target 2 is being achieved.  

 

Even with improving water quality, this project found the continued existence of lower than 

expected DO in the South Basin. The low DO phenomenon in the South Basin has been a 

concern among project partners without resolution on cause and effect. The scope of this study 

was limited to long-term trend monitoring and did not specifically seek to identify the causal 

source(s). 

 

However, data from this study as reviewed against previous studies suggest that the low DO 

phenomenon in the South Basin could be due to myriad natural and anthropogenic factors, 

including; allochthonous loading during peak flows, lake morphology, the lake as a nutrient and 

organic matter sink, in-lake biochemical processes, and food web dynamics. 

 

The Swan Lakers and project partners should consider a series of recommendations for further 

targeted research that could lead to a better understanding of peak flow dynamics and in-lake 

cycling of nutrients. In addition, educational and incentive programs, and on-the-ground projects 

should be considered by project partners to further protect the water quality of Swan Lake.   
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1.0 INTRODUCTION 
 

1.1  Project Goal and Report Objective 
The goal of this project was to collect water quality information on Swan Lake over a four year period 

(2010-2013) as a result of a court settlement between Kootenai Lodge Estates and the Swan Lakers. 

The project was initiated in 2010 by a contract between Kootenai Lodge Estates, the Swan Lakers and 

the Whitefish Lake Institute. In 2011 and 2012, the Swan Ecosystem Center became a project partner 

and the scope of the project expanded to include a late fall sample date and additional water chemistry 

analysis.  

 

The objective of this report is to provide a framework to display project data for Swan Lake and 

compare it to historical data where applicable. An emphasis has been placed on comparing relevant 

project data to the Primary Targets listed in the Swan Lake Watershed Total Maximum Daily Load 

(TMDL) Program Target Status Report (PBS&J, 2008).  

 

1.2 Background 
Under section 303(d) of the Clean Water Act as administered by the US Environmental Protection 

Agency (EPA), states, territories, and authorized tribes are required to develop lists of impaired waters. 

These are waters that are too polluted or otherwise degraded to meet water quality standards. The law 

requires that these jurisdictions establish priority rankings for waters on the lists and develop TMDLs 

for these waters. A TMDL is a calculation of the maximum amount of a pollutant that a waterbody can 

receive and still safely meet water quality standards (EPA, 2014). Montanaôs approach is to include 

TMDLs as one component of a comprehensive water quality restoration plan.  

 

In response to low dissolved oxygen (DO) concentrations and evidence that historical logging practices 

had contributed to increased siltation, Swan Lake appeared on the Montana 303(d) list of impaired 

waterbodies in 1996 by Montana Department of Environmental Quality (DEQ). The probable causes of 

impairment included siltation, organic enrichment, and dissolved oxygen. With revisions to the 303(d) 

list in 2002, the support condition was downgraded to threatened with siltation listed as the probable 

cause for impairment. Organic Enrichment/DO was removed from the 2002 303(d) list as a probable 

cause category to avoid redundancy. The remaining siltation listing is associated with increased 

accumulation of inorganic and organic material (specifically organic carbon) to the lake 

bottom/sediments, with siltation being consistent with the definition of settleable solids (DEQ, 2004a).  

 

The rationale cited for the 2002 listing in the Sufficient Credible Data/Beneficial Use Determination 

files (DEQ, 2004a) is as follows: 

 

ñData indicate that beneficial uses are being supported, however there is a documented 

adverse pollution trend as evidenced by the Spencer (1991) sediment core study. This 

study clearly shows that the sedimentation in Swan Lake has increased >3 times its 

historic (late 1800ôs) rates, and that much of the increase occurred concurrently with 

large-scale timber harvest in the watershed since the 1960ôs. This increased 

sediment/nutrient/carbon load to the sediments may be responsible for the oxygen 

depletion noted in deeper basins. A more recent work (Elli s et al. 1999)é failed to 

make a clear connection between land use and water quality, but that study indicated 

that the complexities of this flood plain riverine system make such a correlation 
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difficult. An increase in the noted oxygen depletions is to be avoided in order to 

maintain the lake in its current oligotrophic state.ò 

 

With the completion of the Water Quality Protection Plan and TMDLs for the Swan Lake Watershed 

(DEQ, 2004b) the cause/pollutant categories associated with siltation, organic enrichment, and low 

levels of DO are treated together via the development of one protection strategy that addresses the 

linkage between the parameters. The TMDL also addresses turbidity and nutrient levels in the water 

column of Swan Lake since these conditions can contribute to excess loading of organic material to 

lake sediments. To track progress towards ensuring beneficial use support in the lake, DEQ (2004b) 

established two Primary Water Quality Targets based on direct measures or direct indicators of 

beneficial uses within the lake and three Secondary Targets based on loading conditions or surrogates 

for loading conditions within the watershed. 

 

Primary Target 1 is ñno decreasing percent saturation of dissolved oxygen (DO) in the bottom waters 

of Swan Lake and no increase in the spatial extent of the low DO area in the lake.ò Primary Target 2 is 

ñno increasing trend of nutrient and chlorophyll (a) concentrations, no increasing trophic state index 

trends, and no decreasing Secchi depth values in Swan Lake.ò Secondary Target 1 is ñno increasing 

trend in phosphorus, nitrogen, TSS and organic carbon loads associated with human impacts entering 

Swan Lake from the Swan River.ò Secondary Target 2 is ñthe application of Montana Adapted 

Forestry Best Management Practices (BMPs) at stream crossings and near stream road segments.ò 

Secondary Target 3 includes ñno reductions in overall average riparian canopy density and no 

increases in the spatial extent of the riparian zone in which canopy density is less than 50%  based on a 

comparison to a 1997 aerial photo assessmentò (DEQ, 2004b).   

 

When a TMDL is completed, Montana relies on a non-regulatory approach to address nonpoint source 

pollution. Land managers and water users are encouraged to adopt a ñvoluntary program of reasonable 

land, soil and water conservation practices that result in meeting water quality standardsò (DEQ, 

2014). 

 

In 2004, a Water Quality Technical Advisory Group (TAG) formed to prioritize implementation of 

water quality monitoring and watershed restoration recommendations from the Water Quality 

Protection Plan and TMDLs for the Swan Lake Watershed (DEQ, 2004b). The TAG has focused on 

three main goals; reduce sedimentation from roads, monitor water quality, and provide education on 

water quality topics. The TAG is comprised of representatives from: Swan Lakers, Swan Ecosystem 

Center, Northwest Connections, Flathead National Forest, Friends of the Wild Swan, Missoula County 

Rural Initiatives, Montana Fish, Wildlife and Parks, The Trust for Public Land, The Nature 

Conservancy, Lake County Planning Department, Montana Department of Environmental Quality, and 

Montana Department of Natural Resources and Conservation.  

 

In 2008, the Swan Lake Watershed TMDL Implementation Program- Target Status Report (PBS&J, 

2008) summarized past work, presented recommendations for future TMDL implementation strategies, 

and assisted DEQ in evaluating the success in achieving the objectives of the Swan TMDL through the 

analysis of the Primary and Secondary Targets.  

 

This report provides long-term trend data for Swan Lake and a partial Primary Targets evaluation. 

This report also provides a discussion on the low DO phenomenon found in the South Basin based on 

project data and information from previous studies.  
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1.3  Project Area and Natural History 
 

1.3.1 Geologic History 

The Swan Valley in Northwest Montana was created in response to block faulting, with the upthrust 

fault scarp forming the steep Swan Range and the dip slope forming the Mission Range along the west 

side of the valley (WHA, 1996). Both ranges are Precambrian formations of the Belt series, which are 

characterized by minimal dissolution and release of ions due to weathering processes (Butler et al., 

1995).  The basin area is composed of alluvium (36%), and the Piegan group (30%), Missoula group 

(15%), Grinnell argillite (13%) and Appekunny argillite (4%) belt series. The Helena formation 

dominates the headwaters, except Lindbergh, and glacial deposits dominate the valley bottom (Ellis et 

al., 1995). 

 

During the Bull Lake ice age which peaked roughly 100,000 y.b.p., the northern end of the Mission 

Range split the Cordilleran ice sheet that moved south from British Columbia, sending one lobe of the 

glacier through the Swan Valley (Alt and Hyndman, 1986). After the mass of ice that filled the Swan 

Valley was gone, large glaciers repeatedly plowed down the valleys of the Mission and Swan Ranges. 

The later advances of these alpine glaciers left moraines that now enclose Holland and Lindbergh 

Lakes, as well as others at the mouths of canyons in the Mission and Swan Ranges (WHA, 1996).  

 

During the subsequent Pinedale glaciations, it is believed that a Swan Valley glacier arose in the Swan 

and Mission mountains and flowed north to meet the south flowing Cordilleran ice sheet near Bigfork 

(Johns, 1970; Witkind, 1978). The Mid Pinedale (70,000-35,000 y.b.p) glacial advance was followed 

by a period of fluvial transport and mass wasting. The Late Pinedale (16,000-12,000 y.b.p) glacial 

advance was followed by in-filling from glacial outwash, thus thickening the alluvium (Anderson, 

1992).  

 

1.3.2 Swan Lake Watershed 

The Swan Lake watershed is approximately 410,000 acres and has a stream network of nearly 1,300 

miles (Figure 1) (PBS&J, 2008). It is located in parts of Missoula, Lake and Flathead counties. 

According to WHA (1996) annual precipitation ranges from 20 to 30 inches at lower elevations in the 

Swan Valley to 80 inches along the highest mountain crests. The Swan Lake Watershed is within the 

Northern Rocky Mountain Ecoregion characterized as high mountains with cedar/hemlock/pine, 

western spruce/fir, grand fir/Douglas-fir and Douglas-fir potential vegetation (WHA, 1996).  

 

The Swan River flows north from its headwaters in the Mission Mountains to Swan Lake, eventually 

emptying into Flathead Lake at Bigfork. The watershed includes the small communities of Condon, 

Salmon Prairie, Swan Lake, Ferndale and Bigfork. Land ownership is comprised mainly of a square-

mile checkerboard pattern including the Flathead National Forest, Montana State School Trust Land 

managed by the Department of Natural Resources and Conservation (DNRC), and private.  

 

In 2010, a cooperative effort among many organizations led to the acquisition of about 66,000 acres of 

former Plum Creek Timber Company lands in the Swan Valley as part of the 310,000-acre Montana 

Legacy Project. These lands were acquired temporarily by The Nature Conservancy and The Trust for 

Public Land and then passed on to the Flathead National Forest or the Montana Department of Natural 

Resources and Conservation. The goal of the Montana Legacy Project in western Montana is to protect 

working forest lands, wildlife habitat and public access. 
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 Figure 1. Swan Lake Watershed Land Ownership and Swan Lake Sample Sites.  
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1.3.3  Swan Lake 

Swan Lake is located between the 

Mission and Swan Ranges at an elevation 

of 3,067 feet. Swan Lake drains the Swan 

River watershed which provides the 

majority flow to the lake (Butler et. al, 

1995). Sixmile Creek and Spring Creek 

are also perennial streams on the east 

shore. From the west shore, two small 

tributaries; Bug Creek and Wyman Creek, 

enter the lake directly. Three small 

seasonal tributaries; Hall Creek, Groom 

Creek and Bond Creek enter the lake on 

the east shore.  

 

Swan Lake is long and narrow, is oriented 

on a SE-NW axis (Butler et al. 1995), and 

has a surface area of 3,276 acres and a 

maximum depth of 133 feet. Figure 2 

shows the lake bathymetry and sample 

sites. The lake has a mean depth of 16 

meters (52.5 feet), which means it is 

neither particularly shallow, nor 

particularly deep (Rawson, 1955; 

Sakamoto, 1966 in MDEQ, 2004). The 

hypsographic curve for the lake (Figure 3) 

shows the plane separating equal volumes 

in the water column at a 10 meter (32.81 

ft.) depth. The Swan Lake hydraulic 

residence time average is 70 days (the lake empties about 5.3 times per year) Butler et al. (1995).  

 

Figure 3.  Swan Lake Hypsographic Curve. 

 
Data from Sugden (2013). 
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Figure 2. Swan Lake Bathymetric Map and Sample Sites. 

Base layer bathymetric map courtesy of Constellation Services, 

used by permission of Mark Reller, Copyright Protected 2004-

2014, as modified by WLI to include sample sites. 
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As reported by PBS&J (2008), Swan Lake is generally characterized by excellent water quality, with 

levels of nutrients, primary production, and chlorophyll (a) typical of an oligotrophic lake (low levels 

of nutrient inputs and low productivity). However, during late summer and early fall in the deepest 

parts of the lake, DO concentrations decline to low levels. This is particularly evident in the South 

Basin of the lake, where DO concentrations as low as 0.1% of saturation have been recorded at the 

benthic interface. 

 

The weather pattern around Swan Lake appears to follow a typical daily cycle. Morton Elrod (1902), 

founder of the Flathead Lake Biological Station, reported on the weather pattern while the Biological 

Station was still located in Bigfork Bay. Typically, the wind comes in a northerly direction very 

strongly in the early morning hours, calming at mid-day and often reversing mid-afternoon to a south 

directed flow. In the evening the air flow can reverse again as the east face of the Missions cools and 

the colder air sinks pushing air currents northward again. Elrodôs weather pattern description is 

consistent with anecdotal accounts from long-time residents of the Swan Lake community.  

 

Swan Lake also consistently freezes in the winter. Anecdotal accounts from long-time residents of the 

Swan Lake community indicate that the lake has frozen for at least the past forty years. The north end 

of the lake where it transitions to a lotic system is an exception and usually freezes and thaws several 

times over the winter due to shallow water, a detectable current and underground springs. Typically, 

the lake freezes shortly before Christmas and becomes ice free the second or third week of April 

equating to approximately 110 Julien Days or 30% of the calendar year. Ice duration on Swan Lake is 

comparable to Whitefish Lake, a similar sized lake located 40 miles to the northwest. However, 

Whitefish Lake periodically experiences ice free winters.  

 

1.3.4 Swan River Stream-flow (1922-2013) 

Annual Swan River peak stream-flow data since 1922 can be found in Figure 4 with an average 

decadal peak found in Figure 5. Additional figures depicting roughly decadal time periods can be 

found in Appendix I. The last significant flushing event occurred in 1997 (8,520 cfs). There have been 

five flow events; 1933, 1948, 1964, 1974, 1997 (mean= every 18.8 years for study period) exceeding 

8,000 cfs. The highest flow recorded was 8,890 cfs in 1974. The two most recent decades; 1991-2000 

and 2001-2010 represent the lowest average peak flow discharge. 

 

Figure 4. USGS* Peak Stream-flow for the Swan River (1922-2013). 

 
*USGS Station located approximately 2,000 feet downstream of Swan Lake. Graph from USGS website (2014).  
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Figure 5. Average Decadal Peak Streamflow for the Swan River.  

 
Graph created from USGS data, USGS website, 2014.  

 

1.3.5  Land Use 

 

1.3.5.1 Erosion Related 

The Swan Lake watershed has been subject to various land use pressures. Major land uses include 

harvest of forest and woodland products (WHA, 1996). Spencer (1991) conducted a sediment analysis 

for Swan Lake for the preceding 120 years and correlated sedimentation rates to major land use during 

the time period as summarized below: 
 

ñThe lowest mean sedimentation rate (16mg/cm2/yr) over the 120 year period of record 

occurred from 1874 to 1899, prior to human disturbance activities in the basin. During 

the first two decades of the 1900s, the sedimentation rate increased slightly 

(19mg/cm2/yr) coinciding with homesteading, the 1910 and 1919 fire, and early timber 

harvest activities. The mean lake sedimentation rate increased (33.4mg/cm2/yr) from 

1920 to 1933 from timber harvest and construction of the road along Swan Lake. The 

sedimentation rate declined in the mid 1930s to mid-1940s (27mg/cm2/yr) corresponding 

to low levels of timber harvest in the Swan Lake basin. From 1946 to 1957 the mean 

sediment rate increased (37mg/cm2/yr) relating to the construction of the Swan Highway 

and resumed timber harvest activities. Timber harvest and associated road building 

activities accelerated during the 1960s reaching a mean sedimentation rate of 

(38mg/cm2/yr) from 1957 to 1972. During the 1980s timber harvest activities doubled 

over the levels attained in the 1960s and 1970s. The mean lake sedimentation rate 

increased to its highest level (49.5mg/cm2/yr) from 1972 to 1990, some three-fold higher 

than background rates estimated from the late 1800s.ò  

 

Spencer (1991) looked at flooding as a natural disturbance activity which may influence lake 

sedimentation rates. Increased sediment loads from floods likely came from transport of sediment 

previously deposited in stream channels. Spencer also speculated that the lack of large flushing flows 

in recent years [prior to the report publication] may have resulted in substantial accumulation of 
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sediments in the river system. Given the low gradient, depositional area in the river immediately above 

Swan Lake, subsequent flushing flows could carry large quantities of previously eroded material 

entrained in the river to the lake.  

 

Figures 4 and 5 show that peak stream flows have, on average, further decreased since the Spencer 

(1991) report. Sugden (2013) provided substantiation to the flushing flow hypothesis through a 

correlation between the Spencer (1991) depositional rates and the highest recorded discharge for given 

time periods, with data found in Table 1 and depicted in Figure 6. An understanding of the sediment 

transport issue related to the low DO found in the South Basin would benefit from data collection 

during the next high flow year and two years following. The correlation of sedimentation rate to peak 

flow would also benefit from additional sediment core analysis (1991-current).  

 

Table 1. Correlation Between Peak Flows and Swan Lake Sedimentation Rates. 

Time Period Mean Sedimentation 

Rate (Spencer, 1991) 

Highest Recorded 

Discharge During Period 

(CFS)* 

1922-1933 

1934-1946 

1947-1957 

1958-1972 

1973-1990 

1991-2000 

2001-2010 

2011-2013 

2.1 

1.7 

2.3 

2.4 

3.2 

Unknown 

Unknown 

Unknown 

8,280 

6,180 

8,400 

8,100 

8,890 

8,520 

6,170 

6,710 
*USGS Station on Swan River (near Bigfork). As modified from Sugden (2013). 

  

Figure 6. Correlation Between Peak Flow and Swan Lake Sedimentation Rates. 

 
P= 0.099, r

2
= 0.65. As modified from Sugden (2013). 
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1.3.5.2  Septic Systems 

Curtis and Koopal (2012) reported that modern septic systems can be cost-effective options for 

wastewater treatment; however poor septic performance or even system failure can arise from a 

number of scenarios, including improper initial system design, impermeability of soil, improper soil 

drainage class, improper vertical distance between the absorption field and the water table, and  

improper slope. For instance, an absorption field must be located below the frost line, within a 

biologically active zone, and above the seasonal water table. Low permeability of soil may force 

effluent toward the surface. Shallow or coarse soils may be too permeable, allowing effluent to move 

laterally or downward too quickly for sufficient decomposition, potentially transporting untreated or 

improperly treated effluent into groundwater, tributaries, or the lake.  
 

After septic systems are in place and operating, they require periodic maintenance. If maintenance is 

ignored or done improperly, system failures can occur. Even when properly installed and maintained, 

septic systems have a finite life expectancy (EPA, 2011). Flathead County reported that the effective 

lifespan of septic systems varies according to a number of factors, including system type, overall soil 

suitability, installation, maintenance, and usage. Prior to advancements in septic system technology 

starting in 1990, septic systems generally lasted 15 to 20 years. Given optimal conditions, the average 

lifespan of post 1990 systems is approximately 30 years, after which time systems may fail and 

nutrients may leach into groundwater (Flathead County Health Department, 2012). In 1998, the 

Flathead County Health Department estimated that more than 50% of the individual septic systems in 

Flathead County were over 20 years old (Flathead Lakers, 2002).  
 

In addition to creating general human health hazards, one of the other main concerns regarding septic 

systems is the potential for long-term chronic nutrient, pollutant and bacterial loading to lakes. 

Bacteria, degradable organic compounds, synthetic detergents, and chlorides can enter and contaminate 

water and can increase eutrophication of lakes (Curtis and Koopal, 2012).  

 

Septic tank density around Swan Lake has increased in the past twenty years (Table 2 and Figure 7) 

based on data from the National Resource Information System (NRIS) (2014).  Septic tank density 

from NRIS uses a conversion rate supplied by DEQ that assumes, on average, there are 2.5 persons per 

installed tank. Three hazard levels were then applied; 

 

High Hazard- >300 septic systems (750 persons) per square mile 

Medium Hazard- >50 septic systems (125 persons) but <300 septic systems per square mile 

Low Hazard- <50 septic systems (125 persons) per square mile 

 

Table 2. Septic Tank Density around Swan Lake (1990-2010).  

 1990 2000 2010 

 Acres % Acres % Acres % 

Low 10,390 97.7 10,110 95 9,880 92.88 

Medium 248 2.3 519 4.9 754 7.09 

High 0 0 9 0.09 4 0.03 
Source: NRIS (2014). Buffer of 0.5 miles from Swan Lake for a total of 10,638 acres. 

 

No specific water quality study has provided a risk assessment of septic system effect to Swan Lake or 

has characterized the scope of the issue. However, Swan Lake has seen modest growth in septic 

density, and coupled with the fact that many of the septic systems could be 25+ years old provide 

concern for shoreline nutrient loading. 
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Figure 7. Septic Tank Density around Swan Lake (1990-2010). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graphs created from NRIS (2014) data.  

 

1.3.6  Swan Lake Food Web 

According to Montana Department of Fish, Wildlife & Parks (FWP) (2012) a variety of native and 

nonnative fish species are present in Swan Lake and its tributaries. Bull trout, westslope cutthroat trout, 

mountain whitefish, pygmy whitefish, sculpin, northern pikeminnow, peamouth, longnose sucker, and 

largescale sucker comprise the native fish species in the basin. Nonnative fish species present in the 

system include; lake trout, rainbow trout, kokanee salmon, brook trout, northern pike, yellow perch, 

brook stickleback, central mudminnow, and pumpkinseed.  

 

Bull trout are listed as a threatened species under the federal Endangered Species Act. According to 

Rosenthal (2011), the Swan Valley has historically been home to a stable, healthy bull trout 

population. However, in 1998 anglers began to occasionally catch adult sized (20-30 inch) lake trout 

from Swan Lake and the Swan River. It is suspected lake trout either ascended the Bigfork Dam fish 

ladder prior to its closure in 1993, or they were illegally introduced into Swan Lake. Wild reproduction 

is occurring as evidenced by angler catch in addition to FWP gill net survey efforts. FWP (2102) 

concluded that lake trout establishment is a growing threat to the bull trout populations in Swan Lake, 

the Swan River system, and inter-connected Lindbergh and Holland Lakes upstream. 

 

In 1968 and 1975, Mysis shrimp (Mysis diluviana) were transplanted from Waterton Lake, Alberta, to 

Whitefish Lake, Ashley Lake, and Swan Lake in Montana where they were expected to provide a food 

source for benthic-feeding fishes such as lake trout, and for pelagic planktivores such as kokanee 

salmon (Beattie and Clancey, 1991). Mysis shrimp became established (detectable) through sampling 

methods in Swan Lake in 1980 (Rumsey, 1985).    

 

Once established, Mysis shrimp have the ability to significantly alter the lakeôs food web. In particular, 

mysid introductions in lakes may set up complex interactions with several processes that advance 

eutrophication (Northcote, 1991). Mysids may cause eutrophication by selectively feeding on 

cladoceran zooplankton of a certain size (Kinsten and Olsen, 1981); by benthic feeding which may stir 

up sediments and stimulate release of phosphorus (Kasuga and Otsuki, 1984); by migrating nightly to 

the metalimnion or near-surface waters stimulating phytoplankton productivity through their excretions 

(Madeira et al. 1982; Seale and Boraas 1982); or by feeding on diatoms and diatom fragmentation 

 

Swan Lake Septic 
Density 1990 (acres) 

Low 
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High 

 

Swan Lake Septic 
Density 2010 (acres) 
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High 
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adding significant amounts of dissolved organic carbon which is then available to bacterial and algal 

consumption (Sierszen and Brooks, 1982).  

 

FWP samples Mysis shrimp at two locations on Swan Lake which closely correspond to the North and 

South Basin water quality sample sites (Rosenthal pers. comm., 2014). Figure 8 depicts average (both 

sites) Mysis shrimp concentrations for Swan Lake. 

 

Figure 8. Swan Lake Mysis Shrimp Density (1983-2013). 

 
From Rosenthal (FWP) 2014 unpublished data. 

 

Abundant predators or competitive planktivores, or both, are conspicuously absent in lakes where 

Mysis shrimp and kokanee populations coexist. Kokanees thrive in Swan Lake and Ashley Lake, where 

they are the only planktivorous species in the limnetic zone (Rumsey, 1985). Mysis shrimp density in 

both these lakes exceeds that found in Flathead Lake (Beattie and Clancey, 1991). However, lake trout 

are notorious for rapidly expanding and dominating fish communities in lakes with Mysis shrimp, at 

the expense of kokanee salmon and native bull trout. This concern has prompted FWP to initiate a 

targeted gill-netting removal project and to research other control methods on Swan Lake. Case 

histories from nearby waters indicate long-term management alternatives for the increasing lake trout 

population are necessary in order to maintain the bull trout and kokanee fisheries.  

 

2.0 Water Quality Targets 
PBS&J (2008) reported that based on the results of past data collection efforts for the Swan TMDL, the 

Swan Basin appears to be recovering from past water quality impacts. Nevertheless, the report stated 

that serious threats to water quality and beneficial use support remain throughout the basin and are 

likely to increase as land in the Swan Valley is converted from timber production to residential use. 

This threat has been reduced recently by the Montana Legacy Project as discussed in Section 1.0 of this 

report.  

 

According to the conclusions of the Water Quality Protection Plan and TMDLs for the Swan Lake 

Watershed (DEQ 2004), Swan Lake appears to be predisposed to DO problems by its own 

morphometry. This situation appears to have been exacerbated by excessive loading of particulate 
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organic carbon (POC) (DEQ 2004). Although POC source loading has decreased in recent decades, 

DO levels in Swan Lake have remained near zero at the benthic interface, suggesting that DO recovery 

has not been concurrent with pollutant source reduction in the watershed. The cause and effect 

relationships between pollutant loading, lake morphometry, and DO levels within the lake remain 

poorly understood. Because the status of the lake is threatened, not impaired, it was determined that 

particulate organic carbon or nutrient loading did not need to decrease from current levels DEQ (2004). 

 

In order to verify that restoration and pollution source reduction efforts are effective in improving DO 

levels, and to ensure the continued health of both Swan and Flathead Lakes, the Swan Ecosystem 

Center (SEC) took the lead in implementing the monitoring plan recommended in the TMDL (PBS&J, 

2008). The scope of this study was limited to direct measurements in Swan Lake and partially 

addresses both Primary Targets 1 and 2. 

 

2.1  Primary Target 1 
No decreasing percent saturation of dissolved oxygen (DO) in the bottom waters of Swan Lake and 

no increase in the spatial extent of the low DO area in the lake.  

 

According to DEQ (2004), the rationale for this TMDL target is as follows: 

This target addresses the primary reason for the listing of Swan Lake as a threatened 

waterbody on Montanaôs 303(d) list. In spite of the fact that the low DO in Swan Lake may not 

be unusual, it must be monitored for a period of time to ensure that conditions are not 

becoming worse due to human activitiesé 

 

For Primary Target 1, project data is relevant to DO (percent saturation) at the benthic interface of 

Swan Lake at two long-term monitoring locations (South Basin and North Basin) and is compared to 

historical data herein. However, the limited number of sample locations for this project precludes an 

analysis of the spatial extent of low DO for the entire lake which is a component of the Primary Target 

1 analysis.   

 

Given the right conditions, low benthic interface DO levels can release phosphorus stored in the 

sediments via a reduction process. Any increased levels of liberated phosphorus can lead to accelerated 

eutrophication of Swan Lake while potentially further elevating nutrient levels downstream in Flathead 

Lake. Low DO levels also limit the temporal and spatial habitat for salmonids or other aquatic life and 

can add to cumulative environmental stress for certain species and/or life stages.  

 

Although it was not identified as a target variable in the TMDL document, Areal Hypolimnetic 

Oxygen Deficit (AHOD) was identified by the Technical Advisory Group as a useful tool for tracking 

oxygen levels in Swan Lake with the data that are typically collected by the monitoring program 

(PBS&J, 2008). This report analyzes the Volumetric Hypolimnetic Oxygen Demand (VHOD), or the 

rate at which oxygen is consumed in the hypolimnion during the stratified period. VHOD takes into 

account the shape of the lake below the ceiling of the hypolimnion, based on the availability of 

bathymetric data, and provides a more accurate accounting of DO consumption than AHOD. VHOD 

can provide supporting information for the analysis of both Primary Target 1 and 2.  

 

2.2 Primary Target 2 
No increasing trend of nutrient and chlorophyll (a) concentrations, no increasing trophic state 

index trends, and no decreasing trend in Secchi Depth values in Swan Lake.   
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According to DEQ (2004) the rationale for this TMDL target is as follows: 

Meeting this target will prevent or minimize algae blooms within the lake and therefore provide 

protection for cold-water fish and aquatic life beneficial uses, and will further avoid potential 

POC loading associated with increased algal growth. It will also protect lake aesthetics and 

help ensure that turbidity remains with the range of naturally occurring levels as defined under 

State Law.  

 

For Primary Target 2, project data collected is compared to historical data where applicable and is 

presented herein. However, the type of parameters collected, data collection protocols and analytical 

techniques have varied throughout past studies. Where possible, the historic data is compared to the 

project data in support of Primary Target 2 analysis.  

 

3.0 METHODOLOGY  
 

3.1 Water Quality Samples 
The project methodology follows objectives identified in the Swan Lakers March 31, 2010 Request for 

Proposal as responded to by WLI on April  9, 2010 which incorporates the Flathead Basin Program- 

Quality Assurance Project Plan (PBS&J, 2005) and is summarized below.   

 

In 2010, three (3) dates were sampled in May, June, and August. For all three sample dates, eight (8) 

sites were synoptically sampled for physical parameters. The sample sites comprise a longitudinal 

representation of the lake from the wetland interface at the southern end of the lake, past the Swan 

River inlet, and extending to the northern end of the lake at the Swan River outlet (Table 3, Figures 1 

and 2). The South Basin and North Basin sites, each located in discrete deep basins of the lake, are 

considered long-term historical water quality collection sites. 
 

Table 3.  Swan Lake Sample Sites and GPS Coordinates. 

Sample Site GPS Coordinates (NAD 83) 

Bay South 47.9288, 113.8612 

Bay West 47.9296, 113.8667 

Bay East 47.9269, 113.8554 

Bug Creek 47.9758, 113.9128 

Rock House 47.9602, 113.8983 

South Basin* 47.9429, 113.8783 

North Basin* 47.9910, 113.9350 

North Lake/River 48.0180, 113.9780 
*  South Basin and North Basin are historic sample sites. 

 

At each sample site, a Hydrolab DS5 Sonde was deployed to collect the following parameters at 

roughly 1 meter increments; depth, dissolved oxygen (%Sat), dissolved oxygen (mg/L), pH, total 

dissolved solids (TDS), specific conductance (SPC), oxidation reduction potential (ORP), 

photosynthetically active radiation (PAR) (in-situ and atmospheric), salinity, resistivity, and 

chlorophyll (a) (fluorescence) concentrations. In addition, at each sample site, a Secchi disc depth 

measurement was recorded. Turbidity values were obtained at discrete depths using a Hach portable 

2100 Turbidimeter.  

 

At the South Basin and North Basin sites, based on field interpretation of the temperature profile, the 

lake was either determined to be stratified with a defined epilimnion, metalimnion and hypolimnion, or 

mixed. When the lake was stratified, water chemistry suites (total phosphorus, soluble reactive 
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phosphorus, total nitrogen, total organic carbon, dissolved organic carbon, and total dissolved solids) 

were collected at the mid-point of each stratified layer using a Van Dorn vertical water sampler. In 

addition, an integrated 0-30m sample was taken from a compilation of discrete samples from the 

surface, 5m,10m, 15m, 20m, 25m and 30m that were composted and mixed in a sampling carboy. For 

sample dates when the lake was mixed, water chemistry samples were collected at a 1/3 and 2/3 depth 

of the water column in addition to the 0-30m integrated sample.  

 

Chlorophyll (a) samples were collected at the mid-point of the epilimnion if the lake was stratified or 

the center of the photic zone (as determined by 3 times the Secchi disc depth) if mixed. In 2010, 

chlorophyll (a) samples were vacuum pumped below 9.0 inches of mercury over a glass fiber filter, 

placed in a sample vial and immediately wrapped in aluminum foil and placed on dry ice. Starting in 

2011, chlorophyll (a) samples were not field prepared but rather amber glass bottles were immediately 

wrapped in aluminum foil and sent directly to the laboratory for processing and analysis. Chlorophyll 

(a) samples collected from prior studies were obtained from an integrated 0-30m sample.  

 

From 2011-2012, as part of the Swan Ecosystem Center contract, an additional sample date was 

included in mid-October to characterize the maximum extent of DO depletion in the hypolimnion prior 

to fall turnover. In addition, the Swan Ecosystem Center contract expanded the water chemistry 

sampling effort to include a benthic interface water chemistry suite (sulfate, dissolved iron, and 

dissolved manganese) to describe the possible mobility or release rates of phosphorus stored in the 

sediments via a reducing process during anoxic events. 

 

All water chemistry samples were preserved with appropriate acids according to laboratory 

specifications and placed on ice or dry ice depending on parameter requirements and shipped next day 

along with a Chain of Custody form to Energy Laboratories in Helena for analysis.  

 

3.2 VHOD Calculation 
AHOD and VHOD represent the rate at which oxygen is consumed in the hypolimnion during the 

stratified period. Once the lake stratifies, the hypolimnion is cut off from atmospheric oxygen inputs 

from the strong temperature and density gradient between the epilimnion and the hypolimnion. 

Essentially the DO budget for the hypolimnion is established at the onset of stratification and is 

consumed at a typically linear rate during summer and early fall until the lake mixes again due to 

temperature and density equalization as aided by wind mixing.   

 

By normalizing the rate of depletion for the area of the ceiling of the hypolimnion during the 

stratification period, the resulting value is the AHOD in DO (mg/L) per square meter. However, by 

using the surface area of the ceiling of the hypolimnion to normalize the rate, the true average rate of 

depletion might not be represented since lake volume changes at depth.  

 

A volumetric approach, or VHOD, has often been used in conjunction with AHOD. Rather than using 

the surface area of the hypolimnetic ceiling for all depths, the values of the volumetric hypolimnetic 

oxygen depletion rate are weighted respectively for each layer of the hypolimnion and fully account 

for the total volume per vertical layer of the lake used in the calculation. Bathymetric and volume data 

from Sugden (2013) was used. The rate of oxygen depletion varies throughout the water column in the 

hypolimnion, especially near the water and sediment interface (Cornett & Rigler, 1987; Nurnberg, 

1995). For this study, VHOD was calculated for discrete layers; 15-19m, 20-24m, 25-29m, and >29m 

with the totaled value for all layers included in this report.  

 



 

              
 

                          SSwwaann  LLaakkee  WWaatteerr  QQuuaalliittyy  IInnvveesstt iiggaatt iioonn  FFiinnaall  RReeppoorrtt                                                       15 
 

All sample dates used for VHOD calculations fell within the window when oxygen levels begin to 

decline in the hypolimnion below the depth of 15 meters in early summer and continue through the 

fall, before the lake mixes and becomes uniform and oxygen re-enters the hypolimnion.  

General parameters used to determine data inclusion for any particular year include: 1) start date of 

June 1 for stratification, 2) end date September 30 due to DO intrusion into upper hypolimnion, and 3) 

a minimum of 40 days measured within the start and end date calendar window to qualify. 

 

The average DO value (mg/L) was determined for each of the four hypolimnetic layers according to 

specific sampling dates. This allowed the calculation of an overall quantity of DO (kg) per layer of 

water for each sample date. The difference in total oxygen of all the layers from the beginning of 

oxygen depletion until just before there was a rise in oxygen (signifying mixing) for each layer was 

calculated per cubic meter. The value was then divided by the volume of water present in that layer to 

get of DO (mg) per cubic meter. This value was then divided by the number of days between 

observations to get a final value of DO (mg) per meter cubed per day for each layer. Next, each layer 

of the hypolimnion was weighted by dividing its volume by the total volume of the hypolimnion. Each 

VHOD value per layer was then multiplied by its respective percent of the total. These values were 

then totaled in order to come up with the VHOD. 

 

3.3 Statistical Interpretation 
The probability value (p-value) and the coefficient of determination (r

2
) were used to interpret the 

significance of trend data in applicable figures in this report. Data were incorporated into NCSS
9
 

Statistical Software that provided output results describing the relationship between the independent 

and dependent variables. A Null or Neutral Hypothesis (H0) or an Alternate Hypothesis (Ha) was 

determined for the trend in the series based on; 

 

 If   p > 0.1 then H0 cannot be rejected (a trend is not detected) 

 If  p < 0.1 then reject H0 and accept Ha (a trend is detected) 

 

The significance of the p value was based on the following thresholds; 

 
No trend was considered for p= >0.1, or no presumption against the neutral hypothesis 

A trend was considered for p= >0.05 < 0.1, or a presumption against the neutral hypothesis 

A strong trend was considered for p= >0.01 < 0.05, or a strong presumption against the neutral hypothesis 

A very strong trend was considered for p= <0.01, or a very strong presumption against the neutral hypothesis 

 

The r
2
 value provides a measure of how well observed outcomes are replicated by the linear regression, 

as the proportion of total variation of outcomes explained by the regression. An r
2
 value near 0 

represents a poor relationship of the data points to the regression whereas an r
2
 value of 1 represents an 

exact relationship between the data points to the regression. 

 

4.0 RESULTS 
Where applicable, project data have been compared to historical Swan Lake studies and compared to 

TMDL Primary Targets as found below. Project data have been summarized in this section with 

selected raw data and initial summaries found in the Appendices. Annual Carlsonôs Trophic State 

Index (TSI) calculations are found in Appendix II. Project water chemistry data from 2010-2013 are 

found in Appendix III. Project Hydrolab profiles are found in Appendix IV. For the South Basin and 

North Basin sites, Hydrolab parameters (temperature, DO, conductivity, oxidation reduction potential, 

pH, photosynthetically active radiation/light extinction, and chlorophyll (a) (fluorescence) are 
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presented. In addition, a profile for turbidity was generated. For all other sites, only temperature and 

DO profiles are presented.  

 

4.1 Primary Target 1 
No decreasing percent saturation of dissolved oxygen (DO) in the bottom waters of Swan Lake and 

no increase in the spatial extent of the low DO in the lake. 

Figures 9 and 10 display benthic interface DO values at the South Basin and North Basin as compared 

to historical data. PBS&J (2008) reported that the lowest DO concentrations and percent saturation in 

Swan Lake typically occur in the deepest portions of the lake in the early fall, prior to turnover. PBS&J 

(2008) used the window of September 21
st 

to fall turnover for sample dates that qualify for long-term 

trend analysis, and that calendar window was followed by this study.  

 

Figure 9.  Minimum Dissolved Oxygen Concentrations (mg/L) in the North and  

     South Basins of Swan Lake, 1990-2013. 

 
 

Figure 10.  Minimum Dissolved Oxygen Concentrations (% Saturation) in the  

       North and South Basins of Swan Lake, 2001-2013. 

 
 

Figures 11 and 12 depict VHOD for the South Basin and North Basin for years with qualified data 

since 1990. Hypolimnetic DO consumption rates have increased in a generally progressive fashion 
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since 1990 at both locations, however, the data is not statistically significant. AHOD and VHOD can 

be useful diagnostic tools; however, the relatively weaker stratification pattern for the South Basin 

makes the VHOD calculation inherently difficult. The North Basin, which has a stronger stratification 

pattern, yielded better statistical results but still with low confidence levels.   

 

Figure 11. Volumetric Hypolimnetic Oxygen Demand (South Basin 1990-2013).  

 
P=0.21, r

2
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Figure 12. Volumetric Hypolimn etic Oxygen Demand (North Basin 1991-2013).  
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Status of Primary Target 1 

The North Basin shows a range of DO concentrations from a low of 2.43 mg/L in 2004 to a high of 5.2 

mg/L in 1996. Data indicate an overall improving trend for North Basin since 2001 (% Sat) but a 

reduction in benthic DO levels in 2013. The South Basin displays much lower DO values with a range 

from a low of 0.07 mg/L in 1992 to a high of 1.42 mg/L in 1999. No trend is apparent, but DO 

concentrations in the South Basin, which was the main area of concern in the TMDL, showed no 

obvious signs of decline.  

 

The scope of this study did not include enough sample sites to analyze the status of the spatial extent of 

the low DO area in the lake. In addition, long-term trends in the VHOD rate offer ancillary but 

statistically inconclusive information in assisting the evaluation of Primary Target 1. 

 

No obvious signs of benthic DO decline in the South Basin and an increased general trend of 

benthic DO concentrations in the North Basin suggest that Primary Target 1 for Swan Lake is being 

achieved.  

 

4.2 Primary Target 2 
No increasing trend of nutrient and chlorophyll (a) concentrations, no increasing trophic state 

index trends, and no decreasing trend in Secchi Depth values in Swan Lake.   
 

Figures 13 and 14 display the TSI by year and parameter for the South Basin and North Basin. Some of 

the historical data is missing and is noted. The yearly TSI calculations from 2004-2013 can be found in 

Appendix II. A TSI value of less than 40 indicates an oligotrophic (nutrient poor) lake; while a value 

between 40 and 60 indicates a mesotrophic (moderately enriched) lake; values above 60 indicate a 

eutrophic (nutrient rich) lake.  

 

Figure 13. Carlsonôs Trophic State Index* for South Basin, 2004-2013. 

 
 *Not all of the available Carlsonôs TSI variables were collected for each year. TPN added in 2010. 
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Figure 14. Carlsonôs Trophic State Index* for North Basin, 2004-2013. 

 
  *Not all of the available Carlsonôs TSI variables were collected for each year. TPN added in 2010. 

 

Figure 15 displays the range and median Secchi disc depths at seven of the eight sample locations for 

Swan Lake from 2010-2013. The eighth site (North Lake/River) is too shallow for a Secchi disc 

reading. Secchi values for all sites show consistent increasing water clarity through the study period. 

The only variance is a decrease in water clarity at the Rock House and North Basin sites in 2011 which 

corresponds to the highest recorded peak flow for the study period.  

 

Figure 15.  2010-2013 Swan Lake Secchi Disc Depths.  
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Nutrient concentration values can be found in Appendix III and are discussed in Section 4.4 of this 

report. Chlorophyll (a) (laboratory value) data can also be found in Appendix III and chlorophyll (a) 

(fluorescence) data from 2010-2013 can be found in Appendix IV with discussion in Section 4.3.  

 

Status of Primary Target 2 

TSI values show Swan Lake within the oligotrophic classification for Secchi disc, total phosphorus, 

and total nitrogen. Chlorophyll (a) values from 2007, 2008 and 2010 fall within the mesotrophic range 

with 2009 and 2011-2013 in the oligotrophic range. Nutrient analysis (Section 4.4) shows some intra-

annual and inter-annual trends, including correlation to peak flows from the Swan River. Secchi disc 

values show a trend in transparency for the project period.  

 

Analysis of Primary Target 2 should be exercised with caution considering the temporal extent of the 

study. A status determination for nutrients and chlorophyll (a) is inherently difficult based upon the 

scope and dynamics of watershed inputs, and the in-situ bio-assimilation and cycling of nutrients. For 

example, phytoplankton bloom(s) are variable primarily due to the timing of surface heating and 

allochthonous loading each year. TSI parameters have been averaged for the entire year.  

 

Based on the TSI, Swan Lake is best described as an oligo-mesotrophic lake with an overall general 

improvement in water quality since 2007 suggesting Primary Target 2 is being achieved.  

 

4.3 Physical Limnology 
Charts depicting the physical limnology of Swan Lake can be found in Appendix I. Temperature and 

dissolved oxygen results for all sites are discussed below. Other physical parameters are only discussed 

for the long-term monitoring sites (South Basin and North Basin).  

 

4.3.1  Temperature and Dissolved Oxygen  

In the North Basin, seasonal changes in temperature and dissolved oxygen followed a pattern typical 

for a temperate, dimictic lake. During the summer, the water stratified into three distinct zones 

(epilimnion, metalimnion, and hypolimnion) with warmer water overlying colder water. At that time, 

oxygen consumption begins in the hypolimnion due to respiration of decomposers. By October, the 

lake was close to mixing (lake turn-over) with hypolimnetic dissolved oxygen concentrations at 30-

40% saturation. Butler et al. (1995) documented dissolved oxygen concentrations reaching a minimum 

of 20% saturation prior to fall mixing in November when the lake became unithermal. Butler et al., 

(1995) also documented a reverse stratification in the lake during winter months when colder water 

overlayed warmer water which persisted until the spring mixing event.   

 

In the South Basin, the pattern of seasonal temperature stratification was similar, but less intense than 

the North Basin due to the fluvial current from the Swan River. Butler et al. (1995) also found the 

South Basin to mix in the fall, reverse stratify, and mix again in the spring. The hypolimnetic dissolved 

oxygen depletion, however, was greater in the South Basin compared to the North Basin with 

concentrations falling as low as 4.7% saturation and 0.52mg/L in October of 2011. Butler et al. (1995) 

reported 0.1% saturation in October 1992.  

 

The southern bays (Bay East, Bay West and Bay South) also show a weaker temperature stratification 

pattern. These shallower bays are most likely influenced by windy or windless conditions and diel 

conditions that define the strength of stratification on any given day. The lowest recorded hypolimnetic 

dissolved oxygen value for these three sites was 16% saturation, 1.72mg/L at South Bay in October 

2012.  
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Rock House and Bug Creek represent a shallow portion of the lake between the South Basin and North 

Basin. Bug Creek (nearer the North Basin) shows a slightly stronger stratification pattern than Rock 

House (nearer the South Basin) and both are probably influenced by windy or windless conditions and 

diel cycles. For both sites there is a consistent, near orthograde dissolved oxygen profile indicating 

well mixed conditions in the water column throughout the year. Temperature data shows that these two 

sites are the first to evenly mix in fall due to the shallower depths and external energy forces from long 

wind fetch distances.  

 

4.3.2  Water Clarity 

Section 4.2 describes the water clarity results from Secchi disc measurements which show an increase 

in water clarity for the study period. In addition, the specific light wavelength used by chlorophyll was 

measured by photosynthetic active radiation (PAR) sensors (both atmospheric and in-situ) to determine 

light extinction. Chlorophyll can utilize PAR to a 1% light extinction compensation point which is the 

threshold for respiration. PAR for both the South Basin and North Basin show a seasonal trend of 

decreased water clarity during the spring freshet when allochthonous loading from the Swan River 

enters the lake, and greater water clarity later in the stratified season. However, in 2013, both sites 

showed a decrease in water clarity in October as compared to August which might indicate the timing 

of a fall diatom bloom in the lake. The highest water clarity represented by the 1% compensation point 

for the South Basin generally ranged from 11-12m compared to the North Basin at 12-13m. The PAR 

results correlate with the mean Secchi findings where the North Basin shows a slightly better water 

clarity compared to the South Basin.   

 

4.3.3  Fluorescence 

Fluorescence provides a field estimate of the distribution of primary producers [algae], with the depth 

of maximum fluorescence generally associated with the depth of maximum primary production (Butler 

et al., 1995). The scope of this study did not provide enough sample dates during the spring freshet to 

fully document variability during peak primary productivity.  

 

A seasonal fluorometric trend is shown at both sites in May where a peak is seen during the spring 

freshet. A secondary, lower concentration peak occurred in August and October which is consistent 

with chlorophyll (a) (mg/L). Butler et al. (1995) showed seasonal algal maxima toward the end of 

spring runoff when bio-available forms of nutrients coincided with increasing water clarity. In June, 

levels decreased, probably after diatoms have proliferated during input of nutrients from the freshet 

and senesced. In August, there is another but lower density fluorescence peak probably signifying 

another type of green algae bloom. Butler et al. (1995) found absent or low concentrations of blue-

green algae in Swan Lake. Blue green algae can bloom later in the stratified season given the right 

conditions of warmer surface temperature and windless conditions.  

 

4.3.4  Turbidity  

Turbidity makes water cloudy or opaque. Turbidity and Total Suspended Solids (TSS) concentrations 

indicate the amount of solids suspended in the water, including soil particles and organic matter (e.g., 

algae). Turbidity measures the amount of light scattered from a sample (more suspended particles 

cause greater scattering). 

 

Turbidity was highest in the South Basin during the spring freshet returning to baseline levels by 

August. The higher turbidity, light extinction, and Total Suspended Sediment (TSS) in the South Basin 

as compared to the North Basin provide evidence that the South Basin serves as a sink for 

allochthonous material.  
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4.3.5  pH 

pH is a measure of the molar concentration of hydrogen ions in water and is commonly referred to as 

acidity or basicity of the water. Ellwood et al. (2009) refer to lower pH values and oversaturation of 

carbon dioxide due to organic matter degradation. Microbes use oxygen to breakdown long chained 

carbon molecules to simpler end products. Dissolved carbon dioxide forms carbonic acid, decreasing 

pH levels. Swan Lake is considered basic or alkaline extending from the epilimnion into the upper 

hypolimnion, however, at depth the lake often reaches a neutral concentration. 

 

4.3.6  Conductivity 

Conductivity is the ability of water to pass an electrical current and is influenced by the presence of 

inorganic dissolved solids. Both the South Basin and North Basin show a general pattern of increased 

conductivity at depth. Organics from humic matter adsorbs to electrolytes and precipitate to the lake 

bottom, causing an increase in conductivity and ion density. The spring freshet provides ion dilution in 

the epilimnion with the fluvial plume spreading laterally across the thermocline which serves as a 

density barrier during stratification. The exception to increased conductivity at depth is the South 

Basin which shows a decrease in conductivity in the mid-hypolimnion in October at the time of 

destabilization of the upper water column prior to fall turn-over.   

 

4.3.7  Oxidation Reduction Potential 

The Oxidation Reduction Potential (ORP), or redox, is the ability of water to accept electrons. At both 

sites, redox showed a seasonal decrease from spring to fall. In 2012 the redox fell below 200mV twice 

at the South Basin and once at the North Basin. A combination of low dissolved oxygen (<1mg/L) and 

redox values below 200mV can lead to mobilization of stored benthic sediments. In October of 2012 at 

the South Basin, redox values (160mV) and dissolved oxygen (0.75mg/L) fell within the range causing 

concern. However, chemistry results from a benthic interface sample on that date did not indicate 

release of stored nutrients.  

 

4.4 Chemical Limnology 
Data summary charts for the chemical limnology of Swan Lake on an annual and project period basis 

can be found in Appendix II I. Chemical parameters were collected only at the South Basin and North 

Basin sites. Charts were created for 0-30M samples to characterize the overall chemical attributes of 

the lake, and at the mid-point of the hypolimnion to determine any unique attributes at depth which 

might help explain the low DO phenomenon in the South Basin.  

 

All chemical parameters show a general trend of highest concentrations during the spring freshet and 

lower concentrations during the stratified period. For the project period, the highest chemical 

concentrations were seen in 2011 (except for Total Phosphorus), which corresponds with the highest 

flow (6,710 cfs). 2011 was also the highest flow for the preceding 13 years. Caution should be 

exercised in interpreting the data since the number of samples during the study period was limited and 

may not have captured significant events.  

 

4.4.1 Soluble Reactive Phosphorus (SRP) 

SRP which is a fraction of total phosphorus constitutes the amount of phosphorus immediately 

available for algal growth. Swan Lake shows no significant seasonal trend, with high concentrations 

found in the North Basin in August probably due to a time period with reduced primary productivity.  

The highest SRP loading to Swan Lake was in 2011, as were other chemical parameters, however, SRP 

concentrations were variable and not necessarily associated with the spring freshet which could be 

explained by the rapid assimilation rates of primary producers. 



 

              
 

                          SSwwaann  LLaakkee  WWaatteerr  QQuuaalliittyy  IInnvveesstt iiggaatt iioonn  FFiinnaall  RReeppoorrtt                                                       23 
 

 

Ellis et al. (1999) found SRP concentrations to be variable throughout the year on the Swan River, with 

spring values always the highest and that the release of SRP from the sediment particles might be 

expected during the runoff period. That report noted the loss of SRP at downriver sites may have been 

a result of assimilation of this most available form of phosphorus by biota and adsorption to sediment 

particles.  

  

 4.4.2  Total Phosphorus 

Total phosphorus constitutes all filterable and particulate forms of phosphorus. Total phosphorus is 

often used in empirical models relating phosphorus to a wide variety of limnological variables and 

describing the link between phosphorus loading estimates and phosphorus content in the lake. For 

Swan Lake, total phosphorus typically peaked during the spring runoff, however, peak concentrations 

were not documented in 2011 based on sample timing.  

 

Ellis et al. (1999) found that the temporal pattern in total phosphorus concentration often mimicked 

that of total suspended sediments and that during the runoff period, most of the sediment particles were 

transported to the Swan River during the runoff period when discharge and thus erosion increased. 

 

 4.4.3  Total Suspended Sediment (TSS) 

TSS concentrations and turbidity indicate the amount of solids suspended in the water. TSS measures 

an actual weight of material per volume of water. Laboratory detection limits precluded a viable 

interpretation of TSS data for the 0-30m samples on Swan Lake. See Section 4.3.4 for surrogate 

turbidity information and results. Hypolimnetic samples show the highest values in 2012 which might 

be explained by the scouring flow in 2011 where substrate armoring was reduced and sediment may 

have been conveyed downstream but not deposited in the lake (due to the low river gradient) until 

runoff in 2012.  

 

 4.4.4  Total Nitrogen (TPN) and Nitrite + Nitrate (NO2+NO3) 

Total nitrogen is the sum of nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N), ammonia-nitrogen 

(NH3-N) and organically bonded nitrogen. Total nitrogen show no apparent trend in the 0-30m or mid-

hypolimnetic samples. Ellis et al. (1999) found TPN to follow a typical seasonal pattern with higher 

concentrations during peak flow in the Swan River, and lower concentrations at base flow but with 

spikes during rain events.  

 

Nitrite (NO2) is relatively short-lived in water because it is quickly converted to nitrate by bacteria. 

Nitrate (NO3) is highly soluble in water and easily utilized by algae. Only a few NO2+NO3 samples 

were collected during this study with no apparent trend. Ellis et al. (1999) suggest that groundwater, 

which is typically higher in nitrate than surface water, may be a significant source of water to the lower 

Swan River and that during the rising limb of the hydrograph, the alluvial aquifer of the Swan River 

may be flushed, exporting NO2+NO3.    

 

 4.4.5  Carbon (Dissolved and Total) 

When water contacts highly organic soils, these components can drain into rivers and lakes as organic 

carbon. Dissolved organic carbon (DOC) are compounds detected in a water sample after it has been 

filtered through a 0.45 micrometer filter. Total Organic Carbon analyzes all carbon in a sample; 

including larger particles. The project data shows a fairly consistent seasonal loading of both TOC and 

DOC, and a peak during the 2011 moderate flow year, primarily due to allochthonous loading from the 

watershed.  
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Ellis et al. (1999) found that non-dissolved organic carbon (NDOC) increased during the rising limb in 

the hydrograph and fell throughout summer and fall. Exceptions to this pattern were found during high 

rain events.  

 

4.4.6  Misc. (Sulfate, Dissolved Iron, Dissolved Manganese) 

Sulfate, dissolved iron and dissolved manganese were collected at the lake benthic interface from 

2011-2013 to assist in determining any re-release of nutrients to the water column as a result of low 

DO and a low oxidation reduction potential. The only sample date with DO and ORP values shown to 

have the potential to produce a reduction process and re-suspend entrained nutrients from benthic 

sediments was at the South Basin on October 10, 2012. However, results for sulfate, dissolved iron and 

dissolved manganese were below laboratory detection limits on that date. SRP was slightly elevated 

but not in a concentration to suggest a re-release of nutrients on that date.  

 

5.0 DISCUSSION 

The focus of this study was to evaluate long-term trends at pelagic sites on Swan Lake and assist in the 

evaluation of Primary Targets 1 and 2. DEQ (2004b) reported no obvious trends in water quality data 

partly due to variations in measurement techniques and sample timing. Data from this project indicate 

stable to improving water quality trends in the lake for Primary Target 1 and 2.  

 

The findings from this project support the continued existence of low DO in the South Basin. The low 

DO phenomenon in the South Basin has been a concern among project partners without resolution on 

cause and effect. This study was designed to provide an overall health trend assessment of the lake and 

was not specifically designed to address the question of low DO in the South Basin. However, data 

from this study when paired with results from previous research provide further insight into the low 

DO phenomenon in the South Basin and suggest that myriad natural and anthropogenic factors could 

be at play.  

 

5.1   South Basin DO Phenomenon Background 
Previous research (Spencer, 1991, Butler et al. 1995, DEQ 2004b and PBS&J, 2008) have presented 

the main water quality concern for Swan Lake as the lower than expected DO readings in the South 

Basin prior to fall turnover. Essentially, the oxygen budget is set in the hypolimnion at the onset of 

stratification when the hypolimnion no longer interfaces with the atmosphere. The low DO 

concentrations in the South Basin show a gradual decline from spring turnover to below 4mg/L 

beginning in August which is also a generalized salmonid tolerance threshold. There is additional DO 

erosion upward into the upper hypolimnion through October that presumably further deteriorates until 

the stratified layers in the lake mix again via fall overturn sometime in November.  

 
Unfortunately, historical data (pre-1990) for Swan Lake that would be useful in comparison to project 

data do not exist. There were a few EPA studies in the 1970s but their sampling equipment did not 

reach the lake bottom. Spencer (1991) concluded that there is insufficient historical data to say with 

any certainty that DO concentrations have declined significantly since the mid-1970s. Nevertheless, 

that report states that reduction of hypolimnetic oxygen levels to near anaerobic conditions in Swan 

Lake (regardless of past history) is surprising and alarming, especially given the short water residence 

time in the lake.  

 

Butler et al. (1995) utilized ŭ
13

C technology and concluded that the DO deficit in the South Basin 

appeared to be driven by a combination of events but ultimately from allochthonous carbon inputs 

from logged areas in the watershed exacerbated by the lakeôs morphology. Dissolved or particulate 
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carbon can be utilized by microflora as a substrate for metabolism with associated oxygen 

consumption. Byron (1996) countered that the ŭ
 13

C technology was not conclusive and the link of 

biological oxygen demand (BOD) and carbon sources had not been done and that carbon 

ñfingerprintingò is not adequate to make that statement.  

 

Ellis et al. (1999) showed no concrete relation between land use and water quality for the Swan River 

corridor and Swan Lake, finding a complex timing in the delivery of nutrients and carbon via the 

different Swan River segments, and noting that the determination of nutrient transfer rates in large 

river systems is inherently difficult. However, that study mentioned large river floodplains having 

tremendous potential to store and cycle materials eroded from the catchment.  

 

DEQ (2004b) reported that low dissolved oxygen has been observed in the bottom waters of other 

oligotrophic lakes in Montana. DO profiles of Lake Agnes in the Pioneer Mountains near Dillon were 

measured in July and August 2003. The results showed that DO concentrations within 1 meter of the 

bottom were as low as 0.4mg/L. Yet, Lake Agnes has a Carlsonôs TSI of between 22 and 33 (based on 

either chlorophyll (a) or secchi depth, respectively), and is located in a remote watershed with no on-

lake development other than a primitive hike-in campsite. Like Swan Lake, the Lake Agnes watershed 

has been logged in the past, the lake has a similar relative depth, and the lake supports a thriving native 

fish population.  

 

5.2   Potential Contributory Factors to Low DO in the South Basin 
Defining natural mechanisms or delineating causal anthropogenic source(s) for the low DO 

phenomenon in the South Basin are inherently complex. Ellis et al. (1999) state, detecting and 

predicting cumulative human impacts on storage and flux of materials in a large basin is decidedly 

problematic due to complex interactions among varied natural and human sources. The following 

describes the most likely contributing factors to Swan Lakeôs low DO based on information from the 

collective body of research for the lake.  

 

5.2.1  Allochthonous Loading during Peak Flows 

As previously mentioned, Spencer (1991) linked sedimentation rates in Swan Lake to historic 

anthropogenic activities and suggested that roads represent the greatest disturbance activity resulting in 

increased fine sediment transport and deposition in downstream lakes. In Ellis et al. (1998), an analysis 

of the Flathead National Forest water quality monitoring sites in 1997 indicated that as road miles per 

acre increased in the catchments, total phosphorus and particulate carbon concentrations in monitored 

streams increased proportionately, and as harvest increased, nitrate plus nitrite nitrogen concentration 

in these streams increased proportionately.  

 

Spencer (1991) speculated that the lack of large flushing flows in recent years may have resulted in 

substantial accumulation of sediments in the river system. Since that report, there was a high peak flow 

event in 1997 (8,520 cfs) but there has been a lack of a significant flushing flow (>8,000 cfs) for the 

past 16 years. A moderate peak flow event occurred in 2006 (6,170 cfs) and in 2011(6,710 cfs). Large 

flushing flows (>8,000cfs) happen on average once every 18.8 years for the Swan River. Data for the 

past 40 years show relatively low peak flows (<8,000 cfs) for the Swan River, except for 1997.  

 

The Swan River drainage has the capacity to store large amounts of sediments and nutrients between 

flushing flows based on stream gradient. Ellis et al. (1999) showed the Swan River above Swan Lake- 

from its headwaters above Lindbergh Lake to the river mouth at Swan Lake- as a low gradient system 

with an average channel slope of 0.005. The river gradient is at its lowest from Cilly Creek to 

Porcupine Creek (0.0002) which is just upstream of the lake inlet. In addition, lake inundation effect 
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during high water may reduce current velocities and aid sediment deposition immediately upstream of 

the lake.  

 

Sugden (2013) found a trend between peak flows and sedimentation rates to Swan Lake. It is suspected 

that large flushing flows scour previously armored sediment in the Swan River and its tributaries and 

delivers pulse loads to Swan Lake which increases primary productivity, deposition of sediment and 

nutrients to the benthos, and increases Biological Oxygen Demand in the hypolimnion. In addition, 

there is a possibility that the scouring nature of large flow events may provide more efficient transport 

of material in the following year(s).  

 

It is possible that the high flow event in 1997 scoured embedded sediment in the river, and conveyed a 

large nutrient load to the lake or moved it further downstream and made possible for easier transport to 

the lake the next year. Data does not exist for 1997 or the following years to determine how the 1997 

allochthonous loading affected the low DO in the South Basin. It could be that Swan Lake is 

recovering from the 1997 loading and experiencing a gradual water quality (DO) improvement before 

the next high energy pulse loading. Even though the flow event of 2011 was much less than that of 

1997, the data shows higher allochthonous loading of sediment variables and nutrients with the next 

year (2012) showing highly variable physical and chemical results. It appears that the lake response to 

peak allochthonous loading could take an extended period of time before a gradual improvement in 

water quality occurs.  

 

If anthropogenic landscape disturbances decrease in the Swan Valley watershed, and there are no 

natural disturbance regimes such as large fires, it is realistic to expect a reduction in allochthonous 

loading and the lakeôs ability to recover more rapidly from high peak flow events.  

 

5.2.2  Lake Morphology 

DEQ (2004b) states that it is not unreasonable to believe that the low DO levels in the deep basins of 

the lake may be, in part, a natural consequence of the lakeôs morphometry. Swan Lake has a rather 

unique inlet configuration and the longitudinal profile shows two discrete deep basins (South and 

North Basin) separated by a shallow shelf. The shallow shelf may serve to impede deep layer water 

transfer during the stratified period, especially if a strong thermocline exists. Butler et al. (1995) 

explained that the lake morphometry may exacerbate the situation, trapping water in the deep basins 

and isolating it from oxygen replenishing overlying waters during periods of stratification. 

 

In fact, the two long-term sample sites (South Basin and North Basin) representing the two deep basins 

of the lake should be viewed independently when comparing water quality trends. In general, the South 

Basin site should be used to characterize intra-annual and inter-annual loading due to the site linkage to 

allochthonous input. The North Basin site is more stable and a better overall barometer of lake health 

over time. 

 

The ability of the lake to serve as a sediment and nutrient sink (see Section 5.2.3) is not only 

influenced by its morphometry but also the Swan River inlet configuration. The orientation of the river 

inlet to the lake is not direct, reducing longitudinal mixing energy. Itôs hypothesized that the Swan 

River orientation to the lake can cause a current eddy in the South Basin given the right conditions. As 

viewed from satellite imagery, the river reach immediately upstream of the lake is a low gradient 

depositional area with evidence of frequent channel migration probably due to aggradation.  
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5.2.2.1  South Bay Effect 

Swan Lake has a short overall residence time (70 days) but this may be extended in the South Bay due 

to the lack of fluvial currents. If so, an increased ñcontactò time with the adjacent wetlands could 

increase carbon loading effect to DO reduction. Data from this project suggest that this may be the 

case, where a decrease in DO at depth at the South Bay sites is shown during the stratified period. The 

eventual transference of water from the South Bay to the South Basin would already be DO 

compromised, most likely further exacerbating the problem.  

 

 5.2.3 Nutrient and Organic Matter Sink 

As nutrients enter Swan Lake, based on seasonally dependent factors, bio-available forms are most 

likely quickly consumed by primary producers. Increased nutrient input and warmer temperatures 

speed up the rates of photosynthesis and decomposition. During plant senescence, their precipitation 

and decomposition results in heavy oxygen consumption near the benthos due to microbial and 

bacterial metabolism.  

 

Allochthonous nutrients not consumed by primary producers are likely influenced by the lakeôs 

morphometry and precipitate to the lake bottom in the vicinity of the South Basin and are stored in the 

sediments. Spencer (1991) stated that lakes not only serve as sediment traps, but also nutrient traps. 

Golnar (1985) estimated that 74% of the phosphorus entering Whitefish Lake was retained in the lake. 

 

Based on the lack of vigorous deep water mixing, Butler et al. (1995) hypothesized that the southern 

end of Swan Lake may serve as a natural nutrient and organic matter sink due to its proximity to the 

Spring Creek wetland complex at the inlet area. Generally wetlands act as sinks for soluble inorganic 

nutrients and sediment and sources for dissolved and particulate organic matter, owing luxuriant plant 

growth. However, during runoff, flooding of wetland habitat could release nutrients from decaying 

plant matter.  

 

5.2.4  In-Lake Biochemical Processes 

Biochemical processes could contribute to the low DO levels observed in Swan Lake. Increased 

organic carbon loading decrease DO levels. Organics from humic matter adsorbs to electrolytes and 

precipitate to the lake bottom, causing an increase in conductivity and ion density as identified in 

project data. The humic matter also contributes to the depletion of dissolved oxygen due to a chemical 

and photo-oxidation process induced by ultraviolet radiation. However, dissolved organic carbon 

levels collected from this study suggest that this influence is minimal.  

 

Fall turnover can transfer accumulated nutrients from the lake sediments into the photic zone where 

they can stimulate primary productivity, increasing the flux of organic material to the profundal zone 

and perpetuating anoxia in bottom waters (Dent et al. 2014). There is also a potential for the re-release 

of phosphorus stored in the sediments to drive primary productivity with cascading effects to the DO 

problem as described previously. Whereas the potential for phosphorus re-cycling events (DO<1mg/l 

and redox <200mv) did occur on October 10, 2012, chemical data does not suggest that a re-release of 

nutrients in the South Basin occurred. However, the limited temporal extent of this study may not have 

described this potential.  

 

5.2.5  Food Web Dynamics 

The scope of this study did not allow for a description of the primary producer community and 

previous studies have yielded very limited information on phytoplankton and the higher trophic levels 

of Swan Lakeôs food web. It is likely that there are various phytoplankton blooms where specific 

species and community assemblages proliferate based on seasonal conditions. Data from this study 
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suggest that during the moderate flushing event of 2011 (6,710cfs), primary productivity was not 

pronounced even though more nutrients were entering the lake. This is probably a result of rapid light 

extinction due to turbid conditions.   

 

Of particular interest should be evaluating the relatively recent introductions of Mysis shrimp and lake 

trout to Swan Lake and contrasting their population levels in the South Basin and North Basin. As 

mentioned in Section 1.3.6, Mysis shrimp have the potential to affect water chemistry by selectively 

feeding on certain zooplankton, by stirring up bottom sediments, by stimulating primary productivity 

through their excretions, and by contributing dissolved organic carbon by feeding and fragmenting 

diatoms. Based on the fact that Mysis became established in Swan Lake in 1980 and Spencer (1991) 

reports the 1990 DO level the lowest recorded in the lake, a biological component should be further 

investigated.  

 

 5.2.6  Shoreline Practices 

Butler et al. (1995) determined that septic systems were not a contributory factor to the low DO in the 

South Basin. However, since that time, as identified in Section 1.3.5 there has been an increase in the 

density and the number of aging systems which could contribute nutrients to Swan Lake. 

  

6.0  RECOMMENDATIONS  
 

6.1 Lakeshore Community 

The Swan Lakers are a highly engaged non-profit group dedicated to preserving water quality in Swan 

Lake. They offer education and outreach to the broader Swan Lake community through meetings, a 

website, and yearly activities. It is recommended that this group continue to provide great water quality 

stewardship for Swan Lake and consider the following additional activities, as supported by project 

partners, to reduce nutrient and pollutant loading to the lake: 

 

1) Due to the increase in septic systems around Swan Lake and the suspected age of many of the 

systems, the Swan Lakers should promote further educational messaging on the topic. In addition, the 

Swan Lakers should consider an incentive based septic pumping and inspection program on a regular 

basis. For instance, individual septic pumping and inspection rates could be reduced by an organized 

effort involving many landowners to negotiate a group service fee with a septic service provider.  

 

2) As part of the Swan Lakers Educational & Outreach Program, shoreline owners should be 

encouraged to reduce the application rate of fertilizers and herbicides, especially in the lakeshore and 

riparian zone, and use organic soil amendment products when possible. In addition, shoreline owners 

should be educated on the best time to apply fertilizers, for instance, not before a heavy rainfall event 

is forecasted.  

 

3)  As part of the Swan Lakers Educational & Outreach Program, shoreline owners should be 

discouraged from extending lawn areas near the shoreline, and they should be encouraged to vegetate 

lakeshore and riparian zones with native shrubs. Shrubs like red-osier dogwood and willows are known 

to stabilize soil and assimilate more nutrients than shallow rooted grass. The Flathead Conservation 

District has educational materials to help homeowners with this effort.  

 

4)  As part of the Swan Lakers Educational & Outreach Program, shoreline owners should be 

encouraged to creatively mitigate stormwater runoff from rooftops, driveways and other impervious 

surfaces through the use of small rain gardens, bio-swales or other techniques to avoid concentrated 

discharge points that could lead to erosion.  
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5)  A representative from the Swan Lakers should continue to be actively engaged with the Swan 

Technical Advisory Group to voice homeownerôs questions and concerns and to keep current with 

water quality related activities in the watershed, including potential funding opportunities for further 

water quality research on Swan Lake.  

 

6)  Members of the Swan Lakers should continue to volunteer for the Northwest Montana Lakes 

Volunteer Monitoring Network to collect cursory long-term water quality data for Swan Lake.  

 

7)  Members of the Swan Lakers should continue to be volunteer boat inspectors under the Flathead 

Basin Commission program for boater education and the prevention of Aquatic Invasive Species.  

 

8)  The Swan Lakers should consider the following resource agencies that are not part of the Swan 

Technical Advisory Group for additional support and/or funding opportunities; Flathead Conservation 

District, Flathead Basin Commission, Flathead County, Flathead Lakers, Flathead Land Trust, 

Montana Department of Fish, Wildlife & Parks, Montana Watershed Coordination Council, Trout 

Unlimited, The University of Montana Flathead Biological Station, and the Whitefish Lake Institute.  

 

6.2 Project Partners 

The Swan Technical Advisory Group is comprised of representatives from: Swan Lakers, Swan 

Ecosystem Center, Northwest Connections, Flathead National Forest, Friends of the Wild Swan, 

Missoula County Rural Initiatives, Montana Fish, Wildlife and Parks, The Trust for Public Land, The 

Nature Conservancy, Lake County Planning Department, Montana Department of Environmental 

Quality, and Montana Department of Natural Resources and Conservation.  

 

1)  Project partners should assist the Swan Lakers via technical advice and funding support with local 

projects as identified in Section 6.1 to reduce nutrient and pollutant loading to Swan Lake.  

 

2)  Project partners should continue the long-term trend monitoring of Swan Lake to determine the 

status of TMDL Primary Targets 1 and 2. A relatively inexpensive monitoring program could be 

implemented while acquiring relevant data to Primary Targets 1 and 2 by; 

 

A.  Prioritize  the sampling of Swan Lake for the year of a high water event (>8,000cfs) and 

at least the following year to elucidate the relationship of high flows, sedimentation and 

nutrient input, and the low DO in the South Basin.  

 

B. If there are budgetary limitations, only sample the South Basin (which is the best 

indicator site for Swan River inputs but more highly variable) and the North Basin 

(which is the best long-term sampling site for overall lake health trends).  

  

C. Prioritize the utilization of a Hydrolab DS5 (or other similar data sonde) to acquire 

temperature, DO, pH, PAR, ORP, chlorophyll (a) fluorescence, and other miscellaneous 

parameters, and a Secchi depth in May, late June, August and late October. A secondary 

priority would be for the collection of water chemistries when allowed for in the budget. 

  

3)  Project partners should update information for Secondary Targets 1-3 which may assist in the 

interpretation of Swan Lake Primary Targets 1 and 2.  
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4)  Project partners should consider funding another sediment core study on Swan Lake to update 

information from the Spencer (1991) study and to corroborate the previous study results. An additional 

core study would be useful in determining if measures implemented to address Secondary Targets have 

had a beneficial effect.  

 

5)  Project partners should consider a study that looks at the fluvial flow dynamics of the Swan River 

as it enters Swan Lake and the internal water movement in Swan Lake, especially the relationship 

between the southern bay and the South Basin.   

 

6)  Project partners should consider a cursory septic leachate study to determine the extent, if any, of 

the spatial and temporal nature of septic leachate to Swan Lake to develop a baseline condition prior to 

any further development and the continued aging of existing systems.  

 

7)  Project partners should consider a more in-depth evaluation of the relationship between primary 

producers, zooplankton, Mysis shrimp, and lake trout to determine the influence, if any, on the low DO 

in the South Basin and investigate the food web dynamics resulting from lake trout suppression efforts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

              
 

                          SSwwaann  LLaakkee  WWaatteerr  QQuuaalliittyy  IInnvveesstt iiggaatt iioonn  FFiinnaall  RReeppoorrtt                                                       31 
 

7.0 LITERATURE CITED  
 

Alt, D. and D.W. Hyndman. 1986. Roadside Geology of Montana. Mountain Press Publishing  

Company. Missoula, MT.  

 

Anderson, R.C. 1992. Hydrogeology of the Swan River Oxbow Preserve area, Lake County, Montana.  

M. S. The University of Montana, Missoula.  

 

Beattie, W.D. and P.T. Clancey. 1991. Effects of Mysis relicta on the Zooplankton Community  

and Kokanee Population of Flathead Lake, Montana. American Fisheries Society Symposium 

9:39-48.  

 

Butler, N.M., Craft, J.A, and J.A. Stanford. 1995. A diagnostic study of the nutrient loading at  

Swan Lake, Montana.  Swan Lake Clean Lakes Project, Phase One, Clean Lakes Program, 

USEPA, Denver, CO. Open File Report 138-95. Flathead Lake Biological Station, The 

University of Montana, Polson, Montana.  

 

Byron, E. (1996). Review of ñA Diagnostic Study of the Nutrient Loading at Swan Lake,  

Montanaò by Butler, Craft and Stanford (November 1995). Attached as a technical memo to a 

letter dated 2-20-96 from Mike Covey, General Manager, Rocky Mountain Timberlands, Plum 

Creek, Columbia Falls, MT.  

 

Cornett, R. J., & Rigler, F. H. (1979). Hypolimnetic oxygen deficits: Their prediction and                         

interpretation. Science, 205(4406), 580-581.  

 

Curtis, L. and Koopal, M. (2012). Investigation of Septic Leachate to the Shoreline Areas of  

Whitefish Lake, Montana. Prepared for the Whitefish County Water District, DNRC RRG-11-

1474. Whitefish Lake Institute, Whitefish, MT. 

 

Dent, S.R., Beutel, M.W., Gantzer, P., and Moore, B.C.  2014. Reponse of methylmercury, total  

mercury, iron and manganese to oxygenation of an anoxic hypolimnion in North Twin Lake, 

Washington. Lake and Reservoir Management, 30:119-130, 2014 

 

DEQ (Montana Department of Environmental Quality). 2004a. Sufficient Credible  

Data/Beneficial Use Determination (SCD/BUD) Documentation. DEQ Files. Helena, MT. 

 

DEQ (Montana Department of Environmental Quality). 2004b. Water Quality Protection Plan  

and TMDLs for the Swan Lake Watershed. June 2004. Helena, MT. 

 

DEQ (Montana Department of Environmental Quality). 2014. Retrieved from, 

http://deq.mt.gov/wqinfo/TMDL/default.mcpx 

 

Elrod, M.J. 1902. A Biological Reconnoissance in the Vicinity of Flathead Lake. Bulletin  

University of Montana, No. 10, Biological Series No. 3. University of Montana, Missoula, 

Montana.  

 

Ellwood. N. T., Albertano, P., Galvez, R., Funiciello, R. and R. Mosello. 2009. Water  

chemistry and trophic evaluation of Lake Albano (Central Italy): a four year water monitoring 

study. Journal of Limnology, 68(2): 288-303. 



 

              
 

                          SSwwaann  LLaakkee  WWaatteerr  QQuuaalliittyy  IInnvveesstt iiggaatt iioonn  FFiinnaall  RReeppoorrtt                                                       32 
 

 

Ellis, B.K., J.A. Craft; and J.A. Stanford. 1999. Determination of Nutrient and Carbon Loading  

in the Swan River, Montana. Open File Report #153-99. Flathead Lake Biological Station, The 

University of Montana, Polson, MT.  

 

EPA (U.S. Environmental Protection Agency) 2011. Septic onsite systems. Retrieved from,  

http://cfpub.epa.gov/owm/septic/index.cfm  

 

EPA (US Environmental Protection Agency) 2014. Impaired Waters and Total Maximum Daily  

Loads. Retrieved from, http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/index.cfm 

 

Flathead County Health Department. (2012). Personal communication: Kate Cassidy. Kalispell, MT. 

 

Flathead Lakers. (2002). Critical Lands Status Report: The North Valley and the Flathead River  

Corridor. Polson, MT:  

 

Golnar, T. 1985. Limnology of Whitefish Lake, Northwest Montana. M.S. Thesis. University of  

Montana, Missoula, MT.  

 

Johns, W.M. 1970. Geology and Mineral Deposits of Lincoln and Flathead Counties, Montana.  

State of Montana Bureau of Mines and Geology. Bulletin 79.  

 

Matthews, D. A., & Effler, S. W. (2006). Long-term changes in the areal hypolimnetic oxygen  

deficit (AHOD) of Onondaga Lake: Evidence of sediment feedback. Limnology and 

Oceanography, 51(1, Part 2: Eutrophication of Freshwater and Marine Ecosystems), 702-714.  

 

MFWP (Montana Department of Fish, Wildlife & Parks). 2012 Draft Environmental Assessment  

for an Extension of Experimental Lake Trout Removal Efforts in Swan Lake, Montana, May 

15, 2012. Montana Fish, Wildlife & Parks. Kalispell, MT.  

 

Northcote, T.G. 1991. Success, Problems, and Control of Introduced Mysid Populations in Lakes  

and Reservoirs. American Fisheries Society Symposium 9:5-16.  

 

NRIS. 2014. Retrieved from, http://nris.mt.gov/gis/.  

 

Nurnberg, G. K. (1995). Quantifying anoxia in lakes. Limnology and Oceanography, 40(6),  

1100-1111.  

 

PBS&J, 2005.  Flathead Basin Program- Quality Assurance Project Plan (QAPP). Prepared for  

Montana DEQ and Flathead Basin Commission. Project No. B15532.00. PBS&J, Missoula, 

MT.  

 

PBS&J, 2008. Swan Lake Watershed TMDL Implementation Program- Target Status  

Report. Prepared for Swan Ecosystem Center and Montana Department of Environmental 

Quality. Project No. B15530. Missoula, MT. 

 

Reller, M. (2012). Unpublished bathymetric data. Constellation Services, Helena, MT.  

 

http://cfpub.epa.gov/owm/septic/index.cfm
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/index.cfm


 

              
 

                          SSwwaann  LLaakkee  WWaatteerr  QQuuaalliittyy  IInnvveesstt iiggaatt iioonn  FFiinnaall  RReeppoorrtt                                                       33 
 

 

Rosenthal, L. 2011. Experimental Removal of Lake Trout in Swan Lake, Montana: 2010  

Annual Report. Prepared for the Swan Valley Bull Trout Working Group. Montana  

Fish, Wildlife & Parks. Kalispell, MT.  

 

Rosenthal, L. 2014. Personal Communication. Montana Fish, Wildlife & Parks. Kalispell, MT.  

 

Rumsey, S.R. 1985. Mysis relicta monitoring in Montana lakes. Federal Aid in Fish Restoration,  

Report F-7-R. Montana Department of Fish, Wildlife, and Parks. Kalispell, MT.  

 

Spencer, C. 1991. Evaluation of historical sediment deposition related to land use through  

analysis of lake sediments. Flathead Basin Forest Practices Water Quality and Fisheries 

Cooperative Program. Flathead Basin Commission, Kalispell, MT.  

 

Sugden, B. 2013. Personal Communication. Plum Creek Timber Company. Columbia Falls, MT.  

 

U.S. Geologic Survey. 2014. Retrieved from, http://waterdata.usgs.gov/mt/nwis/rt. 

 

White Horse Associates (WHA). 1996. Summary Ecological Classification, Swan River Basin,  

Montana. Prepared for Plum Creek Timber Company. White Horse Associates, Logan, Utah.  

 

Wetzel, Robert G. (2003). Limnology: Lake and river ecosystems. Third edition. The Quarterly  

Review of Biology, 78(3), 368-369.  

 

Witkind, I.J. 1978. Giant Glacial Grooves at the North End of the Mission Range, Northwest  

Montana. Journal Research, U.S. Geological Survey; Vol. 6, No. 4. P 425-433.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

              
 

                          SSwwaann  LLaakkee  WWaatteerr  QQuuaalliittyy  IInnvveesstt iiggaatt iioonn  FFiinnaall  RReeppoorrtt                                                       34 
 

 

GLOSSARY 
 

Allochthonous- Originating from outside the system (lake).  

 

Areal Hypolimnetic Oxygen Demand (AHOD)- The rate at which oxygen is consumed in the 

hypolimnion during the stratified period normalized for the ceiling of the hypolimnion. 

 

Benthic- Associated with the lake bottom.  

 

Chlorophyll ( a)- a primary pigment of photosynthesis in cyanobacteria and eukaryotic autotrophs; 

often used to indicate biomass; absorbs red and blue light.  

 

Diel- 24 hour day with a light-dark cycle (as opposed to a period of light). 

 

Dimictic- A lake that mixes twice a year.  

 

Dissolved Oxygen (DO)- Oxygen dissolved in water.  

 

Epilimnion - The surface layer of a stratified lake, above the metalimnion.  

 

Eutrophic (Eutrophication)- A very productive (nutrient rich) lake.  

 

Flushing Event- The flushing power of a stream or river during the peak in the hydrograph to 

transport sediment and materials downstream.  

 

Fluvial - Produced by action of a stream or river.  

 

Freshet- Most commonly used to describe a spring thaw resulting from snow and ice melt in rivers. 

 

Hypolimnion- The bottom layer of a stratified lake; below the metalimnion.  

 

Hypsography (Hypsographic Curve)- The mapping and measuring of elevations and contours.  

 

Impaired- A waterbody that does not meet designated beneficial uses. 

 

Limneti c (zone)- The limnetic zone is the well-lit, open surface waters in a lake, away from the shore. 

 

Lotic- Moving water such as a stream or river.  

 

Mesotropic- A moderately productive lake.  

 

Metalimnion- the intermediate zone in a stratified lake in which temperature change with depth is 

rapid; found below the epilimnion and above the hypolimnion.  

 

Morphology- Relating to physical structure (depth, shoreline length, shape) of a lake. 

 

Morphometry - The shape and size of lakes and their watersheds, or the shape and size of any object.  
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Non-point Source Pollution- Pollution discharged over a wide land area, which are carried to lakes 

and streams by surface runoff not from one specific location. 

 

Oligotrophic- A nutrient poor lake with relatively low primary production.  

 

Orthograde- A straight distribution as in a vertical oxygen or temperature profile. 

 

Peak Flow- The maximum instantaneous discharge of a stream or river at a given location. 

 

Thermocline- The plane in the metalimnion displaying the greatest temperature change with depth.  

 

Total Maximum Daily Load (TMDL) - The calculation of the maximum amount of a pollutant that a 

waterbody can receive and still safely meet water quality standards. 

 

Turbidity - The amount of suspended particles in water.  

 

Unithermal - A consistent temperature with depth.  

 

Volumetric Hypolimnetic Oxygen Demand (VHOD)- The rate at which oxygen is consumed in the 

hypolimnion during the stratified period calculated using volume data. 
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APPENDIX I 

 

(Peak Flow Information for the Swan River 1922-2013) 
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