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EXECUTIVE SUMMARY

At the request of the Swan Lakers and Kootenai Lodge Estla¢ed/htefish Lake Institute
conducted a water quality investigation Swan Lake from 201R2013.

This reportprovides a framework to displawater quality information collected during the
projectperiod and compasat to historical data where appable.Swan Lake appeared on the
Montana 303(d) list oimpairedwaterbodies in 1996 in response to low dissolved oxygen (DO)
concentrations and evidence thestdrical logging practices hawbntributed to increased

siltation. With revisions to the 303Jdist in 2002, the support condition was downgraded to
threatenedvith siltation listed as the probable cause for impairmi2BQ (2004) established

two Primary Water Quality Targetisased on direct measures or direct indicators of beneficial
uses within the lake and thr8econdary Targetsased on loading conditions or surrogates for
loading conditions within the watershed to track progress towards ensureficiztnse

support inthe lake.

Swan Lake is located between the Mission and Swan Ranges ataioelef 3,067 feetSwan
Lake drains the Swan River watershed which provides the majority flow takih€Butler et al.,
1995).The lake has a surface area of 3,276 acressandximum depth of 133 fe@wan Lake
has a mean depth of 16 meters (52.5 fegt)ch means it is neither particularly shallow, nor
particularly deep (Rawson, 1955; Sakamoto, 18@dDEQ, 2004).The Swan Lake hydraulic
residence time average is 70 détyelake empties about 5.3 times per yd2ujler et al.(1995).

Swan Lake igienerally characterized by excellent water quality, with levels of nutrients, primary
production, and chlorophylbj typical of an oligotrophic lake (low levels of nutrienputs and

low productivity). However, during late summer and early fall in the deepestopaints lake,

DO coneentrations decline tlow levels. Thigs particularly evident in the SoutheBin of the

lake, where DO concentrations as low as 0.1%atiréion have been recorded at the benthic
interface(PBS&J, 2008).

Major land uses in the Swan Valley include harvest of forestaadiland products (WHA,
1996).An historical sediment analysis for Swan L#Bpencer, 1991) associateeddiment
deposition inSwan Lake primarily due to forest harvest activities and road building.
Flooding as a natural disturbance activitggs speculated to flush previously accumulated
sediment from the watershed to the lake.

Eight sitesrepresenting a longitudinal profile tife lake wereynopticallysampled three times
per year (May/June, August and Octolfer)physicalparametersluring the study period. Two
of the eight sites; South Basin and North Basaneived additional water chemistry analysis.

This report provides datnd discussiofor Primary Targets Jand2. Primary Target Ifor

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

of Swan Lake and no increase in the spatial extent of the low DOlakite ( DEQ,. 2004 b)
This study found no obvious signs of benthic DO decline in the South Basin and an increased
generalrend of benthic DO concentrations in the North Basin suggpsverall thatPrimary

Target 1for Swan Lake is being achieved.

&2 Whitefish Lake

INSTITUTE Swan Lake Water Quality Investigation Final Report i



Primary Target Zor Swan Lake igino increasing &nd of nutrient and chlorophy(h)
concentrations, no increasing trophic state index trendsy@ddcreasing trend in Secclepdh
valuesin Swan lked0 ( D E Q,. Bagetidh thdtjophic state inde$wan Lake is best
described as an oligmesotrophic lake with an overall general improvement in water quality
since 2007 suggestirgyimary Target 4s being achieved.

Even with improving water quality, this project foutig continued existence of lewthan
expectedO in the South Basimhe low DO phenomenon in the South Basin has been a
concern among project giaers without resolution ocause and effect. The scope of this study
was limited to longerm trend monitoring and did not specificallyekedo identify the causal
source(s)

However, @ta 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 anthropogenigc factors
including; allochthonoudoading duringpeak fows, lake norphology the lake as a nutrient and
organic matterigk, in-lakebiochemical pocessesandfood web ¢gnamics

The Swan Lakers and project partners should consisienies of recommendations for further
targeted researdhat could ¢ad to a better understanding of peak flow dynaamchn-lake
cycling of nutrients. Iraddition, educational aridcentive programsand onthe-ground projects
should beconsidered by project partnecsfurther protect the water quality of Swan Lake.
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1.0 INTRODUCTION

1.1 Project Goal and Repo@bjective

The goal of thigproject wa to collectwater quality information oSwan Lake ogr a four year period
(20102013 as a resulbf a court settlement between Kootenai Lodge Estates and the Swan Lakers
The project was initiated in 2010 by a contract between Kootenai Lodge Eftatdsan Lakers ah
theWhitefish Lake Instituteln 2011and 2012the Swan Ecosystem Cenb&camea project partner
andthe scope of the projeekpandedo include a late fall sample date and additional water chemistry
analysis.

The objective of this report is toguide a framework to displgyroject datdor Swan Lakeand
compare it tdhistoricaldata where apjgable.An emphasis has been placed on comparing relevant
project datdo the Primary Targetdisted in theSwan LakéNatershed otal Maximum Daily Load
(TMDL) ProgramTarget Status RepofiPBS&J, 2008)

1.2 Background

Under section 303(d)f the Clean Water A@s administered by the UBhvironmental Protection

Agency (EPA) states, territories, and authorized tribes are required to develop lisisafedwaters.

These are waters that are too pollutedtberwise degraded to meeaterquality standardsThe law

requires that these jurisdictions establish priority rankings for waters on the lists and develop TMDLs
for these waterdA TMDL is a calculation of the maximum amount of a pollutant that a waterbody can
receive and still safg meet water quality standar(lSPA, 2014) Mont anads approach
TMDLs as one component of a comprehensive water quality restoration plan.

In response to low dissolved oxygen (DO) concentrations and evidenceéstbatal logging practices
hadcontributed to increased siltatioBywan Lake appeared on the Montana 303(dpfisthpaired
waterbodiesn 1996by Montana Department of Environmental Quality (DEQ)e probable caused
impairmentincluded siltation, organic enrichment, and dissolved oxy@éth revisions to the 303(d)
list in 2002, the support condition was downgradetthteatenedvith siltation listed as the probable
cause for impairmenOrganic Enrichment/DO was removed froine 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 ing consistent with the definition of settleable solids (DE@)4a).

The rationale citefor the 2002 listingn the Sufficient Credible Data/Beneficial Use Determination
files (DEQ, 2004) is as follows:

AData indicate t hasuppbredheMeverdheraisadosumentecar e bei |
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 (Il ate 180 théisclease adureed concarrertdly witthh at mu c h
largescale timber haest in the watershed sincethdd 6 06 s. Thi s i ncreased
sediment/nutrient/carbon load to the sedimemybe responsible for the oxygen

depletion noted in deeper basins. A more recent wiltis(et al. 1999 éfailed to

make a clear connection between land use and water quality, but thanstiagdied

that the complexitiesf this flood plain riverine system make such a correlation
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difficult. An increase in the noted oxygen depletions is tavi®ded in order to
mai ntain the | ake in its current oligotrophi

With the completion of thévater Quality Protection Plan and TMDiar the Swan Lak&Vatershed
(DEQ, 2004) the cause/pollutant categories associated with siltation, organchment, and low
levels of DOare treatedogether via the development of one protection strategy that addresses the
linkage between the parametefee TMDL also addresses turbidity and nutrient levels in the water
column of Swan Lake since these caiudis can contribute to excess loading of organic material to
lake sedimentslo track progress towards ensuring beneficial use support in the lake(2DED)
established tw@&rimary Water Quality Targetisased on direct measures or direct indicators of
beneficial uses within the lalend threeSecondary @rgetsbased on loading conditions or surrogates
for loading conditions witim the watershed.

Primary Target lis fino decreasing percent saturation of dissolved oxygen (DO) in the bottom waters
of SwanLake and no increase in the spatial extent of the low DO area in theBakeary Target 2s

fino increasing trend of nutrient and chlorophg)l ¢oncentrations, no increasing trophic state index
trends, and no decreasiBgcchi depth values in Swan leakSecondary Target it fino increasing

trend in phosphorus, nitrogen, TSS and organic carbon loads associated with human impacts entering
Swan Lake from the Swan RiveSecondary Target 8 fithe application of Montana Adapted
ForestryBest ManagementrBctices BMPS) at stream crossings and near stream road segments.
Secondary Target Bcludesfino reductions in overall average riparian canopy density and no

increases in the spatial extent of the riparian zone in which canopy density is les$thbase@l on a
comparison to a 1997 aerial photo assessinent DE @h). 200

When a TMDL is completediontana relies on a nemegulatory approach to address nonpoint source
poll ution. Land manager s andvoludaryprograma reasanabker e e |
land, soil and water conservation practices that result in meeting water qualigrdsafidEQ,

2014).

In 2004, aWater Quality Techical Advisory Group (TAG) formed tprioritize implementation of

water quality monitoring and watershesstoration recommendations from the Water Quality

Protection Plan and TMDLs for the Swan Lake Watershed (DEQ b20Dde TAG has focused on

three main goals; reduce sedimentation from roads, monitor water quality, and provide education on
water quality tpics. The TAG is comprised of representatives fr@wan LakersSwan Ecosystem

Center, Northwest Connections, Flathead National Forest, Friends of th&WéigMissoula 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 Consanva

In 2008, the Swan Lake Watershed TMDL Implementation Progfamyet Status RepofPBS&J,

2008) summarizegdast work, presented recommendations for future TMDL implementation strategies,
and assisted DEQ in evaluating the success in achiewmipgictives of the Swan TMDL through the
analysis othe Primary and Secondary Targets

This reportprovides longterm trend data for Swan Lake and a paRi@nary Targes evaluation.
This report als@rovides a discussion dhe low DO phenomendioundin the South Basibased on
project dataandinformationfrom previous studies.
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1.3 Project Areaand Natural History

1.31 Geologic History
The Swan Valleyn Northwest Montanavas created in response to block faulting, with the upthrust
fault scarpforming the steep Swan Range and the dip slope forming the Mission Range along the west
side of the valley (WHA, 1996Both rarges are Precambrian formations of the Belt series, which are
characterized by minimal dissolution and release of ions duedth@rng 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 sefié®e Helena formation
dominates the headwaters, egtLindbergh, andlacial deposits dominate tkalley bottom (Ellis et
al., 1995).

During the Bull Lake ice age whigieaked roughly 100,000 y.b,phe northern end of the Mission

Range split the Cordilleran ice sheet that moved south from BritishmBa, sending one lobe of the
glacier through the Swan Vallepl and Hyndman, 1986After 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 theapine 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 gla@en dnesSwan

and Mission mountains and flowed north to meet the south flowing Cordilleran ice sheet near Bigfork
(Johns, 1970; Witkindl978).The Mid Pinedale (70,0085,000 y.b.p) glacial advance was followed

by a period of fluvial transport and masssiwag. The Late Pinedale (16,0Q@,000 y.b.p) glacial

advance was followed byHiilling from glacial outwash, thus thickening the alluvium (Anderson,

1992).

1.32 Swan LakéNatershed
The Swan Lakevatersheds appoximately 410,000 acremnd has a stream network of nearly 1,300
miles (Figure 1) (PBS&J, 2008)1t is located in parts of Missoula, Lake and Flathead counties.
According to WHA (1996) mnual precipitation ranges from 20 to 30 inches at lower elevations in the
Swan Valley to 80nches along the higist mountain crest¥he Swan Lake Watershed is within the
Northern Rocky Mounia Ecoregiorncharacterized as high mountains with cedar/hemlock/pine,
western spruce/fir, grand fir/Doughiis and Dougladir potential vegetatiolfWHA, 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 comsohi@endon,
Salmon PrairieSwan Lake Ferndale and Bigfork.and ownership is compised mainly ofa sqare

mile checkerboard pattern includitite Flathead National Fore8ontana State School Trust Land
managed by the Department of Natural Resources and Conservation (Divid @)yivate

In 201Q acooperative effd among many organizatioted to the acquisition of about 66,000 acres of
formerPlum Creek Timber Gapanylands in the Swan Valley as part of the 310;86€ Montana
Legacy Project. These lands were acquired temporariljhieyNature ConservanandThe Trust for

Public Landand then passed on to thkathead National Forest theMontana Department of Natural
Resources and Conservatidine goal of the Montana Legacy Project in western Montana is to protect
working forest lands, wildlife habitat amaiblic access

&2 Whitefish Lake
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Flure 1. SNan Lake Watershed Land Ownershl and Swan Lake Samle Sites.
Whitefish Lake

INSTITUTE

= \U 'K‘A
| 5u\i(

L
-

Swan Lake Watershed

"".:-
» T
o

B US Fish and Wildife Servics (FWS) |
S Pt S USTS)

Whitefish Lake
INSTITUTE Swvan Lake Water Quality Investigation Final Report




1.33 Swan Lake Figure 2. Swan Lake Bathymetric Map and Sample Sites.
Swan Lake is located between the =

Mission and Swan Ranges at arnval&on
of 3,067feet Swan Lake drains the Swan
River watershed which provides the
majority flow to the lake (Butleet. al,
1995).Sixmile Creek and Spring Creek
are also perennial streams on the east
shore.From the west shoréyo small
tributaries Bug Creek and Wyman Creek
enter the Ike directly. Threesmall
seasonaributaries Hall Creek, Groom
Creek and Bond Creeadnter the lake on
the east shore.

LEGEND
8- North Lake/River

Swan Lake is long and narrow,dgented

7 - North Basin

on a SENW axis (Butler et al. 1995and - Bug Creek
has a surface area of 3,276 acres and a Pecaiuen
maximum depth of 133 fedtigure 2 S e
shows the lake bathymetry and sample 1- Bay South

sites. The lakéas a mean depth of 16
meters (52.5 feetwhich means it is
neither particularly shallow, nor
particularly deep (Rawson, 1955;

Sakamoto, 1966 MDEQ, 2004). The : ) .
hypsograpic curve for the lake (Figur®) Base layer bathymetric map courtesy of Constellation Servict

shows the plane separating equal volum used by permission of Mark e, Copyright Protected 2004
in the water columat a 10meter(32.81 2014, as modified by WLI to include sample sites.

ft.) depth. The Swan Lake hydraulic

residence time average is 70 daye (ake empties about 5.3 times per yd2ujler et al.(1995)

Figure 3. Swan LakeHypsographic Curve.

Lake Volume (millions of cubic meters)

0 100 200 300
0
-10
E -20
§ -30 == Swan (all)
-40 == Swan (South)
== Swan (North)

Data from Sugden (2013).
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As reported by PBS&J (2008), Swan Lakg&nerally characterized by excellent water quality, with
levels of nutrients, primary production, and chlorophg}litypical of an oligotrophic lake (low levels
of nutrient inputs and low productivity). However, during late summer and early fall in the tleepes
parts of the lake, D@oneantrations decline tw levels. Thigs particularly evident in the South
Basin of the lake, where DO concentrations as low as 0f4turation have been recorded at the

benthic interface.

The weather pattern around Swan Lake appears to follow a typical dailyMycten Elrad (1902),
founder of the Flathead Lake Biological Staticeported on the weather pattern while the Biological

Station was still located in Bigfork Bay. Typicalthhe wind come a northerly directiowery

strongly in the earlynorning hourscalmng at midday andoftenreversing mieafternoon taa south
directed flow In the evening the air flow can reversgainas theeast face of the Missions cools and

the colder air sinks pushing air currents northward again.r o d

0s

weat her

consistent with anecdotal accounts from loimge residerg ofthe Swan Lakecommunity

pattern

Swan Lake also consistently freezes in the wiaecdotal accounts from lortgne residents of the
Swan Lake community indicate that the lake has frozen for at least the past fortyl rearerth end

of the lake wheret itransitions to a lotic systers an exception and usually freezes and thaws several
times over the winter due to shallow water, a detectable current and underground Sppicgdly,

the lake freezes shortly before Christmas and becomes ice freectivad or third week of April
equating to approximateli10 Julien Daysr 30% of the calendar year. Ice duration on Swan Lake is

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

Whitefish Lake periodically exgriences ice free winters.

1.34 Swan RivelStreamflow (19222013)

Annual Swan River peastreamflow data sice 1922 can be found in Figuravith an averag

decadal peak found in Figure/Additional figures depicting roughly decadal time periods can be
found in Appendix IThe last significanflushing event occurred in 1898,520cfs). There have been
five flow events; 1933, 1948, 1964, 1974, 198an= every 18.8 years for study periedyeeding
8,000 cfs The highest flow recorded was 8,896 in 1974. The two most recent decades; 13310

and 200312010 represent the lowest average peak timeharge.

Figure 4. USGS' Peak Streamflow for the Swan River(19222013).

USGS 12370000 Swan River near Bigfork, MT
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Figure 5. Average Decadal Peak Streamflow for the Swan River.
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Graph created frordSGSdata, USGSvebsite, 2014.

1.35 Land Use

1.3.5.1ErosionRelated
The Swan Lakevateshed has been subject to varitarsd use presses.Major land uses include
harvest of forest and woodland products (WHA, 198@gencer (1991) conducted a sediment analysis
for Swan Lake fothe preceding 120 years and correthsedimatation rates tonajor land use during
the time periodassummarized below:

fiThe 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 basingDuri

the first two decades of the 1900s, the sedimentation rate increased slightly
(19mg/cm2/yr) coinciding with homesteading, the 1910 and 191 %ficcearly timber
harvest activities. The mean lake sedimentation rate increased (33.4mg/cm2/yr) from
1920 b 1933 from timber harvest and construction of the road along Swan Lake. The
sedimentation rate declined in the mid 1930s to-19d0s (27mg/cm2/yr) corresponding

to low levels of timber harvest in the Swan Lake basin. From 1946 to 1957 the mean
sedimentate 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
(838mg/cm2/yr) froml957 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, somedadhidegher

than background ras estimated from the late 180Ds.

Spencer (1991poked 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 depositeth stream channels. Spencer apeculated that the lack of large flushing flows
in recentyears[prior to the report publication] may have resulted in substantial accumul&tion o

= Whitefish Loke
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sediments in the river systemiveén the low gradient, depositional areahe river immediately above
Swan Lakesubsequent flushing flows could carry large quantities of previously eroded material
entrained in the riveto the lake.

Figures 4 and Show that peak stream flows have, on average, further deceasedhe Sencer

(1991) reportSugden (2013providedsubstantiation tthe flushing flow hypothesis through

correlation between the Spencer (1991) depositional rates and the highest recorded discharge for given
time perials, with datdound in Tablel anddepictal 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 followife correlation ofadimentation rate to peak

flow would alsobenefit from additionatediment core analysis (192lrren).

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

Time Period Mean Sedimentation Highest Recorded
Rate (Spencer, 1991) | Discharge During Period

(CES)*
19221933 2.1 8,280
19341946 1.7 6,180
19471957 2.3 8,400
19581972 2.4 8,100
19731990 3.2 8,890
1991-2000 Unknown 8,520
20012010 Unknown 6,170
20112013 Unknown 6,710

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

Figure 6. Correlation Between Peak Flowand Swan Lake Sedimentation Rates.
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P=0.099, f= 0.65 As modified from Sugden (2013).
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1.3.5.2 Septic Systems
Curtis and Koopal (2012) regedthat nodern septic systems can be eei$ective options for
wastewater treatment; howeymoor septic performance or even system failure can arise from a
number of scenarios, includimgproper initial system design, impermeability of soil, improper soil
draingye class, improper vertical distance between the absorption field and the water table, and
improper slope. For instance, an absorption field must be located belowshknt, 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, po#diytiransporting 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 caoun. Even when properly installed and maintained,
septic systembBave a finite life expectan¥ePA, 201). 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&drs, 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 werover 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 lotgrm chronic nutrient, pollutant and bacterial loading to lakes.

Bacterig degradable organic compounds, synthetic detergents, and chlorides can enter and contaminate
water and can increasatrophicationof lakes(Curtis and Koopal, 2012)

Septic tank density around Swan Lake has increased in thevpasy yyears (Table 2nal Figure7)

based on data frothe National Resource Information SysteddiR(S) (2014). Septic tank density

from NRIS uses conversion rate supplied by DEQatassumeson average, there are 2.5 persons per
installed tank. Three hazard levels were thpplied;

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 Lakg19902010)

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 ftotal 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 fabiat many of the septic systeemuld be 25+ years old provide

concern for shoreline nutrient loading.
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Figure 7. Septic Tank Density around Swan Lake (199Q010).
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Graphs created from NRIS (2014) data.

1.36 SwanlLake Food Web

According toMontana Department of Fish, Wildlife & ParkswWP) (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¢sglpin, northern pikeminnow, peamouth, longnose sucker, and
largescale sucker comprise the native fish species in the basin. Nonnatipefigs present in the

system includelake trout, rainbow trout, kokanee salmon, brook trout, northern pike, yp#osh,

brook stickleback, central mudminnow, and pumpkinseed.

Bull trout are listed as threatenedspecies under the federal Endared Species AcAccording to
Rosenthal (2011), the Swan Valley has historically been home to a stable, healthyibull tro
population. However, in 1998 anglers began to occasionally catch adult siz&@d i(&h) lake trout

from Swan Lake and the Swan Riviis suspected lake trout either ascended the Bigfork Dam fish
ladder prior tats closure in 1993, or they weredtially introduced into Swan Lakélild reproduction

is occurring as evidenced byngler catch in addition WP gill net survey efforts. FWP (2102)
concludel that lake trout establishment is a growing threat to the bull trout populations in Swan Lake,

the Swan River system, and inteonnected Lindbergh and Holland Lakes upstream.

In 1968 and 1973\lysisshrimp(Mysis diluviang were transplanted fronvaterton Lake, Alberta, to
Whitefish Lake, Ashley Lake, and Swan LakéMontanawhere they were expectéal provide a food
source for benthifeeding fishes such as lake trout, and for gelptanktivores such as kokanee
salmon(Beattie and Clancey, 199 Nlysisshrimpbecame established (detectable) through sampling
methods irSwan Lake in 198(Rumsey, 185).

Once establishedflysiss hr i mp

have the ability to

significar

mysid introductions in lakes may set up complex interactions with several processes that advance
eutrophication (Northcote, 1991). Mysids ynmaause 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 neasurface waters stimulating phytoplankton productivity through their excretions
(Madeira et al. 1982; Seale and Boraas 1982); or by feeding on diatoms and diatom fragmentation
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adding significant amounts of dissolved organic carbon wikithen available to bacterial and algal
consumption (Sierszen and Brooks, 1982).

FWP sampledlysisshrimp attwo locationson Swan Lake whichlosely correspontb the North and
South Basiwater qualitysample sites (Rosenthal pers. con2014).Figure 8 depicts average (both
sites)Mysisshrimp concentrations for Swan Lake.

Figure 8. Swan LakeMysis Shrimp Density (19832013).
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From Raenthal (FWPR014unpublished data.

Abundant predators or competitive planktivores, or both, are conspigatsent in lakes where
Mysisshrimp and kokanee populations coexist. Kokanees thrive in Swan Lake and Ashley Lake, where
they are the only planktivorous species in thenktic zone (Rumsey, 198Hlysisshrimpdensity in

both these lakes exceeds that found in Flathead Lake (Beattie and ClanceyHa@@ler lake trout

are notorious for rapidly expanding and dominating fish communities in lake8Mstisshrimp, at

the expense of kokanee salmon and nativettmut. This concern has prompted FWP to initiate a

targeted giHnetting removal project and to research other comethods on Swan Lak€ase

histories from nearby waters indicddag-term management alternatives for timereasing lake trout
populdion are necessary in order to maintain the bull trout and kokanee fisheries.

2.0 Water Quality Targets

PBS&J (2008) reported thabsed orthe results opastdata collection efirts forthe Swan TMDL, the
Swan Basin appears to be recovering from past water quality imNaetsithelesshe reporstatel
thatserious threats to water quality and beneficial use support remain throughout the basin and are
likely to increase as land in tisavan Valley is converted from timbproduction to residential use.

This threat s been reduced recently by the Montana Legacy Project as discuSsetlan 1.®f this
report.

According to the conclusions of tNéater Quality Protection Plan and TMBfor the Swan Lake
WatershedDEQ 2004) Swan Lake appears to be predisposed to DO problems by its own
morphometryThis situation appears to have been exacerbated by excessive loading of particulate
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organic carbon (POQGPEQ 2004) Although POC source &aling has decreased icent decades,
DO levels in Swan Lake have remained near z¢tbe benthic interfagsuggesting that DO recovery
has not been concurrent with pollutant source reduction in the watershed. The cause and effect
relationships betwegpollutant loading, lake morphometry, and DO levels within the lake remain
poorly understoodBecause thstatus of the lakes threatenednotimpaired it wasdetermined that
particdate organic carbon or nutrielmading did not need to decrease from current |eED&® (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 Flatheadthak&sarEcosystem

Center (SEC) tookhe lead in implementing the monitoring plan recommended in the TWBIS&J,
2008).The scope of this study wasiited to direct measurements in Swarkéandpartially
addresssbothPrimary 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 }he rationale for this TMDL target is as follows:
This taiget addresses the primary reason for the listing of Swan Lake as a threatened
waterbody on Montanads 303(d) Ilist. I n spit:
be unusual, it must be monitored for a period of time to ensure that conditionstare
becoming worse due to human activitieseée

For Primary Target 1 project data is relevant to DO (percent saturation) at the benthic interface of
Swan Lake at two lonrterm monitoring locationéSouth Basin and North Basiahd is compared to
historical cata hereinHoweve, the limited number acdamplelocations for this project precludes an
analysis of the spatial extent of low DO for the entire lake which is a componentRyfriteary Target

1 analysis.

Given the right conditions, low benthic intecéaDO levels can release phosphorus stiordae

sediments via a reductigmocess. 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 sadfm@n 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 Tawdhal 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 repoanalyzes th&olumetric Hypolimnetic Oxygen Demand (VHOD), or the
rate at which oxgen is consumed in the hypolimnidaring the stratified period&/HOD takes into
account the shape of the lakelow the ceiling of the hypolimnigtased on the availability of
bathymetric data, and provides a more accurate adgogwitDO consumpbn than AHOD VHOD

can providesupporting information fothe analysis oboth Primary Targetl 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:
Meetingthis target will prevent or minimize algae blooms within the lake and therefore provide
protection for coldwater fish and aquatic life beneficial uses, and will further avoid potential
POC loading associated with increased algal growth. It will also mtdeke 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 comparedhistorical data where applicable and is
presented herein. However, the type of parameters collected, data collection protocols and analytical
techniqeshawe varied throughout pastudies Where possiblehe historic datasicompared to the

project cta in support oPrimary Target Zanalysis.

3.0 METHODOLOGY

3.1 Water Quality Samples

The project methodology follows objectives identified in the Swan Lalarsh 31, 2010Request for
Proposal as responded to by WLIApril 9,2010whichincorporates the Flathead Basin Program
Quiality Assurance Project Plan (PBS&005)and is summarized below.

In 201Q three (3) dates were sampled in May, June, and Augostll three sample dates, eight (8)
sites weresynopticallysampled for phyisal parameters. e sample sites compriséomgitudinal
representation of the lake fratmewetland interface at the southern end of the lake,thaSwan
River inlet, and extendinp the northern end of the lakethé Swan River outlet (Tab& Figures 1
and 3. The South Basin and North Basin sjteachocated indiscretedeep basins of the lakare
considered longerm historical water quality collecticites

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 Basame historic sample sites

At each sample site, a Hydrolab DS5 Sonde was deployed to collect the followangepens at
roughly 1 meter incremesitdepth, dissolved oxygen @&i), dissolved oxygen (mgjl-pH, total
dissolvedsolids (TDS), specific conductan(®PC) oxidation reduction potential (ORP),
photosynthetically active radiation (PAR){@itu and atmospheric), saiiy, resistivity, and
chlorophyll @) (fluorescencegoncentrations. In addition, at each sample aiteecchi disc depth
measurement was recordddurbidity values were obtained at discretetigpusing a Hach portable
2100 Turbidimeter.

At the South Basin and North Basin siteaséd on field interpretation of the temperatureileahe
lake was eitar determined to b&tratified with a defined epilimnion, metalimnion and hypolimnion, or
mixed. When the lake was stratified, water chemistry s(ti¢al phosphorus, soluble reactive
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phosphorusatal nitrogentotal organic carbon, dissolved organichom, and total dissolved solids)
were collectedt the midpoint of each stratified layer using a Van Dorn vertical water sampler. In
addition, an integrated-80m sample was taken from a compilation of discrete samples from the
surface, 5m,10m, 15m, 20@5m and 30m that were compostedi anixed in a sampling carbolyor
sample datewhen the lake was mixewater chemistry samples were collected at a 1/3 and 2/3 depth
of the water column in addition to the30m integrated sample.

Chlorophyll @) sampés were collected at the mmbint 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 @) samples were vacuum pumped below 9.0 inches of mercurpaalass fiber filter,

placed in a sample vial and immediately wrapped in aluminum foil and placed on dry ice. Starting in
2011, chlorophyll &) samples were not field prepared but radmaberglass bottles were immediately
wrapped in aluminum foil and sedirectly to the laboratory for processing and analymorophyll

(a) samples collected from prior studies were obtained from an integra@ueh @ample.

From 20112012, as part of the Swan Ecosystem Center contract, an additional sample date was
included in midOctober to characterizee maximum extent 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 chemsstite (sulfate, dissolvedan, and
dissolved manganese) describethe possiblemobility or release rates of phosphorus stored in the
sediments via a reducing processinganoxicevents

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 intkéeter analysis.

3.2 VHOD Calculation

AHOD and VHODrepresenthe rate at which oxygen is consumed in the hypolimdimmg the
stratified periodOnce 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
consumedht a typically linear rate during summer and earliatil the lake mixes agaidue 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 periodthe resulting value is th@HOD in DO (mg/L) per square meter. Howevey, b

using the surface area of the ceiling of the hypolimnion to normalize the rate, the true average rate of
degdetion might not be represented sake volume changes at depth.

A volumetric approachor VHOD, has ofte beenused in conjunctiowith AHOD. Rather than using
the surface area of the hypolimnetic ceiling for all deptiesyalues of the volumetric hypolimnetic
oxygen depletion rate are weighted respectively for each layer of the hypolimnion aratcoliynt

for the total volume per vertical layer of the lake used in the calcul@athymetric and volume data
from Sugden (2013) was usdtherate ofoxygendepletionvaries throughout theater column in the
hypolimnion,especially near the water asédiment iterface(Cornett & Rigler, 1987; Nurnberg,
1995) For this study, VHOD was calculated for discrete lay&ss19m, 2024m, 2529m, and >29m
with the totaled valuéor all layersincluded in this report.
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All sample datesisedfor VHOD calculatons fell within the windowwhen oxygen levels begin to
decline inthe hypolimnion below the depth of 15 metergamly summer andontinue through the
fall, before the lake mixes and becomes uniform and oxygentsss the hypolimnion.

General prametersised to determine data inclusitmm any particular yeanclude: 1) start date of
June 1 for stratification, 2) end date Sepber30 due to DOntrusion into upper hypolimnion, and 3)
a minimum of 40 days measured within the start and endadémdar window to qualify.

The average DO value (g wasdetermined for each of the four hypolimnetic laysrsording to
specific sampling dates. This allowed the calculation of an overall quantity of DO (kg) per layer of
water for each sample datehd difference in total oxygen of all the layers from the beginning of
oxygen depletion until just before there was a rise in oxygignifying mixing) for each layewas
calculated per cubic meterh& value washendivided by the volume of water presaémthat layer to
get of DO(mg) per cubic meter. This value was then divided by the number of days between
observabns to get a final value @O (mg) per meter cubed per day for each layer. Neath layer

of the hypolimnion was weighted by dividing ¥olume by the totarolume of the hypolimnion. &h
VHOD value per layer wakhenmultiplied by its respective percent of the total. These values were
then tdaled in order to come up with the VHOD.

3.3 Statistical Interpretation

Theprobability value g-value) and the coefficient of determinati@f) were used tinterpretthe
significance of trend data mpplicablefigures in this reportData werencorporated into NCS'S
Statistical Softwaréhat provided output results describithg relationship étween the independent
and dependent variables. A Nal NeutralHypothesis i) or an Alternate Hypothesigi{) was
determined for thé&rend in the serielsased on;

If p> 0.1 therHycannot be rejected (a trend is not detected)
If p<0.1then rejedtdpand accept, (a trend is detected)

The significance of thp value was based dhe following thresholds

No trendwas considered fgr= >0.1, or no presumption against the neutral hypothesis

Atrendwas considered fgg= >0.05< 0.1, or apresumption against the neutral hypothesis

A strongtrendwas considered fqr= >0.01 < 0.05 or a strong presumption against the neutral hypothesis
Averystrong trendvas considered fgr= <0.01, or a very strong presumption against the neutrpbthesis

Ther? valueprovides a measure of how well observed outcomes are replicated by the linear regression,
as the proportion of total variation of outcomes explained by the regressichvalue near 0

represents a poor relationship of the data points to the regression wherfeaswnaf 1 represents an

exact relationship between ttata points to the regression.

4.0 RESULTS

Where applicable, project data have been comparedtricalSwan Lakestudiesand comparetb
TMDL Primary Targetsaasfound below.Project data havieeen summarized in this section with
selectedaw data and initial summaries found in the Appendides.n u a | Carl sondés Tro
Index (TSI) calculatios arefound in Appendix Il. Project vater chemistry datiiom 20102013are
found in Appendix ll. ProjectHydrolabprofilesarefound in Appendix IV For the South &sin and
North Basin sitesilydrolab parameter@emperature, DO, conductivity, oxidam reduction potential,
pH, photosynthetically active radiatiight extinction, and chlorophyli) (fluorescenceare
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presentedin addition, a profile for turbidity was generat&ar all other sites, onlifemperatee and

DO profilesare 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 satial extent of the low DOn the lake.

Figures 9 and 10 displdyenthic interfac®O values at th&outh Basin and Nth Basinas compared

to historicaldata.PBS&J (2008)eported thathe 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 &eptember Zito fall turnover for sample dates that qualify for lelegm

trend analysisand that calendar windowas followed by this study

Figure 9. Minimum Dissolved Oxygen Concentrations (mg/l} in the North and
South Basins of Swan Lake 19902013
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Figure 10. Minimum Dissolved Oxygen Concentrations (% Sturation) in the
North and South Basins of Swan Lake, 2002013
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Figures 11 and 1@efct VHOD for the South Basin and North Bas$ar years with qualified data
since 1990Hypolimnetic DOconsumptiorrates have increased in a generally progressive fashion
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since 1990 at both locationsoweverthedata is not statistically significarAHOD andVHOD can
beuseful diagnostic tosl however, the relatively weaker stratificatipattern for th&outh Basin
makesthe VHOD calculation inherently difficult. e 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 1992013).
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Figure 12 Volumetric Hypolimn etic Oxygen Demand (NorthBasin 1991:2013).
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Staus of Primary Target 1
The North Basin shows a range of DO cortiions from a low of 2.4&g/L in 2004 to a high of 5.2
mg/L in 1996.Data indicate an overall improving trend for North Basin since 280%at)buta
reduwction in benthic DO levels 2013.The South Basin displays much lower DO values with a range
from a low of 0.07 md/ in 1992to a high of 1.42 mg/in 1999. No trend is apparent, but DO
concentrations in the South Basin, which was the main area of concern in the TMédsim
obvious signs of decline.

The scope of this study did not include enough sampletsitasalyzehe status of the spatial extent of
the low DO area in the laki& addition,longterm trends in the VHOD rate offer ancillary but
statistically inconclusive information in assisting the evaluatidArohary Targetl.

No obvious signs of benthic DO déaé in the South Basin and an increased genetiand of
benthic DO concentrations ithe North Basin suggedhat Primary Target 1 for Swan Lake is being
achieved.

4.2 Primary Target 2
No increasing trend ohutrient and chlorophyll (&) concentrationsno increasing trophic state
index trends, and no decreasing trend in Secchi Depth values in Swan Lake.

Figures 13 and 1display theTSI by year ad parameter for thSouth Basin and North BasiSome of
the historical data is missing and is noted. The yearly TSI calculations fronr22084an be found in
AppendixIl. A TSI value of less than 40 indicates an oligotrophic (nutrient poor) lake; while a value
between 40 and 60 indicates a mesotrofmoderately enrich@dake; values above 6Adicate a
eutrophic (nutrient rich) lake.

Figure 13 Car | sonds TnmdexpforiSauth Basia, 20942013
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Figurel4. Car | son0s TnndexpforiNarth Basia 20642013

Swan Lake (North Basin)
Carlson's Trophic State Index (TSI)

70

A Carlson's TSI (Total)
A\ Chlorophyll (a)
O Secchi Depth
Total Persulfate Nitrogen
O Total Phosphorus

60 — Eutrophic

50

PaN
PaN Mesotrophic

a0

30 —

20 Oligotrophic
= o
10
o T T T T T T T T
2004 2007 2008 2009 2010 2011 2012 2013
Year
*Not al | of the available Carl sonbés TSI variabl es were c

Figure 15displays the range and median Secchi disc depths at seven of the eight samepites|trati
Swan Lake from 2022013 The eighth site (North Lake/River) is too shallow for a Secchi disc
reading.Sechi values for all sites showonsistent increasing watelarity through the study period.
The only variance is a decrease in water clarity at the Rock House and North Basin sitesnhi@®11
corresponds to the highest recorded peak flow for the study period

Figure 15 201082013Swan Lake Secchi Disc Depis.
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Nutrient concentratiovalues can be found in Appendix Hnd are discussed 8ection 4 of this
report.Chlorophyll @) (laboratory valuedlata camalsobe found in Appendix 11l andhtorophyll (a)
(fluorescence) data from 208013 can be found in AppendX with discussion irBection 4.3

Status of Primary Target 2
TSI values show Swan Lake within the oligotrophassification for Secchi disttal phosphorus
and total nitrogenChlorophyll @) values from 2007, 2008 and 2010 fall within the mesotrophic range
with 2009 and 2012013 in the oligotrophic rangblutrient analysisgection 4.%showssome intra
annual and inteannual trendsncluding correlation to peak flows frorhé Swan RiverSecai disc
values shova trend in transparency for the project period.

Analysis ofPrimary Target Zhould be exercised with caution considetimg temporal extent of the
study.A status determination for nutrients and chlorophg)li§ inherently difficult based upahe
scope and dynamics of watershed inpatsl than-situ bic-assimilation and cycling of nutrientsor
example, pytoplankton bloorfs) are variable primarily due to the timing of surface heating and
allochthonoudoadng each yearTSI parameters have been averaged for the entire year.

Based on the TSI, Swan Lake Imestdescriled as an oligemesotrophidake with an overallgeneral
improvement in water quality since007suggestingPrimary Target 2 is being achieved.

4.3 PhysicalLimnology

Charts depicting the physical limnology of Swan Lake can be found in Appefdimperature and
dissolved oxygen results for allest are discussed belowth@rphysicalparameters are only discussed
for the longterm monitoring sitesSouth Basin and North Bagin

4.3.1 Temperaturerad 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 erabverlying colder wateAt that time,
oxygen consumption begins in the hypolimniom doi respiration of decomposeBy October, the
lake was close to mixing (lake tuaver) with hypolimnetic dissolved oxygen concentrations at 30
40% saturation. Butteet al. (1995) documented dissolved oxygen concentrations reaching a minimum
of 20% saturatioprior tofall mixing in Novembemhen the lake became unithermButler et al,
(1995) also documentedreverse stratification in thake duringwinter montts when colder water
overlayed warmer watevhich persistedintil the spring mixing event.

In the South Basin, the pattern of seadt@emperature stratificattowas similar, but less intengean

the North Basin due to the fluvial current from the S\Rarer. 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
concentrationsdiling as low as 4.7% saturation and 0.52mg/L in October of Ritler et al. (1995)
reportedd.1% saturation in October 1992.

The southern bays (Bay East, Bay West and Bay South) also show a weaker temperature stratification
patten. These shallowerdys are most likelinfluenced by windy or windless conditioasd diel

conditions thatlefinethe strength o$tratification on any given day. The lowest recorded hypolimnetic
dissolved oxygen value for these three sites1686 saturation, 1.72mg/L at Gt Bayin October

2012.
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Rock Hause and Bug Creek represersthallow portion of the lake between the South Basin and North
Basin. Bug Creeknearer the North Basiigshows a slightly stronger stratification pattern than Rock
House(nearer the South Basiahd both are probably influenced by windy or windless condiaoas

diel cycles For both sites there is a consistent, near orthograde dissolved oxygen profile indicating
well mixed conditionsn the water columthroughout the y&r. Temperature data shows that these two
sites are théirst to evenly mix irfall due to the shallower depths aexternal energy forces frolang
wind fetch distances.

4.3.2 Water Clarity
Section 4.2 describes the water clarity results from Secebindéaurements which shoan increase
in water clarity for the study perioth addition, he specific light wavelength used by chlorophyll was
measured by photosynthetic active radiation (PAR) sensors (both atmospheriksamptondetermine
light extinction. Chlorophyll can utilize PAR to a 1Bght extinctioncompensation point wbi is the
threshold for respiratiorPAR for both the South Basin and North Basin show a seasonal trend of
decreased water clarity duringetspring freshet wheaailochthorousloading from the Swan River
enters the lakeand greater water clarity latertime stratifiedseasonHowever, 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 blom in the lakeThe highest water clarity represented by the 1% compensation point
for the South Bsin generally ranged from 12m compared to the North Basin at12m.The PAR
results corrkate with themeanSecchi findings where thdorth Basin showa slightly betterwater
clarity compared to the South Basin.

4.3.3 Fluorescence
Fluorescence provides a field estimate of the distribution of primary prodatgas] with the depth
of maximum fluorescence generally associated with the depth of mexprinary production (Butler
et al, 1995).The scope of this study did not provide enough sample dates during the spring freshet to
fully documentvariability duringpeak primary productivity

A seasondlluorometrictrend is shown at both sitéis May wherea peakis seen duringhe spring
freshet A secondarylower concentration peadccurred in August an@ctober which is consistent

with chlorophyll @) (mg/L). Butler et al. (1995) showed seasonal algal maxima toward the end of
spring runoff when biavailable 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 fluoreseakagerpbably signifying

another type of green algae bloom. Butler et al. (1995) found absent or low concentrations of blue
green algae in SwialLake. Blue green algae chloom later in the stratified season given the right
conditions of warmer surface tesmature and windless conditions.

4.3.4 Turbidity
Turbidity makes watdr cloudy or opaqud.urbidity andTotal Suspendeddlids (TSS) cacentrations
indicate the amount of solids suspended in the waitdyding soil particles and organic matterg.,
algae). Trbidity 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 turbidy, light extinction andTotal Suspended SedimefiSs in the South Basin
as compred to the North Basin proviéeidence that the South Basiarvesas a sink for
allochthonousnaterial.
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4.3.5 pH
pH is a measure of the molar concentration of hydrages in water and is commonly referrecato

acidity or basicity of the wateEllwood 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 matcules to simpler end products. Dissolved carbon dioxide formsrgaracid, decreasing

pH levels. Swan Lake is considered basic or alkaktending from the epilimnion into the upper
hypolimnion, lowever, at depth the lake often reaches a neutral otraten.

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 pattereastd
conductivity atdepth Organics fromhumic matter adsorbs to electrolytes and precipitate to the lake
bottom, causing an increageconductivity and ion density.he spring freshet prides ion dilutionn
the epilimnionwith thefluvial plumespreading laterally acrosise thermoclinavhich serves as a
density barrier during stratificatiomhe exceptionio increased conductivity at depghthe South
Basinwhich shows a decreasedanductivity in the miehypolimnion in October at the time of
destabilization of the uppevater column prior to fall turover.

4.3.7 Oxidation Reduction Potential
The Oxdation Reduction Potential (ORP), edox is the ability of water to accept electroAs$.both
sites, redox showed a seasonal decrease from spring ta #2012 theredox fell below 200mV twice
at the South Basin and once at the North Basin. A combination of lomwaidsmtygen (&mg/L) and
redox values below 200mV can lead to mobilization of stored benthic sedinme@tdober of 2012t
the South Basinredox valies(160mV)and dssolved oxygen (0.75mg/L) fell withithe range causing
concern. However,lemistry result$rom a benthic interface sampe that datelid not indicate
release of stored nutrients.

4.4 Chemical Limnology

Data summary charts ftine chemical limnology ocfwan Lakeon an annual and project period basis
can be found in Appendikl. Chemical parameters were collectedy at the South Basin and North
Basin sitesCharts were created for3DM samples to characterize the overallroloal attributes of
the lake, and at the mjabint of the hypolimnion to determine any unique attributes at depth which
might help explain the low D@henomenoim the Saith Basin.

All chemical paameters show a general trendhighest concentrations dang the spring freshet and
lower concentrations during the stratified period. For the project period, the highest chemical
concentrations were seen in 2q&kcept for Total Phosphorysyhich corresponds with the highest
flow (6,710 cfs). 2011 waalsothe highest flowfor the preceding 18ears. Caution should be
exercised in intergting the data since the number of samples during the study perididwied and
may not have captured significant events.

4.4.1 Soluble Reactive Phosphorus (SRP)
SRPwhich is a fraction of totallpsphorus constitutése amount of phosphorus immediately
available for algal growttSwan Lake shows no significant seasonal trerith high concentrations
found in the North Basin in August probably duattime period wh reducedgrimary productivity.
The highest SRP loading to Swan Lakas in 2011, as wergher chemical parameters, howe\&RP
concentrations were variable and not necessarily associated with the springiteshepuldbe
explained by the rapid signilation rates oprimary producers
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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 durig the runoff periodThat report noted th@$s of SRPtadownriver sitesnay have been

a result of assimilationf this most available form of phosphorus by biota and adsorption to sediment
particles.

4.4.2 Total Phosphorus
Total phosphorus constitutes! filterable and particulateorms ofphosphorusTotal ghosphorus is
oftenused inempirical models relating phosphorus to a wide variety of limgiohl variablesand
describingthe link between phosphorus loading estimatespiiodphorus content in the lalker
Swan Laketotal phosphorugypically peaked during the spring runoff, however, peak concentrations
were not documeat in2011based on sample timing.

Ellis et al. (1999) found that the temporal pattern in total ghasfs concentration often mimicked
that of total suspended sediments and that during the noeadid, most of the sediment particles were
transported to the Swan River during the runoff period when digetzand thus erosion increased.

4.4.3 Total Sysended Sediment (T$S
TSSconcentrations and turbiditypdicate the amount of solids suspendethe water. TS#easures
an actual weightfanaterial per volume of wateltaboratory detection limits precluded a viable
interpretation of TSS data for the30m samplesn Swan LakeSeeSection 4.3.4or surrogate
turbidity informationand resultsHypolimnetic samplesh®w the highest values in 2012 whieinght
be explainedby 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) unt
runoff in 2012

4.4.4 Total Nitrogen (TPN) anditrite + Nitrate (NO,+NOs)
Total nitrogenis the sum of nitrata@itrogen (NQ-N), nitrite-nitrogen (NQ-N), ammonianitrogen
(NH3-N) and organically boret nitrogenTotal nitrogen show no apparent trend in tHg0n or mid
hypolimnetic sample<£llis et al. (1999) found TPNotfollow a typical seasonal pattern with higher
concentrations during peak flawthe Swan Riverand lower concentrations at base flow but with
spikes during rain events.

Nitrite (NOy) is relatively shoHived in water because it is quickly converteditrate by bacteria.

Nitrate (NOs) is highly solublein water anceasily utilized by alga€Only a fewNO,+NO; samples

were collected during this study with no apparent tré&fics et al. (1999) suggest that groundwater,
which is typically higher in nifate 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, exportingO,+NOs.

4.4.5 Carbon (Dissolved and Tqtal
When water contacts highly organic soils, these components can drain into rivers and daggasias
carbon. Dissolved organic carbon (DOC) emenpoundsletected in a water sample after it has been
filtered through @&.45micrometer filter.Total OrganidCarbon analyzes all carbon irsample;
including larger particlesThe project data shows a fairly consistesisondoading of both TOC ah
DOC, anda peak during #2011 moderatiéow year, primarilydue toallochthonoudoading from the
watershed.
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Ellis et al. (1999) found that nesfissolved organic carbdiNDOC) increased during the rising limb in
the hydrograph and fell throughout summer aid Exceptions to this pattenvere found during high
rain events.

4.4.6 Misc. (Sulfate, Dissolvddon, Dissolved Manganese
Sulfate, dissolved iron and dissolved manganese were collected ateletdkic interface from
2011-2013to assisin determining any reeleaseof nutrients to the water column as a result of low
DO and a low oxidation reduoh potential The only sample date with DO and ORP values shown to
have the potential to produeaeduction process andsagend entrained nutrients from benthic
sediments was at the South Basin on Qetdl®, 2012. However, resuftr sulfate, disseled iron and
dissolved manganese werddve laboratory detection limits on that daBRP waslightly elevated
but not inaconcentration to gigest a reeleaseof nutrientson that date.

5.0 DISCUSSION

The focus of this study was to evaluate kbegn trends at pelagic sitea Swan Lake and assist in the
evaluation ofPrimary Targets 1 and.DEQ (2004) reported no obvious trends in water quality data
partly due to variations in measurement techniguéssample timingData from this project indicate
stable to improving water quality trends in the lakeHomary Targetl and 2

The findings from this project suppdhte continued existence of low DO in the South BaBe low

DO phenomenon in th®outh Basin has been a concern among projettgrarwithout resolution on

cause and effecthis 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 Bamith 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 suggestripiaad natural and anthropogenic factoosild

be atplay.

5.1 South Basin DO flhenomenon 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 turnoverEssentiallythe oxygen budget is set the hypolimnion atheonset of
stratificationwhen the hypolimnion no longer interfaces with the atmosphéelow DO

concentrations in the South Basin show a gradual declimedpoing turnover to below 4mg/L

beginning in August which ialsoa generalized salmonid tolerance threshold. There is additional DO
erosion upward into thepperhypolimnion through October that presumably further deteriorates until
the stratified layers in the lakeix again viafall overturnsometime ifNovember.

Unfortunately historical data (prd990)for Swan Lakdhat would be usefuh comparisorto project
datado not exist.There were a fewePA studies in the 1970s but themmplingequipment did not
reach the lake bottonspencer (1991) concluded that there is insufficient historical data to say with
any certainty that DO concentrations have declined significantly since thE9mis$. Nevertheless,
thatreport states thaieduction of hypolimnetic oxygen levels to near anb& conditions in Swan
Lake (regardless of past hisgdis surprising and alarmingspecially given the short water residence
time in the lake.

Butler et al. (1995)tilized i'*C technology andoncluded 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 watershedcerbated bthelaked s mo r pDissolved gryarticulate
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carbon can & utilized by microflora as a substrate for metabolism with associated oxygen
consumptionByron (1996) countered that tlié’C technology was not conclusive and the link of
biological oxygen demand (BOD) and carbon sources had not been done and tdmat carb
Afingerprintingo i s not adequate to make that

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 carbibre via

different Swan River segments, and noting that the determination of nutrient transfer rates in large
river systems is inherently difficulHowever, thastudy mentioned large river floodplains having
tremendous potential to store and cycle mateemdded from the catchment.

DEQ (2004b) repoed thattow dissolved oxygen has been observed in the bottom waters of other
oligotrophic lakes in Montana. D@rofiles 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 Carl$&h of between 22 an83 (bagd on

either chlorophyl(a) or secchi depth, respectively), and is located in a remote watershed with no on
lake development other than a primitive hikecampsite. Like Swan Lake, thake Agnesvatershed

has been logged in the past, the lake has dasimelative depth, and the lake supports a thriving native
fish population

5.2 Potential Contributory Factors to Low DO in the South Basin

Defining natural mechanisn@ delineatingcausalanthropogenisource(s) for the low DO

phenomenomi theSouth Basi are inherently complekllis 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 sohecéslowing
describes the most | ikely contributing factors
collective body of research for the lake.

5.21 Allochthonousl oadingduringPeak Flows
As previouslymentionedSpencer (1991) linked sedimentation rates in Swan Lake to historic
anthropogenic activitieandsuggested thabads represent the greatest disturbance activity resulting in
increased fine sediment transport and deposition in downstreamlIlakiss etal. (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 péeticalbon concentratioms monitored
streams increased propiortately, 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 oédiments in the river syster@incethatreport, there was a high peak flow
event in 1997 (8,526fs) butthere has been a lack of a significant flushing flow (>8&6Pfor the

past 16 years. A moderate peak flow event occurred in 2006 (&d)7&ndin 2011(6,71CGfs). Large
flushing flows (>8,000cfs) happen on average once every 18.8 years for the SwaD&wéor the

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

The Swan River drainage has tlapacity to store large amounts of sediments and nutrients between
flushing flows based on stream gradiditis et al. (1999) showed the Swan River above Swan-Lake
from its headwaters above Lindbergh Lake to the river mouth at Swandskdow gradigrsystem

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 velociaesl aid sediment deposition immediately upstream of
the lake.

Sugden (2013) found a trend between peak flows and sedimentation rates to Swérid_skspected
that large flusing flows scour previously armed sediment in the Swan Rivend its tribsariesand
delivers pulse load® Swan Lake which increases primary productivity, deposition of sediment and
nutrients to the benthos, and increases Biological Oxygen Demand in the hypolim iddition,

there is a possibility that the scouring natoiéarge 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 detkeam and made possible for easier transport to

the lake the next year. Data does not exist for 1997 dollogving years to determine hothe 1997
allochthonous loading affected the low DO in the South Basin. It could be that Swan Lake is
recovering fom 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 vaaablesitrients 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 aodueiiochthonous
loadingand he | akeds abil ity highpeakeflonoeveats. mor e rapi dl

5.22 Lake Morphology
DEQ (2004) statesthat it is not unreasonable to believe that the low DO levels in the deep basins of
the | ake may be, in part, a natSwanhkakehasamte quenc
unique inlet configuration and the longitudinal profile shows two discrete deep basins (South and
North Basin) separated by a shallow shElfe shallow shelf may serve to impede deep layer water
transfer during the stratified peripoglspecially if a strong thermocline exists. Butler et al. (1995)
explained that the lakmorphomety may eacerbate the situation, trapping water in the deep basins
and isolatingt from oxygen replenishing overlying waters during periods of stratificatio

In fact, the two longerm 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 characterize4atmaual and inteannual loading due to the site linkage to
allochthonous input. The North Basin siteriere stable and laetteroverall barometer dake health

over time

The ability of the lake to serve as a sediment and nutrients@ekSection 5.3) is not only

influenced by its morphometry but also the Swan River inlet configuration. The orientation of the river
inlet to the | ake is not direct, reducing |l ongi
River orientation to the lake caause 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 aggradati

&2 Whitefish Lake

INSTITUTE Swan Lake Water Quality Investigation Final Report 26



5.22.1 South Bay Effect
Swan Lake has a short overall residence time (70 days) but this may besdxtehé South Bay due
to the lack of fluvial currenty. f s o, an increased fAcontacto ti me
increase carbon loadirgffect toDO reduction Data from this project suggest that this may be the
casewherea decrease in DO at depth at the South Bay isitg#sownduring the stratied period. The
eventual transference of water from the South Bay to the South Basin would alréx@y be
compromisedmost likelyfurther exacerbating the problem

5.2 3 Nutrient and Organic Matter Sink
As nutrients enter Swan Lakleased on seasally dependent factorgjo-availeble forms aremost
likely quickly consumed by primary producers. Increased nutrient inpuiarrder temperatures
speed up the rates of pheymthesisand decomposition. During plas¢nescenceheirprecipitation
anddecomposition restd in heavy oxygen consumption near the benthos due to microbial and
bacterial metabolism.

Allochthonoushut ri ents not consumed by primary produc
morphometry and precipitate to the lake bottorthevicinity 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 €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 trdeea. Geerally 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.

5.24 In-LakeBiochemical Processes
Biochemical processe®uld contributdo the low DO levels observed in Swaake.Increased
organic carbooading decrease D{@vels.Organics fromhumic matter adsorbs to electrolytes and
precipitate to the lake bottom, causing an incrégaserductivity and ion density aslentified in
project dataThe humic matter also contributes to the depletion of dissolved oxygen due to a chemical
and photeoxidation process induced by ultraviolet radiatidiowever, dissolved organic dam
levels collected from this studyggest that this influence ismmal.

Fall turnover can transfer accumulated nutrients from the lake sediments into thephetichere

they can stimulate primary productivity, increasing the flux of organic material to the profundal zone
and perpetuating anoxia in bottom waters (Dent et al. 20bé)e is also a potential for thenelease

of phosphorus stored in the sedinseto drive primary productivity with cascading effects to the DO
problem as described previdyisWhereaghe potential fophosphorus reycling evets (DO<1mg/l

and redox <200mv) did occur on October 10, 2012, chemataldoes not suggesatla rerelease of
nutrients in the South Basin occurred. However, the limitegbteal extent of this studyay not have
described this potential.

5.25 Food Web Dynamics
The scope of this study did not allow for a description of the primary producer community and
previous studies hawgeldedvery limited informatioron phytoplankton anthe higher trophic levels
ofSwan L ak e dlsis likety that theveeabe .varioyghytoplankton blooms where specific
species and communigssemblagegroliferate based on seasonal conditions. Data from this study
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suwggest that during the moderdhashing event of 2011 (6,710cfs), primary productivity was not
pronounced even though meonutrients were entering the lakdigis probably a result o&pid light
extinction due to turbid conditions

Of particular interest should levaluating theelatively recent introductianof Mysisshrimp and lake
troutto Swan Lakend contrasting their population levels in the Sddkinand North Basin. As
mentioned irSection 1.3.6Mysisshrimp have the potential to affect water chemistry by selectively
feeding on certain zooplankton, by stirring up bottom sediments, by stingutaimary productivity
through their excretions, and by contributing dissolved organic carbon by feeding and fragmenting
diatoms.Based on the fact thdysisbecame established in Swan Lake in 1980%mehcer (1991)
reports the 1990 DO level the lowescorded in the lake biological component should hether
investigated.

5.26 Shoreline Practices
Butleret al. (1995) determined that septic systems were not a contributory factor to the low DO in the
South Basin. However, since that time, as identifieBdntion 1.3.5here has beesn increase ithe
density andhe number o&ging systemwhich could cotribute nutrients to Swan Lake.

6.0 RECOMMENDATIONS

6.1 Lakeshore Community

The Swan Lakers arehighly engagecdhon-profit group dedicated to preserving water quality in Swan
Lake. They offer education and outreach to the broader Swan Lake comthtmityhmeetingsa
website and yearly activities. It is recommended tthas group continue to providgeatwater quaty
stewardship foSwan Lakeand consider the followingdditionalactivities as supported by project
partnersto reduce nutrient ahpollutant loadindo the bke

1) Due to the increase in septic systems around Swan Lake and the suspected age of many of the
systems, the Swan Lakeskouldpromotefurthereducational messagiran the topic. In addition, the
SwanLakers should considan incentive based septic pumping and inspection program onlarregu
basis. For instance, individual septic pumping and inspection rates could be reduced by an organized
effort involving many landownert® negotiate a group serviteewith aseptic servicgrovider.

2) As part of the Swan Lakers Educational & Outreach Program, shoreline owners should be
encouraged to reduce the application rate of fertilizers and herhiegfeecially in the lakeshore and
riparian zoneand userganic soil amendment products when possible. In addition, shoreline owners
should be educated on the best time to apply fertilizers, for instance, not bleéareyeinfall event

is forecasted.

3) As part of the Swan Lakers Educational & Outreadgfm, shoreline owners should be
discouraged from extending lawn areas near the shqratidehey should be encouraged/egette
lakeshore and riparian zonegh native shrub. Shrubs likeed-osier dogwood and willoware known
to stabilize soil andssimilate more nutrients than shallow rooted grEissFlatheadConservation
District has educational materials to help homeowners with this effort.

4) As part of the Swan Lakers Educational & Outreach Program, shoreline owners should be
encouragedo creatively mitigate stormwater runoff from rooftops, driveways and other impervious
surfaces through the use of small rain gardenssWwales or other techniquesavoid concentrated
discharge points that could lead to erosion
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5) A representativerom the Swan Lakers should continuébtoactively engaged with the Swan
Technical Advisory Group t oncerosiarde kdepaureentwithe r 6 s
water quality related activities in the watershedludingpotential furding opporturties 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 lotgyrm 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 resourcecaggetinat are not part of the Swan
Technical Advisory Group for additional suppartdbr funding opportunities; Flathead Conservation
District, Flathead Basin CommissidAlathead Countylathead Lakers, Flathead Land Trust,
Montana Department of Fish,ililife & Parks,Montana Watershed Coordination Council, Trout
Unlimited, The University of Montana Flathea8iological Station, and the Whitefish Lake Institute.

6.2  Project Partners

The Swan Technical Advisory Group is comprised of representatives Swan LakersSwan
Ecosystem Center, Northwest Connections, Flathead National Forest, Friends of tBevevjld
Missoula County Rural Initiatives, Montana Fish, Wildlife and Parks,Tirbst for Public Land, The
Nature Conservancy, Lake County Planning Department, Montana Department of Environmental
Quiality, and Montana Department of Natural Resources and Conservation.

1) Project partners should assist the Swan Lakiargechnical adice and funding suppowtith local
projects as identified iBection 6.10 reduce nutrient and pollutant loading to Swan Lake.

2) Prgect partners should contintigelong-termtrend monitoring oSwan Lake to determine the
statusof TMDL Primary Targets 1 and 2A relatively inexpensive monitoring program could be
implemented while acquiring relevant data to Primary Tar@jetnd 2 by;

A. Prioritize the sampling of Swan Lake for the year of a high water event (>8,000cfs) and
at least thdollowing year to elucidate ttrelationship of high flows, sedimentation and
nutrient input, and the low DO in the South Basin.

B. If there are budgetary limitationsnly sample the South Basin (whiis the best
indicator sitefor Swan River inputs but mofeghly variable) and thslorth Basin
(which isthe best longterm sampling sitéor overall lake health trends).

C. Prioritize the utilization of a Hydrolab DS5 (or other similar data sonde) to acquire
temperatire, DO, pH, PAR, ORRhlorophyll @) fluorescenceand 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 wiadlowed for in the budget.

3) Project partners should update informationSecondary Targets-3 which may assist in the
interpretation of Swan LakKerimary Targets 1 and.2
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4) Project partners should consider funding another sediment core study on Swan Lake to update
informationfrom the Spencer (1991) studpd to corroboratthe previousstudyresults An additional
core study would be useful in determining if measures implementettitessSecondary Targetsave
had a beneficial effect.

5) Project partners should conerdastudy that looks at the fluvial flow dynamics of the Swan River
as it enters Swan Lake and the internal water movemé&wan Lakeespeciallythe relationship
betweerthe ®uthern bay and the South Basin.

6) Project partners should considezuasory septic leachate study to determine the extent, ibany
the spatial and temporal nature of sef@achate t®wan Lake to develop a baseline condition prior to
any further development and the continued aging of existing systems.

7) Project paners should considermore indepth evaluation dhe relationship betwegrimary
produces, zooplanktonMysisshrimp, and lake troub determingheinfluence, if any, on the low DO
in the South Basin and investigahe food web dynamiegsulting fromlake trout suppression efforts.
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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 periowrmalized fotthe ceiling of the hypolimnian

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 daywith a lightdark 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 andags.
Impaired- A waterbody that does not meet designated beneficial uses.

Limnetic (zone)} The limnetic zone is the welit, 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, shorelerggth, shape) of a lake

Morphometry - The shape and size of lakes and their watersheds, or the shape and size of any object.

&2 Whitefish Lake

INSTITUTE Swan Lake Water Quality Investigation Final Report 34



Non-point Source Pollution Pollution discharged over a wide land area, which are carried to lakes
and streams by surface ruhobt 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 Themaximum instantaneous discharge of a streariverat a given location.

Thermocline- The plane in the metalimnion displaying the greatest temperature change with depth.

Total Maximum Daily Load (TMDL) - Thecalculation of the maximum amount opallutant that a
waterbody can receive and still dgffeneet 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 wiioh oxygen is consumed in the
hypolimnion during the stratified period calculated using volume data.
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APPENDIX |

(Peak Flow Information for the Swan River 192213
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® Below 6,000 CFS
A 6,000-7,000 CFS
= 7,000-8,000 CFS
4 8,000-9,000 CFS

® Below 6,000 CFS ® Below 6,000 CFS
A 6,000-7,000 CFS A 6,000-7,000 CFS
= 7,000-8,000 CFS = 7,000-8,000 CFS
4 8,000-9,000 CFS 4 8,000-9,000 CFS
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® Below 6,000 CFS ® Below 6,000 CFS
A 6,000-7,000 CFS A 6,000-7,000 CFS
= 7,000-8,000 CFS = 7,000-8,000 CFS
4 8,000-9,000 CFS 4 8,000-9,000 CFS
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