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1 Introduction

This report is a revised version of the 2006 and 2007 Finaldrisgby Matthews,
et al., and contains most of the original text, updated figuaad additional dis-
cussion of all data collected from June 2005 through July&00

Lake Samish is a valuable aquatic resource, providing p@acess for boating,
fishing, swimming, picnicking, and other water and lakeslamtivities. Residents
around the lake enjoy outstanding views of both the lake tmsuirrounding wa-
tershed, and the lake serves as a water supply for many aiktkeHore residents.
Lake Samish is located in the Washington State Departmetology’s water
resource inventory area #3 (WRIA 3), and discharges intdeyrCreek, a salmon
spawning tributary of the Samish River.

The Lake Samish monitoring project was initiated in JuneS2@collect wa-
ter quality data from the lake and from major tributarieshe tvatershed. Lake
Samish experiences periodic algal blooms, including bofpotentially toxic
cyanobacteria. The major goal of the monitoring project wasollect data that
would help identify the causes of the blooms, and possibbyide insight into
how to protect the lake from water quality degradation.

2 Methods

2.1 Lake Sampling

Water samples were collected at representative sites ie Saknish (Figure 1,
page 24). The original scope of work specified monthly samgpét four sites
(Sites A-D) from June 2005 through July 2006. This contraas \amended
through a no-cost extension to allow additional sampling aéduced level of
effort. During this extension, samples were collected as sites (Sites A and
B) from August through May 2006. In June 2007, under a new toang con-

tract, the lake was again sampled at all four sites, but thgbag frequency was
reduced to quarterly. Additional samples were collecteSitgs A and B (at no
cost) to provide supplemental water quality data for thelakable 1 (page 19)
summarizes all samples collected from June 2005 througt2D@8,
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Temperature and dissolved oxygen field measurements wéeeted at 1 me-
ter depth intervals from the surface to the bottom at eaehusiing a Hydrolab
field meter. Beginning in March 2006, conductivity and pHfpes were also
collected at 1 meter depth intervals using the Hydrolab fieéder. Secchi depth
was measured at each site by lowering a black and white diskhe water and
recording the depth at which it was no longer visible from lddee surface. All

field measurements followed the protocols summarized iteT2page 20).

Surface and bottom water samples were collected at eackitaekend transported
to the laboratory to measure pH, conductivity, phosphamtsi(phosphorus and
soluble orthophosphate), nitrogen (total nitrogen, tefir@trite', ammonium), tur-
bidity, and alkalinity following the protocols listed in ke 2. Separate surface
and bottom water samples were collected to measure fedédroolcounts; the
coliform samples were delivered to the analytical labasatbe following morn-

ing.

From June 2005 through May 2007, chlorophyll fluorescence mvaasured in
the field {n vivo) at 1 meter depth intervals from the surface to the bottomgusi
a field fluorometer. Water samples were collected from apprately 10-20% of
the depths where fluorescence was measured, and the watgesavere used to
measure chlorophyll biomass (Table 2). A linear regreskaiween the paireit
vivo fluorescence and chlorophyll biomass data was used to éstocherophyll
biomass at all depths along the fluorescence prdfiese to equipment failure,
field fluorometer data are not available after March 2007.ifBegg in November
2007, chlorophyll biomass was measured directly (rathan astimated) using
water samples collected at 5 meter depth intervals.

All water samples collected in the field were stored on ice iantthe dark until
they reached the laboratory, and were analyzed as desaniJedble 2. All data
for the Lake Samish monitoring project have been includefjapendix A.

INitrate and nitrite were analyzed together because nitdteentrations are usually very low
in surface water and require low level analytical techngjieemeasure accurately.

2Chlorophyll biomass is more commonly used to describe lakghic status than fluorescence,
but fluorescence is easier to measure in the field.
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2.2 Stream Sampling

Water samples were collected on the dates indicated in Tafotem 4 tributaries
flowing into Lake Samish and from the lake outlet at FridayeRr@=igure 1, page
24). Temperature and dissolved oxygen was measured usielgl afeter. Water
samples were collected at each stream site and transportbé taboratory to
measure pH, conductivity, phosphorus (total phosphordssatuble orthophos-
phate), nitrogen (total nitrogen, nitrate/nitrite, amnuon), turbidity, and alkalin-
ity. Separate water samples were collected to measuredelifdrm counts; the
coliform samples were delivered on ice to the Samish Watstriot.

All water samples collected in the field were stored on ice iantthe dark until
they reached the laboratory, and were analyzed as desaeniJedble 2. All data
for the Lake Samish monitoring project have been includedigpendix A.

3 Results and Discussion

3.1 Lake Samish
3.1.1 Water Temperature

Temperature profiles showed that much of the lake stratif@a Spring through
early fall. Only Site D, which is very shallow, remained tmeadly unstratified
throughout the year (Figures 2—33, pages 25-56).

Most lakes in our region will develop temperature stratifaa after the lake be-
gins to warm during the spring. As the surface of the lake vgadue to solar
radiation, the surface water becomes less dense than tleglyind cold watef
The surface water eventually forms a warm layergp#imnion that is physically
separated from the colder, denser lower layer,iyy@olimnion Once the lake is
stratified, there is little exchange of dissolved chemitatsveen the layers. Al-
gae and bacteria often accumulate in the transition zonedeet the layers, the
metalimnion where light is sufficient for photosynthesis and nutrieares often
more available than at the surface.

SWater is most dense at@; warmer water is less dense.
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In the fall, the lake surface cools and the density diffeedmetween the epilimnion
and hypolimnion decreases. Eventually, the surface arndrotater densities
are sufficiently similar that wind-generated internal weivaix the entire water
column. This is calledurn-overand is often accomplished within a few days (or
hours) during the first major wind storm in the fall.

Based on the 2005-2008 data, the east arm of Lake Samishsliegstratify in
April or May at locations where the water column is at leastll®2 meters deep
(Sites B and C in Figures 11, 22, and 30). The lake remainsf&dathroughout
the summer and early fall, and turns over in October or Novamibepending
on weather conditions. In shallower areas (Site D), the mat&imn does not
maintain a stable stratification, and the water column mtkeolughout the year.

Lake stratification in the west arm (Site A) is more complexte & develops
temperature stratification by April (Figures 11 and 22) aliea(see March 2008,
Figure 31), and remains stratified throughout the summeean fall. Destrati-
fication, however, does not follow the same pattern as as$ 8itend C. Although
Site A appears to reach uniform (cold) temperatures duhiegainter, the water
column does not always mix completely. For examples, in k&iyr2006, despite
nearly uniform surface to bottom water temperatures, theem@lumn at Site
A was not completely mixed, and oxygen levels were near zetloesbottom of
the lake (Figures 8-9). In 2007, the January temperatureaygen profiles at
Site A indicated complete water column mixing (Figure 19hilev the January
2008 profile showed a very slight difference in oxygen in théace and bottom
samples (Figure 28), with uniform oxygen concentratiorallaither depths.

This unusual pattern is calledtermittent meromixisand is probably the result of
the relative isolation and protection of the west arm fromvgiling winds, cou-
pled with a small surface area and a deep, steep-sided ls®rd{scussion of
meromixis by Hakala, 2004). When water temperatures andynaaform at Site
A, a small amount of wind from the right direction will caugeetwater column
to mix completely, creating uniform profiles for dissolvedygen and other dis-
solved materials (e.g., Figure 19). If the right climateditions do not occur, the
water column will either maintain chemical stratificatidwdughout the winter,
or re-establish chemical stratification whenever the EBk&w water circulation
rate is insufficient to replenish oxygen consumed by baadtelecomposition of
organic matter.

4wind energy generates many types of waves in lakes. See M&E983) for more information.
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3.1.2 Dissolved Oxygen

All of the stratified sites in Lake Samish sites showed songeeteof oxygen de-
pletion in the hypolimnion during lake stratification (Frgg 2—33). Epilimnetic
oxygen concentrations were high during periods of strafifim, and oxygen con-
centrations were high throughout the water column follgnake turnover. Only
Site A had low hypolimnetic oxygen concentrations duringwinter.

Oxygen is required by most aquatic organisms, including f&juatic inverte-
brates, and most types of algae and bacteria. The primargesad dissolved
oxygen in lakes is from the atmosphere. Although algae predixygen dur-
ing daytime photosynthesis, they consume oxygen at nigid,therefore have
little effect on the net amount of dissolved oxygen in lakelypolimnetic oxy-
gen depletion can occur after a lake stratifies and the lovegens of the lake
are isolated from the atmosphere. In nutrient-rich lakeshacteria decompose
organic matter from dead algae or aquatic plants, they ussisgplved oxygen
in the hypolimnion. Since the hypolimnion is isolated frone tsurface, no new
supplies of oxygen are introduced into the hypolimnionIithe lake turns over.
Unproductive lakes that are low in plant nutrients, esplgcphosphorus, do not
produce much organic matter. With less organic matter tompose, bacteria
may not use enough oxygen in unproductive lakes to cause sunadde drop in
hypolimnetic oxygen concentrations.

Low oxygen conditions are associated with a number of ureppewater quality
problems in lakes, including loss of aquatic habitat; re¢eaf phosphorus and
nitrogen from the sediments; increased rates of algal mtomludue to release of
nutrients; unpleasant odors during lake overturn; fisis kgarticularly during lake
overturn; release of metals and organics from the sedimamieased mercury
methylation; increased drinking water treatment coststeased taste and odor
problems in drinking water; and increased risks assocmatt#ddisinfection by-
products created during the drinking water treatment m®ce

In addition to intermittent meromixis, Site A had anotheusual feature that set

it apart from the rest of the lake: it developed a region ofessaturated oxygen
located in the transition zone between the epilimnion angbhignnion (thecol-
orblue metalimnioh This metalimnetic oxygen peak was evident at Site A every
summer, usually by July (e.g., Figures 3, 14, and 33), butneasbserved at the
other sites until July 2008, when a clear metalimnetic oxygeak developed at
Site B (Figure 33). McNair (1995) reported similar metalgtio oxygen peaks
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during the summer of 1993, but not in 1994. This pattern isroomly observed
in the northern basin of Lake Whatcom (DeLuna, 2004; Matthand DelLuna,
2008). Metalimnetic oxygen peaks are caused by an accuowltatrapidly pho-

tosynthesizing algae along the density gradient betweerpilimnion and hy-
polimnion. Often, this is a region where algal nutrients suificient to support
very high levels of photosynthesis. It is coupled with mietaletic oxygen deple-
tion at night as the dense band of algae consumes oxygen tabotsm.

3.1.3 Alkalinity, pH, and Specific Conductance

Alkalinity, pH, and specific conductance (conductivityg¢ aelated in surface wa
ter. Conductivity and pH both measure the amount of dissbleas in water.
Conductivity measures the resistance of water to flowingtedas, which is de-
termined by the amount of dissolved ionic compounds in thiew&imilarly, pH
measures the acidity of water, which is determined by thdadibty of hydro-
gen ions. Alkalinity measurdsufferingor how resistant water is to pH changes.
Alkalinity is measured analytically by adding hydrogensdao see how fast pH is
lowered.

The alkalinity, conductivity, and pH values in Lake Samigérevall within the nor-
mal ranges for soft water lakes in this region (Figures 1(a8834—36, pages 33—
56 and 57-59). Alkalinity concentrations were fairly low30 mg/L) throughout
the sampling period (Figure 34). This means that Lake Samisbtt well buffered
against pH changes. When the water column in Lake Samishtvedsied, sur-
face alkalinities were often slightly lower than at the battand surface pH levels
were often higher (Figures 34 and 35). During photosynthedjae remove dis-
solved CQ from the water, which can temporarily raise pH and lower ki,
especially in poorly buffered lakes like Lake Samish. THatrenship between
pH and photosynthesis is nicely illustrated when metalitncreexygen peaks oc-
cur, indicating high levels of photosynthesis (e.g., Fey88).

As indicated above, the pH data showed the influence of piotiossis and bacte-
rial decomposition. During summer stratification, the aoef pH levels increased
due to the photosynthetic removal of €OThis caused a temporary reduction
in the concentration of dissolved carbonic acid, which isrfed when CQ re-
acts with water: HO + CO, «— H,CO; (carbonic acid). Concurrently, the hy-
polimnetic pH levels decreased due to the accumulationidicadecomposition
products as bacteria broke down organic matter that sedtil#te bottom of the
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lake. This pattern is clearly illustrated in the summer Hyab profiles, which
show high pH levels throughout the epilimnion and low pH Iswaroughout the
hypolimnion (e.qg., Figures 13-17).

Conductivity in lakes is determined by the types and amotimissolved ions
in the water. The soil type and land use in the watershed rdé&terthe poten-
tial amount of ionic compounds that can enter the lake frorfasa runoff and
groundwater, while climate and hydrologic patterns deteenthe actual trans-
port of dissolved ions. Surface runoff may have low conditgtievels when the
runoff is significantly diluted by rain water, or high condivay levels if there
are soluble ionic compounds in the soils or on impervioutases. Groundwa-
ter will often have higher conductivity levels compared toface runoff because
water percolating through the soil has more time to pick ggalved compounds.

From the Lake Samish tributary data (Section 3.2), the coindty of surface wa-
ter entering the lake during high flow (November 2005) wasuaG0—-100:S/cm,

which was similar to the lake’s surface conductivitie$0—-80.S/cm). Lake con-
ductivities were usually higher in bottom samples, esplgaiairing stratification
when low oxygen conditions at Sites A-C allowed dissolvetsito leak into the
hypolimnion from the sediments.

3.1.4 Algal Nutrients: Nitrogen and Phosphorus

Nitrogen and phosphorus were measured in the laboratony Water samples
collected at the surface and bottom of each site (Figured B7paged 60—-64).
The samples were analyzed to measure total nitrogen, wihatides organic and
inorganic forms of nitrogen, as well as dissolved inorgamemonium and ni-
trate/nitrite. Phosphorus was measured as total phospfaniganic and inorganic
phosphorus) and soluble, inorganic orthophosphate.

Nitrogen and phosphorus are important nutrients that inflaealgal growth in
lakes. The type of nitrogen available in the water columerofietermines which
species of algae will be abundant. Most algae can only uselded inorganic
nitrogen for growth (DIN = ammonium, nitrite, and nitrat®uring the summer,
as algae take up dissolved nitrogen, the concentration NfiDithe epilimnion
may fall so low that nitrogen becomes limiting to many typéalgae. When this
occurs, conditions favor the growth of cyanobacteria (ptaen “algae”) because
they can convert dissolved nitrogen gas into usable formsarfanic nitrogen.
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Cyanobacteria have a second advantage because they @exdtarphosphorus
in the spring, when phosphorus is slightly more availabiel ase it to sustain
growth throughout the summer and fall. Thisis why large bls@f cyanobacteria
often develop in late summer or early fall, despite very lamaentrations of
nutrients in the water column.

Phosphorus is the nutrient that typically limits total digeowth because it is re-
quired by all algae, and the concentration of “bioavailapleosphorus is usually
quite low in lakes. Much of the phosphorus that enters lakeghtly bound to
surface of small particles or in organic matter that mustdmocposed before the
phosphorus is available for algal growth. Total phosphomeasurements, there-
fore, overestimate the amount of phosphorus availableldal growth. Bioavail-
able phosphorus includes soluble forms of phosphorus ssictthophosphate,
organic phosphorus that can be released by decompositidmptaosphorus that
can be released from the surface of particles by microbaymes or under low
oxygen conditions. The fraction of total phosphorus thdiigavailable varies,
but will fall between the orthophosphate and total phospsopncentrations.

In Lake Samish, total nitrogen and nitrate/nitrite concatinins followed very
similar seasonal patterns that included a progressivectieduof nitrate/nitrite
during the summer due to algal uptake, and an increase innittagen and ni-
trate/nitrite during the winter when the water column datsied. Ammonium
concentrations were generally very low except in bottom@asduring periods
of stratification. In aerobic water, ammonium is rapidly werted into nitrite and
nitrate by bacteria (or lost through volatilization), but@n oxygen concentrations
are low, these bacteria are not active, which allows ammmonaiaccumulate in
the isolated hypolimnion.

The Lake Samish orthophosphate and total phosphorus catiens were usu-
ally lower in surface samples at Sites A and B during periodsti@tification
(Figures 40 and 41). This was most likely caused by algalkepta the epil-
imnion and phosphorus release from the sediments into tpelinynion. Site D
is too shallow to stratify so there was little differencevioe¢n surface and bottom
phosphorus concentrations.
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3.1.5 Secchi Depth, Turbidity, Coliform Bacteria, and Chlaophyll

Secchi Depth and Turbidity: Secchi depth is an indicator of lake transparency
and is defined as the depth at which a black and white disk i®mgelr visible
from the lake surface. The Secchi depth determines the sippate depth of the
photiczone, where light conditions favor photosynthesis. Tutpid a measure-
ment of the suspended particles in water, which includesesdg well as inorganic
particles and non-living organic matter. When most of thepsmded particles in
the water column are algae, chlorophyll concentrationsisw@lly good predictors
for Secchi depth and turbidity: as algal densities incre@sbidity increases and
Secchi depth decreases. When inorganic and non-algatyat8s are present,
however, only turbidity and Secchi depth are likely to bated.

In Lake Samish, Secchi depths did not appear to follow clploytd concentra-

tions very closely, and some of the shallowest Secchi degdlings occurred
during winter when algal densities and chlorophyll concaiins were very low
(Figure 42, page 65). Similarly, there was no apparentiogighip between sur-
face turbidity levels and chlorophyll (Figure 43, page 66)prrelation analysis
confirmed that while there was a strong correlation betwesstl8 depths and
turbidity, there was only a minimal correlation betweenocbphyll and Secchi
depth, and no significant correlation between chlorophyd &urbidity (Figure

44, page 675. This indicates that both algal and non-algal suspendedc|emt
are present in Lake Samish, and only direct measures sutticaeghyll or algal

density should be used to estimate algal abundance.

Coliform Bacteria Coliform bacteria are a diverse group of bacteria that itelu
species normally found in the intestinal tract and fecesafmvblooded animals
(fecal coliform$. Since fecal coliforms usually don’t survive long outsitieir
host, their presence can be used to detect sewage or fe¢ahuoation in water
samples. Most types of fecal coliform bacteria are not pgehec, but if fecal
coliforms are present, other potentially harmful pathageay also be present.

The current surface water standards are based on “designese’ cate-
gories, which for Lake Samish is likely to be “ExtraordinaPyimary Con-

5 Kendall'sT correlation analysis was used to examine the relationdf@pseen chlorophyll,
turbidity, and Secchi depth. Correlation test statistasge from —1 to +1; the closer tbl, the
stronger the correlation. The significance is measuredyubia p-value; significant correlations
have p-values:0.05.
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tact Recreation.” The standard for bacteria is describedClapter 173—
201A of the Washington Administrative Code, Water Qualitiarfslards for
Surface Waters of the State of Washington (online versionilae at
http://www.ecy.wa.gov/biblio/wac173201a.html):

Fecal coliform organism levels must not exceed a geometeanm
value of 50 colonies/100 mL, with not more than 10 percentllof a
samples (or any single sample when less than ten samplespoint
ist) obtained for calculating the geometric mean value edagg 100
colonies/100 mL.

The geometric means for all of the Lake Samish sites w2sfu/100 mL®, and
only one sample exceeded 10 cfu/100 mL (Figure 45, pagé 88 IWS sam-
ples, however, were collected infrequently and from miklecations, so if there
are concerns about swimming beaches or drinking waterysafdtlitional col-
iform samples should be collected following the samplingt@cols described by
WAC 173-201A.

Chlorophyll:  Chlorophyll concentrations were measured using two tephes:
in vivo algal fluorescence, which was measured in the field, and abihyil
biomass, which was measured in the laboratory from watepkncollected in
the field (Figures 46—77, pages 69—100). Chlorophyll mdésctiuoresce when
exposed to certain wavelengths of light. This fluoresceaode measured easily
and quickly using a field fluorometer attached to a pump thawvdmwater from
multiple depths throughout the water column. Measuring@ghyll biomass is
more time consuming and is rarely done at more than a fewaitspths because
it requires collecting large volumes of water at each site @epth, followed by
processing and analysis in the laboratory.

Although it is easy to measure algal fluorescence in the fdlidrophyll biomass
is more widely used for lake monitoring, particularly forsassing lake trophic
status. In theory, chlorophyll biomass can be predictedgualgal fluorescence.
In reality, chlorophyll fluorescence and biomass are rdldiat not identical. Fig-
ures 78 and 79 (pages 101 and 102) illustrate the relatipristtiveen fluores-
cence ananeasurecathlorophyll biomass in paired water samples collectedat th

bcfu = colony-forming units
’Site D - 7 meters, July 6, 2008 = 14 cfu/100 mL
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same depths as the fluorescence measurements. The linesssieg based on
all data (Figure 78) was statistically significant, but therere obvious seasonal
influences. When the data are separated by season, the samineinter regres-
sions were greatly improved (the adjustedviRis closer to 1.0), but the spring and
fall regressions were not statistically significant (Figa9). The spring and fall
results were probably related to changed in algal metahol3uring the spring,
algae start to grow rapidly; during the fall, algae begini® lobhck. Under both
conditions, fluorescence and biomass are poorly correlated

The chlorophyll profiles revealed seasonal patterns andiethahe amount of
variation related to depth and location in the lake. Algabfescence was usually
higher in the summer and fall compared to the winter, Sitesn@ @& usually
had higher fluorescence values than Sites A and B, and fllmresavas usually
higher in samples collected near the surface.

Metalimnetic chlorophyll peaks developed at all sitesdgithe summer, but were
especially common at Site A. These peaks represent dends bbalgae that may
occupy only a few meters of the water column, and were pairddmetalimnetic
oxygen peaks (see discussion on page 5). Because the bapdsiyde a few
meters thick, they are best observed using field fluoromehgrey data can be
collected at 1 meter intervals. Water samples collectedhater intervals usually
miss the peaks.

Trophic State: One way to evaluate the Lake Samish chlorophyll concentra-
tions is to use Carlson’s Trophic State Index (Carlson antpSon, 1966), which

is widely used to classify lakes based on biological proitgt The index may

be calculated using chlorophyll, Secchi depth, or totalgphorus concentrations:

where CHL = chlorophyll concentration in mgim

Chlorophyllis the most direct measurement of algal progitgt and when avail-
able, should be the primary basis for a trophic index (Car&td Simpson, 1966).
This is particularly important in Lake Samish because Sedepth and phos-
phorus were poorly correlated with chlorophyll. Typicallyproductive oolig-
otrophiclakes have TSI values lower than 30 while productivewatrophiclakes
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have TSI values higher than 50. Moderately producthesotrophidakes lie in
the middle with TSIs of 40-50.

Most of the Lake Samish TS| values fell within the mesotrophic range of 40-50
(Table 3 and Figures 80—-83, pages 21 and 103-106). The suf@tefJuly—Oct)
were often higher than winter TSIs, and there was a geneadl@nt of increasing
TSI values from Site A~ Site B— Site C— Site D (Table 3).

Sites A and B had the lowest TSIs, with summer medians of 381314.8, respec-
tively, which would place them in the mesotrophic classtfaa(Table 3). Sites C
and D had higher summer TSIs (summer medians = 46.5 and 48gdgctively),
indicating that these sites are near the upper limits of tnegbic, and occa-
sionally could be classified as eutrophic. Eutrophic lalk@smonly experience
problems with blooms of cyanobacteria, particularly if #q@limnetic inorganic
nitrogen concentrations fall during the summer (see dsounsn Section 3.1.4).
In Lake Samish, cyanobacteria blooms have been observatarggn plankton
samples collected during summer and fall (R. Matthews,quetisobservation).
Typically, the Lake Samish blooms contain common “nuisanaea, including
Gloeotrichia echinulataMicrocystis aeruginosaioronichnia naegelianupand
a variety ofAnabaenapecies.

3.2 Creeks in the Lake Samish Watershed

Four tributaries to Lake Samish and the outlet from Lake Shiwere sampled on
July 15 and November 10, 2005, July 16 2007, and March 17 20080 of the
tributaries were unnamed, so they were assigned tempoaangsas indicated on
Figure 1.

Water temperatures were higher and dissolved oxygen ctiatiens were lower
in Friday Creek compared to the other sites (Table 4, page 3ane of these
differences may have been caused by the later sampling diaté&ritiay Creek
during the summer of 2005; however, the water temperatuneduty 16, 2007
were also higher in Friday Creek compared to the other sitk®f the sites had
relatively low alkalinities £60). Barnes Creek usually had the highest alkalinity

8Digital images of common Lake Samish algae are posted ondilee IWS digital image
library at http://www.ac.wwu.edu/iws.

®The Friday Creek sample was accidentally omitted from tise$mmpling trip so we collected
a Friday Creek sample on August 9, 2005.
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and pH values, which may reflect differences in soils or lasel in the drainage
area for that creek. Turbidities were generally low (1-2 N;TWith occasional
spikes that did not follow any obvious seasonal or site4§ipquattern.

The ammonium concentrations were slightly elevated indyri@reek on most
sampling dates (Table 5, page 23), reflecting the export shamum from the

shallow, productive east arm of Lake Samish. The outletentrations were sim-
ilar to the surface concentrations at Site D (Figure 39),vaece much lower than
the ammonium concentrations in anaerobic bottom sampl&&ed A—C. Mud

Creek had an unusually high ammonium concentration on Nbeer®005 and

slightly elevated concentration on July 16, 2007. High amimm concentrations
are uncommon in well-oxygenated streams, but because ammas soluble,

it could have washed into the creek from a nearby source. Td& tommon

sources of ammonium in oxygenated surface water includeamnwaste, fertil-

izer, or ammonium from upstream wetlanfsThe fecal coliform counts were
fairly low on both dates, so it is unlikely that the ammoniuame from animal

waste, and more likely that it came from fertilizer or an ugain wetland.

The total nitrogen and nitrate/nitrite concentrationseveery high in all tribu-
taries to Lake Samish. The nitrogen may have come from theralad soils,
particularly if there were large numbers of red ald&in{s rubrg upstream from
the sampling sites. The roots of red alder host a beneficrajducommunity
that fixes N nitrogen into nitrate, which is easily absorbed by the hiest,tbut
also easily leached into adjacent streams. The highesttemitrite concentra-
tions were measured in November 2005 and March 2008, camgcigith short
day lengths (less plant uptake) and rainy weather (moréiegdrom soils). The
total nitrogen and nitrate/nitrite concentrations wermgdoat the lake outlet, par-
ticularly in August 2005, when the nitrate/nitrite conaatibn was only 10.2:g-
N/L. This is consistent with lake data that showed signifigaitrate uptake by
algae during the summer.

The total phosphorus and orthophosphate concentratioreshigher in the trib-

utaries than in the Friday Creek outlet due to algal uptakghosphorus in Lake
Samish. The phosphorus concentrations were high compausdface samples
from Lake Samish (Figures 41-40) and may provide a signifisanrce of phos-
phorus to the lake. These results indicate that Lake Sanashdth external (wa-
tershed) phosphorous sources and internal sources froxicdake sediments.

O\wetlands soils are often anaerobic, and can discharge ammand other reduced com-
pounds during periods of high flow.
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The fecal coliform data were difficult to interpret becausestnof the summer
2005 values were above the detection limit of 23 cfu/100 miid the flow in
Mia Creek was too low to sample in July 2007. Of the samplet ¢bald be
analyzed, 33% (5/15) were100 cfu/100 mL, indicating that there needs to be a
more intensive monitoring of fecal coliforms in watershpdrticularly since the
lake serves as a drinking water source for many of the lakegiesidentd! The
coliform levels in the lake were usually low:@0 cfu/100 mL), but lake coliform
samples were off-shore in fairly deep water, and may notaetienditions at
private drinking water intake locations.

4  Summary and Recommendations

These recommendations are essentially the same as thasanted previously by
Matthews, et al. (2007), but have been updated to includ@&—2008 moni-
toring period.

Although the primary goal for this project was to collect &lase water quality

data, a second goal was to begin looking as options for pgrotewater quality

in the lake. A full assessment of lake management optionsysid the scope
of this project, but several important observations can beenconcerning the
direction of future lake management efforts.

First, is it important to recognize the features of Lake Sdmthat will affect
management options and factor heavily into the successydbaea management
effort. Lake Samish is predominantly a shallow, mesotropdike. With the ex-
ception of the west arm, which is unusual in itself, the lakeofs the growth
of aquatic plants, whether they are algae, cyanobactaerghareline vegetation.
The mean depth in the east arm is only 9.4 m (Figure 1), and #tleoeast arm
sites had high chlorophyll concentrations at some poininguthe monitoring
project (Figures 46—77). While the lake is shallow enougsugmport algal growth
throughout the water column, it is deep enough to stratifyath arms. Because
of it's mesotrophic state, the hypolimnion in both arms Imeeanoxic, releasing
phosphorus. The west arm appears to be intermittently meticmwhich re-
sulted in extended periods of anoxia in the hypolimnion.(é&mgures 10-13) and

1The Whatcom County Health Department does not support wssirfgce water for a private
domestic water supply.
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the release of large amounts of phosphorus from the sedsnfigiures 40—-41).
The release of phosphorus from sediments due to low oxygeceodrations in
the hypolimnion is callednternal loading and is one of the items that must be
considered in the future management of Lake Samish.

A second important feature that affects lake managemeanis lise in the Lake
Samish watershed. The tributary data revealed that thesetésnal loadingof
phosphorus from the watershed. The lakeshore is developest|y with single-
family homes, and the upper watershed is largely devotedresfry and tim-
ber harvesting. A major interstate highway, with heavy krand vehicle traffic,
passes along the eastern side of the lake. Although thedessactivities are not
necessarily incompatible with recreational use of the,lt#k&y are not particularly
desirable in a lake that provides drinking water for lakestresidents.

Our recommendations for Lake Samish focus on controllingreal phosphorus
loading, minimizing internal phosphorus loading, and eding watershed resi-
dents about drinking water issues and lake stewardshipselieeommendations
are not intended to serve as a substitute for developing piedransive lake man-
agement plan.

Recommendations for Maintaining Lake Samish Water Quality

e Develop an environmental education program to help ressdafithe Lake
Samish watershed understand the water quality issues ihakiee and
what can be done at the individual level. One example of thishe
Watershed Pledge Program developed for the Lake Whatcorersintd
(http://www.watershedpledge.org). While it may be difficto measure
the direct success of public education programs in termsatémquality
improvement, an educated public is more likely to undebtamd support
watershed and lake management actions.

e Develop strategies for controlling external phosphorasling. Phosphorus
is very difficult to remove after it get into streams or lakes where possi-
ble, source control remains the best approach. This metres eeducing
the amount of phosphorus that enters surface runoff (esmgphosphorus-
free fertilizers) or decreasing the amount of surface rutiadt enters the
lake (e.g., adding retention/detention basins that fatdiinfiltration into
the groundwater). The Watershed Pledge Program lists a euailways
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to reduce phosphorus in surface runoff near homes. Becétise scale of
this task, the Samish Water District should work with an exeed storm
water consultant to develop a comprehensive storm wateageament plan
for the watershed.

Lake Samish is already mesotrophic, and in some cases bidy@o re-
ducing external phosphorus loading from the watershedpsabably not
eliminate cyanobacteria blooms. If external loading isucsstl, however,
the lake should stabilize around its current levels of pobetity, and possi-
bly even show some improvement over a long period of time.

e Optionally, after external phosphorus loading has beemesddd, develop
strategies for reducing internal phosphorus loading. &laee many lake
management techniques that, given sufficient funding fstaifationand
maintenancecan be used to reduce internal loading. The addition of ehem
icals such as alum will bind with phosphorus, often resgliim years of
reduced algal densities. The effect is temporary, and teapipn of the
chemical is required on a periodic basis. Hypolimnetictesaare available
that can maintain sufficient oxygen in the hypolimnion tover& internal
phosphorus loading. Aerators are also available thatleirethe entire wa-
ter column, but in most stratified lakes, this is not a desgrapproach, and
may even increase algal growth. All of these techniquesiregusignifi-
cant initial investment, long-term funding for maintenanand are unlikely
to be effective if external loading is not controlled.

e Consider developing a public drinking water supply andritigtion system.
The algal densities in the lake were very high and probabiyrdmite to the
formation of harmful disinfection by-products, partictjain systems that
disinfect the water by chlorinated. Although the coliforevels were low
in the lake, the results may not reflect conditions at priieking water
intakes. Finally, the lake is subject to potentially haparsi cyanobacteria
blooms and exposed to potentially hazardous chemicals haating activ-
ities and the nearby highway. These represent an ongoktprisdividuals
drawing domestic drinking water from the lake.

e Conduct an evaluation of on-site sewage disposal in therupatershed,
and its potential influence on water quality in Lake SamishisTevalua-
tion should be included in the assessment of external plosphHoading
into the lake. On-site sewage disposal may be a minor fastphospho-
rus loading into the lake because the Lake Samish shoraliserved by a
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public sewer line, so only portions of the upper watershedikely to have
on-site sewage disposal.

e Although monitoring priority pollutants was beyond the geoof this
project, Lake Samish was placed on Washington State’s 2@Qén@uality
Assessment 303(d) list due to the levels of PCBs and merawsports fish
collected from the lake. The levels of PCBs were high enooglenerate
a “Category 5” listing, which will require the Departmenti©éology to de-
velop a Total Maximum Daily Load (TMDL) assessment aimeckedurcing
PCBs in the lake. The mercury levels were lower, resulting @ategory 2
listing that identifies “waters of concern” where there iglence of a water
guality problem but not enough data to require a TMDL.

High levels of mercury and PCBs have been found in fish tissare fnany
other lakes in Washington, and throughout North Americahsgresence
of these pollutants in Lake Samish reflects widespread nang&tion of
freshwater lakes rather than a unique local source. Nesledb, due to
the popularity of sports fishing in Lake Samish, we recommestditional
monitoring of priority pollutants in water, sediments, disth tissue in Lake
Samish.
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Sample Measured Chlorophyll
Number Date Sites Parameters Measurements
1 June 15, 2005 A-D hl (no pH/cond), wg  profiles (A, B, D only)
2 July 20, 2005 A-D, creeks hl (no pH/cond),wq  profiles
3 August 23, 2005 A-D hl (no pH/cond), wq  profiles
4 September 20, 2005 A-D hl (no pH/cond), wg  profiles (A, B only)
5 October 16, 2005 A-D hl (no pH/cond), wg  profiles (A, B only)
6 November 20, 2005 A-D, creeks hl (no pH/cond), wq  profiles
7 January 22, 2006 A-D hl (no pH/cond), wg  biomass (misc depths)
8 February 26, 2006 A-D hl (no pH/cond), wg  profiles
9 Mar 19, 2006 A-D hl, wq profiles
10 April 23, 2006 A-D hl, wq profiles
11 May 21, 2006 A-D hl, wq profiles
12 June 20, 2006 A-D hl, wq profiles
13 July 19, 2006 A-D hl, wq profiles
14 August 24, 2006 A&B hl, wq (no coliforms)  profiles (A, B only
15 September 18,2006 A&B hl, wq (no coliforms)  biomass (ndispths)
16 October 22, 2006 A&B hl, wq (no coliforms)  profiles (A, B gl
17 December 18,2006 A&B hl, wg (no coliforms)  profiles (A, Biygn
18 January 30, 2007 A&B hl, wq (no coliforms)  profiles (A, B gnl
19 February 27, 2007 A&B hl, wq (no coliforms)  profiles (A, Blgn
20 March 29, 2007 A&B hl, wq (no coliforms)  profiles (A, B only)
21 April 24, 2007 A&B hl, wq (no coliforms) no data
22 May 24, 2007 A&B hl, wg (no coliforms)  profiles (Site B only)
23 June 21, 2007 A-D hl, wqg biomass (misc depths)
24 July 16, 2007 creek sampling only
25 September 13, 2007 A-D hl, wq (no coliforms) biomass (rdeguths)
26 November 15,2007 A&B hl, wq (no coliforms)  biomass (5 nemals)
27 December 20, 2007 A-D hl, wqg biomass (5 m intervals)
28 January 29, 2008 A&B hl, wq (no coliforms)  biomass (5 mivnads)
29 March 25, 2008 A-D, creeks hl, wqg biomass (5 m intervals)
30 April 21, 2008 A&B hl, wq (no coliforms)  biomass (5 m intats)
31 May 15, 2008 A&B hl, wqg (no coliforms)  biomass (5 m intes)al
32 June 10, 2008 A-D hl, wq biomass (5 m intervals)
33 July 22, 2008 A&B hl, wq (no coliforms)  biomass (5 m intde)a

TContract sampling dates.

 Lake measurements included Secchi depth and Hydrolabgs¢fil) for dissolved oxygen,
water temperature, pH, and conductivity (cond); water ipaahmples (wq) were analyzed to
measure alkalinity, lab conductivity, total nitrogen rate/nitrite, ammonium, total phosphorus,
soluble orthophosphate, turbidity, chlorophyll, and fextdiforms. Creek measurements included
dissolved oxygen and temperature, laboratory pH and cdinalganalyses except chlorophyll.

Table 1. Summary of Lake Samish sampling dates showing thisgdsvere sam-
pled and parameters that were collected on each date. Seécspeethods de-
scriptions (beginning on page 1) for details.
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Detection Limit/

Analyte Abbr. Method Reference (APHA 1998) Sensitivity
Alkalinity Alk SM2320, titration +0.5 mg CaC@/L
Chlorophyll - field Chl Turner fluorometer (field meter) NA
Chlorophyll - lab Chl SM10200 H, acetone extraction +0.1 mg/n?¥
Conductivity - field/lab Cond SM2510, lab or field meter +0.1 units
Dissolved oxygen - field DO SM4500-0 G.,membrane electrfidil(meter) +0.1 mg/L
Dissolved oxygen - lab DO SM4500-0 C., Winkler, azide +0.1 mg/L
Fecal coliforms FC SM9221 E , MPN* <l.lor<2
Nitrogen - ammonium Nkl SM4500-NH3 H., flow inject, phenate 1@y NHs-N/L
Nitrogen - nitrate/nitrite N@ SM4500-NO3 I, flow inject, Cd reduction 13 NOs-N/L
Nitrogen - total TN SM4500-NO3 I., flow inject, persulfateydit 10ug N/L

pH - field/lab pH SM4500-H, electometric lab or field meter +0.1 units
Phosphorus - orthophosphate  OP SM4500-P G., flow inject g BO,-P/L
Phosphorus - total TP SM4500-P G., flow inject, persulfagesh 5ug P/L
Temperature - field Temp SM2550 thermistor (field meter) +0.1C
Turbidity Turb  SM2130, nephelometric +0.2NTU

*Fecal coliform analyses were provided by Edge Analyti8@5 Orchard Dr., Bellingham, WA.

Table 2: Summary of analytical methods used by the Instituté/atershed Stud-
ies in the Lake Samish monitoring project.
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All Months and Years
Min. Median Mean Max.
8.0 36.4 36.5 545
23.8 407 39.8 56.4
27.1 42.6 42.0 56.3
32.4 43.2 42.4 53.8

o0 w>

Summer (July-October)
Min. Median Mean Max.
23.8 383 38.8 52.6
23.8 41.8 40.9 50.5
374 46.5 46.1 54.2
40.0 47.1 46.7 50.4

o0 w>

Table 3: Summary of TS, results for Lake Samish. Results include data col-
lected from June 2005 through July 2008.
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DO Temp Alk Turb Cond
Site Date (mg/L) (C) (mg/L) (NTU) pH «S)
Barnes Jul 15, 2005 10.2 125 52.0 4.6 7.2 128.7
Creek Nov 10, 2005 14.7 9.0 375 2.7 75 103.4
Jul 16, 2007 10.1 12.9 59.7 1.2 7.3 139.7
Mar 17, 2008 12.5 6.0 40.0 2.7 7.6 102.6
Finney Jul 15, 2005 9.7 13.5 28.0 0.8 7.1 149.8
Creek Nov 10, 2005 14.7 9.2 12.2 3.0 7.2 75.2
Jul 16, 2007 8.8 16.2 41.4 0.3 7.2 399.0
Mar 17, 2008 12.7 5.6 16.2 3.9 7.3 929
Friday Aug 9, 2005 4.1 20.5 21.3 3.7 6.1 694
Creek Nov 10, 2005 8.5 10.7 19.7 0.9 7.2 68.4
(outlet) Jul 16, 2007 4.8 21.9 19.7 1.4 6.4 66.5
Mar 17, 2008 12.4 6.4 17.6 1.5 73 664
Unnamed Jul 15, 2005 9.1 13.4 31.8 2.5 6.7 827
(Mia Creek) Nov 10, 2005 13.6 9.2 18.0 1.9 71 739
Jul 16, 2007 na na na na na na
Mar 17, 2008 10.9 6.5 32.0 119 7.0 1318
Unnamed Jul 15, 2005 8.3 12.9 24.7 0.8 6.3 94.2
(Mud Creek) Nov 10, 2005 14.6 8.5 15.9 0.9 71 748
Jul 16, 2007 9.1 13.5 19.2 1.1 6.4 83.8
Mar 17, 2008 12.5 5.9 15.1 1.4 7.1 67.0

Table 4: Dissolved oxygen (DO), temperature (Temp), atiigli(Alk), turbidity
(Turb), pH, and conductivity (Cond) results for Lake Samisdtershed creeks.
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Site Date NH TN NO3 TP oP FC (cfu/
Site Date (g-N/L)  (ug-N/L)  (ug-N/L)  (ug-P/L)  (ug-P/L) 100 mL)
Barnes Jul 15, 2005 17.1 1082.7 915.6 46.0 26.9 >23
Creek Nov 10,2005 <10 1670.0 1518.2 15.1 9.0 23
Jul 16, 2007 <10 756.9 678.4 18.0 24.3 240
Mar 17, 2008 10.0 882.0 767.0 17.1 11.6 4
Finney Jul 15, 2005 11.7 747.6 622.2 33.1 35.3 >23
Creek Nov 10,2005 <10 2061.5 1860.4 15.1 5.7 130
Jul 16, 2007 24.2 585.9 434.8 9.3 21.4 170
Mar 17, 2008 <10 1197.0 1089.0 13.2 7.2 52
Friday Aug 9, 2005 40.6 361.9 10.2 25.9 <3 130
Creek Nov 10, 2005 28.0 409.8 187.9 9.6 <3 8
(outlet) Jul 16, 2007 23.0 358.3 88.0 13.8 7.8 80
Mar 17, 2008 <10 590.0 424.0 5.4 <3 8
Unnamed Jul 15, 2005 145 478.3 293.4 49.8 30.9 >23
(Mia Creek) Nov 10,2005 <10 1890.9 1666.2 21.2 10.3 23
Jul 16, 2007 na na na na na na
Mar 17, 2008 13.2 801.0 534.0 20.5 5.7 104
Unnamed Jul 15, 2005 <10 582.1 474.3 20.2 15.5 >23
(Mud Creek) Nov 10, 2005 108.6 2308.4 1901.7 18.6 8.7 13
Jul 16, 2007 31.7 551.2 464.9 11.7 8.2 23
Mar 17, 2008 <10 1328.0 1211.0 9.1 7.2 4

*Sample above detection limit of 23 cfu/100 mL

Table 5: Ammonium (NH), total nitrogen (TN), nitrate/nitrite (N§), total phos-
phorus (TP), soluble orthophosphate (OP), and fecal ¢alifC) results for
Lake Samish watershed creeks.
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Mean depth 711t 21.6m 311t 9.4m
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Drainage area || 3.70sgqmi  9.58 krh 9.20 sg mi 215.5 kih
Altitude 273 ft 83.2m 273 ft 83.2m
Shoreline lengthj| 1.8 mi 2.9km 6.3 mi 10.1 km

Figure 1: Lake Samish sampling sites, 2005-2008. Figunewadfrom Bortle-
son, et al. (1976); morphology data from Bortleson, et aseldaon survey data
collected by the Washington State Dept. of Game in 1956.
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Figure 2: Lake Samish Hydrolab profiles for Sites A-D, Jung20®5. Field pH
and conductivity data were not collected on this date.
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Figure 3: Lake Samish Hydrolab profiles for Sites A-D, July 2005. Field pH
and conductivity data were not collected on this date.
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Figure 4. Lake Samish Hydrolab profiles for Sites A-D, Auge3t2005. Field
pH and conductivity data were not collected on this date.
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Figure 5. Lake Samish Hydrolab profiles for Sites A-D, Seften?0, 2005.
Field pH and conductivity data were not collected on thigdat
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Figure 6: Lake Samish Hydrolab profiles for Sites A-D, Octdb® 2005. Field
pH and conductivity data were not collected on this date.
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Figure 7: Lake Samish Hydrolab profiles for Sites A—D, NovemP0, 2005.
Field pH and conductivity data were not collected on thigdat
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Figure 8: Lake Samish Hydrolab profiles for Sites A-D, Jap@&, 2006. Field
pH and conductivity data were not collected on this date.
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Figure 9: Lake Samish Hydrolab profiles for Sites A-D, Feby@6, 2006. Field
pH and conductivity data were not collected on this date.
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Figure 10: Lake Samish Hydrolab profiles for Sites A—D, Matéh2006.
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Figure 11: Lake Samish Hydrolab profiles for Sites A-D, A@Bl 2006.
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Figure 12: Lake Samish Hydrolab profiles for Sites A—D, May 2006.
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Figure 13: Lake Samish Hydrolab profiles for Sites A-D, June2P06.
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Figure 14: Lake Samish Hydrolab profiles for Sites A-D, Jily 2006.



Lake Samish 2008 Report Page38

Water Temperature — August 2006 Dissolved Oxygen — August 2006
o o -
o | o |
— —
E E
£ R 1 £ 81
O O
[a) (]
o | o _|
™ ™
—e— Site A —e— Site A
o —e— SiteB o —— SiteB
< <
I T T T T I T T T
5 10 15 20 25 0 5 10 15
Temp (C) DO (mg/L)
Lake pH — August 2006 Specific Conductivity — August 2006
© * © 14
o | o
- -
€ E
g 87 £ 8-
O [
[a)] (]
o | o _|
15} ™
—— Site A —o— Site A
o —— SiteB o —— SiteB
< <
T T T T T T T T T T T T
6 7 8 9 10 50 55 60 65 70 75 80
pH Cond (uS/cm)

Figure 15: Lake Samish Hydrolab profiles for Sites A and B, éstg24, 2006.
Sites C and D were not sampled on this date.
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Figure 16: Lake Samish Hydrolab profiles for Sites A and B tS&sper 18, 2006.
Sites C and D were not sampled on this date.
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Figure 17: Lake Samish Hydrolab profiles for Sites A and B,oDet 22, 2006.
Sites C and D were not sampled on this date.
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Figure 18: Lake Samish Hydrolab profiles for Sites A and B,ddelser 18, 2006.
Sites C and D were not sampled on this date.
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Figure 19: Lake Samish Hydrolab profiles for Sites A and Buday 30, 2007.
Sites C and D were not sampled on this date.
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Figure 20: Lake Samish Hydrolab profiles for Sites A and B,rkaty 27, 2007.
Sites C and D were not sampled on this date.
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Figure 21: Lake Samish Hydrolab profiles for Sites A and B, ®ha29, 2007.
Sites C and D were not sampled on this date.
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Figure 22: Lake Samish Hydrolab profiles for Sites A and B, &, 2007. Sites
C and D were not sampled on this date.
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Figure 23: Lake Samish Hydrolab profiles for Sites A and B, Mdy2007. Sites
C and D were not sampled on this date.
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Figure 24: Lake Samish Hydrolab profiles for Sites A-D, Juhe2P07.
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Figure 25: Lake Samish Hydrolab profiles for Sites A-D, Seyiiter 13, 2007.
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Figure 26: Lake Samish Hydrolab profiles for Sites A and B, &uober 15, 2007.
Sites C and D were not sampled on this date.
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Figure 27: Lake Samish Hydrolab profiles for Sites A-D, Delsen®0, 2007.
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Figure 28: Lake Samish Hydrolab profiles for Sites A and Buday 29, 2008.
Sites C and D were not sampled on this date.
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Figure 29: Lake Samish Hydrolab profiles for Sites A—D, Ma2&h2008.
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Figure 30: Lake Samish Hydrolab profiles for Sites A and B,il&i, 2008. Sites
C and D were not sampled on this date.



Lake Samish 2008 Report Pageb4d

Water Temperature — May 2008 Dissolved Oxygen — May 2008
o o -
o | o |
— —
E E
£ R 1 £ 81
O O
[a) (]
o | o _|
™ ™
—e— Site A —e— Site A
o —e— SiteB o —e— SiteB
< <
I T T T T I T T T
5 10 15 20 25 0 5 10 15
Temp (C) DO (mg/L)
Lake pH — May 2008 Specific Conductivity - May 2008
o o -
o | o
- -
€ E
g 87 £ 8-
O [
[a)] (]
o | o _|
15} ™
—— Site A —— Site A
o —— SiteB o —— SiteB
< <
T T T T T T T T T T T T
6 7 8 9 10 50 55 60 65 70 75 80
pH Cond (uS/cm)

Figure 31: Lake Samish Hydrolab profiles for Sites A and B, NIay2008. Sites
C and D were not sampled on this date.
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Figure 32: Lake Samish Hydrolab profiles for Sites A-D, June2D08.
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Figure 33: Lake Samish Hydrolab profiles for Sites A and By 22, 2008. Sites
C and D were not sampled on this date.
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Figure 34: Lake Samish alkalinity data, June 2005 throudy 2008. Samples
were collected at the surface and bottom for each site; Siteaad D were not
sampled on all dates. Note that lines connecting points doepresent equal
time intervals, especially at Sites C and D.
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Figure 35: Lake Samish pH data (laboratory analysis), J@® 2hrough July
2008. Samples were collected at the surface and bottom &br €te; Sites C
and D were not sampled on all dates. Note that lines conmgeptiimts do not
represent equal time intervals, especially at Sites C and D.
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Figure 36: Lake Samish specific conductivity data (laboyatmalysis), June
2005 through July 2008. Samples were collected at the sudad bottom for
each site; Sites C and D were not sampled on all dates. Ndtkrteégs connecting
points do not represent equal time intervals, especialBitas C and D.
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Figure 37: Lake Samish total nitrogen data, June 2005 thrduty 2008. Sam-
ples were collected at the surface and bottom for each stees § and D were
not sampled on all dates. Note that lines connecting pomtsad represent equal
time intervals, especially at Sites C and D.
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Figure 38: Lake Samish nitrate/nitrite data, June 2005uiinaJuly 2008. Sam-
ples were collected at the surface and bottom for each sitta Dere not cen-
sored, and some values were below detection. Horizontdledbeference line

shows detection limit; Sites C and D on all dates. Note tinasliconnecting points

do not represent equal time intervals, especially at Sitasd’D.
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Figure 39: Lake Samish ammonium data, June 2005 throug200y. Samples
were collected at the surface and bottom for each site. Data wot censored,
and some values were below detection. Horizontal dashederafe line shows
detection limit; Sites C and D were not sampled from Augugi2through May
2007. Note that lines connecting points do not represenaleiiue intervals,
especially at Sites C and D.
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Figure 40: Lake Samish total phosphorus data, June 200b5ghrduly 2008.

Samples were collected at the surface and bottom for eaeh Biita were not
censored, and some values were below detection. Horizdatdled reference
line shows detection limit; Sites C and D on all dates. Nog& limes connecting
points do not represent equal time intervals, especialBitas C and D.
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Figure 41: Lake Samish orthophosphate data, June 2005t duly 2008. Sam-
ples were collected at the surface and bottom for each sitta Dere not cen-
sored, and some values were below detection. Horizontélediaeference line
shows detection limit; Sites C and D on all dates. Note tinasliconnecting points
do not represent equal time intervals, especially at Sitasd’D.
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Figure 42: Lake Samish Secchi depth data, June 2005 thraugl2008. Sam-
ples were collected at the surface for each site; Sites C aweér® not sampled
from August 2006 through May 2007. Note that lines conngcfinints do not
represent equal time intervals, especially at Sites C and D.
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Figure 43: Lake Samish turbidity data, June 2005 througi 2008. Samples
were collected at the surface and bottom for each site; Sitasd D on all dates.
Note that lines connecting points do not represent equ# imntervals, especially
at Sites C and D.
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Figure 44: Kendall'sr correlations between turbidity, Secchi depth, and chloro-
phyll (see page 9 for description of correlation analysi3jagonal lines are for
reference only and do not imply a linear relationship.
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Figure 45: Lake Samish fecal coliform data, June 2005 thnaludy 2008. Sam-
ples were collected at the surface and bottom for each sit@aalyzed by Edge
Analytical. Note that lines connecting points do not repré®qual time intervals,
especially at Sites C and D.
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Figure 46: Lake Samish chlorophyll data for Sites A—-D, Jube2005.
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Figure 47: Lake Samish chlorophyll data for Sites A—D, July 2005.
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Figure 48: Lake Samish chlorophyll data for Sites A-D, Audi 2005.
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Figure 49: Lake Samish chlorophyll data for Sites A and B,t&&per 20, 2005.
Data from Sites C and D have been omitted due to equipmenuntibn.
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Figure 50: Lake Samish chlorophyll data for Sites A and B,oDet 16, 2005.
Data from Sites C and D have been omitted due to equipmenuntibn.
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Figure 51: Lake Samish chlorophyll data for Sites A—D, Noten®0, 2005.
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Figure 52: Lake Samish chlorophyll data for Sites A-D, Jan@a, 2006.
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Figure 53: Lake Samish chlorophyll data for Sites A-D, Faby26, 2006.
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Figure 54: Lake Samish chlorophyll data for Sites A-D, Mat&h2006.
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Figure 55: Lake Samish chlorophyll data for Sites A—D, Agal 2006.
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Figure 56: Lake Samish chlorophyll data for Sites A—D, May 2006.
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Figure 57: Lake Samish chlorophyll data for Sites A—D, Jube2D06.
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Figure 58: Lake Samish chlorophyll data for Sites A—D, Jiy 2006.
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Figure 59: Lake Samish chlorophyll data for Sites A and B, ésig24, 2006.

Sites C and D were not sampled on this date.
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Figure 60: Lake Samish chlorophyll data for Sites A and B,t&&per 18, 2006.

Sites C and D were not sampled on this date.



Lake Samish 2008 Report PageB4

October 2006 - Site A October 2006 - Site B
o o o o
o
o _| 0 -
—
£ E g 8
< o _ <
a o =1
o) o)
a 0 |
o | —
™
— Estimated o —- Estimated
o | —8&- Measured N —8&- Measured
N I T T T I T T T
0 5 10 15 0 5 10 15
Chlorophyll Biomass (mg/m3) Chlorophyll Biomass (mg/m3)
October 2006 - Site C October 2006 - Site D
No Profile Data No Profile Data
0 - N
é o _| g/ <
s - =
o) o)
a a “ 7
-
o -
o —O- Estimated —- Estimated
N Measured o _| —&- Measured
T I I I - T I I I
0 5 10 15 0 5 10 15
Chlorophyll Biomass (mg/m3) Chlorophyll Biomass (mg/m3)

Figure 61: Lake Samish chlorophyll data for Sites A and B,oDet 22, 2006.
Sites C and D were not sampled on this date.
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Figure 62: Lake Samish chlorophyll data for Sites A and B, édelser 18, 2006.

Sites C and D were not sampled on this date.



Lake Samish 2008 Report

Depth (m)

Depth (m)

10

20

30

40

15 10

20

January 2007 - Site A

—- Estimated
—8~ Measured

I I I
5 10 15

Chlorophyll Biomass (mg/m3)

January 2007 - Site C

No Profile Data

— Estimated
Measured
T T T
5 10 15

Chlorophyll Biomass (mg/m3)

Depth (m)

Depth (m)

15 10

20

10

PageB6

January 2007 - Site B

—&- Estimated
—- Measured

I I I
5 10 15

Chlorophyll Biomass (mg/m3)

January 2007 - Site D

No Profile Data

—&- Estimated
—&- Measured

T T T
5 10 15

Chlorophyll Biomass (mg/m3)

Figure 63: Lake Samish chlorophyll data for Sites A and Buday 30, 2007.

Sites C and D were not sampled on this date.
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Figure 64: Lake Samish chlorophyll data for Sites A and B,rkaty 27, 2007.

Sites C and D were not sampled on this date.
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Figure 65: Lake Samish chlorophyll data for Sites A and B, W9, 2007. Sites
C and D were not sampled on this date.
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Figure 66: Lake Samish chlorophyll data for April 24, 2008 @hlorophyll data
were collected; the plot is included for information only).
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Figure 67: Lake Samish chlorophyll data for Site B, May 24)20Sites C and D
were not sampled on this date and only two samples were tedlet Site A.
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Figure 68: Lake Samish chlorophyll data for Sites A—-D, JuheZD07.
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Figure 69: Lake Samish chlorophyll data for Sites A-D, Segtter 13, 2007.
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Figure 70: Lake Samish chlorophyll data for Sites A and B, &uber 15, 2007.
Sites A and B were sampled at 5 meter depth intervals; Sitesd@Mawere not
sampled on this date.
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Figure 71: Lake Samish chlorophyll data for Sites A-D, Delsen20, 2007. All

sites were sampled at 5 meter depth intervals.
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Figure 72: Lake Samish chlorophyll data for Sites A and Buday 29, 2008.
Sites A and B were sampled at 5 meter depth intervals; Sitesd@Mawere not
sampled on this date.
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Figure 73: Lake Samish chlorophyll data for Sites A—D, M&8h2008. All sites

were sampled at 5 meter depth intervals.
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Figure 74: Lake Samish chlorophyll data for Sites A and B,ilAit, 2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andrB mat sampled
on this date.
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Figure 75: Lake Samish chlorophyll data for Sites A and B, M&y2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andrB mat sampled
on this date.
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Figure 76: Lake Samish chlorophyll data for Sites A-D, Jube2D08. All sites
were sampled at 5 meter depth intervals.
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Figure 77: Lake Samish chlorophyll data for Sites A and By A3, 2008. Sites
A and B were sampled at 5 meter depth intervals; Sites C andrB mat sampled
on this date.
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Figure 78: Comparison between chlorophyll fluorescencesnred in the field

and chlorophyll biomass measured in the laboratory.
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Figure 79: Seasonal comparison between chlorophyll fleerese measured in
the field and chlorophyll biomass measured in the laboratory
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Figure 80: Median Lake Samish T§lvalues at Site A on all sampling dates.
Summer samples were collected between June and October.t¢*dune 2007,
chlorophyll biomass was estimated based on algal fluorescerofiles; chloro-
phyll biomass was measured directly from June 2007 throulyt2D08. See page
11 for discussion.
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Figure 81: Median Lake Samish T§lvalues at Site B on all sampling dates.
Summer samples were collected between June and October.t¢*dune 2007,
chlorophyll biomass was estimated based on algal fluorescerofiles; chloro-
phyll biomass was measured directly from June 2007 throulyt2D08. See page
11 for discussion.
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Figure 82: Median Lake Samish T§lvalues at Site C on all sampling dates.
Summer samples were collected between June and October.t¢*dune 2007,
chlorophyll biomass was estimated based on algal fluorescerofiles; chloro-
phyll biomass was measured directly from June 2007 throulyt2D08. See page
11 for discussion.
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Figure 83: Median Lake Samish T§lvalues at Site D on all sampling dates.
Summer samples were collected between June and October.t¢*dune 2007,
chlorophyll biomass was estimated based on algal fluorescerofiles; chloro-
phyll biomass was measured directly from June 2007 throulyt2D08. See page
11 for discussion.
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A Lake Samish Monitoring Data

Printed versions of this report include tables of the 2006&lake monitoring

data, edited to show detection limits. Online reports doimdtide copies of the
original data, but electronic data files are available fromltstitute for Watershed
Studies. In addition, the IWS web site (http://www.ac.wedwu~iws) features

“dynamic” plots of the Lake Samish water quality data anddasltcontaining the
most recent results from the lake.
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