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Executive Summary

This document provides a report of work completed by the U.C. Dahatioe Environmental
Research Center (TERC) between July 1, 2014 and June 3 2@d4r Agreement No. 1338
160: Lake Tahoe Water Quality Investigations. Three primary areas of investigation or tasks
were undertaken in this study, which were primarily related to algae growth in the nearshore
zone of Lake Tahoe: (1) algal growth potential assays; (2) playtkign identification and
enumeration; and (3) quantification of periphyton (attached algae) in the littoral zone.

Results from July 1, 2@tMay 30, 2016 investigationdogether with information on project
guality assurance and quality contaoé detaid in themain body of theeport. Highlights,
including findings fronthis period management implications, and recommendations are
summarized in this executive summary.

AGP Assays

The purpose of the Algal Growth Potential (AGP) assay task is tpar@nhevels of algal growth

potential in the nearshore to identify emerging problem areas. The Algal Growth Potential

(AGP) assay test was conducted as part of the CalitbleimdaFederal Joint Water Quality

|l nvestigations i n 9t7h0ed sl a(tCea | 1i 9f 600r 6nsi aa nDde peaarrt | nye nit
A DWR 0, -75) 18 &sfess the maximum amount of algal growth supported by available

nutrients in sampled water3.he LahontanRegional Water Quality Control Boalds an

existing water quality standard whistates thatnean annual AGP at a site should not be

greater than two times the mean annual AGP at alakd reference stati@n Sites with

samples having repeatedly high AGP, or which exceed this standard repeatedly would deserve
closer scrutiny of algagrowth levels, and the environmental factors contributing to that growth.

We evaluated the AGP data relative to the Lahontan Standard for the two complete calendar
years of data (2014 and 2015) obtained during this study peFluelresults of thesanalyses
indicatedthere were no violations of the Lahontan AGP standard if all four tests during
calendar year were used in calculation of annual means. However, DWERLI® 6 0 6 s an d
19706s typically calcul at ed meldeingrthe Maug a | me an
period. Using a nearly similar perigsllay i Sept) for calculation of the mean annual AGP in

our study, violations of the Lahontan standamte foundn 2015 but not 2014 Two sites

violated the standard in 2015 (Tahoe City aimdber Cove). AGP at Tahoe City was 2.51 times
the midlake annual mean, and AGP at Timber Cove was 2.65 times the annual At&Rardata
collected in Sept. 2016 wiirovideanother full year of data to get a better sense for whether
annual violations ofthe AGP standard are frequently observetiadioe City and Timber Cove.

Levels of AGP tended to be variable in the experiments with no sites having consistently high or
low AGP through all the tests. Howeveihen theAGP levelswere ranked (highest towest

AGP for each sample datémber Cove and Tahoe City, along with Tahoe Keys and Emerald

Bay weresitesnor e f r e g u e nt Tagoe City, TimbeeCoVef aodTal®eKeys were

eachi n t h ein &iof 1d pestsEroerald Baywva s i n  t(ih @of Hltest)p SiB2®more
frequently in the Abottom 30 with the | owest
Mid-lake North (5 of 11 tests) and Rubicon Bay (5 of 11 tests).



The four sites which typically were among the higl®SP may be responding to greater
availability or input of nutrientsThe Tahoe City sitas locatedin thenearshore on an extensive
shallow shelhear the Tahoe City Boat ramsfightly east of thentrance t&GtarHarbor

Nutrients from Star Harbor ant tributaries(Burton and Polaris creeksjay contributeto the
elevated AGP at this site. Proximity to the boat ramp and boating a¢miigh can stir up
sediments, nutrients and alaeay also impact AGP levels at the Tahoe City. sithe Timber
Covesite islocatedon an extensive shallow shelf area, offshore of the Timber Covel piatr.
site may be affected by several sources of nutrients includgagby stream inflows from the
U.Truckee/Trout watersheds; nearby urban runoff inputs; localizegmiunputs from Asian
clams (vhich are abundant in the ajpand boating activity and human activities in the
nearshoravhich potentiallystir up sediments, nutrients and alg@e the water columnThe
Emerald Bay site is located the backof Emeratl Baynear the inletof Eagle Crwhich may
contribute nutrients. Finallyhe Tahoe Keysiteis located orthe shallow shelf areaffshore of
the Tahe Keyandmay beimpacted by inputs from the Upper Truckee River as well as water,
nutrients and phyfdanktonfrom theTahoe Keys chanrehearby. There is also much boating
activity in this area which castir up sediments, nutrients and algae.

Levels of nutrients (N@N, NHs-N, SRP and TP) were analyzed in initial lake water from AGP
monitoring sitesn a portion of the experiments. In general, nutrient levels tended to be very low
at the sites with no obvious site to ditendswhich might be associated wi&kGP or initial
chlorophylla. The nutrients present in lake water are subject to rapiddial uptakgi.e. the
nutrients may be removed from the water rapidly by algae and bacteriti¢ndnotto show

large variations from site to sitk is important to note thaites with increased AGP médnave

greater availability or input of nutmés, but the nutrients may removedrapidly from the

watersby algae and/or bactergand so not show up as elevated in the chemistry resSdtae

variation in nutrient levels was observdebr instanceTP tended to be somewhat elevated at
most sitesn the bioassays in Aug. 2014 and June 2015. The highest TP was measured at Timber
Cove in Aug. 2014. NN tended to be elevated at most sites (except in Emerald Bay) in the
March 2016

AGP eperimentgdone in early winter (December) tended to shatlelif any additional growth
relative to initial chlorophylk levels In many cases, chlorophyldecreased from initial levels
andthe initial chlorophylla representethe maximum algal growth potentiaWith generally
little or no growth observeahithe Dec. tests done 202815,it may not be worthwhile to carry
out the AGP experiments at this time of y&aonsideration should be givengossibly
eliminating the December AGP testdbr replacingt with an additional test arnother time of
theyear.

After three years of use of the AGP method, some of the challenges related to use and
interpretation of the method have become apparent. First, as with other laboratory bottle algal
bioassay methods, the AGP method is a test which relies doaitha of algae in flasks under
controlled conditions in the lab. The results of the test are constrained to some extent by bottle
effects and conditions of incubation. Algae in the flasks do not experience similar conditions of
water circulation, nutriet availability, light intensity, presence of UV, exposure to grazers and
many other factors which occur in natural waters. With laboratory incubation, factors may be
removed which may constrain growth in the lake (e.g. presence of UV light may ing#bit al



growth in shallow portions of the lake, whereas in laboratory incubation, the algae could
potentially show growth when this UV inhibition is removed). This is a challenge of using bottle
bioassays to provide information on the much more complex systdra lake. Itis best to use
information from such tests in combination with other physical, chemical and biological data to
draw conclusions on conditions in the lake.

At times it was difficult to interpret the results of the AGP tests. For instane site, Timber

Cove had very low initial chlorophydl biomass on several dates yet also had high growth

potential as observed in a large increase in chlorophyll |1 f t he al gae had hig
it observed at the site in the form of high bass at the time of collection? Removal of algae by
grazing (either zooplankton or Asian clams) could be one explanation. Movement of water with
lower algae content and elevated nutrients into an area (i.e. through upwelling or stream inputs)
could be anther explanation. There may also be other factors which constrain growth naturally
in that area, i.eeffects of high light/UV over the shallow shalfd inability of algae to ciculate

or move away from the high UMunfavorable temperature or chemicahditions, or

competition for nutrients from benthic algae and bacteria. Removal of these factors in laboratory
incubation conditions could promote increases in chloroghylhis raises the question of the
significance osome of theAGP test resultd undercertainnatural conditions, growth of the

algae is normally constrainéa the lakeand the algal growth potential is not normally achieved.

Further examination of the utility of the AGP tests in combination with data currently collected
for the rearshore would be useful, as well as examination of what other methods might be used
to assess algal growth potentiakitu.

Phytoplankton Enumeration

Characterization of phytoplankton species and abundance provides important data with regard to

the bae of the food web and nearshore conditiobake Tahoe Changein the number and

biodiversity of phytoplankton are indicators of nutrient loading, eutrophication and trophic

status. Additionally, data and information generated through this taskrhat@gers to

determine if new and undesirable species (e.g. bifmwsming organisms, taste and odor species,

or species that indicat e a -ohgotromhicstatug)pref r om t he
colonizing the lake. Furthermore, these organismseantta lake clarity

From Aug. 2013March, 2016 even neasshore sites and two open water (fakle) sites were
sampled quarterly for phytoplankton identification and enumeraiitve. phytoplankton data for
this period indicatethat although there wa®me variation in the proportions and overall
amount of various groups contributing to biomass on particular dates, the patterns seen in many
of the nearshore stations were similar to those obsentkd awo stations at mithke. There
were nonearshog areaghat werealwayssubstantiallydifferentwith respect tghytoplankton
composition or biovoluméan estimate of the amount of algae presaidive to the midake
sites One siteEmeraldBay, frequently (but not always) had predominant algpés that
differed from the main body of the lak@dalso had highebiovolumes Some other sites with
occasionally elevated biovolumes include Tahoe City and Tahoe Kiegse elevated
biovolumesmay be a response to increased nutrient availability.



Sites occasionally had contributions to thevolume andibundance from one or more of three
groups (cyanobacteria, green algae and euglenophytes) which can be associated with more fertile
conditionsin Lake Tahoe Howeverthe amount of thesgroups in met casesvasonly a very

small portion of the overall biovolume and there generally were osityadl number ofpecies

In 2015 there was an urug occurrence of one type of bhgeeen specie8phanothecever
widespread regions of the lak&phanothee sp, is avery small (3um) solitary cell which has

the capacity to fix nitrogen from the atmosphefg@hanothece spas been present in the past

but its abundance 2015was remarkable. These cells prefer high light, low nitrogen, high
temperaturerad sources of inorganic carbon to enhance their ability of aerobic nitrogen fixation
(Reddy et al 1993)Their abundance is indicative of waters which lack nitrogerFebruary

and May 201%Aphanothecgreatly influenced the total biolume at many steonsincluding

the midlake stations.

The other odd occurrence seen in February 2015 was the dominance of a small centric diatom,
Cyclotella gordonensjswvhich typically is seen only during summer stratified months of July and
August. These cells aregeellent competitors during low nutrient, high light and warmer
temperature conditions (Winder and Hunter, 2008 and Winder et. al. 2009). Their habitat
preferences suggest all the stations in February, at shallow depths were stable and nutrient
deficient,which would be a consequence of little precipitation runoff and mixing. The presence
of Cyclotella spwas a lakavide event, unusual for February.

During the period 2022016 however, there was no indication of a general shift in

phytoplankton groups @pecies groups, which might indicate a general change inidrsiate

of the nearshore20132016 was a prolonged drought period when generally low levels of

nutriens were contributed to the lak&his likely had an impact on patterns for algal groapd

levels of algae in the nearshore and at-fakeé. Levels of phytoplankton biovolume and

abundance in the nearshore may show different patterns during years of heavier precipitation and
increased nutrient inputs.

Periphyton Quantification

The purpae of the periphyton quantification task is to assess biomass levels of nearshore
attached algae (periphyton) around the lake. Excessive attached algae biomass coats the rocks in
the spring in many areas around the lake and bright green filamentous@gaalong portions

of the shoreline in the summer. Nearshore periphyton can adversely impact the aesthetic,
beneficial use of the shore zone in areas where thick growth devEl@pamount of periphyton
biomasscanreflectlocal nutrient loading andlso be affected bipngterm environmental
changes.Monitoring trends in periphyton biomass is important in assessing local anditike

nutrient loading trends.

Generally lonmto moderate levels of periphyton were observed anbitheroutine monitonng
sitesin WY 2014 and 2015Theseyearswere the third and fourtpears ofbelow normal
precipitation in the basinThegenerallylow periphyton growthikely wasa response treduced
nutrients inputsPeriphyton biomass levels increased in 28tlthany sites. The increase in peak
annual biomass was the greafest3 sites along the weshore(Rubicon Pt., Sugar Pine Pt. and
Pineland and at the Incline West site on the north shéelncline Westthe peakspring
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chlorophylla levelwasamong thénighest observed since 2000/Y 2016 was a year ofear
normal precipitation, and the increase in periphyton may have been agespancreased
nutrient inputdo the lake compared with the previous two low precipitation years

Once each spring antensivesynopticsamplingis donein whichlevels of periphyton at
approximately 50 sitegreassessed using a rapid assessment method called the Periphyton
BiomassIndex (PBI) Thi s sampling provides essentially a
periphytonaround the lakéuringthe period of peak springomass Generally lightPBl was
observed along much of the shoreline during the 20t42015ynoptic, with some areas of
greater biomasg.he generally low levels observed were likely associated witredsed

nutrient inputs duringhe prolonged drought. Ithe2016synoptic moderate levels d?Bl were
found along portions the west side of the |akih several areas of relatively heavy R8lg. at
South Fleur du lac, Ward CPineland, North Sunsyde, Tahoe City Tributary, Tahoe City Boat
Ramp,andSouth Dollar Cr.)Chlorophylla was measured at about a thircatifsitesand the
highest level measuredas141 mg/ni at the Tahoe City tributary site. Generally light PBI was
observed along the eastle of the lake, with a couple of regionsetdvatedPBl in 2016

The spring synoptic monitoring has been useful for identifying gitech frequently have quite
high periphyton biomass in the sprif®jtes with more frequent incidences of heavypgssiton
PBI include:Ward Cr. mouthPineland Tahoe City, Tahoe City Tributary and South Dollar Cr,
on the northwest shore and Timber Cove Rocks along the south Seweral of these areas are
near tributaries which may provide nutrient inputs. Fwtipn PBI levelswere lower at many of
these sitegh 2014 and 20156ut increased in 201&xceptions to the pattern were thahoe City
Tributary sitewhich had elevated PBthroughouthethree yearsind Timber Cove which had
extremely low PBI in 20161t would be valuable to better understand the primary factors
contributing to the heavy periphyton growth at these sitetufly by USGS and the University
of Nevada Reng(supported by Lahontan and the USE8¢using on specific factors affecting
periphyton growth at the Pineland site was done in 20h&h should contributsignificantlyto
this understanding; there is alB@ubstantial body afiformation from earlier studies by TERC
and TRGwhich provides much background understanding of periphyttrisasitg, and to have
a better sense for the extent to which management actions might help reduce these levels.

While the results from monitoring in 2016 indicated generally increased periphyton ammcants
year of more normal precipitatioelative b levels in the two previouwdry yearsthe resultover

the longer perio@0122016,showedt hat a fAdri er than nor mal year
eqguate to a low periphyton yealVY 2012 and 2013 were yearsrefativelylow precipitation,

yet annuamaximum biomass was quite high at Pineland and Tahoe City in both years. Rubicon
Pt. was also high in 2012 and Dollar Pt. high in 2013. WY 2012 followed an extremely wet year
in 2011. WY 2 0 1 3 assntich precipitdtiomceutediv Noy. gnd Bes.e t 0
however very dry conditions prevailed the restngWY. The timing of when precipitation

occurs during a year, carryover conditions from the previous year (i.e. the degree of soil
saturation and ground water levels), lake level and otletwrtamay also play a role in addition

to nutrient inputs in determining the biomass level in any year.

In addition to the sitedescribedabove with frequent, heavy periphyton groyah additional
site with unusually heavy periphyton biomass was idext#djacent to onef the spring
synopticmonitoringsites This site is located to the west of the Garwiosl/noptic site. The
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heavy periphyton growth at this site (which includdddophoraandGomphoneis sp.was very
striking relative to the verylv amounts of periphyton along the shoreline to either side of the
site and around much of the lake in generalpring of 2015.Heavy algal growth has been
observed theralsoin some previous yeark 2015, seady inflowapparent groundwater or
subsuface water was observed along the stretch of shoreline with heavy periphyton growth.
This waterwas found to have slightly elevated levels of bhathatenitrogen(NOs-N= 86ug/)

and phosphorus (SRP=29 pg/ly.would be desirable to learn more abowt fhctors

contributing to the heavy growth there.

The lake level was extremely low during WY 2015 which had an impact on the predominant
algae observed during this period. Lake surface elevation was below the natural rirft.}6223
for the majority of WY2015 and the 0.5m sampling depth was 1.64 ft. (or 0.5m) below this.
Sampling at 0.5m resulted in collection of algae from the cyanobacteriagiigler algae) zone
of periphyton growth at most site$hiswas the algae that also contributeétdarkcolored

slimy bandof material on rockand boulderabovetherecedingwaterlinealong portions of the
lake (including portions of the north and east shomeddte summer 2015This band of algae
was primarily due to the falling lake legle. the nornally deeper blugjreen algae were located
near the surfacend not necessarily related to nutrient inpMéth the lowering lake level
accumulations of small granular, ceike material weralsoobservedy some members of the
public,in the water an@long beaches in several nearshore aréasgs materialvas composed

of pieces theyanobacterigperiphyton matvhich had apparently sloughed (broke off or
released) from shallow or exposed rockghe nearshoreThis was the first time we haden

sut accumulations of sloughexyanobacterianaterial(it also was likely associated with the
lowered lakeevel), although accumulations of sloughed diatoms and filamentous green algae
are commonly observead the nearshore

Finally, in2016 TERC preparedchantensive analysis for the Tahoe Regional Planning Agency

of the trends for periphyton biomass (Hackley et al., 2016). This analysis utilized much of the
routine and synoptic monitoring data collected by the periphyton monitoring program through
the yeas up to 2015. This was the first time the historical periphyton data were statistically
evaluated for presence of trendghis analysis indicated that the majority (8 out of 10) routine
sites showed no statistically significant upward or downward tr@nkidmass associated with

the stalked diatoms and filamentous green algae during200®. Two of the sites (Pineland

along the west shore and Incline West along the north shore) did show positive (upward) trends
for Chlorophylla biomass during 2002015. Although the trends were statistically significant,
analysis of thelatashowed relatively smaihcreases in mean levels of periphyton biomass

Introduction

Thisreport presents the resultsvaérk completed by the U.C. DavisTahoe Environmental
Research Center (TERC) between July 1 328idMay 30, 205 under Agreement No. 1338
160: Lake Tahoe Water Quality Investigatioi$iree primary areas of investigation or tasks
were undertaken in this study, which were primarily related to algae gnowih nearshore
zone of Lake Tahoe1l] algal growth potential assay®) phytoplankton identification and
enumeration; and3j quantification of periphyton (attached algae) in the littoral zdrree
results from these investigations are detailedenSbactions-lll in the report Quality assurance
and quality control details fahe investigationare presentenh SectionlV of the report A
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detailed summary of Algal Growth Potential Assay data is presented in Appendix 1 and the
phytoplankton enunration standard operating procedure is presented in Appendix 2

Section I. Algal Growth Potential Assays

With increasing focus on the environmental health of the nearshore the A@Rdastluded

with monitoring workin August 2013 to evaluate algabgvth potential at different nearshore

and offshore stations around Lake Tahoe. The purpose of these experiments is to compare levels
of algal growth in the nearshore and offshireentify potential problenareas, and to evaluate
conditions relative tan established water quality standard. Availability of the nutrients,

nitrogen (N) and phosphorus (P) in the water, and levels of nutrients previously taken up by
phytoplankton (known as luxury uptake) are important factors that contribute to growth.

Methods

AGP assay tests are performed on samples collected from 13 stations (Figure 1, Table 1) four

times per yeargarly winter, late winter/early spring and lateisgfearly summemand late

summer/earlyall). Samples of lake water (usually from gttebetween 0-4.5m) are collected

from a boat, using a Van Dorn water sampler. Many of the cusitestaran proximity to sites
sampled by DWR in their study -a975).LTawkopenTahoe i
water reference sites are also samptme nearmil ake north (U. C. Davisos
and the other a mithke south site (similar to that used by DWR). A sample for phytoplankton
identification and enumeration is also collected directly from the Van Dorn sampler and treated
withLugd 6 s reagent at the time water is collecte
for the AGP assay is filtered through an 80 um size mesh netting to remove large zooplankton,

and collected in 4 liter HDPE bottles. The samples are kept near tagertdure in the dark in

a cooler and returned to the lab at TERC where the experiment is usually started the same day.

In the AGP experiment, lake water from each site is divided into duplicate flasks and incubated
under controlled light (CW fluorescelight with intensity ~ 74 p E fisec’), standard light

cycle (i.e. 16 hour light, 8 hour dark) and at ambient lake temperfatigal biomass changes

are measured by trackimg vivo chlorophylla fluorescence in water from the flasks throughout
theexperiment using a Turner Designs 10AU fluorometer (configureith favo and extractable
chlorophylla measurement). On one or more days of the experiment, typically near the growth
peak, subsamples are also filtered for later chloroghgMtractionand analysis. Equations
relatingin vivofluorescence measurements to extracted chloroptaylt determined. The
equations may then be used to calculate chloroplyti days wheim vivo fluorescence peaks

and extracted chlorophydl was not measured@he peak chlorophyk value achieved during the
assay is considered the Algal Growth Potential (AGP).

! These methods differ slightly from the early DWR studies with respect to: lighting (DWR used a light intensity of
700 foot candles or ~91 p ETisec?) and temperature (DWR used a constant temperature of 20° C) However, we
think incubation at 20° C might adversely affect some cold water species represented in the winter community.

11
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Figure 1. Map showing locations of AGP nearshore stations (light blue dots), routine periphyton
monitoring stations (green text, black stars) arthgpsynoptic periphyton stations (red dots).
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Table 1. Description of AGP and phytoplankton monitoring sites.

Site Coordinates Site Description Water
Depth at
Station
Nearshore
Sites
Sunnyside N39 07.805 ~ 15 m from first pier jushorth of Ward Cr. ~3m
W120 09.216
Tahoe City N39 10.808 ~1827 m outside of entrance to Tahoe City Boat ~2.5m
W120 07.173| Ramp area and pier
Kings Beach N39 14.179 ~ 70 m from shor e, of fs ~2m
W12002.207|sl i ghtly east o fminfudser i t
Crystal Bay N39 14.258 ~45 m offshore of mouth of Incline Cr., Crystal Bay| ~2.5m
W119 56.798
Glenbrook N39 05.371 ~ 15 m from right side ~2.5m
W119 56.489| boundary of swim area,~70 m from shore, Glenbrod
Zephyr Cove N39 00.512 Off first set of beach stairs north of Zephyr Cove pig ~2.5m
W119 56.993| ~27 m outside of swim area boundary, ~90 m from
shore.
Timber Cove - ~4570 m northwest of end of Timber Cove pier ~2m
Tahoe Keys N38 56.423 ~70 m offshore of lakside pier at Tahoe Keys, (Net§ ~1.52m
Nearshore W12000.574 | site for AGP#1 was ~115 m further offshore)
Camp N38 56.531 Adjacent to end of Camp Richardson pier 2-3m
Richardson W120 03.383
Emerald Bay N38 57.187 Adjacent to eithertte pier or near north edge of swin] ~4-5m
W120 06.367| area boundary, both near Vikingsholm
Rubicon Bay N39 00.875 ~70 m offshore of pier in shallow area ~2-3m
W120 06.840
Mid -lake Sites
Mid-lake North | N39 09.255 Location of TERC MLTP station in nortid-lake, >450m
W120 00.478| approx. 10.5 km east of Tahoe City
Mid-lake South | N38 59.641 South midlake approximately 6.5 km north of Pope| >400m
W120 00.080| Beach.
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Extracted chlorophyla is analyzed fluorometrically using a Turner Designs 10AU fluorometer,
calibrated with pure chlorophydl from Anacystis nidulanalgae. Frozen sample filters
containing algae are thawed and extracted overnight at 4°C, in 100% methanol, then
fluorescence before and after acidification with 0.05ml of 0.3N HCI is measurdaroftiyll a

and pheophytin concentrations are determined using the following equations:

Chlorophylla (ug/l) = (r/(r-1)) X (Ry-Ra) X Ve Vi

Pheophytin (ug/l) = (/(1)) X (rRe-Rp) X Ved Vi,

Ry= Fluorescence of sample extract before acidificationys)ifiluorescence of filter blank
Ra= Fluorescence of sample extract after acidification (minus) fluorescence of filter blank
V= Volume of lake water filtered (Liters), usually 0.1 L

Vex = Volume of methanol used for extraction (Liters), usually 0.005L

r = mean of B/R, values for a range of pure chlorophyll standards.

(r = 2475for current calibration)

Additional field and lab data collected for these experiments includes: lake surface water
temperature at time of collection; background fluorescent®eahitial water collected
(fluorescence of GF/F filtered water); and results of chemical analysis of N and P in the initial
lake waterfor a portion of the experimengsot part of contracted work; however, this was done
to provide supplementary informian on nutrients in water at time of sampl)ng

AGP Assay Results July 203 - March 2016:

This report presents the results ofAGP assay tests were done on lakeveen July2013 and
March, 2016. An additional test was scheduled to be done in Juite(2fdér preparation of this
repor). Table 2 presents a summary of initee chlorophyllaandAGP test results for the
sites Figures2.a-2.k present thénitial chlorophylla and AGP results for each experiment
graphically for the three years oftlstudy. Detailed summaries of AGP bioassay dataaise
presentedin Appendix 1.

The following section presents a summary of AGP test results for each individual test, along with
a description of some of the lake and weather condipaos tothe test. A summary of general
patterns in the AGP test results follows this section.

Summary of Results by AGP Assay:

AGP Assay # (8/1513)

This was a late summer sampling. Lake surface temperature was warm and ranged Igetween 1
20°C. Lake chlorophylh concentrations were generally low at most sites (betwexio 0.

0.31ug/l) with Tahoe City having slightly higherchlorophylla of 0.41 pg/l. In the Algal

Growth Potential assay, highest AGP levels occurred at 3 sites along the northwest shore
(SunnysideKings Beach and Tahoe City) where AGP ranged from-0.88 ug/l and 4 sites on

the south shore (Bijou, C.R/Taylor Cr., Zephyr Cove and Tahoe Keys) where AGP ranged from
0.81-1.15 pg/l (Table, Figure 2a). AGP at the Midake reference stations ramgigom 0.50

pg/l at Mid-lake South to 0.64 ug/l at Mithke North.
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Table2. Summary of initial chlorophyld and AGP results for AGP tests done 8/58133/16.

Station| AGP Station AGP Station AGP Station AGP Station AGP Station AGP
Initial Peak Initial Peak Initial Peak Initial Peak Initial Peak Initial Peak
Chl. a Chl.a Chl. a Chl. a Chl. a Chl.a Chl. a Chl. a Chl. a Chl. a Chl. a Chl. a
(o) | (uo/l) (na/l) (na/l) (na/l) (na/l) (na/l) (na/l) (na/l) (nafl) (nafl) (nafl)
Station 8/15/13| 8/15/13 | 12/12/13| 12/12/13| 2/20/14 | 2/20/14 | 6/9/14 | 6/9/14 | 8/29/14 | 8/29/14 | 12/9/14 | 12/9/14
Sunnyside .25 .84 A4 A4 0.63 .63 0.14 .69 0.19 42 0.52 52
Tahoe City 43 .99 .39 .39 0.24 .69 0.31 .61 0.41 .82 0.46 46
Kings Beach .28 .85 41 41 0.58 .87 0.17 37 0.4 .48 0.45 .45
Crystal Bay .26 .64 45 A5 0.81 .81 0.18 .39 0.17 A3 0.61 .61
Glenbrook 27 .64 .34 .34 0.79 .79 0.11 A4 0.23 40 0.46 46
Zephyr Cove 22 .89 .34 .34 0.96 .96 0.21 .50 0.18 .61 0.34 .39
Timber Cove 41 41 0.5 1.09 0.13 .50 0.11 .65 0.31 .39
Tahoe Keys 27 1.15 41 41 0.6 1.08 0.3 .65 0.2 .56 0.53 .53
Camp Rich. 42 42 0.67 .83 0.24 .83 0.18 45 0.43 A3
Emerald Bay .69 .69 0.74 a7 0.42 .69 0.23 .39 0.52 52
Rubicon Bay .20 .55 .58 .58 0.41 .61 0.12 .26 0.16 A4 0.3 .38
Bijou 27 81
Taylor Cr 31 .85
Mid-Lake:
Mid-lake No. .20 .64 49 49 0.87 0.87 0.12 .26 0.15 A4 0.53 .53
Mid-lake So. .18 .50 .55 .55 0.87 0.87 0.17 .58 0.17 .37 0.43 A3
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Table2 contnued Summary of initial chlorophyla and AGP results for AGP tests done 8/58133/16.

Station| AGP Station AGP Station AGP Station AGP Station AGP
Initial Peak Initial Peak Initial Peak Initial Peak Initial Peak
Chl. a Chl.a Chl. a Chl. a Chl. a Chl. a Chl. a Chl. a Chl. a Chl.a
(o) | (uo/l) (na/l) (na/l) (na/l) (na/l) (na/l) (na/l) (na/l) (nafl)
Station 2/26/15| 2/26/15 | 5/26/15 | 5/26/15 | 9/1/15 | 9/1/15 | 12/16/15| 12/16/15| 3/23/16 | 3/23/16
Sunnyside 52 71 .28 44 A1 23 44 44 27 .79
Tahoe Ciy .35 .62 .63 .78 A7 49 .50 .50 .26 .78
Kings Beach 43 .83 .29 44 .16 .28 49 49 24 .82
Crystal Bay .59 .84 27 43 .15 24 46 46 .82 .93
Glenbrook 42 97 .25 .35 14 21 .46 .46 .58 .95
Zephyr Cove .33 A 27 46 .15 22 49 49 .67 .98
Timber Cove A7 1.08 .09 .88 .06 46 44 44 .39 1.04
Tahoe Keys 37 .90 23 .39 A2 .35 48 48 .85 1.07
Camp Rich. 48 75 27 43 .10 .20 49 49 .33 g7
Emerald Bay| .98 .98 49 52 .20 29 1.29 1.29 .84 .84
Rubicon Bay .76 .76 .33 .38 A2 25 .39 .39 .28 .56
Mid-Lake:
Mid-lake No. .63 .67 22 .33 .15 21 .63 .63 .79 .79
Mid-lake So. .62 .76 19 24 A1 23 57 57 .83 .83
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Summary Figures for 20132016 AGPtests:

Algal Growth Potential 8/15/13
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Figure 2a. Late summer 201dgal growth potendil experimen (AGP#1) (Note in all figure 2
charts, a@rk shading is initial chlorophy#l concentrationlight green issubsequernitcrease in
chlorophylla (if any) during experimentotal height of bds) (dark + light greens algal
growth potentigldashed line is mean of Midke North and Souti\GP levels) The Bijou and
Taylor Cr. sites were replaced with Timber Cove and Camp Richasitesim subsequent
experiments and a site in Emerald Bay was added.
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Algal Growth Potential 12/12/13
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Fig. 2.b. Early winter 2012\GP (#2)experiment.
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Fig.2.d. Early summer 201AGP (#4)experiment.

18

Algal Growth Potential 2/20/14

=

North Lake South Lake

ML,

Chlorophyll a (pg/1)

CLOOo0D00 b
oRNuwbUNONOR PN

Fig. 2.c. Late winter/early spring 20JXGP (#3)experiment.
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Fig.2.e. Late summer 2014GP (#5) experiment.




Algal Growth Potential 12/9/14

1.2
11 1 North Lake South Lake
1
= 09
30.3
o 0.7 -
EDG 1
a 05 = - - - - - - - — - - -
_g 0.4
6 0.3
0.2
0.1
0 . .
g X A & o e & o
e B Iy
& L & > & ‘g,@ 1{\0“’ ‘.Dda Jsﬁ ,,\bﬁp \b@ oo \@'
o @ o b o A & W o
oF 43 & A [ > i A & B [
«C F 4F S F &

Fig. 2.f. Early winter 2014AGP (#6) experiment.

Algal Growth Potential 5/26/15
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Fig. 2.h. Ealy summer 201RGP (#8) experiment.
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Algal Growth Potential 2/26/15
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Fig.2.9. Late winter/early spring 201&GP (#7) experiment.
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Fig. 2.i. Late summer 201BGP (#9)experiment.
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AGP Assay #2 (12/12/13)

This was an early winter sampling. Lake surface temperaade€ooled substantially and

ranged from(6.0-8.0 °C). Very cold temperatures were observed in the basin for much of the
period between2/4-12/10/13 with some snow 12M2/5 In lake water samples collected, the
highest initial chlorophyll was observed at a new site in Emerald Bay (0.69 pg/l), Rubicon Bay
was next highest (0.58 pg/l). Chlorophglat the other nearshore sites rangedf0.340.44

pg/l and the midake sites ranged from 0.4855 pg/l.In this bioassajncubationwas done

under lightamore intense lightingHigh Output T5 fluorescent lightvith intensity ~120 p E

m? sec* were used in comparison to standard intismavith CW fluorescent lightvith

intensity ~ 74 p E M sec’). This lighting though more intense had different spectral
characteristics than the CW fluorescent lighting, this intense lightayghave detrimentally
impacted certain algal species mnodinium fuscumndRhodamonasp. (see Hackley et al.,
2014 for additional informationmesulting in a decline in chlorophyl General declines in
chlorophylla biomasgelative to initial chlorophyll levelgiere observed for samples during the
couse of the experiment-ol | owi ng a convention usedthd or t he
initial chlorophylla level was considered the AGP valuben chlorophylla declined during the

test SinceAGP tests done in December in subsequent y@ads},2015) (using standard CW
fluorescent lightingalso showed declines in chlorophyll from initial leyel® chose to include

the results for AGP experiment #2 with all other test resulisis report

AGP Assay 8 (2/20/14)

This was a late imter/earlyspring sampling.Lake surface temperature ranged fromerg.

This was likely a dynamic period in the lake as a strong storm had recently occurred 2/8/14
2/10/14, with substantial rainfall and runoff at lake level and significant ssatithwest wind

events occurring on 2/8/14 and 2/15/14. Nearshore sites likely experienced different amounts of
input of runoff water containing sediments and nutrients as well as experienced different degrees
of wind-driven mixing and circulation of surface waters assalt of these events. Initial
chlorophylla in water collected from nearshore and Hzike sites 2/20/14 showed quite a range

in valuesfrom 0.24ug/l to 0.96 pg/lat nearshore sites and 0483/ at the midlake sites It is
interesting the note thatitial chlorophylla had approximately doublaghenFeb. 2014amples

were collectecompared t@ecember 2013 levels at several sites (Mke North, Midlake

South, Crystal Bay, Glenbrook and Zephyr Cove). In contrast Tahoe City and Rubicon Bay
chlorophyll a levels were lower in February 2014 than in December 203t of the other

sites showed moderate increases in chlorophyll in February compared with De26deFhe
differences in initial chlorophytk may reflect a variety of factors includj natural patchiness of

the phytoplankton, differences in degree of mixing betweenlakiel and nearshore areas,

exposure to upwelled water and tributary inputee highest AGP levels occurred at two sites

along the south shore, Tahoe Keys and TimbereQdere AGRverel.09 pg/l and 1.08 g/l
respectively

AGP Assay # (6/9/149

This was a late spring/early summer sampling. Lake temperature was warming and ranged from
14.0-17.0°C. The timing of thisampling was at the end of a relatively Ismowmeltrunoft.

Initial chlorophylla at mostnearshore sitdsad dropped substantially since February\aad

low rangingfrom 0.120.24 pg/l.Typically chlorophyllais low in the upper water column

during summer thermal stratificatioifhe highest initiathlorophylla levels were observed in
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the nearshore at Emerald Bay (0.42 pg/l), Tahoe City (0.31 pg/l) and Tahoe Keys nearshore
(0.30 pg/l)potentially indicating these areas are more productiSienilar to AGPtest#1 all

sites showed significant incrsas in chlorophylé relative to the initial lake levels during the
AGP incubation.This may have been a consequencabsience of potentially inhibitory effects
of intense sunlight and UV radiation (in the laboratory incubator, comparecnvilent
condtions near the surface in the lake in the summém.}he Algal Growth Potential test, Camp
Richardson along the south shore had the highest AGP (0.83 ug/l), next lgiestvelswere
Emerald Bay (0.69 pg/l) and Tahoe Keys (0.65 pglihe highest &P among north shore sites
were observed for Sunnyside §9ug/l) and Tahoe City (0.6g/l).

AGP Assay #5 (8/29/14)

This was a late summer sampling. Lake surface temperature was still very warm and ranged
between 1719 °C. Lake chlorophyth concentations were generally low at most sites (between
0.1 to 0.25 pg/l) with only Tahoe City and Kings Beach having moderate chloreaigdir 0.40
pa/l. The highest AGP was measured at Tahoe City (Chloroaky0.82 pg/l) in the north lake
region and at ttee south shore sites (Zephyr Cove, Timber Cove and Tahoe Keys) with AGP
chlorophylla ranging between 561ug/l. AGP at the other sites were close to thelake

AGP chlorophylla levels(e.g near 0.40 ug/l).

AGP Assay #6 (12/9/14)

This was an earlwinter sampling. Lake surface temperature was still relatively warm for the
time of year (8.8.0 °C). Some rain and snow occurred 1P224/14, however no large
precipitation events preceded the sampling. Lake chloropleghcentrations showed slight
variations among the sites ranging from 0.31 ug/l at Timber Cove to 0.61 ug/l at Crystal Bay).
Chlorophylla levels declined or showed no increase at many sites during the AGP téstRnd
levelswere considered treame as initial lake chlorophylconcentrations. Two sites Timber
Cove and Zephyr Cove showeery slight increases in chlorophwlduring the test. AGP for

all sites were close to values observed at the twelakigl stations (i.e. 0.43 at the South Mid

lake station and 0.53 g/l at thefth Mid-lake station).

AGP Assay #7 (2/26/15)

This was a late imter/early spring sampling. dke surface temperature ranged from &M@ C.

The strongest storm of the year had occurred Fécdntributing substantial rain and snow.
Strong NNE winds Feb. 2223 preceded sampling for this AGP test. Initial lake chloroghyll
concentrationsariedbetwea sites €.g.chlorophyllaranged from a low of 0.17 pg/l at Timber
Cove to a high of 0.98 ug/l at Emerald Bay, with the4hakke stations having ehlorophylla
concentratiorof 0.620.63 pg/). Various factors may have contributed to the observed
distribution of chlorophyll (see AGP#3 summary above\lost sites showed growth during the
AGP test, and all nearshore sites ultimately had an AGPEraitbse to or greater than the nearest
mid-lake sampling site. The highest AGP was measured for the Timber Cove sample (1.08
pa/l), which is notable as this site had the lowest initial chloroghgtincentration. Zephyr
Cove, Tahoe Keys and EmeraldyB&GP (chlorophylla range 0.960.98 ug/l) were also above
the midlake South AGP of 0.76 pg/l. Kings Beach, Crystal Bay and Glenbrook sites had the
highest AGP in the north portion of the lake ranging from-@.83 ug/l, all greater than AGP of
the midlake north site (0.67 pg/l).
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AGP Assay #8 (5/26/15)

This was a late spring/early summer sampling. Lake temperature was warming and ranged from
11.015.0°C. The timing of this sampling was at the end of a very meager snowmelt runoff,
however the two wée preceding sampling had periods of rain and snow (including some areas
with thunderstormghe day before sampling, e.the Sunnyside/Ward Cr. area). Initial lake
chlorophylla levels were relatively similar and relatively low at most sites rangingeaset

0.190.33 pg/l. Notable exceptions were Timber Cove, which once again had the lowest
chlorophylla (0.09 ug/l) and moderately high levels at Emerald Bay (0.49 pg/l) and Tahoe City
(0.63 pg/l). All sites showed increases in chloropbhyuring the AGP test. Timber Cove once
again showed substantial growth from a very low initial chlorophldivel, and had the highest
AGP (088 pg/l) which was 3.67 timdke AGP level at midake south (0.24 ug/l ). All other
nearshore site AGP levels in thmuthern lake region were al$ngher than the midhke south

AGP level. Along the north shore, Tahoe City had the highest AGP (0.78 pg/l), with Sunnyside,
Kings Beach and Crystal Bay AGP (ranging from 60484 ug/l), also higher than the rdake

north AGP(0.33 pg/l).

AGP Assay 8 (9/1/15

This was a late summer sampling. Lake surface temperature waslativelywarm and
ranged betweeh6.518.5°C. Lake chlorophyla concentrations were generally lowaditsites
(ranging from0.06to 0.20 ug/l). The highest AGP was measured ahoe City(chlorophylla =
0.49 pg/l), Timber Covgchlorophylla= 049 pg/l) and Tahoe Keyschlorophylla =0.35ug/l).
AGP at the other sites wemnear or slightly abovehe meanmid-lake AGP (heanchlorophylla
=022 pg/). Itis interesting to note that in comparison of the meanlakd initial chlorophyll
afor late summer bioassays a general decline in meaitakeédAGP can be sedretween 2013
to 2015(i.e. mean midlake chlorophyllawas0.57 pg/l 8/15/130.41 ug/l in 8/29/14, and 0.22
pg/l on 9/1/15). This may reflect the cumulative impacts of low nutrient input years associated
with the ongoing drought.

AGP Assay #0(12/16/19

This was an early winter sampling. Lake surface temperatasesery colcat somenearshore
sites(i.e. at Timber Cove and Tahoe City the surface temperature was né@r &ith some
thin ice on the surface at Timber Cywéhile the midlake temperature was between-8.6°C.
Some rain and snohadoccurredon 12/10/15 Lake chlorophylla concentrationsanged from
0.390.50 at nearshore sites, with the exception of Emerald Bay where chloraplagl
relatively high (1.29 pg/l) Mean midlake chlorophylla was 0.60 pg/l.Once again, chlorophyll
alevels dropped during thexperiment andGP levelswere considered to be thatial lake
chlorophylla.

AGP Assay #1(3/23/16

This was a late imter/early spring sampling. ake surface temperature watsl relatively cool

and ranged from.0-7.0°C. There was moderateain and snow event prior to sampling on
3/20/163/21/16 which resultenh increased discharges from streams in the vicinity of some of
the nearshore siteSeveral sites had relatively lawitial chlorophylla ranging from 0.24).33
(these included Sunside, Tahoe City, Kings Beach, Camp Richardson and Rubicon Bay
Timber Cove, Glenbrook and Zephyr Cove lradrmediate ChlorophyH levels ranging from
0.390.67ug/l included Sites with relatively high initial chlorophydlincluded the two Mie
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lakesites (anging from 0.79.83 ug/l) andCrystal Bay, Emerald Bagnd Tahoe Keywhich

had levels close to the mldke values Various factors may have contributed to the observed
distribution of chlorophylb. We did analyze N©N, NH;-N, SRP, TP andpecific conductance
in initial water from these sites. Although nutrients wgeaerallylow at most sites (see Table
3.a3.dfor summaiesof nutrient analyses for select AGP tests),sNNDwas elevated in samples
from Sunnyside (14 pg/l) and Rubicon (fid/l) while the specific conductance waesar the
mid-lake mean of 92.4%cm. This may indicate these sites were impacted by upwelling of lake
water with high N@-N concentrations. Alternatively tributary inputs could also cause elevated
NOs-N but withtributary inputs might expect the conductivity to be different from typical lake
levels. At Tahoe City SRP was elevated (9 udNiDs-N slightly elevated (5 ug/l) with a
specific conductivity slightly elevatg®4 pS/cm) which may indicate a tributaryfilnence
contributing P plus potential contributionsh®s-N either from tributary or upwellingSpecific
conductivity was substantially lowered relative to lake levelsamples from Tahoe Keys (76
uS/cm) andEmerald Bay (72 §/cm) indicating a tribudry influence, with slightly elevated
NOs-N (7 pg/l) and SRP (3ug/l) present in water at Tahoe Keys and very low h@gisl (O

pg/l) and SRP (1pg/l)of nutrients in water at Emerald Bay. Even with this additional
information it is difficult to say with ertainty the primary factors resulting in the observed
patterns for AGP. Chlorophydlincreased at many sités which chlorophylla had been below
mid-lake chlorophylla resulting in AGP levels near to the mean 4aikle level AGP of 0.81

pg/l. Sites vith AGP slightly elevated above the riake mean included Tahoe Keys, Timber
Cove, Zephyr Cove, Glenbrook and Crystal Bay.

The results foAGP experimentt11highlight some of the complexities in interpreting this test.
Many sites in this experimenad initial chlorophylla levels either substantially lower or
moderately lower than the mldke reference stationsThis seems to indicate conditions were
more favorable for development of elevated algal biomass at thiakeidtations than #te
neashorestations with lower initial chlorophyl. However the AGP testdicated many of
those same nearshore sites to have simlitgal growth potential as the miake sites Timber
Cove which had low initial chlorophyld had a higher AGP than midke. The AGP results can
be difficult to interpret

General Patterns for AGP in tests d@®432016

In reviewing individual AGP experiments done 2e€A(BL6 some general observations rbay
made on patterns observed.

Levels of AGP tended to be vable in the experiments with no sites having consistentlydrigh

low AGP through all the tests. However, in comparing the AGP levels from the sites some sites
were more frequently in the Atop 30 oritesibotto
more frequent | yhehighes8 AGP levietimclpded Bmenald Baly (6 of 11

tests), Tahoe Keys (4 of 11 tests), Tahoe City (4 of 11 tests) and Timber Cove (4 of 11 tests).
Sites more fr equ aiththe lpwest 8 AGRvals indlidedt Glembrook3(® of

11 tests), Midake North (5 of 11 tests) and Rubicon Bay (5 of 11 tests).

The four sites which typically were among the highest AGP may be responding to greater
availability or input of nutrients. ThEahoe City sites located in the nearshore on an extensive
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shallow shelhear the Tahoe City Boat rarsjightly east of the entrance &tarHarbor.

Nutrients from Star Harbor and its tributaries (Burton and Polaris creeks) may contribute to the
elevated AGP at this sitd2roximity to the boat ramp and boating activity (which can stir up
sediments, nutrients and algae) may also impact AGP levels at the Tahoe City site. The Timber
Cove site is located on an extensive shallow shelf area, offshore of the Timber CoVkatier.

site may be affected by several sources of nutrients includgagby stream inflows from the
U.Truckee/Trout watersheds; nearby urban runoff inputs; localizegmiunputs from Asian

clams (hich are abundant in the ajeand boating activity anduman activities in the
nearshoravhich potentiallystir up sediments, nutrients and alg@e the water columnThe

Emerald Bay site is located at the back of Emerald Bay near the inlet of Eagle Cr. which may
contribute nutrients. Finally, the TahKeys site is located on the shallow shelf area offshore of
the Tahe Keys and may be impacted by inputs from the Upper Truckee River as well as water,
nutrients and phytoplankton from the Tahoe Keys channels nearby. There is also much boating
activity in this area which can stir up sediments, nutrients and algae.

There appeared to be some seasonal differences in the AGP tests

(1) Experiments done in early winté@December) tended to show little if any additional
growth relative to initial chlorophyk leveds. In many cases, chlorophglidecreased
from initial levels resulting in the initial chlorophyll being considered the AGP level.
These December experiments may not provide useful information other thariakéial
chlorophylla and perhaps could béreinated or moved to a different time of year.

(2) The experiments done in late winter/early spring tended to show quite variable initial
chlorophylla levels with the mielake levels often beingmongthe highestevels AGP
for mid-lake sites tended toe the same or slightly more thiitial chlorophylla and
AGP for many of the other sites was close to or slightly exceeded tHakeidAGP.

(3) For early and late summer AGP tests, initial chloropayas generally very low with 2
or 3 sites with sligtly elevated chlorophylh. Chlorophylla generally increased from
initial levels at all sites in these summer tests. These increases were lowest in summer of
2015, during a year of meager nutrient inputs from storms and spring runoff.

Nutrient Levelan Initial Lake Water Collected

Levels of nutrientsNOs-N, NHs-N, SRP and TP) were analyzed in initial lake water from AGP
monitoring sites in a portion of the experiments. The results of these analyses are presented in
Table3.a3.d. Though not partfathe contracted work these analysesedone to provide
supplementary information to aid in understanding the test resaltggeneral, nutrient levels

tended to be very low at the sites with no obvious site tdrsitelscorresponding to th&GP or

initial chlorophyllaresults The nutrients present in lake water are subject to rapid biological
uptake, and may not show large variations from site toSst@e variation in nutrient levels was
observed.For instanceNOs-N levels were slightly elevatl at many sites in the 3/23/16 test,
potentially reflecting inputs associated with lake upwelling at some sites and potentially tributary
inputs at some sites.
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Table 3a. Initial NG;-N concentrations in lake samples collected for a portion of AG&sbays

(nutrients not analyzed for all bioassayS)peci fi ¢ conductance fASCo
3/23/16 sampling.

NO3z-N | NO3-N | NO3-N | NO3s-N | NOs-N | NOs-N | NO3-N | NOs-N S.C.

8/15/13| 6/9/14 | 8/29/14 | 12/9/14| 2/26/15| 5/26/1 | 9/1/15 | 3/23/16| 3/23/16

5
Sunny&de 1 1 4 2 1 0 1 14 92.1
Tahoe City 2 1 3 2 1 2 2 5 94.3
Kings Beach 1 1 3 1 2 0 1 7 93.3
Crystal Bay 2 1 2 2 3 1 1 5 92.4
Glenbrook 1 1 3 1 4 0 1 4 95.8
Mid-lake No. 1 1 3 2 2 1 1 5 92.1
Zephyr Cove 1 1 3 2 4 1 1 4 92.8
Timber Cove 1 3 2 4 0 2 4 91.2
Tahoe Keys 1 1 3 1 2 2 2 7 75.6
C.Richardson 1 3 1 2 0 1 6 93.0
Emerald Bay 1 3 3 1 0 1 0 71.6
Rubicon Bay 1 1 3 2 1 0 2 11 92.5
Mid-lake So. 1 1 2 2 2 0 1 4 92.6
Table 3b. Initial NHs-N concentrations in lake samples collected for AGRagsays.
NHz-N | NH4-N | NHz-N | NH4-N | NH4-N | NH4-N | NHz-N | NH4-N

8/15/13| 6/9/14 | 8/29/14 | 12/9/14| 2/26/15 | 5/26/15| 9/1/15 | 3/23/16
Sunnyside 5 3 4 1 3 4 1 2
Tahoe City 5 4 8 4 5 4 4 0
Kings Beach 4 3 8 3 4 4 2 3
Crystal Bay 3 2 7 3 3 4 1 1
Glenbrook 4 3 9 2 2 4 2 1
Mid-lake No. 1 3 9 3 3 4 2 2
Zephyr Cove 4 4 7 3 2 4 3 1
Timber Cove 5 6 4 4 8 3 1
Tahoe Keys 4 3 4 3 4 5 2 1
C.Richardson 3 6 3 3 5 3 1
Emerald Bay 3 4 3 4 5 1 1
Rubicon Bay 3 3 4 3 4 5 2 2
Mid-lake So. 1 3 5 3 3 4 1 1
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Table 3c. Initial SRP concentrations in lake samples collected for AGP bioassays.

SRP SRP SRP SRP SRP SRP SRP SRP
8/15/13| 6/9/14 | 8/29/14| 12/9/14 | 2/26/15| 5/26/15| 9/1/15 | 3/23/16

Sunnyside 1 2 1 2 1 1 0 1
Tahoe City 2 3 2 1 2 2 0 9
Kings Beach 2 1 2 1 2 2 0 1
Crystal Bay 1 1 2 1 2 2 0 2
Glenbrook 2 1 2 1 1 1 0 1
Mid-lake No. 1 1 2 1 1 1 0 1
Zephyr Cove 2 1 3 3 1 1 0 1
Timber Cove 1 2 3 1 1 3 2
Tahoe Keys 1 1 2 2 1 1 2 3
C.Richardson 1 2 2 1 1 0 2
Emerald Bay 1 1 2 1 1 0 1
Rubicon Bay 1 1 1 2 2 1 1 1
Mid-lake So. 1 1 2 3 1 2 0 1
Table 3d . Initial TP concentrations in lake samples collected for AGP bioassays.

TP TP TP TP TP TP TP TP

8/15/13| 6/9/14 | 8/29/14| 12/9/14 | 2/26/15| 5/26/15| 9/1/15 | 3/23/16

Sunnyside 2 4 27 5 2 11 0 9
Tahoe City 4 5 5 8 3 9 4 28
Kings Beach 4 3 18 6 3 10 4 12
Crystal Bay 4 3 30 6 3 10 6 14
Glenbrook 4 2 22 7 4 10 1 11
Mid-lake No. 4 3 17 6 3 2 3 11
Zephyr Cove 5 2 25 4 3 10 6 10
Timber Cove 4 40 3 3 9 5 8
Tahoe Keys 3 6 30 6 3 13 2 19
C.Richardson 4 17 3 3 9 4 9
Emerald Bay 4 12 5 3 10 5 11
Rubicon Bay NA 3 23 6 3 9 2 7
Mid-lake So. 2 3 20 5 3 7 6 5
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Levels of AGP and the Lahontan AGP Standard

The Lahontan standard for AGP states that mean annual AGP at a site should not be greater than
two times tle mean annual AGP at a iHake reference stationVe evaluated the AGP data

relative to the Lahontan Standard for the two complete calendar years of data (2014 and 2015)
obtained during this study periodables 4 and5 present the algal growth potentiast results

by date during these years, along with the mean annual values for annual data (including all four
tests) and mean annual values for only the tests done duringMay. DWR i n 19606s an
197006s typically cal c whAGPeedts durinthe May taAug.u a | me an
period The annual means for the nearshore sites were then divided by the annual means for the
Mid-lake stations to determine whether the Lahontan standard of 2X the mean annual growth at

the Mid-lake station was excded.

Table4. Calendar Year 2014: Algal Growth Potential (AGP) test results by date; Mean Annual
AGP; May-Sept. AGP; Station Mean Annual AGP + Make Mean Annual; Maysept. Station
Mean AGP + MaySept. Mean Midake AGP.

Annual | May-Sept.
Mean Mean
AGP AGP AGP AGP AGP AGP
Peak Pek Peak Peak | Annual | May-Sept + +
Chl.a Chl.a | Chl.a Chl.a | Mean Mean l\gjd-lakle l\'<|/|6}é/-|Sekpt-
nnua Id-lake
(Ma/l) | (no/l) | (no/l) (o/) | AGP AGP Mean Mean
AGP AGP
prater Coll- | 2120114 | 6/9/14 | 8129114 | 12/914
Sunnyside .63 .69 42 52 0.57 0.56 1.04 1.35
Tahoe City .69 .61 .82 A6 0.65 0.72 1.19 1.73
Kings Beach .87 37 48 45 0.54 0.43 1.00 1.03
Crystal Bay .81 .39 43 .61 0.56 0.41 1.03 0.99
Glenbrook .79 44 40 A6 0.52 0.42 0.96 1.02
ZephyrCove .96 .50 .61 .39 0.62 0.56 1.13 1.35
Timber Cove| 1.09 .50 .65 .39 0.66 0.58 1.21 1.39
Tahoe Keys 1.08 .65 .56 .53 0.71 0.61 1.30 1.47
Camp Rich. .83 .83 45 A3 0.64 0.64 1.17 1.55
Emerald Bay g7 .69 .39 52 0.59 0.54 1.09 1.31
Rubicon Bay .61 .26 44 .38 0.42 0.35 0.78 0.85
Mid-Lake:
Mid-lake No. 0.87 .26 44 .53 0.53 0.35
Mid-lake So. 0.87 .58 37 43 0.56 0.48
MeanMid-lk 0.54 0.41
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Table5. Calendar Year 2015: Algal Growth Potential (AGP) test results by datey Mazual
AGP; May-Sept. AGP; Station Mean Annual AGP + Make Mean Annual; Maysept. Station
Mean AGP + MaySept. Mean Midake AGP.

Annual | May-Sept.
Mean Mean
AGP | AGP | AGP AGP AGP AGP
Peak Peak Peak Peak | Annual | May-Sept + +
Chla | Chl.a | Chl.a | Chl.a | Mean Mean MAid-lakIe m’?ipt'
nnua 10-lake
(Ma/l) | (no/l) | (uo/l) (Mg/) | AGP AGP Mean Mean
AGP AGP
\[’)V{ifr Coll- 1 526/15 | 5/26/15| 9/1/15 | 12/16/15
Sunnyside 71 44 23 44 046 0.34 1.00 1.33
Tahoe City .62 .78 49 50 0.60 0.64 1.31 2.51*
Kings Beach .83 44 .28 49 051 0.36 1.12 1.43
Crystal Bay .84 43 24 46 049 0.34 1.08 1.33
Glenbrook 97 .35 21 46 050 0.28 1.09 1.11
Zephyr Cove 94 46 22 49 0.53 0.34 1.16 1.35
Timber Cove| 1.08 .88 46 44 0.72 0.67 1.57 2.65*
Tahoe Keys .90 .39 .35 A48 0.53 0.37 1.16 1.47
Camp Rich. 75 43 20 49 047 0.32 1.03 1.25
Emerald Bay .98 52 29 1.29 0.77 041 1.69 1.31
Rubicon Bay .76 .38 25 .39 045 0.32 0.98 1.25
Mid-Lake:
Mid-lake No. 67 .33 21 .63 0.46 0.27
Mid-lake So. 76 24 23 57 0.45 0.235
MeanMid-lk 0.455 0.2525

Notefi* 0 and h igrgyhindicated meardMa$ept. AGP levels exceed the Lahontan
Standard where mean annual AGP at a station is not to exceed twice the meaA@Pnaizh
mid-lake reference station.

The results of these analyses indicdtezie were no violations of the Lahontan A&Bndardf

all four tests during the calendar year were used in calculation of annual ravesver, DWR

i n 196 0 0 styperallydcalculatgd@h@isannual means based on AGP tests done during the
May-Aug. period. Using a nearly similar period MdySept. for calculation of the mean annual
AGP in our study, there were no violations of the Lahontan standard iroR0@%dme iolations

in 2015 Two sites violated the standard in 2015 (Tahoe City and Timber Cove). AGP at Tahoe
City was 2.51 times the mildke annual mean, and AGP at Timber Cove was 2.65 times the
annual meanBased on the 2@ldata, Tahoe Citgnd Timber Covarearea to watch with

respect to AGP.
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Observationselated to interpretations of the AGP tests

After three years of use of the AGP methsaine ofthechallenges related to use and

interpretation of thenethod have become apparent. First, itis @therlaboratorybottlealgal
bioassay methods, the AGP method is a test which relies on incubation of algae in flasks under
controlled conditions in the lab. The results of the test are constrained to some extent by bottle
effects and conditions oficubation. Algae in the flasks do not experience similar conditions of
watercirculation nutrient availability, light intensity, presence of UV, exposure to grazers and
many other factors which occur in natural waters. With laboratory incubation sfacayrbe
removed which may constrain growth in the lake (e.g. presence of UV light may inhibit algal
growth in shallow portions of the lake, whereas in laboratory incubdkieralgae could

potentially show growth when this UV inhibition is remoy€thisis a challenge of using bottle
bioassays to provide information on the much more complex system of the lake. It is best to use
information from such tests in combination with other physical, chemical and biological data to
draw conclusions on conditiomsthe lake.

At timesit wasdifficult to interpret the results of the AGP testsor instance one site, Timber
Cove had very low initial chlorophydl biomass on several dates g&tohad high growth
potentialas observed in a large increase in abpbwyll a. I f the algae had hic
it observed at the site in the form of high biomaisthe time of collectich Removal of algae by
grazing (either zooplankton or Asian clams) could be one explandiormement of water with
lower algae ontent and elevated nutrients into an area (i.e. through upwelling or stream inputs)
could be another explanatioifhere may also be other factors which constrain growth naturally
in that areai.e.: effects of high light/UV over the shallow shalfd indility of algae to ciculate

or move away from the high UMunfavorable temperature or chemical conditions, or
competition for nutrients from benthic algae and bactdRiemoval of these factors in laboratory
incubation conditionsould promote increas&s chlorophylla. This raises the question of the
significance of the AGP test results if under natural conditions, growth of the algae is normally
constrainedand the algal growth potential is not normally achieved

Interesting patterns were also séeninitial lake chlorophylla and AGPlate winter/early spring
samplings (2/20/14, 2/16/15, 3/23/16). The +aikie sites and some of the nearshore sites (e.g.
Crystal Bay and Emerald Balgadthe highest chlorophyd,,. Howeverchlorophylla atmany of
the nearshore sitegasmuch lowerthan that observed at the Make Chlorophylla often
increased during the AGP test for many of thesarshoreites resulting in AGP levels similar

to or grater than the Midake levels. There are several possétplanations for these patterns
(i.e. grazing ophytoplanktomearshore, upwelling of deeper water containing lower algal
biomassinputs of dilute surface rungfér some environmental factor is constraining nearshore
biomass, which is removed in the ¢ahtory incubationsThe AGP test results in combination
with other data (i.e. zooplankton dapeimary productionphytoplankton data, water chemistry,
etc.) might ultimately explain the patterns of lower chloropaygt many nearshore sites during
this period.

Further examination of the utility of the AGP tests in combination with data currently collected

for the nearshore would be useful, as well as examination of what other methods might be used
to assess algal growth potentiakitu.
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Section ll. Enumeration and ldentification of Phytoplankton

This section summarizes the results for nearshore phytoplankton monitoring done August 2013
Dec., 205. Phytoplankton are thieee-floating algae in lakesTheytypically form thebase of

the aquaticdod web They utilize energy from the sun, carbon dioxide and nutrients for
production of biomass and growtlif changes occur in lake water quality, the phytoplankton are
among the first indicators of that change. The abundance or numbers of tingliceiiange,

the biodiversity may change, and these changes may trigger changes in other parts of the food
web. When present in too high a level phytoplankton degrade water quality

Phytoplankton consists of a diverse assemblage of many differenttenayaomic groupse(.g.
diatoms, chrysophytes, dinoflagellates, cryptomonads, greensyigere algae (cyanobacteria),
haptophytes, euglenophytes and myocetesir in Tahop The phytoplankton species which
make up each of the different groups have attarstics common to the particular group (such
as pigment composition, morphological characteristics, resource requirements, growth rates,
sinking velocities). Their size can range over several orders of magnitudeQe0.2n)

(Heyvaert et al., 2013)As lake conditions change over the course of a year, the phytoplankton
experience seasonal successivariation in algae may also occur in regions associated with
localized nutrient inputs or other factors, resulting in differences in the algal community
composition from other sites around the lake.

Monitoring done the last three years (2(BL6) was the first extensive nearshore monitoring in
Lake Tahoe s i nclel98l-82eneaeshorelmygnitatirgy®fpldy®plankton was
done at 6 sites algnthe South Shore extending from Baldwin Beach to Stateline east, Zephyr
Point and at two sites along the west shore, Rubicon Pt. and SurRysetEndEloronta and
Loeb, 1984; Loeb, 183. The results from that earlier study provide useful historical
information on nearshore phytoplankton pattermsgeneralthe major taxonomic groups that
dominated the littoral zone were found to be similar to those found in pelagic (Latels

1983). There weresome differences in the algal assemblaggifferent nearshore arepsssibly
associated with different levels of fertilitysites along the south shore were shown to have the
highest species diversity and three groups which are most indicative of lake water fertility (green
algae, cyanophytes and éemgpids) were more abundant at the south sh@reen algae were
consistently more diverse along the south shdfery little monitoring of the nearshore
phytoplankton has beendonesincek e st udy .in the 1980606s

With increased interest in the stateld nearshoreyearshore phytoplankton monitoring was
included as part of the Lake Tahoe Water Quality Investigations monitoring for22063
Phytoplankton samples were collecedhe same time as water collected for the Algal Growth
Potential experimants Eleven neasshore sites and two open water (#akle) sites were sampled
quarterly for phytoplankton identification and enumerati@ells were counted and identified to
species level when possilitdlowing established TERC protocade AppendiR).
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Nearshore Phytoplankton Monitoring Results Aug., 2013®ec. 2015

Due to thdarge numbers of species associated with each sathpBummary of phytoplankton

biovolume and abundance dataibgividual speciess locatedon the TERC website
(http://terc.ucdavis.edat thelinls : A Publ i cati onso >0La&®Bnt an Mon
2016 Lahontan Monitoring Data UpdatesdO TERC-2D QA 63 Near shor eThhyt opl
data was used to comp#emmary graphsf phytoplankton abundance and biovolume data by

algal group (i.ediatoms,chrysophytesginoflagellatescryptomonadsgreens cyanophytes,
haptophyteseuglenophytes andhyoceteswhich are presented Figures3.a-3.t. below.

The predominant phytoplaton groupshowed seasonal variatiofror instancehiovolumein

2013 and 2014 (Figurea, 3c, 3e, 3g) showed the following general pattsiat a majority of

sites in Aug. 2013, dinoflagellates and diatoms made up a significant portion of the bioyolume
by Dec. 2013 a mix of predominantly dinoflagellates, cryptomonads, chrysophytes and diatoms
largely contributed to the biomass; by February, the contribution of cryptomonads and
chrysophytes was increased; then by June, 2014 dinoflagellates contrihg&hsally to

biomass at many sites, with greens also contributing at a couple sites (Tahoe Keys and Emerald
Bay). In August of 2014, dinoflagellates and diatoms were once again present, with
chrysophytes also contributing to the biovolumeas®nal canges in phytoplankton numbers

by algal groumlsooccurred, however the algal groups predomimanell numbers were not
necessarily the same @msefor biovolume. For instance note the predominance of diatoms and
chrysophytes with respect ¢ell nunbersin Aug. 2013 whereas dinoflagellates and diatoms
predominated in biovolumeDinoflagellates made a substantial contribution to biovolume due to
their large sizes, chrysophytes were much more numerous during that samgehp g to

their small &£e made up only a small portion of the biovolume

Some general seasonal patterns were observed for the total biovolume amounts. In general, total
biovolume levels tended to be lower in the winter samplings @wtFeb.and were often

highest in thdate springand summer samplings. There were some exceptions to this pattern, as
biovolume at Midlake North, Glenbrook, and Rubicon Bay tended to be higher in the late winter
(February) samplesTypically spring and summer are the height of phytoplangtomth

activity (Hackley et al., 2015)

Although there was some variation in the proportions of various groups contributing to biomass
on particular dates, the patterns seen in many of the nearshore stations were similar to those
observed athe two stéions at midlake. This was similar to the pattern for biovolume in 1981

82 described by Loeb (1983) where the major taxonomic groups that dominated the littoral zone
were found to be similar to those found in pelagic watkrgnonitoring done 201:2016,

Individual sitedid occasionally showdistinctdifferences. For instance while dinoflagellates
dominated the biovolume at most sites in June, 204 lahoe Keys biovolumdiffered in that

it was a mix predominantly of diatoms, greens and dinoflaigsl Emerald Bay was a mix of
chrysophytes, dinoflagellates and gredngng the same period

One site Emerald Baydid frequently show differences from the other stati@rsseveral dates
the compositiorof predominant algal groups Emerald Baywas quite different there from the
other nearshore sites-or instanceon June 9, 201shytoplanktorbiovolume and abundance
showed a greater proportion of green algae and chrysophytes than most othbesités
August 2014Emerald Bayackedthe alundance of dinoflagellates that were dominant in the
larger lake arean February, 2015, Emerald Bay had fewer bijmeenghan most sites around
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the lake;in May, 2015 Emerald Bay had its own phytoplankton bloom of Chrysophytes, not seen
anywhere else ithe lake in September 2015, the green algae group comprised a substantial
portion of the bisolume However, Emeral@aywas also similaat timeswith respect to
biovolumeproportions of various algal groupse( such was the case iec. 2015%.

Sites occasionally had contributions to the biovolume and abundance from one or more of the
three groupsvhich canbe associated with more fertile watécganobacteria, green algae and
euglenophytes)However, these groups in most cases weatg avery smal portion of the

overall biovolumeand there generally were only a few species. Lake Tabaeshoraevaters
oftenexhibit characteristics afltra-oligotrophic oroligotrophic wates with respect to:
predominant species (diatom dominance, presendarggophytes andinoflagellates); low
biomassrelatively low species numbers per sam(pke 2050 per sample(see Table 142 in
Heyvaert et al., (2013) for characteristics, including community composition of waters of various
trophic states Green alge occasionally contributed tioe biovolumean proportions similar to
some of the other more frequently observed algal groups (i.e. diatoms and dinoflagellates). This
occurred primarily in theummer samplings. Greens were noticeable in the community
composition at several of the south shore sites (i.e. Zephyr Cove, Timber Cove, Tahoe Keys,
and Emerald Bay) and some north shore sites (i.e. Tahoe City and Sunnyside) on various
summer sample collections. However, greens were not consistently obsathed in
phytoplankton at these sites each summexr will be discussed belovan unusually high level

of one type of cyanobacteriAghanothece spwas observeduring Feb. and May 201&ver a

wide region of the lake including the miake regions However this elevated level of
cyanobacteria may have been associated with particularly low nutoieditionsin the lake
duringthe prolonged droughthis species can fix nitrogenYhe cyanobacteria levels
subsequently declinedGenerally bluegreens comfised a very small portion of the biovolume
and cell counts at sites. Some of the more frequently observed cyanobacteria species were
Aphanothecgd_eptolyngbya, Chroococcus, Phormidium, SchizothExglenoids were rarely

seen in the phytoplankton counts

As indicated aboveni2015 there was amusualoccurrence ofheblue-green species
Aphanothecever widespread regions of the lake. Hebruary and May 201&phanothece

greatly influenced the total bieolume at many stationscluding the midlake stations
Aphanothece spis avery small (3um) solitary cell which has the capacity to fix nitrogen from
the atmosphereAphanothece sfhas been present in the past but its abundar@l 5was
remarkable. These cells prefer high light, low nitrggggh temperature and sources of
inorganic carbon to enhance their ability of aerobic nitrogen fixation (Reddy et al 1993). The
algal cells can be present without fixing nitrogen, since they have the ability to photosynthesize,
but their abundance isdicative of waters which lack nitrogein February 2015, these blue
greens were obvious at all sites except Sunnyside andalkikdSouth.In May 2015 the blue
greens were seen predominantly at the South Tahoe stations with tfek®lidorth station

being the only station in the north also having them. The unusual high abund#&pzmnothece
sp. certainly has implications on the biology and clarity of the lake, but very little can be said
about the implication for the neahore stations in particular.

The other odd occurrence seen in February 2015 was the dominance of a small centric diatom,
Cyclotella gordonensjsvhich typically is seen only during summer stratified months of July and
August. These cells are excellent competitors during low ntthegh light and warmer
temperature conditions (Winder and Hunter, 2008 and Winder et. al. 2009). Their habitat
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preferences suggest all the stations in February, at shallow depths were stable and nutrient
deficient, which would be a consequence of lptlecipitation runoff and mixing. The presence
of Cyclotella spwas a lakavide event, unusual for February.

An interesting spatial difference in the distribution of the Cyclotella was observed in 20ik5.
abundance dfyclotella sp between near shestations was fairly consistent, 250,688D,000

cells/l. At Timber Cove, however, the numberLgtlotella sp (85,000 cells/l), were less than

half the value of neighboring sites. At this near shore site the bottom topography is a shallow
shelf exteding from the beach outward for quite a distance. There are a number of Asian clams
(Corbicula flumineain the sandy bottom substrate. It is possible that Asian clams are having an
impact on the shallow water column in this area, filtering out phyt&paras a food source

from the ambient water (Boltovskoy et. al. 1995). Asian clams have the ability to both filter feed
on material in the water column and pedal feed on deposited material in the sediments. Filtration
rates for Corbicula sp. are highesth particles 35 um, exactly the same size class as the
abundant Cyclotella cells in Lake Tahoe. When clams densely populateshoeaarea, they

can potentially filter large volumes of water (Way et. al. 1990). However there could also be
other easons for the lower levels Gfclotellaat Timber Cove. One alternative explanation is
that it is also possible greater nutrient enrichment at this site favored other algal species over
Cyclotella gordonensjsvhich competes well in very low nutrierdgraditions- note that Ni-N

was slightly higher (8 pg/l at Timber Cove on 5/26/15 comparedsqd/| at all other sites).

The fact that this site had higher AGP seems to support greater nutrient enrichment. However,
the observation that initial chlgobyll a was the lowest of all sites at this site seems to counter

the idea of greater enrichment. Other factors may also have contributed to the reduction.
Additional study would be required to determine if the presence of Asian clams contributed to
thereduction inCyclotella
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Figures3.ai 3.tare presented in the following pages. Phytoplankton biovolume and abundance at nearshoréa&edstattbns during sample
collections August 2013 to December 2016. Stations are shown alonghottoma ch gr aph and include: ASSO=
AKB0O=Kings Beach; ACB0=Crystal -lB&ky; NbDGL s GIReZCor=aZekp;h yir MICNMores MifdB i
Ti mber Cove site in Dec. 201223)KeysT Qe Bihmlrer; QGohae ;0 =Aflakd orTahra (
Ri chardson in Dec. 2013); fACRoO0O=Camp Richardson; AEBO=Emerald Ba
A ML S o o0-lakdiSalith.
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3.a) Phytoplankton Biovome at nearshore sites 8/15/13 (site 3.b) Phytoplankton Abundance (cell numbers) 8/15/13.
abbreviations are on previous page).

3.c) Phytoplankton Biovolume at nearshore sites 12/12/13 3.d) Phytoplankton Abundance (cell numbers) 12/12/13.
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