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Executive Summary 

This document provides a report of work completed by the U.C. Davis ï Tahoe Environmental 

Research Center (TERC) between July 1, 2014 and June 30, 2016 under Agreement No. 13-038-

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) phytoplankton identification and 

enumeration; and (3) quantification of periphyton (attached algae) in the littoral zone.  

 

Results from July 1, 2013-May 30, 2016 investigations together with information on project 

quality assurance and quality control are detailed in the main body of the report.   Highlights, 

including findings from this period, management implications, and recommendations are 

summarized in this executive summary.    
 

AGP Assays 

The purpose of the Algal Growth Potential (AGP) assay task is to compare levels 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 California-Nevada-Federal Joint Water Quality 

Investigations in the late 1960ôs and early 1970ôs (California Department of Water Resources 

ñDWRò, 1970-75) to assess the maximum amount of algal growth supported by available 

nutrients in sampled waters.  The Lahontan Regional Water Quality Control Board has an 

existing water quality standard which states that mean annual AGP at a site should not be 

greater than two times the mean annual AGP at a mid-lake reference stationò.  Sites with 

samples having repeatedly high AGP, or which exceed this standard repeatedly would deserve 

closer scrutiny of algae growth 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 period.  The results of these analyses 

indicated there were no violations of the Lahontan AGP standard if all four tests during a 

calendar year were used in calculation of annual means.  However, DWR in the 1960ôs and 

1970ôs typically calculated their annual means based on AGP tests done during the May-Aug. 

period.  Using a nearly similar period (May ï Sept.) for calculation of the mean annual AGP in 

our study, violations of the Lahontan standard were found in 2015, but not 2014.  Two sites 

violated the standard in 2015 (Tahoe City and Timber Cove).  AGP at Tahoe City was 2.51 times 

the mid-lake annual mean, and AGP at Timber Cove was 2.65 times the annual mean.  AGP data 

collected in Sept. 2016 will provide another full year of data to get a better sense for whether 

annual violations of the AGP standard are frequently observed at Tahoe 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.  However, when the AGP levels were ranked (highest to lowest 

AGP for each sample date) Timber Cove and Tahoe City, along with Tahoe Keys and Emerald 

Bay were sites more frequently in the ñtop 3ò.  Tahoe City, Timber Cove, and Tahoe Keys were 

each in the ñtop 3ò in 4 of 11 tests, Emerald Bay was in the ñtop 3ò (in 6 of 11 tests).   Sites more 

frequently in the ñbottom 3ò with the lowest AGP levels included: Glenbrook (6 of 11 tests), 

Mid-lake North (5 of 11 tests) and Rubicon Bay (5 of 11 tests).      
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The four sites which typically were among the highest AGP may be responding to greater 

availability or input of nutrients.  The Tahoe City site is located in the nearshore on an extensive 

shallow shelf near the Tahoe City Boat ramp slightly east of the entrance to Star Harbor.  

Nutrients from Star Harbor and its tributaries (Burton and Polaris creeks) may contribute to the 

elevated AGP at this site.  Proximity 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 Cove pier. That 

site may be affected by several sources of nutrients including: nearby stream inflows from the 

U.Truckee/Trout watersheds; nearby urban runoff inputs; localized nutrient inputs from Asian 

clams (which are abundant in the area); and boating activity and human activities in the 

nearshore which potentially stir up sediments, nutrients and algae into the water column.  The 

Emerald Bay site is located at the back of Emerald Bay near  the inlet of Eagle Cr. which may 

contribute nutrients.  Finally, the Tahoe Keys 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. 

 

Levels of nutrients (NO3-N, NH4-N, SRP and TP) were analyzed in initial lake water from AGP 

monitoring sites in a portion of the experiments.  In general, nutrient levels tended to be very low 

at the sites with no obvious site to site trends which might be associated with AGP or initial 

chlorophyll a.   The nutrients present in lake water are subject to rapid biological uptake (i.e. the 

nutrients may be removed from the water rapidly by algae and bacteria), and tend not to show 

large variations from site to site. It is important to note that sites with increased AGP may have 

greater availability or input of nutrients, but the nutrients may be removed rapidly from the 

waters by algae and/or bacteria and so not show up as elevated in the chemistry results.  Some 

variation in nutrient levels was observed.  For instance, TP tended to be somewhat elevated at 

most sites in the bioassays in Aug. 2014 and June 2015.  The highest TP was measured at Timber 

Cove in Aug. 2014.  NO3-N tended to be elevated at most sites (except in Emerald Bay) in the 

March 2016.  

 

AGP experiments done in early winter (December) tended to show little if any additional growth 

relative to initial chlorophyll a levels.  In many cases, chlorophyll a decreased from initial levels 

and the initial chlorophyll a represented the maximum algal growth potential.  With generally 

little or no growth observed in the Dec. tests done 2013-2015, it may not be worthwhile to carry 

out the AGP experiments at this time of year. Consideration should be given to possibly 

eliminating the December AGP test and/or replacing it with an additional test at another time of 

the year.    

 

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 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 of incubation.  Algae in the flasks do not experience similar conditions of 

water circulation, nutrient 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 inhibit algal 
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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 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 conditions in the lake.   

 

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

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

potential as observed in a large increase in chlorophyll a.  If the algae had high AGP, why wasnôt 

it observed at the site in the form of high biomass 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 another explanation.  There may also be other factors which constrain growth naturally 

in that area, i.e.: effects of high light/UV over the shallow shelf and inability of algae to ciculate 

or move away from the high UV , unfavorable temperature or chemical conditions, or 

competition for nutrients from benthic algae and bacteria.  Removal of these factors in laboratory 

incubation conditions could promote increases in chlorophyll a.  This raises the question of the 

significance of some of the AGP test results if under certain natural conditions, growth of the 

algae is normally constrained in the lake and 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 nearshore would be useful, as well as examination of what other methods might be used 

to assess algal growth potential in situ. 

 

Phytoplankton Enumeration  

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

the base of the food web and nearshore condition in Lake Tahoe.  Changes in the number and 

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

status.  Additionally, data and information generated through this task helps managers to 

determine if new and undesirable species (e.g. bloom-forming organisms, taste and odor species, 

or species that indicate a move away from the lakeôs current ultra-oligotrophic status) are 

colonizing the lake.  Furthermore, these organisms influence lake clarity.   

 
From Aug. 2013- March, 2016 eleven near-shore sites and two open water (mid-lake) sites were 

sampled quarterly for phytoplankton identification and enumeration.  The phytoplankton data for 

this period indicated that although there was some 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 observed at the two stations at mid-lake.  There 

were no nearshore areas that were always substantially different with respect to phytoplankton 

composition or biovolume (an estimate of the amount of algae present) relative to the mid-lake 

sites.  One site, Emerald Bay, frequently (but not always) had predominant algal types that 

differed from the main body of the lake and also had higher biovolumes.  Some other sites with 

occasionally elevated biovolumes include Tahoe City and Tahoe Keys. These elevated 

biovolumes may be a response to increased nutrient availability.  
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Sites occasionally had contributions to the biovolume and abundance from one or more of three 

groups (cyanobacteria, green algae and euglenophytes) which can be associated with more fertile 

conditions in Lake Tahoe.  However, the amount of these groups in most cases was only a very 

small portion of the overall biovolume and there generally were only a small number of species.  

 

In 2015 there was an unusual occurrence of one type of blue-green species Aphanothece over 

widespread regions of the lake.  Aphanothece sp., is a very small (3µm) solitary cell which has 

the capacity to fix nitrogen from the atmosphere.  Aphanothece sp. has been present in the past 

but its abundance in 2015 was remarkable.  These cells prefer high light, low nitrogen, high 

temperature and sources of inorganic carbon to enhance their ability of aerobic nitrogen fixation 

(Reddy et al 1993).  Their abundance is indicative of waters which lack nitrogen.  In February 

and May 2015 Aphanothece greatly influenced the total bio-volume at many stations including 

the mid-lake stations.   

The other odd occurrence seen in February 2015 was the dominance of a small centric diatom, 

Cyclotella gordonensis, which typically is seen only during summer stratified months of July and 

August.  These cells are excellent 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 sp. was a lake-wide event, unusual for February. 

During the period 2013-2016 however, there was no indication of a general shift in 

phytoplankton groups or species groups, which might indicate a general change in trophic state 

of the nearshore.  2013-2016 was a prolonged drought period when generally low levels of 

nutrients were contributed to the lake.  This likely had an impact on patterns for algal groups and 

levels of algae in the nearshore and at mid-lake.  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 purpose 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 algae occur along 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 develops. The amount of periphyton 

biomass can reflect local nutrient loading and also be affected by long-term environmental 

changes.  Monitoring trends in periphyton biomass is important in assessing local and lake-wide 

nutrient loading trends.   

 

Generally low to moderate  levels of periphyton were observed at the nine routine monitoring 

sites in WY 2014 and 2015.  These years were the third and fourth years of below normal 

precipitation in the basin.  The generally low periphyton growth likely was a response to reduced 

nutrients inputs. Periphyton biomass levels increased in 2016 at many sites.  The increase in peak 

annual biomass was the greatest for 3 sites along the west shore (Rubicon Pt., Sugar Pine Pt. and 

Pineland) and at the Incline West site on the north shore.  At Incline West, the peak spring 
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chlorophyll a level was among the highest observed since 2000.  WY 2016 was a year of near 

normal precipitation, and the increase in periphyton may have been a response to increased 

nutrient inputs to the lake compared with the previous two low precipitation years. 

 

Once each spring an intensive synoptic sampling is done in which levels of periphyton at 

approximately 50 sites are assessed using a rapid assessment method called the Periphyton 

Biomass Index (PBI).   This sampling provides essentially a ñsnapshotò of the levels of 

periphyton around the lake during the period of peak spring biomass.  Generally light PBI was 

observed along much of the shoreline during the 2014 and 2015 synoptics, with some areas of 

greater biomass. The generally low levels observed were likely associated with decreased 

nutrient inputs during the prolonged drought.  In the 2016 synoptic, moderate levels of PBI were 

found along portions the west side of the lake, with several areas of relatively heavy PBI (e.g. at 

South Fleur du lac, Ward Cr., Pineland, North Sunnyside, Tahoe City Tributary, Tahoe City Boat 

Ramp, and South Dollar Cr.). Chlorophyll a was measured at about a third of all sites and the 

highest level measured was 141 mg/m
2
 at the Tahoe City tributary site. Generally light PBI was 

observed along the east side of the lake, with a couple of regions of elevated PBI in 2016.   

 
The spring synoptic monitoring has been useful for identifying sites which frequently have quite 

high periphyton biomass in the spring. Sites with more frequent incidences of heavy periphyton  

PBI include: Ward Cr. mouth, Pineland, Tahoe City, Tahoe City Tributary and South Dollar Cr, 

on the northwest shore and Timber Cove Rocks along the south shore.  Several of these areas are 

near tributaries which may provide nutrient inputs.  Periphyton PBI levels were lower at many of 

these sites in 2014 and 2015 but increased in 2016. Exceptions to the pattern were the Tahoe City 

Tributary site which had elevated PBI throughout the three years and Timber Cove which had 

extremely low PBI in 2016.  It would be valuable to better understand the primary factors 

contributing to the heavy periphyton growth at these sites (a study by USGS and the University 

of Nevada Reno, (supported by Lahontan and the USGS), focusing on specific factors affecting 

periphyton growth at the Pineland site was done in 2016 which should contribute significantly to 

this understanding; there is also a substantial body of information from earlier studies by TERC 

and TRG which provides much background understanding of periphyton at this site), 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 amounts in a 

year of more normal precipitation relative to levels in the two previous dry years, the results over 

the longer period 2012-2016, showed that a ñdrier than normal yearò doesnôt necessarily always 

equate to a low periphyton year.  WY 2012 and 2013 were years of relatively low precipitation, 

yet annual maximum 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 2013 started out very ñwetò as much precipitation occurred in Nov. and Dec. 

however very dry conditions prevailed the rest of the WY.  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 other factors may also play a role in addition 

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

In addition to the sites described above with frequent, heavy periphyton growth, an additional 

site with unusually heavy periphyton biomass was identified adjacent to one of the spring 

synoptic monitoring sites.  This site is located to the west of the Garwoodôs synoptic site.  The 
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heavy periphyton growth at this site (which included Cladophora and Gomphoneis sp.)  was very 

striking relative to the very low amounts of periphyton along the shoreline to either side of the 

site and around much of the lake in general in spring of 2015.  Heavy algal growth has been 

observed there also in some previous years. In 2015, steady inflow apparent groundwater or 

subsurface water was observed along the stretch of shoreline with heavy periphyton growth.  

This water was found to have slightly elevated levels of both nitrate nitrogen (NO3-N= 86µg/l) 

and phosphorus (SRP=29 µg/l).  It would be desirable to learn more about the factors 

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 rim (6223 ft.) 

for the majority of WY 2015 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 cyanobacteria (blue-green algae) zone 

of periphyton growth at most sites.  This was the algae that also contributed to a dark-colored, 

slimy band of material on rocks and boulders above the receding waterline along portions of the 

lake (including portions of the north and east shores), in late summer 2015.  This band of algae 

was primarily due to the falling lake level (i.e. the normally deeper blue-green algae were located 

near the surface) and not necessarily related to nutrient inputs.  With the lowering lake level 

accumulations of small granular, cork-like material were also observed by some members of the 

public, in the water and along beaches in several nearshore areas.  This material was composed 

of pieces the cyanobacteria periphyton mat which had apparently sloughed (broke off or 

released) from shallow or exposed rocks in the nearshore.  This was the first time we had seen 

such accumulations of sloughed cyanobacteria material (it also was likely associated with the 

lowered lake-level), although accumulations of sloughed diatoms and filamentous green algae 

are commonly observed in the nearshore. 

 

Finally, in 2016 TERC prepared an intensive 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 years up to 2015. This was the first time the historical periphyton data were statistically 

evaluated for presence of trends.  This analysis indicated that the majority (8 out of 10) routine 

sites showed no statistically significant upward or downward trend for biomass associated with 

the stalked diatoms and filamentous green algae during 2000-2015.  Two of the sites (Pineland 

along the west shore and Incline West along the north shore) did show positive (upward) trends 

for Chlorophyll a biomass during 2000-2015.  Although the trends were statistically significant, 

analysis of the data showed relatively small increases in mean levels of periphyton biomass.   

Introduction  

This report presents the results of work completed by the U.C. Davis ï Tahoe Environmental 

Research Center (TERC) between July 1, 2013 and May 30, 2016 under Agreement No. 13-038-

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) phytoplankton identification and 

enumeration; and (3) quantification of periphyton (attached algae) in the littoral zone.  The 

results from these investigations are detailed in the Sections I-III  in the report.  Quality assurance 

and quality control details for the investigations are presented in Section IV  of the report.  A 
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detailed summary of Algal Growth Potential Assay data is presented in Appendix 1 and the 

phytoplankton enumeration 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 AGP test was included 

with monitoring work in August 2013 to evaluate algal growth 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 offshore to identify potential problem areas, and to evaluate 

conditions relative to an 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 year (early winter, late winter/early spring and late spring/early summer, and late 

summer/early fall).  Samples of lake water (usually from a depth between 0.5-1.5m) are collected 

from a boat, using a Van Dorn water sampler. Many of the current sites are in proximity to sites 

sampled by DWR in their study of Lake Tahoe in the 1970ôs (DWR, 1970-1975).  Two open-

water reference sites are also sampled, one near mid-lake north (U.C. Davisôs MLTP station), 

and the other a mid-lake 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 

with Lugolôs reagent at the time water is collected for the AGP assay.  Lake water from each site 

for the AGP assay is filtered through an 80 µm size mesh netting to remove large zooplankton, 

and collected in 4 liter HDPE bottles.  The samples are kept near lake temperature 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 fluorescent light with intensity ~ 74 µ E m
-2

 sec
-1

), standard light 

cycle ( i.e. 16 hour light, 8 hour dark) and at  ambient lake temperature.
1
  Algal biomass changes 

are measured by tracking in vivo chlorophyll a fluorescence in water from the flasks throughout 

the experiment using a Turner Designs 10AU fluorometer (configured for in vivo and extractable 

chlorophyll a measurement).  On one or more days of the experiment, typically near the growth 

peak, subsamples are also filtered for later chlorophyll a extraction and analysis.  Equations 

relating in vivo fluorescence measurements to extracted chlorophyll a are determined.   The 

equations may then be used to calculate chlorophyll a on days when in vivo fluorescence peaks 

and extracted chlorophyll a was not measured. The peak chlorophyll a value achieved during the 

assay is considered the Algal Growth Potential (AGP). 

 

                                                           
1
 These methods differ slightly from the early DWR studies with respect to: lighting (DWR used a light intensity of 

700 foot candles or ~91 µ E m
-2
 sec

-2 
) 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.   
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Figure 1.  Map showing locations of AGP nearshore stations (light blue dots), routine periphyton 

monitoring stations (green text, black stars) and spring synoptic 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 

W120 09.216 

~ 15 m from first pier just north of Ward Cr. ~ 3m 

Tahoe City N39 10.808 

W120 07.173 
~18-27 m outside of entrance to Tahoe City Boat 

Ramp area and pier 

~2.5m 

Kings Beach N39 14.179 

W120 02.207 
~ 70 m from shore, offshore of  ñLake Point Pierò 

slightly east of ñHeritage Coveò condominiums 

~ 2m 

Crystal Bay N39 14.258 

W119 56.798 
~45 m offshore of mouth of Incline Cr., Crystal Bay ~2.5m 

Glenbrook N39 05.371 

W119 56.489 
~ 15 m from right side ñTò of old pilings, near piling at 

boundary of swim area,~70 m from shore, Glenbrook 

~2.5m 

Zephyr Cove N39 00.512 

W119 56.993 
Off first set of beach stairs north of Zephyr Cove pier, 

~27 m outside of swim area boundary, ~90 m from 

shore. 

~2.5m 

Timber Cove - ~45-70 m northwest of end of Timber Cove pier  ~2m 

Tahoe Keys 

Nearshore 

N38 56.423 

W120 00.574 
~70 m offshore of lake-side pier at Tahoe Keys, (Note- 

site for AGP#1 was ~115 m further offshore) 

~1.5-2m 

Camp 

Richardson 

N38 56.531 

W120 03.383 
Adjacent to end of Camp Richardson pier 2-3m 

Emerald Bay N38 57.187 

W120 06.367 
Adjacent to either the pier or near north edge of swim 

area boundary, both near Vikingsholm 

~4-5m 

Rubicon Bay N39 00.875 

W120 06.840 
~70 m offshore of pier in shallow area ~2-3m 

Mid -lake Sites    

Mid-lake North N39 09.255 

W120 00.478 
Location of TERC MLTP station in north mid-lake, 

approx. 10.5 km east of Tahoe City 

>450m 

Mid-lake South N38 59.641 

W120 00.080 
South mid-lake  approximately 6.5 km north of Pope 

Beach. 

>400m 
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Extracted chlorophyll a is analyzed  fluorometrically using a Turner Designs 10AU fluorometer, 

calibrated with pure chlorophyll a from Anacystis nidulans algae.  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 HCl is measured.  Chlorophyll a 

and pheophytin concentrations are determined using the following equations: 

 

Chlorophyll a (µg/l) = (r/(r-1)) x (Rb-Ra) x Vex/Vfil  

Pheophytin (µg/l) = (r/(r-1)) x (rRa-Rb) x Vex/Vfil.  

Rb= Fluorescence of sample extract before acidification (minus) fluorescence of filter blank 

Ra= Fluorescence of sample extract after acidification (minus) fluorescence of filter blank 

Vfil= Volume of lake water filtered (Liters), usually 0.1 L 

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

r = mean of Rb/Ra values for a range of pure chlorophyll standards.  

(r = 2.475 for current calibration) 

Additional field and lab data collected for these experiments includes: lake surface water 

temperature at time of collection; background fluorescence of the initial water collected 

(fluorescence of GF/F filtered water); and results of chemical analysis of N and P in the initial 

lake water for a portion of the experiments (not part of contracted work; however, this was done 

to provide supplementary information on nutrients in water at time of sampling). 

AGP Assay Results July 2013 - March 2016: 

This report presents the results of 11 AGP assay tests were done on lake between July, 2013 and 

March, 2016.  An additional test was scheduled to be done in June 2016 (after preparation of this 

report).  Table 2 presents a summary of initial lake chlorophyll a and AGP test results for the 

sites.  Figures 2.a-2.k present the initial chlorophyll a and AGP results for each experiment 

graphically for the three years of the study.  Detailed summaries of AGP bioassay data are also 

presented  in 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 conditions prior to the test.  A summary of general 

patterns in the AGP test results follows this section. 

 

Summary of Results by AGP Assay: 

 

AGP Assay #1 (8/15/13) 

This was a late summer sampling.  Lake surface temperature was warm and ranged between 18-

20 °C.  Lake chlorophyll a concentrations were generally low at most sites (between 0.2 to 

0.31µg/l) with Tahoe City having a slightly higher chlorophyll a of 0.41 µg/l.  In the Algal 

Growth Potential assay, highest AGP levels occurred at 3 sites along the northwest shore 

(Sunnyside, Kings Beach and Tahoe City) where AGP ranged from 0.84-0.99 µg/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 µg/l (Table 2, Figure 2.a).  AGP at the Mid-lake reference stations ranged from 0.50 

µg/l at Mid-lake South to 0.64 µg/l at Mid-lake North.   
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Table 2.  Summary of initial chlorophyll a and AGP results for AGP tests done 8/5/13-3/23/16.    

  

 

 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl.a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl.a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

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 .44 .44 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 .45 0.81 .81 0.18 .39 0.17 .43 0.61 .61 

Glenbrook .27 .64 .34 .34 0.79 .79 0.11 .44 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 .43 

Emerald Bay   .69 .69 0.74 .77 0.42 .69 0.23 .39 0.52 .52 

Rubicon Bay .20 .55 .58 .58 0.41 .61 0.12 .26 0.16 .44 0.38 .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 .44 0.53 .53 

Mid-lake So. .18 .50 .55 .55 0.87 0.87 0.17 .58 0.17 .37 0.43 .43 
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Table 2 continued.  Summary of initial chlorophyll a and AGP results for AGP tests done 8/5/13-3/23/16.    

  

 

 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl.a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

Station 

Initial 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl.a 

(µg/l) 

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 .11 .23 .44 .44 .27 .79 

Tahoe City .35 .62 .63 .78 .17 .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 .94 .27 .46 .15 .22 .49 .49 .67 .98 

Timber Cove .17 1.08 .09 .88 .06 .46 .44 .44 .39 1.04 

Tahoe Keys .37 .90 .23 .39 .12 .35 .48 .48 .85 1.07 

Camp Rich.  .48 .75 .27 .43 .10 .20 .49 .49 .33 .77 

Emerald Bay .98 .98 .49 .52 .20 .29 1.29 1.29 .84 .84 

Rubicon Bay .76 .76 .33 .38 .12 .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 .11 .23 .57 .57 .83 .83 
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Summary Figures for 2013-2016 AGP tests: 
 

 

 

 

 

 

 

 
 

 

Figure 2.a.  Late summer 2013 algal growth potential experiment (AGP#1).  (Note in all figure 2 

charts, dark shading is initial chlorophyll a concentration, light green is subsequent increase in 

chlorophyll a (if any) during experiment, total height of bar(s) (dark + light green) is algal 

growth potential, dashed line is mean of Mid-lake North and South AGP levels.)  The Bijou and 

Taylor Cr. sites were replaced with Timber Cove and Camp Richardson sites in subsequent 

experiments and a site in Emerald Bay was added.   
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Fig. 2.b.  Early winter 2013 AGP (#2) experiment. 

 

Fig. 2.d.  Early summer 2014 AGP (#4) experiment. 

 

Fig. 2.c.  Late winter/early spring 2014 AGP (#3) experiment. 

 

Fig. 2.e.  Late summer 2014 AGP (#5) experiment. 
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Fig. 2.f.  Early winter 2014 AGP (#6) experiment. 

  

Fig. 2.h.  Early summer 2015 AGP (#8) experiment. 

 

Fig. 2.g.  Late winter/early spring 2015 AGP (#7) experiment. 

 

Fig. 2.i.  Late summer 2015 AGP (#9)experiment. 
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Fig. 2.j.  Early winter 2015 AGP (#10) experiment. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.k.  Late winter/early spring 2016 AGP (#11) experiment. 
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AGP Assay #2 (12/12/13) 

This was an early winter sampling.  Lake surface temperature had cooled substantially and 

ranged from (6.0-8.0 °C).  Very cold temperatures were observed in the basin for much of the 

period between 12/4-12/10/13 with some snow 12/4-12/5.  In lake water samples collected, the 

highest initial chlorophyll a was observed at a new site in Emerald Bay (0.69 µg/l), Rubicon Bay 

was next highest (0.58 µg/l).  Chlorophyll a at the other nearshore sites ranged from 0.34-0.44 

µg/l and the mid-lake sites ranged from 0.49-0.55 µg/l. In this bioassay incubation was done 

under lights more intense lighting, (High Output T5 fluorescent lights with intensity  ~120 µ E 

m
-2

 sec
-1

  were used in comparison to standard incubation with CW fluorescent light with 

intensity ~ 74 µ E m
-2

 sec
-1

).   This lighting though more intense had different spectral 

characteristics than the CW fluorescent lighting, this intense lighting may have detrimentally 

impacted certain algal species i.e. Gymnodinium fuscum and Rhodamonas sp. (see Hackley et al., 

2014 for additional information) resulting in a decline in chlorophyll a.  General declines in 

chlorophyll a biomass relative to initial chlorophyll levels were observed for samples during the 

course of the experiment.  Following a convention used for the 1960ôs and 1970ôs AGP tests, the 

initial chlorophyll a level was considered the AGP value when chlorophyll a declined during the 

test.  Since AGP tests done in December in subsequent years (2014, 2015) (using standard CW 

fluorescent lighting) also showed declines in chlorophyll from initial levels, we chose to include 

the results for AGP experiment #2 with all other test results in this report.  

 

AGP Assay #3 (2/20/14) 

This was a late winter/early spring sampling.  Lake surface temperature ranged from 4.5-6°C. 

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 south- southwest 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 as a result of these events.  Initial 

chlorophyll a in water collected from nearshore and mid-lake sites 2/20/14 showed quite a range 

in values from 0.24 µg/l to 0.96 µg/l at nearshore sites and 0.87 µg/l at the mid-lake sites.   It is 

interesting the note that initial chlorophyll a had approximately doubled when Feb. 2014 samples 

were collected compared to December 2013 levels at several sites (Mid-lake North, Mid-lake 

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 2013.  Most of the other 

sites showed moderate increases in chlorophyll in February compared with December 2013.  The 

differences in initial chlorophyll a may reflect a variety of factors including natural patchiness of 

the phytoplankton, differences in degree of mixing between mid-lake and nearshore areas, 

exposure to upwelled water and tributary inputs.  The highest AGP levels occurred at two sites 

along the south shore, Tahoe Keys and Timber Cove where AGP were 1.09 µg/l and 1.08 µg/l 

respectively. 

 

AGP Assay #4 (6/9/14) 

This was a late spring/early summer sampling.  Lake temperature was warming and ranged from 

14.0-17.0°C.  The timing of this sampling was at the end of a relatively low snowmelt runoff.    

Initial chlorophyll a at most nearshore sites had dropped substantially since February and was 

low ranging from 0.12-0.24 µg/l. Typically chlorophyll a is low in the upper water column 

during summer thermal stratification.  The highest initial chlorophyll a levels were observed in 
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the nearshore at Emerald Bay (0.42 µg/l), Tahoe City (0.31 µg/l) and Tahoe Keys nearshore 

(0.30 µg/l) potentially indicating these areas are more productive.   Similar to AGP test #1 all 

sites showed significant increases in chlorophyll a relative to the initial lake levels during the 

AGP incubation.  This may have been a consequence of absence of potentially inhibitory effects 

of intense sunlight and UV radiation (in the laboratory incubator, compared with ambient 

conditions near the surface in the lake in the summer.)   In the Algal Growth Potential test, Camp 

Richardson along the south shore had the highest AGP (0.83 µg/l), next highest AGP levels were 

Emerald Bay (0.69 µg/l) and Tahoe Keys (0.65 µg/l).  The highest AGP among north shore sites 

were observed for Sunnyside (0.69 µg/l) and Tahoe City (0.61 µg/l).  

 

AGP Assay #5 (8/29/14) 

This was a late summer sampling.  Lake surface temperature was still very warm and ranged 

between 17-19 °C.  Lake chlorophyll a concentrations were generally low at most sites (between 

0.1 to 0.25 µg/l) with only Tahoe City and Kings Beach having moderate chlorophyll a near 0.40 

µg/l.  The highest AGP was measured at Tahoe City (Chlorophyll a = 0.82 µg/l) in the north lake 

region and at three south shore sites (Zephyr Cove, Timber Cove and Tahoe Keys) with AGP 

chlorophyll a ranging between 56-61µg/l.  AGP at the other sites were close to the mid-lake 

AGP chlorophyll a levels (e.g. near 0.40 µg/l). 

 

AGP Assay #6 (12/9/14)  

This was an early winter sampling.  Lake surface temperature was still relatively warm for the 

time of year (8.0-9.0 °C).  Some rain and snow occurred 12/2-12/4/14, however no large 

precipitation events preceded the sampling.  Lake chlorophyll a concentrations showed slight 

variations among the sites ranging from 0.31 µg/l at Timber Cove to 0.61 µg/l at Crystal Bay).  

Chlorophyll a levels declined or showed no increase at many sites during the AGP test and AGP 

levels were considered the same as initial lake chlorophyll a concentrations.  Two sites Timber 

Cove and Zephyr Cove showed very slight increases in chlorophyll a during the test.  AGP for 

all sites were close to values observed at the two mid-lake stations (i.e. 0.43 at the South Mid-

lake station and 0.53 µg/l at the North Mid-lake station).   

 

AGP Assay #7 (2/26/15) 

This was a late winter/early spring sampling.  Lake surface temperature ranged from 6.0-7.0°C.  

The strongest storm of the year had occurred Feb. 6-9 contributing substantial rain and snow.  

Strong N-NE winds Feb. 21-23 preceded sampling for this AGP test.  Initial lake chlorophyll a 

concentrations varied between sites (e.g. chlorophyll a ranged from a low of 0.17 µg/l at Timber 

Cove to a high of 0.98 µg/l at Emerald Bay, with the mid-lake stations having a chlorophyll a 

concentration of 0.62-0.63 µg/l).  Various factors may have contributed to the observed 

distribution of chlorophyll a (see AGP#3 summary above).  Most sites showed growth during the 

AGP test, and all nearshore sites ultimately had an AGP either close to or greater than the nearest 

mid-lake sampling site.  The highest AGP was measured for the Timber Cove sample (1.08 

µg/l), which is notable as this site had the lowest initial chlorophyll a concentration.   Zephyr 

Cove, Tahoe Keys and Emerald Bay AGP (chlorophyll a range 0.90-0.98 µg/l) were also above 

the mid-lake South AGP of 0.76 µg/l.  Kings Beach, Crystal Bay and Glenbrook sites had the 

highest AGP in the north portion of the lake ranging from 0.83-0.97 µg/l, all greater than AGP of 

the mid-lake north site (0.67 µg/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 

11.0-15.0°C.  The timing of this sampling was at the end of a very meager snowmelt runoff, 

however the two weeks preceding sampling had periods of rain and snow (including some areas 

with thunderstorms the day before sampling, e.g., the Sunnyside/Ward Cr. area).  Initial lake 

chlorophyll a levels were relatively similar and relatively low at most sites ranging between 

0.19-0.33 µg/l.  Notable exceptions were Timber Cove, which once again had the lowest 

chlorophyll a (0.09 µg/l) and moderately high levels at Emerald Bay (0.49 µg/l) and Tahoe City 

(0.63 µg/l).  All sites showed increases in chlorophyll a during the AGP test.  Timber Cove once 

again showed substantial growth from a very low initial chlorophyll a level, and had the highest 

AGP (0.88 µg/l) which was 3.67  times the AGP level at mid-lake south (0.24 µg/l ).  All other 

nearshore site AGP levels in the southern lake region were also higher than the mid-lake south 

AGP level.  Along the north shore, Tahoe City had the highest AGP (0.78 µg/l), with Sunnyside, 

Kings Beach and Crystal Bay AGP (ranging from 0.43-0.44 µg/l), also higher than the mid-lake 

north AGP (0.33 µg/l).   

 

AGP Assay #9 (9/1/15) 

This was a late summer sampling.  Lake surface temperature was still relatively warm and 

ranged between 16.5-18.5 °C.  Lake chlorophyll a concentrations were generally low at all sites 

(ranging from 0.06 to 0.20 µg/l).  The highest AGP was measured at Tahoe City (chlorophyll a = 

0.49 µg/l), Timber Cove (chlorophyll a = 0.49 µg/l) and Tahoe Keys (chlorophyll a =0.35 µg/l).   

AGP at the other sites were near or slightly above the mean mid-lake AGP (mean chlorophyll a 

= 0.22 µg/l).  It is interesting to note that in comparison of the mean mid-lake initial chlorophyll 

a for late summer bioassays a general decline in mean mid-lake AGP can be seen between 2013 

to 2015 (i.e. mean mid-lake chlorophyll a was 0.57 µg/l 8/15/13, 0.41 µg/l in 8/29/14, and 0.22 

µg/l on 9/1/15).  This may reflect the cumulative impacts of low nutrient input years associated 

with the ongoing drought.   

 

AGP Assay #10 (12/16/15)  

This was an early winter sampling.  Lake surface temperature was very cold at some nearshore 

sites (i.e. at Timber Cove and Tahoe City the surface temperature was near 2.5 °C, with some 

thin ice on the surface at Timber Cove) while the mid-lake temperature was between 6.5-7.0 °C.  

Some rain and snow had occurred on 12/10/15.  Lake chlorophyll a concentrations ranged from 

0.39-0.50 at nearshore sites, with the exception of Emerald Bay where chlorophyll a was 

relatively high (1.29 µg/l).  Mean mid-lake chlorophyll a was 0.60 µg/l.  Once again, chlorophyll 

a levels dropped during the experiment and AGP levels were considered to be the initial lake 

chlorophyll a.   

 

AGP Assay #11 (3/23/16) 

This was a late winter/early spring sampling.  Lake surface temperature was still relatively cool 

and ranged from 4.0-7.0°C.  There was a moderate rain and snow event prior to sampling on 

3/20/16-3/21/16 which resulted in increased discharges from streams in the vicinity of some of 

the nearshore sites.  Several sites had relatively low initial chlorophyll a ranging from 0.24-0.33 

(these included Sunnyside, Tahoe City, Kings Beach, Camp Richardson and Rubicon Bay).  

Timber Cove, Glenbrook and Zephyr Cove had intermediate Chlorophyll a levels ranging from 

0.39-0.67 µg/l included.  Sites with relatively high initial chlorophyll a included the two Mid-
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lake sites (ranging from 0.79-0.83 µg/l) and Crystal Bay, Emerald Bay and Tahoe Keys which 

had levels close to the mid-lake values.  Various factors may have contributed to the observed 

distribution of chlorophyll a.  We did analyze NO3-N, NH4-N, SRP, TP and specific conductance 

in initial water from these sites.  Although nutrients were generally low at most sites (see Tables 

3.a-3.d for summaries of nutrient analyses for select AGP tests), NO3-N was elevated in samples 

from Sunnyside (14 µg/l) and Rubicon (11 µg/l) while the specific conductance was near the 

mid-lake mean of 92.4 µS/cm.  This may indicate these sites were impacted by upwelling of lake 

water with high NO3-N concentrations.  Alternatively tributary inputs could also cause elevated 

NO3-N but with tributary inputs might expect the conductivity to be different from typical lake 

levels.  At Tahoe City SRP was elevated (9 µg/l), NO3-N slightly elevated (5 µg/l) with a 

specific conductivity slightly elevated (94 µS/cm) which may indicate a tributary influence 

contributing P plus potential contributions of NO3-N either from tributary or upwelling.  Specific 

conductivity was substantially lowered relative to lake levels in samples from Tahoe Keys (76 

µS/cm)   and Emerald Bay (72 µS/cm) indicating a tributary influence, with slightly elevated 

NO3-N (7 µg/l) and SRP (3µg/l) present in water at Tahoe Keys and very low levels NO3-N (0 

µg/l) and SRP (1µg/l)of nutrients in water at Emerald Bay.  Even with this additional 

information it is difficult to say with certainty the primary factors resulting in the observed 

patterns for AGP.  Chlorophyll a increased at many sites for which chlorophyll a had been below 

mid-lake chlorophyll a resulting in AGP levels near to the mean mid-lake level AGP of 0.81 

µg/l.  Sites with AGP slightly elevated above the mid-lake mean included Tahoe Keys, Timber 

Cove, Zephyr Cove, Glenbrook and Crystal Bay.   

 

The results for AGP experiment #11 highlight some of the complexities in interpreting this test.  

Many sites in this experiment had initial chlorophyll a levels either substantially lower or 

moderately lower than the mid-lake reference stations.   This seems to indicate conditions were 

more favorable for development of elevated algal biomass at the mid-lake stations than at the 

nearshore stations with lower initial chlorophyll a.  However the AGP test indicated many of 

those same nearshore sites to have similar algal growth potential as the mid-lake sites.  Timber 

Cove, which had low initial chlorophyll a had a higher AGP than mid-lake.  The AGP results can 

be difficult to interpret.     

 

General Patterns for AGP in tests done 2013-2016 

 

In reviewing individual AGP experiments done 2013-2016 some general observations may be 

made on patterns observed.   

 

Levels of AGP tended to be variable in the experiments with no sites having consistently high or 

low AGP through all the tests.  However, in comparing the AGP levels from the sites some sites 

were more frequently in the ñtop 3ò or ñbottom 3ò ranking relative to AGP levels for a test.  Sites 

more frequently in the ñtop 3ò with the highest 3 AGP levels included: Emerald Bay (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 frequently in the ñbottom 3ò with the lowest 3 AGP levels included: Glenbrook (6 of 

11 tests), Mid-lake 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.  The Tahoe City site is located in the nearshore on an extensive 
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shallow shelf near the Tahoe City Boat ramp slightly east of the entrance to Star Harbor.  

Nutrients from Star Harbor and its tributaries (Burton and Polaris creeks) may contribute to the 

elevated AGP at this site.  Proximity 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 Cove pier. That 

site may be affected by several sources of nutrients including: nearby stream inflows from the 

U.Truckee/Trout watersheds; nearby urban runoff inputs; localized nutrient inputs from Asian 

clams (which are abundant in the area); and boating activity and human activities in the 

nearshore which potentially stir up sediments, nutrients and algae into the water column.  The 

Emerald Bay site is located at the back of Emerald Bay near  the inlet of Eagle Cr. which may 

contribute nutrients.  Finally, the Tahoe Keys 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 winter (December) tended to show little if any additional 

growth relative to initial chlorophyll a levels.  In many cases, chlorophyll a decreased 

from initial levels resulting in the initial chlorophyll being considered the AGP level.  

These December experiments may not provide useful information other than initial lake 

chlorophyll a and perhaps could be eliminated or moved to a different time of year.    

(2) The experiments done in late winter/early spring tended to show quite variable initial 

chlorophyll a levels with the mid-lake levels often being among the highest levels.  AGP 

for mid-lake sites tended to be the same or slightly more than initial chlorophyll a and 

AGP for many of the other sites was close to or slightly exceeded the mid-lake AGP.   

(3) For early and late summer AGP tests, initial chlorophyll a was generally very low with 2 

or 3 sites with slightly elevated chlorophyll a.  Chlorophyll a 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 Levels in Initial Lake Water Collected 

 

Levels of nutrients (NO3-N, NH4-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 

Table 3.a-3.d.  Though not part of the contracted work these analyses were done to provide 

supplementary information to aid in understanding the test results.  In general, nutrient levels 

tended to be very low at the sites with no obvious site to site trends corresponding to the AGP or 

initial chlorophyll a results.   The nutrients present in lake water are subject to rapid biological 

uptake, and may not show large variations from site to site. Some variation in nutrient levels was 

observed.  For instance, NO3-N levels were slightly elevated 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.   

 

 



26 

 

 

Table 3.a.  Initial NO3-N concentrations in lake samples collected for a portion of AGP bioassays 

(nutrients not analyzed for all bioassays).  Specific conductance ñSCò is also shown for the 

3/23/16 sampling.    

 

 NO3-N NO3-N NO3-N NO3-N NO3-N NO3-N NO3-N NO3-N S.C. 

 8/15/13 6/9/14 8/29/14 12/9/14 2/26/15 5/26/1

5 

9/1/15 3/23/16 3/23/16 

Sunnyside 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 3.b.  Initial NH4-N concentrations in lake samples collected for AGP bioassays. 
 

 NH4-N NH4-N NH4-N NH4-N NH4-N NH4-N NH4-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 3.c.  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 3.d .  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 the mean annual AGP at a mid-lake reference station.  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 period.  Tables 4 and 5 present the algal growth potential test 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 during May ï Aug.  DWR in 1960ôs and 

1970ôs typically calculated their annual means based on AGP tests during the May to Aug. 

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 exceeded. 

 

Table 4.  Calendar Year 2014: Algal Growth Potential (AGP) test results by date; Mean Annual 

AGP; May-Sept. AGP; Station Mean Annual AGP ÷ Mid-lake Mean Annual; May-Sept. Station 

Mean AGP ÷  May-Sept. Mean Mid-lake AGP. 

 

AGP 

Peak 

Chl.a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

 

Annual 

Mean 

AGP 

 

May-Sept. 

Mean 

AGP 

Annual 

Mean 

AGP        

÷ 

Mid-lake  

Annual 

Mean 

AGP 

May-Sept. 

Mean 

AGP      

 ÷       

May-Sept. 

Mid-lake 

Mean 

AGP 

Water Coll. 

Date 
2/20/14 6/9/14 8/29/14 12/9/14 

 
 

 

 

Sunnyside .63 .69 .42 .52 0.57 0.56 1.04 1.35 

Tahoe City .69 .61 .82 .46 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 .46 0.52 0.42 0.96 1.02 

Zephyr Cove .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 .43 0.64 0.64 1.17 1.55 

Emerald Bay .77 .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   

Mean Mid-lk      0.54 0.41   
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Table 5.  Calendar Year 2015: Algal Growth Potential (AGP) test results by date; Mean Annual 

AGP; May-Sept. AGP; Station Mean Annual AGP ÷ Mid-lake Mean Annual; May-Sept. Station 

Mean AGP ÷  May-Sept. Mean Mid-lake AGP. 

 

AGP 

Peak 

Chl.a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

AGP 

Peak 

Chl. a 

(µg/l) 

 

Annual 

Mean 

AGP 

 

May-Sept. 

Mean 

AGP 

Annual 

Mean 

AGP        

÷ 

Mid-lake  

Annual 

Mean 

AGP 

May-Sept. 

Mean 

AGP      

 ÷       

May-Sept. 

Mid-lake 

Mean 

AGP 

Water Coll. 

Date 
2/26/15 5/26/15 9/1/15 12/16/15 

 
 

 

 

Sunnyside .71 .44 .23 .44 0.46 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 0.51 0.36 1.12 1.43 

Crystal Bay .84 .43 .24 .46 0.49 0.34 1.08 1.33 

Glenbrook .97 .35 .21 .46 0.50 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 .48 0.53 0.37 1.16 1.47 

Camp Rich.  .75 .43 .20 .49 0.47 0.32 1.03 1.25 

Emerald Bay .98 .52 .29 1.29 0.77 0.41 1.69 1.31 

Rubicon Bay .76 .38 .25 .39 0.45 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   

Mean Mid-lk      0.455 0.2525   

Note- ñ*ò and highlighted in gray, indicates mean May-Sept. AGP levels exceed the Lahontan 

Standard where mean annual AGP at a station is not to exceed twice the mean annual AGP at a 

mid-lake reference station.  

 

 

The results of these analyses indicated there were no violations of the Lahontan AGP standard if 

all four tests during the calendar year were used in calculation of annual means.  However, DWR 

in 1960ôs and 1970ôs typically calculated their annual means based on AGP tests done during the 

May-Aug. period.  Using a nearly similar period May ï Sept. for calculation of the mean annual 

AGP in our study, there were no violations of the Lahontan standard in 2014 but some violations 

in 2015.  Two sites violated the standard in 2015 (Tahoe City and Timber Cove).  AGP at Tahoe 

City was 2.51 times the mid-lake annual mean, and AGP at Timber Cove was 2.65 times the 

annual mean.  Based on the 2015 data, Tahoe City and Timber Cove are areas to watch with 

respect to AGP.    
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Observations related to interpretations of the AGP tests 

 

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 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 of incubation.  Algae in the flasks do not experience similar conditions of 

water circulation, nutrient 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 inhibit algal 

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 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 conditions in the lake.   

 

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

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

potential as observed in a large increase in chlorophyll a.  If the algae had high AGP, why wasnôt 

it observed at the site in the form of high biomass 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 another explanation.  There may also be other factors which constrain growth naturally 

in that area, i.e.: effects of high light/UV over the shallow shelf and inability of algae to ciculate 

or move away from the high UV , unfavorable temperature or chemical conditions, or 

competition for nutrients from benthic algae and bacteria.  Removal of these factors in laboratory 

incubation conditions could promote increases in chlorophyll a.  This raises the question of the 

significance of the AGP test results if under natural conditions, growth of the algae is normally 

constrained and the algal growth potential is not normally achieved.   

 

Interesting patterns were also seen for initial lake chlorophyll a and AGP late winter/early spring 

samplings (2/20/14, 2/16/15, 3/23/16).  The mid-lake sites and some of the nearshore sites (e.g. 

Crystal Bay and Emerald Bay) had the highest chlorophyll.a,.  However chlorophyll a at many of 

the nearshore sites was much lower than that observed at the mid-lake.  Chlorophyll a often 

increased during the AGP test for many of these nearshore sites resulting in AGP levels similar 

to or greater than the Mid-lake levels. There are several possible explanations for these patterns 

(i.e. grazing of phytoplankton nearshore, upwelling of deeper water containing lower algal 

biomass; inputs of dilute surface runoff) or some environmental factor is constraining nearshore 

biomass, which is removed in the laboratory incubations.  The AGP test results in combination 

with other data (i.e. zooplankton data, primary production, phytoplankton data, water chemistry, 

etc.) might ultimately explain the patterns of lower chlorophyll a at 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 potential in situ. 
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Section II.  Enumeration and Identification of Phytoplankton 
 

This section summarizes the results for nearshore phytoplankton monitoring done August 2013-

Dec., 2015.   Phytoplankton are the free-floating algae in lakes.  They typically form the base of 

the aquatic food web.  They utilize energy from the sun, carbon dioxide and nutrients for 

production of biomass and growth.  If changes occur in lake water quality, the phytoplankton are 

among the first indicators of that change.  The abundance or numbers of the cells will change, 

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 different major taxonomic groups (e.g. 

diatoms, chrysophytes, dinoflagellates, cryptomonads, greens, blue-green algae (cyanobacteria), 

haptophytes, euglenophytes and myocetes occur in Tahoe).  The phytoplankton species which 

make up each of the different groups have characteristics 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 magnitude (~0.2-200 µm) 

(Heyvaert et al., 2013).  As lake conditions change over the course of a year, the phytoplankton 

experience seasonal succession.  Variation 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 (2013-2016) was the first extensive nearshore monitoring in 

Lake Tahoe since the early 1980ôs.  In 1981-82, nearshore monitoring of phytoplankton was 

done at 6 sites along the South Shore extending from Baldwin Beach to Stateline east, Zephyr 

Point and at two sites along the west shore, Rubicon Pt. and  Sunnyside-Pineland (Eloronta and 

Loeb, 1984;  Loeb, 1983).  The results from that earlier study provide useful historical 

information on nearshore phytoplankton patterns.  In general, the major taxonomic groups that 

dominated the  littoral zone were found to be similar to those found in pelagic waters (Loeb, 

1983).  There were some differences in the algal assemblage in different nearshore areas possibly 

associated with different levels of fertility.  Sites 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 euglenoids) were more abundant at the south shore.  Green algae were 

consistently more diverse along the south shore.  Very little monitoring of the nearshore 

phytoplankton has been done since the study in the 1980ôs.  

With increased interest in the state of the nearshore, nearshore phytoplankton monitoring was 

included as part of the Lake Tahoe Water Quality Investigations monitoring for 2013-2016.  

Phytoplankton samples were collected at the same time as water collected for the Algal Growth 

Potential experiments. Eleven near-shore sites and two open water (mid-lake) sites were sampled 

quarterly for phytoplankton identification and enumeration.  Cells were counted and identified to 

species level when possible following established TERC protocol (see Appendix 2).   
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Nearshore Phytoplankton Monitoring Results Aug., 2013-Dec. 2015 

Due to the large numbers of species associated with each sample, the summary of phytoplankton 

biovolume and abundance data by individual species is located on the TERC website 

(http://terc.ucdavis.edu at the links: ñPublicationsò >òLahontan Monitoring Reportsò> ñ2013-

2016 Lahontan Monitoring Data Updatesò>òTERC 2013-2016 Nearshore Phytoplanktonò).  This 

data was used to compile summary graphs of phytoplankton abundance and biovolume data by 

algal group (i.e. diatoms, chrysophytes, dinoflagellates, cryptomonads, greens, cyanophytes, 

haptophytes, euglenophytes and myocetes) which are presented in Figures 3.a-3.t. below.  

 
The predominant phytoplankton groups showed seasonal variation.  For instance, biovolume in 

2013 and 2014 (Figures 3a, 3c, 3e, 3g) showed the following general patterns at a majority of 

sites: in Aug. 2013, dinoflagellates and diatoms made up a significant portion of the biovolume; 

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 contributed substantially 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 biovolume.  Seasonal changes in phytoplankton numbers 

by algal group also occurred, however the algal groups predominant in cell numbers were not 

necessarily the same as those for biovolume.  For instance note the predominance of diatoms and 

chrysophytes with respect to cell numbers in Aug. 2013, whereas dinoflagellates and diatoms 

predominated in biovolume.  Dinoflagellates made a substantial contribution to biovolume due to 

their large sizes, chrysophytes were much more numerous during that same period, but due to 

their small size 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 (Dec. and Feb.) and were often 

highest in the late spring and summer samplings. There were some exceptions to this pattern, as 

biovolume at Mid-lake North, Glenbrook, and Rubicon Bay tended to be higher in the late winter 

(February) samples.  Typically spring and summer are the height of phytoplankton growth 

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 at the two stations at mid-lake.  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 waters.  In monitoring done 2013-2016, 

Individual sites did occasionally show distinct differences.   For instance while dinoflagellates 

dominated the biovolume at most sites in June, 2014, the Tahoe Keys biovolume differed in that 

it was a mix predominantly of diatoms, greens and dinoflagellates.  Emerald Bay was a mix of 

chrysophytes, dinoflagellates and greens during the same period.  

One site, Emerald Bay, did frequently show differences from the other stations. On several dates 

the composition of predominant algal groups in Emerald Bay was quite different there from the 

other nearshore sites.  For instance: on June 9, 2014 phytoplankton biovolume and abundance 

showed a greater proportion of green algae and chrysophytes than most other sites; then, in 

August 2014, Emerald Bay lacked the abundance of dinoflagellates that were dominant in the 

larger lake area; in February, 2015, Emerald Bay had fewer blue-greens than most sites around 

http://terc.ucdavis.edu/
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the lake; in May, 2015 Emerald Bay had its own phytoplankton bloom of Chrysophytes, not seen 

anywhere else in the lake; in September 2015, the green algae group comprised a substantial 

portion of the biovolume.  However, Emerald Bay was also similar at times with respect to 

biovolume proportions of various algal groups (i.e. such was the case in Dec. 2015).   

Sites occasionally had contributions to the biovolume and abundance from one or more of the 

three groups which can be associated with more fertile waters (cyanobacteria, green algae and 

euglenophytes).  However, these groups in most cases were only a very small portion of the 

overall biovolume and there generally were only a few species.  Lake Tahoe nearshore waters 

often exhibit characteristics of ultra-oligotrophic or oligotrophic waters with respect to: 

predominant species (diatom dominance, presence of chrysophytes and dinoflagellates); low 

biomass, relatively low species numbers per sample (i.e. 20-50 per sample) (see Table 14-2 in 

Heyvaert et al., (2013) for characteristics, including community composition of waters of various 

trophic states).   Green algae occasionally contributed to the biovolume in proportions similar to 

some of the other more frequently observed algal groups (i.e. diatoms and dinoflagellates).  This 

occurred primarily in the summer 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 observed in the 

phytoplankton at these sites each summer.  As will be discussed below, an unusually high level 

of one type of cyanobacteria (Aphanothece sp.) was observed during Feb. and May 2015 over a 

wide region of the lake including the mid-lake regions.  However, this elevated level of 

cyanobacteria may have been associated with particularly low nutrient conditions in the lake 

during the prolonged drought (this species can fix nitrogen).  The cyanobacteria levels 

subsequently declined.   Generally blue-greens comprised a very small portion of the biovolume 

and cell counts at sites.  Some of the more frequently observed cyanobacteria species were 

Aphanothece, Leptolyngbya, Chroococcus, Phormidium, Schizothrix.  Euglenoids were rarely 

seen in the phytoplankton counts.   

As indicated above, in 2015 there was an unusual occurrence of the blue-green species 

Aphanothece over widespread regions of the lake.  In February and May 2015 Aphanothece 

greatly influenced the total bio-volume at many stations including the mid-lake stations.  

Aphanothece sp., is a very small (3µm) solitary cell which has the capacity to fix nitrogen from 

the atmosphere.  Aphanothece sp. has been present in the past but its abundance in 2015 was 

remarkable.  These cells prefer high light, low nitrogen, high 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 is indicative of waters which lack nitrogen.  In February 2015, these blue-

greens were obvious at all sites except Sunnyside and Mid-lake South.  In May 2015 the blue-

greens were seen predominantly at the South Tahoe stations with the Mid-lake North station 

being the only station in the north also having them.  The unusual high abundance of Apanothece 

sp. certainly has implications on the biology and clarity of the lake, but very little can be said 

about the implication for the near-shore stations in particular.  

The other odd occurrence seen in February 2015 was the dominance of a small centric diatom, 

Cyclotella gordonensis, which typically is seen only during summer stratified months of July and 

August.  These cells are excellent competitors during low nutrient, high 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 little precipitation runoff and mixing.  The presence 

of Cyclotella sp. was a lake-wide event, unusual for February. 

An interesting spatial difference in the distribution of the Cyclotella was observed in 2015.   The 

abundance of Cyclotella sp. between near shore stations was fairly consistent, 250,000-350,000 

cells/l.  At Timber Cove, however, the numbers of Cyclotella 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 extending from the beach outward for quite a distance.  There are a number of Asian clams 

(Corbicula fluminea) in the sandy bottom substrate.  It is possible that Asian clams are having an 

impact on the shallow water column in this area, filtering out phytoplankton as 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 highest with particles 3-5 µm, exactly the same size class as the 

abundant Cyclotella cells in Lake Tahoe.   When clams densely populate a near-shore area, they 

can potentially filter large volumes of water (Way et. al. 1990).   However there could also be 

other reasons for the lower levels of Cyclotella at Timber Cove.   One alternative explanation is 

that it is also possible greater nutrient enrichment at this site favored other algal species over 

Cyclotella gordonensis, which competes well in very low nutrient conditions - note that NH4-N 

was slightly higher (8 µg/l at Timber Cove on 5/26/15 compared to 4-5 µg/l at all other sites).   

The fact that this site had higher AGP seems to support greater nutrient enrichment.  However, 

the observation that initial chlorophyll 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 

the reduction in Cyclotella.  
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Figures 3.a ï 3.t are presented in the following pages.  Phytoplankton biovolume and abundance at nearshore and mid-lake stations during sample 

collections August 2013 to December 2016.  Stations are shown along bottom in each graph and include: ñSSò= Sunnyside; ñTCò= Tahoe City; 

ñKBò=Kings Beach; ñCBò=Crystal Bay; ñGLò=Glenbrook; ñMLNoò=Mid-lake North; ñZCò=Zephyr Cove; ñBijò=Bijou (this site was replaced with 

Timber Cove site in Dec. 2013); ñTCoò=Timber Cove; ñTKò= Tahoe Keys nearshore; ñTayò=Taylor Cr. (this site was replaced with Camp 

Richardson in Dec. 2013); ñCRò=Camp Richardson; ñEBò=Emerald Bay (sampling began at this site in Dec. 2013); ñRBò=Rubicon Bay; 

ñMLSoò=Mid-lake South. 
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3.a)  Phytoplankton Biovolume at nearshore sites 8/15/13 (site 

abbreviations are on previous page). 

 

3.c)  Phytoplankton Biovolume at nearshore sites 12/12/13 

 

3.b)  Phytoplankton Abundance (cell numbers) 8/15/13. 

 

 

3.d)  Phytoplankton Abundance (cell numbers) 12/12/13. 

 


