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Executive Summary

Despite its massiveize, the health of the lake is often judged by a narrow band of shallow water
around its edge. The shore zone of Lake Tahoe is where the public interacts with the lake for the
first time and where public opi dateaninedbg gar di ng
these first impressions. In recent summers, metaphyton (drifting patches of green filamentous
algae) have been observed over the sandy bottom in nearshore waters along the south shore of
Lake Tahoe. This algae, which is not attached totsatls is highly visible in the nearshore and
occasionally washes onto the beaches and subsequently degrade the aesthetic conditions of the
beaches through its visual impact and the odors produced through decomposition.

Indications are that concentrat®and the areal distribution of metaphyton have increased in
recent years based on anecdotal reports fromtiomg users of the south shore; however, little

data have been collected on metaphyton. The Lake Tahoe Nearshore Evaluation and Monitoring
Framevork report (Heyvaert et al., 2013) recommended that metaphyton monitoring should be
included as part of nearshore monitoring.

This project had the primary goal of developing and demonstrating a regionalv{tbke

monitoring approach for the status arehtli monitoring of summer metaphyton growth and
distribution using a combination of aerial surveillance via a helicopter and an unmanned aerial
vehicle (UAV) or drone, and a growtidithing program. Through the project we have tested

both aerial platformand have refined our growtduthing methodology.

In addition, the project wished to test the association of metaphyton blooms with the occurrence
of the invasive Asian clanCprbicula fluminey, as these clams are known to excrete highly
concentratedelvels of nutrients and have been present in the lake for a similar amount of time for
which metaphyton has anecdotally been of concern. Through funding obtained from UC Dauvis,
we also experimented with the use of stable isotopes to quantitatively lingmgtn with

Asian clam and other potential sources of nutrients.

The use of helicoptarased surveys was shown to have great potential for rapidly visualizing the
entire shoreline of Lake Tahoe. Such a survey takes approximately one hour of fligh time.

variety of cameras were used, with variable success for numerous technical reasons as described
in the report. Currently the technical diffiies associatedith vibrationandaccurately ortho

rectifying the imagery are the greatest drawbacks to ashajicoptetbased approach. The

speed and simplicity of the approach are its greatest attributes, making it in its current state ideal
as a semquantitative, rapid surveillance todllost of the areas of metaphyton algae observed in
helicopter images werfound along the south and south east shores of the lake, extending from
Tallac Point to Glenbrook Bay.

Spectral signatures of different types of algae and substrate had been collected by TERC as part
of an earlier SNPLMA project. We experimented witgsihese spectral signatures as a way to
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identify different algal and plant types. However, the similarities of the signatures, combined
with the low reflection of shortwave signals from water, and the interference produced by
dissolved and suspended maétkin the nearshore led us to conclude that this approach is still
not feasible at the present time.

UAYV, or dronebased surveys provided very high spatial resolution imagery (ground resolution <
30). While Iimited in r aywgreable i complateehed t o t he
guantitative surveillance of areas on the scale dgfelflare¢1 km x 100 m) in under 10 minutes.
Using a combination of commercially available software and algorithms developed through this
project, it was possible to identitiifferent targets (metaphyton, periphyton, rooted plants, sand,
rock, structures etc.) to a very high level of accuracy, repeatability and confidence. This post
processing can be accomplished in under 4 hours per site. This allowed for the very accurate
calculation of the extent of cover by metaphyton. This was one of the primary goals of the
project.

Groundtruthing techniques that had been developed through an earlier study were modified and
refined. We now have the ability to rapidly collect metaphygamples, and to process them to
determine biomass. What became apparent was that the high degree of patchiness or spatial
variability in metaphyton distribution led to large standard deviations in estimates of the
measured biomass. The only way to redbeewould be to utilize many more groutrdthing

sites, something that would greatly add to the cost of a monitoring program. However, by using
UAV measurements to quantitatively determine the spatial variability and then using-ground
truthing on specifipatches of growth, it is possible to quantify the biomass within the very
heterogeneous distribution.

The celocation of Asian clams and metaphyton was explored by taking nutrient measurements
in the lake water and in the pore water, through quantifyiaglistribution of Asian clams (both

live and dead) relative to the location of metaphyton patches, and measuring the nutrient flux
produced by Asian clam excretion. The measurements of clam densities, nutrient excretion rates,
and pore water nutrient cogrttrations were largely in agreement with earlier measurements. The
clams were shown to excrete primarily NN and SRP. In someasesgclam densities exceeded
previous estimates, although these were highly variable. It was found that while there was a
connection in the location of metaphyton patches and Asian clam populations, it was variable.
The reasons for this were:

- the inherent patchiness of Asian clam distribution makes it difficult to know where they are and
what their areal concentration is;

- the movement of metaphyton patches by lake currents means that while they may have been
initiated in concert with an area of Asian clams, the day on which they were observed their
location may have been different;

- the effect of very localized bathymetabanges (e.g. depressions) in trapping metaphyton was
an important factor in where they were found;



- the availability of other enriched sources of nutrients, such as the Upper Truckee River and
stormwater outfalls made Asian clam excretion just one pateource of nutrient supply.

Specific measuremengmdsites were used during this study, allowing us to build up a picture of
metaphyton and Asian clams at those sites. The sites were chosen as they were areas where
metaphyton and Asian clams had bebserved in the past or where metaphyton and Asian
clams had not been observed (our control sites). The sites had the following characteristics:

At Lakeside there were large numbers of live clams and a(apgeox. 75m X200m) patch of
metaphyton prese. The presence of high levels of NN in pore water concentrations inside

and outside of the metaphyton patch and also high numbers of clams inside and outside the patch
suggests a possible linkage between the clams andNNtdncentrations. An expenent done

during the study showed the clams to excrete-NHind SRP. Currents may naturally deposit

the shells in this area which is a transition area from shallow to a slightly deeper shelf area
offshore. It is possible the metaphyton similarly tendsctmumulate or stay in place in this

depression area. A combination of nutrient inputs from clams, topography, current effects as

well as physical roughness provided by shells along the bottom (which may provide sites for
algae to attach to), may contrtbuo the development of the metaphyton patch at Lakeside.

At Regan Beach there were very few live clams and shells in the nearshore. There were
relatively large patches of metaphyton near the shore, a large amount of aquatic vegetation, much
of it with algae and metaphyton filamentous green algae, as well as thick growth of attached
periphytonCladophoraalong the boulder breakwater lining the park. The productive aquatic

plant and algae growth at Regan Beach may be due to nutrient inputs associasedadé

runoff from the nearby Upper Truckee River, Trout Creek and urban drains, rather than nutrient
inputs associated with Asian clams.

At Skyland, both the helicopter and UAV images sh&wateddark patches of metaphyton over

the sandy bottom in viar 67m deefup to 3m X 5M with amuch more extensivarea (approx.

350m long X 100m wide) of uniforralgalcoverage on at least one datemaller(severainches

long) patches of algae or a thin coating of algae over the bottom were also obseriaztdyy d

the algae was also observed to drift. The number of live clams inside and outside patches was
more variable and the association with presence of metaphyton patches was not consistent. There
were slightly more live clams outside metaphyton patchees ithside patches for samplings done

in Sept. 2018 and 2019. One patch did have substantial numbers of live clams and shells
associated with it. Sediment pore water levels of-NHvere low to moderate {558 pg/l) and

SRP slightly elevated {32 pg/l) almve background lake levels. The nutrients produced by the
clams and observations of algae associated with shell patches near the edge of the shelf, suggest
there is potential for a linkage between the algae growth and presence of clams, either due to
nutrient inputs or physical impacts of the shells or both. Currents can impact movement of algae
along the shelf at this site.



At Hidden Beachhere were no Asian Clams or shells found. There was only a small amount of
algae along the bottom which includedrdas, cyanobacteria and some algae which appeared to
be derived from the periphyton on nearby boulders. Asian Clams are not impacting this site.

Metaphyton algae typdsMetaphyton was composed predominantly of flamentous green algae.
The filaments othese algae are formed by long chains of cells. The filaments of one or more
different types of algae can intertwine to form clouds or masses just above the bottom. The most
predominant filamentous green algae genera observeddygnemaandSpirogyra Other

filamentous green types were also predominant in samples from specific sitexafmpite,
Mougeotiawas prevalent in algae from deeper sites at Round Hill Pines and Skyland.
Oedogoniunwasprevalentin manysamples from Regan nearshore.

The stab# isotope measurements were only partially concluded due to-C@viktrictions on
lab operations at UC Davis. However, the results to date suggest that the data may be of limited
use.

The data also showed that a range of factors are responsible dtasthrged metaphyton

distribution yeaito-year. The fact that we do not know how the distribution changes limits our
ability to evaluate the importance of the various sources and the potential for management
actions to control them or to mitigate them. &lg the local bathymetry in conjunction with lake
level plays an important role in trapping metaphyton. Likewise, the lake currents play an
important role in moving patches and in breaking apart patches. It is currently within our ability
to actually modkethe movement and growth of metaphyton, and through that provide guidance
on future actions. What is lacking, however, is the data on the location of the metaphyton. That
critical piece of information is whatlake wide(regional) maitoring program willprovide.

The monitoring of metaphyton using a UAV and helicopter in this trial project proved to be both
efficient and effective in quantifying thestkibution of metaphyton over large areas of Lake
Tahoeds nearshore, particularly when it could
The UAV monitoring process developed by TERC, coupled wiHhke biomass sampling,

would allow future metaphgn monitoring to assess the timing, distribution, and abundance of
nearshore nuisance algae on both a seasonal and interannual basis, information critical to an
agency response to public and stakeholder concerns.

We would recommend that consideration bag to establishing a limited metaphyton
monitoring project. Ideally this could be combined with the existing periphyton monitoring
program, as significant economies could be realized.

We proposed that UAV flights be conducted on four occasions dwavogdble weather. These
will be in July, August and September to capture peak metaphyton abundance and one flight
during winter (February) to establish a baseline minimum.



The proposed sites are Hidden Beach (a control site, where no metaphyton hassbeerd to

date), Sand Harbor, Skyland, and Lakeside. Skyland and Lakeside are areas with seasonally
abundant metaphyton accumulation, near popular recreation beachesAsibarelam

populations are thriving. Sand Harbor represents a recreationallytanparea wherAsian

clamhas recently become established but metaphyton has yet to reach nuisance levels. There is
the possibility that in the near futukeian clammay contribute to a proliferation of metaphyton

at Sand Harbor. As Sand Harbor is atr&xely valuable public recreation site, we believe early
monitoring is justified. UAV monitoring of Sand Harbor will provide management agencies
annual information regarding any changes in the aesthetic value of the area in the presence, or
absence, of aginuedAsian clamtreatment and add further evidence of the linkage between
Asian clams and localized metaphyton blooms.

All metaphyton monitoring sites will be ground sampled on the same day aerial surveys are
conducted. Using SCUBA, divers will colletciplicate biomass samples for later analysis in the
laboratory (wet weight and ash free dry weight (AFDW). These collections will enable site wide
determination of biomass accumulation (on the order &j kdjacent to popular recreation
resources.

Biomass sampling will be done based on experience of the researchers with typical distribution
of filamentous algae metaphyton at the sites. Areas with representative levels of metaphyton will
be selected for measurement. Patches with 100% cover with metaphly be sampled from a
known area using the bucket/ pump method described in this document. If the distribution of
biomass is very heterogeneous (for instance large patches visible from the air with other areas of
thin growth also visible from the ajigamples of biomass representative of the different zones of
algae will be collected for biomass measurement. Samples will be returned to the lab, dried to
damp consistency and a wet weight determined. A portion of this sample will be split off,
weighedin a pretared, precombusted tin, dried overnight, then weighed again for determination
of Ash Free Dry Weight (as described in this report). If chloroghiglto be analyzed, a sample

will also be split off, weighed and frozen for later analysis.

Helicopter surveys are proposed to be taken twice each year in April (peak periphyton) and in
August (peak metaphyton). While these surveys do not yet have the quantitative resolution of the
UAV surveys, they have the ability to image the entire nearslidhe dake in only one hour.

They have proven to be very effective in iden
conditions can be identified and noted for follow up investigation. Photographic images will be
collected on the flights to providerecord of conditions observed and archived.

The proposed work also leverages ongoing basin investments. The Nearshore network data will
be used to complement the findings, especially if the breakdown products from metaphyton turn
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out to be significaninfluencers of CDOM fluorescence. Similarly, planned &ke modeling
will be extremely useful in accounting for the distribution of metaphyton.

Proposed Schedule and Budget
The schedule below is for a twwear metaphyton monitoring program for toer sites
recommended above. This presumes a July 1 start date.

Tackk 1 Pl iphyon Fieldand la b
Tash 7 J AN data aog. dnd i e dnalsi
Taik 3 H @l cgrvier al-Lak

Tarkk 4 R e ting

The budget to support the monitoring described above fdulihgvo year period is $74,100 in
direct costs (approximately $37,000 per year). Note that indirect costs would need tadzk appl
which vary depending on the source of the funding or the limitations imposed by the funding
agency.
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l. Introduction

Lake Tahoe is th&lthdeepest lake in the worl&@.m) with an average depth of 300m. Its 33

trillion gallons of water are surrounded by IKif of shoreline. Despite its large volume of clear

water, the health of the lake is often judd®y a narrow band of shallow water around its edge.

The shore zone of Lake Tahoe is where the public interacts with the lake and where public
opinion regarding t h efteifistkoenid Beyordshe hesthetics, the har ac
condition of he shore zone is an important indicator of the overall health of the entire ecosystem.

For decades, nearshore research and monitoring has focused on the growth of periphyton, algae
attached to hard surfaces (boulders, piers, etc.) around the shoretimesgéarchvasdriven by
concerns over increased eutr op hthickagtowtbabongand t h
portions of shoretypically in the springA recent report (Hacklest al., 201§ evaluated

periphyton biomassn rock along shorever the past four decadesidfound nolake-wide trend

of increased algae growth since the early 1983separate peer review of that report and the
underlying sampling methodologdlyat was conducteloly the Tahoe Science Advisory Council
(https://246902d®12543ca8e73

f2d67ba3ff27.filesusr.com/ugd/c115bf 851ce391f97adeada5clbbd521c89valited that
conclusionDespite this scidific conclusionthe perception thashorezone algae has increased
remainsreal for manyusers of the lake

This persistence in public perception raises the possibility that what is being measured and what
is being perceived may not be one and the s&mecifically, the general public neither knows

nor likely cares about the types of alga they are observing. They do, however, react when they
see an oveabundance of algae. It was this concern, and the possibility that the public response
may have beemipart a reaction to metaphyton, an algal form that had not been routinely
monitored, that motivated this study.

Following the discovergf aproliferation of invasive Asian clam€érbicula flumineain 2008
along the south east shplecalizedsummerlooms of metaphyton alggeomposed of
filamentous green algaw)ere observed/aried levels of metaphyton have been observed in the
summers sinceThe distribution of metaphyton coincided with known populations of clams
suggesting a possible linkage

Though levels of metaphyton are thought to have increased in the 2000s based on anecdotal
accountslong-term monitoring datarenot available for this form of algad.he Lake Tahoe
Nearshore Evaluatioand Monitoring Framework report (Heyvaert et ab13) recommended

that metaphyton monitoring sites should be included as part of nearshore monitoring. Studies
were done in 20122017 by TERQHackley et al., 2018p assess methods to monitor
metaphytorpercent coveat localized sites. While theselake methodbavepotential for use

on a local scale, it became evident that metaphyton is prone to drift and very localized transect
studies may not characterize the levels of growth year to year on a regional scale.

The current study involved developnef methods for assessing metaphyton distribution
around the Tahoe shorelina a regional scaleBased on the wide distribution of metaphyton
and Tahoeods e xhtlieopter and Enmanmaiiariad Vehicleq UAV)platforms
were evaluated for theability toimage the metaphyton on a regional scalae achieving
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high resolutiorunderwater detail. Methods of ground truthing aerial imagery and quantifying
metaphyton biomasa-lake were developedEstimates of metaphyton percent cover based on
aerialimagesareused to assess regional biomalssthe present study we also sought to provide
additional experimental evidenta linkages between Asian clanopulationsand filamentous

algae growth.The following report summarizes the findings anakes recommendations for

repeatable monitoring protocols that are cost efficient, accurate, and appropriate for assessing

|l ong term trends in the annual metaphyton acc
environment.

Il. Use of Aerial Imaging from a Helicopter to Assess the Distribution of Metaphyton
[I.LA. Introduction

Aerial imaging from relatively lowflying aircraft such as a helicopter or UAV (drone) provides
the potential to observe and phatocument features of interest, such as algae lamd growth

on a regional scaleJse of a helicopter also creates potential to make observations around the
lake shore in a short period of time (a little over an hour for Lake TahDeis section
summarizes the work done in the summers of 2018 ar@l t®0inage the extent of metaphyton
distribution on a regional and lakéde scale, using a helicopter.

[1.B. Methods
[1.B.1. Helicopter, crew, flight paths, speed, heights

Helicopter aerial images were acquired from a Eurocopter EC120B (Airbus H120)

helicopter. Flight crew consisted of a pilot, plus one researcher to manage and monitor the data
acquisition from the externalynounted cameras during the flighbn most occasions, this crew
was augmented with a member of the surface research vessettireyaa a spotter for

metaphyton bloomand sites of particular interesthe spotter was equipped with a hdredd

DSLR camera to document areas of interest.

For all data acquisition, the helicopter was flown at a speed of 70 Wr3ftkr/hr., 36 m/segat

a height of 700 feet (213 m) above the lake surface. This corresponds to an altitude of
approximately7000 feet (2134 mamsl Flights originated from the South Lake Tahoe airport
(KTVL). For data collection, the entire lake perimeter was flown iloekevise direction,

starting and finishing near Regan Beach in South Lake Tahoe (Figure 1). In areas of specific
interest, multiple passes were usually flown to ensure that the metaplagéanly imaged.
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Figure 1. Flight path and visuadizon of one in every three RGBed green blue hues to create
different colorsimages captured along the shore on September 6, 2018 using Sony HX400v.

[1.B.2. Configuration of cameras, camera types, mounting

For each flight, a combination of drone andiamer stillpicture cameras was used to acquire
images.Each camera was mounted with the long edge of its image sensor parallel to the
centerline of the helicopter, and in a position that kept its front lens plane approximately parallel
to the lake surfee during flight. To achieve this, the leading edge of the camera lens plane was
tilted up slightly towards the tail of the helicopter to compensate for the slightlydooge

attitude of the helicopter in level forward flight at 70 knots

The drone camesaare lightweight, low power devices using a continuous/rolling shiftar.
this study, they were mounted to the left (psrtje helicopter skid step (Figure 2jhis was
done so that during clockwise flight around the lake shore, the multispectielacamhich had
the narrowest field of view (FOV), was in an inshore position.
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Figure 2. Left image shows that two RGB cameras were mounted on the right skid step and the
drone cameras are mounted on the left. Right images sigineering that wasahe on the
drone mount and cameras to collect images on a helicopter.

Several consumer/prosumer digital still cameras were tested over the course of the project,
representing a variety of designs and camera tyjoesll cases, these cameras were attatihed

the righthand (starboard) skid step of the helicopter, using cuttbnicated aluminum fixtures

that could accommodate one or two cametasome cases, two fixtures were mounted
simultaneously so that three cameras could be flown (Figur€l®cameras were attached to

the fixtures with a clamping mechanism in combination with their quartértripod mounting

screw. For the zoom lenses on several of the cameras, the focal length was set and locked to the
shortest available value in order ta@h the widest FOV. FOV figures below are quoted for this
setting. Table 1 summarizes the sensor, lens, HFOV, VFOV and information on mounting for
the cameras tested in this study.
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Table 1. Cameras used for image acquisition from the helicop#OV and VFOV is
estimated based on altitude of 700 feet (213 m) above the lake surface.

Camera Type Position Mount Sensor Lens HFOV | VFOV
(m) (m)
DJI Drone RGB | Left Drone body 1/ 2. 3| Integrated | 365.1 | 201.9
Zenmuse X3 wi/isolation mount & | 12.4 Mp 20 mm (16:9)
gimbal lock. 3D (35 mm
printed nylon mountg equiv.)
to skid step f2.8
Micasense | Drone Left Drone body or 4.8*3.6mm| Integrated | 185.9 | 139.4
Rededge 5-channel stainless rigid mount 1.2 Mp 5.5mm
multi-
spectral
Canon Consumer Right Aluminum rigid 1/ 2. 3 {Integrated | 292 215
Powershot | screaview mount 12.1 Mp 257
XS260HS 500mm
(35 mm
equiv.)
f3.5 6.8
Canon Rebell Consumer Right Aluminum rigid 1/ 1. 1] Detachable| 279.4 | 186.7
T6i DSLR mount 24.2 Mp 27.21 136
mm
(35 mm
equiv.)
F3.51 5.6
Sony Consumer Right Aluminum rigid 1/ 2. 3 {Integrated | 305.6 | 225.4
HX400v EVF mount 20.4 Mp 245
1225.5mm
(35 mm
equiv.)
f2.87 6.3
Sony QX1 Consumer Right Aluminum rigid 1/ 1. 1| Detachable| 247.1 | 164
ismart mount 20 Mp 30 mm
(35 mm
equiv.)
f1.8

I1.B.3. Camera triggering, acquisition settings, reference markers placed in lake, resolution

Flying at 700 feet, the drone RGBgchannel multispectral, and Canon Powershot has a ground
distance resolution of 9, 14.5, and 7.19 cm/ pixel respectively. In theory, theothes

consumer grade cameras have much higher ground distance resolution, but their images were
blurrier than the images from the drone cameras during 2018 flights. In an attempt to acquire
sharper images, we tried many camera settings and reducedrgiteowi of the aluminum rigid

mounts. We tested the Canon Powershot and Sony HX400v in 2018, and Canon Rebel and QX1
in 2019. The images acquired by QX1 and Rebel in 2019 were much sharper than those acquired
2018 and were better than the drone RGB imbegs (distortion, higher resolution, better color).
These cameras were triggered at the fastest possible rate, generally betviZesechrids,

within the constraints on battery life and image quality. The cameras have different trigger
mechanics. The droreameras and the Canon Powershot wergopsgrammed using the
camerads software interface. The other consum
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intervalometer; which was replaced by an epeunrced drone flight controller in 201%igure
3 showsconfiguration of guipment inside the helicopter.

i

Figure 3. The ipad and the white controller is wirelessly connected to the drone mount. The
system captures drone DJI RGB images and powers the multispectral camera. The laptop is
connected to the mudpectral camera with an Ethernet cable. It is programmed to transfer
images from camera to laptop and monitor the camera status and fredevofThe system on

the ground in the right center side of the image is a drone flight controller. It trtbgers
prosumer camera while recording the GPS coordinates.

[1.B.4. Imaging Locations

Nearly the whole shoreline was imaged with one or more cameras on eachDlighto
curvature of the shorelines and difficulty of the helicopter in tracking the shopaifectly,
occasionally sections of shoreline were misseechnical difficulties also resulted in some areas
not being imaged during flight$ables 234 below summarizéhedrone RGB and multispectral
data availability from each helicopter flight. Vequired significantlyewerimages with the
other RGB cameras. Note that the multispectral camera captures five images at different
wavelengths in a single shoAlthough images were collected over the entire lake shore, we
selectedive study siteso develop and evaluate the metaphyton identification approach. The
sites(shown in Figure 4r-e) are Hidden Beach (39.220810219.929051°), Lakeside
(38.960248, -119.951522°), Regan Beac38(944674°;119.983436°), Skyland (39.015494°
-119.953546°)and SugaPine (39.056015°;120.112875°). The boundaries of the study sites
used for image analysis are also indicated.
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a) Hidden Beach (53,504:m b) Lakeside (90,601 9n

| Google Earth

¢) Regan Beach (19,203)m d) Skyland (19,152 i

f

GoogleEarth

Figure 4.ae. Five study sites selected to develop and evaluate the metaphyton identification
approach. Red lines represent boundaries used for analysis of metaphyton percent cover
analysis.
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Table 2. Summary of data availability for images ta&a helicopter flights in summers of 2018

and 2019.

Date 07/03/2018 08/01/2018 09/06/2018( 08/01/2019( 09/04/2019

# of DJI 668 1743 1427 1387 1456

Images

available

# of 573 6624 4690 11373 2892

micasense

Images

available

Section East shore Full Shore + East | Full Shore | Full Shore | Full Shore + East
From Marla Bayto Shore from shore from
Regan Beach + South | Lakeside to Regan Skyland to Regan
shore from El Dorado to| Beach Beach
Camp Richardson

Table 3. Summary of DJI RGB image availability for helicoplights in summers of 2018 and

2019.

Date/ Site| Regan Beach| Hidden Skyland Lakeside [ Sugar Pine
20180703 N Missing Missing N Missing
20180801 N N (partially covered) N(partially covered) N N
20180906| N N (partially covered) N \ Missing
20190801 N N N N N
20190904| N N N N Missing

Table 4. Summary of Micasense multispectral image availability for helicthgtes in
summers of 2018 and 2019

Date/ Site| Regan Beach| Hidden Skyland | Lakeside | Sugar Pine
20180703 N Missing Missing | N Missing
20180801 N N (partially covered)| Missing | N N
20180906 Missing

20190801 N N N N N
20190904{ N Missing N N N
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[1.B.5. Evolving methods for inflight imaging

Throughout the study some difficulties were encountered with imaging. The following briefly
describes some of the improvements made to the inflight imaging equipment and methods to
obtain better quality and consistentaiges and to make the imaging system more efficient and
reliable. It also points out where additional work will be needed to solve certain issues.

1 We stripped down a drone and mounted it on the helicopter to collect RGB images with a
drone cameraThis canera provided the most reliable imaging throughout the study at a
resolution of 9 cm/pixel. In addition, we experimented with four other commercially
available RGB cameras. We did many mount adjustments and test flights in an attempt to
acquire sharper RGitnages at higher spatial resolution. Initially, we triggered the four
cameras using an intervalometer. It was difficult to use these images for spatial analysis
because the collected images lacked GPS coordinates. Theire20&9we engineered
and progammed a drone controller system to record GPS coordinates every time it
triggered the cameras. The system worked well during the first flight in 2019 but
malfunctioned during the second flight. We hired an undergraduate student with electrical
engineeringand drone building background to investigate the issue and improve the
system for future flights.

1 While the multispectral camera has an internal GPS and an automated triggering
function, it had data storage and reliability issues. Storage issues wezssadidby
integrating the camera with &thernetport and programming a laptop to transfer data
from and empty storage in the camera during flight. Reliability issues related to the
multispectral camera sometimes malfunctioning and continuously rebaolotimgy a
flight. We suspect this issue was associated with a faulty power plug on the drone
system. This issue will require additional testing to solve.

1 As mentioned above, some areas of shoreline were missed in imaging due to frequent
bends and the indly of the helicopter to exactly track right over the shoreline at
constant speeddditional evaluation of flight paths could be made to ensure collection
of images in high interesireas In some areas, missing portions of shoreline may not be
consideedcritical based on monitoring needs.

11.B.6. Image analysis
II.B.6.a. Image preprocessing

Civilian compact GPS devices with a clear view of the sky have a horizontal errdnoféhd

the error is much higher vertically. Since our GPS devicepoadoned on the side skid step,
the GPS didhot have a clear we of the sky and was subjectitewonsistent error. Unlike
cameras on a drone with a gimbal mount or on a plane, cameras on a helicopter rarely point
exactlyperpendicular to the earth surfacéeTocation uncertainty and deformation of images
due to pitch, yaw, roll orientation of the helicopter makesrggostration and stitching of

images challenging.

Initially, we used a commercially available drone image processing software, Pix4D; to geo
register, correct for distortion, and stitch images. Pix4D works very well on drone images,
especially on images with heterogeneous surfaces. It could automatically identify common points
between images and use that information to preprocess imagesllTiakllow generally
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require little manual labor. Unfortunately, Pix4D performed poorly on helicopter images over
the lake. We tried various settings and manually selected common points among images in
Pix4D, but the quality of the outputasinconsisteh There is a possibility of implementing
advanced computer vision algorithms to automatically identify a large portion of common points
to enhance the image preprocessing results, as well as automating the set up and execution of
Pix4D process over the e Lake Tahoe shore. For now, we chose a different preprocessing
approach for images collected over our study sites. Although this approach requires manual
execution, we have more control over the process,thieusesults are more consistent.

For each tdy site, we overlaid the sharpest historical satellite imagai$ableon Google Earth

with the boundary of the study area, and took a snapshot as seen on Figure 5. The snapshot was
not georegistered, therefore we extracted the latitude and longitdideriation of the four

corners of the study area boundaries on Google Earth and used the four cornersgostgzo

the snapshot on ArcMap. Specifically, we opened the snapshot and set the data frame's
coordinate system in ArcMap. By using ArcMap's Gémencing Toolbar, we assigned real

world coordinates to reference points on the images. Afteregstering the Google basemaps,

we used the Georeferencing Toolbar again to align all drone RGB images captured within each
study site over the Google bassgms. We repeated this task for all images taken in both 2018 and
2019. It waschallengingto pick reference points that are visible on bothhigé-resolution

drone RGB images and the Google satellite base map, especially since the pairs are often
capturel from months to years apart. There was road construction at Hidden Beach, making
projection of drone RGB images over the Google satellite basemap even more difficult. To
ensure accuracy, we chose at leas@@ssund Control PointSCPsi which arefeatures in

images for which the ground coordinates are kndangach image. If multiple images were
needed to cover a study area, we did additional alignment between each pair of adjacent drone
RGB images by using reference points that are visible on thiapparg areas. To better detect
change®ccurringat the study site between two summer months in 2018 and in 2019, we further
aligned images taken from one month over the images taken from a different month of the same
year. Although the whole processimé-consuming, it is more rigorous than the Pix4D

automated approach.

Figure 5. Demonstration of manually gesgistered RGB images (D0B25, 0826) over Google
Earth basemap.

21



[1.B.6.b. RGB and Multispectral ImagesResults andUtility

While RGB imagesan be visualized immediately after flight, multispectral images require
additional preprocessing for image visualization and analysis. Unlike RGB cameras, the
multispectral camera has five separate lenses, with each capturing images in a specific range of
wavelength (Blue, Green, Red, Redge, and Near Infrared). We modified an open source tool
(https://github.com/micasense/imageprocegsio@lign and combine the five images from

different wawelengths into a single RGB/False Color image for further analysis. We also
developed an approach to identify shadow and above water objects with the multispectral images
(Figure 6)

Figure 6. Demonstration of using multispectral images to remove alaiee ebjects and
shadows.

The multispectral camera provides some advantages over RGB cameras. First, it has an internal
GPS and orientation sensor. This information could potentially be extractedtefgeance and
project images. Second, cameras usualdiyst the value of image pixels to provide a visually
appealing image. The multispectral camera recorded the parameter for adhestimage,

allowing us togperformthe correction. This would be useful if we were to utilize spectral
signatures for clasfication. Third, the near infrared image is needed for our current method to
automatically identify shadow and above water objects. However, the multispectral camera has
some disadvantages when compared to RGB cameras. First, it has a smaller feeld of vi
Although a smaller field of view reduganage distortion, it creates challenges in capturing
images that include both shore and water. If there are too few shore pixels within an image,
finding reference points for image gesgistration and stitchingould be extremely difficulor

even impossiblelf there are too many land pixels captured within an image, we might miss out
on capturing the offshore algae clusters. It is possible to address this issue by putting two
multispectral cameras on both sd# the helicopter, but a single camera costs nearly $5000 and
we will need to develop a photogrammetric algorithm for this specialized use. Nonetheless, it
may bepossible to pursue research in this direction by borrowing two multispectral cameras
from ather labs at the University.
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II.C. Results
[I.C .1. Visual analysis of helicopter images and éid ground-truthing

Images were provided by the UCD LAWR researchers to TERC field team members for review
usually within several days of collectioRGB images were downloaded either to Google Earth
Explorer (in 2018), or to Google Drivendividual photos were examined and areas with
possible metaphyton algae or other unknown substrate identified. Some of the characteristics
looked for intheimages includedpatches of relatively uniform, dark green coloration relatively
close to shore and patches or objects with green, tan or dark colofatigmrocess usually

took about a day for one researcher to complétee TERC field crew then visited a portion of
the identified sites, either by boat or from the shoreline, to grtrutid and check what was
observed in the imageéAppendix 1 presents the sites selected for grauutiing, together with
groundtruthing results for 2018 and 201gigure 7shows a rapof groundtruthinglocations
aroundthe lakeascolored dots, where the colordashading in the dot represersesencef
metaphyton, aquatic vegetation, aquatic vegetation with associatedragag periphyton (at

one site)stretches of shorelingith known Asian Clamorbicula flumineaare also shown

Most of the areas of metaphyton algae (green dots or green triangles in Figure 7) were found
along the south and south east shores of the lake, extending from Tallac Point to Glenbrook Bay.
FromCamp Richardson along the west, north and north east shore areas very few areas of
metaphyton were observed. Very ligijaewereobserved associated with paes of woody
debris in Rubicon. Very small amounts of algae along the bottom were obseriddeat

Beach in 2019. These were generally isolated small clumps of detritus, with some algae
associated and were below the minimum §8gen or about 3 inche#f)at could be distinguished

in helicopter imagesOne site near Tahoe City did have metaphymixed in with a growth of
low-growing aquatic grasses and associated green filamentougZayjgaema The stretches

of shoreline with known populations of Asian Clam include portions of Emerald Bay extending
around the south shore and up the sogth&#ore over to Glenbrook Bay. There are also some
populations present near Sand Harbor.

Looking at the results of grourtduthing in more detail, some additional patterns were present.
Along the south shore there were several areas with lines of metaphst offshoref El
Dorado BeacliseeFigure 8) Regan BeackseeFigure 9) and theTimber Cove areaThese
appeared to occur mreas where the relatively flat bottptransitionedo a steeper slope to the
beach(metaphyton tendetd accumulate @he base of the slopeAlso patches developad
areaf shoreline near rocky breakwaterat Regan Beach, El Dorado Beach, Timber Cove,
offshore of Lakeside Beach and Maritize metaphyton tended to accumulate in relatively
uniform layers of loose maphyton which was typically a mix of several different types of
filamentous green algg€ygnema Spirogyra, Mougeotia, Oedogoniwend others).The
metaphyton layer offshore at Lakeside was quite expaeppox. 75m X 200mand relatively
thick (4-6 inches)(seeFigures10,11).
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Figure 7. Locations of grouniuthing sites selected after reviewing images
collectad from the helicopter and results of grottnathing. Presence of
metaphyton (green), absence (no color), light metaphyton (gray), vegetatiol
vegetation with associated algae (crbasched), areas where Asian Clams are
present, and an area of hgaummer periphyton growth (red) are shown. If
metaphyton was observed on at least one sampling date it was indicated as
present.

Aquatic plants also contributed to some of the green or dark shading observed in images along
the south shore from Tallac Pof{just east of Taylor Crdver to at least Lakeside at

Stateline. Substantial amounts of both legvowing aquatic plants, as well as taller aquatic
vegetation (such as the invasive plant Curly Leaf Pondwsdmogeton crispjsvas present
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at Regan BeachAquatic vegetation was also present along with metaphyton at EI Dorado Beach
and offshore eastf El Dorado Beach, near Ski Run Marina, in the swim area at Lakeside and
other areas.

Flgure 8 EI Dorado Beach 9/6/18 green line of metaphyton offshore from
helicopter. The metaphyton appeared to accatewlhere the relatively flat bottom
changed to a steeper slope to the beddbtaphyton is indicated by red arrow,
aguatic plants were also present (white arrow).

At many of the sites, the aquatic vegetation had filamentous algae or other algae associated with
it. This was true of Regan BeadH Dorado Beach, near Ski Run andhe nearshore area at
Lakeside. The offshore area east of El Do@dachhad much bright green filamentous algae
associated with lovgrowing vegetation. The aquatic vegetation and filamentous algae

associated with aquatic vegetation made it chalfentp discern the metaphyton in the aerial
images. The association of algae with the aquatic plants in the south portion of the lake in the
summer suggests it could contribute to the drifting metaphyton when it breaks free from the
plants.

Along the souteast section of shore primarily metaphyabgaewas present. In Zephyr cove,

some lines of metaphyton were observed in between sand riffles nearshore. Near Nevada Beach,
there appeared to be some metaphyton over Asian clam shellAstsmulations ofjreen

filamentous algae metaphyton were observed along a water pipe extending offshore near Kahle
Drive.
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A valuable resulof the helicopter imaging was thatacatedmetaphyton in areas we were
previously unaware it was preset One of these sitegas in water aboutm deep off a

section of shore just south of Skyland, NV. The patches appeared as small dark blotabry areas
green patches imagegqsee Figure 12rom that area in Aug. and Sept. 2018 and in Sept.

2019. Groundtruthing revealed #se patches to be relatively large masses (some patches as big
as3X5 meters) of green filamentous algae metaphyton (iden@fsddougeotia, Zygnemand
Spirogyrg (see Figures 13,14)Areas of the bottom also had smaller clumps of metaphyton
algae. Theémages also showed many white patches slightly further offshore, which were found
to be larg patches of Asian clam shelgth partialcoveragewith algae or metaphytan some

Figure 9. Regan Beach Park and areas of metaphyton nearshore (red arrows show
examples)with many patches of aquatic plants nearby (white arrows show some
examples), 8/1/19 RGB image from helicopter.

cases After confirmation of metaphyton at Skyland, we included this siteree of our five
study sites.

One other area where such large green patches were observed in images was a buoy field north
of Cave rock in Aug. 2018The green patches appeared suspended in the water creating dark
shadows underneath on the bottom. riougdtruthing of this site many days later however, no
patches were found to be preseimthe interim period between imaging and grotmudhing a

period of winds had occurred. The patchadlikely either moved or had been dispersed due to

the lakecurrents.

The helicopter images also showed distinct green patches in Marla Bay in September 2019.
Significant metaphyton haasobeen observed in the pastMarla Bay,(i.e. in2008when large
amounts of bright greeiygnemawere observed In helicgpter imaging fothe presenstudy, a
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relatively large area of bright green patches of metaphyton were detected in the buoy field near
the Round Hill Pines pier in Sept. 20@3gure 15) Groundtruthing revealedhebright green
patchego bemetaphyton(predominantly a filamentous green alddeugeotig, along the

bottom This metaphyton green filamentous algasquite visible from the pier and also from
boats in the buoy fiel{Figures 16,17)

Images collected for much of the west, north and eaghshoreline regions were free of

material along the bottom which appeared to be metaphfalack patches were seen in images

from a few areas (i.e. some nearshore sandy areas in Rubic¢seBdyiguré\2-1in

Appendix) at Sugar Pine Pt. and at thertheast corner of the lake near Incline CGyound

truthing showed thesgftento consist of woody debrisSimilar black patches were seen along

parts of the south shore (i.e. near Baldwin Beach and Camp Richardson) and along the south east
shore in £2phyr Cove.

We were also previously unaware of the patches of aquatic grasses and associated filamentous
algae and metaphyton detected near Tahoe City by the helicopter imaging in September 2019
(see Appendix figuré2-2). There, two large green patchesrevobserved along the shorelines
both south and north of the outlet to the Truckee Ri@wnundtruthing revealed these areas to
have lowgrowing aquatic grass, with substantial filamentous green alygaémaassociated

with it. There were also brig green patches of metaphyton between many of the-gigess

patches andggregationsf filamentous green algae metaphyton in some bottom

depressionsThe predominant algae in this metaphyton was ZygmemaA similar area of

aguatic grasses was iddéied at Lake Forest, however there was no associated filamentous algae
or metaphyton there.

There were also some incidences where no metaphyton patches were apparent in the images, yet
when the site was visited for-lake work, somalgaewas observedtbe present.This was the

case for EIk Pt. which was visited 7/24/1%here isolatedvery small(~ a few inches long

clumps of green metaphyton along the bottom were obsematdnetaphyton was not apparent

in thehelicopterimages taken about aeek later or8/1/19. It is likely thesmallclumps were

less than the minimum site imagefrom thehelicopter on this datét Hidden Beach in 2019
sampling,solatedclumps of detritus and algassveral inchebbngwere observed along the

bottom whilesnorkeling. These also were less than the minimum size of detection for the UAV
imaging They also had neutral coloration which made them difficult to see from the surface.

Finally, there were other area$erequite heavy algae growthiasobserved in 208 and 2019
imaging. One of these areas waseaxiremely heavy filamentous algae growth at the mouth of
the Upper Truckee River, in August and Sept. 2019 imagksaerialimages showed patchy

green areas right on tiserface and slight oranghading nderwatel(see Appendix Figurd2-

3). Groundtruthing revealed there to be both surface and subsurface vegetation with extremely
heavy growth of a filamentousanthophytealgae Tribonema among the vegetatiqisee

Appendix figureA2-4). Due to poor claty of the waterand thick concentrations of algae in the
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water columnit was difficult to know to what extent metaphyton was present on the bottom
there.

The other area of note wasery heavy growth of periphytqiattached algaeonsisting ofa

green filamentous algae callééladophorawhich wasgrowing on boulders along theaW/

bordering Regan Beach Parkhis algae was observed during several site visits to the area and
was found to bebservable in some of the helicopter imagee Appendix Figre A2-5). The
Cladophorahad stringy filaments up to 6 inches long (8@@endixFigureA2-6). Itis

particularly notable since it is one of the few locations around the lake where heavy growth of
summerperiphyton attached to rockssobserved.Cladgphoracan be associated with more
fertile water quality conditions (Wehr et al., 2015).
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FigurelO. Large netaphyton algae patch offshore of LakedWkring image from helicopter
9/4/19.

Figure 11. Diver collecting filamentous gresgae from Lakeside metaphyton patch. The metaphyton
formed a uniform layer above the sediments abeitriches thick.
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Figurel2. Skyland south point, very small dark objects offshore are metaphyton (filamentous green
algae) patches (red arrowg)rther offshore, white patches of clamshells can be seen (white arrows)
image from helicopter, 9/4/19.

Figuresl3,14 Large netaphyton patches (filamentous green algae primilidlygeotia some
Zygnemaat Skyland, 9/3/19Clams shells on the surfaaee evident in Fig. 13.
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Figurel5. Metaphyton (red arrows show examples) in buoy field near Round Hill Pines pier,
Marla Bay 9/4/19, zoonn on section of RGB image from helicopter.

Figuresl6,17 Above and below water views of filamentougsgn algae metaphyton, taken
during grounetruthing at Round Hill Pines 9/11/19.
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I1.C.2. Helicopter imaging and water intakes

The helicopter images were also reviewedde the extent to whickater intake pipgwere

visible and whether metaphyton wasogtsesenin the same vicinity Though water intake

system pipes were visible, the terminal ends or actual water intakesginstances were

beyond the field of viewortoo deep t®ee the bottom around the intakdetaphyton algae was
however, visille nearsome of the pipes extending away from shdethose sites,

accumulations of metaphyton were observable along one or both sides of thim @ipienited
number ofareasthe terminal end of the water pipe was visible in very clear water aréas.
helicopter imaginganindicate presence of metaphyton in the nearshore region through which a
pipe passes

[I.C.3.a. Development of methodor distinguishing metaphyton, vegetation and other
substrate from water, based on helicopter imaging

Metaplhyton algae was difficult to distinguish from aquatic vegetation and aquatic vegetation
with associated algae in imageRo estimate the distribution of metaphytomwasnecessary to
discern aquatic vegetation from the metaphytdhe use of multispectranaging cameras was
tested to see if spectral characteristics could be used to separate algae from plants and other
substratesHowever, the trials done using the multispectral camera showed that the spectral
signature differences between these subntesgbstrates/asvery small. This phenomenavas
driven by two factors. First, pure water absorbs most of the sunlight and reflectsnlpiit
back to the sky. Second, the varying depth of water causes spectral signatures of different
submerged objestto be indistinguishable on an image. For example, a metaphytorirpatch
shallow water may havenidentical RGB value of relatively deeper pure wa$ar.it was not
possible to use the muklipectral characteristics to separate metaphyton from vegedation
other substrate types relialdly.

1We also did followup work, investigating the capabilities of a spectral radiometer to
distinguish underwater algae from abakre surface. AVC HR1024ispectral radiometer was
used to measure spectral characteristics of algae associated with underwater vegetation near
Regan Beach. The results of that testing indicated it was difficult to discern the particular
spectral signaire of the algae underwater, from above water. There were substantial differences
in the spectral reflectance values in multiple measurements of the same target from the boat
(which was subject to movement), which made it difficult to conclude what wasxtlected
spectral signature from above wafgo.determinef a better multispectral imaging system might

be able to detect differencéssting ina more controlled environment (e.g. samplealyae and
vegetation, and sgisubmerge them at differedépths under consistent lightingbuld be needed

On top of paying premium to narrow and specify the sensor wavelengtiasgrerot sure if it

would workin aerial imaging.
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We used dichange detection methotbr distinguishing metaphyton at sites from vegetation and
other substratedn simple terms, we first overlaid images captured on two different dates, then
highlighted the wateregions that have underwater substrates, and compared the extent of the
location of substrates between the two dates. If a patch of substrates moved or grew or
disappeared, it is very likely that patelasmetaphyton.A more detailed discussion of the

method development and current method is presented in the followiegtried dozens of

image classification approaches, from executingobihe-box algorithms (e.g. spectral

information divergence, spectral angle mapper, neural net) in ENVI, a proféssioade

sensing software, to developing midteps algorithms on Python (e.g. use of a moving window

to obtain dominant color value, classification witimlean, and Random Walker segmentation).

The method described below is our most recent approaatlyltises the DJI RGB images, and

is developed based on several insights we discovered from previous tests. It is simple in concept,
easy to implement, and consistent among images. The manual point selection portion needs to be
done locally, but the remaimy process can operate both locally or over the cloud using Google
Colab. To view the automated script, visit:

<https://drive.google.com/open?id=1vtixjiznHj1OIUWFXUOCY YKpK AQEah>.

Manual Point selectianwWe wrote a python script using the open CV module to assist the
manual point selection procedsor each RGB image at our study sites, we selected dozens of
points of clear water pixels; those points are selected foriogvilne whole picture horizontally,
vertically and diagonally. We also selected points associated with submerged objects

(e.g. metaphyton, rocks, aquatic plants).

Convex Hull Upon selecting clear water pixels, the previous program automatically rédbede
RGB, and the Hue Saturation Value (HSV) of the pixel on a table. HSV is an alternative to RGB
in representing colors. In Figuid, we plotted the HSV Hue and HSV Value of selected pixels
(blue circle as pure water and orange square as submerget$pbiethe x and y axis. With Hue
and Value of pure water pixel, a convex hull is computed and visualized as a dasligugen

18. Using the lower boundary of the hull, and extending the HSV Value of points that have the
smallest or largest hue valiee defined a HSV Value threshold to separate submerged object
pixels from pure waterThe approach works very well ugarPine, Regan Beach, and

Lakeside, but not as well at Hidden Beach in 2019 and at Skyland.

2 Note, these points may potentially be useful for developing a more advarntadtamated approach
for metaphyton recognition.
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Figure 18. Demonstration of a ConvexlH

I1.C.3.b. Distinguishing metaphyton from vegetation and other substrate, and protocol for
determination of percentcover

Once the threshold is derived for each image using Convex Hull, it is applied over-the geo
registered RGB image to generate aknasth 0, 1, 2 representing image border, pure water,
and submerged objects respectively. If multiple images were needed to cover a study area at a
given date, both the masks and -gegistered RGB images were mosaicked. (Talgeesents a
list of the images used for analysis.) Then, a pair of masks from two differentvadades
resampled into an identical spatial resolution on the same grid. The twowesk®mpared to
identify: (a) a common area caped for the two set of image®) submerged objéx that
remained stationary between two dafeysubmerged objects that remained stationary were
visible on the earlier date but disappeared later(dngubmerged object that were not visible
on the earlier date but emerged on a later date. Thenstgtjalisappeared, emerged submerged
objectswereencoded as 1, 2, 3 respectively.
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Table5. List of input images used in this study

Site Date 1 List Pic Used Date 2 List Pic Used
SugarPine | 20180801 0507,0510 20190801 0298,0299
Skyland | 201801 0784,0788 20180906( 0232,0235,0238
Skyland 20190801 0123,0127 20190904( 0408,0411,0414

Hidden 20180801| 0142,0143,0144,0144 20180906 0903

Hidden 20190801 0825,0826 20190904 0130
Lakeside | 20180801 0111 20180906 0422
Lakeside | 20190801 0619,0@0 20190904 0682
Regan Beaclf 20180703 0209 20180906 0648
Regan Beaclf 20190801 0667 20190904 0793

Because convex hulls with only RGB images cannot distinguish water from above water objects,
we manually modified the study area boundaries on Arcid&xclude above water structures

along the shore. The boundaries were then rasterized into the same resolution and grid of the
masks. This enabled us to compute how many pixels in the image were water, and how many
were stationary submerged objects, hnany pixels disappeared, or emerged. With this
information, we estimated the maximyorarcentcover of metaphyton using either
stationary+disappeared or stationary+emerged submerged object pixels, whichever has the
largest value. We also estimated the mummpercentcover using either disappeared or emerged
submerged object pixels, whichever has the smallest value.
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[I.C.4. Results for estimates of metaphyton percent cover in 2018 and 2019 using
helicopter imaging

The results for estimation of percenteousing helicopter images are presented in Téable

Images graphically presenting determination of percent cover are shown in Higtoes.

Relatively broad ranges for percent cover were obtained using the change detection method. In
some areas su@s Hidden Beach and Sugar Pine, higher values than expected were obtained for
percent cover. We believe presence of woody debris at Sugar Pine Point may have contributed

to the elevated values there, also difficulties associated with georegistratescabet below.

At Hidden Beach itds possible woody debris or
for Regan were similar tpercent cover estimatedtained using thAUV (Section I111). At

Lakeside, boundaries for the area used for calculatigpercent cover were different and so the

results were not directly comparable.

Table 6. Minimum and Maximum values for percent cover based on imaging from the
helicopter. (Alsolsown are Site, Date 1, DateTqytal Valid Px(pixels), % unmoved, %
disappeared, % emerged)

Site Date 1 Date 2 Total Px | Unmoved| Disappeared Emerged| Min Max

SugarPine 20180801 | 20190801 ( 11987198 14.61% 7.75% 5.11% | 5.11%| 22.36%

Skyland 20180801 | 20180906 | 13486135 23.12% 4.72% 12.74% | 4.72%| 35.86%

Skyland 20190801 | 20190904 ( 1332217 16.61% 12.58% 75% [ 7.5% | 29.19%

Hidden 20180801 | 20180906 | 8776666 13.19% 3.17% 1.48% | 1.48%]| 16.36%

Hidden 20190801 | 20190904 | 5840157 13.37% 15.13% 4.94% | 4.94%| 28.50%

Lakeside 20180801 | 20180906 | 6605827 15.73% 6.69% 4.8% | 4.8% | 22.42%

Lakeside 20190801 | 20190904 | 7902516 14.93% 9.8% 1.81% | 1.81%| 24.73%
Regan BeacH 20180703 | 20180906 | 6605744 6.3 % 2.95% 53% |2.95%( 11.6%
Regan Beacl] 20190801 | 20190904 | 7505227 | 8.96% 4.57% 1.63% | .63% [ 13.53%
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08/01/2018 09/06/2018 Coverage: 1.486.36%

08/01/2@9 09/04/2019 Coverage: 4.928.5%

Figure 19.Hidden Beachmages usetbr change detection methatdgraphic presentation of
resultsfor flights in2018and2019. In right panefed shading indicates an 'object’ that
disappeared between two datgsllow represents 'object’ that appeared in both images, green

represents newly emerged 'object'.
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08/01/2018 09/06/2018 Coverage: 4.22.42%

09/04/2019 Coverage: 1.8P4.73%

08/01/2019

Figure 20. Lakeside images used for chargjeation method and graphic presentation of
results for flights in 201&nd2019. In right paneked shading indicates an 'object' that
disappeared between two dates, yellow represents 'object’ that appeared in both images, green

represents newly emergebject'.
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09/06/2018 Coverage: 2.981.6%
07/03/2018

Figure 21. Regan Beach images used for change detection method and graphic presentation of
results for flights in 201&nd2019. In right panelred shading indicates an 'object' that
disappeared between two dates, yellow represents 'object’ that appeared in both images, green

represents newly emerged 'object'.
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08/01/2018 09/06/2018 Coverage: 4.7-35.86%

08/01/2019 09/04/2019 Coverage: 7£29.19%

Figure 22. Skyland images used for change detection method and graphic presentation of results
for flights in 2018and2019. In right paneked shading indicates an 'object’ that disappeared
between two dates, yellokgpresents 'object’ that appeared in both images, greeseeafs

newly emerged 'object'.
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08/01/2018 08/01/2019 Coverage: 5.1:22.36%

Figure23. Sugar Pine Point images used for change detection method and graphic presentation of results
for flights in 2018and2019. In right panered shadingndicates an 'object’ that disappeared

between two dates, yellow represgnbject’ that appeared in both images, green represents

newly emerged 'object'.

There are two major bottlenecks in implemegtihis work over the entire lake shofg) Image
georegistration Gearegistration is extremely challenging. Pixels of an object may be
misaligned between images, even when the images are manuatlgigered. One example is
SugarPineP o i 2al&®dstaset shown below; we tried our best to align the shoreline using the
bases of individual trees and other distinguishable features along the shore, hatstilere
misalignment of water pixels, especially over the deep water portion offdfigtee24). This
problem would cause misidentification of disappeared/emerged submerged objects.

Figure24. Sugar Pine Pt. 2018 images demonstrating difficulty in perfectly aligning water
pixels offshore between images.

(2) Shadow anélare: The color of treelsadows over clear water is often similar to that of
metaphyton, so it would very likely be misidentified as submerged objects. Similarly, it is
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impossible to discern whether there are objects underwater when the water surface has
substantiaglare

We tried multiple approaches of mapping metaphyton. Given the limited time and resources, we
picked one promising approach, analyzed, and presented it extensively on this report.

[1.D . Conclusions

The helicopter flights were very valuable for identifying theakion of metaphyton and aquatic
vegetation patches around the lakéost of the areas of metaphyton algae were found along the
south and south east shores of the lake, extending from Tallaq&ashbf Taylor Cr.jo

Glenbrook Bay in the summers of Iand 2019. Along much of the rest of the lake shore, very
few areas of metaphyton were observed. Aquatic plants and/or aquatic plants with associated
algae, also contributed to some of the green or dark shading observed in images along the south
shore fom Tallac Point over to at least Lakeside at Statelileng the southeast section of

shore primarily metaphyton was present both in shallow and deeper areas.

The helicopter imaging identified metaphyton in areas where we were previously unaware of its
presence. Fanstanceat Skyland, NV, large patches of metaphyton were observed, as well as
large patches of Asian Clam shells which also had associated algae. Other sites where
metaphyton was detected included a site north of Cave Rock and amh ageate grasses,
associated algae and metaphyton near Tahoe City. Large patches of bright green metaphyton
were also observed in the buoy field at Round Hill Pines in September, EQtt8mely thick
filamentous algae growth was found to be growingobthe Upper Truckee River mouth in the
summer of 2019 in association with aquatic vegetatidre helicopter proved an extremely
valuable platform for visualizing and imaging the whole shoreline and identifying areas of
potentially heavy metaphyton amdgetation growth in a short period of time (approximately an
hour). However, imaging and image processing proved difficult and time consuming compared
to that obtained by the UAV. The specific imaging platform (helicopter or UAV) should be
determined byhe desired areal coverage and the visual acuity required.

Extensive work and testing was done by researchers with the UCD LAWR remote sensing lab to
develop methods and adapt equipment to images all along the shoreline of Lake Tahoe from the
Eurocopter EC20B helicopter. Multiple cameras were tested, with a large volume of high

guality images and imaging data generated for the Lake Tahoe shoreline in 2018 and 2019. The
use of multispectral imaging cameras was tested to see if spectral characteriktibg cmed to
separate metaphyton from plants and other substram@sever, the trials done using the
multispectral camera showed that the spectral signature differences between these submerged
substrates is very small. This phenomenon is driven bydatorfs. First, pure water absorbs

most of the sunlight and reflects onh7%o of it back to the sky. Second, the varying depth of

water causes spectral signatures of different submerged objects to be indistinguishable on an
image. It was not feasible tosge the multispectral imaging to discern metaphyton from aquatic
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vegetation.A changedetection method in which change through time in presence or absence of
objects was also tested at 5 study sites to see if it could be used to assess percent metaphyton
cover along the shorelinéMixed results were obtained using this method, low and high range
estimates for percent cover were generated. Values for some high range estimates of percent
cover using the method were similar to estimates of percent coverezbtesing UAV with
determination of percent cover of metaphyton for each site evaluated using Arc&(Serthe

next Section in this reportowever,at some sites with little or no metaphyton estimates using
the change detection method were too hignesence of woody substrate (which may drift) as
well as challenges wittiereferencingnd perfectly aligning images from different dates create
challenges for this approach.

The use of helicoptdrased surveys was shown to have great potential falyafisualizing the
entire shoreline of Lake Tahoe. This would be particularly valuable for providing an early
detection capability for new populations of metaphyton, Asian clams, periphyton and rooted
plants, or for identifying rapidly conditions in asethat are not part of routine monitoring (i.e.

the majority of the shoreline). We recommend helicopter observations of the whole shoreline
and imaging be included in summer metaphyton and spring periphyton monitoring around the
lake. With ontinued effots to develop the helicopter imaging equipment and methodology, the
remaining technological challenges are considered to be readily solvable.

The next section describes use of UAV for assessing metaphyton distribution. It employed a
different method foassessingercent cover of metaphyton for each site (use of ArcGIS.Prhe
results using UAV for determination of metaphyton percent cover indiaatsuitable for

tracking metaphyton at select regional sites.
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lll. Aerial Imaging by UAV
[II.LA. I ntroduction

Developments in unmanned aerial vehicles (UAV), commonly known as drones, have delivered
countless new opportunities in remote sensing. UAVs provide a new and innovative approach to
monitoring natural environments. As a cost and resourceesffiaiternative to aerial

photography using manned vehicles, UAVs are quickly becoming the industry standard in aerial
imagery.

The quantification of metaphyton distribution in Lake Tahoe requires the ability to observe areas

of lake bottom on the ordef bectares (100m x 100m)JERC utilized a UAV as an

intermediary survey platform between a high elevation, fast flying helicopter and a surface based
boat to evaluate the most efficient method of surveying large benthic areas with precision and a

high levé of visual acuity.

Due to Tahoebés very clear water, UAV imagery
visual assessment of the bentfgubsurfacealgae community to depths appropriate for

metaphyton. However, water depth, particulate mattet dissolved organic matter (DOM) all

play a role in how quickly the visual light spectrum is absorbed. Surface reflection can also
create Ablind spotsd obscuring visual data co

Despite Tahoebds renown c | ar icdlaye matterraed DOM thans hor e
the center of the lake. High quality aerial imagery requires a wide range of the visual spectrum to

be reflected back to the image sensor. Since water absorbs light quickly with long wavelengths
(warm colors) being absorbed hetshallowest depths, differentiating material with similar color
characteristics can prove difficult. For this reason, it was suspected that the ability of UAV

imaging to distinguish metaphyton from sand or rock substrate and submerged aquatic vegetation
would vary from location to location based on water depth, turbidity, and the color of the

underlying substrate.

UAV surveys are relatively quick to execute. However, processing composite images, geo
referencing the surveyed area, and identifying taegtufes (metaphyton) can be time

consuming. A key question researchers faced was whether thn@aighimages would allow
automated processing of survey composite images while preserving detail and spectral separation
such that metaphyton coverage couldaleulated using colometrics.

[11.B. Methods

The UAV employed for metaphyton monitoring in the nearshore of Lake Tahoe was the DJI

Phantom 4 Pra The Phantom 4 Pro is a quadcopter format consumer/professional grade UAV.

The integrated 20 megapixel cam@rovides detailed imagery with a sufficient ground sample

distance (GSD) for data acquisitiddSD is the distance between two consecutive pixel centers
measured on the grourfdight planning and image capture was collected through Pix4dc&pture

softwad e. The standard o6l awnmower o flight path we
mapping each site. Flight path parameters were consistent between sites unless noted otherwise
(Regan Beach). Flight parameters can be fourkppendix 3 Metaphyton monitoringnissions
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were flown at a height of 350 feet. TRBO-foot altitude allows for a larger area to be

photographed while retaining@SD of 3 inches/pixel. Regan Beach flight altitudes were flown

at a 10(tt. altitude due to the proximity to the Lake Tahoep®it. UAV speed during

met aphyton flights was selected through the f
0Normal +6 flight speed with the Phantom 4 Pro
overlap parameters were requiredtoensueeeft i ve O0stitchingd of succe
Metaphyton monitoring flights used a front overlap of 80% and a side overlap of 70%.

Employing high percentage overlaps delivers a higher probability of stitching images together

and reconstructing a large scale geferenced image, or orthomosaic map, of the site. Visual

reference markers (Fwhite squares) were deployed at specific sites to aid in the post

processing of orthomosaic images. UC Davis UAV pilots were required to have a FAA Part 107

small unmanned &iraft pilot certification. Preflight checks and necessary flight permissions

were obtained before UAV missions, ensuring safety to operators and the public alike during

UAV operations.

Coordinated monitoring events were conducted at five sites duringesumonths to monitor

peak metaphyton growth. Regan Beach, Lakeside Marina, Skyland, Hidden Beach, and Sugar
Pine Pt. were used for coordinatedake monitoring events. Regan Beach, Lakeside Marina,
and Skyland were selected based on significant obsere&bhyton growth at each sitéidden
Beach was employed as a control site, with metaphyton yet to be observed at the lacation.
second control site, Sugar Pine Pt. with litttenopast metaphyton growth, was added along the
west shore, during the styito include in UAV imaging. Figurg5 shows the locations of the

five sites. The monitoring events included aerial imaging with the UAV combined wlgken
sampling for metaphyton coverage and biomass, Asian clam abundance and water chemistry
sample ollections 6ee sectiovV). UAV monitoring and idake monitoring were completed on
the same day to ensure accurate correlations between data.

UAV flight grids were established at selected metaphyton sites around the nearshore of Lake
Tahoe. Grid files foeach site were saved in Pix4dcapture software ensuring accurate
reproduction over time. Flight grids were designed to encompass metaphyton growth and
movement within designated boundaries of each site. Typical flight grids included the shoreline
to a deph of up to 10 meters$pecific site boundaries are shown in red for imagégpendix 4

(and also in images 326).

Post processing of aerial imagery involved calibrating and stitching UAV images together using
photogrammetry to create an orthomosai¢h@mnosaics are ge@ferencedargescale aerial

images of an area composed of multiple photographs. Analysis of UAV aerial images and

processing of orthomosaics was completed using Pix4D Pistifvare. Images collected by

the UAV were individually cabrated and geceferenced in the initial prprocessing of the
software. I mages were then Ostitchedd togethe
Keypoints were matched up between consecutive images, allowing for a seamless stitching of
imagesinto one large image. Generally, orthomosaic processing is difficult to complete over
water because of the homogeneity of a water b
water, images of the nearshore can be successfully processed. Natucalreertal factors such
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as submerged rocks and woody debris can positively affect the ability to successfully recreate an
orthomosaic (additional reference points) while surface glare, turbidity, and DOM hinder the
process. Therefore, the natural charadies®f each site in addition to weather and time of day

can impact orthomosaic generation. Visual reference markers were deployed at Regan Beach,
Lakeside Marina, and Skyland to aid in the processing of images. The reference markers were
utilized in orderto provide additional keypoints due to the sandy, homogeneous bathymetry
associated with these sites.

Resolution of completed orthomosaics is represented by the ground sample {G&Dre

GSD is the distance between two consecutive pixel centers radasuthe groundsSDis

affected by camera quality and flight altitude. The GSD is the effective minimum detection limit
for classifying parameters, such as metaphyton, at a site. The GSD determines the detection
limit, any metaphyton area less than tHeldBwvould represent less than a pixel in the imagery.
Image classifications and percent cover estimates are calculated on a pixel by pixel basis. The
GSD for flight grids utilized during the project averaged 3 in/pixel for processed orthomosaics.
The 3 in/pxel GSD was sufficient resolution to map metaphyton growth at each site with a high
degree of accuracy.
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Metaphyton Monitoring and Control Sites
Hidden Beach
Sugar Pine Point  ———
State Park
A —skyland
‘//-’ A Lakeside
A Regan Beach
Kilometers
Metaphyton Sites 0 15 3 6 9 12
% Control Site o
A Metaphyton Monitoring Site J,,
Asian Clam Present ‘

Figure25. Locations of the five sites where UAV imaging veasiducted At Regan, Lakeside
and Skyland and Hidden Beach, UAV imaging was coorddaitith inlake monitoring for
metaphyton biomass, percent cover and predominant algal types, Asian clam numbers and
sediment and water column chemistry. At Sugar Pine Pt. primarily UAV imaging was done.
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Determination of percent cover of metaphytondach site was evaluated using ArcGIS®Pro
Completed orthomosaics for each site were assessed in ArcGIS Pro and used to determine
metaphyton coverage in the established site area. An example of a completed orthomosaic image
is shownin Figure26. Orthomosics were evaluated using a macH@sed learning tool known

as image classification. Image classification is the process of extracting information classes from
multiband remote sensing images. Supervised image classification is used to assign sscific cl
categories to image pixels. Designated classes of metaphyton, sand, infrastructuesgetc

created to complete classification at each site. Class designations were site dependent and based
on natural environmental constituents and substrates sitéh&@hese class categories were
defined as the classification schema. The <cl a
samples to a specific spectral characteristic (see F&yjirdhe samples were trained on a-per

pixel basis, where the spectcilaracteristics of the individual pixel determines the class to

which it is assigned. A new layer was produced displaying each pixel assigned to its

classification with each classification represented by a different color (see E&yure

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPSN# Base, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong Kongjy{c) OpenStleeIl\v“l:é'p contributors, and the'GIS User Community

Figure26. Original orthomosaic imported into ArcGIS Pro for image classification.
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Figure27. Training samples selected for classification to train ArcGIS which pixels represent
types of substrate (i.e. green = metaphyton, tan = sand, red = infrastructure, etc.)

STATELINE AvE

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPSHH{is oBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong Kondj, (c) Oper1St|eetM§p contributors, and the'GIS User Community

Figure28. Pixels after classification by ArcGIS.
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Percent cover and area were then determined for each classification. Both percent cover and area

were evaluated based on the number of pixels representing each classification. Area was
calculated using the &% or ground distance per pixel. Metaphyton percent cover calculations
were evaluated using thelimke (wet) area of each site boundary. Land areas encompassed in the
site boundary were not included in percent cover calculations.

Accuracy assessments wagplied to image classifications for each site. Accuracy assessments
empl oy a reference dataset to determine the
random points were selected throughout the image to assess accuracy at each pointtsThe poin
were selected by the ArcGIS program using a stratified random strategy, creating points that
were randomly distributed throughout each class (see Fa§ure

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO, NPSNHI{e ase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong K ) Opensueell\@p contributors, and the 'GIS User Community

Figure29. Example of 100 randomly generated accuracy assessment points in ArcGIS Pro. Each
point is examined to determine if the pixel was correctly classified to the appropriate substrate.

Each point was then manually evaluated to determine the correct class it should be assigned. A
confusion matrix, or accuracy table, was generated frone fhasts to evaluate class errors
during the classification process. An example accuracy table for Lakeside is shown below in

Table7.
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Table7: Accuracy table for Lakeside 08/01/2019.

ClassValue Metaphyton Sand Infrastructure Shadows 2216:10 dh Total U_Accuracy Kappa
Metaphyton 40 1 0 0 0 41 97.6% 0
Sand 3 46 0 0 0 49 93.9% 0
Infrastructure 4 2 0 2 2 10 0.0% 0
Shadows 0 0 0 10 0 10 100.0% 0
Beach Sand 0 0 0 0 10 10 100.0% 0
Total 47 49 0 12 12 120 0.0% 0
P_Accuracy 85.1% 93.9% 0.0% 83.3% 83.3% 0.0% 88.3% 0

Kappa 0 0 0 0 0 0 0% 82.9%

The accuracy table provides accuracy values for each class. False positives were associated with
the U_Accuracy column, and false negatives were associated with the P_Accuracy row. A kappa
value representing the esall statistic of agreement for the image is included. However,

metaphyton accuracies were best evaluated through the accuracy assessments for the individual
metaphyton class. Metaphyton accuracy values above 70% indicated a well classified image and
provided confidence in the percent cover and biomass estimates for the given site. Accuracy
values below 70% indicated some uncertainty in the metaphyton percent cover and biomass
estimates.

Regan Beach was the only site with accuracy values consistently thel@0% threshold. The

low accuracy values at Regan were predominantly due to the environmental factors at the site.
The Regan Beach site contained significant areas of aquatic plants in addition to metaphyton
inside the site boundary (see FigB8(®. Often the metaphyton areas were intermixed with
aguatic plants causing difficulty in differentiating plants from metaphyton, even to divers in the
water (Figure31). The swim area at Lakeside also contained a small area consisting of
metaphyton mixed with agtic plants. Similar challenges were observed in that area as well.
Image classification proved difficult to distinguish between aquatic plants and metaphyton in
these areas as spectral signatures overlapped. Abundance of aquatic vegetation should be
consdered when selecting future metaphyton monitoring sites.
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Regan Beach

Sources: Esri, HERE, Garmin, Intermap, increment PCorp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL,
Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), (c) OpenStreetMap contributors, and the GIS User Community

Figure30. Orthomosaic image of Regan Beach site. Metaphyton patches intermixed with aquatic
plants are difficult to distinguish between from aerial images.

Figure31. Aquatic plants and maphyton mix at Regan Beach.
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[11.C. Results

Orthomosaics and image classifications were completed for UAV imaging data collected at each
site. Each site was monitored during peak metaphyton growth as well as during minimal growth
in winter. An example of@ampleted orthomosaics with site boundaries for each site during peak
growth are displayed in Figur82i 36.

Figure32. Regan Beach orthomosaic 08/01/2019.

Figure33. Skyland orthomosaic 09/06/2018.
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Figure35. Hidden Beach orthomosaic 07/22/2019.
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Figure36. Sugar Pine Pt. orthomosaic 07/22/2019.

UAV monitoring flights and dates can be found in Teblé& monitoring flight was conducted at
Regan Beach in January of 2019 however, an orthomosaicotgsoduced. Images were
unable to stitch together due to unstable surface conditions and decreased water clarity. For
successful UAV image data collection, monitoring flights must be conducted under favorable
conditions. Favorable conditions include calminds, good water clarity, low sun angle, and
minimal surface vessel traffic.

All monitoring events were evaluated to determine estimated percent cover of metaphyton and
area of metaphyton at each site. Estimated percent cover was calculated usHigkin@wet)

area inside each site boundary. Area represents the area of metaphyton in square meters inside
the site boundary. U_Accuracy, P_Accuracy, Estimated Percent Cover and Coverage Area for
each monitoring event and classification results can bedfouTable8 and a complete

summary of accuracy tables with original images and images after classification of pixels is in
Appendix4. The U_Accuracy and P_Accuracy columns represent the accuracy associated with
the specific metaphyton class. False mieyégn positives are associated with U_Accuracy, and
false metaphyton negatives are associated with the P_Accuracy. Hidden Beach was used as a
control site and monitoring events there were not processed for classification of percent cover or
biomass, as nmetaphyton was present at the site.
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Table8: Metaphyton UAV classification results

20180801 Regan Beack Metaphyton 35 86 17.4 2336
20180906 Regan Beach Metaphyton 50 55 121 1972
20190502 Regan Beact Metaphyton 55 86 10.7 1764
20190801 Regan Beach Metaphyton 50 63 7.0 1159
20190904 Regan Beacr Metaphyton 25 100 121 2035
20180906 Skyland Metaphyton 88 86 36.7 57117
20190125 Skyland No metaphyton - - - -

20190731 Skyland Metaphyton 77 90 27.6 | 43364
20190904 Skyland Metaphyton 74 84 31.1 48714
20180723 Lakeside Metaphyton 84 89 17.0 = 5228
20180801  Lakeside Metaphyton 97 82 329 26308
20180904 Lakeside Metaphyton 83 66 23.4 | 18273
20190125  Lakeside = No metaphyton - - - -

20190801 Lakeside Metaphyton 98 85 40.7 | 34181
20190904 Lakeside Metaphyton 94 75 35.2 29231

20180801 Hidden Beacl No metaphyton - - - -
20180910 Hidden Beack No metaphyton - - - -
20190503 Hidden Beacl No metaphyton - - - -
20190722 Hidden Beact No metgphyton - - - -
20190905 Hidden Beacl No metaphyton - - - -
20180910 Sugar Pine P No metaphyton - - - -
20190502 Sugar Pine P: No metaphyton - - - -
20190722 Sugar Pine P: No metaphyton - - - -
20190905 Sugar Pine P No metaphyton - - - -

* Orthomosidc image does not include entire site area inside boundary due to sun glare in images

Corresponding UAV monitoring flights coordinated withlake sampling for metaphyton

coverage and biomass provided a record of total biomass for each site. UAVdiighitdake
sampling were executed on the same day to ensure accurate correlations between metaphyton
area and biomass samples. Total site biomass estimates were calculated for each site using the
area of metaphyton inside the site boundaries and theesstrly weight (AFDW) of biomass
samples (Tabl8). Seesection IVfor AFDW information.
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Table9: Metaphyton biomass estimates

20180801 Regan Beach 17.4 2336 32.8 76.6
20190904 RegarBeach 12.1 2035 40.0 81.4
20190731 Skyland 27.6 43364 5.2 225.5
20190904 Skyland 31.1 48714 17.2 837.9
20180801  Lakeside 32.9 26308 40.6 1068.1
20180904  Lakeside 23.4 18273 42.7 7797
20190801  Lakeside 40.7 34181 25.4 868.2
20190904  Lakeside 35.2 29231 31.8 9295

[1I.D. Periphyton Monitoring with UAV

The same UAV monitoring processuld potentially be applieid periphyton (attached algae)
monitoring as well. UAV imagery data was colkedin Spring 2019 to & the capabilitiefor
periphyton monitoring. Data was collected at a site outside Tahoe City marina on March 29,
April 17, April 25, and June 3. Periphyton data was processed using the same methods as
developed for metaphyton monitoring.

The UAV aerialimagery data collected proved successful in quantifying periphyton distribution

in the nearshore of Lake Tahoe. When compared with the same methods used for metaphyton
monitoring, the periphyton data resulted in similar to higher accuracies during wiéazten

process. This is most likely attributed to the location of periphyton growth compared to where
metaphyton proliferates. Seasonal periphyton growth is abundant in shallow (<3m) nearshore
areas with fixed substrates (rocks) for attachment. Aermla ger y dat a 1 s much
shallower depths with less of the water column to penetrate. The presence of rocks and other
benthic substrates also aids in the ability to stitch images together in the creation of
orthomosaics.

Metaphyton monitoring usg the UAV successfully produced visual assessments of metaphyton
in the nearshore correctly determining spatial distribution. Based on preliminary monitoring of
periphyton at the Tahoe City site, it is estimated that UAV monitoring for periphyton would
prove equally successful. The periphyton monitoring process using the UAV has the potential to
be an integral part of future routine periphyton monitoring and should be considered for such
programs moving forward.

57

7z

o



lll. E. Conclusions regarding UAV imagingof metaphyton

Remote sensing for metaphyton in the nearshore of Lake Tahoe using a UAV system was a new
and effective approach to monitoring efforts for metaphyton. The UAV data successfully

provided a visual assessment of benthic metaphyton areasneatshore appropriate to its

spatial distribution. Images were then processed and classified, leading to accurate estimates of
metaphyton coverage at selected sites. By coupling this data with measured biomass from in lake
collections, an accurate assesstd the standing biomass of metaphyton could be calculated.

Due to the advancement in UAV camera technology and the relatively low flight elevation, UAV
imagery can produce higher resolution composite images than helicopter or airplane imagery,
allowing for metaphyton quantification on a site by site basis. The drawback to UAVs is their
limited flight time, while helicopter and airplanes are capable of surveying the entire Tahoe
shoreline in a single flight. However, the UAV provided a fast andeffistent alternative to
surveying nearshore areas appropriate in scale to metaphyton growth, with high visual accuracy.
The UAV monitoring process developed in this study would prove an instrumental resource to
future metaphyton monitoring programs and maglble to be expanded to periphyton (attached
algae) monitoring as well.

IV. In-lake work: Metaphyton Biomass, Percent Cover, Predominant Algal Types
IV.A. Introduction

In-lake work was coordinated with the aerial imaging donthbhelicopter and UAV.This
section descritethe work dondo quantify metaphyton biomass at the sites and measure algal
percent cover over the bottomreBominant algal types themetaphytorwere also assessed by
examining samples under the microscope.

IV.A. 1. Description of the in-lake study sites

The primary sites selected forlamke monitoring work included Regan Beach, Lakeside offshore
and Skyland along the south and southeast shores and Hidden Beach on the northedsteshore.
sites locations were described ieyous sectionand are indicated on the map in Figure 25

This section provides some additional description of the sites.

The siteselectechad differences in thievels of metaphyton growth, aquatic vegetation and
Asian clam presence. Three sit@sllsubstantial metaphyton growth (Regan, Lakeside and
Skyland) but different degrees of Asian clam presence. Hidden Beach had minimal noetaphyt
and no Asian clams preser@@ne other site Sugar Pine Pt. was also monitored by UAV imaging,
with either snorkling or onboard boathecks for presence of Asian clams and metaphyton.
The sites were easily disgnishable from the air and we were able to collect both helicopter
images and UAV imagedAll sites were accessed by boat (R/V Bob Richpfaisin-lakework.
Some additional characteristics of the sites include:
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Hidden Beachi This siteis located in the northeast corner of the lake. It is a gently sloping,
southwest facing cove, bounded by a rocky point to the northwest and sand and baariders al
theshoreline to the eastt has a small tributary (Hidden Creek) entering in the northeast corner.
The nearshore area is characterized by white sand, cobble and boulders. It bigakitle

growth, and no Asian clams or aquatic plants. It is exposeduth-southwest wind and waves
created over a long fetch oriented from south west to north east. It is a popular summer area for
both boaters and beach users.

Regan Beach Park This siteis located along the south shore, adjacent to the Al Tahoe urban
area, between the Upper Truckee marsh to the west and El Dorado Beach to the east. It
frequently has metaphyton present and is a popular area for use by the public. The bottom is
relatively shallow at this site (a little ovem2deep amaximumlake lewel for an extensive
distanceoffshore(~125+ meters at high lake leveDuring periods of very low lake elevation
such as in the summer of 20Expansive areas of flaandy lakebed become flat beach area
with very shallow lake water offshord.ake levels during this study were relatively high
(between 6226229ft.), which resulted in the lake being present up to the boulders lining the
shore around the beach pafkie nearshore is quittmplex with a mix of emergemegetation,
aguatic plants, mepéyton algae, boulders, with algae occurring also as periphyton on the
boulderg(epilithic periphytonyandattached to or associated with the aquatic vegetaiidith

such complexity it is a challenging site to discern the metaphyton from the otheatgubstr
present in aerial images. This area is potentially influenced by inflow from two large tributaries
to the wes{Upper Truckee River and Trout Cr.) and runoff from urban outfalls. There is some
Asian clam presendaut the numbers are very low compavéath numbers at theakeside and
Skylandsites

Lakesidei The main metaphyton patch at tkiteis located about 75moffshore of Lakeside
Beach in the southeast corner of the |qkstwest of Stateline. It is on the sowthore shelf

area startingit a transition in depth frombout4.5m to deeper shelf (approx. 7m deapder

full lake condition}. This area has been a sitesammemmetaphyton accumulatiomwith patch
size ofapprox. 75m X 200m andpatch thicknesthatcan reach 3@m thick There is a
substantial Asian clam populatiand alsaa large accumulationsf Asian clam shellsThe

bottom topography and lake currents may contribute to the accumulation of metaphyton and
Asian clam shells in depressionss location well offshore ecessitateéxtra offshore

overflights bythe helicoptein this study. The boundaries of the arealatkesidealso included
the swim area protected byreetalwall offshore. Metaphyton and aquatic vegetation are found
in this area.

Skyland- This siteis located along the southeast shoreline adjacent to the Skyland subdivision
the northand section of USFS land just to the south. The shoreline has esaotthorientation

and there is an area of shelf paralleling the shoreline. There is a smoddiryrivhich enters the

lake south of the site (North Zephyr Cr.). Metaphyton was located on an area of shelf, at depth
of about 67 m deep, from about 4040 m offshore depending on the shoreline curvature. There
are also large patches of Asian clam kshat this site near the outer edge of the shelf. The area

is impacted bylongshoreurrentsat times. Model simulations of currents doneSapladow et
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al. (2014)showed that south to north currents can occasionally impact this site. Metaphyton was
observedby diversto drift along the bottonduring some of the sampling during this study

Sugar Pine Pt - This siteis located alonghe central west shore of theke in Sugar Pine Pt.
State Park The site isiorth of the General Cmlet. The subsate is composed of white sand
anddarkergravel and cobble over a shallow shelf area nearshore. There is no Asian clam
presence here anary little or no metaphyton.

IV.B. Metaphyton Biomass Measurements

Samples of metaphyton were collected while kaling or SCUBA diving from areas of lake

bottom with known dimensions and coverage, to estimate biomass prékese estimates

could then be applied to estimates of percent cover from aerial images to estimate biomass in a
region

IV.B.1. Metaphyton Algae Biomas<Collection and Ash Free Dry Weight Determination
Methods

Samples of metaphyton were collected while snorkeling or SCUBA diving. Areas representative
of the biomass were selected areas on prdetermined sampling grids were sampled. A

sanpling quadrat, usually Im? subdivided into .0628? squaresvith stringwas used to define

the collection area in relatively light metaphytdn5-gallonbucketwith the bottom cut off, was

used to surround the metaphyton when the metaphyton layer wathiegr The quadrat or
bucketwas placectarefullyover an areaf metaphyton and coverage notedyally an area with
100%cover was selectedhn areas of light metaphyton, the algaerecollected by scooping it

into ahandheld aquariunfish net(appoximate mesh 46600 um) from one or more squares of

the quadraand transferring the collected algaeal gallon 4ploc® bag.

In very thickfilamentous algaenetaphyton, the metaphyton tended to be easily disturbed and
nearly impossible to collect i net without substantial losssdmple A method was developed
wherethe operrendeds-gallonbucket(crosssectioral area of bucket at open bottom end
determined inm?) was inserted into the metaphyton paticiwnto the sediment surface to

enclose thelgae (usually algae was hovering just above the bottgxgubmersibleslectric

bilge pumppowered by electric cords extending to a battery at the surfaseused to suction

the algadrom the enclosed areato collection netting. A length of tubingas attached to the
exhaust end of the pump. A eniff section of nylon stockingNo Nonsense® regular size,
approximate mesbapeningsize=100pmnon-stretched, 40800umstretchedlwas ziptied to the

end of the exhaust tubing to act as collection nettifige intake portion of the pump was moved
through the algae enclosed by the bucket to suction off the algae which was discharged into the
stocking. There was slight loss of material which passed though the stocking, but this appeared
to be a small proption relative to the total amount of sample collected. Once collected the
stocking was removed from the pump hose and tied off and returned to thé&Jboally

duplicate or triplicate samples were collected for biomass measurement.

Following samplingmetaphyton algae samples were placed in a cooler and returned to the lab at
Incline Village, NV. Small sukamples of metaphyton were removed from the sample and
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examined under the microscope to determine predominant algae types. After examination and
photographs, the algaeerereturned to the main samplg/ater inalgae samples collected in
Ziploc bags®(samples collected with a fish netas poured offo leave a slurry of wet algae

When a slurry of water and algae could not be easily separated,amdtalgae were centrifuged
for 10 minutes to settle the algae and the water decaRtedamples of metaphyton in nylon
stockingsthe algaaveresqueezed to remove excess water. Then the full sample of damp
metaphyton was placed on apaeed piecef weighing paper. The samples were allowed to
evaporate and dry to damp consistency for a short period (about an hour). A wet weight of the
sample was obtaineahda portion of the sample was split off into a-p@mbusted (at 500C

for 1 hr.), pretared aluminum pan for drying anéish Free Dry WeightAFDW) determination.
AFDW was used to estimate biomass based on recommendations in our initial studies of
metaphytor{Hackley et al., 208). Fora portion of th&2019 samples, another portion wastspli

off into a precombusted pan for drying and savedgotentialanalysis of stable isotopes’6N
and®C.

Ash Free Dry Weight Deterination

Damp samples for dry weight were weighed in atpred, precombusted aluminum tin to give

a Sample Wet WeighSWW) then dried overnight at a temperature of 60°C, allowed to cool in a
desiccator, then weighed to determine 60°C dry weight (SDW 60°)

60°C Dry weight (g/rf) = (TSWW/SWW)*(SDW60°)/A
[ ATWWO is Total Wet Weight of mubsa;agewgtt on s amp
wei ght 60A&8DWs s amp!l &A & ardaGanmpledyinhwelbweightstin;grams].

After determination of 60°C dry weight, samples were combusted at 500°C for one hour. The
loss in weight at this high temperature was assumbd fiimarily due to combustion of organic
material present in the sample. AFDW was calculated as:
AFDW (g/m?) = (TWW/SWWhtdw)*(SDWaiawb0°-SCWhigw500°)/A
Where:
ATWWO is Total Wet Weight (g) of metaphyton fi

ASWWaad 1 s AFDW subsample wet weight (9g)
iSDM60AO is sample 60AC dry weight (g)
AiSCM500A0 is weight (g) of subsample after con
AiA is ar@a sampl ed

IV.B.2. Metaphyton AFDW Results

The results for AFDW lmmass are reported in Taldle. Values for individual replicates from a
sampled area at the site, along with mean values for the area are preStard-DW levels
for 100% coveire also presented. These values aratchealAFDW per nf when 100% ceer
was present in the area sampledhen lesghan 100% cover, these values weitber
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estimaedfrom an association between AFDW and percent cover for multiple samples with
varied percent covdFigure 37 shows an example of such data from Regaby dividing
AFDW/ m? by the sample percent covéFhe AFDW per mwith 100% covewralues were used
to estimate regional biomass.

Regan Metaphyton % Cover vs. AFDW 9/6/18
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Figure 37. Association between metaphyton percent cover and AFDW at Regan on 9/6/18.
Symbols represent AFDW of samplesleoted from quadrats with known percentage of
metaphyton cover. The regression equation was used to estimate AFDW for 100% cover on this
date.

The main metaphyton patch at Lakeside had 100% cover where samphedtolates. Mean
metaphyton AFDW for 100%over ranged from 25.37 to 42.67 ¢f.nReplicates from within
the patch were similar to each other in 2048 showed variability in 2019 samples (A&-DW
replicates for Aug. 1, 2019 at Lakeside wet6.81/16.59/48.7@/n? and for 9/4/9 were
37.58/41.73/13.099/mP). This variation may reflect natural heterogeneity in the metaphyton
layer, such as variation in the density, thickness and particular mix of algae, aquatic plant
fragments and detritus in the patch.

At Regan, sampling veadone both withipatches with about00% cover and patches with
variable percent coveiSamples from nearshopatchesvith 99% and100% cover haxean
AFDW ranging from32.78 to 62.32 g/ There was also quite a bit of variation among
replicates for these samples (P&=DW replicates for Aug. 1, 2018 at Regan were
29.05/51.23/18.06 g/frand for 9/4/9 were 49.56/75.0@/n¥). To give some reference for
comparison, the median AFDW durittge 2019pring synoptienonitoring ofattachedalgae
around the lake (periphyton leected as part of the losgrm monitoring program) was 50 gfm
with a range from 6 to 194 g/4m

On 8/1/18 at Regasamples for AFDW were collected later in the morning when the winds
increased and the lake began to be churned up by wave acliligynearshore area where much
of the metaphytohadaccumulated was shalloandthe layer of metaphyton along the bottom
was stirred up into the overlying water column by wave aclibis may have contributed to the
variation among samples on that daide turbulent conditions also made it difficultdollect
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the sampl®n that date As the bottom substrate was relatively hard, it was difficult to maintain

a seal between the bottom of the opeded bucket and sediments in the waves, causing some
interchange of water and algae underneath the bucket as well as loss of algae from the open top
portion of the bucket. Similar conditions were encountered during sampling at Regan on 9/6/18
making sampling difficult using the pump method. AFDW estimates oml¢hatwere obtained

from net samples collected earlier in the morning when the metaphyton layer was still relatively
undisturbed.The samples collected on 9/6/18 showed a good linear asso¢i&ti@99)

between percent cover and AFDW, which allowdtDW for 100% to be estimated at 12.86

g/m?. This underscored the need to saniptenass andollectmeasurements of percent cover

early in the day under calm conditions.

Samples collected on 8/1/19 from patches with variable percent cover also showdd a goo
association between percent cover and AFDMsample with 50% cover had a AFDW of 12.79
g/n? and a sample with 5% cover had proportionally less AFDW at 1.28 gftre AFDW for
100% cover was estimated at 25.58 9/m

AFDW samples were collected at diéat areas within the Regan site on 9/4/19 and these

showed variation as well. Sampling done within a thick patch nearshore with 100% cover was
done with the fish net and this gave an estima@2d2 g/m. While sampling in areas along a

2X2 grid nearsbre gave a mean of 17.74 ¢inSo it is evident there can be much variation in
metaphyton AFDW biomass within a localized area at a site and between different areas at a site.
This points out a need to collect many replicates at a site and also toghigteample different

regions of a site that may be representative of different levels of metaphyton presence.

At Skylandsampling for AFDW was done both within large patches and along samplinggrids
a couple of datesAFDW within the large patchesrtded to be greater than measured along the
sampling grids. On 7/31/19 mean AFDW for 100% cover in a large patch was 524hjien
along the sampling grid mean biomass for 100% cover was estimated at 28®g/813/19,

the biomass within a large patof metaphyton wa%7.21 g/md while along a sampling grid,

mean AFDW for 100% cover was estimated to be 4.62.g/m

The sampling for AFDW showed that variation can occur both for replicates from the same site
and at different areas within a regional sifggure 38 summarizes AFDW valuss100% cover

for individual sampling points/hich shows how at times there can be quite a bit of variation
among samples. To compare data among sites and through time, it will be necessary to collect
more replicates tget a better estimate of the mean. This graatly add to the cost of a

monitoring program. However, by using UAV measurements to quantitatively determine the
spatial variability and then using groutrdth sampling for AFDWon specific patches of

growth, it may bepossible to quantify the biomass within the very heterogeneous distribution.
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Table10. AFDW valuesand AFDW for 100% covefior metaphyton samples collected frame different samplingites
Sample areas @ 0506 m2weresampled with buckeand pump, all others with net.

Site Date Area % Cover PatchAFDW Patch AFDW AFDW for
Sampled | In Area (Replicatemeans, Mean +SD 100% Cover*
(m?) Sampled n=2/rep.)(g/n") (g/ v) Mean+SD(g/ n¥)

Lakeside

Inside Main Patch 8/1/18 | 0.0506 100% 39.47/41.2/41.09 40.59 + 0.97 40.59 + 0.97

Inside Main Patch 9/4/18 | 0.0506 90% 34.59/42.21 38.40 £ 5.39 42.67+5.99

Inside Main Patch 8/1/19 | 0.0506 100% 10.81/16.59/48.70 | 25.37+ 20.41 25.37+ 20.41

Inside Main Patch 9/4/19 | 0.0506 100% 37.58/44.73/139 31.80+ 16.59 31.80+ 16.59

Outside Main Patch 8/1/19 0.0625 100% 21.88 21.88 21.88

Skyland

Large Patches 7/31/19 | 0.0506 100% 9.51/2.57/3.54 5.21+ 3.76 5.21+ 3.76

Subsamples from 3x3 grid of

1n? quadrats, 50ft spacing:

Al (Y4 quadrat) 7/31/19 0.25 15% 0.42 0.42 2.85

B3 (Y2 quadrat) 7/31/19 0.25 5% 0.14 0.14 i

C2 (Ya quadrat) 7/31/19 0.25 10% 0.44 0.44 f

Large Patches 9/3/19 0.0506 100% 10.68/25.42/15.53 | 17.21+7.51 17.21+7.51

Subsamples from 2x2 grid of

1n? quadrats, 50ft spacing:

Al (Y4 quadrat) 9/3/19 0.25 20% 142 1.42 7.1

B1 (Y4 quadrat) 9/3/19 0.25 15% 0.32 0.32 213

Mean + Std. Dev. 9/3/19 4.61+3.51

Regan (nearshore)

Nearshore Patéh 8/1/18 | 0.0506 99% 29.05/51.23/18.06 | 32.78+ 16.90 32.78+ 16.90

Nearshore Pah’ 9/6/18 0.0506 NA NA

Nearshore quadrats with

different levels of % Cover:

#1 (1nt quadrat) 9/6/18 1.0 34% 3.79 3.79 12.86

#2 (1nt quadrat) 9/6/18 1.0 72% 9.37 9.37 f

#3 (0.25 M quadrat) 9/6/18 0.25 <1% 0.02 0.02 f

#4 (1nt quadrat)1.28 9/6/18 1.0 20% 2.88 2.88 f

Subsamples from 2x2 grid of

1n? quadrats, 50ft spacing:

Al (Y2 quadrat) 8/1/19 0.25 50% 12.79 12.79 25.58

B2 (Y4 quadrat) 8/1/19 0.25 5% 1.28 1.28 f

Nearshore Patch 9/4/19 | 0.0625 100% 49.56/75.07 62.32+18.04 62.32+18.04

Subsamples from 2x2 grid of

1n? quadrats, 50ft spacing:

Al (Y quadrat) 9/4/19 0.25 100% 18.87 18.87 18.87

B2 (Y4 quadrat) 9/4/19 0.25 5% 0.83 0.83 16.6°

Mean + Std. Dev. 9/4/19 17.74 £ 1.61

Regan (~180moffshore) 8/1/19 0.25 10% 2.34 2.34 23.41

3 Calculated AFDW for 100% Cover based on association of AFDW (y) and % Cover (x) for 3 replicates (y=228x+6%533), r
4 Divided AFDW/Percent Cover to estimate AFDW when 100% Cover
5 Divided AFDW/Peent Cover to estimate AFDW when 100% Cover

6 Rough lake conditions likely resulted in variation.

7Rough lake conditions, no data.

8 Calculated AFDW for 100% Cover based on association of AFDW (y) and % Cover (x) for 4 replicates-(¥812)988x D1.

9 Calculated AFDW for 100% Cover based on association of AFDW (y) and % Cover (x) for 2 replicates (y=25.578x+.0011).
10Divided AFDW/Percent Cover to estimate AFDW when 100% Cover
1Divided AFDW/Percent Cover to estimate AFDW when 100% Cover

64




Figure 38 summarizes the values AdtDW biomasger unit 100% cover for sites on different
dates Values from Regan showed more variability (rang&/%3)/nt) than Lakesidgrange 11
49 g/nf), and Skylanchad the lowest rang@-25 g/n¥) despite sampig in some of the large
patches present at the sitélany of the values from the Lakeside patch were close ¢grd0
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Figure38. AFDW/ n? (actual or estimatedpr 100%metaphytorcoverageat Regan, Lakeside
and Skyland sitesRedsymbolsindicae samples collected from sampling grms9/4/19 at
Regan and 7/31/19, 9/3/19 at Skylan®n9/4/19samples were also collected in a thick
nearshore patcat Reganshown in black At Skylandon 7/31/19 and 9/3/19, samples collécte
with bucket methodre shownn black *-Regan8/1/18samples had 99% covandwas
sampled under rough conditiowsiich may have contributed to variability

Regional biomass was estimated from the AFDW biomass per 100% cover and estiraaals of
coverage from aeriaiiaging. Mean AFDW petunit area withl00% covemwasmultiplied by

the total area covered with metaphyton within a defined boundéalyes for calculated

regional biomass on sampling dates are presented in Table 9 in the UAV section. The highest
regiond biomass associated with metaphyton was found at Lakeside (ra6d®a8 k9.
Skylandbiomass ranged from 226 kg 7/31/1%0 838 kgon 9/4/19using estimates for AFDW

from sampling with the bucket and pump methdthe regional biomass at Regan wasdow

than the other two sites. Regan regional metaphyton biomass was 77 kg on 8/1/18 and regional
biomass on 9/4/19 wa& kg usingthe meanAFDW biomass collected fromthick patch

nearshore to represehiee regional biomass in samples.
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IV.C. Metaphyton percent cover

Snorkeling and SCUBA surveys warenductedht select sites to assess the amount of lake
bottom covered with algagiewed underwater

IV.C.1. Underwater Percent Cover MeasuremenMethods

Estimates of percent cover were made usingrm BVC pipe quadratThe quadrat was

subdivided into 16 reference squares of 0.082%ising nylon strung from opposing sides of the
guadrat. Percent metaphyton cover over the bottom was estimated for each dgpoupdmfares
on a corner of the m? quadrato create four 0.257? estimates of percent cover. The average of
these provided an estimate of percent cover for the fufl quadrat.

Estimates opercentcover were made along defined gridgshenearshore for some of the sites.
3x3 (9 point) andx2 (4 point)samplinggridswith pointslocated 5dt. (15.2 m)apart were

usedat Skylandon different dates The 1m? quadrat was placed thestandard wawt each
sampling point. Due to time constraints and lake conditions the 3x3 grid was theumaxi
number of sites feasible (taking 1.5 hours of dive time to complete). A 2x2 grid was more
feasible(4 sites)and was employed at Regantaro dates. A more random samplingsaefvenl

m? points 1525 m offshore at Regan was done on one date (Au@1B)2vhile snorkeling.
Coverage in the main patel Lakesidaypically was estimatedhen biomass sampling was
doneand generally found to be near 100% cover. Multiple samplings on sampling grids were
not done there

IV.C.2. In-lake Estimates of Metaplyton Percent CoverResults

Tablell presents a summary of the percent cover estimates collBetidfor mean percent
cover for the full 1rhquadrat is shown, with individual measurements for each @.@6rtion
of the quadrat below immediately below thean value Figure39 summarizes the mean and
standard deviation for sites with myttoint samples collected

Percent cover showed a large amount of variation at Regan B&eZkhampling grid€4 points)
measured at Regam 8/1/19and 9/4/1%howed mich variability,with rangedrom 12.568.8%
(mean =29.7% + 26.4% (n=4)h 8/1/19nd from 2.5% to 100% (mean =35.0% + 45.0% (n=4))
on 9/4/19 The estimates dhese datewere made relatively close to shorel®m away). This
area was very heterogenmsowith patches of accumulated metaphyton, algae and metaphyton
associated with aquatpdants Some of the coverage estimates included algae over aquatic
plants.

Somewhat less variation was observedstrenmeasurements made on 8/1/18 slightly furthe
offshore (1620 m offshorg which ranged from 1:22.5%cover. Even firther from shore at
Regan, the levels of metaphytparcent covewere lower. Measurements of metaphyton
percent covewere made at Regan about I8Mffshore on 8/1/19. Theremallpatches of
metaphyton were observedth amean percent coverf 5.4% +1.9%for triplicate samples.

To characterize the average percent cavéine nearshorat Regan, a large number of replicates
areneeded. Hackley et a{2018) estimated about 12 msfaore small,0.25m? quadrats were
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needed to characterize nearshore percent cover with a reastavablariationn that study

Due to timeconstraintsye limited sampling to #oints at Regan but with the larger?
quadratFour0.25nt sub-quadratpercent cover measurements were obtained at each point for

16 measurements. With substantial variation still observed among replicates, when underwater
percent cover is desired, sampling of a greater number of points, i.e. along a 3X4 sampling grid
may ke required.

At Skyland, the metaphytgeercentcover showed a range of patch conditions from thin layers of
algae on the sand, to large patcl#ms X2 m) of filamentous algae extendif@gobmabove the

bottom (see Figussl3,14. On 7/31/19 percent covemged from 3.115% (mean 9.9+£3.8%

std. dev.) for measurements made aloBg3&grid with points spacetl5.2 mapart. On 9/3/19

the coverage was less ranging from-8.8% (mean 4.0+3.2%) for measments made along a

2x2 grid with points similarly spacedTlhe larger patches of metaphytover the shelat

Skyland were spaced far enough apart that they were not captured in the grid sampling design.
Coverage measured was primarily associated with smaller clumps of metaphiyeob AV

images on some datesosted relatively extensive patches slightly further offshore at Skyland.
Future monitoring might take advantage of known distributions of algae along the shelf and at its
edges, to estimate percent cover and biomass in representative areas.

At Lakeside,esi mat es of percent cover were made base
algal biomass. The large metaphyton patch offshore generally had fairly uniform coverage with a
thick layer (46 inches thick) of metaphyton. Coverage was estimated to be d9@%ee dates

and 90% on a fourth date. Smaller patches of metaphyton were observed outside the main patch
but the levels of percent cover were not measured. There is also an area of metaphyton, aquatic
plants and aquatic plants with associated algialeakeside in the swim area shoreward of the

metal wall. This area was groutrdithed with variable amounts of metaphyton and algae

associated with aquatic plartbserved In-lake estimates of percent metaphyton cover were not

made.

At Hidden Beach wg little metaphyton was present. In 2018 coverage was estimated to be near
0% based on snorkel observations. On 7/22/19 there was a very small analgaé @nd

detritus observed on the bott@stimated to be 2% based on snorkeling the area. Thewaigm
present in very small clumpsuch of which was detritusith little associated colorlt was too

small to be seen in UAV and helicopter images and was not similar in composition to the
metaphyton observed on the south sh@a.9/3/19, measuremendf percent cover around the

boat ranged from-Q.4% based on 4 casts of the quadrat around the boat.

At Sugar Pine Pt. no metaphyton was observed. Observations were made while snorkeling on
7/22/19 with no metaphyton observed, and some woody debsgsigr No metaphyton was
observed from the boat in Sept. 2019.
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Table 11 Estimates of percentmetaphyton percent cover at sigg 8and2019. For most sites a th? quadrat

was used, values for 0.2% sub-quadrat are given below the overalin quadrat percent cover.

Site Date Sampling Design Station- PercentCover in 1m? Quadrat Mean%
(Percent Cover in each 0.25sub-quadrat) Cover:S.D.

Skyland 7/31/19| 3x3 grid,50 ft. (15.2 | A3-12.5% A2-15% Al1l-6.25% 9.9% * 3.8%
m) between sampling | (20,10,10,1p (10,25,10,1% (15,<5,<5,5 (n=9)
pointsstarting with | B3.3 1305 B2-10% B1-8.75%
gﬁzh"(‘)’remmﬂn (<5,5,<5,<5)  (10,5,15,10) (10,10,5,10)

C3-13.3% C2-7.5% C1-12.5%
(5,20,<5,25)  (10,5,5,10) (5,10,15,20)

Skyland | 9/3/19 | 2x2grid, 50 ft.(15.2 | A2-1.25% A1-6.88% 4.0% + 3.2%
m)_btetvllee;n saqﬁling (0,0,0,5) (<5,<5,<5,20) (n=4)
pointsstarting wi B2-1.25% B1-6.75%
row J0A0M
offshore (5,0,0,0) (7,<5,<5,15)

Regan 8/1/18 | 3 Repswithin patch | #1-98.75% #2-98.75% #3-98.25% 98.6% +
with near 100% cover| (95,100,100,10p0 (100,100,100,96(100,100,96,97 0.3% (n=3)
3-4 m offshore

Regan 8/1/18 | Quadrat drops from #312. 9% #2-4.5% 11.6% +
Z;f;acfoat S#eﬁi (25,0,20,5) (5,0,3,10) | 8.7% (n=7)

,o~1Um olfshore
#6.7~15m offshore #7-2.7% #61.5%0
#1,4,5~20m offshore | (5:222) (1,1,1.3
(~10-15m between #520% #4-17.5% #1-22.5%
adjacent points) (35,10,10,2%(20,15,20,1%25,20,30,1%

Regan 8/1/19 | 2x2 grid, 50 ft. A1-68.75% A2-15% (*Al-many plars) 29.7% *
(15.2 m) between (50,75,75,75) (20,20,15,5) 26.4% (n=4)
Satmp"ngtpt?i”ts B1-22.5% B2-12.5%

S ar I Nn W
510 m offshore 9 (5,10,25,50)  (15,25,5,5)

Regan 8/1/19 | Transectparallelto | C3-3.75% C1-5% C2-7.5% 5.4% + 1.9%
shore ~200yds (180 (5,<5,<5,5) (<5,<5,10,5) (10,5,10,5) (n=3)
m) offshore,

50 ft. (15.2 m)
betweerpoints

Regan 9/4/19 | 2x2 grid, A2-30%  A1-100% 35.0% +
50 ft. (15.2 m) (10,50,10,50) (100,100,100,100) 45.0% (n=4)
between sampling pts! B2-7.5% B1-2.5%
startin w
6-8 m offshore. k (10,10,5,5) (<5,<5,<5,<9)

Hidden 9/3/19 | 4random casts of | #1- 1.0 #2-0% #3-0.1% #4-0.1% 0.4%+ 0.7
quadrat~120 ft(37 | (4,<1,0,1) (0,0,0,0) ( 0,<1,00) (0,<1,0,0) (n=4)
m) offshore

Hidden 8/1/18 | Snorkel Area Estimate 0% 0%

Hidden 9/4/18 | Snorkel Area Estimate 0% 0%

Hidden 7/22/19| Snorkel Area Estimate 2% 2%

Lakeside | 8/1/18 | Inside collection Estimate 100% 100%
bucket, metaphyton
patch ~200m offshore

Lakeside 9/4/18 | i Estimated(% 90%

Lakeside 8/1/19 | f Estimate 100% 100%

Lakeside | 9/4/19 | i Estimate 100% 100%

Sugar Pine| 7/22/19| Snorkel Area Estimate 0% 0%

Sugar Pine| 9/5/19 | Viewed from boat | Estimate 0% 0%

Note for0.25n? sublj dzl R NJ

32>

O 2 @S Ndedh &bip:A: Y I (Y RRE.50aE cafdeigtiin of mean

68




Multi-point 1m? Percent Cover Measurements

90%
(n=4)
80% -
70%
60% (n=4)
50%

40%

Percent Cover

30%
(n=7)

20% - (n=9) ~
10% [ (nf} I (n=4) ea
I n=4)

0%
Regan NS Regan NS Regan NS Regan OS Skyland OS Skyland OS Hidden OS
8/1/18  8/1/19  9/4/19  8/1/19  7/31/19  9/3/19  9/3/19

Figure39. Sites where multiple points were sampled at a site for percent cover using a 1
guadr at . Error bars are sm’armdpr e sdeviidtSioon sw
site, AOSO is offshore site.

IV.C.3. Comparison of Inlake Measures of Percent Cover with Estimates from Helicopter
and UAV

Levels of percent cover from-lake measurements are compared with levels determined from
imaging from the helicopter and UAV in Tald@ At Regaron 8/1/18the percent cover
estimates made {lake 1020 yards offshorel(l.6+8.7%)were fairly close to the regional
estimate from the UAV1(7.4%). No helicopter estimate was maateRegan In contrast, idlake
meanpercent covelevelsat Regan on 8/1/19 and 9/8/tvere higher than regional estimates
from aerial imaging. On 8/1/19 timeeanin-lake percent coveragsstimate wag9.7+26.4%

while the UAV estimate was 7%. On 9/4/18 inlake estimate 35.0+45.0%, while the UAV
estimate was 12.1 % and the helicogsiimate was 0-63.5% The higher values for #ake
estimates on these datgspeared to béue to: (1) he limited number of replicates (n=4) for the
in-lake estimateand (2)high percent cover estimates for at least one of thekmreplicates

At Skyland there were also differences idake estimates compared with helicopter or UAV
imaging estimates of percent cover. For instaane//31/1%hein-lake estimate of percent

cover wa®.9+ 3.8%while the UAV estimate was 27.6%. On 9/3/19itidake estimate was
4.0+£3.2% while the next day the UAV coverage estimate was 31.1% and the estimate based on
helicopter images was #29.2%. The 3x3and2x2 sampling grid designs used forlake

percent cover measaments on 7/31 and 9/3/18d notcapture any of the larger isolated patches
on the shelf anthe inlake sampling may also have misseane of he contiguousmetaphyton
patchedurther offshore. These data show the challenges of trying to characterize metaphyton
coverage over a large are#@h a limited number oocalizedobservations. Aarger number of
replicatesvould be needed to better characterize regional coverdlge UAV images might be
examinedo focus percent cover and biomass measurements on specific, representative areas.
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Table12. Comparison of metaphyton percent cover estimates from UAV, Helicopter dakklmeasurements.

Regan Lakeside Skyland Hidden
UAV | Helicopter In-Lake UAV Helicopter UAV Helicopter | In-Lake Helicopte In-Lake

% Cover, % Cover % Cover | % Cover| % Cover | % Cover| % Cover | % Cover % Cover % Cover
7/23/2018 16.0%
8/1/2018 17.4% 11.6+8.7% | 32.9% 0%
9/4/2018 23.4% 0%
9/6/2018 12.1% | 3.0-11.6% 4.822.4% 36.2% | 4.7-35.9% 1.516.4%
1/25/2019 0% 0%
5/2/2019 10.7%
7/22/2019 2%
7/31/2019 27.6% 9.9+3.8%
8/1/2019 7.0% 29.7426.4%| 40.7%
9/3/2019 4.0£3.2%
9/4/2019 12.1% | 0.613.5% | 35.0+45.0%| 35.2% 1.824.7% 31.1% | 7.529.2% 4.928.5% | 0.4+Q7%
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IV.D. OnshoreDeposition of Metaphyton algae and Aquatic PlanFragments

Depositionof metaphytoronshore was observed at the monitoring @itea limited number of

dates during summer of 2018 and 20IThesedateswerecoordinated wittwind eventsvhich

either were occurring at the time of observation or preceded observétidtsgan Beach on

9/20/18, a north wind and associated waves caused deposition of metaphyton algae along parts of
the shoreline therat the time of observationg he water turbulence stirred up metaphyton from

the bottom near the steps to the lake (east end of parking area), creating a thick slurry of algae
right near shore. As this washed over the boulders along the shoreline, algae and plant material
was lefton top of the boulders (Figure 40). The area was notkdve a high odadue to the

algae and plant materideposited onshoreSimilarly, metaphyton algae arichgmentsof

aguatic plants were observed to be deposited on thélssaah on the west gdbf Regan Beach
Park(Figure 41)0On 9/17/19 El Dorado Beach was observed to fiagmentsof aquatic plants

with associated alga€ladophorg washed up on boulders. This was after a strong southwest
wind event the previousvo days. The area had agsit vegetative smell.

Deposition offragmentsof aquatic plants along the shoreline was more frequently observed
during studies in 2018 and 2019 along the small beach at Regan and the broader beach at El
Dorado Beach. Observations while snorkeling omousrdates showddagmentsof aquatic

plants floating off the bottom. These floatiinggmentsof aquatic plants can drift inshore and

be deposited along the shoreline.

Very little or no metaphyton was observed washed up along the shore duakg mpnitoring.
Thelow levels ofmetaphytordeposition apparemong shore in summers of 2018 and 2019
contrasted witlgreater amounts afeposition onshore abserved aRegan and El Dorado
Beachegsluring studie2015 and 201@Hackley et al., 2018)During 2015 the lake surface
elevation was much lowgdropping to nearly 6222 ft. (a foot below thatural rin) by the end

of summer. Under conditions of low lake level witimimal slope between the beach and
offshorealong portions of the south shoreetaphyton may accumulate close to the shoreline

and be deposited onshdhgough wave activity or as the lake level receddader conditions of
higher lake levelasoccurredn 2018 and 2019with lake levelranging between approximately
6227.5ft. to 622 ft.) the metaphyton algae was observed to accumalatgy the bottom,

slightly offshore often at a transition area from relatively flat lakebed to a steeper slope to the
beach.The data from our earlier metaphyton study (Hackley et al., 2018) apdetbent study
suggest thatnearshore slope and lake level may play a role in the degree to which metaphyton
accumulates along the shoreline and is deposited on the beach. Lowered lake levels and minimal

slope to the shorelinegemed téavor movement ometaphytom | gae t o t he water 0

deposition on shorat Regan and El Dorado beaches.

71



Figure 40. Wave activity stirred up metaphyton algae and fsigrhentscreating a slurry of
material in the water with sonteingdeposited on bouldeet east end of Regan Beach Park
9/20/18.

Figure41l. Deposition of mostly plaftagmentsalongthebeach at the west end Régan Beach
Park9/20/18.
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IV.E. Predominant Algal Types
IV.E.1. Predominant Algal TypesMethods

Samples oblgaecollecied from the sitewereexamined under the microscope to determine
predominant types preseri. glass slide containing fresh material vepsckly scannednd the
predominant algae were identified to tpenus level when possible and photos were takerer Aft
examination, the algagerereturned to the main samplé formal count of the cells and algae
types was ngperformed

IV.E.2. Predominant Algal Types in MetaphytonResults

A summary of predominant algal typelsserved in samplés presented in Appelix 5. Table13
belowpresents a summary of the frequeatwhichvarious types of algae were predominant
Metaphyton was composed predominantly of flamentous green aldgemosipredominant
filamentous green algae genera w&ygnemaandSpirogyra Other filamentous green types
were also predominant in samgfeom specificsites. Foexample Mougeotiawas prevalent in
algae from deeper sites at Round Hill Pines and Skyl@w®tlogoniunwaspresenin samples
from Regan nearshorEigure 4247 slows microscope images of several of the predominant
algal types present in the metaphyton.

TheRegan nearshore and Lakessiteshad quite heterogeneous algal compositions, with
different types of algae predominant in different samples. At the Regashoee site,
OedogoniumZygnemaand Spirogyrawere frequently predominant in samples, however there
were also other types of filamentous green algae incluglitigochaeteandMougeotia
CyanobacteriaCladophoraand diatoms were also present. Lakesidtaphyton also had quite
heterogeneous algal types including prevalené&yghemandSpirogyra Chaophyteswere
also prevalent in the metaphyton samples collected from Lakeside.

The heterogeneity of the different algal types at Regan may havesdeoln either favorable
conditions to support diverse algal assemblagad/or multiple sources of algae which

contribute to the metaphytot Regan, large tributaries (Upper Truckee and Trout Creeks) and
urban runoff sourcesearbyaddnutrients whichmay contribute to the productivity of the
nearshore Algae maybe contributed to the metaphyton from periphyton (sucblagophorg
growing on rocks in the region, and from epiphytic algasmvng attached to plentiful

submerged vegetation in the area.

At somesites, he predominant algae in the metaphyton patches was litoieedmall number of
genera At Elk Pt. on 7/24/19, metaphyton was mostly (9%irogyra At the Regan site about
180m offshore, the metaphyton was primaéygnemaandSpirogyra.

At Skyland and Round Hill Pinean interesting form d¥lougeotiawas prevalent in many of the
samples. Many of thielougeotiacells were genuflexing (bending at contact points with other
Mougeotig. This was different from conjugatigqwhich is oneof the reproductive processes for
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these type of algae)rhe genuflexingnay havecontributed to the mass of algal cells holding
together as a cloud or mdss a period It is interesting to note th&lougeotiaare considered to
do well in deeper waterith less light(Zohary et al., 2019 This would be consistent with
observation®f patchesn deeper wateat Skyland and Round Hill Pines.

At Hidden Beach very little metaphyton was present. Observation of the metaphyton from that
area showed it to cerst ofmainly detritus including what appeared to be a large number of
animal hairs (possibly from dogs as this is a popular beach). Weeealso cyanobacteria
prevalent in some of the samples and diatoms similar to those present in the springgreriphy
growthon rocksjn the late July 2019 sample.
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Tablel3. Predominant algal types in metaphyton samples collected from select sites. Predominant algal type identified tel genooktypes,

AOt her Grn fil o indi€¢at amenh bMoegedidadfi indcdtes ganuflexing farm dfl@ugeotia A # S mp o |
number of samples in which algae type was predominant.
Regan Inshore Regan Offshore Lakeside Elk Pt. Round Hill Skyland Hidden
Pines Beach

Predominant  # Predominant # Predominant # Predominant # Predominant # Predominant  # Predominant *
Algae Smp | Algae Smp | Algae Smp | Algae Smp | Algae Smp | Algae Smp | Algae Smp
Oedogonium 11 | Zygnema 1 Zygnema 15 | Spirogyra 4 Mougeotigd 1 Zygnema 9 Cyana 4
Spirogyra 10 Spirogyra 1 Spirogyra 8 Zygnema 4 Zygnema 1 Mougeotid 7 Diatoms 2
Other Grn fil 7 Chaophytes 8 Mougeotia 1 Spirogyra 1 Spirogyra 5 Zygnema 1
Zygnema 5 Bulbochaete 6 Other Grnfil 1 Oedogonim 2 *Detritus 7
Bulbochaete 4 Cyanobacteria 5 Other Grn fil 1
Cyanobacteria 4 Oedogonium 4
Diatoms 4 Other Grn fil 3
Cladophora 3 Mougeotia 1
Mougeotia 1 Cladophora 1

Diatoms 1
Total Sample 13 1 15 4 1 9 7
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Fig. 43.Zygnem&aRegan offshore site-2 8/1/19

Fig. 44.Oedogoniunirom Regan &, 96/18 Fig. 45.Mougeotia(genuflexing Skyland,9/3/19

Fig. 46.Bulbochaetdel Dorado Beach 9/20/18Fig. 47. ChaophyteLakeside, 8/1/18.
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V. Assessingd.inkages between Metaphyton and Asian Clams: Sediment Pore Water and
water column Nutrients, Asian Clam excretion,Asian Clam Abundance,Algae Stable
Isotopes

Several past studies have provided data which suggests a lbidageen Asian Clams and
metaphyton algae growthrilamentous algal blooms weobserved in 2008 in areas wifsian

clam populations along portions of the soe#ist shore of Lake Tah@@/ittmam et al., 2008).
Schladow (2010) foundfilamentous algae growth to be highly correlated with Asian clam
presencebut there are other factors/ nutrient inputs that can contribute to the presence of
filamentous algal growtHurther research was needdebrrest et al. (2012) found that Asian
clams and filamentous green algae weréocated in 2009 along portions of the south and south
east shore by imaging around the lakeshore at depths <10m using an autonomous underwater
vehicle (AUV), theUBC-Gavia. Though cdocated, causality could not be demonstrated.
Wittmam et al. (2011) visually monitored filamentous green al@ygnemasp. andSpirogyra
sp.)in areas with Asian clan0097 2010 They also deployed an in situdiometer to study
filamentous algakevels along the bottom at Lakeside, Marla Bay and Glenbrobk.
deployments of than situfluorometer combined with visual field observations in both 2008 and
2009 show that filamentous algal blooms are occurringdria Bay and Lakeside but not at
Glenbrook in Lake Tahoé.aboratory gperimental work showethatexcretionfrom Asian
clamscouldstimulate the growth dfake Tahodilamentous algaeResults from their

experiments in Lake Tahoe suggested that theyetemtial for the relationship between Asian
Clams and alterations to algal concentrations. Further monitoring and experimentation was
recommended.

One of the goals of this study was to further examine linkages between the invasive Asian Clam
(Corbicula tumineg and metaphyton/ filamentous green algaeaddition to the studies of
metaphyton algal biomass, percent cover and predominant algal types already discussed, we
looked at seichent pore water angater column nutrientat the sites within and oude of

patches of metaphytonVe also looked at excretion of nutrients frésian clams The

nutrients inexcretioncan potentially impact pore watand water columnutrientswhich may
stimulate algae growthWe also collected information on Asian @labundancand shell
numbersat the study sites inside and outside of patches of metaphiithn.support from a

small pilot study grant from the UC Davis Stable Isotope facilityalselooked at stable

isotopes of*C and'®N in metaphyton algae froutifferent locations to see if there were any
patternsassociateavith Asian clam presenceThe following section presents the results of these
investigations

V.A. SedimentPore Water and Water Column Nutrients
V.A.1l. SedimentPore Water and Water Column Nutrients Methods

Water column samples were collected from 1witer columror surfaceand near the bottom
just above the sediment surfacEhese samples were collected in areas anthwithout
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metaphyton algal patcheslutrients insediment pore war both inside and outside metaphyton
patchesverealso examined.

Water column samples were collected by openiegceaned 250 HDPE sampling bottkgs
depth either by a diver or when surface samples were collected, from theSedanent pore
watersamples were collected from teediments beneath the water column sampke2-3 ft.
length ofpre-cleanedvinyl tubing (L/8 in. 1.D) with asmallpieceof nylon stockingmaterial
placed over the tip to act as a screen, was attached to a smallfpisear @and used to directly
withdraw sedment pore water from the sedimeniherebarand attached tubing were pushed
or hammered into the sediments to a depth of several inGhessediment pore water was
withdrawn intopre-cleaned 60 m$yringes Typically, atleastthreesyringesof pore water were

collectedfrom a site The syringes from a sampling site were returned to the boat where the pore

water was expelled and composited into a 250 mtf@aned HDPE sampling bottle. The
samples were retned to the lab. There the water was filtered through 0.45 Neabiyéon

filters to remove particles. Pore water from several sites developed an orange precipitate after

sitting in bottles for several hours. This was likely a result of exposure of graneiavater to

air andformation of iron precipitate§heprecipitate and sediment particles were removed by
thefiltration process.Water column and pore water samples were analyzed fefN\®IH4-N
and SRRsoluble reactive phosphorusy the UC DavisTERC lab.Standard QA/QC employed
by TERC for water chemistry wased

V.A.2. SedimentPore Water and Water Column Nutrients Results

Table14 summarizes the values for NM®, NHs-N and SRP and specific conductance for
samples collectedSediment pore wr concentrations and lake water column concentrations
for samples are plotted f&Os-N, NH4-N and SRRn Figures48 ac (when replicates were
collected, mean values are plottedevels of lake water columdOs-N, NHs-N and SRRvere
generally very lovat the sites. NON was consistently | ow (02
(Skyland near sediment surfac®6/18, 9 pg/l). Water columrNH4-N ranged from &6 pg/l.
Three water column samples from Skyland had slightly elevateeNNFiwo of these were it
water column samples outside the metaphyton g&tahd6 pg/l) and another was a near
sediment surface sample Gpg8)RP | evel s were al so | owvo(O
sample<ollected near the sediment surface from Lakeside (SRPgdl|)7and a Skyland
sample collected near the sediment surface (SRIBAH Specific conductance (SC) was
analyzed on a portion of the samples. Water column SC wasajjgrclose to 9S cmil. An
exception was at Regam &/1/19 when the water colunsamples had an SC of 8% cm.

This lowered SC likely was the result of inflow from the Upper Truckee River to thewi@sh
was shown to have a SC of S cm' on 8/7/19. The Upper Truckee River influence on this
site was apparent from the air several dates showing up as darkelored water (due to
presence oflissolved organic material (DOMin the nearshorat Regan.

Levels ofNOsz-N, NH4-N and SRRAn pore water showed a greater rands-N in pore water
(including values inside and oulsi algal patchesangal from 1-64 pg/l, with most samples <
30 pg/l. NH4-N concentrations in pore water spanned three orders of magnitude-fAdid2
pg/l at the sites The NH-N in pore water at Lakesideaslower in early Augistsamplings
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(range 104420 pg/l) and much higher a month laieiSepembersamplings (range 3138172
ug/l). SRP in pore water ranged fror21 pg/l, with all but one sampleaving concentration®
12 pg/l One pore water sample from Elk Pt. had a concentration p§21 SC in pore water
samples ranged from 126 cm'in a sample from Skyland to 318 cm' in a sample from
Lakeside. All pore water samples had S€vated above the typiclalke SC of near 9S cm?.

The samples of pore water were typically collectedifia relatively shallow depth in the

sediments (a few inches). This is relatively close to the sediment water interface and may
represent nutrients which can be released into the water column. Asian clams were also found to
be concentrated mostly in thpper few inches of lake sedime(igittmam et al.,2011).

Wittmam et al. (2011 hlsolooked at nutrient concentratiomssediment pore water from
sedimentoresat sitesAsian Clamsincluding Lakeside in March, 2009 hey foundaverage

pore water cocentrations oNOz-N generallyto beless than about 30 pgthe median NE&N
concentration was near 200 ug/l, which was near the lower range for Aug. 2018, and 2019
samples collected for this studyRP concentratioria pore water in their studyere hgher

than observed in the present st@ohedianSRP >100 pg/) at Lakeside.

There were no readily apparent associations between water column and pore watie N¥H»

N and SRP for samples from individual sites. The surface water concentrations nexedige

low with isolated incidences where the lake water had elevated N or P either just above the
sediment surface or higher in the water colufihe uniformity and low levels of water column
nutrients is expected as lake currents are constantly masatey, and there should be no
expectation of a correlation between surfaceporé wateiconcentrations. Anputrients

entering surface watefom thepore watemwould be occurring at a low rand wouldnot have

a detectable impact on surface waterasanrationsIt may bepossiblethatnutrients entering the
lake from the sedimentould betaken up byalgae (either metaphyton or algae and bacteria near
the sediment water interfgoghich spend a protracted time at specific locations

We compared pe water nutrients inside and outside of metaphyton patéigasres49 ac) to

see if presence of algae patches was associated with areas in which pore water nutrients were
elevated Concentrations were relatively similarsediment pore waténside ail outside
metaphytorpatches for many of the paired samplingfis was the case for NON in 5 of 8

paired samples, for Ni=N in 4 of 8 samples, and for SRP in 4 of 8 paired samptéswvever,

some sites did show differences in pore water nutrientdanmtches of metaphyton compared

to outside patches. NEN was higher in the pore wateeneathmetaphyton patches ford 8

sample pairs; NHwas higher inside metaphyton patches of 8 sample pairswith one

instance wher&lHs-N was highein sedinentsoutside thgpatch SRP was generally similar
sediment pore watenside and outside patches.

These results leave open the possibility grasence of some metaphyton pataney be

associated witlkelevated nutrients ithe sediment pore watet some sites Metaphyton may

also drift and not necessarily reflect nutrient levels in pore water over which it is found at any
onepoint in time. But metaphyton may take advantage of nutrients released by pore water in a
general region as it drifts algn
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Tablel4. Summary of N@N,NH&-N and SRP analyses for water samples collected a
water, AAbove Sed. o0 is water col umn s-watepdolemnjsampldf Sabbaeeseds mwat e
at surface. Sel ect samples were al so anal y zvaluesetemlrmorhg aftericdilacton).C o
Data for stream samples collected at the Upper Truckee River (near WBGESite) and North Zephyr Cr. (downstream of highway 50) on one
sampling date is also shown.

In Patch Qut Patch

Samp. NOz-N  NHsN SRP Sp. Cond.  NOs-N NHs-N SRP  Sp. Cond.
Site Name Date Point (>a/l) (>all) (>all) (>S/cm) (>all) (>all) (>all) (>S/cm) Notes
Lakeside 8/1/18 Sed. Porel 25 41 2 NA 6 409 3 NA
Lakeside 8/1/18 Sed. Poreg 28 218 3 NA 17 96 2 NA
Lakeside 8/1/18 Mean 26.5 129.5 25 11.5 2525 25
Lakeside 8/1/18 Above Sed1 1 2 6 NA 1 2 2 NA
Lakeside 8/1/18 Above Sed2 1 0 2 NA 1 3 1 NA
Lakeside 8/1/18 Mean 1 1 4 1 2.5 15
Lakeside 8/1/18 Mid-H20-1 1 3 2 NA 1 4 1 NA
Lakeside 8/1/18 Mid-H20-2 NA NA NA NA 1 4 1 NA
Lakeside 8/1/18 Mean 1 3 2 1 4 1
Lakeside 9/4/18 Sed. Porel 10 4211 2 NA 24 3587 2 NA
Lakeside 9/4/18 Sed. Pore 19 4133 2 NA 11 3212 2 NA
Lakeside 9/4/18 Mean 14.5 4172 2 17.5 3399.5 2
Lakeside 9/4/18 Above Sed1 2 2 7 NA NA 5 1 NA
Lakeside 9/4/18 Mid-H20-1 1 4 1 NA 1 5 NA NA
Lakeside 7/24/19 Sed. Porel NA NA NA NA 1 76 3 188/187*
Lakeside 7/24/19 Mid-H20-1 NA NA NA NA 1 2 1 90*
Lakeside 8/1/19 Sed. Porel 18 420 2 177 8 104 4 174
Lakeside 8/1/19 Mid-H20-1 2 2 2 NA NA NA NA NA
Lakeside 9/4/19 Sed. Porel 1 3138 2 312 3 3508 1 210
Lakeside 9/4/19 Above Sed1 1 1 0 88* 2 4 0 91*
Lakeside 9/4/19 Mid-H20-1 2 3 0 94/94* 1 4 0 89*
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In Patch Out Patch
Samp NOz-N  NHs-N SRP Sp. Cond.  NOs-N NHs-N SRP  Sp. Cond.

Site Name Date Point (>a/l) (>a/l) (>a/l) (>S/cm) (>a/l) (>a/l) (>a/l) (>S/cm) Notes
Regan B. 8/1/18 Sed. Porel NA NA NA NA NA NA NA NA

Regan B. 8/1/18 Above Sed1 1 0 2 NA 1 1 1 NA

Regan B. 8/1/18 Above Sed2 1 0 2 NA NA NA NA NA

Regan B. 8/1/18 Mid-H20-1 1 1 1 NA 1 1 1 NA

Regan B. 9/6/18 Sed. Porel 5 124 1 NA 4 12 3 NA

Regan B. 9/6/18 Sed. Pore 4 240 1 NA 3 14 2 NA

Regan B. 9/6/18 Mean 4.5 182 1 3.5 13 25

Regan B. 9/6/18 Above Sed1 0 2 1 NA 1 2 1 NA

Regan B. 9/6/18 Mid-H20-1 1 2 1 NA 1 2 1 NA

Regan B. 8/1/19 Sed. Porel 19 8 6 169 NA NA NA NA Near B2
Regan B. 8/1/19 Mid-H20-1 2 3 1 83 NA NA NA NA Near B2
Regan B. 8/1/19 Sed. Porel NA NA NA NA 2 3 5 149 Offshore
Regan B. 8/1/19 Surface H20 NA NA NA NA 2 1 2 83 Offshore
Regan B. 9/4/19 Sed. Porel NA NA NA NA 2 2 3 155/159*

Regan B. 9/4/19 Above Sed1 NA NA NA NA 2 2 1 NA

Regan B. 9/4/19 Mid-H20-1 NA NA NA NA 1 1 1 90/91*

Skyland 9/6/18 Sed. Porel 40 5 9 NA 2 6 7 NA

Skyland 9/6/18 Sed. Por& 1 6 8 NA 19 2 6 NA

Skyland 9/6/18 Mean 20.5 5.5 8.5 10.5 4 6.5

Skyland 9/6/18 Above Sed1 9 5 6 NA 1 3 1 NA

Skyland 9/6/18 Mid-H20-1 0 3 0 NA 1 3 1 NA

Skyland 7/31/19 Sed. Porel 2 158 12 121 2 18 10 108

Skyland 7/131/19 Above Sedl NA NA NA NA NA NA NA NA

Skyland 7/131/19 Mid-H20-1 2 5 1 94 NA NA NA NA

Skyland 7/31/19 Surface H20 NA NA NA NA 2 1 1 93 Offshore
Skyland 9/3/19 Sed.Porel 2 58 3 NA 2 29 3 NA

Skyland 9/3/19 Above Sed1 1 3 1 NA NA NA NA NA

Skyland 9/3/19 Mid-H20-1 1 6 1 NA NA NA NA NA
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In Patch Out Patch
Samp. NOz-N  NHs-N SRP Sp. Cond.  NOs-N NHs-N SRP  Sp. Cond.
Site Name Date Point (>a/l) (>a/l) (>a/l) (>S/cm) (>a/l) (>a/l) (>a/l) (>S/cm) Notes
Elk Pti Marla Bay 7123/19 Sed. Porel NA NA NA NA 2 9 21 167/165*
Elk Pti Marla Bay 7123/19 Mid-H20-1 NA NA NA NA 2 2 1 92*
Elk Pti Marla Bay 7/23/19  Under Barrier  NA NA NA NA 2 73 2 104 Bottom barrier
Hidden B. 8/2/18 Sed. Porel NA NA NA NA 60 85 16 NA
Hidden B. 8/2/18 Sed. Por& NA NA NA NA 68 61 2 NA
Hidden B. 8/2/18 Mean 64 73 9 NA
Hidden B. 8/2/18 Above Sed1 NA NA NA NA 1 2 1 NA
Hidden B. 8/2/18 Above Sed2 NA NA NA NA 1 1 1 NA
Hidden B. 8/2/18 Mean 1 15 1 NA
Hidden B. 8/2/18 Mid-H20-1 NA NA NA NA 1 2 1 NA
Hidden B. 8/2/18 Mid-H20-2 NA NA NA NA 1 2 1 NA
Hidden B. 9/5/18 Sed. Porel NA NA NA NA 6 4 2 NA
Hidden B. 9/5/18 Sed. Pore NA NA NA NA 4 3 3 NA
Hidden B. 9/5/18 Mean 5 3.5 25 NA
Hidden B. 9/5/18 Mid-H20-1 NA NA NA NA 0 2 1 NA
Hidden B. 7122/19 Sed. Porel NA NA NA NA 11 5 7 128
Hidden B. 7122/19 Sed. Por& NA NA NA NA 17 8 3 147/139*
Hidden B. 7122/19 Mean 14 6.5 5 137.5
Hidden B. 7122/19 Mid-H20-1 NA NA NA NA 2 1 1 89*
Hidden B. 9/3/19 Sed. Porel NA NA NA NA 1 2 3 148
Hidden B. 9/3/19 Above Sed1 NA NA NA NA 1 3 1 NA
Hidden B. 9/3/19 Mid-H20-1 NA NA NA NA 1 2 1 91*
NOs-N  NH4-N SRP Sp. Cond.
Site Name Date (>al/l) (>a/l) (>a/l) (>S/cm)
(Streams)
Upper Truckee  8/7/19 12:00 20 1 7 63
North Zephyr 8/7/19 12:40 13 1 7 123
(Urban Runoff)
Pasadena Ave. 12/2/19 134 2285 247
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Figure 48 ac. Sediment pore water concentrations and lake water cobemeentrations of

NOs-N, NHs-N and SRP for sites (indicated different symbols) in summer of 2018 and 2019.
Colors: orange = water column sample collected just above lake sediment surface; blue = sample
either was collected in midiater column or at the surface.

83



Pore Water NO5-N
35
. 30
E 25
g 20
<]
o 15
=
C‘)‘” 10
=
5
0
Regan Lakeside Lakeside Lakeside Lakeside Skyland  Skyland  Skyland
9/6/2018 8/1/2018 9/4/2018 8/1/2019 9/4/2019 9/6/2018 7/31/2019 9/3/2019
M Inside Metaphyton Patch ® Outside Metaphyton Patch
a.
Pore Water NH,-N
10000
= 1000
=
%}
S 100
o
=
.
I 10
=
1
Regan Lakeside Llakeside Lakeside Lakeside Skyland Skyland  Skyland
9/6/2018 8/1/2018 9/4/2018 8/1/2019 9/4/2019 9/6/2018 7/31/2019 9/3/2019
® Inside Metaphyton Patch m Outside Metaphyton Patch
Pore Water SRP
14
12
10
=
— 8
o
=
8 6
£ 2
v
2
0
Regan Lakeside Lakeside Lakeside Lakeside Skyland Skyland  Skyland
9/6/2018 8/1/2018 9/4/2018 8/1/2019 9/4/2019 9/6/2018 7/31/2019 9/3/2019
M Inside Metaphyton Patch W Qutside Metaphyton Patch
C.

Figure49 ac. Concentrations of N&N, NHs-N and SRP in sediment pore water ociiéel
inside and outside of metaphyton patches.
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V.B. Nitrogen and Phosphorus in Asian Clam Corbicula fluminea Excretion

We measured the amount of clam excretion collected over a short period of time to estimate the
rates of nutrients released and aletlectedsamples of the excretion for stable isotope analyses.
The methods and results for this test are reported below.

V.B.1. Nitrogen and Phosphorus in Asian Clam ExcretioiMethods

On 7/23/19 the dive team collected samples of Asian clams frogatitly bottom sedimendsa
depth ofapproximatelyom slightly offshore of Elk Pt., NV. (near the south end of Marla Bay).
Small shoved with slotted openings were used to scoop the clams located near the sand surface
into aZiploc bag. A sufficient numier of clams was collected to proviélé clams of similar

size(a subsample of 20 clams was measured and hadsizesf 2 cmacrosy. The clamsvere
lightly scrubbed with a toothbrush to remove any adhering dirt or algae, and rinsed in filtered
lake wate (GF/F filtered, collected from Mithke the previous dayandplaced brieflyin a bag

of filtered lake water A subsample of the filtered lake water was saved to determine initial
concentrations of N&N, NHs-N and SRP .40 clamseachwere added to dlipate 1 liter

Erlenmeyer flasks containing 720 ml of GF/F filtered Miake waterat 10:40am on7/23/19to

start the excretion tesiThe flasks were kept in the shade in a cooler and returned to the lab at
TERCDby 12:30pm. In the lab the flasks witHams were kept at room temperature (20°C), with
aeration applied equally to both flasks. The clams were held in the flaskk 3@hours over

which time their excrén accumulated in the water. Since the lake water in the container was
filtered, theydid not feed on phytoplankton during this period. Excretion was assumed to be
associated with feeding at the site prior to collectiafter 11.33hours, water from the flasks

was removed and filtered through a 0.45 micron M@gngon filter and the watr saved for

nutrient (NQ-N, NHs-N and SRP analysis. A portion of the water containing excretion was also
saved for possible stabkotope analysis.

V.B.2. Nitrogen and Phosphorus in Asian Clam Excretion Results

The results of the excretion test ioglied the Asian clams excreted primarily dHN and SRP,

with no detectable N&N excreted (Tabld5). The average NH# excretion rate was 236 g
NH4-N per clam per hour and the average SRP excretionvest®.36 ug SRP clart hrt.

These rates areswy similar to excretion rates reported for Asian clams in Marla Bay in 2009
(McNair, 2010Q: NHas-N of 89 ppb/clam/day (which is equivalent2®&7 ug NHs-N per clam per
hour for 720ml water volume as used in our tests) and SRP of 12.35 ppb/clam/dayigwhich
equivalento 0.371pg SRP clarit hr? for 720 ml volume used in our tests. These excretion
rates for Tahoe Asian clams are about an order of magnitude lower than rates found for Asian
clam excretion in a North Carolina River (Lauritzen and Mozley9),98hich were28.84ug

NHz-N and 11.15ug PQs-P.

Excretion from large numbers of clams in the sedimesatsid result in elevated levels of NH
N and SRP in the sediment pore watdfggh concentrations of NHN werefoundin sediment
pore water both wihin and outside the metaphyton patch at Lakes&hching as high &138
4172 pg/lin the Sept. samplesA portion ofthis NHi-N may have been contributed bam
excretion some may also result from other biological and chemical reactions in theeseslilt
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was interestinghatthe levels oNHas-N in the sediment pore watappearedbe lower earlier in
the August samples amad increaseat Lakeside later in the summer. This was true for pore water
both from inside and outside the metaphyton patch

Since the clams also excrete SRP it might be expected pore water concentrations of SRP would
also be elevatedinterestingly though, the amount of SRFpore water was relatively low for
most samplesanging to 7 ug/l.

We estimated the amountdH4-N and SRP that could be released associated with clam
excretion For a patch of lake bottom 100m x 100m (1 hectare), with 800 claniséar the

median number of clams at Lakes{dee sectioV.C. on clam abundancés}he excretion
contribution of NH-N from the clams would be 506 g/ha/day and the SRP contribution would be
69 g/ha/day. In comparison, the median contribution of DIN3(NG NHs-N) in atmospheric
deposition to the lake surface at Aadke is around 4 g/ha/day and the contribution oP &R

about .05 g/ha/dayThe nutrients in excretion represent recycled nutrigaterated from

feeding on phytoplankton in the water column and organic material in the sediments

Theseresults need to be considered with knowledge of the inherent pegslohAsian clam
populations at Lake Tahoe. During extensive sampling at the height of the Marla Bay Asian clam
occurrencéWittmam et al., 2008)dozens of grab samples of sediment were taken to estimate
clam density. The clam densities ranged from A@€0 clams/rto zero, with the majority

showing zero clams present. It is expected that even in a known area of clam pres@ace, the
watersamples will show a similar patchiness.
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Tablel15. Clam excretion experimergsults.

Excretion Excretion Excretion
Rate Rate Rate
Test Test Start Collection # Asian Elapsed Vol. NO3N NH4-N SRP Sp.Cond. NO3N NH4-N SRP
Sample Date Time Date Time Clams Time L) (>al/l) (>a/l) (>g/l) >Slcm/sec >gl/clam/hr >g/clam/hr >g/clam/hr
Replicate 1 7/23/1910:40 7/23/1922:00 40 11.33hr 0.720 2 1779 236 -.003 2.823 373
Replicate 2 7/23/1910:40 7/23/1922:00 40 11.33hr  0.720 2 1544 221 89 -.003 2.453 .350
2 1662 229 -.003 2.637 .361
Initial Lake H20 - 7122119 - - - 4 2 1 92 - - -
Tablel16. Pore Water, water column and under bottom barrier nutrients.
Out Patch
Samp. NH4-N SRP  Sp. Cond.
Site Name Date Point (>al) (>al) (>S/cm) Notes
Elk Pti Marla Bay 7/23/19 Sed. Porel 9 21 167/165*
Elk Pti Marla Bay 7/23/19 Mid-H20-1 2 1 92*
Elk Pti Marla Bay 7/23/19  Under Barrier 73 2 104 Bottom barrier
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These nutrient inputs could impact metaphyton algae gravitications like Lakeside and

Skyland. The combination of N + P as is present in clam excretion may be particularly
beneficialfor algal growth In bioassays using Lake Tahoe phytoplankton through the years, the
combination of N and P added together waarly always stimulatory tihe phytoplankton

(Hackley et al., 203). | $pdssiblethe filamentous algaie the metaphytomay similarly

benefit fromthe combination of N and €ontributed with clam excretion

V.B.3. Nutrient Accumulation under Bottom Barrier

In addition to testing excretion levels using clams collected from Elk Point, we edigsshples

of water which might be seeping into the lake from the sediments there for nutrient analysis and
stable isotope analysi©n 7/11/19, 40 ft. X 10 ft. sheet of EDPM rubber pond line@nchored

with heavy gage rebawas placed over the sedimeatfjacent tadhe areavherethe clams for

the excretion experiment were collected from. After 12 days (on 7/28@Watermaccumulated
under the barrier as sampled to check for levels of nutrier®are water from sediments

adjacent to the barrier was also sampled.

The results of samplingf sediment pore wat@djacent to the barrier and sampling of the water
accumulatedinderneath the barrier are prated in Table 16Sediment pore water collected
adjacent to the barrier was found to have slightly elevatedNN{® pug/l) and elevated SRP (21
pa/l). The elevated NHN and SRP in the pore water at Elks Pt. may have been the result of
Asian clam excretin. Water collected from underneath the bottom bawigich had been in
place forl2 daysalsohad an elevated NN concentration 73 pg/l compared with MN in the
water column (2 pg/l), while SRP levels under the bawiere only slightly elevate(® pg/l)
compared to thevater column water from the same area (1 pg@becificconductanc€SC) of
pore water adjacent to sediments capped by the barrier, was 17 u&hile SCof water
collected under the barrier was 104 p S/cm/sec. Typical lakecsuvater Sp. Cond. is near 92
uS cmtwhich was observed in the midater column sampleThe elevated Sp. Cond. in the
water from under the barrier indicates there may have been transfer of pore water into the
overlying water.

The elevated NHN underthe barrier may have representedsN¥Hcontributed to surface water
from clam excretion.Chemical changes in water quality under the barrier wisagossible if
the wder and sediments became anoxi¢e do not have information on the level of oxygen in
water underneath the barrier for this sampling.

V.C. Asian Clam Abundance

Estimates of numbers of livisian clams andead (relicklamshells werenadeat Regan,
Lakeside Skyland and Hidden Beach to relate to information on nutrients and metaphyton

V.C.1. Asian Clam Abundance Methods

Two to three replicate samples of clams were colldoyedivers Plastic scoops which retained

clams and shells but let sand grains pass through were used to collect clams and shells to a depth
of 3-4 inches in the sandrom within areas outlined by a 0.25 x 0.25®.0625 nf) randomly

placed quadrat. Clams and shells collected from the sand were placed in plastic bags and
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returned to the boat. Live clams, relic shell pairs and single valves were counted to determine
numbers at each sampling site.

V.C.2. Asian Clam Abundance Results

No Asian clams were found at Hidden Beach, aery \ow numbers of live clams were found at
Regan Beach, while Lakeside and Skyland had relatively high numbers of dlabiel7
summarzes the meanumbers of live Asian clam®und at the sitesn different dateand
Figure50 summarizes the data for all replicates collected from sites in a box arcemblist

Close to shorat Reganmean numbers of live clanpger sampling dateanged from0-16
clams/nt inside metaphyton patches an@ 6lams/nt outside patches. AbotB80m offshoreat
ReganAsian clamnumbers were slightly higher (32ams/n?).

At Lakeside high numbers of Asian clams were foumath inside and outside the metgfon
patch. Inside the patchneannumbersper sampling datef clams ranged from 688 to 1016
clams/nt (overall:mean = 784lams/n?, median = 784lams/n?). Outside the patcimean
numbers ranged from 632 to 10dl@ms/nt (overalt mean = 85&lams/nt, median =888
clams/n?). These numbers are higher than reported in Wittmearal. (2011for Lakeside
(median number of clams of approximately 200 clamstith a maximum of 800 clamsAin
2009.

At Skyland,themeannumbers of live clameollected perampling dateanged from 224 2608
clams/nt inside metaphyton patchésverall: mean = 1290.7, median = 1040dfrom 416
1224 clams/routside patche@®verall: mean = 776, median =688 clamy.

The numbers of dead clam or relic shells was also eduntsamples. Generally low numbers
of shells were observed in the nearshore area at Regsam (0f0-24 paired shell valves perm

in patches, @0 paired shell valves perdoutside patchgswith slightly more (16§aired shell
valves per rf) approximately 180m offshore. At Lakeside, there were large numbers of shells
within the metaphyton patch area mean range-@8M paired shell valvgser nf) and

generally fewer numbers outside the patch (ranf)@4B paired shell valvgser nf). At

Skyland, réatively low numbers of sheli®-56 shell pairs per frinside and outside patches)
were found for several of the samplings. However, on one da8B,19, there was a large
number of shells (2752736 paired shell valves per square meter) associate@ wétch of
metaphyton. There were also a large number of live clams associated with this pateh (2032
3084/nf). From aerial images at Skyland we know there are many large patches of shells
towards the outer portion of the shelf along shore.
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Tablel7. Summaryf number of live Asian clams and shells at sites on sampling @éss+ std. deviation with (ngollection
replicate3. il nsi de Patcho is inside metaphyton patch; fAOutside Pat
shells.

Inside Patch Inside Patch Inside Patch Outside Patch | Outside Patch| Outside Patch

Site Live Clams Shells Shells (Nor Live Clams Shells Shells (Nor
Date (Valve pairs) | paired valves) (Valve pairs) paired valves)
- (#/ nP) (# ) (# ) (# n?) (# ) (# )
ReganNearshore 8/1/18 0£0(3) 0£0(3) 0+£0(3) 5+£9(3) 0+£0(3) 5+£9(3)
ReganNearshore 9/6/18 0+0(2) 8+11(2) 0+0(2) 811 (2) 40 + 34 (2) 8+11(2)
ReganNearshore 8/1/19 8111 (2 24 £34 (2) 56 £ 11 (2) - - -
ReganNearshore 9/4/19 16+ 0 (2) 8+11(2) 144+ 23 (2) - - -
Mean 5.3 8.9 6.4 16
Median 0 0 0 0
n 9 9 5 5
Regan Offshore 8/1/19 32+0(2) 168+ 57 (2) 88+ 11 (2) - - -
Lakeside 8/1/18 744 £11 (2) | 3240+ 11 (2) - 1016 + 260 (2) | 1048 £ 125 (2) -
Lakeside 9/4/18 688 + 272 (2) | 1160 + 419 (2) - 632 + 487 (2) 96 £ 0 (2) -
Lakeside 8/1/19 688 + 543 (2) | 2008+1120 (2)| 864 + 656 (2) 880 + 91 (2) 648 + 34 (2) 168 + 102 (2)
Lakeside 9/4/19 | 1016 + 283 (2)| 560 +249 (2)| 184+57 (2) 896+ 339 (2) 8+11(2) 24 £11 (2)
Mean 784 1742 856 450
Median 784 1336 888 360
n 8 8 8 8
Skyland 9/6/18 224 + 23 (2) 16 + 23 (2) 0+0(2) 416 + 113 (2) 0+0(2) -
Skyland 7/31/19 | 2608 + 815 (2)| 3744+1403 (2)| 3920+1471 (2)| 688 +23(2) 48+ 0 (2) 8+11(2)
Skyland 9/3/19 | 1040 + 656 (2)] 48 +45(2) 40 + 34 (2) 1224 + 464 (2)| 56 11 (2) 48 £0 (2)
Mean 1290.7 1269.3 776 34.7
Median 1040.0 56 688 48
n 6 6 6 6
Hidden 9/4/18 - - - 0£0(2) - -
Hidden 7/22/19 - - - 0£0(2) - -
Hidden 9/3/19 - - - 0+0(6) - -
Mean 0
Median 0
n 10
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Asian Clam Abundance & Metaphyton Patches
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Figure50. Abundance of live Asian Clams at sites inside metaphyton patches (IP) and outside
metaphyton patches (OP). Whisker and box plot, horizontal direegquartiles, center line is
medi an, fAX0 is average of all wvalues, whisker

V.C.3. Asian Clam Abundance Discussion

There were no Asian Clams or shells found at Hidden Beach. There was a small amount of algae
along the btitom which included detritus, cyanobacteria and some algae which appeared to be
derived from the periphyton on nearby boulders. The algae was only visible when swimming
underwater and was not similar to the bright green metaphyton patches observedeasmurght

and southeast shoréow to moderate level@ising mean when replicates were collectsd)

NOz-N (1-64 ug/l), NHs-N (2-73 pg/l) and SRP (Bug/l) were found in pore water at Hidden

Beach. Asian Clams are not impacting this site.

At Regan Beackhere were very few live clams and shells in the nearshore.i rowlerate

levelsof nutrients were found in pore water RO (2-19 ug/l)including samples inside and
outsidepatches, N&N (2-182ug/l), and SRPX-6 ug/l). There were relatively large dtes of
metaphyton near the shore there, a large amount of aquatic vegetation, much of it with algae and
metaphyton filamentous green algae, as well as thick growth of attached perigladophora

along the boulder breakwater lining the park.

The subsintial metaphytogreen filamentous algae growtilgae and periphyton at Regaay

be supported by nutrient inpdtem sources othdahan Asian Clams. There are few live clams

in the nearshore. THépper Truckee River and Trout €xk flowinto the lakehrough the

Upper Tuckee marsh west of this site. The inflow from these strégmsally hugs the shore to
the east and can impact Regan. Evidence of stream impact on this site was seen during aerial
observations as darker colored plume of water astroge. Alsospecific conductivityin the
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mid-water column at Regan on 8/1/@B uS cml) was lower than typical lakealueof 92 uS
/cm. TheUpper Truckee Rivecontributes nutrients which may impact algae growth (for
instance on 8/7/19, it had\(03-N concentration of 20 w/l, NHN of 1 ug/l, SRP of 7 pg/l.
Storm water and urban runoff also enter the lake near this site, which can have high
concentrations of nutrients. A samplestdrm water discharging to the lakePasadena Ave.
onl2/2/19had quie high levels of nutrients.e. NOs-N 134 pg/l, NH-N 2285 pg/l, SRP 247
pg/l). The productiveaquatic plant and algae growthRetgan Beach maye due to nutrient
inputs associated with surface runoff there

At Lakeside there were large numbers of Ilemsand a large patch of metaphyton present

The data collectenh this and previous studissiggest @otentiallinkage between Asian Clams
and metaphyton at this sitdhere may be additional factors contributing to the development of
the metaphytopatch theres well though The presence of high levels of b in pore water
concentrations inside and outside of the metaphyton patch and also high numbers of clams inside
and outside the patch suggests a possible linkage between the clams:avdadvidentrations.

The increase in NHN from August to Sept. in pore water samples may indicate contribution of
NH4-N by the clams. Wittmamet al (2011Yound veliger(clam larva)production to increase in
late summer.Williams and McMahon (1989) foundisian Clam excretion may increase during
spawningi Corbiculaflumineashowed a 2040-fold increase in excretion with spawning.

Clams may beaddingmore NH-N into the sediments associated with excretion later in the
summer.Other chemical and biologicalgresses in the sediments may also be contributing to
the late summer increase in MN. Loeb (1987) looked at lake sediment pore whlids-N

along the south shore near Pope Beach and offshore of the Upper Truckee marsh and also
observed seasonal fluctuatiwith highest values observed during the sumhmereased

microbial activity in the sediments during the summas thought to be a potential cause

Relatively low levels of SRP1(4 ug/l) were observed in Lakeside sediment pore water despite
large nunbers of Asian clams. This is contrary to what might be expected since SRP is elevated
in clam excretion. Wittmann et al., 2011 also looked at SRP in pore water from the Lakeside
area and did find elevated SRP. We do not fully understand why the SR {easin the

samples we collected at Lakesidéis possible there may have been loss of SRP from solution

in our samples when the samples became oxygenated see discussion in fdaltristpossible

2Many ofthe pore water samples appeared to produce an orange precipitate after collection, an
indication that the water was anoxic. The precipitates likely were complexes of insoluble iron
oxides which formed as oxygen entered the water prior to filtrationitatee day. PO4 can

also complex with iron oxides. The precipitates were removed during filtration with-a 0.45
micron filter prior to analysis. Wittmann et al. (2011), also looked at SRP in sediment pore
water in areas where clams were present atdidken 2009. They used a different method in
which sediment cores were collected and frozen, then the frozen core was divided into sections,
thawed, and pore water filtered through a GF/C filter (/di@on pore size), then the water was
frozen again uil analyzed. They found much higher SRP concentrations in pore water (> 100
pg/l) at Lakeside and even higher concentrations at Marla Bay {6@0@g/l in a majority of
samples). The larger pore size filter they used may resulted in more parastatated P

passing through the filter and being picked up in their analysis as SRP.
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that the SRP was taken up rapidly by microorgagisnthe sediments. Or that other chemical
reactions were occurring in the sediments resulting in low SRP in the pore water.

NO3-N was also relativeljow in sediment poréfom Lakeside It is possible the clams are
having some impact doss ofNOs-N through denitrification.Corbicula has been shown to
increase denitrification in sediments in some systems (Turek and Hollein, 2015).

The filamentous green algae metaphypaichat Lakeside wasery interesting The layer of
algae observed by divers w&$ inches thick on one date atidtre was nearl$00% cover over
the bottomin the area where it was locatetihe patch appeared to mostly disappear in the
winter based on UAV images here were greater numbersatdmshell coincident with the
patchlocationcompared withthe areautside it. The patch appears to ba imansition area
from shallower taslightly deepeibottom arealong the shelf offshore. Currents may naturally
deposit the shells in this transition ar€blistorical images from Gage Earth show the
presence of shell patches in this a@reeecent years) It is possible the metaphytaimilarly
tends to accumulate or stay in place in tlepressiorarea. The presence of shells may also
provide substrate for filamentous algae ttaeh to or become entangled viitland so be held in
place. It is possiblghat a combination afutrient inputdrom clams, topographygurrent effects
as well aphysicalroughnesgrovided by shells along the bottpmay contribute to the
developmenbf the metaphyton patch at Lakeside.

At Skyland, the number of live clams inside and outside patches was more variable and the
association with presence of metaphyton patches was not consigteng. were slightly more

live clams outside metaphyton pagshthan inside patches for samplings done in Sept. 2018 and
2019 However, for the 7/31/19 sampling there were very large numbers of live clams (mean =
2608/nt) and shell pairs (mean=3744nassociated with a filamentous green metaphyton patch.
The metahyton in the patch at this site, may have resulted from attachment sites afforded by the
shells, and/or nutrients contributed by the live clams or both.

Both the helicopter and UAV images shdark patches of metaphyton over th@ndybottom at
Skyland. These patchesere fairly large (up t8m x 5m) and extend upff the bottomabout

0.5 m Underwater photos collected during sampling also sihenetwere also areas of bottom

with variablecoverage with small patches of metaphyton. The diaissobseved thin coating

of algae over the bottom on at least one. The metaphyton was also observed to move along the
bottom in this area.

The images from the helicopter of Skyland show an area with substantial white patches of
offshore of Skyland. These rgsent larg@atchesf clamshells. Inspection from just below
the surface indicated algaeeaw portions of the shell bed&orrest et al (2012h their surveys

with anAUV, also noted the presence of clams off of this area in 2009. Currents maygiay a
in moving both clamshells and metaphyton algae at Skyland. Model simulations of currents
along the southeast shore Ighiadowet al. (2014have shown theurrents do affect the shelf
area there. Currents likely play a role in the accumulatioargélpatches of shells on the
sloping shelf offshore there.
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Currents may also move metaphyton out of this shelf area at Skyland. Ond/68
monitoringat Skylandjarge patchesf metaphytorwere observed. When we returrtedhe

site later in Sptember after a strong south west wind eviird, metaphyton patches were gone.
They apparently had been either moved or dispersed by currents associated with a period of
strong winds.

Overall at Skyland, gre water levels of NHN werelow to moderate (A58 pg/l) and SRP

slightly elevated (3.2 pg/l). There were areas with substantial live clams, and shells. The
nutrients produced by the clams and the association of algae with shell patches, suggest there is
potential for a linkage between the algaevgh and presence of clams either due to nutrient

inputs or physical impacts of the shells or b&hrrents can impact algae and distribution of

shells at this site.

V.D. Stable Isotopes=C and >N in Metaphyton Algae

Thereis a growing body oévidencesupportinginkages between the Asian clams and
metaphytohgreen filamentous alggkowthin Lake Tahoe This would be evident through the
co-location of metaphyton in areas wldrge numbersf live clamsas well as shells (Wittman

et al.,(2008; Schladow et al. (2010Wittmam et al,(2011); Forest et al (2012 here have
beendemonstratiosof the potential for clam excretion to stimulate filamentous algae growth
(Wittmam, et al., 201); elevated NH-N in sediment pore watéom sites with clara

(Wittmam et al., 2011this study; elevated SRP in pore water from sites with clams (Wittman
et al., 201). There are alsother factors that may contribute to the observed distribution of
metaphytoratsites (i.ecurrentsand accumulation of metaytion in depressionsother sources

of nutrients including tributary inputs and storm water inputs, presence of aquatic vegetdtion
clam shellsas attachmemgointsfor filamentous algae.

We were interested mwhether there was a way directly demonsgratealink between Asian
Clam and growth of metaphytat the sitesndwhether stable isotope$ 1*C and™N could be
used to assess a linkage between nutrients in clam excretion and growth of the metaphyton.

We received a small pilot study grantrfrahe UC Davis Stable Isotope Facility to apply to
stable isotope sample analyses, to test whether stable isotopes could be used to demonstrate a
linkage between clams and metaphyton growth.

The approach we took was to examine stable isotopes in maia@igae and algae from a

range of sites around the lake, with and without presence of Asian clams. Then compare the
range for values, and range for valuea gpecific source related to clams, i.e. excretion. This
wassimilar toan approach recommendiedPeterson and Fry (1987):

Al't is often Iimpossible to judge on theoretic
be useful in solving a particular field research problem. However, by analyzing a few carefully
selected samples, one can ofteetermine whether further analyses will contribute significantly

to a solution. One initial objective is to determine signal to noise ratio. If isotopic differences
between pools are very large and the variation within pools is small, isotopes male@arery

powerful tool, and a & samples may be very effective
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If the range for isotopicatioswere relatively low within algaffom areas witHittle or no clams
andthe levelsnhoticeablydifferent in algae from areas with a large presence ofsiduis would
be a first step ishowing a linkagéetween presence of clams and metaphyton at the sites

The next step wa® look at stable isotopes in excretion products produced by the clams and
compare to levels in clams from within clampacted aras. Oumplanwas to analyze stable
isotopes both in excretion produced by the claaftgwith stable isotopes isome potential
natural waters which may supply nutrition to the clangstfibutary waterstorm waterground
water and pore water, predation). However, concentrations of NOI andNHs-N in manyof
the wateisamplesascollected were too low for analysi stable isotopesA few samples did
have sufficient NN for stable isotope analysis BN NHz-N, these include@samples of clia
excretion,Pasadena Avetorm water and sediment pore wdtem Lakesidg. With lab
closures due to the COVID19 pandensitable isotope analyse§the water samplesere not
completel as of preparation of this report. However, analyse§®and'*N in algae samples
were complete and we report the results here.

V.D.1. Methods

Metaphyton filanentous green algae and other algae samples were collected during site
monitoring visits and associated with grottngthing visits. Portions of samples welged at

60°C and stored frozen. A portion of these samples were selected for anal§Gisuad°N

analysis, focusing on primary study sites, with select samples from other areas of the lake. The
dried samples were ground to a powder using a cleaoer and pestle, and a small amount of
the ground algae (usually -83mg) added to a tin capsule, the capsule folded and sealed and
placed in a tray in preparation for analysis by the UC Davis Stable Isotope Fad{lify.SIF
descriptions of procedurésr 3C and™®N isotopeanalysis of the are presented below.

Samples were analyzed fo€ and®N isotopes at UCD SIF using a PDZ Europa ANGAL
elemental analyzer interfaced to a PDZ Europ2@@sotope ratio mass spectrometer (Sercon

Ltd., Cheshire, i). Samples are combusted at 1000°C in a reactor packed with chromium oxide
and silvered copper oxide. Following combustion, oxides are removed in a reduction reactor
(reduced copper at 650°C). The helium carrier then flows through a water trap (magnesium
perchlorate and phosphorous pentoxide)ahtld CQ are separated on a Carbosieve GC column
(65°C, 65 mL/min) before entering the IRMS.

During analysis, samples are interspersed with several replicates of at least four different

laboratory reference matelsaThese reference materials have been previously calibrated against
international reference materials, includilyEA-600,USGS40,USGS41,USGS42,USGS
43,USGS61,USGS64,andUSGS65)r ef er ence materials. A sampl e
ratio is masured relative to a reference gas peak analyzed with each sample. These provisional
values are finalized by correcting the values for the entire batch based on the known values of

the included laboratory reference materials. The long term standard aievsadi.2 pemil

for 23C and 0.3 pemil for N.
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The final delta values, delivered to the customer, are expressed relative to international standards
VPDB (Vienna Pee Dee Belemnite) and Air for carbon and nitrogen, respectively. For

information on deltanotation and the international references, please refer to a stable isotope
reference such as Sharp, Z. (20B&hciples of Stable Isotope GeochemigtPyentice Hall).

Samples of clam excretion water collected from the clam excretion test, sampbes wafer
collected from the siteand storm watewas filtered on the day of collection througi5
micronpore size nylon Magm&filters. A portion of the water was refrigerated athlyzed for
NO3-N, NH4-N and SRP at the UC Davis TERC lab. Anothetiporwas frozen for potential
later analysis be the UBavis Stable Isotope Facility.

U°N in NHz in clam excretion, pore water from Lakeside and stormwater from Pasadena Ave.
wasalsoto be analyzed by the UCD Sé#fter the lab reopened following closure due to the
COVID 19 pandemic. Samples had not yet been analyzed as of preparahisrdoéft report.

V.D.2. Results

The results for analysis 6f°N andi'*C, Total Carbon, Total Nitrogen and Mol@r N ratios in
metaphyton algae and other algae samples are presented in Table 18. ReégtGsfatii°N
in metaphyton algae aréopted by site in Figure 51 and 52 respectively.

1 BCvalues for many of the siteanged betweerl5 to-21a . The exception was
filamentous alga@ribonemacollected from the mouth of the Upper Truckee River. 1@

for that sitewas much rore negative38a . Comparing levels afi*3C in algae between sites

with no Asian Clam presence (Hidden Beach and Tahoe City) and little Asian Clam influence
(Regan Beachith sites with more Asian clam presence showed ranges were similar among

sites. There was not a discernable differenc&fC between sites with clanamdsites without

or with low amounts of clams.

The one site with notably differeiit’C was in algae from the mouth of the Upper Truckee
River. That site was in the inflow from tRépper Truckee River and impacted by stream flow,
increased nutrients, likely increased dissolved organic cahigim light at the surfacand
variable temperatureThe filamentous algae primarily consisted of the Xanthophgt®mnema

UN for the sitesshowed more variability by sitdi'®N in filamentous algae from the Upper

Truckee mouth was quite elevated, near 5Most of the other samples ranged from 0 to near

-3 a. Two samples, an inshore and ofifve hore sa
U'°N values between 0 ané 2

When sites with little or no presence of clams were compared with sites with presence of clams,
someslight differences did appeafSites with presence of clamschsome of the lowest ranges

for G*N, i.e.Lakeside(range-1.6 to-2 . 6, &Ik Pt.(range-1.5to-1 . 7 &9Jund Hill Pines
(range-1.1to-1 . 4 @yl Skylanqrange-0.4 to-1 . 7 dt)should be noted these sites also

deeper sites (5m+) which may also potentially have an impatfNnSites withfewer nunbers
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of clamsand closer to the Upper Truckee Ritadii'®N closer to 0, i.e. Regan (range 0-606)
and El Dorado Beach (rang@.2 to-0.7). However, Tahoe Citwhich hal no clams had
negativel™N levels (rangel.7 to-1.8)which are similar to somof the sites with clamsThe
sample there was collected in the fall of 2019 eemtie from a vergmall amount of algae that
appeared to be a remnant of the summer growth.ti@ifshore samples from Hidden Beach
had spanned a range of values from (eatdg4 to 0.5) while samples from nearshone
shallower waterhad a range of (rande5to 1.6). The sample with &°N of -1.4 was composed
mostly of detritus and cyanobacteria. This is different from the composition of metaphyton
along the south shorehich is often composed of green filamentous algéeerefore afew of
thealgae samples from sites without clana&l{i'>N similar to sites with clams. It would be
desirable to have more samples analyzed from algae outsidardago better understand the
variability in GN for algae outside clam impacted area&/e may attempt this with some
additional sampleema i ni ng from | ast summer s wor k.

The results foiit>N suggest @ossible association between more negative values and presence of
clams, but limited number of samples from sites without clams also had neg&idt

would be desirable to have a femore samples analyzed from algae outside eeagdo better
understand the variability >N for algae outside clam impacted ardawill be valuable to see

what the values are fof>N NH4-N in excretion, pore water and storm wagamalyses still

pending), how they compare to levels in metaphyton nearby to see if the stable isotopes provide
additional evidence of the link between clams and metaphyton growth

97



Table 18 Results for analysis aftable isotope&!®N andi**C, as well asTotal CarbonTotal Nitrogen and
Molar C: N ratios inmetaphyton algae and other algaiected during the study.

U*Cvros U Nair Total C (ug)/ Total N (ug)/  C:N molar

Algae Sampled At: Date (a) (a) Sample Wt. (ug) Sample Wt. (uq) ratio
U. Truckee R. mouth  8/20/2019 -37.76 494 0.289 0.0149 22.6
U. Truckee R dup. 8/20/2019 -37.76 478 0.288 0.0146 23.0
Regan ns. AR 8/1/2019 -19.92 -0.46 0.119 0.0097 14.3
Regan ns. AR 8/1/2019 -20.06 -0.45 0.122 0.0098 14.4
Regan ns. B2 8/1/2019 -21.23 -0.63 0.056 0.0041 160
Regan ns. 100%2 9/4/2019 -20.08 -0.32 0.206 0.0150 16.0
Regan ns. 100%-2 9/4/2019 -18.45 -0.02 0.271 0.0186 17.0
El Dorado ns. 2 8/7/2019 -17.52 -0.66 0.336 0.0143 27.5
El Dorado ns. 3 8/7/2019 -17.19 -0.17 0.337 0.0157 25.0
Lakeside os. -1 712412019 -17.83 -1.97 0.276 0.0111 29.1
Lakeside osR 7/24/2019 -18.00 -1.85 0.284 0.0114 29.1
Lakeside o0s.4 7/24/2019 -16.82 -1.62 0.128 0.0065 23.0
Lakeside 0s.4 7/24/2019 -17.45 -2.03 0.180 0.0082 25.6
Lakeside os. & dup. 7/24/2019 -17.32 -2.04 0.169 0.0077 25.5
Lakeside os. R 8/1/2019 -16.33 -1.67 0.166 0.0085 22.8
Lakeside o0s.2 IP 8/1/2019 -16.40 -1.90 0.034 0.0020 19.9
Lakeside os. R 9/4/2019 -15.21 -2.63 0.292 0.0193 17.7
Lakeside o0s. 2 9/4/2019 -17.22 -1.77 0.296 0.0192 18.0
Elk Pt. 0s. 11 7/23/2019 -14.80 -1.46 0.299 0.0157 22.2
Elk Pt. 0s. 12 7/23/2019 -15.12 -1.54 0.243 0.0130 21.9
Elk Pt. 0s. 21 7/23/2019 -15.71 -1.60 0.191 0.0116 19.2
Elk Pt. 0s. 2 7/23/2019 -15.62 -1.68 0.178 0.0100 20.7
Elk Pt. 0s. 22 dup. 7/23/2019 -15.70 -1.53 0.166 0.0098 19.8
Round Hill Pines os. 1  9/11/2019 -17.26 -1.05 0.272 0.0115 27.5
Round Hill Pines os. 1  9/11/2019 -17.28 -1.17 0.268 0.0112 27.9
Round Hill Pines 0s. 2 9/11/2019 -18.27 -1.38 0.162 0.0058 324
Skyland os. Al 7/31/2019 -15.80 -0.43 0.218 0.0097 26.2
Skyland os. B2 7/31/2019 -15.11 -1.33 0.302 0.0173 20.4
Skyland os. C2 7/31/2019 -15.26 -1.67 0.269 0.0174 18.0
Skyland os. A2 9/3/2019 -18.75 -0.52 0.108 0.0068 18.5
Skyland os. B2 9/3/2019 -18.15 -0.99 0.194 0.0120 18.9
Skyland os. B2 dup. 9/3/2019 -18.22 -0.80 0.197 0.0122 18.8
Hidden ns. 4 7/22/2019 -18.62 1.55 0.234 0.0075 36.6
Hidden ns. 4 dup. 7/22/2019 -18.57 1.45 0.235 0.0071 38.8
Hidden os. 3 7/22/2019 -17.19 -1.35 0.039 0.0024 19.1
Hidden os. 1 9/3/2019 -16.90 0.46 0.188 0.0154 14.3
Hidden os. 2 9/3/2019 -16.99 -0.53 0.082 0.0058 16.7
Tahoe City ns. 10/11/2019 -17.77 -1.88 0.184 0.0061 35.0
Tahoe City ns. dup. 10/11/2019 -17.80 -1.77 0.182 0.0061 34.7
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Figure 51.Results folevels ofthe stable isotop@t>C in metaghyton algae are plotted by site.
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Section M. Conclusions and Recommendations for Regional Metaphyton Monitoring
Program

This project lad the primary goal of developing and demonstrating a regionahliale
monitoring approach for the status and trend monitoring of summer metaphyton growth and
distribution using a combination of aerial surveillance via a helicopter and an UAV, and a
groundtruthing program. Through the project we have tested both aerial platforms and have
refined our groundruthing methodology.

In addition, the project wished to test the association of metaphyton blooms with the occurrence
of the invasive clam, Asiaclam as these clams are known to excrete highly concentrated levels
of nutrients and have been present in the lake for a similar amount of time for which metaphyton
has anecdolly been of concernThrough funding obtained from UC Davis, we also

experimented with the use of stable isotopes to quantitatively link metaphyton with Asian clam
and other potential sources of nutrients.

Additionally, we experimented with the data to investigate the possibility of simultaneously
detecting and quantifying thetent of periphyton coverage. Periphyton, or attached algae, are
another important isguimpacting nearshore qualit

It is now possible to draw the following conclusions:

1. The use of helicoptdrased surveys was shown to have great potential folyafsdializing
the entire shoreline of Lake Tahoe. Such a survey takes approximately one hour of flight
time. A variety of cameras were used, with variable success for numerous technical reasons
as described in the report. Currently the technical diffesihissociated with vibration and
accurately orthaectifying the imagery are the greatest drawbacks to using a helicopter
based approach. The speed and simplicity of the approach are its greatest attributes, making it
in its current state ideal as a segniantitative, rapid surveillance todllost of the areas of
metaphyton algae observed in helicopter images were found along the south and south east
shores of the lake, extending from Tallac Point to Glenbrook Bay.

2. UAV, or dronebased surveys provide@my high spatial resolution imagery (ground
resolution < 30). While |Iimited in range con
complete the quantitative surveillance of areas on the scalehafctéregl km x 100 m) in
under 10 minutes. Using a comhbtion of commercially available software and algorithms
developed through this project, it was possible to identify different targets (metaphyton,
periphyton, rooted plants, sand, rock, structures etc.) to a very high level of accuracy,
repeatability and¢onfidence. This pogirocessing can be accomplished in under 4 hours per
site. This allowed for the very accurate calculation of the extent of cover by metaphyton.
This was one of the primary goals of the project.

3. Groundtruthing techniques that haddredeveloped through an earlier study were modified
and refined. We now have the ability to rapidly collect metaphyton samples, and to process
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them to determine biomass. What became apparent was that the high degree of patchiness or
spatial variability inrmetaphyton distribution led to large standard deviations in the measured
biomass. The only way to reduce this would be to utilize a great many more -grativiragy

sites, something that would greatly add to the cost of a monitoring program. However, by
using UAV measurements to quantitatively determine the spatial variability and then using
groundtruthing on specific patches of growth, it is possible to quantify the biomass within

the very heterogeneous distribution.

4. Spectral signatures of differenpgs of algae and substrate had been collected by TERC as
part of an earlier SNPLMA project. We experimented with using these spectral signatures as
a way to identify different algal and plant types. However, the similarities of the signatures,
combined wih the low reflection of shortwave signals from water, and the interference
produced by dissolved and suspended material in the nearshore led us to conclude that this
approach is still not feasible.

5. The colocation of Asian clams and metaphyton was esed by taking nutrient
measurements in the lake water and in the pore water, through quantifying the distribution of
Asian clams (both live and dead) relative to the location of metaphyton patches, and
measuring the nutrient flux produced by Asian clamreton. The measurements of clam
densities, nutrient excretion rates, and pore water nutrient concentrations were largely in
agreement with earlier measurements. The clams were shown to excrete primaiiNy NH
and SRP. In someases¢clam densities excded previous estimates, although these were
highly variable. It was found that while there was a connection in the location of metaphyton
patches and Asian clam populations, it was variable. The reasons for this were:

- the inherent patchiness of Asianral@istribution makes it difficult to know where they are

and what their areal concentration is;

- the movement of metaphyton patches by lake currents means that while they may have been
initiated in concert with an area of Asian clams, the day on whighvikee observed their

location may have been different;

- the effect of very localized bathymetric changes (e.g. depressions) in trapping metaphyton
was an important factor in where they were found;

- the availability of other enriched sources of nutsestch as the Upper Truckee River and
stormwater outfalls made Asian clam excretion just one potential source of nutrient supply.

6. The stable isotope measurements were only partially concluded due telSaestrictions
on lab operations at UC Davidowever, the results to date suggest that the data may be of
limited use.

7. Specific measurements and sites were used during this study, allowing us to build up a picture
of metaphyton and Asian clams at those sites. The sites were chosen as theyasere are
where metaphyton and Asian clams had been observed in the past or where metaphyton and
Asian clams had not been observed (our control sites). The sites had the following
characteristics:
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- At Lakeside there were large numbers of live clams and a lapgeaX. 75m X 200m)

patch of metaphyton present. The presence of high levels sNNR pore water

concentrations inside and outside of the metaphyton patch and also high numbers of clams
inside and outside the patch suggests a possible linkage behgedarhs and NHN
concentrations. An experiment done during the study showed the clams to excréle NH

and SRP. Currents may naturally deposit the shells in this area which is a transition area from
shallow to a slightly deeper shelf area offshoras ftossible the metaphyton similarly tends

to accumulate or stay in place in this depression area. A combination of nutrient inputs from
clams, topography, current effects as well as physical roughness provided by shells along the
bottom (which may provigl sites for algae to attach to), may contribute to the development of
the metaphyton patch at Lakeside.

- At Regan Beach there were very few live clams and shells in the nearshore. There were
relatively large patches of metaphyton near the shore, adargent of aquatic vegetation,

much of it with algae and metaphyton filamentous green algae, as well as thick growth of
attached periphyto@ladophoraalong the boulder breakwater lining the park. The

productive aquatic plant and algae growth at Regan Beagtbe due to nutrient inputs
associated with surface runoff from the nearby Upper Truckee River, Trout Creek and urban
drains, rather than nutrient inputs associated with Asian clams.

- At Skyland, both the helicopter and UAV images show isolated dadhes of metaphyton

over the sandy bottom in watei7én deep (up to 3m X 5m) with a much more extensive area
(approx. 350m long X 100m wide) of uniform algal coverage on at least one date. Smaller
(several inches long) patches of algae or a thin coafiatpae over the bottom were also
observed by divers, the algae was also observed to drift. The number of live clams inside and
outside patches was more variable and the association with presence of metaphyton patches
was not consistent. There were sllgmore live clams outside metaphyton patches than

inside patches for samplings done in Sept. 2018 and 2019. One patch did have substantial
numbers of live clams and shells associated with it. Sediment pore water levelsNf NH

were low to moderate {558 pg/l) and SRP slightly elevated-{2 ug/l) above background

lake levels. The nutrients produced by the clams and observations of algae associated with
shell patches near the edge of the shelf, suggest there is potential for a linkage between the
algaegrowth and presence of clams, either due to nutrient inputs or physical impacts of the
shells or both. Currents can impact movement of algae along the shelf at this site.

- At Hidden Beach there were no Asian Clams or shells found. There was only a small
amount of algae along the bottom which included detritus, cyanobacteria and some algae
which appeared to be derived from the periphyton on nearby boulders. Asian Clams are not
impacting this site.

8. Metaphyton types Metaphyton was composed predomiryaof filamentous green algae.

The filaments of these algae are formed by long chains of cells. The filaments of one or
more different types of algae can intertwine to form clouds or masses just above the bottom.
The most predominant filamentous greeraalgenera observed wetggnemaand
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Spirogyra Other filamentous green types were also predominant in samples from specific
sites. Foexample Mougeotiawas prevalent in algae from deeper sites at Round Hill Pines
and Skyland.Oedogoniunwas prevalenin many samples from Regan nearshore.

The data also showed that a range of factors are responsible for the observed metaphyton
distribution yeaito-year. The fact that we do not know how the distribution changes limits our
ability to evaluate the importaeof the various sources and the potential for management
actions to control them or to mitigate them. Clearly the local bathymetry in conjunction with lake
level plays an important role in trapping metaphyton. Likewise, the lake currents play an
importantrole in moving patches and in breaking apart patches. It is currently within our ability
to actually model the movement and growth of metaphyton, and through that provide guidance
on future actions. What is lacking, however, is the data on the locatiba ofetaphyton. That
critical piece of information is whatlake wide(regional) maitoring program will provide.

The monitoring of metaphyton using a UAV and helicopter in this trial project proved to be both
efficient and effective in quantifying thestkibution of metaphyton over large areas of Lake
Tahoeds nearshore, particularly when it coul d
The UAV monitoring process developed by TERC, coupled wHhke biomass sampling,

would allow future metaphgn monitoring to assess the timing, distribution, and abundance of
nearshore nuisance algae on both a seasonal and interannual basis, information critical to an
agency response to public and stakeholder concerns.

We would recommend that consideration beeg to establishing a limited metaphyton
monitoring project. Ideally this could be combined with the existing periphyton monitoring
program, as significant economies could be realized.

We proposed that UAV flights be conducted on four occasions dwavagdble weather. These
will be in July, August and September to capture peak metaphyton abundance and one flight
during winter (February) to establish a baseline minimum.

The proposed sites are Hidden Beach (a control site, where no metaphyton hassbeerd to

date), Sand Harbor, Skyland, and Lakeside. Skyland and Lakeside are areas with seasonally
abundant metaphyton accumulation, near popular recreation beachesAsibarelam

populations are thriving. Sand Harbor represents a recreationallytanparea wherAsian

clamhas recently become established but metaphyton has yet to reach nuisance levels. There is
the possibility that in the near futufesian clammay contribute to a proliferation of metaphyton

at Sand Harbor. As Sand Harbor is atremely valuable public recreation site, we believe early
monitoring is justified. UAV monitoring of Sand Harbor will provide management agencies
annual information regarding any changes in the aesthetic value of the area in the presence, or
absence, of eginuedAsian clamtreatment and add further evidence of the linkage between
Asian clams and localized metaphyton blooms.
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All metaphyton monitoring sites will be ground sampled on the same day aerial surveys are
conducted. Using SCUBA, divers will colletiplicate biomass samples for later analysis in the
laboratory (wet weight and ash free dry weight (AFDW). These collections will enable site wide
determination of biomass accumulation (on the order &j mdjacent to popular recreation

resources.

Biomass sampling will be done based on experience of the researchers with typical distribution

of flamentous algae metaphyton at the sites. Areas with representative levels of metaphyton will

be selected for measurement. Patches with 100% cover with metaphily be sampled from a
known area using the bucket/ pump method described in this document. If the distribution of

biomass is very heterogeneous (for instance large patches visible from the air with other areas of

thin growth also visible from the ajigamples of biomass representative of the different zones of
algae will be collected for biomass measurement. Samples will be returned to the lab, dried to

damp consistency and a wet weight determined. A portion of this sample will be split off,

weighedin a pretared, precombusted tin, dried overnight, then weighed again for determination
of Ash Free Dry Weight (as described in this report). If chloroghiglto be analyzed, a sample

will also be split off, weighed and frozen for later analysis.

Helicopter surveys are proposed to be taken twice each year in April (peak periphyton) and in
August (peak metaphyton). While these surveys do not yet have the quantitative resolution of the

UAV surveys, they have the ability to image the entire nearstighe ¢ake in only one hour.
effective
conditions can be identified and noted for follow up investigation. Photographic images will be

They

have

proven

t o

be

very

collected on the flights to providgerecord of conditions observed and archived.

n

den

The proposed work also leverages ongoing basin investments. The Nearshore network data will
be used to complement the findings, especially if the breakdown products from metaphyton turn

out to be significaninfluencers of CDOM fluorescence. Similarly, planned &ake modeling

will be extremely useful in accounting for the distribution of metaphyton.

Proposed Schedule and Budget

The schedule below is for a twyear metaphyton monitoring program for toer sites

recommended above. This presumes a July 1 start date.
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The budget to support the monitoring described above fdulih®o year period is $74,100 in

direct costs (approximately $37,000 per year). Note that indirect costs would need tadak appl
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which vary depending on the source of the funding or the limitations imposed by the funding
agency.
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Appendix 1. Summary of followrup observations or groundtruthing of areas with posside metaphyton or other substrate of

interest identified in aerial photos.

Site Flight/ Ground | Meta Aquatic | Aquatic Location Descriptionfrom | Results(Detéled)
Imaging | truthing | phyton Plants | Plants w/ Helicopter
Date Date Present Present| Associated Image
Algae
1 8/1/18 8/14/18 | YES YES YES Tahoe Keys nearshore | Large dark Mix of aquatic plants with associated greeg
east of pier patches filamentous algae (mudBulbochaetg
small amount metaphyton near base of wi
2 8/1/18 8/14/18 | YES YES YES3 Tahoe Keysiearshore | Tan shading just| Metaphytonin sand riffles nearshofgreen
west of pier offshore filamentous algae including much
Bulbochaety
3 8/1/18 8/14/18 | NO NO NO Camp Richadson Black patch west Small fragments of black @ody debris
of pier between
boat slips
4 8/1/18 8/14/18 | NO NO NO Camp Richadson Tan patch west | Cobble over sand
of pier nearshore
5 9/4/19 9/11/19 | NO YES YES Tallac Point Green patches o| Low growing aquatic plantandassociated
point green filamentous algagygnemaand
someMougeptia)
6 8/1/18 8/14/18 | NO NO NO Baldwin Beach Black patch westf Woody debrispine needles, pine cones
of pier, west end
of beach
7 8/1/18 8/14/18 | NO NO NO Baldwin Beach Green patch Low-growingaquatic plant®r aquatic mosg
northwest of
beach
8 8/1/18 8/24/18 | YES NO NO Lester Beach, D.L. Blisy Black patches Mostly woody debristrash, small clumps
Small amt. St. Park nearshore just offshore of | metaphyton
beach
9 8/1/18 8/24/18 | YES NO NO North of Rubicon Beach Black patches | Woody debris, ameclumps metaphyton
Small amt.
10 8/1/18 8/24/18 | YES NO NO North of Rubicon Beach Black patches | Woody debristhin band algae along
Small amt. nearshore edge of debris

13 Metaphyton may have been associated with aquatic plants and broken free.
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Site Flight/ Ground | Meta Aquatic | Aquatic Location Descriptionfrom | Results(Detailed)
Imaging | truthing | phyton Plants | Plants w/ Helicopter
Date Date Present Present | Associated Image
Algae
11 8/1/19 7/22/19 | NO NO NO Sugar Pine Pt. Dark lines Dark patches woody debris
nearshore
11 9/4/19 9/5/19 NO NO NO Sugar Pine Pt. Some dark Dark patches woody debris
patches
12 9/4/19 9/6/19 YES YES YES Near Truckee River Large bright Low growing aquatigrassesndassociated
Outlet, Tahoe City green patches | green filamentous algagygnema
metaphyton patcheZygnemain
depressions
12 None 10/11/19| NO YES NO Near Truckee River No Aerial Image | Agquatic grasses reduced in height and ha
Oultlet, Tahoe City no algae associated with them.
13 9/4/19 9/6/19 NO YES NO Lake Forest, Tahoe City Green patches | Low growing aquatic grasses creating
near island underwater turf
14 8/1/19 7/25/19 | NO NO NO Near Incline Cr. mouth | Black patches Woody debrispine needles
15 8/1/18 8/2/18 NO NO NO Hidden Beach Dark rust color | Rust coloration on sand but not metaphyt
on bottom sands
15 9/6/18 9/4/18 NO NO NO HiddenBeach None visible in | No Metaphyton
image
15 8/1/19 7/122/19 | YES NO NO Hidden Beach None visible in | 2% cover with algae and detritus offshore
Small amt. image some algae in depressions inshore
15 9/4/19 9/3/19 YES NO NO Hidden Beach None visble in Small amount of algae and detritus
Small amt. image
16 8/1/18 8/24/18 | NO NO NO Glenbrook Bay Dark underwater| Old pier pilings and cribbing rocks
objects
17 8/1/18 8/24/18 | YES NO NO Glenbrook Bay Southeast bay | Woody debris, 20mx20m pzh of
dark material metaphyton on shoreward side (Cyano
near shore bacteria on detritus)
18 9/6/18 9/20/18 | YES** NO NO North of Cave Rock Green patches | Algae gone when grounguthedafter

nearshore amon
buoys and boats

strongwinds (patchesrifted or dispersed

No algae present when grourtcithed 9/20/18, however there had been strong winds betweendiaerial imaging on 9/6/18 and groustdithing on
9/20/18, suspect metaphyton patches drifted or dispersed.
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Bay

south of pier

Site Flight/ Ground | Meta Aquatic | Aquatic Location Descriptionfrom | Results(Detailed)
Imaging | truthing | phyton Plants | Plants w/ Helicopter
Date Date Present Present| Associated Image
Algae
19 8/1/18 8/24/18 | YES NO NO Skyland Green patches | Green patchesgp to 2x2 m, 37 m deep
along bottom (metaphyton was filamentous algae
and anong Mougeotiag.; ZygnemasSpirogyrg; white
boulders; white | patches were Asian clam shells
patches
19 9/6/18 9/6/18 YES NO NO Skyland Large green Large geen patches of metaphyton and
patches; large | large black patches that appear to be dea
black patches algae. Unable to sample.
19 9/6/18 9/17 NO 15 NO NO Skyland Returned to site, metaphyton gone likely ¢
a result of strong winds and currents sinc
visit 9/6/18
19 8/1/19 7/31/19 | YES NO NO Skyland Green patches | Thin layer of algae coating bottom much (
area, with clumps which may have pulled
free; patches drifting; clam siphons
protruding from sand surface
19 8/1/19 8/16/19 | NA NO NO Skyland Dark and white | ~75-100yds offshore large shoals of
patches offshore| irregular patches of shells with irregular tg
bottom, difficult to tell if metaphyton
present
19 9/4/19 9/3/19 YES NO NO Skyland Many small dark| Green metaphyton filamentous algae
patches (primarily Mougeotiag, also some
Zygnema Oedogonium
20 9/6/18 9/20/18 | NO NO NO Zephyr Cove near bead Black patches | Woody debrisdetritus, pine cones
nearshore
20 9/6/18 9/20/18 | YES NO NO Zephyr Cove near bead Tan patches Lines of metaphytobetween sand riffles
nearshore (ZygnemaSpirogyra, Mougeotia
Cyanobacterip
21 8/1/18 7/27/18 | NO NO NO Round Hill Pines, Marlg Black patch Woody debriswoody roots

5 No algae present when grourtcithed 9/17/18, however there had been strong winds between time of aerial imaging on 9/6/18 and gtauthihg date,
suspect metaphyton patches drifted or dispersed.
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Site Flight/ Ground | Meta Aquatic | Aquatic Location Descriptionfrom | Results(Detailed)
Imaging | truthing | phyton Plants | Plants w/ Helicopter
Date Date Present Present| Associated Image
Algae
22 9/4/19 9/11/19 | YES NO NO Round Hill Pines, Marlg Bright green Bright green metaphyton (primarily
Bay patches in buoy | Mougeotiag; someZygnemaSpirogyrg
field and near
pier
22 9/17/19 | NO NO NO Round Hill Pines, Marla Returned after strong-SW winds on 9/15
Bay 9/16. No metaphyton along pier or along
pipe visible from pier. No algae on beach
Algae may have been moved along bottol
by currents and may have kem up or
dispersed.

23 8/1/19 7/123/19 | YES NO NO Elk Pt. No metaphyton | Some metaphyton present (filamentous
visible, greens: primarihBpirogyrg someZygnema
clamshells andMougeotig
visible offshore

24 8/1/19 8/13/19 | YES NO NO Nevada Beach Dark shaded Possibly darker sedimenketween patches
areas of shells, appears to be some green

metaphyton over clam shells

25 8/1/19 8/13/19 | YES NO NO Pipe near Kahle Dr. Dark shaded are{ Metaphytonolive green on south side pipe
along pipe accumulation of shell®o

26 8/1/18 8/1/18 YES YES ? Lakeside Beach and Large dark patch| Metaphyton(filamentous greens: Primarily

Marina, offshore Zygnemaalso somépirogyra Mougeotia
and others)

26 9/4/18 9/4/18 YES YES ? Lakeside Beach and Large dark pech | Metaphyton(mixed green filamentous

Marina, offshore (ZygnemaOedogoniumSpirogyra others)

26 7/24/19 | YES YES ? Lakeside Beach and Large dark greer] Metaphyton (nixed green filamentous:

Marina, offshore patches Spirogyra ZygnemaMougeotia
Oedogoniumother$
26 8/1/19 8/1/19 YES YES ? Lakeside Beach and Large dark greern] Metaphyton (ixed green filamentous:
Marina, offshore patches ZygnemasSpirogyra,Mougeotia other3
26 9/4/19 9/4/19 YES YES ? Lakeside Beach and Large dark patchl Metaphyton(mixed green filamentous:
Marina, offshore ZygnemaOedogoniumSpirogyra other$
27 8/1/19 8/16/19 | YES YES YES Lakeside Beach swim | Large dark greernl Metaphytorold and new andauiatic plants

area inside of protective
barrier

patches

and plants witlassociated filamentousgae
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Site Flight/ Ground | Meta Aquatic | Aquatic Location Descriptionfrom | Results(Detailed)
Imaging | truthing | phyton Plants | Plants w/ Helicopter
Date Date Present Present| Associated Image
Algae
28 8/1/19 8/16/19 | YES YES YES Nearshoreeast of Ski Small dark green Metaphyton, lowgrowing ajuatic plants,
Run Marina patches somewith associated filamentous algae
nearshore
29 6/25/17% | 6/30/17 | YES YES Ski Run Marina Large Dark Aquatic plants with some
Patch in channel| metaphyton.(greenl&émentous algae)
30 7/25/19 | YES ? ? Timber Cove Offshore Moderate patchy green metaphyton
of end of pier
31 8/1/19 8/20/19 | YES Timber Cove near pier | Dark patches Metaphyton patches; no algae onshore.
nearshore both
sides of pier
31 9/4/19 9/17/19 | YES Timber Cove near pier Checked after strong-SW winds on 9/15
9/16, still some metaphyton near shore; n
algae on beach, however were plant pcs.
onshore.
32 8/1/18 7/127/18 | YES El Dorado Beach Dark patch Line of metaphyton offshore, appsald,
offshore olive green
32 9/6/18 9/20/18 | YES YES YES El Dorado Beach Dark line Thick metaphyton patch offshore
offshore of (filamentous green®Bulbochaete,
beach Zygnema, Spirogyra, Oedogoniuym
Aguatic plants with assoc. green
filamentous algae.
33 8/1/19 8/7/19 YES YES ? El Dorado Beach Lighter-colored | Metaphyton patches afark and bright
blotches in swim| greenfilamentous algae
area
33 9/17/19 | YES YES ? El Dorado Beach Checked after strong-SW winds 9/15
9/16. Fragments of plants with some alge
(Cladophora) washed up on cobble along
shore. Line of metaphyton, plants presen
offshore.
34 8/1/19 8/7/19 YES YES YES El Dorado Beach East, | Dark green Aquatic plants, many with associated brig
Offshore patches offshore| green filametous algagalso some
east of El metaphyton patches including adjacent to
Dorado pipe near Rufus Allen Dr.

16 Reconnaissance flight and ground check year prior to study
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Site

Flight/
Imaging
Date

Ground
truthing
Date

Meta

phyton
Present

Aquatic
Plants
Present

Aquatic
Plants w/
Associated
Algae

Location

Descriptionfrom
Helicopter
Image

ResultgDetailed)

35

8/1/19

8/7/19

YES

YES

YES

El Dorado Beach East
nearshore

Dark line in
nearshore

Mix of aquatic plants, associated
filamentous algae and metaphyton.

36

8/1/18

7/27/18

NA

Regan Beach

Dark green on
jetty boulders

Water too turhid for observing metaphyton!
thick Cladophoraon jetty rocks 6 inch
strands.

36

8/1/19

7/26/19

NA

Regan Beach

Water turbid; thickCladophoraon jetty
boulders

37

8/1/18

8/1/18

YES

YES

YES

Regan Beach

Dark Patches

Metaphyton Patches, Aquatic vegetation;
Aquatic vegetation with algae.

37

9/6/18

9/6/18

YES

YES

YES

Regan Beach

Dark Patches

Metaphyton patches, aquatic vegetation;
aquatic vegetation with algae.

37

9/20/18

YES

NA

NA

Regan Beach

Suspended metaphyton washing up on
boulders along shore, srelCladophora
being exposed on boulders adjacent to ec
parking; suspended algae and plant
fragments washing onshore on small beay
west side park.

37

8/1/19

8/1/19

YES

YES

YES

Regan Beach inshore
and offshore

Dark patches

Metaphyton (detritus, greerndmentous
algaeSpirogyra ZygnemaOedogoniu
aquatic plants with algae; metaphyton roll
200 yds offshoredygnemasome

Spirogyrg

37

8/13/19

YES

YES

YES

Regan Beach

Metaphyton Patches, Aquatic vegetation;
Aquatic vegetation with algae.

37

9/4/19

9/4/19

YES

YES

YES

Regan Beach

Dark Patches

Metaphyton patches (heterogeneous mix
green filamentous:ol@ladophorawith
epiphytic diatomsSpirogyra, Zygnema,
Oedogoniumothers, also Cyanobacteria),
aguatic vegetation; agquatic vegetation wit
algae.

38

8/1/19

8/20/19

Suspected
(poor
clarity)

YES

YES

Upper Truckee River
Mouth

Areas of bright
green at surface,
tan or orange
colorin water

Mix of emergent aquatic plants, associate
filamentous algae, and very heavy
filamentous algae growtfribonema
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Appendix 2. Additional Aerial and ground-truthing images

FigureA2-1. Woody debris (black patches indicated with arrows) D.L. Bliss State Park, 9/4/19.

FigureA2-2. TahoeCity near Truckee River outlet 9/4/19, (zoamy section of image taken from
helicopter, showing aquatic plants, associated green filamentous Zjgmeihaand metaphyton

(Zygnema
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FigureA2-3. Aquatic plants and associated filamentous algae atmwltipper Truckee River, 9/4/19,
(zoomin) section of image taken from helicopter.

FigureA2-4. Filamentous Xanthophyte algakribonema, on surface, observed at mouth of Upper
Truckee River observed in follouwp groundtruthing 8/20/19.
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FigureA2-5. Regan 8/1/19 from helicopter DJI camera image, (zoom in view) area of heavy periphyton
(Cladophorg (red arrow) growth on boulders all along wall bordering park

FigureA2-6. Heavy summer growth of periphyton, composed of attached green filamefdaas
(Cladophorg on boulders along wall bordering park at Regan Beach 8/13/19.
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Appendix 31 UAV Flight Parameters
TableA3-1. LakesidedUAV Flight Parameters

UAV Phantom 4 Pro
Site Lakeside Marina

Location 38.960910;119.952162

Feet Meters
1299 1338 395.9 407.8

1738062 ft? 161471.2 m?

m/s
12.5
Meters
106.7
2625.2

Image Produced Orthomosaic

Format GeoTiff

GSD 3 in/px

Bands Red, Gres, Blue, Alpha

*UAV speed calculated based off 90% of maximum flight speed (31 mph). Speed may vary during flight path.
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TableA3-2. Regan BeacllAV Flight Parameters

UAV Phantom 4 Pro
Site Regan Beach
Location 38.94478,-119.983584

Feet Meters
889 332 271.0 101.2

295148 ft2 27420.1 m?

Image Produced Orthomosaic

Format GeoTiff

GSD 1 in/px

Bands Red, Gres, Blue, Alpha

*UAV speed calculated based off 90% of maximum flight speed (31 mph). Speed may vary during flight path.
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Table A33. SkylandUAV Flight Parameters

UAV Phantom 4 Pro
Site Skyland
Location 39.015926-119953363

Feet Meters
1525 2094 464.8 638.3

3193350 ft2 296671.9 m?

Image Produced Orthomosaic

Format GeoTiff

GSD 4 in/px

Bands Red, GreenBlue, Alpha

*UAV speed calculated based off 90% of maximum flight speed (31 mph). Speed may vary during flight path.
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Table A34. Hidden BeaclUAV Flight Parameters

UAV Phantom 4 Pro
Site Hidden Beach
Location 39.220931-119.929345

Feet Meters
952 901 290.2 274.6

857752 ft2 79687.8 m?

Image Produced Orthomosaic

Format GeoTiff

GSD 2 in/px

Bands Red, GreenBlue, Alpha

*UAV speed calculated based off 90% of maximum flight speed (31 mph). Speed may vary during flight path.
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Table A35. Sugar Pine PUAV Flight Parameters

UAV Phantom 4 Pro
Site Sugar Pine
Location 39.056360-120.113329

Feet Meters
664 1190 202.4  362.7

790160 ft2 73408.3 m?

Image Produced Orthomosaic

Format GeoTiff

GSD 2 in/px

Bands Red, GreenBlue, Alpha

*UAV speed calculated based off 90% of maximum flight speed (31 mph). Speed may vary during flight path.
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Appendix 4. Accuracy tables, original UAV images and images after classification of pixels.
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A4-1. Regan Beachi August 1, 2018accuracy table original UAV images and images after classification of pixels

Sand- Sand- | Rocki Rock - Vegetation- | Vegetation-

ClassValue Shallow | Deep Above Water | Shallow Grid Metaphyton Above Submerged | Total | U Accuracy | Kappa

Sand- Shallow 26 0 0 1 0 0 1 0 28 92.9% 0
Sand- Deep 0 33 0 0 0 0 0 1 34 97.1% 0
Rocki Above Water 0 0 9 0 0 0 0 0 9 100.0% 0
Rock- Shallow 1 0 0 7 0 1 1 0 10 70.0% 0
Grid 0 0 0 0 10 0 0 0 10 100.0% 0
Metaphyton 0 2 0 0 0 6 0 9 17 35.3% 0
Vegetation- Above 0 1 0 0 0 0 8 1 10 80.0% 0
Vegetation- Submerged 0 0 0 0 0 0 0 10 10 100.0% 0
Total 27 36 9 8 10 7 10 21 128 0.0% 0
P_Accuracy 96.3%| 91.7% 100.0% 87.5%| 100.0% 85.7% 80.0% 47.6%| 0.0% 85.2% 0
Kappa 0 0 0 0 0 0 0 0 0 0 82.3%
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Regan Beach — August 1, 2018

Key for classified images at Reagan
Beach

Class_name Class_name
Sand_Shallow Grid
| Sand_Deep B Metaphyton_Shallow
M Rock AboveWater Above vegetation
M Rock Shallow B Underwater vegetation
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A4-2.Regan Beacli September 6, P18accuracy table original UAV images and images after classification of pixels

Sand- | Sand- | Rocki Rock - Vegetation- | Vegetation

ClassValue Shallow | Deep | AboveWater | Shallow | Shadow | Grid Metaphyton | Above Submerged | Total U Accuracy | Kappa

Sand- Shalow 23 0 0 0 0 0 1 0 0 24 95.8% 0
Sand- Deep 0 40 0 0 0 0 0 0 0 40 100.0% 0
Rock- AboveWater 0 0 9 0 0 0 0 1 0 10 90.0% 0
Rock- Shallow 1 0 0 7 0 0 1 1 0 10 70.0% 0
Shadow 0 0 0 0 10 0 0 0 0 10 100.0% 0
Grid 1 0 0 0 0 7 0 2 0 10 70.0% 0
Metaphyton 0 1 0 0 0 0 6 0 5 12 50.0% 0
Vegetation- Above 2 1 0 0 0 0 3 3 1 10 30.0% 0
Vegetation- Submerged 0 0 0 0 0 0 0 0 12 12 100.0% 0
Total 27 42 9 7 10 7 11 7 18 138 0.0% 0
P_Accuracy 85.2%| 95.2% 100.0%| 100.0%| 100.0%| 100.0% 54.5% 42.9% 66.7%| 0.0% 84.8% 0
Kappa 0 0 0 0 0 0 0 0 0 0 0| 81.9%
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Regan Beachi Sept6, 2018

Key for classified imagesat Reagan

Beach

Class_name
Sand_Shallow

" Sand_Deep

I Rock AboveWater

I Rock Shallow

Class_name
Grid
I Metaphyton_Shallow
" Above vegetation
B Underwater vegetation
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A4-3.Regan Beachi May 2, 2019accuracy table original UAV images and images after classification of pixels

Sand- Sand- | Rocki Rock - Vegdation | Vegetation

ClassValue Shallow | Deep Above Water | Shallow | Shadow | Grid Metaphyton | - Above Submerged | Total | U Accuracy | Kappa
Sand- Shallow 26 0 0 0 0 0 0 0 0 26 100.0% 0
Sand- Deep 0 40 0 0 0 0 0 0 0 40 100.0% 0
Rocki AboveWater 0 0 10 0 0 0 0 0 0 10 100.0% 0
Rock- Shallow 0 0 0 8 0 0 0 2 0 10 80.0% 0
Shadow 0 0 0 0 9 0 0 0 0 9 100.0% 0
Grid 4 0 0 0 0 6 0 0 0 10 60.0% 0
Metaphyton 0 0 0 0 0 0 6 0 5 11 54.5% 0
Vegetation- Above 0 0 0 0 0 0 1 9 0 10 90.0% 0
Vegetation

Submerged 2 0 0 0 0 0 0 0 8 10 80.0% 0
Total 32 40 10 8 9 6 7 11 13| 136 0.0% 0
P_Accuray 81.3%| 100.0% 100.0%| 100.0%| 100.0%| 100.0% 85.7% 81.8% 61.5% | 0.0% 89.7% 0
Kappa 0 0 0 0 0 0 0 0 0 0 0| 87.7%
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Regan Beachi May 2, 2019

Key for classified imagesat Reagan

Beach
Class_name Class_name
Sand_Shallow Grid
I Sand_Deep I Metaphyton_Shallow
I Rock AboveWater Above vegetation
M Rock Shallow I Underwater vegetation
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A4-4.Regan Beachi August 1, 201%ccuracy table original UAV images and images after classification of pixels

Sand- | Sand- | Rocki Rock - Vegetation | Vegetation

ClassValue Shallow | Deep Above Water | Shallow | Shadow | Grid Metaphyton | - Above Submerged | Total | U Accuracy | Kappa

Sand- Shallow 30 0 0 0 0 0 1 0 0 31 96.8% 0
Sand- Deep 0 26 0 0 0 0 0 0 0 26 100.0% 0
Rocki AboveWater 0 0 10 0 0 0 0 0 0 10 100.0% 0
Rock- Shallow 0 0 0 8 1 0 0 0 1 10 80.0% 0
Shadow 0 0 0 0 10 0 0 0 0 10 100.0% 0
Grid 0 0 0 0 0 8 0 2 0 10 80.0% 0
Metaphyton 0 0 0 0 0 0 5 0 5 10 50.0% 0
Vegetation- Above 0 0 0 0 0 0 0 9 1 10 90.0% 0
Vegetation- Submerged 0 0 0 1 0 0 2 0 22 25 88.0% 0
Total 30 26 10 9 11 8 8 11 29 142 0.0% 0
P_Accuracy 100.0%| 100.0% 100.0% 88.9%| 90.9%| 100.0% 62.5% 81.8% 75.9%| 0.0% 90.1% 0
Kappa 0 0 0 0 0 0 0 0 0 0 0| 88.5%
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Regan Beachi August 1, 2019

Key for classified imagesat Reagan
Beach

Class_name Class_name
Sand_Shallow Grid
Sand_Deep I Metaphyton Shallow
I Rock AboveWater Above vegetation
Il Rock Shallow B Underwater vegetation
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A4-5.Regan Beachi September 4, 201@ccuracy table original UAV images and images after classification of pixels

Sand- | Sand- | Rocki Rock - Vegetation- | Vegetation
ClassValue Shallow | Deep | AboveWater | Shallow | Shadow | Grid Metaphyton | Above Submerged | Total U Accuracy | Kappa
Sand- Shallow 28 0 0 0 0 0 0 0 0 28 100.00 0
Sand- Deep 0 36 0 0 0 0 0 0 0 36 100.0% 0
Rocki AboveWater 0 0 9 0 0 0 0 0 0 9 100.0% 0
Rock- Shallow 0 2 0 8 0 0 0 0 0 10 80.0% 0
Shadow 0 0 0 0 10 0 0 0 0 10 100.0% 0
Grid 0 0 0 0 0 10 0 0 0 10 100.0% 0
Metaphyton 1 2 0 0 0 0 3 0 6 12 25.0% 0
Vegetation- Above 2 3 0 0 1 0 0 1 3 10 10.0% 0
Vegetation- Submerged 0 0 0 0 0 0 0 0 10 10 100.0% 0
Total 31 43 9 8 11 10 3 1 19 135 0.0% 0
P_Accuracy 90.3%| 83.7% 100.0%| 100.0%| 90.9%]| 100.0% 100.0% 100.0% 52.6%| 0.0% 85.2% 0
Kappa 0 0 0 0 0 0 0 0 0 0 0| 82.2%
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Regan Beachi Sept 4, 2019

Key for classified imagesat Reagan

Beach
Class_name Class_name
Sand_Shallow Grid
| Sand_Deep I Metaphyton_Shallow
I Rock AboveWater Above vegetation
Il Rock_Shallow I Underwater vegetation
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A4-6. Skyland1 September 6, 201&ccuracy table original UAV images and images after classification of pixels

Rock1 Rock -
Sand- | Sand- | Sand- | Above Rock- | Mid Rock - Meta- | Meta- | Meta -

ClassValue Above | Shallow | Deep | Water Shallow | Depth Deep | Shadow| Grid | Shallow | Deep | Dead | Total | U Acc | Kappa

Sand- Above 7 2 0 1 0 0 0 0 0 0 0 0 10| 70.0% 0
100.0

Sand- Shallow 0 15 0 0 0 0 0 0 0 0 0 0 15 % 0

Sand- Deep 0 0 10 0 0 0 0 0 0 1 2 0 13| 76.9% 0

Rocki AboveWater 1 1 0 7 1 0 0 0 0 0 0 0 10| 70.0% 0
100.0

Rock- Shallow 0 0 0 0 10 0 0 0 0 0 0 0 10 % 0

Rock- Mid Depth 0 0 0 0 0 8 0 2 0 0 0 0 10| 80.0% 0

Rock- Deep 0 0 0 0 0 0 9 1 0 0 5 1 16 | 56.3% 0
100.0

Shadow 0 0 0 0 0 0 0 10 0 0 0 0 10 % 0
100.0

Grid 0 0 0 0 0 0 0 0 10 0 0 0 10 % 0

Metaphyon - Shallow 0 1 0 0 0 0 0 0 0 9 0 0 10| 90.0% 0

Metaphyton Deep 0 0 2 0 0 0 0 0 0 0 28 0 30| 93.3% 0

Metaphyton Dead 0 1 0 0 0 0 1 0 0 0 0 8 10| 80.0% 0

Total 8 20 12 8 11 8 10 13 10 10 35 9 154| 0.0% 0

100.0
P_Accuracy 87.5%| 75.0%| 83.3% 87.5%| 90.9%| 100.0%| 90.0%| 76.9% % | 90.0%| 80.0%| 88.9%| 0.0%| 85.1% 0
Kappa 0 0 0 0 0 0 0 0 0 0 0 0 0 0| 83.4%
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Skyland i Sept 6, 2018

Key for classified imagesat Skyland

Class_name

Grid
M Metaphyton_Dead
I Metaphyton_Deep
I Metaphyton_Shallow
I Rock AboveWater
Il Rock Deep

Class_name

I Rock Mid

I Rock Shallow
Sand_Above

I Sand_Deep
Sand_Shallow

I Shadow




A4-7.Skyland1 January 25, 201%ccuracy table original UAV images and images after classification of pixels

Rock -
Sand- | Sand- | Sand- | Rock- Rock- | Mid Rock -

ClassValue Above | Shallow | Deep | AboveWater | Shallow | Depth Deep Shadow | Grid Clams Total U Accuracy | Kappa

Sand- Above 10 0 0 0 0 0 0 0 0 0 10 100.0% 0
Sand- Shallow 0 36 0 0 0 0 0 0 0 2 38 94.7% 0
Sand- Deep 0 0 32 0 0 0 0 0 0 0 32 100.0% 0
Rock- Above Water 0 0 0 10 0 0 0 0 0 0 10 100.0% 0
Rock- Shallow 0 0 0 0 10 0 0 0 0 0 10 100.0% 0
Rock- Mid Depth 0 0 1 0 0 11 0 0 0 0 12 91.7% 0
Rock- Deep 0 0 2 0 0 0 8 0 0 0 10 80.0% 0
Shadow 0 0 0 0 0 0 0 10 0 0 10 100.0% 0
Grid 0 0 0 0 0 0 0 0 10 0 10 100.0% 0
Clams 0 1 0 0 0 0 0 0 0 9 10 90.0% 0
Total 10 37 35 10 10 11 8 10 10 11 152 0.0% 0
P_Accuracy 100.0%| 97.3%| 91.4% 100.0%| 100.0%| 100.09%| 100.0%| 100.0%| 100.0% 81.8% 0.0% 96.1% 0
Kappa 0 0 0 0 0 0 0 0 0 0 0 0| 95.4%
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Skyland i January 25, 2019

Key for classified imagesat Skyland

Class_name

Grid
I Metaphyton_Dead
Il Metaphyton_Deep
M Metaphyton_Shallow
I Rock AboveWater
|| Rock_Deep

Class_name

M Rock Mid

I Rock Shallow
Sand_Above
Sand_Deep
Sand_Shallow

M Shadow
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