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EXECUTIVE SUMMARY
The Tahoe Keys Property Owners Association (TKPOA) Water
Quality Committee (WQC) has developed this Integrated
Management Plan for Aquatic Weeds for the Tahoe Keys Lagoons
(IMP) to address the escalating problems of uncontrolled aquatic
weed growth. The IMP applies an integrated pest management
approach to aquatic weed control by combining sound ecological
principles with proven methods for aquatic plant control. Per the
requirements of its Waste Discharge Requirements (WDRs), TKPOA
has conducted an update of the IMP each year since the final May
2016 IMP. This is the third update since 2016. Prior updates were
the 2017 IMP Update (released January 31, 2017); and the 2018 IMP
Update (released January 31, 2018).
2019 Update Summary
In 2019, as in years past, TKPOA’s program for aquatic plant control
will involve approved mechanical and cultural control methods,
combined with regular aquatic plant and water quality monitoring.
These control and monitoring methods include the following specific
actions, each of which is described in more detail in Chapter 4, Plan
Implementation, Section 4.1.
 Mechanical Harvesting and Fragment Collection
o Operation of Bubble Curtain (NEW in 2018) and
Deployment of Seabins (NEW in 2019)
 Bottom Barrier Installation
 Non-Point Source (NPS) Plan Implementation
 Additional Education and Outreach
 Annual Macrophyte Survey
 Water Quality Sampling
In addition, in 2019 TKPOA plans to undertake the following new
studies under the research program, each of which is described in
more detail in Chapter 4, Plan Implementation, Section 4.2.
 Bubble Curtain and Fragment Study
 Bubble Curtain and Rhodamine Dye Study
 Laminar Flow Aeration Study
 Existing Degradants Study
The effectiveness and efficiency of control and monitoring methods,
and of the new proposed studies will continue to be evaluated in
relation to success criteria (see Chapter 4, Plan Implementation,
Section 4.3.1) established by the TKPOA Governing Board (TKPOA
Board), WQC and by agency stakeholders including staff at
Lahontan Regional Water Quality Control Board (Lahontan Board)
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and at the Tahoe Regional Planning Agency (TRPA). In 2019 the
TKPOA Board and WQC will also be closely following the
environmental review and permitting process for its proposed
Aquatic Restoration Project (application submitted to the Lahontan
Board in July 2018). TKPOA hopes to initiate implementation of the
Aquatic Restoration Project as soon as possible following agency
review, input and approval.
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1

BACKGROUND AND NATURAL SETTING

Aquatic invasive weed control is a specialized field of pest
management that relies on technical and operational expertise. The
Integrated Management Plan for Aquatic Weeds for the Tahoe Keys
Lagoons (IMP) describes an approach to control aquatic invasive
weeds that uses carefully selected control methods that match sitespecific conditions and which are used by knowledgeable
technicians in order to achieve the desired results. Success of the
control activities relies on technical support to objectively evaluate
conditions prior to and after treatment. Global Positioning System
(GPS) technology will continue to be used to locate infestations of
aquatic weeds and to direct control operations to the proper
locations. Monitoring combined with hydroacoustic sampling
precisely describes the size of the infestation to help determine if the
control activity has met established success criteria.
The IMP also specifies an annual review that is both an adaptive and
additive process. This will allow the Tahoe Keys Property Owners
Association (TKPOA) to respond to changed conditions in the Tahoe
Keys lagoons. Modifying aquatic weed control activities and
researching and testing new methods and combinations of aquatic
weed control will assist in determining the suitability of control
methods and whether new methods can be added to the suite of
control options available.
History of the IMP Development
Through collaborations with resource and regulatory agencies,
TKPOA Water Quality Committee (WQC) began designing an
integrated management plan in 2013 and worked with aquatic plant
expert Lars Anderson, Ph.D., to identify suitable aquatic plant control
methods for the Tahoe Keys lagoons. The WQC also reviewed
control methods and several of the many integrated management
plans for aquatic plants that have been developed throughout the
United States, including for Big Bear Lake and Clear Lake in
California, Lake Stevens in Washington, and Chetek Lakes and
Balsam Lake in Wisconsin. Based on this initial information
gathering, the WQC developed an annotated outline of their plans
for an integrated management plan for the Tahoe Keys lagoons.
In 2014, the Lahontan Regional Water Quality Control Board or
Lahontan Board (Lahontan Board) issued the Waste Discharge
Requirements (WDRs) to TKPOA. This document specified, in part,
that an integrated management plan for aquatic plants be developed.
In response to the WDRs, the WQC expanded on the annotated
Tahoe Keys Property Owners Association
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Tahoe Keys and Lake Tahoe - Copyright
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outline from 2013. The WQC solicited advice from experts in the field
of aquatic biology, and from a range of resource agencies and
academic institutinos in the Lake Tahoe Basin and other concerned
citizens groups and associations. This culminated in the Draft
Integrated Weed Management Plan (IWMP) that was released to the
public in August 2015. The public provided many comments on the
Draft IWMP. Some commenters were supportive of the Draft IWMP.
Other commenters provided helpful information on alternative
methods. Some commenters were opposed to the IWMP.
In December 2015, the Lahontan Board issued comments on the
Draft IWMP to TKPOA. The Lahontan Board acknowledged that the
IWMP covered many of the elements required by the WDRs, but
stated that additional evaluation of impacts and efficacy of the
various control methods being proposed was needed prior to
including or excluding them from the IWMP.
The WQC used the comments received as the basis for the IMP
submitted to the Lahontan Board in May 2016. Compared to the
IWMP, the IMP was more restricted in the scope of proposed control
methods, more specific in describing targets for control and criteria
to determine success in meeting the goals and objectives. The May
2016 IMP also described in detail a program to research a range of
new methods of aquatic control, including researching and applying
for permits for a limited test project using aquatic herbicides.
On August 18, 2016, the Lahontan Board responded to TKPOA and
stipulated the following:
“By October 1, 2016, submit a revised IMP where all
text regarding use of aquatic herbicides has been
removed from the body of the IMP. It is acceptable to
place text about aquatic herbicides into an appendix to
the IMP.”
Before receiving the August 18th letter, TKPOA had held several
meetings discussing the requirements for obtaining all necessary
approvals and permits for the limited test project using aquatic
herbicides. TKPOA had also undertaken an extensive education and
outreach program to engage water purveyors in the Tahoe Basin, the
Sierra Club, the League to Save Lake Tahoe, and the Tahoe
Regional Planning Agency (TRPA) to address concerns about a
limited aquatic herbicide test project. In addition, on September 26,
2016, the Tahoe Daily Tribune, a paper of general circulation in the
City of South Lake Tahoe and the Tahoe area, reported on TKPOA’s

Tahoe Keys Property Owners Association
Updated 2019 Integrated Management Plan

January 31, 2019
Page 2

efforts to pursue permitting for an aquatic herbicide test in the Tahoe
Keys lagoons (Tribune 2016).
Although TKPOA had previously engaged the public about its intent
to acquire the permits for a limited test project using aquatic
herbicides, discussion of aquatic herbicides was relocated from the
body of the IMP to Appendix A to comply with the Lahontan Board’s
condition of acceptance of the 2016 IMP update. A copy of the
August 18, 2016 letter from the Lahontan Board to TKPOA can be
found in Appendix B.
Per the requirements of its WDRs, TKPOA has conducted an update
of the IMP each year since its release in May 2016. This is the third
update since 2016. Prior updates were the 2017 IMP Update
(released January 31, 2017), and the 2018 IMP Update (released
January 31, 2018).
Location and Area Description
Lake Tahoe is a unique alpine lake on the California-Nevada border.
The Lake is known worldwide for its outstanding blue waters and was
designated an Outstanding National Resource Water by the State of
California and the U.S. Environmental Protection Agency (EPA) in
1980. The Lake offers many recreational opportunities and is
enjoyed year round for its scenic beauty.
The Tahoe Keys is a multi-use development situated at the southern
end of Lake Tahoe on approximately 372 acres of land. The
development features 1,529 homes and townhomes, a public
marina, and a commercial center. There are three primary manmade water features in the Tahoe Keys facility: the Main Lagoon, the
Marina Lagoon (which includes the independently owned Keys
Marina and Yacht Club), and Lake Tallac. These three water features
are considered the Tahoe Keys lagoons, referred to throughout this
document (Figure 1).
The surface area of the water of the Tahoe Keys lagoons is
approximately 172 acres in size, or 0.3 square mile, representing a
very small percentage of the surface area of Lake Tahoe, which is
approximately 192 square miles. The Tahoe Keys lagoons have two
narrow, direct connections to Lake Tahoe: the West Channel
connects the Main Lagoon and the East Channel connects the
Marina Lagoon. These channels provide the only direct boat access
to Lake Tahoe from the Tahoe Keys lagoons. Lake Tallac can
connect to the Main Lagoon at a diversion structure between the two
water bodies. Discharges to the Main Lagoon from Lake Tallac occur
Tahoe Keys Property Owners Association
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infrequently. Lake Tallac also has an intermittent connection to Lake
Tahoe via Pope Marsh during high water events.
Figure 1. Overview Map of Keys Lagoons and Lake Tallac

The Tahoe Keys lagoons differ from Lake Tahoe in several ways.

The Tahoe Keys lagoons have shallow waters, approximately 20 to
30 feet at maximum depth with an average depth of about 12 feet.
Lake Tahoe is 1,645 feet at the deepest point with an average depth
of 1,000 feet. The waters of the Tahoe Keys lagoons are typically
warmer than the water of Lake Tahoe during the spring and summer
months, but can be cooler during the fall and winter months.
Typically, much of the Tahoe Keys lagoons are frozen for several
months in the winter, whereas Lake Tahoe never freezes. However,
the shallow shorelines have some accumulated ice cover. The
waters of the Tahoe Keys lagoons are typically more turbid than the
clear waters for which Lake Tahoe is famous. Lastly, the bottom layer
of the Tahoe Keys lagoons is composed of fine sediments, a remnant
of the past when the area was a marsh, as opposed to the coarse,
decomposed granite typically found at the bottom of Lake Tahoe.
The bottom of the Tahoe Keys lagoons also has an accumulation of
organic matter from decades of aquatic plant growth, senescence,
and decay.
The Tahoe Keys development has six landowners or types of
landowners:
Tahoe Keys Property Owners Association
Updated 2019 Integrated Management Plan

January 31, 2019
Page 4



Private homeowners that are members of TKPOA






The non-profit TKPOA, which owns common areas
The Tahoe Keys Beach and Harbor Association
The Tahoe Keys Marina and Yacht Club
TKV Properties Holdings LLC, which owns commercial
property known as Tahoe Keys Village
The State of California, which owns land to the east and
southeast of the Tahoe Keys development under the auspices
of the California Tahoe Conservancy (CTC), one of 10
conservancies in the State of California



The Tahoe Keys development includes ‘common areas’ managed by
TKPOA such as beaches, swimming pools, tennis courts, basketball
courts, pedestrian pier to Lake Tahoe, boat docks, and park areas.
Ancillary facilities of the development include water wells and a
potable water distribution system, a water treatment facility, and
lagoon water circulation system.
The Tahoe Keys lagoons provide boating access to Lake Tahoe via
the East Channel in the Marina Lagoon and via the West Channel in
the Main Lagoon. The Tahoe Keys lagoons are used by commercial
interests and by the residents and visitors to the area for recreational
boating, both by power boating and non-motorized boating and for
recreational fishing. The aesthetic values of the Tahoe Keys lagoons
include the waterways and views of the surrounding mountains and
Lake Tahoe, which are key attractions for residents and visitors alike.
The Main Lagoon of the Tahoe Keys contains the majority of private
residences in the overall development and has many interconnected
waterways and coves. The individual private property owners who
belong to TKPOA own the majority of the Main Lagoon. TKPOA itself
also has an ownership interest of certain parcels in the Main Lagoon.
The Marina Lagoon contains residences, commercial operations,
governmental operations, and commercial space. This includes the
location of the Tahoe Keys Marina, a privately owned and operated
public boat launching facility, which is the largest full-service marina
at Lake Tahoe. The Tahoe Keys Marina provides boat services,
fueling, mooring, boat storage, and launching services to the general
public, Tahoe Keys property owners and renters, boat rental and
charter and other recreational companies, marine construction
companies, law enforcement, and agencies and universities for
research activities on Lake Tahoe.
The Marina Lagoon area is owned by:
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The Tahoe Keys Marina and Yacht Club
TKPOA, which holds in common individual docks used by
owners of townhomes in the Tahoe Keys development
The Tahoe Keys Beach and Harbor Association (TKB&HA)
which maintains 266 boat slips for its members
The CTC, which owns the area known as the Turning Basin
at the northeast edge of the Marina Lagoon

TKV Properties Holdings LLC owns the commercial center at the
Marina Lagoon known as Tahoe Keys Village. This parcel is adjacent
to the Marina Lagoon.
Lake Tallac is located at the southern edge of the Tahoe Keys
development and was purchased by TKPOA from Lagoon
Associates, Inc. in 2016.
The federal government controls the waters of Lake Tahoe and the
US Forest Service (USFS) controls areas to the south and to the
west of the Tahoe Keys development.
TKPOA is responsible for maintaining the common areas of the
Tahoe Keys development and maintains navigation in the waterways
of the Tahoe Keys lagoons.
Ownership interests are summarized in Table 1 and Figure 2.
Table 1. Summary Table - Tahoe Keys Water Features and Ownership
Surface Area
Connection to
Water Feature
Property Ownership
(Acres)*
Lake Tahoe
Main Lagoon
110
West Channel
 700 Private
Property Owners
 TKPOA
Marina
32
East Channel
 Tahoe Keys
Lagoon
Marina and Yacht
Club
 TKPOA
(Individuals)
 TKPOA (Docks
held in common
for owners of
townhomes)
 Tahoe Keys
Beach and
Harbor
Association
 CTC
Lake Tallac
30
Pope Marsh
 TKPOA
Source: Lahontan Regional Water Quality Control Board
*Acreage given is approximate maximum surface area.
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Figure 2. Property Ownership Map

(Source: TKPOA)
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Hydrology of the Tahoe Keys
The Tahoe Keys and Keys Marina were constructed in the 1960s on
the Upper Truckee River Marsh by excavating the lagoons and
capping the soil with sand to form stable building bases. In
conjunction with construction of the Tahoe Keys, the Upper Truckee
River was diverted to a channel on the east side of the Keys Marina
Lagoon (USGS 2000).
The three water bodies of the Tahoe Keys lagoons each have a
connection to Lake Tahoe. The Main Lagoon has smaller lagoons
and coves with residential docks and is connected to Lake Tahoe by
the West Channel. The Keys Marina Lagoon connects to Lake Tahoe
via the East Channel. Lake Tallac normally discharges into Pope
Marsh but also can drain into the Main Lagoon during flood
conditions via gates in the diversion structure located under Venice
Drive.
Figure 3. Aquatic Features Surrounding the Tahoe Keys

The Tahoe Keys watershed is approximately 372 acres or 0.6 square
mile, as compared to the much larger watershed of Lake Tahoe at
501 square miles. There are 63 inlet streams to Lake Tahoe, but no
natural surface water channel discharges into the Tahoe Keys
lagoons. Lake Tallac intercepts most upland storm water runoff that
flows towards the Tahoe Keys and this water body in turn discharges
to Pope Marsh. With this barrier to the south and the Upper Truckee
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River to the east, only a negligible amount of storm water runoff
reaches the Tahoe Keys from lands that are not part of the Tahoe
Keys development. The majority of the watershed that discharges
surface flows into the Tahoe Keys lagoons is developed residential
property. Most of the surface flows are directed to a storm drain
system owned and operated by the City of South Lake Tahoe under
a Municipal Separate Storm Sewer System Permit.
Seasonal Patterns of Water Movement
The Tahoe Keys lagoons experience seasonal inflow and outflow of
water to and from Lake Tahoe. Since the contributing watershed to
the Tahoe Keys lagoons is small compared to that of the Lake, during
periods of stormwater runoff and snowmelt, the water surface level
in the Lake rises faster, causing water to flow into the lagoons from
the Lake during early spring to early summer. Conversely, as
streamflow into the Lake diminishes, the Lake level begins to lower
and water from the Tahoe Keys lagoons flows out into the Lake
during the late summer through fall. In addition to this seasonal
pattern, some mixing of waters between the Main Lagoon/Marina
Lagoon and the Lake may occur from thermal gradients and wind
effects through the West and East interconnecting channels.
The Tahoe Keys lagoons are directly connected to Lake Tahoe at
the West and East channels. Under typical conditions, the rate of
water flow out of the Keys slows as the season progresses from late
summer (August to September) to fall (September to October). Dr.
Lars Anderson completed a detailed assessment of water movement
from specific sites within the Main Lagoon in 2011 (Anderson 2011a).
The tracking dye, Rhodamine water tracing (RWT), was used as a
surrogate to simulate herbicide movement, dissipation and residence
time. Residence time is also referred to as flushing time and refers
to the average time water, or a dissolved substance in water, is
contained in a lake or reservoir. The study showed that narrow
coves, or dead-end sites, had long residence times, greater than 30
days, regardless of the season. These dead-end sites experienced
rapid diurnal mixing of the water as cooler, denser surface water
sank overnight. In contrast, open water sites had shorter residence
times than the dead-end coves. During the summer, residence times
in open water sites lasted hours and in the fall, the residence times
were in the range of weeks (Figure 4).
Additional RWT dye studies were completed in summer 2016. These
(end of the 2012-2016 drought) studies demonstrated that dye
placed near the West Channel in early June moved toward the south
and that dye placed at the same location in late June moved toward
Tahoe Keys Property Owners Association
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the West Channel. The 2016 RWT Dye Study also tested a double
curtain barrier at two locations in southern lagoons. These curtains
prevented the movement of 98% of the RWT dye from the site of
application during the two-week test period (Anderson 2016).
The mean net annual evaporation from Lake Tahoe has been
estimated in the range of 21 inches (DRI 2011) to 51 inches (TERC
2015). Lake levels are also influenced by the release of water at the
Truckee River dam in Tahoe City, which augments flows into the
Lower Truckee River.
Figure 4. Rhodamine Dye Study Results, 2011

Water exchange patterns between the Tahoe Keys lagoons and
Lake Tahoe, via the East and West channels, has also been studied
by researchers from UC Davis. One study investigated water
temperature differences and determined that thermal stratification
and the resultant density differences of water were strongly linked to
exchange flows in the vicinity of the channels during most months of
the year, as compared to other influences, such as wind currents.
This study estimated residence times of the open water areas of the
Main Lagoon channel to be between 2 to 3 days, and residence times
in the Marina Lagoon channel to be between 5 and 6 days during
most months of the year (La Plante 2008).
As part of a limited study modeling potential microbial contamination
of the recreational waters of Lake Tahoe, a simulated release of
24,000 neutrally buoyant particles from outside the Tahoe Keys
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lagoons was studied (Schladow 2014). The modeling results
determined that such particles had the potential to reach the near
shore areas southeast and southwest of the Tahoe Keys lagoons
within 24 hours. The study also determined that after 24 hours, the
majority of the particles would be found above 5 meters in depth, with
some particles reaching 10 to 12 meters in depth. The modeling
results were also used to simulate the release of herbicide from a
point outside the Tahoe Keys lagoons to determine if such a release
would reach potable water intakes located to the east and north,
which were assumed to be at 15 meters in depth for purposes of the
modeling exercise.
The simulated microbial and herbicide releases did not take into
account factors known to affect the environmental fate of the
molecules. Future studies need to evaluate processes such as
photolysis and microbial degradation, hydrolysis, adsorption and
dilution to more accurately predict movement of particles in and
around the waters of Lake Tahoe.
Biological Communities of Lake Tahoe and Tahoe Keys
Lagoons
1.5.1 The Aquatic Ecosystem of the Tahoe Basin
The Tahoe Basin contains a complex ecosystem with both stream
and lake aquatic environments that support native and introduced
species of fish, benthic invertebrates, birds, and plants.
Lake Tahoe’s aquatic ecosystem has changed over time and the
current aquatic flora and fauna assemblage is largely the result of
human influence. In the 1800’s, the lake’s aquatic animal
communities were relatively simple, with 12 orders of zoobenthic
taxa, six zooplankton species, and eight fish taxa (Miller 1951, Frantz
and Cordone 1970, Vander Zanden et al. 2003, and Chandra 2009).
Over the last 130 years, through a series of species introductions,
landscape disturbances such as deforestation, road building and
other development, the biological assemblage and the diversity of
aquatic species of the region has been dramatically altered resulting
in what we see today. The aquatic animal communities of Lake
Tahoe now consist of six zoobenthic taxa, five zooplankton species,
and 14 fish taxa (Figure 5; TERC 2014).
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Figure 5. Current Food Web of Lake Tahoe

(Source: TERC, UNR)

Populations of native fish that were once abundant in the region have
decreased by perhaps as much as ten-fold since the 1960s (Thiede
1997) or, as in the case of the Lahontan cutthroat trout, have been
extirpated. Non-native fish such as largemouth bass and bluegill
have become more common. The decline in native populations could
be attributed to several causes such as increased water temperature
and habitat degradation, caused in part by increased spread of
invasive plants, which could modify conditions to promote warmwater non-native fish (Chandra 2009).
1.5.2 Fish of Lake Tahoe and the Tahoe Keys Lagoons
1.5.2.1 Warm-Water Fish
Several non-native warm-water fish have been introduced to the
Tahoe Basin for the purposes of sport fishing and other fish species
have been introduced most likely through disposal of aquarium
species into the waters. These non-native fish species include
largemouth and smallmouth bass, bluegill, black crappie, brown
bullhead catfish, golden shiner, common carp and goldfish. Baseline
information on the composition of warm-water fisheries in the Lake
Tahoe basin, including the Tahoe Keys lagoons, was collected by
University of Nevada, Reno (UNR) and California Department of Fish
and Wildlife (CDFW) from 2011-2014 as part of the three-year
Aquatic Plant Management Research Project (Ngai 2014) and by
UNR and the Nevada Division of State Lands (NDSL) from 20062008 (Chandra 2009). Largemouth bass, bluegill and brown bullhead
were the most prevalent species captured in the UNR-CDFW study.
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The UNR-CDFW study did not find a significant difference in spatial
distribution of warm-water fishes in various locations in the Tahoe
Keys lagoons but did determine that the distribution was extensive.
1.5.2.2 Cold-Water Fish
Native and non-native cold-water fish in the Tahoe Basin include
Mountain whitefish, Tahoe sucker, Lahontan sucker, speckled dace,
redside shiner, Lahontan Tui chub, Paiute sculpin, Kokanee salmon,
brown trout, rainbow trout, and mackinaw. In the UNR-CDFW and
UNR-NDSL studies, the following native and cold-water fish were
captured in the Tahoe Keys lagoons: Mountain whitefish, Lahontan
redside, Lahontan speckled dace, Tahoe sucker, brown trout,
rainbow trout and Lahontan Tui chub. Tahoe sucker was the most
prevalent species captured in the UNR-CDFW study. Overall, the
abundance of native and cold-water fish remains relatively low in the
Tahoe Keys lagoons mainly due to the warm-water environment.
1.5.3 Benthic Biota
The most comprehensive information available on Lake Tahoe’s
benthic biota comes from a study that was completed by Frantz and
Cordone in 1963 (USDA 2000). The signal crayfish (Pacifastacus
leniusculus) is perhaps the most visible and best-known species in
the benthic invertebrate community in Lake Tahoe. Even though
several fish species, birds, and various mammals, including humans,
prey upon crayfish the population appears stable.
There are several endemic deep-water benthic macroinvertebrates
(BMI) including the Lake Tahoe benthic stonefly, associated with
deep-water communities of plants, algae, mosses and liverworts,
and two species of blind amphipods, the Lake Tahoe Amphipod and
Lake Tahoe Stygobromid. None of these benthic species is listed as
threatened or endangered nor are they listed as USFS Species of
Special Concern but they are important indicator species for the
ecology of Lake Tahoe.
1.5.4 Avian Species
1.5.4.1 Common merganser (Mergus merganser)
This resident species can be readily identified by its long, slender,
bright red bill and short crest at the back of the head. Adult males
have a glossy green head and neck and black upper back while
females have a reddish brown head and neck but throat is white. This
bird bears horny “teeth” and a hooked tip, useful for catching the
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various kinds of fishes taken for food. Mergansers dive and swim
readily under the surface when searching for prey. Groups of females
and young are frequently observed along rivers or secluded
lakeshores; they are always nervous and swim quickly away from
humans (Zeiner 1988).
1.5.4.2 Mallard (Anas platyrhynchos)
Another resident species of Lake Tahoe, the male mallard is easy to
spot with his glossy green head, narrow white collar and tail with upcurled feathers. The female of the species is mottled brown, lighter
below with feathers pale-edged. This type of duck typically prefers
shallow water such as creeks, ponds, and marshes. They are surface
feeders, tipping “bottom up” to reach food plants under shallow
water. They are common on quiet waters on almost any lake or
smooth stream, particularly those margined with aquatic plants
(USDA 2015).
1.5.4.3 Canada goose (Branta canadensis)
This is the most common goose in North America. It has a black head
and neck with a distinctive white "chinstrap" stretching from ear to
ear. It is a locally common resident, especially at lakes and parks
around human activity. They are often seen swimming on large lakes
or streams or feeding on short grasses in lush meadows. Elevated
nesting platforms were installed in the Pope Marsh area in 1976 to
improve local nesting success of the Canada goose. These longnecked, noisy birds are very abundant during the summer and are
readily viewed by visitors (USDA 2015; Zeiner 1988).
1.5.4.4 California gull (Larus californicus)
The California gull is often spotted at Lake Tahoe beaches and is the
same gull seen on Pacific Ocean beaches. Adults have a white head,
neck, tail and undersurface, and a pale gray back with black wing
tips. Adults often visit Lake Tahoe. Typical of most gulls, the
California gull is a true scavenger and feeds on garbage, insects,
plant material, and fish (Zeiner 1988).
1.5.4.5 Ring-billed gull (Larus delawarensis)
The Ring-billed gull is smaller than the California gull. It has a black
stripe around its bill and paler gray back. Although not as common
as the California gull, it too, is often seen at Tahoe beaches.
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1.5.4.6 Cliff swallow (Petrochelidon pyrrhonota)
These highly colonial swallows commonly nest in the spaces under
building eaves or bridges near the water margin. Cliff swallows have
a bright forehead and are dark bluish-brown except for an orange
rump and creamy white forehead, light gray under and dusky red on
sides of face (Zeiner 1988).
1.5.4.7 Osprey (Pandion haliaetus)
Also known as the “Fish Hawk”, the osprey has a characteristic crook
in its wing, giving it a gull like appearance that is different from other
raptors. It is blackish-brown above, with most of its head white,
except for a dark mask behind the eye, is white underneath, with a
banded tail and long wings with dark spots at the wrist. An array of
tiny spikes on each footpad helps the bird carry slippery, struggling
fish to distant dining perches. Typically observed near sizable bodies
of water, these large, rangy hawks do well around humans (Zeiner
1988).
1.5.5 Aquatic Plants Commonly Found in the Tahoe Keys
Lagoons

Osprey Photo - Courtesy
“Mike” Michael Baird

The five most common aquatic plant and algal species that have
been found in the Tahoe Keys lagoons are described in detail in this
section.
1.5.5.1 Eurasian watermilfoil (Myriophyllum spicatum
L.) and Northern watermilfoil (M. sibiricum)
This species is the most widespread aquatic nuisance plant in the
United States. The plant can form a dense canopy at the surface of
the water, out-competing other aquatic plants. Heavy infestations
can lead to decreased levels of dissolved oxygen under the canopy
and changes in pH, both of which can alter aquatic ecosystems by
decreasing native species diversity and changing water quality
parameters.
Eurasian watermilfoil is an evergreen perennial plant that roots in
sediment and grows completely underwater, typically at 15-foot
depth but has been found as deep as 30 feet. The leaves are
pinnately compound with 14 to 24 pairs of leaflets in groups of four
at each stem node. Flowers form on short stems above the water
surface and flowers produce up to four nutlets or seeds which
disperse readily. Eurasian watermilfoil can also spread by forming
new root crowns from rhizomes and can easily break at the shoot
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M. spicatum

tips which creates fragments that move by wave action or by aquatic
animals.
Eurasian watermilfoil is very similar in appearance to the native
aquatic species, northern watermilfoil (M. sibiricum) and
hybridization between the two species can occur. Both species
spread readily by stem fragments formed naturally by abscission
from the main plant or by breakage caused by wave action or feeding
by waterfowl. These species can travel in boat ballasts, bait wells,
boat trailers but introduction through the aquarium trade is also a
contributor to its spread.
1.5.5.2 Curlyleaf Pondweed (Potamogeton crispus L.)
This species is found in all of the lower 48 states and is considered
naturalized throughout this range.
Curlyleaf pondweed is a rooted perennial with a fast growth rate. The
plant stem is very thin and long and can entrap swimmers. Curlyleaf
pondweed aggressively out-competes native submerged vegetation.
The plant has wavy-edged leaves which are green early in the
growing season and turn red at the water surface. The leaves are
oblong, one to three inches long, and are in an alternate arrangement
along the stem. Curlyleaf pondweed typically is found in more
shallow waters at three to six feet depth but can be found in clear
waters as deep as 20 feet.
P. crispus

Curlyleaf pondweed reproduces primarily by turions and rhizomes
but can also spread by stem fragments or seeds. Turions are
modified asexual buds that form in spring to early summer prior to
plant senescence. Seed germinations rates are low for this species.
This species can overwinter with some green growth remaining
above the sediment, thus giving these plants an advantage when
temperatures rise and growth resumes in the spring. The spread is
attributed to boating and fish hatchery activity (Stuckey 1979).
Curlyleaf pondweed forms dense mats at the water’s surface which
inhibits navigation and recreation. The dense mats limit light from
reaching native vegetation and can inhibit oxygen exchange along
the water column. These conditions reduce the populations of fish or
aquatic invertebrates and can create conditions that promote
mosquito habitat by removing predators and obstructing water flow.
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1.5.5.3 Coontail (Ceratophyllum demersum L.)
This native aquatic plant is found nearly world-wide and throughout
California up to 6,500 feet in elevation. In natural areas, coontail is
considered beneficial and provides food and shelter to other aquatic
species. However, it can develop very dense mats which inhibit water
flow, interfere with recreation, and promote mosquito habitat. It is
often considered a nuisance plant in relatively shallow lakes and
ponds.
Coontail is a submersed plant that lacks true roots. It can exist as a
free-floating plant or it can form modified stems and anchor itself to
other aquatic plants. Young plants readily detach from soil.
Coontail plants have slender stems with single branches at nodes.
The leaves are dark green, forked, with small-toothed margins.
Coontail reproduces vegetatively, by stem fragments and turions,
and by seed, although in cold water, plants produce few to no seeds
(DiTomaso 2003). Fruit and seed production have often been
observed in the Keys lagoons during aquatic plants surveys.

C. demersum

1.5.5.4 Common Elodea (Elodea canadensis)
Elodea is a native to North America and can inhabit waters to 8,500
feet in elevation. Elodea is an important component of aquatic
ecosystems where it furnishes habitat and forage, although elodea
can become a problem in nutrient-rich aquatic systems with elevated
iron and phosphorous levels. Although a native plant in Canada and
the lower 48 states, Elodea species have recently invaded several
lakes in Alaska where it is not native.
Elodea grows best in water less than 15 feet with high light conditions
and under certain conditions, such as high water clarity, Elodea can
grow at greater water depths. It is a rooted aquatic plant that readily
creates stem fragments that can be transported to new locations.
Seedlings are rare. Elodea has dark green leaves, typically found in
opposite pattern or three-whorled pattern at stem nodes. Turions can
form at terminal growing tips (DiTomaso 2003).
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E. canadensis

1.5.6 Multicellular algae
Nitella species and Chara species are multicellular algae that appear
to be rooted aquatic plants. Several species of the genus Nitella are
found in the Tahoe Keys lagoons. Nitella is native and is common
throughout North America. It is a green algae with branched
filaments that have one or more forks that is generally found
anchored to the substrate.

Multicellular algae

Several species of the genus Chara are found in the Tahoe Keys and
Keys Marina. Chara is a green algae common in the western United
States. The algae filaments have whorled and can be more than 12
inches long.
1.5.7 Filamentous algae
Filamentous algae are single celled organisms that form long chains
of cells, or filaments. These filaments can form long strands and
intertwine forming mats. Filamentous algae usually float to the
surface and form large mats. Often there will be many species of
filamentous algae present. Filamentous algae are not known to be a
direct food resource for wildlife. Algae can also cause oxygen
depletion that can increase the likelihood of fish kill (Lembi 2009).
1.5.8 Benthic Macroinvertebrates
BMI (also known as "benthos") are small animals living among
stones, logs, sediments and aquatic plants on the bottom of streams,
rivers and lakes. They are large enough to see with the naked eye
(macro) and have no backbone (invertebrate) (WVDEP 2018). BMI
act as an element of water quality monitoring. The taxonomic
identification of a BMI community reflects conditions and changes in
water quality as the species found in freshwater ponds, lakes, and
streams are often extremely sensitive to changes in pollution (Azrina
et. al 2006).
BMI species found within the Tahoe Keys Lagoons represent a
community with a high tolerance to degraded water quality and
typical of lake systems, is dominated by collectors, filterers, and
grazers in varying proportions (TKPOA 2016d).
1.5.9 Special-Status Species in the Tahoe Basin
Several sensitive species are known to be present in the Tahoe
Basin, but there are no recorded occurrences of these species within
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the Tahoe Keys lagoons (CDFW 2014). Brief descriptions of the
sensitive species in the region are given in this section.
1.5.9.1 Lahontan Cutthroat Trout (Oncorhynchus
clarkii henshawi)
LCT is a member of the Salmonidae (trout and salmon) family, and
is thought to be among the most endangered western salmonids.
LCT was listed as endangered in 1970 and reclassified as threatened
in 1975 (USFWS 2014) and is considered extirpated from Lake
Tahoe.
Like other trout species, LCT are found in a wide variety of cold-water
habitats including large terminal alkaline lakes, alpine lakes, slow
meandering rivers, mountain rivers, and small headwater tributary
streams. Generally, LCT occur in cool flowing water with available
cover of well-vegetated and stable stream banks, in areas where
there are stream velocity breaks, and in relatively silt free, rocky rifflerun areas.
The LCT is endemic or native to the Lahontan basin of northern
Nevada, eastern California, and southern Oregon. LCT currently
occupies between 123 to 129 streams within the Lahontan basin and
32 to 34 streams outside the basin, totaling approximately 482 miles
of occupied habitat. Self-sustaining populations of the species occur
in 10.7 percent of the historic stream habitats and 0.4 percent of the
historic lake habitats (USFWS 2014).
In the Lake Tahoe Basin, there have been attempts to reestablish
both stream and lake populations. Many of the planted fish are
consumed by non-native trout and LCT is considered to be extirpated
from Lake Tahoe due to this predation. On-going maintenance is
required in the headwaters of the Upper Truckee River (TERC 2014).
Two Lahontan Cutthroat Trout (LCT) were captured in the Upper
Truckee River in 2011 during a survey conducted by the USFS.
These fish were determined to be hatchery fish released by the
Nevada Department of Wildlife (NDOW) earlier that year (USFS
2013).
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1.5.9.2 Tahoe Yellow Cress (Rorippa subumbellata)
The Tahoe yellow cress is a federal candidate species for listing and
is a California listed endangered plant. The habitat for this plant is
coarse sand and sandy soils (often among cobbles or boulders) of
active beaches, stream inlets, beach dunes, and backshore
depressions, generally within a few feet of the local water table, in
the shore zone of Lake Tahoe at elevations of 6,223 to 6,230 feet. It
occupies a narrow three meter-wide band on the shores of Lake
Tahoe, where it apparently requires an interaction of soil moisture,
low competition from other plant species and coarse sandy soil
texture. This habitat is nearly eliminated during periods when high
lake levels are maintained, but in drought years, when lake levels
drop, the shoreline habitat is substantial (Pavlik 2002). The Tahoe
Keys lagoons have fine-textured sediment in the bottom of the
waterways, not the coarse sandy soils associated with Tahoe yellow
cress habitat. There are several known populations of Tahoe yellow
cress outside of the Tahoe Keys lagoons (Figure 6). The CTC has
installed signage in the area to educate the public about this specialstatus plant and its habitat.
Figure 6. Tahoe Yellow Cress Occurrences near Tahoe Keys Lagoons

1.5.9.3 Willow flycatcher (Empidonax traillii)
The willow flycatcher is listed in California as endangered. It is a
small bird that breeds in wet shrubby thickets and riparian woodland,
particularly with willow and buttonbush (AOU 1998). It is a spring and
summer resident in montane riparian areas and wet meadows from
2,000 to 8,000 feet in elevation. Breeding populations tend to occur
in isolated mountain meadows of the Sierra Nevada and Cascades
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(Craig 1998). No suitable habitat for willow flycatcher is found in the
Tahoe Keys lagoons, but suitable habitat is found in the nearby area.
1.5.9.4 Bald eagle (Haliaeetus leucocephalus)
A state endangered species, bald eagles prefer habitat near large
areas of open water such as rivers, large lakes, and seacoasts. They
tend to use areas away from human disturbance (Snyder 1993). The
Tahoe Keys lagoons do not provide the preferred habitat for nesting
or areas for hunting, but bald eagles have been seen perching in
large snags and nesting in trees in the area.
1.5.9.5 Sierra Nevada yellow-legged frog (Rana
sierrae)
A state threatened and federally endangered species, Sierra Nevada
yellow-legged frog is patchily distributed at high elevation lakes and
slow-moving streams typically above 6,000-foot elevation in the
Sierra Nevada range north of the Kern River watershed, and over the
eastern crest of the Sierra into Inyo and Mono counties at the
southern-most extent (USFWS 2013). The Tahoe Keys lagoons do
not provide suitable habitat for this species.
1.5.9.6 Bank swallow (Riparia riparia)
The bank swallow is listed as a state threatened species. It prefers
nesting in vertical banks and bluffs with alluvial soil often near rivers
and lakes with erosional forces. The Tahoe Keys lagoons do not
provide suitable habitat for this species.
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2

PURPOSE OF THE INTEGRATED MANAGEMENT PLAN FOR
AQUATIC WEEDS

Like numerous other recreational lakes, Lake Tahoe is experiencing
an increase in the presence of non-native plant and animal Aquatic
Invasive Species (AIS) (Getsinger 2014; TRPA 2014). Non-native
organisms have great potential to not only harm the natural
ecosystems of the Basin but the economy of the region as well
through impacts due to loss of recreational opportunities and
increased costs for maintenance to boats and piers. Non-native
species also change the nutrient load of the water and can have
detrimental effects on water quality and clarity.
AIS of Concern
Aquatic invasive species of concern in Lake Tahoe are found
primarily in the near-shore zones where shallow waters have warmer
temperatures, sufficient nutrients, and favorable habitat conditions.
Over the last few decades, increased efforts have been made to
assess and implement control measures to reduce the populations
of invasive, non-native species and to prevent the introduction of
other non-native species because they displace native organisms
and negatively affect water quality.
The Lake Tahoe Aquatic Invasive Species Management Plan
(Regional Plan), first published in 2009, was updated in 2014 (TRPA
2014). The goals of the Regional Plan are to:
 Prevent new introductions of AIS to the Lake Tahoe Region
 Limit the spread of existing AIS populations in the Lake Tahoe
Region, by employing strategies that minimize threats to
native species, and extirpate existing AIS populations when
possible
 Abate harmful ecological, economic, social and public health
impacts resulting from AIS
The Regional Plan is structured around the following objectives:
 Oversight and internal coordination
 Prevention
 Monitoring, detection and response
 Long-term control
The Regional Plan identified over 30 non-native aquatic species of
plants and animals that have been introduced into the Tahoe region,
and identified an additional 17 species of plants and animals that, if
introduced to the region, could become established and reach
nuisance levels.
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Table 2. Established Non-native Species in the Tahoe Region
Type
Name
Scientific Name
Potamogeton crispus
Plants
curlyleaf pondweed

Introduced fishes

Other Species

Eurasian watermilfoil

Myriophyllum spicatum

rock snot

Didymosphenia geminate

largemouth bass

Micropterus salmoides

smallmouth bass

Micropterus dolomieui

Bluegill

Lepomis macrochirus

brown bullhead

Ameiurus nebulosus

black Crappie

Pomoxis nitromaculatus

brook trout

Salvelinus fontinalis

brown trout

Salmo trutta

Kokanee salmon

Oncorhynchus nerka

lake trout

Salvelinus namaycush

rainbow trout

Oncorhynchus mykiss

Asian clam

Corbicula fluminea

signal crayfish

Pacifastacus leniusculus

American bullfrog

Rana catesbeiana

gill maggot

Salmincola californiensis
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Table 3. Non-native Species Not Yet Established in the Lake Tahoe Region
Type
Name
Scientific Name
Egeria densa
Aquatic Plants
Brazilian Egeria
Cabomba caroliniana
Fanwort
Salvinia molesta
giant salvinia
Hydrilla verticillata
Hydrilla

Other Species

Fishes

oxygen weed
parrot feather
South American
spongeplant
water chestnut
yellow flag iris
yellow floating heart
New Zealand mudsnail

Lagarosiphon major
Myriophyllum aquaticum
Limnobium laevigatum

quagga mussel
zebra mussel
spiny waterflea

Trapa natans
Iris pseudacorus
Nymphoides peltata
Potamopyrgus
antipodarum
Dreissena bugensis
D. polymorpha
Bythotrephes longimanus

white Crappie
northern pike
Mosquitofish

Pomoxis annularis
Esox lucius
Gambusia affinis

Currently, there are a number of AIS prevention and control activities
in place in and around Lake Tahoe including education and outreach
to the public, volunteer programs, and governmental regulation. The
Lake Tahoe Aquatic Invasive Species Coordination Committee
(LTAISCC) facilitates collaboration on AIS prevention, control and
early detection by sharing information, standardizing treatment
methods and establishing data collection, setting project priorities
and identifying funding opportunities for control activities. Working
with the LTAISCC, TRPA, and TRCD coordinate the Lake Tahoe
Watercraft Inspection Program to prevent the introduction of new
AIS. TRCD has also been working to control aquatic macrophytes
using diver-assisted suction and placement of benthic barriers in
Emerald Bay and in the Truckee River. Ultra-violet light treatment
(UV treatment) and Laminar flow aeration (LFA) are experimental
AIS treatment methods being explored by TRCD and some private
parties.
2.1.1 The 2015 LTAIS Implementation Plan
The Lake Tahoe Aquatic Invasive Species Implementation Plan
(Implementation Plan) was published in July 2015 (Wittman 2015) as
a companion document of the Regional Plan. The Implementation
Plan provides information on establishing priority species and
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locations for AIS control work, and information on controlling and
reducing the impacts of the 30 AIS identified in the Regional Plan.
In the Implementation Plan, AIS for priority control work were
selected using two primary criteria. First, species were considered
based on their ranking in the Regional Plan as “…nonindigenous
species perceived to cause significant damage or harm in the Lake
Tahoe Watershed…” Secondly, the Lake Tahoe AIS Coordination
Committee helped refine the list of priority species to those for which
control was determined to be feasible in the Lake Tahoe Basin or
those species with significant unwanted effects on restoration goals
within the Tahoe Basin (Wittman 2015). Using these criteria,
Eurasian watermilfoil and curlyleaf pondweed were determined in the
Implementation Plan to be the two priority invasive aquatic plant
species for which there are feasible control actions.
Priority locations for AIS control work are also described in the
Implementation Plan. Locations were evaluated on many factors
including fish-plant interactions, the size of the infestation at a site,
human use of the site, and the location of the infestation in the Tahoe
Basin. Using these metrics, the Tahoe Keys lagoons, along with
several other areas around Lake Tahoe, were identified in the
Implementation Plan as areas of the highest priority for AIS control
work due to the “…immensity of nuisance aquatic plant
infestations…” The Tahoe Keys lagoons were given the highest site
prioritization in part due to the recreational levels in the lagoons. The
Implementation Plan further stated that targeting removal of AIS from
the highest priority sites would reduce the potential for proliferation
of these species in the Lake.
The priorities identified in the Implementation Plan for both the
aquatic plant species to be controlled and for areas to be treated
underscore the importance of controlling aquatic macrophytes in the
Tahoe Keys lagoons.
Aquatic Invasive Plants and Their Impacts
Submerged plants are critical to a well-structured fish assemblage.
They provide protection for small fish from predators and provide
habitat for large numbers of invertebrates for small fish to eat.
Submerged plants also provide an important food source for many
species of waterfowl in the form of vegetation-dwelling invertebrates
or the plants themselves and can affect water quality, oxygenate the
water and provide for long-term storage of nutrients and carbon.
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Left unchecked, aquatic plants can create a dense canopy that
changes habitat conditions for native fish, impedes water flow in the
water body, disrupts navigation, creates hazardous conditions, and
discourages recreational use of the waters. Invasive aquatic
macrophytes alter the structure of the ecosystem resulting in a
decrease in biodiversity of plants, animals, and invertebrates. Dense
canopies can also physically decrease the natural pattern of water
mixing.
Uncontrolled growth of aquatic macrophytes can result in a decrease
in water quality. In conditions with a dense cover of aquatic
macrophytes, pH of the water has a tendency to increase. Dense
aquatic plant canopies also change the chemistry of the sediment
layers or hydrosoil by reducing the oxygen levels, which in turn
promotes the release of phosphate from soil particles (Søndergaard
2003).
Rooted aquatic macrophytes have been associated with increased
nutrient loading in the water column. Aquatic plants have the ability
to take up nutrients through their roots or shoots, depending on
nutrient demand and availability. Eurasian watermilfoil and curlyleaf
pondweed utilize rhizomes and are comparatively more efficient at
sediment uptake of nitrogen and phosphorus than other rooted
aquatic macrophytes. Free-floating plants, such as coontail, lack
roots and absorb necessary nutrients from the water column as they
have no connection to nutrient-containing sediment (Angelstein
2008).
Absorbed nutrients are translocated and stored in various locations
throughout the plant, although it has been found that plant shoots
tend to have higher concentrations of nitrogen and phosphorus than
roots (Walter 2000). These nutrients are used in a variety of
metabolic processes and are released into the surrounding
environment with senescence and decay (Smith 1990). In general,
50% of nitrogen and phosphorus are resorbed to roots or other live
plant parts upon leaf senescence. Nutrients not resorbed by the plant
are deposited in litter where they are made available to other plants
upon the decomposition and subsequent mineralization of detritus
(Aerts 1996).
Plant tissues of common elodea and Eurasian watermilfoil have been
reported to release phosphorous to the water column, regardless of
photoperiod, under conditions of elevated pH and reduced levels of
dissolved oxygen that can occur in dense canopy environments. It
was also found that these two plants release oxygen, carbon dioxide,
nitrogen, phosphates, silica, and other organic compounds during
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photosynthesis as well. The rates of uptake and release of
phosphorus by aquatic plants was determined to be driven by light
availability, the rate of photosynthesis and plant respiratory
processes. Most research on the cycling, translocation, and leaching
of phosphorus has been conducted using Eurasian watermilfoil and
Elodea and tracer phosphorus (Walter 2000). There is insufficient
data on nutrient cycling undergone by curlyleaf pondweed and
coontail.
Historical Perspective: Controls Used in the Tahoe Keys
Lagoons to Control Aquatic Invasive Plants
Eurasian watermilfoil was confirmed in Lake Tahoe over 30 years
ago (Anderson 1996) and curlyleaf pondweed was confirmed in 2003
(Anderson 2003). Surveys of Lake Tahoe have shown that size and
locations of the infestations of the two plants has changed somewhat
over time, but that the overall trend shows that infestations of these
plants have increased substantially.
TKPOA began aquatic plant control work in the 1980s using
mechanical harvesters to keep navigation channels clear.
Maintenance activities and costs to remove aquatic plants have
increased dramatically over the years due to an increased volume of
plant growth. Current management costs are approximately $2,900
per acre, which includes equipment and disposal of plant material
that must be transported out of the Tahoe Basin. The volume of
weeds removed has increased to approximately 10,000 or more
cubic yards per year for the roughly 145 acres of the Tahoe Keys
lagoons that were harvested during 2016.
2.3.1 Other Aquatic Plant Control Methods Used in the
Tahoe Keys Lagoons
Floating, solar-powered vertical circulation devices known as Solar
Bees© were installed at four locations in the Marina Lagoon from
2008 to 2010. There was no detectable decrease in the growth of
Coontail, Eurasian watermilfoil, or curlyleaf pondweed. In 2008, a
study of Solar Bees©, including bioassays of both plant tissue and
sediments, showed no effect on the growth of Eurasian watermilfoil
under greenhouse conditions (Anderson 2005).
TKPOA collaborated with TRCD and TRPA in the Tahoe Keys
Aquatic Plant Management Research Project from 2011 to 2013.
One goal of this project was to determine the efficacy and feasibility
of non-chemical control of Eurasian watermilfoil and curlyleaf
pondweed using benthic or bottom barriers to suppress aquatic plant
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growth. The study found that the bottom barriers provided short-term
control of aquatic plants over a limited area but that they allowed
aquatic plants to quickly recolonize the area that had been treated
(TRCD 2014a).
In 2017, TKPOA conducted a larger scale test of bottom barriers in
the lagoon between White Sands and Balboa Drives. This test
covered approximately three quarters of an acre and the barriers
were kept in place for three months. Like the previous study, it was
determined that the barriers allowed for temporary control but the
area would likely recolonize quickly due to proximity of other aquatic
invasive plant populations and a high rate of sediment deposition
(TKPOA 2018a).
Current Status: Aquatic Invasive Plants in Tahoe Keys
Lagoons
2.4.1 Species Composition and Density of Aquatic Invasive
Plants
The invasive, non-native aquatic plant populations of Eurasian
watermilfoil and curlyleaf pondweed have been growing rapidly in the
Tahoe Keys Lagoons, as has the aquatic nuisance native plant
Coontail. Annual aquatic plant surveys beginning in 2014 continue to
show the extent and density of excessive plant growth in the lagoons.
In recent years, 85% to 90% of the available wetted surface in the
lagoons has been infested with invasive aquatic plants with a large
majority being the non-native invasive species (Figure 7). Of
particular concern is the recent rapid growth and spread of curlyleaf
pondweed, which has the potential to not only infest significantly
more of Lake Tahoe’s aquatic habitat than Eurasian watermilfoil, but
can also be more difficult to control due to the large number,
extended dormancy, and dispersal capacity of its turions, which are
produced in mid to late summer (Woolf and Madsen 2003, Wittmann
and Chandra 2015, Xie and Yu 2011). Turions are wintering buds
that become detached and spread throughout the waterway and
remain dormant in the sediment for long periods of time (i.e., up to
several years). Figure 8 shows the composition of curlyleaf
pondweed on August 11, 2015 (top map) and on July 30, 2018
(bottom map).
Coontail (Ceratophyllum demersum) has grown in abundance in the
Lake Tahoe region in recent years, specifically in the lagoons.
Coontail has heavily infested the deeper channels of all of the
lagoons, most abundantly in the Marina Lagoon and Lake Tallac
Lagoon (TKPOA 2016g).
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Figure 7: West Channel Hydroacoustic Scan from June 30, 2018
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Figure 8: Composition percentage of curlyleaf pondweed on Aug. 2015 (top)
and Jul. 2018 (bottom)

2.4.2 Impacts of Mechanical Harvesting
Mechanical harvesting of aquatic plants (See Chapter 3.1) is the
primary control method that has been used in the Tahoe Keys
lagoons. This method creates viable plant fragments at a much
higher rate than what occurs under normal conditions with boating,
bird foraging, or other actions. In 2014, TKPOA conducted a study of
mechanical harvesting practices (TKPOA 2014b). The study
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reported that mechanical harvesting increased the numbers of viable
aquatic plant fragments by 30 to 45% over the background numbers.
Purpose of the Integrated Management Plan for Aquatic
Invasive Weeds, Goals and Objectives of the Plan
The Tahoe Keys lagoons are used by many people for recreation
and scenic enjoyment and the area provides a broad range of
activities and opportunities to enjoy Lake Tahoe. Excessive growth
of aquatic plants has impaired the waterways of the Tahoe Keys
lagoons and the dense canopy of aquatic plants has reached
nuisance status. The maintenance required keeping the waterways
safe and navigable and the associated costs of this maintenance
have increased dramatically over the years due to the increased
volume of aquatic plants which must be removed. Aquatic plants can
be transported from the immediate area of the Tahoe Keys lagoons
by wave action, currents, on boats, or by wildlife to new areas where
they may become established and create new populations of aquatic
plants that require control. A plan that provides for long-term
management of aquatic plants is needed to maintain recreational
safety and navigation, improve water quality, and to improve habitat
for native species of the Tahoe Keys lagoons. Implementing such a
plan will protect the beneficial uses of the waters of the Tahoe Keys
lagoons.
The Purpose of the IMP is to help protect the ecology, enhance the
recreational and aesthetic qualities, and to maintain the commercial
uses of Lake Tahoe by integrating the methods of aquatic plant
control that have been approved for use in the Tahoe Keys lagoons
and improving the efficiency and efficacy of those methods.
Two goals are defined in this IMP that fulfill the Purpose of the IMP.
Objectives that support these goals were used to establish criteria by
which aquatic invasive plant control methods will be evaluated in the
Adaptive Management Review Program (Chapter 4).
Goal 1 and its Objectives come from the WDRs issued to the
TKPOA:
Goal 1: Fulfill the Objectives identified by the Lahontan Board in the
Waste Discharge Requirements issued to the Tahoe Keys Property
Owners Association under Adopted Board Order R6T-2014-0059.
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Objectives from the WDRs:
1. Eliminate spreading of AIS from the Tahoe Keys to
greater Lake Tahoe.
Aquatic plants are known to readily spread by plant propagules,
which include both sexual reproductive structures, such as seeds,
and vegetative structures and viable fragments. Invasive aquatic
plants have infested marinas throughout Lake Tahoe. Under this
objective, the IMP strives to reduce one of the potential sources of
these propagules, those from the Tahoe Keys lagoons, by reducing
the population and density of nuisance aquatic plants and by
improving control methods to reduce the potential to generate viable
plant fragments that can be transferred from the Tahoe Keys lagoons
to Lake Tahoe.
2. Enhance the overall water quality of the Tahoe Keys
lagoons and Keys Marina thereby improving Lake Tahoe
water quality and associated clarity.
The dense canopy of aquatic macrophytes that have been reported
in the Tahoe Keys lagoons can lead to changes in water quality
parameters such as increased pH and the resultant release of
nutrients such as phosphate from sediments due to this increase and
due to the release of nutrients upon senescence and decomposition
of the plants. The Tahoe Keys lagoons are directly connected to Lake
Tahoe at the East Channel of the Marina Lagoon and the West
Channel of the Main Lagoon. Reductions in nutrient release in the
Tahoe Keys lagoons will result in a decrease of the potential
dissipation of these nutrients to Lake Tahoe as well as improve the
water quality parameters in the Tahoe Keys lagoons themselves.
3. Reduce habitat for non-native fish and enhance habitat
for native fish in the Tahoe Keys lagoons and Keys
Marina.
The density of aquatic plants in the Tahoe Keys lagoons has shifted
the benthic habitat toward supporting introduced species of warmwater fish, such as bass and bluegill, to the detriment of native fish,
such as the Lahontan redside and Mountain whitefish. Under this
objective, the IMP strives to reduce the plant canopy formed by nonnative and invasive aquatic plants that harbor the non-native fish
species in favor of native fish and benthic species.
4. Restore and maintain established beneficial recreational
uses, including water contact safety in the Keys lagoons
and commercial uses in the Keys Marina.
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Aquatic invasive plants can adversely affect navigation when stems
entangle boat rudders, propellers and clog cooling systems. During
the summer months, ongoing maintenance operations to keep the
waterways open disrupt boating activities and impact the visual
aesthetics of the Tahoe Keys lagoons. Under this objective, the IMP
strives to improve boating and recreational access of the Tahoe Keys
lagoons by both establishing and maintaining adequate vessel hull
clearance to allow for safe boating and by minimizing removal work
which disrupts recreational activities.
5. Implement a combination of cost-effective control
measures that are feasible for long-term management of
aquatic invasive plants.
By using best available technology to assess conditions, personnel
and resources can quickly be directed to where they are needed
most. Under this objective, the IMP strives to improve control work
by consistently utilizing accurate survey methods, such as
hydroacoustic sampling, which can report real-time data so that
control work can be effectively scheduled. By using GPS equipment,
maps can be made that show where work has been completed and
reference points established to allow objective evaluation of the
control work.
Control methods for aquatic invasive plants that are currently
approved for use in the Tahoe Keys lagoons are described and
reviewed in Chapter 3, and the implementation plan for Year 1 (2016)
is given in Chapter 4.1. The IMP combines all the feasible and
approved methods for aquatic plant control in the Tahoe Keys
lagoons.
The WQC developed Goal 2 and its supporting objectives to
underscore the fact that the IMP is a working document that will be
subject to review and changes:
Goal 2: To support improvements and updates to the IMP, TKPOA
will continue to refine existing methods of aquatic plant control and
to research new, safe, cost-effective methods to control aquatic
invasive plants. The Adaptive Management Program Committee and
the Lahontan Board will use established, objective criteria to
evaluate these methods and propose effective, feasible methods for
inclusion in updates to the IMP.
Objectives for Goal 2 are:
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1. Identify and confirm safety and efficacy of proven novel
aquatic invasive plant control methods by reviewing
scientific literature and reports of these methods used
under real world, operational conditions.
2. Conduct and monitor small-scale demonstrations of
localized control methods in defined areas of the Tahoe
Keys lagoons. These small-scale demonstrations may
include methods not specified as control measures in the
WDRs but will be conducted under the appropriate
authorization of and permits issued by the Lahontan
Board.
TKPOA plans to meet the Objectives of Goal 2 with a program of
research of new and novel methods of aquatic invasive control and
an on-site testing program to demonstrate efficacy of any new
method proposed for inclusion in updates to the IMP.
Chapter 4.2 provides a complete description of the research and
testing program. All proposed testing will be done under approval of
and with proper permits from applicable resource agencies.
Development of the IMP and Public Involvement
Removing aquatic plants from the Tahoe Keys lagoons has been a
seasonal maintenance practice for TKPOA since the 1980s. After
2007, the quantity of aquatic plant material removed from the Tahoe
Keys lagoons began increasing dramatically (Figure 7). TKPOA
began researching additional aquatic plant control methods and
worked with TRCD beginning in 2011 to test bottom barriers and to
analyze conditions in the Tahoe Keys lagoons to determine the
factors that could be influencing the growth of the aquatic weeds.
Realizing that the problem of uncontrolled growth of aquatic plants
was escalating, the WQC began developing an integrated
management plan in 2013. The WQC retained the expertise of
aquatic plant expert Lars Anderson, Ph.D., known for his work on
aquatic macrophytes at Lake Tahoe and the Tahoe Keys lagoons to
help identify suitable control methods for the Tahoe Keys lagoons.
TKPOA also retained Sierra Ecosystem Associates (SEA) to assist
Dr. Anderson. The WQC reviewed aquatic plant control methods and
several of the many integrated management plans for aquatic plants
that have been developed throughout the United States, including
those developed for Big Bear Lake and Clear Lake in California, Lake
Stevens in Washington, Chetek Lakes and Balsam Lake in
Wisconsin. Based on this initial information gathering, the WQC
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developed an annotated outline of their plans for an integrated
management plan for the Tahoe Keys lagoons.
In 2014, the Lahontan Board issued the WDRs to TKPOA.
Among the findings, the WDRs specified that TKPOA write an
integrated management plan to address controlling aquatic weeds in
the Tahoe Keys lagoons. To fulfill this requirement, and to continue
their work on the IWMP, the WQC again retained Dr. Anderson and
SEA to develop the Draft IWMP and to interact with the regulatory
and resources agencies in the Lake Tahoe area.
TKPOA invited five experts in the field of aquatic biology to serve as
experts to review the Draft IWMP. The Expert Review Panel
members were:
 Joe DiTomaso, Ph.D., UC Davis Cooperative Extension,
Panel Chairperson
 Sudeep Chandra, Ph.D., University of Nevada, Reno
 Joel Trumbo, California Department of Fish and Wildlife
 Patrick Akers, Ph.D., California Dept. of Food and Agriculture
 Kurt Getsinger, Ph.D., US Army Engineer Research and
Development Center
Dr. Anderson worked closely with the Expert Review Panel to
evaluate all aquatic plant methods to determine their suitability and
potential efficacy in the Tahoe Keys lagoons.
For the IWMP, the WQC also solicited input from numerous resource
agencies and non-profit organizations involved with AIS control in
Lake Tahoe and the surrounding Basin area. TKPOA also held
extensive consultations with the Lake Tahoe AIS Coordinating
Committee, Lahontan Board, and TRPA in developing the Draft
IWMP.
This effort culminated in the release of the Draft IWMP for public
review in August 2015. The Draft IWMP was posted on the website
www.keysweedsmanagement.org and TKPOA hosted a public
meeting on August 11, 2015. Dr. Lars Anderson and the independent
Expert Review Panel presented the Draft IWMP and answered
questions from the members of the public attending the meeting.
While most of the people attending the meeting strongly supported
the Draft IWMP, several voiced concerns about the Plan including
TKPOA’s proposed use of aquatic herbicides.
Over 50 written comments were received on the Draft IWMP
between August and December 2015. Some comments, including
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those from the Lahontan Board, suggested the need for the plan to
more fully consider a range of control methods.
In light of the comments and concerns on the Draft IWMP from the
public and the Lahontan Board, TKPOA decided to revise the Draft
IWMP. This resulted in the IMP submitted to the Lahontan Board in
May 2016. The May 2016 IMP described an integrated approach to
aquatic plant control in the Tahoe Keys lagoons using the currently
approved methods listed in the WDRs, which are: mechanical
harvesting, placement of bottom barriers, and public education and
outreach.
The IMP also described a two-year research and testing program
with an Adaptive Management Review program to:
 Identify and evaluate additional new and novel methods for
aquatic plant control
 Investigate aquatic control methods proposed by the public
 Gather information to answer questions posed by the public
On August 18, 2016 the Lahontan Board informed TKPOA that the
May 2016 IMP was conditionally approved with the stipulation that
all references to the proposed use of aquatic herbicides be removed
from the text of the IMP and used only in an appendix. TKPOA
subsequently placed all text regarding the proposed use of aquatic
herbicides in Appendix A.
Per the requirements of its WDRs, TKPOA has conducted an update
of the IMP each year since its original release in May 2016. This is
the third update since 2016. Prior updates were the 2017 IMP Update
(released January 31, 2017), and the 2018 IMP Update (released
January 31, 2018).
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3

APPROVED
METHODS
OF
PLANT
ADVANTAGES AND DISADVANTAGES

CONTROL:

The WDRs issued to TKPOA permit the use of several methods of
aquatic weed control. These are:
 Mechanical Harvesting
 Placement of Bottom Barriers
 Diver-Assisted Dredging or Diver-Assisted Suction Removal
of Aquatic Plants
 Hand-pulling
 Cultural Controls
Descriptions of each of the approved methods, along with
summaries of their advantages and disadvantages, are given in this
chapter.
Mechanical Harvesting
Mechanical control is the most commonly used method to control
invasive aquatic plants. TKPOA has used mechanical harvesters for
aquatic weed control since the 1980s to maintain navigation in the
Tahoe Keys lagoons.
Figure 9. Mechanical Harvester

Mechanical harvesting equipment ranges from small hand-held
cutting devices to large boat-mounted, hydraulically-controlled
cutting, conveyance and transport systems. The small systems are
useful around space-constrained areas. The larger, boat-mounted
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systems typically have removal systems to collect plant fragments
and are the most practical for large areas such as the Tahoe Keys
lagoons. Large systems both cut and remove the plants as part of
the same operation. Cut plants are off-loaded to an on-shore carrier
and taken off-site for disposal. Depending on site conditions, these
machines can cut the plants approximately five to 10 feet below the
surface of the water. Obstructions such as docks and pilings prevent
the use of large mechanical harvesters. The plants in target areas
must be harvested one or more times during the growing season to
maintain acceptable conditions.
3.1.1 Advantages





Mechanical harvesting offers the immediate improvement of
access to the waterway for boating and other recreation.
Large harvesting machines can remove thousands of pounds
of plant material from a waterway. For example, in the Tahoe
Keys lagoons, approximately 8,000 to 10,000 cubic yards of
plant material is removed and hauled off-site annually.
Mechanical harvesting does not require a permit and there are
no requirements for monitoring.
Efficient mechanical harvesting operations can remove some
nutrients sequestered in the harvested plant biomass and
over time can reduce the internal loading of dissolved
phosphorous (Greenfield 2004).
3.1.2 Disadvantages









Harvesting creates thousands of viable plant fragments per
acre harvested and releases viable plant propagules that can
disperse to uninfested areas by waterfowl, wind and water
movement, and boat traffic.
Harvesting is a non-selective operation. This lack of selectivity
can negatively impact desirable, native aquatic species.
The physical actions from these operations can cause direct
harm to fish, amphibians and invertebrates and other
organisms through injury or mortality, or by removing cover
that protects native fish from prey. These impacts are directly
related to the scale of operations and to the abundance and
occurrence of non-target organisms in the treatment area.
Mechanical harvesting can impact water quality by increasing
turbidity and releasing nutrients
Mechanical cutting is conducted during the early rapid growth
phase and continuing growth period of the plants throughout
the summer. Cutting plants during these periods can stimulate
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their growth and also cause more lateral growth or sidebranching to occur which results in a denser plant canopy.
Disposal costs can be expensive. Often plant material must
be hauled to locations remote from the harvested area and
disposal costs can constitute a large part of the budget.
3.1.3 Suitability to Tahoe Keys Lagoons

Mechanical harvesting has been the primary means of control used
in the Tahoe Keys lagoons and it is anticipated that some harvesting
will continue to be used as part of the integrated management
approach. The WDRs issued to TKPOA specify that Best
Management Practices (BMPs) be developed for controlling plant
fragments generated by mechanical harvesting.
Harvesting methods in the Keys lagoons were analyzed in the 2014
study, “Characterization of Aquatic Plant Fragments in the Tahoe
Keys Lagoons” (TKPOA 2014b). The results of this study showed
that harvesting increases numbers of fragments by 50 to 100% and
increases the size of fragments that are found compared to preharvest samples. Recommendations and modifications for standard
mechanical harvesting machines made in the 2014 study were:
modifying cutting bar depth, improving the methods of collecting
fragments during operations, removing fragments from dead-end
coves and down-wind sites, selecting harvest sites according to
prevailing winds, as well as using real-time information on aquatic
plant conditions in the Tahoe Keys lagoons to efficiently direct
harvesting machines to problematic areas.
Placement of Bottom Barriers
Bottom barriers are typically large sheets of an impermeable or semipermeable synthetic or natural material that is placed directly on the
plants and anchored in place with weight. Synthetic barriers may be
polyethylene, PVC, or woven material permeable to gasses but not
to light. Under the WDRs issued to TKPOA, up to five acres in the
Tahoe Keys lagoons may be treated using bottom barriers per year
and the barriers must be removed at the end of the growing season.
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Figure 10. Jute Bottom Barrier

3.2.1 Advantages




Bottom barriers offer effective control of aquatic plants and
potentially can provide control over several growing seasons,
if left in place.
Bottom barriers can be placed under docks or piers that
otherwise may be difficult areas to treat with other methods.
Once in place, bottom barriers afford immediate relief from the
impacts of excessive, nuisance aquatic plants.
3.2.2 Disadvantages







Plant growth is suppressed only as long as barriers are in
place. Once removed, plant densities can return to pretreatment levels if plant propagules re-infest the treated area.
Control is non-selective for nuisance as well as native plants.
There have been reports of aquatic plants recolonizing
through natural jute barriers but this appears to be
uncommon. Aquatic plants can also recolonize in sediment
deposited on the top of the barrier.
Bottom barriers cover the benthic habitat, which results in a
temporary loss of habitat for BMI while vegetation is
decomposing, due to an increase in ammonia and a decrease
in dissolved oxygen. Studies have shown that populations of
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these invertebrates can quickly recover after barriers are
removed (Ussery 1997, TRCD 2014a).
Bottom barriers can be dislodged by wave action from boating
activity.
Large-scale placement requires using trained divers, which
makes it comparatively expensive. TKPOA utilized a diving
company to install a large area of bottom barriers in 2017
which equaled approximately $76,500 per acre.
3.2.3 Suitability to Tahoe Keys Lagoons

Bottom barriers have been widely used in the US, at Lake Tahoe,
and in the Tahoe Keys lagoons. TRCD conducted a three-year study
in the Tahoe Keys lagoons using bottom barriers to control the
growth of aquatic plants (TRCD 2014a). The study showed that
nuisance aquatic plant growth was suppressed in the short term (less
than one year) but that recolonization over the subsequent two
growing seasons resulted in aquatic plant densities similar to what
was found in untreated areas. Bottom barriers were more effective in
controlling Eurasian watermilfoil at Emerald Bay when they were
used as part of TRCD’s Lake-Wide Aquatic Invasive Plant Control
Project. There are limitations to the use of bottom barriers in the
Tahoe Keys lagoons. Compared to Emerald Bay, the water is
relatively shallow and there is often a high level of recreational boat
traffic. Bottom barriers can be readily dislodged by wave action even
in areas where the boat speeds are slow. Once installed, bottom
barriers should be inspected regularly and re-secured if needed.
The WDRs issued to TKPOA by the Lahontan Board currently allow
a maximum of five acres of bottom barriers to be installed at any time
in the Tahoe Keys lagoons. The WDRs require removal at the end of
the growing season (LRWQCB 2014). In 2015, TKPOA developed a
permitting system for individual homeowners to install bottom
barriers around private docks in the Tahoe Keys lagoons. The
program met with limited success and several improvements to the
program were made for the 2016 and 2017 seasons. The program
still has limited success due to the dense infestation in the Keys
which quickly repopulates areas where bottom barriers were used.
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Diver-Assisted Dredging or Diver-Assisted Suction
Removal of Aquatic Plants
This method requires trained personnel using specialized equipment
to remove aquatic plants from a treated area. The divers, or in some
cases snorkel crews, carefully dislodge rooted plants from the
sediment and guide them into a suction device that is mounted on a
floating platform or barge which also carries the pumps necessary to
create the suction. The plants are drawn up to the surface and then
trapped in a sieve on the barge. Water taken up by the process is
returned at some distance away from where the diver is working.
Unlike dredging, the sediment is not removed directly by this action:
the divers manipulate the suction hose to stay away from direct
contact with the sediment. Typically, after sieving, the plants are
bagged and disposed off-site.
Figure 11. Diver-Assisted Suction Removal

3.3.1 Advantages




A skilled diver can avoid removing non-target plants and most
non-target animals (except those attached to the plants)
making this a selective control method.
Thorough operations can be extremely effective in removing
all or nearly all viable plant propagules.
Eradication can be complete after two to three treatments
during the growing season.
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3.3.2 Disadvantages







Divers must carefully dislodge plants while avoiding direct
removal of sediment.
The process can cause unacceptable increases in turbidity,
requiring that operations cease until turbidity declines below
thresholds established by the permit issued for the control
work.
Installing screening devices such as turbidity curtains may be
required to isolate the treatment.
There are potential hazards to divers from low visibility in the
water, boat traffic, and inadvertent impacts include fish
mortality.
Treatment may be temporary if aquatic plant propagules enter
from another site.
3.3.3 Suitability to Tahoe Keys Lagoons

Diver-assisted suction removal is used successfully at locations in
California and outside the state. In California, TRCD has used this
method to remove Eurasian watermilfoil at Emerald Bay as part of
the Lake-Wide Aquatic Invasive Plant Control Project. TRCD plans
to include it in their on-going work in the Tahoe Basin.
At Emerald Bay, TRCD was able to assure diver-safety by excluding
boat traffic from the treatment area while the divers were on-site and
TKPOA would need to use the same safety measures for work in the
lagoons.
Unlike the coarse sediment layers of Emerald Bay, the Tahoe Keys
lagoons have unconsolidated, fine sediment layers which increases
the likelihood that turbidity could quickly increase above threshold
levels allowed under permits. Turbidity curtains would be required to
retain suspended material in the treatment area and poor visibility
could present a problem during operations until turbidity levels drop.
Diver-assisted suction could be used at the Tahoe Keys lagoons
under an existing dredging permit issued in 2015 for maintenance
work and could prove particularly useful at sites that are not-well
suited for other methods of control, such as around docks or other
submerged obstructions. Given the recreational use of the lagoons,
the need for diver safety by excluding boats from the treatment area,
and the need to contain turbid water, use of diver-assisted suction
would need to be timed carefully to minimize impeding navigation of
the lagoons.
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Hand-pulling
Aquatic plants can be removed from waterways by pulling out the
plant, including the roots and other regenerative plant parts, and then
capturing and disposing of the plant material in a suitable manner.
Hand-pulling is best used in small-scale removal projects in shallow
water where the plants can easily be identified and reached. In
waters deeper than three feet, hand-pulling requires divers to reach
and remove rooted plants. Success is dependent on the sediment
type, visibility and proper identification of species. Some species can
easily fragment and produce small pieces that are not easily
captured and removed (SFEI 2004).
3.4.1 Advantages





If all regenerative plant parts are removed during treatment,
this method can greatly reduce regrowth in the treated area.
In shallow waters, hand-pulling can be an effective and
comparatively inexpensive method to remove aquatic plants.
In deeper waters, using trained divers can be effective in
reducing the biomass of nuisance aquatic plants.
If water clarity is good, impacts to non-target species, such as
native plants and animals, is minimal during treatment.
3.4.2 Disadvantages









This is a slow and labor-intensive method of control.
Reduced visibility in turbid water can impede removal of
nuisance, target plants.
Using trained divers with specialized scuba equipment
increases the cost of hand-pulling and is generally not
deemed appropriate for deep waters with dense canopies of
aquatic plants due to unsafe diving conditions.
Turbidity could increase to unacceptable levels when
sediments are disturbed as the plants are pulled from the
sediment.
Increased nutrient levels in the water could result if significant
amount of decaying plant material is left behind.
Plant fragments and propagules that are not captured during
treatment can drift from the area or can re-infest the treated
area.
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3.4.3 Suitability to Tahoe Keys Lagoons
Homeowners are not discouraged from hand-removing weeds from
around their docks or from the shoreline of their property as long as
this work can be done safely. However, the waters of the Tahoe Keys
lagoons are typically deeper than three feet and are not safely
accessible for hand-pulling work except by trained scuba divers. The
dense aquatic plant canopy creates unsafe free-diving conditions.
The aquatic plants can easily fragment and release vegetative
propagules; therefore, hand-pulling may spread viable plant parts to
adjacent sites or can re-infest the cleared sites if not done carefully.
Also, the sediment layer in the Tahoe Keys lagoons could easily be
disturbed by hand-pulling resulting in increased turbidity levels.
Hand removal of fragments lodged on shorelines is beneficial in
reducing the dispersal of plant propagules. Plant fragments that drift
to areas behind docks and piers could be removed by hand from
these areas, using rakes or screens, to complement other
management actions.
The League to Save Lake Tahoe program Eyes on the Lake trains
volunteers to spot and report aquatic weeds and other AIS. Through
this program, the League also trains volunteers about how to remove
aquatic weeds when they are spotted. Many residents of the Tahoe
Keys actively volunteer with the League and participate in the
programs that are offered.
Cultural Controls
Cultural control of weeds refers to techniques that create conditions
in which weeds are less likely to become established or are less likely
to increase in population size. These techniques include reducing
availability of nutrients or preventing nutrient accumulation to impede
weed growth.
Reducing available nutrients in the water is very effective for
management of nuisance algal blooms, but is less effective on rooted
plants. Rooted plants obtain sufficient nutrients from the sediment
layer: almost all nitrogen and phosphorous move into the plant
tissues via uptake by the roots (Barko 1980).
Aquatic plant senescence plays an important role in nutrient cycling
in the aquatic environment. As plants die, 50% of the nutrients are
resorbed by the soil particles in the sediment layer and the other half
are deposited in the leaf litter and are mineralized in the detritus
(Aerts 1996). The sediments in shallow waters like the Tahoe Keys
lagoons have high levels of oxygen and the hydrosoil has a high
affinity to bind phosphate.
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Reducing non-point sources of nutrients and observing BMPs for
landscape maintenance help keep landscapes visually attractive
while reducing nutrient run-off into surface waters. BMPs include
minimizing the amount of fertilizer applied to lawns and gardens to
the quantity needed for healthy plants and reducing or eliminating
phosphorous fertilizer. Reducing overspray and run-off from
irrigation keeps the fertilizer in place in the garden and out of the
environment and reduces the need to re-apply fertilizer. Choosing
plants that have low fertilizer and low water-use requirements also
help protect the environment because these plants need fewer
resources for a healthy landscape.
Utilizing BMPs can result in decreasing the amount of nutrients
entering the water and decreasing the amount of sediment
deposition in the water, both of which can help decrease the rate of
aquatic plant growth.
Successful cultural control by reducing nutrient inputs is dependent
on changed practices from business-as-usual activities. This
requires informing and educating the responsible parties so that they
can modify their behaviors and approaches. In this respect,
education and outreach are essential for cultural control of aquatic
plants.
3.5.1 Advantages





Reducing run-off from fertilized landscapes can be easily
achieved through improved irrigation management and other
practices such as buffer strips.
Reducing nutrient inputs via runoff will lessen the likelihood of
sustained algal blooms.
Optimizing the amount of fertilizer applied to the landscape
saves money.
Optimizing irrigation saves water.
3.5.2 Disadvantages





Reduced nutrient availability is not sufficient to control the
growth of invasive aquatic plants.
Modifying behaviors and entrenched practices can be difficult
in certain situations.
Compliance with BMPs can be difficult to monitor.
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3.5.3 Suitability to Tahoe Keys Lagoons
The nuisance aquatic species of the Tahoe Keys lagoons are
primarily rooted plants which can derive necessary nutrients from the
underlying sediment. With the exception of the native plant, coontail,
the primary target nuisance aquatic plants in the Tahoe keys lagoons
are rooted plants that rely almost exclusively on nutrients from the
sediment.
Developing and utilizing BMPs for the Tahoe Keys lagoons is
important to the success of the Plan. Successful implementation of
BMPs will reduce the contributions of landscaping maintenance to
the problems of aquatic plant growth and will engage and educate
the residents of the Tahoe Keys to take measures to reduce the
proliferation of aquatic plants in the Tahoe Keys lagoons.
TKPOA has drafted the NPS Plan (TKPOA 2016b). The NPS Plan
includes BMPs specific for the common areas and the single-family
properties in the Tahoe Keys which address irrigation efficiency,
fertilizer use, and a monitoring program to demonstrate compliance.
Enforcement measures for BMPs on private properties in Tahoe
Keys are codified in the Architectural Control Rules Brochure
(ACRB), issued by the Architectural Control Committee (ACC) of
TKPOA. Violations of the ACC rules result in penalties such as fines
or restrictions imposed on the property owner.
Table 4. Summary
Control
Method
Mechanical

Harvesting






Table of Approved Methods of Aquatic Invasive Plant
Advantages
Provides
immediate
improvement in
treated areas
Does not
require
additional
permitting
Some nutrients
are removed
from the site
along with the
harvested plant
material
Large areas
can be treated
relatively
quickly
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Disadvantages
Control is
short-term and
non-selective
Method
generates
viable plant
fragments that
can be
transported
from the
treatment area
Non-target
impacts include
harming fish
Water turbidity
can be
temporarily
increased
Plants tend to
grow back
more quickly

Comments
This method will
continue to be
used in the
Tahoe Keys
lagoons.
Improvements
to methods for
collecting
fragments will
continue to be
made.
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Method
Bottom
Barriers





Diver-assisted
suction
removal





Hand-pulling







Advantages
Direct,
immediate
control of
aquatic plants
Can be used in
areas otherwise
difficult to treat,
such as around
piers or docks

Disadvantages
Non-selective
control of
plants
 Non-target
organisms
affected
 Control is
temporary
 Can be difficult
to secure inplace


Can be
selective
against target
species
Majority of
plants and plant
propagules can
be removed
from treated
area



Method can
greatly reduce
regrowth in the
treated area.
Can be an
effective and
comparatively
inexpensive
method to
remove aquatic
plants.
Impacts to nontarget species,
can be
minimized.
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Can cause
unacceptable
increases in
turbidity
Diver safety
and turbidity
curtains can
restrict
navigation
through
treatment
areas.
Labor-intensive
method
Reduced
visibility in
turbid water can
impede removal
plants
Suitable in
shallow water
Turbidity could
increase to
unacceptable
levels when
sediments are
disturbed as the
plants are
pulled from the
sediment.
Increased
nutrient levels
in the water
could result if
significant
amount of
decaying plant
material is left
behind.
Plant fragments
and propagules

Comments
Useful in smallscale
applications.
TKPOA has
developed a
program for
homeowners to
install bottom
barriers and
conducted a
larger scale test
in 2017.
Useful in smallscale
applications.

The League to
Save Lake
Tahoe regularly
trains
volunteers to
recognize
invasive plants
and coordinates
volunteer
groups to treat
shallow water
areas of Tahoe
Basin
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Method

Cultural
Control
through
Nutrient
Reduction

Advantages









Reducing runoff from
fertilized
landscapes can
be easily
achieved
through
improved
irrigation
management
and other
practices such
as buffer strips.
Reducing
nutrient inputs
via runoff will
lessen the
likelihood of
sustained algal
blooms.
Optimizing the
amount of
fertilizer applied
to the
landscape
saves money.
Optimizing
irrigation saves
water.
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Disadvantages
that are not
captured during
treatment can
drift from the
area or can reinfest the
treated area.
 Reducing
nutrients may
not provide
sufficient
control
 Difficult to
monitor
compliance by
individuals

Comments

Control through
Nutrient
Reduction is
implemented
through the
Nonpoint
Source Water
Quality
Management
Plan for
TKPOA.
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4

PLAN IMPLEMENTATION

This chapter describes TKPOA’s IMP implementation plan for 2019.
The chapter is divided into three sections consistent with the three
programs comprising TKPOA’s implementation plan for the IMP:
 Integrated Aquatic Plant Control Program
 Research Program
 Effectiveness Monitoring and Adaptation
Integrated Aquatic Plant Control Program
In 2019, as in years past, TKPOA’s program for aquatic plant control
involves mechanical and cultural control methods, combined with
regular aquatic plant and water quality monitoring. These control and
monitoring methods include the following specific actions, each of
which is described in more detail in the sections below:






Mechanical Harvesting and Fragment Collection
o Operation of Bubble Curtain (NEW in 2018) and
Deployment of Seabins (NEW in 2019)
Homeowner Bottom Barrier Installation
NPS Plan Implementation
o Additional Education and Outreach
Annual Macrophyte Survey
Water Quality Sampling

There are two past actions to control aquatic plants that will not be
actively pursued in 2019: 1) the use of large-scale bottom barriers
and 2) diver-assisted suction dredging. TKPOA experimented with a
large-scale barriers project (0.75 acre) in the summer of 2017 as a
means for controlling aquatic invasive plants. The results of that
study proved large-scale barriers to be ineffective for control in areas
that are densely infested. There was high sediment accumulation on
the barriers during treatment and the following season curlyleaf
pondweed recolonized rapidly in the treated area. Use of barriers will
be considered for future spot treatment after large scale control has
taken place in the lagoons. Regarding diver-assisted suction
dredging, this method is most useful in small areas that do not
respond to other mechanical control activities and will continue to be
considered for future control work.
The TKPOA AIS Coordinator, currently Greg Hoover, is responsible
for ensuring that IMP activities are implemented according to plan,
making minor, real-time adjustments to control work, assessing
control activities and making recommendations for improvements. In
2019 the TKPOA AIS Coordinator will continue to focus on:
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Staff training.
Directing crews to collect plant fragments that accumulate at
boat back-up stations and in dead-end coves.
Directing crews to focus on surface and near surface
fragments instead of deep water plant material.
4.1.1 Mechanical Harvesting and Fragment Collection

TKPOA will continue to use mechanical harvesting coupled with
fragment collection as its primary AIS control method in 2019. In
2018 TKPOA used 3-4 harvesters to cut the plants and 5 skimmer
boats with fragment collection nets (including the OmniCat
purchased in 2017) to collect fragments. TKPOA also continued to
use the West Channel boat back-up station which directs boaters to
stop and reverse momentarily in order to dislodge any plant material
on the propeller or keel of the craft.
The harvesters ran 5 days a week and skimmer boats ran 7 days a
week. In 2018 collection operations removed an estimated 6,000
cubic yards of plant material from the lagoons over the course of the
harvesting season (TKPOA 2018b). This is less than the
approximately 10,000 cubic yards collected during the 2017 season
due to several mechanical failures during 2018. In 2019 TKPOA
plans to repair current harvesters and potentially invest in new
equipment for use in weed and fragment control operations which
will follow approximately the same schedule as 2018 operations.
4.1.1.1 Bubble Curtain and Seabins
To further fragment collection efforts and impede the potential to
spread plant fragments from the lagoons to greater Lake Tahoe,
TKPOA, with $6,500 in funding support from the League to Save
Lake Tahoe, installed a bubble curtain in the West Channel in 2018.
The bubble curtain creates a barrier of bubbles in the water column
across the channel that are intended to trap stray plant fragments
without impeding boating activity. The bubbles that compose the
curtain are created by a length of perforated tubing that runs along
the bottom of the channel. An air compressor on the shore pushes
air through the tubing creating a sheet of bubbles that rise
continuously to the surface. The curtain was installed by scuba divers
in a “V” formation to drive submerged plant fragments to the edges
of the channel for collection and removal. The bubble curtain was
installed on May 12, 2018. However, due to mechanical difficulties,
the curtain was not operated frequently. The equipment has been
fixed and will begin operation again in 2019.

Tahoe Keys Property Owners Association
Updated 2019 Integrated Management Plan

January 31, 2019
Page 51

In 2019 TKPOA plans to use the bubble curtain in conjunction with
two Seabins purchased in 2018. Seabins are an innovative
technology from Australia that actively collect debris floating on the
water’s surface. The bin is mounted in an area where debris regularly
collects. The float on the rim of the bin allows the unit to rise and fall
with the water level so that it is always even with the surface. When
the pump in the bin is switched on it creates a vortex that pulls debris
into a collection net while allowing water to flow though. When full,
the collection net is removed from the unit and emptied. Depending
on the amount of debris that is collected, the bin may need to be
emptied multiple times a day or once every few days. The bins will
be placed on both ends of the bubble curtain at the tops of the “V” to
capture and remove fragments as they are corralled.
TKPOA anticipates running the bubble curtain continuously starting
at the beginning of the 2019 boating season through Labor Day.
TKPOA also plans to complete a test to evaluate the effectiveness
of the bubble curtain and Seabins as a fragment control method. See
section 4.2.1.1 for a description of the planned study.
4.1.2 Bottom Barrier Installation
The WDRs issued to TKPOA allow the use of up to a total of five
acres of bottom barriers within the Tahoe Keys Lagoons in any
season. Since 2016 TKPOA has provided information to
homeowners on bottom barriers as an aquatic plant control option in
and near their docks and will continue to provide the same
information in 2019.
The results of bottom barriers as an aquatic control method have
been mixed. Homeowners in the main lagoon experienced sediment
buildup and regrowth of plants on top of the barriers while those in
Lake Tallac were able to maintain clear shoreline areas. In the
summer of 2017 TKPOA conducted a large-scale bottom barrier test
placing 0.75 acre of bottom barriers in the Main Lagoon. The large
scale bottom barrier experienced a large amount of sediment buildup
which made removal of barriers more difficult and created the
opportunity for aquatic invasive plants to growth within the sediment
layer on top of the barrier. At this time TKPOA does not plan to
reinitiate use of large-scale bottom barriers as a viable aquatic plant
control method.

For the homeowner bottom barrier program, the AIS Coordinator will
have responsibility for:
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Overseeing installation of bottom barriers at residences
Weekly monitoring to ensure barriers are still in place and
undamaged
Overseeing removal
Photo documentation of program
Data collection and end of year reporting

TKPOA began the bottom barrier program for homeowners in 2015.
The barriers for the program are provided to TKPOA by LTAISCC.
To participate in the program, homeowners are required to complete
an application to receive a permit from TKPOA for bottom barrier
installation. Homeowners are responsible for placing and removing
the bottom barriers in accordance with the terms of the program.
4.1.3 Non-Point Source Plan Implementation
The NPS Plan is the primary document guiding TKPOA’s institutional
control, education, and outreach to homeowners related to AIS.
TKPOA implemented the NPS Plan in 2016 to address both a finding
of the WDRs and as an aquatic plant control method in the IMP. The
NPS Plan identifies land-based activities in the Tahoe Keys that have
the potential to discharge into surface water and act as a source of
pollutants, and recommends site-specific management practices that
can be implemented in order to reduce or prevent this discharge.
These include homeowner installation of BMPs, such as rain
gardens, in order to reduce the inputs of nitrogen and phosphorus
(primary pollutants of concern) to the surface waters.
TKPOA also has banned the use of phosphorous fertilizer in the
Tahoe Keys and maintains water use restrictions with specified
landscape watering days and times. Water use rules include
specifications that water from sprinklers is not allowed to flow over
the ground surface onto impermeable surfaces.
The NPS Plan includes training for landscape professionals working
in the Common Areas of the Tahoe Keys development and training
for owners and managers of single-family properties regarding the
proper use of fertilizers and how to manage landscape irrigation
systems to prevent run-off.
NPS Plan activities are reviewed annually by the ACC and WQC
through the NPS Adaptive Management Program. Necessary
changes are made to the ACRB to improve compliance or to promote
installation of additional BMPs. The result of the evaluation, along
with updates and refinements, are be reported to the Lahontan
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Board. In 2019, as in years past, success of the NPS Plan will be
measured by:
 Monitoring compliance by TKPOA staff and landscaping
companies with the nutrient reduction and watering rules to
reduce fertilizer use and prevent irrigation water runoff.
 Tracking member participation in educational workshops.
 Tracking member participation in TRPA’s Stormwater
Management Program to obtain certification for BMP
installation.
These same efforts will continue in 2019 with an increased emphasis
on installation of BMPs in common areas and townhome
communities as a technique to reduce nutrient loading to lagoon
waters.
4.1.3.1 Additional Education and Outreach
In addition to implementation of the NPS Plan, TKPOA works on
additional external and internal public outreach and education
regarding AIS to keep stakeholders apprised of TKPOA’s efforts to
address the problem. In 2018, TKPOA’s outreach focused on
educating TKPOA members about steps being taken to control
aquatic invasive weeds including the effectiveness and challenges
associated with TKPOA’s harvesting program, the importance of
reducing nutrient loading to surface waters, and TKPOA’s work to
explore alternative control methods including those involving the use
of herbicides as the primary component of an integrated control
strategy. Actions associated with these educational and outreach
activities included:
 Distributing informational brochures to TKPOA members
about the IMP and how BMPs can be used at their property.
 Workshops for homeowners focused on identifying aquatic
plants and installing bottom barriers at private properties.
 Direction and support to homeowners to contact TKPOA
management about suspected non-native plant infestations.
 Updated information about harvester action and aquatic plant
removal on TKPOA’s website.
 Installation of a series of buoys in the Main Lagoon with
informational signage instructing boaters to stop, reverse, and
dislodge plant fragments attached to their boats before
travelling onto Lake Tahoe proper.

4.1.4 Annual Macrophyte Survey
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A consistent and systematic approach to monitoring the populations
of invasive aquatic plants is required to determine trends in the
presence and composition of the invasive plants, the efficacy of the
treatment methods, and actions for adaptive management.
In 2019 TKPOA will conduct the annual macrophyte survey to
determine the presence and coverage of aquatic invasive plants in
the Tahoe Keys lagoons. The 2019 survey will follow the protocols
established for previous surveys. This includes documenting the
locations of the populations of aquatic plants using GPS and
Geographic Information System (GIS) to ensure surveys are
consistent year to year and across all treated areas.
The results of the 2019 survey will be compared to the results of the
prior surveys to examine changes in the aquatic macrophyte
populations, and trends in species composition, biovolume, or
abundance. A summary of results will be submitted for review by the
TRPA and by the Lahontan Board.
4.1.5 Water Quality Sampling
In 2016, TKPOA collected water quality data on key constituents
before and after IMP implementation to assess the impacts the
control methods have on environmental conditions. Data collected in
2016 included: nitrate (NO3), nitrite (NO2), ammonia (NH3),
orthophosphorus, total phosphorus (TP), dissolved oxygen (DO),
turbidity, temperature, depth, pH, and aluminum (Al). A more
expanded water quality data collection program was initiated in 2017,
but in 2018, lack of available funding eliminated water quality
sampling for the year.
If funding is secured, in 2019 water quality data of the same key
constituents as were collected in 2016 and 2017 will again be
collected. In addition, based on input from stakeholders and
regulatory agencies, water column profile data of pH, DO and
temperature will also be collected. Data will be collected at the same
sampling stations as were established in 2016. This data is
considered important for 2019 as 2016 and 2017 represented
atypical years; 2016 represented the fourth year of the 2012-2016
drought (with very low lake levels), and 2017 represented a very wet
water year that refilled Lake Tahoe and the Tahoe Keys lagoon beds
that had been exposed for years during the drought.
Research Program
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TKPOA’s research program tracks new and innovative methods to
control aquatic plants with the intention of identifying and taking
advantage of emerging aquatic invasive control strategies. TKPOA’s
research program also identifies, prioritizes and implements studies
to improve understanding of the aquatic environment of the Tahoe
Keys Lagoons with the intention of building information useful to
identify the most efficient and safest means of treatment. The
research program is aligned with Goal 2 of the IMP:
To support improvements and updates to
the IMP, TKPOA will continue to refine
existing methods of aquatic plant control
and to research new, safe, cost-effective
methods to control aquatic invasive
plants. The Adaptive Management
Program Committee and the Lahontan
Board will objectively evaluate these
methods and propose feasible methods
for inclusion in updates to the IMP.
4.2.1 2019 Studies
In 2019, TKPOA plans to undertake the following new
studies under the research program, each of which is
described in the sections below:
 Bubble Curtain and Fragment Study
 Bubble Curtain and RWT Dye Study
 Laminar Flow Aeration Study
 Existing Degradants Study
These studies are dependent on outside (non-TKPOA) funding being
secured for the 2019 research program.
4.2.1.1 Bubble Curtain and Fragment Study
To evaluate the effectivenes of the bubble curtain as a fragment
control method, TKPOA plans to conduct a study evaluating the
abundance of fragments that drift to the outer edges of the West
Channel when the curtain is in operation vs. the abundance of
fragments that drift to that same location when the bubble curtain is
not operating. Details of the study are being developed and will
include establishing transects at edge of the channel and then using
a collection net to capture fragments over a set period of time during
July and/or August of 2019. Variables, such as volume of boat traffic
and location of mechanical harvesting and fragment collection
activities, would be controlled.
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4.2.1.2 Bubble Curtain and RWT Dye Study
As described in section 4.2.2.3, below, several dye studies were
conducted in 2016 to assess the seasonal flow characteristics of
water near the West Channel. These studies will be repeated in 2019
with the bubble curtain in operation to deterine whether and how the
bubble curtain may act as barrier to the movement of herbicides
outside of the channel. RWT Dye will be used as a surrogate for the
herbicides.
4.2.1.3 Laminar Flow Aeration Study
LFA is a technology often used for improving water quality in water
bodies where there is consistently low dissolved oxygen and buildup
of fine sediment. The technology uses microporous ceramic disks
that are placed throughout the area to be treated. These disks are
connected by self-sinking hoses connected to an air compressor. Air
is pumped through the system creating an abundance of bubbles that
create laminar flow and oxygenate the bottom of the water column
where dissolved oxygen is typically the lowest.
TKPOA proposes to use LFA at test areas within the Tahoe Keys
Lagoons. After LFA equipment is installed, the system will be run
continuously during the test period, including during the winter
months. This will likely create ice free areas where the system is
installed due to the constant movement of the water. After the test
period, the system will be shut off and monitoring will continue to
determine if there is any change in the water quality and growth of
macrophytes. The details of the test are being determined in
consultation with the Lahontan Board. Based on literature provided
by CleanFlo, a supplier of LFA equipment and designs, it is
anticipated that results may be seen within one year with more
evident results within two years.
4.2.1.4 Existing Degradants Study
Pending available funding, TKPOA will undertake a study to
determine the presence (if any) of existing degradants in the Tahoe
Keys Lagoons. This study will be used to establish a representative
water quality baseline condition from which water quality samples
gathered after the application of herbicides can be compared. This
study emerged from discussions with agency personnel, including
the CDFW and Lahontan Board staff. TKPOA and agency personnel
recognize the possibility that some unpermitted chemical
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applications on land and water could be occurring and, therefore,
degradants could already be present in the lagoons. Details of this
study, including sampling techniques, locations, frequency and
timing are being determined.
4.2.2 Past Studies
TKPOA has conducted several studies and research projects
relevant to implementation of the IMP since 2015. These studies
have included the following:
- Cyanobacteria Sampling (2017 and 2018)
- Sediment Sampling (2016 and 2017)
- BMI Sampling (2016)
- Rhodamine Water Tracer (WT) Dye Study (2016)
- Herbicide Mesocosm Study (2016 and 2017)
- Research Reports (2016 and 2017) covering: Rotovating; Weed
Rolling; Water Treatment/Circulation System; Dredging and
Dewatering; Floating Treatment Wetlands; Biological Control
Additional field and research studies have also been completed by
TKPOA since 2011, which have been submitted to the resource and
regulatory
agencies
and
are
described
on
KeysWeedsManagement.org . The following descriptions provide an
overview of each of the above studies.
4.2.2.1 Cyanobacteria Sampling (2017, 2018)
TKPOA conducted water quality sampling in response to Harmful
Algae Blooms (HABs) experienced in the late summer of 2017 and
early summer 2018. Sampling results have shown that the bloom is
a type of cyanobacteria that is primarily composed of
Dolichospermum. This cyanobacterium is capable of producing
toxins, but only low levels of Anotoxin-A were detected. Sampling
data was passed directly to the Lahontan Board and TKPOA
communicated with residents and visitors about the bloom with the
placement of caution signs around the Tahoe Keys. Testing
continued until Anotoxin-A reached non-detect levels.
4.2.2.2 Sediment Sampling (2016 & 2017)
Many aquatic plant control methods disturb the sediment. This
disturbance may be inadvertent, such as during hand-pulling or
mechanical harvesting. However, disturbed sediment can release
unwanted pollutants such as nitrogen or phosphorous into the water
column. As such, TKPOA conducted sediment sampling of the
Tahoe Keys lagoons during 2016 and again in 2017 to determine the
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possible types and amounts of nutrients or minerals that could be
released into the water column as a result of aquatic plant control
activities. As with the water quality sampling, locations were recorded
by GPS so that sampling can be replicated in the future.
Sediment sampling in the Tahoe Keys lagoons was conducted twice
during 2016 and 2017, once at the beginning of the growing season
and once at the end of the growing season. This was done to
determine the baseline level of nutrients within the lagoons and if any
significant change in nutrient levels could be seen between early and
late season sampling. Like the water quality sampling, sediment
samples were taken from all three major bodies of water in the Tahoe
Keys, in addition to sites in Lake Tahoe.
The results of the sediment analysis showed that there is a higher
percentage of organic matter in the Tahoe Keys lagoons than Lake
Tahoe and that there are increased levels of aluminum and nutrients.
The higher level of aluminum can be attributed to an excess alum
water treatment event that occurred in 1998 and the high level of
organic matter is likely due to the abundance of aquatic plants within
the lagoons that go through seasonal senescence and decay.
For more detail about the 2016 and 2017 Sediment Sampling
Program, please see the final report from TKPOA, 2017 Sediment
Baseline Report for the Tahoe Keys Lagoons (TKPOA 2018c).
4.2.2.3 BMI Sampling (2016)
BMI sampling is an integral part of water quality assessment
programs and important when evaluating the ecological integrity of
an aquatic ecosystem. While BMIs tend to remain in their original
habitat, freshwater species are highly sensitive to environmental
changes (i.e. water quality constituents) allowing their distribution
and abundance to be used as an indicator for pollutant loads.
Tolerance of such changes in the environment is often species
dependent. If water quality is degraded, or degradation is moderate
but sustained over time, the community structure may simplify in
favor of the more tolerant species. Under these conditions, the
abundance of certain species may increase and the diversity, or
species richness as measured by the number of different species in
a given area, may decrease.
Through the assessment of indicator species populations, diversity,
and functional groups of the BMI community, it is possible to
determine if the water is impaired for BMIs. The data collected in the
BMI Sampling Project is analyzed in the context of data collected for
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water quality parameters to fully assess the conditions in the Tahoe
Keys lagoons. As with the water quality sampling, locations were
recorded by GPS so that sampling can be replicated in the future.
BMI sampling was conducted once in the summer of 2016. This
sampling was conducted to establish protocols for sampling and a
baseline for future years’ comparison.
Overall, the species found within the Tahoe Keys lagoons suggest a
tolerant community that can withstand impaired water quality.
However, without previous comparable data it is not possible to make
any conclusions on the increased or decreased health of the lagoons
over time. However, the data collected does provide a baseline that
can be used to compare future sampling after the implementation of
various control methods to determine the control method’s effect on
the BMI community.
For more detail about the 2016 BMI sampling, please see the final
report from TKPOA, Benthic Macroinvertebrate (BMI) 2016 Sampling
Report (TKPOA 2016d).
4.2.2.4 RWT Dye Study (2016)
Several dye studies were conducted in 2016 to assess the seasonal
flow characteristics of water near the West Channel and also to
determine the effectiveness of a double barrier system to contain
water soluble products.
The studies showed that water does not flow out the West Channel
into Lake Tahoe during late spring, and in early summer only flows
part way into the channel. This indicates that if a water soluble
product such as an herbicide were applied in the late spring in the
vicinity of the West Channel, then the likelihood of the product flowing
out the West Channel into the lake is very low. In addition, double
rows of turbidity curtains were able to contain the dye and when
removed the dye travel approximately 1,000 feet even after two
weeks of flow during the summer, indicating that water movement in
the back channels of the Tahoe Keys Lagoons is very limited.
For more detail about the RWT Dye studies conducted in 2016
please see the final report prepared by Dr. Lars Anderson, RWT
Dye Applications in the Tahoe Keys Lagoons (Anderson 2016).
4.2.2.5 Herbicide Mesocosm Study (2016 & 2017)
To better understand the effects of several different herbicides on the
non-native and native aquatic plants found in the Tahoe Keys
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lagoons, replicate mesocosm studies were conducted in 2016 and
2017 using sediment, plants, and water taken from the lagoons. All
materials including plants, sediment, and water were kept isolated
from the lagoons to prevent any possible contact of herbicide with
the waters of the Tahoe Keys Lagoons.
The herbicides used in the 2017 study were EPA-approved Aquathol
K, Renovate, and Galleon. An additional herbicide, Procellacor, was
also used, which has recently been approved by the EPA.
Procellacor is still awaiting approval by the California Department of
Pesticide Regulation. Initial results showed that Aquathol K, a
contact herbicide, was effective at controlling Eurasian watermilfoil,
curlyleaf pondweed, and coontail while elodea (a native non-invasive
plant in the lagoons) continued to grow without adverse effect.
Renovate was effective at controlling Eurasian watermilfoil and
curlyleaf pondweed. Procellacor controlled Eurasian watermilfoil and
curlyleaf pondweed in addition to stunting the growth of coontail (an
invasive native plant). Galleon had limited effects on all plants except
for elodea which it had no effect on. This could potentially be due to
the low concentration that was used for the study (Anderson 2017).
4.2.3 Research Reports (2016 & 2017)
Alternative mechanical methods to control aquatic plants that have
been used at other locations for controlling invasive aquatic weeds
found in the Tahoe Keys lagoons include rototilling and weed rolling.
4.2.3.1 Rototilling or Rotovating
Rotovating describes underwater tillage of aquatic plants typically
used in small areas, such as swimming zones with few obstructions
and where the primary concern is human safety, rather than
maintenance of native habitat. Specialized machinery with a rotating,
solid tine head is lowered to the bottom of the water column and is
used to physically till the sediment to a depth of several inches,
dislodging the roots and rhizomes. Much of the plant material floats
to the surface where it must be removed by screens and suction
systems. These operations typically require temporary installation of
turbidity curtains around the treatment area to contain the disturbed
silt and to entrap cut plant fragments to prevent infesting the
surrounding area.
Rototilling can reduce the biomass of Eurasian watermilfoil by over
80% and the treated area can remain weed-free for a year or more
(Dunbar 2009), but can encourage the growth of curlyleaf pondweed,
if present, by reducing competition and encouraging the sprouting of
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turions and seeds which may not be removed with the roots of the
aquatic macrophytes.
A plan for rotovating in the Tahoe Keys was initiated in early 2017.
However, after consultation with permitting agencies it was
determined that the potential for mixing aluminum from the sediment
layer into the water column, increasing turbidity, and creating
conditions unsuitable for fish, was too high. In order to move forward
with the project, a detailed environmental review, such as an
Environmental Impact Report (EIR), would be needed and still would
not guarantee that the project could be conducted.
4.2.3.2 Weed Rolling
Weed rollers use long metal cylinders attached to a dock or a piling
at one end as a motor drives the cylinder to rotate in a 270 degree
arc around the attachment point. The aquatic plants and soil are
compressed in the treated area. This method can be used in small,
high-use areas with no submerged obstructions. The system is
usually installed and operated in early spring so that the rotating arm
can periodically sweep over newly sprouted plants, thus maintaining
a relatively clear area beneath the path of the sweeper
Similarly to Rotovating, topsoil particles are lost when they become
suspended in the surrounding water column as the Weed Roller or
Bottom Sweeper moves across sediment. This disruption of the
upper layers of sediment results in increased turbidity levels as well
as the production of viable plant fragments, and disturbs bottomdwelling organisms or spawning fish (SFEI 2004).
4.2.3.3 Water Treatment/Circulation System
The TKPOA treatment system was originally constructed to reduce
both total suspended solids and turbidity. The existing water
treatment plant consists of a large 117-foot diameter circular clarifier
and mechanical building. In 2016, an evaluation of the existing water
treatment plant was conducted for nutrient reduction.
Biological Nutrient Reduction (BNR) could be used in the Tahoe
Keys with the existing water circulation and treatment plant system.
However, the concentration of nutrients present is so low that there
would likely be no reasonable improvement given current BNR
technologies. Nitrogen reduction with the water treatment system
was dismissed, as phosphorus rather than nitrogen is the limiting
agent for macrophytes and therefore not considered a rate limiting
agent in the Tahoe Keys lagoons. Furthermore, current methods for
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reducing nitrogen below existing levels is prohibitively expensive.
Turbidity levels seen in the Tahoe Keys lagoons is at or better than
the clarifier’s original threshold and clarifier reuse would result in no
improvement to the expected turbidity levels.
The existing circulation system could also be used to draw cooler
water from Lake Tahoe proper into the Tahoe Keys lagoons to
displace the warmer water in the lagoons. Reducing the water
temperature to 57.2˚F or less may reduce the biomass production
rate of aquatic macrophytes. In order to cool the Main Lagoon’s
temperature from 66°F to 57.2°F, about 2,500 tons of cooling would
be required. However, this is estimated to be insufficient to provide
net cooling of the lagoon due to thermal mixing with the rest of the
lagoon. Given the tremendous capital, energy, and operational costs,
mechanical cooling was dismissed as a viable engineering control.
The circulation system was also evaluated for its ability to collect
suspended aquatic macrophyte fragments as most of the aquatic
weeds of concern in the Tahoe Keys lagoons are able to reproduce
from the dispersal of viable fragments. The circulation system was
determined to have potential for fragment control, especially if paired
with screening equipment, and warrants further investigation.
For more details on the 2016 evaluation of TKPOA water
treatment/circulation system, please refer to Draft Treatment Options
and Engineering Controls for Aquatic Invasive Plant Mitigation (ROA
2017).
A subsequent assessment was conducted during 2017 by another
engineering firm, Domenichelli & Associates (D&A). This
assessment focused on rehabilitation of the circulation system and
treatment plant. Since the circulation system has been offline for a
number of years, the condition of many of the components is
unknown and will require further investigation. However, preliminary
cost estimates for rehabilitation of the system range from $3.7 to $8.9
million. Due to the high cost and unknown conditions of the system,
it will likely take several years to bring the circulation system back
online and will not be considered a viable, near term fragment control
option.
For more details about the 2017 assessment of TKPOA water
treatment/circulation system, please refer to Draft Technical
Memorandum - Tahoe Keys - Potential Cost v. Benefit and Condition
Assessment Approach of the Existing Hydraulic Circulation System
(D&A 2017).
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4.2.3.4 Dredging and Dewatering
Dredging, the removal of benthic substrate, could reduce the
available nutrients for the rooted aquatic invasive weeds curlyleaf
pondweed and Eurasian watermilfoil, as much of their nutrients are
derived from the sediment to which they are rooted. Dewatering to
create a firm surface for dredging equipment to operate on would
require the use of an impermeable barrier to block off the West
Lagoon and remove water via multiple dewatering wells situated at
several locations due to variations in the Lagoon bathymetry.
Three impermeable barriers were evaluated for use in the Tahoe
Keys West Channel, including a frozen core dam, water inflatable
cofferdam, and an impermeable curtain. The inflatable coffer dam
was selected as the best, most cost efficient, and reliable
impermeable barrier. If an inflatable coffer dam is used, the level in
the Tahoe Keys could be reasonably maintained with no net leakage,
even if there are sudden changes in the Lake level from winds.
However, there are several risks associated with this approach. The
effect of dewatering, the loss of hydrostatic pressure, followed by the
removal of up to a foot of benthic substrate on existing bulkheads
and other structures located throughout the Tahoe Keys lagoons has
not been thoroughly investigated and could compromise the integrity
of existing structures. Furthermore, the amount of groundwater
inflow into the Tahoe Keys lagoons would need to be offset by
considerable pumping in order to sustain the dewatered level. This
would require treatment of pumped waters and out-of-basin disposal
of solids and other materials from both the dredging and dewatering.
For more details on the 2016 evaluation of dredging and dewatering,
please refer to Draft Treatment Options and Engineering Controls for
Aquatic Invasive Plant Mitigation (ROA 2017).
4.2.3.5 Floating Treatment Wetlands
Public comment received on the Draft IWMP in 2015 included
investigating the use of Floating Treatment Wetlands (FTW) to help
reduce levels of nutrients in the Tahoe Keys lagoons. FTWs are
floating mats implanted with hydroponically sustainable plants. FTW
are a relatively new method of treatment to reduce both nutrient
concentrations and suspended sediment particles in a body of water.
Previously, FTW have been used to treat stormwater retention
ponds, municipal wastewater treatment ponds and agricultural and
farm lagoons with varying levels of success.
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FTW can act as a passive filtration system that is able to remove up
to 10,600mg of nitrate per day, 273mg of ammonium per day, and
428mg of phosphate per day (Stewart et. al 2008) when ambient air
temperatures are within the optimum growing range. Microbial
transformation and uptake by the bacteria and fungi growing along
the bottom of the floating mat and plant roots, as well as macrophyte
assimilation, act as the primary mode of nutrient removal while
suspended roots act to slow water flow and aid in the settling of
suspended particles.
The use of FTW may be beneficial in localized settings of the Tahoe
Keys lagoons as multiple studies have shown results illustrating
lower nutrient concentrations and total suspended solids in a water
body after use. However, FTW may be too obtrusive for use in the
Main and Marina lagoons of the Tahoe Keys, where there is heavy
boat traffic, narrower channels and numerous docks. Temperature
conditions in the lagoons are also not optimal for the FTW process.
Uptake of nutrients by FTW in South Lake Tahoe would be restricted
to between June and August due to temperature and light limitations
throughout the season.
Installations of FTW may be possible in Lake Tallac where there are
no narrow navigation channels or motorized boats. Since the water
flow is limited in Lake Tallac and water quality tends to be poorer
than that of the Main and Marina Lagoons, it could potentially benefit
more from FTW installations.
TKPOA is currently assessing options for installation of small FTW
that could be deployed in the Main Lagoon without hindering boat
traffic. Installation of these trial FTW will depend on outside funding
received in 2019.
For more details on the 2016 evaluation of floating treatment
wetlands, please refer to Evaluation of Floating Treatment Wetlands
for Potential Use in the Tahoe Keys Lagoons (TKPOA 2016e).
4.2.3.6 Biological Control
Biological control relies on the use of living organisms to control
unwanted aquatic weed growth. There are several biological control
methods that have been used to control the growth of aquatic plants.
The watermilfoil weevil, Euhrychiopsis lecontei, is native to North
America and has been reported to feed and reproduce on both native
Northern watermilfoil and non-native Eurasian watermilfoil. The
water hyacinth weevil, Neochetina eichhorniae, has been used to
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control populations of water hyacinth. The grass carp fish has been
used to control various aquatic plants.
At this time, none of the biological controls included in the alternative
methods research are available for utilization in the Tahoe Keys
lagoons. The most plausible method is the use of grass carp.
However, this method is currently not recommended as grass carp
are not native to the Tahoe Basin and have been found to feed on
other aquatic plants, including natives, prior to the target plant
Eurasian watermilfoil. Because biological control relies on releasing
a live organism that is likely to be non-native, there are strict
guidelines, both federal and state, and review processes that must
be followed before the biological control agent is deemed safe for
use. Regulations currently prohibit introductions of biological controls
such as grass carp within Lake Tahoe waters.
For more details on the 2016 evaluation of biological controls, please
refer to Biological Control of Aquatic Plants and Potential Use in the
Tahoe Keys Lagoons (TKPOA 2016f).
4.2.3.7 Future Research and Surveys
In the summer of 2018, TKPOA submitted an application for an
exemption to the Water Quality Control Plan for the Lahontan Region
(Basin Plan) prohibition on the use of pesticides for the Aquatic
Restoration Project. The Aquatic Restoration Project proposes the
use of herbicides as a primary strategy to reduce and control aquatic
invasive weeds in the Tahoe Keys Lagoons over a 12-year period.
This application was submitted following TKPOA’s withdrawal of a
prior application for a pesticide use exemption, the Tahoe Keys West
Lagoon Integrated Control Methods Test (finalized for submission in
July 2017).
The Aquatic Restoration Project involves the use of mechanical
control methods following herbicide application to maintain AIS
control. These control methods are currently anticipated to involve
the use of bottom barriers, diver assisted hand-removal and UV light
treatment (if feasible). TKPOA will continue to research additional
control methods and to conduct surveys to determine conditions in
the Tahoe Keys.
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Effectiveness Monitoring and Adaptation

(Photo Courtesy of Hypeit, Inc.)

When the IMP was drafted in 2016, it included a plan to establish an
Adaptive Management Review Committee. The formal Adaptive
Management Review Program included in the 2016 IMP was never
established, though aspects of the protocol and process for adaptive
management have been adhered to. In particular, TKPOA has
continued to implement approved control methods (mechanical and
cultural – see section 4.1), monitor macrophyte growth and water
quality (see section 4.2), and to report results of both to the TKPOA
Governing Board, to agency personnel, and to the TKPOA Water
Quality Committee (WQC) at least annually, and generally more
frequently. Further, these stakeholders have referred to the success
criteria outlined below to evaluate the efficiency and effectiveness of
existing AIS control measures. This information and review process
has resulted in refinements and improvements of existing approved
control methods, and, in some cases, has informed the decision to
eliminate pursuit of some strategies (e.g. large-scale bottom
barriers). Regular reports to the stakeholders described above also
informed the development of, and the decision to develop, the
proposed Aquatic Restoration Project for which an exemption to the
Water Quality Control Plan for the Lahontan Region (Basin Plan)
prohibition on the use of pesticides has been prepared and is now
under environmental review.
Once a long term fully integrated plan has been established and
approved by Lahontan, the Adaptive Management Review
Committee will be convened to review further iterations of the IMP.
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Until then, the stakeholders group for the current Environmental
Impact Report/ Environmental Impact Statement will lead reviews of
potential control methods.

4.3.1 Success Criteria
Success criteria have been selected to measure progress in gaining
control of the invasive aquatic weeds in the Tahoe Keys lagoons.
Setting numeric targets for success of control activities is very difficult
to do for integrated management plans for aquatic plants. There are
many unknowns and forces majeure that can affect the success of
control activities, including changes in seasonal weather conditions,
equipment malfunctions, or unseen impacts.
This IMP addresses three target species, Eurasian watermilfoil,
curlyleaf pondweed, and coontail that have reached nuisance levels
in the Tahoe Keys lagoons. Depending on location, coverage, and
density, each plant may respond differently to the control method
applied.
When considering success criteria, it is important to consider that this
IMP is in place to bring the invasive plants under control and improve
and maintain recreational and other beneficial uses of the waters of
the Tahoe Keys lagoons. Also important is that these aquatic weeds
are long-standing and TKPOA has consistently worked to manage
aquatic plants for well over 30 years.
TKPOA, with assistance from Dr. Anderson, has established
standards as success criteria for evaluating aquatic plant control
methods with realistic benchmarks. The results of the aquatic plant
control work will be evaluated annually and standards and
benchmarks may be modified depending on the outcome of the
control activities. The success criteria may need to be applied in a
different manner for different control methods. For example, a bottom
barrier may be able to completely eliminate aquatic weeds from the
treatment area whereas a mechanical harvester could not, however,
that determination should not preclude the continued use of the
mechanical harvester.
The long-term criteria and goals are focused on bringing the invasive
plants under control:
1. Reducing the biovolume of target plants by 90% from 2016
levels
2. Maintaining sufficient Vessel Hull Clearance (VHC) (distance
between top of plant canopy and bottom of the vessel)
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3. Reporting increases in the diversity of aquatic plant species
present in the Tahoe Keys lagoons during the annual survey
4. Reducing production of fragments from aquatic weed control
activities
5. Achieving low levels of non-target effects
4.3.1.1 Reducing the Biovolume of Target Plants
Invasive aquatic plant biovolume relates directly to the potential for
weed dispersal and the likely impairment of beneficial uses of the
Tahoe Keys lagoons. The larger the volume of invasive plants
present, the greater the potential for the habitat to be more suitable
for non-native fish and the greater the likelihood of plant propagules
being transported out of the lagoons.
Measuring the biovolume of aquatic plants using hydroacoustic
technology is the most current method available to assess levels of
infestations. These measurements were first taken in the Tahoe
Keys lagoons in 2015 and are an essential measure for future
aquatic plant surveys.
The long-term target goal for biovolume is a reduction of 90% from
2015 levels by the year 2020. For more information on biovolume
trends please see the 2018 Annual Macrophyte Survey for the Tahoe
Keys Lagoons (TKPOA 2019a).
4.3.1.2 Maintaining Sufficient Vessel Hull Clearance
VHC is a measure of the distance between the tallest plants and the
water surface and will be determined using hydroacoustic sampling
methods. If the weed height is kept below the hull of vessels in the
lagoons, then rooted weeds cannot become entrapped on the boats
and be transported elsewhere.
VHC is also a measure of safety for water contact recreation. Most
recreational activities, including kayaking, and paddle boarding,
occur at the surface of the water. Maintaining clearance along the
surface will allow these activities to be practiced more safely.
The performance metric for VHC is 4 to 6 feet below water surface,
and is site-specific, depending upon location and boat traffic.
4.3.1.3 Reporting Increases in the Diversity of Aquatic
Plant Species Present in the Tahoe Keys
Lagoons during the Annual Survey
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The annual surveys of aquatic plants present in the Tahoe Keys
lagoons are used to confirm the species types and composition of
the aquatic plant populations and specific locations as verified by
point plant samples and using GPS data. This information is used by
TKPOA to select plant control methods targeted to the aquatic weeds
present. Determining the types of plants present indicates if native
plants are increasing as a percentage of the total aquatic plant
population and thus an improvement in habitat for native fish and
other organisms.
It is not possible to set a numeric target for this criterion, as the
percentage and location-specific make-up of natives to non-natives
in the Tahoe Keys lagoons has not yet been critically evaluated.
Species diversity will be qualitatively determined from the data
collected during the annual aquatic plant survey.
4.3.1.4 Reduced Production of Fragments from
Aquatic Weed Control Activities
Aquatic plant fragments have the potential to move and become
established in other locations within the Tahoe Keys lagoons and
Lake Tahoe. Increased fragments can expand the growth of aquatic
plants. Fragment production from mechanical harvesters was found
to be substantial as reported in a 2014 study (TKPOA 2014b).
It is difficult, if not impossible, to establish a meaningful numeric
target for reduction of fragment production. Instead, stakeholders will
look for downward trends reported in follow-up fragment surveys.
4.3.1.5 Achieving Low Levels of Non-target Effects
Aquatic plant control methods should have minimal impact to nontarget organisms, such as native fish, native plants other than
coontail, and BMI. Fish and other organisms that may be harmed by
IMP activities will be noted in annual reports, and BMI populations
will be assessed after IMP activities to compare to baseline data
collected in 2016.
4.3.2 Summary
Success criteria selected for effective invasive aquatic plant control
activities are summarized in Table 5. The rationale for selecting
these criteria is that current TKPOA aquatic weed management
operations are:
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Failing to reduce the volume of invasive aquatic plants such
that recreational and other beneficial uses of the Tahoe Keys
lagoons are increasingly impaired.
Failing to reduce aquatic plant fragments that have the
potential to disperse to other locations within the Tahoe Keys
lagoons and to Lake Tahoe thus introducing new populations
of aquatic plants.
Leaving areas that are difficult to reach untreated, such as
areas behind docks and piers. These unmanaged and
uncontrolled areas serve as refuge for non-native fish and
provide sources of re-infestation through growth and
production of plant fragments.

The success criteria are based on the projection that integrating all
approved methods will maintain VHC for safe navigation and
beneficial recreation uses in the Tahoe Keys lagoons, improve
habitat for native species, minimize the spread of aquatic plant
fragments, and reduce impacts to non-target organisms. The current
expectations for achieving the success criteria as a percentage of
the area treated by control method are summarized in Table 5. For
example, with improved Mechanical Harvesting and Fragment
Capture, TKPOA anticipates that in 20% of the area treated (not the
entire lagoon system), there will be a reduction in biovolume of target
plants of 90%, that the required VHC will be met in 50% of treated
area, and that there will be no adverse non-target effects in 60% of
the treated area. The expected levels of success are provided below
for only the currently approved large scale control methods which are
harvesting, fragment capture, and bottom barrier installation.
Table 5. Summary of Expected Success Criteria in Treated Area
Improved
Mechanical
Bottom Barrier
Control Method
Harvesting and
Installation
Fragment Capture
1
Biovolume of target plants
20%
5%
reduced 90%
2
VHC sustained June to
50%
10%
October
3 Measureable increase in native
2%
10%
plants as percentage of all
aquatic plants
4
Reduction in fragment
5%
10%
production
5
Low levels of adverse non60%
10%
target effects

Table 6 shows how the success criteria and other monitoring
measures will meet the Goal and Objectives for the Plan.

Tahoe Keys Property Owners Association
Updated 2019 Integrated Management Plan

January 31, 2019
Page 71

Table 6. Objectives, Monitoring Measures and Success Criteria
Monitoring
Objective
Success Criteria
Parameters
Eliminate spreading of AIS from
 VHC
 VHC sustained
the Tahoe Keys to greater Lake
May-September
 Biovolume
Tahoe.
 Biovolume reduced
by 90%
Enhance the overall water
 Implementing
 TKPOA
quality of the Tahoe Keys
NPS Plan
membership
lagoons and Keys Marina
compliance with
 Water quality
thereby improving Lake Tahoe
NPS Plan
testing and testing
water quality and associated
turbidity levels
 Attainment of
clarity.
Lahontan Board
Water Quality
Objectives
 Maintaining
turbidity at permitted
levels
Reduce habitat for non-native
 Species
 Increased ratio of
fish and enhance habitat for
composition
native to non-native
native fish in the Tahoe Keys
plants.
 VHC
lagoons and Keys Marina.
 VHC sustained
May-September
Restore and maintain
 VHC
 VHC sustained
established beneficial
May-September
 Biovolume
recreational uses, including
 Biovolume reduced
 GIS-based maps
water contact safety in the Keys
by 90%
of infestations
lagoons and commercial uses in  GIS-based maps
 Maps of real-time
the Keys Marina.
conditions and
of control work
maintenance
 Maintenance
activities available to
costs
Tahoe Keys
residents.
Implement a combination of
 Reporting to
 VHC sustained
cost-effective control measures
Adaptive
May-September
that are feasible for long-term
Management
 New methods
management of aquatic invasive Review Committee
evaluated annually.
plants.
 Continued
research for novel
aquatic plant
control methods
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5

SUMMARY: HOW IMP MEETS GOALS AND OBJECTIVES

(Photo Courtesy of Community Ink)

Critical to this Plan is utilization of the most current and effective
technology for quantitatively monitoring nuisance aquatic plant
populations, namely hydroacoustic sampling, for focused surveys of
current conditions in the Tahoe Keys lagoons. In addition to
hydroacoustic sampling, other water quality parameters such as
dissolved oxygen, levels of nitrogen and phosphorous, and pH will
be measured. Summary reports to the Water Quality Committee will
allow TKPOA to detect changes and improvements toward meeting
Water Quality Objectives established by the Lahontan Board.
Goal 1 and Specific Objectives of the WDRs:
The WDRs issued to the TKPOA directed TKPOA to develop an IMP
and named objectives to be met under the IMP.
Objective 1. Eliminate spreading of AIS from the Tahoe Keys
to greater Lake Tahoe.
Completely stopping the spread of aquatic invasive plants and other
AIS from the Tahoe Keys to Lake Tahoe is likely not possible.
Meeting this objective will require not only the diligence of TKPOA to
control the growth of aquatic plants but also close coordination
among the resource agencies charged with AIS control, cooperation
from the general public and rigorous enforcement of rules and
regulations that prevent AIS proliferation. The Lake Tahoe AIS
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Coordination Committee, TRPA, TRCD, CDFW, and other agencies
have already made great strides in this area by implementing a boat
inspection and cleaning program and undertaking control programs
at locations around Lake Tahoe, its tributaries, and the Truckee
River.
TKPOA has been directed by the Lahontan Board to develop the IMP
to control the spread of one type of AIS, aquatic invasive weeds, from
the areas under control of TKPOA and members of the Association.
TKPOA is committed to helping solve the regional problem of the
proliferation of aquatic invasive plants, a problem which threatens
the water quality and the aesthetics of Lake Tahoe. This IMP
describes how proven methods can be integrated to control aquatic
plants found in many areas throughout the Tahoe Keys lagoons. This
integrated approach provides the best opportunity to protect and
enhance the waters of the Tahoe Keys lagoons.
Complete elimination of the spread of AIS from the Tahoe Keys into
Lake Tahoe will require complete and permanent eradication of AIS
from the Tahoe Keys. A reduction in the potential for plant spread will
be accomplished first by reducing aquatic plant biomass and
fragment formation with the activities described in the IMP.
The primary goal of all control methods is to reduce weed biomass.
As the quantity of source material is diminished, so is the potential
for weed spread. Success towards this goal will be demonstrated by
surveying the plant population.
The most common weed dispersal bodies are fragments of the
parent plants. The majority of fragment production occurs near the
surface, where recreational, commercial, and natural activities
disturb the weed canopy. Boat propellers, especially, can rapidly
generate large quantities of fragments if weed heights reach the
water’s surface. Harvesting the upper weed canopy will prevent
propeller impacts from generating fragments.
Boat propellers are especially culpable in the spread of weeds since
they generate fragments and then disperse fragments that have
become entangled. Fragment dispersal occurs spontaneously, as
buoyant fragments can become detached from plants and
transported out of the Keys by wave action. Additionally, harvesting
weeds generates fragments. The IMP accounts for this third aspect
of weed spread by implementing a weed fragment collection system.
Advances in weed spread prevention need to be incorporated into
the IMP. New techniques and technology will be researched and
tested to determine if better methods are available. These include
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requiring boats to back-up in a specified location so entangled weeds
can be dislodged and collected, including aquatic plants on the
inspection list for the Tahoe Clean Boating Program, and improved
skimmer design.
Objective 2. Enhance the overall water quality of the Tahoe
Keys lagoons and Keys Marina thereby improving Lake
Tahoe water quality and associated clarity.
Implementation of the IMP will enhance the water quality of the
Tahoe Keys lagoons by controlling aquatic plant growth and thereby
reducing nutrient concentrations. Aquatic macrophytes and algae
form the basis of waterbody productivity, which can be thought of as
the foundation of the aquatic food chain: herbivores consume the
aquatic plants and algae, foragers consume these herbivores, and
so on up the productivity ladder. By effectively controlling the growth
of aquatic macrophytes, the overall productivity of the lagoons can
be reduced and the associated water quality can be improved.
The IMP describes cultural controls to reduce further input of the
nutrients to the waters of the Tahoe Keys lagoons. These controls,
also referred to as Best Management Practices (BMPs), are
described in full detail in the NPS Plan for the Tahoe Keys, a second
plan that TKPOA has written to address the findings of the WDRs
(TKPOA 2017). TKPOA plans to implement the NPS Plan in 2018
with activities to reduce fertilizer use and reduce irrigation run-off
from landscaped areas and to educate TKPOA members and
landscaping professionals working in the Tahoe Keys about the
importance of reducing non-point sources of nutrient pollution. The
research and demonstration of novel and effective aquatic plant
control methods that are suitable to the conditions of the Tahoe Keys
lagoons will enable TKPOA to refine and improve the IMP in the
future. The research program will identify and evaluate control
measures that do not increase turbidity or cause other degradations
of water quality.
Objective 3. Reduce habitat for non-native fish and enhance
habitat for native fish in the Tahoe Keys lagoons and Keys
Marina.
The IMP was written to control the proliferation of aquatic invasive
plants. Two of these plants, Eurasian watermilfoil and curlyleaf
pondweed, do not support native fish, and the dense coverage of the
aquatic plant canopy in the Tahoe Keys lagoons provides cover for
non-native warm water fish that prey on the fishes native to Lake
Tahoe. By reducing the biovolume and canopy cover provided by
aquatic macrophytes, habitat for native fish is enhanced.
Tahoe Keys Property Owners Association
Updated 2019 Integrated Management Plan

January 31, 2019
Page 75

Objective 4. Restore and maintain established beneficial
recreational uses, including water contact safety in the Keys
lagoons and commercial uses in the Keys Marina.
The primary recreational use of the Tahoe Keys lagoons is boating,
which occurs at or near the surface of the water. Boat navigation of
the waters is facilitated by harvesting the top of the aquatic plant
canopy. Recreational activities such as swimming and diving are
prohibited in the Tahoe Keys lagoons in the by-laws of the
association.
TKPOA retains direct control of maintenance of the Common Areas
of the development and has authority to enforce the rules that are
adopted by TKPOA Board and published in the ACRB.
TKPOA confers with the surrounding landowners, however, these
entities, including the Keys Marina, are not subject to the rules or
inforecement actions of TKPOA. control measures implemented by
TKPOA in the Marina Lagoon will potentially benefit the surrounding
area. However, full recreational, commercial, and beneficial uses of
the lagoons can only be restored when all parties of interest
implement effective aquatic plant control methods.
Objective 5. Implement a combination of cost-effective control
measures that are feasible for long-term management of
aquatic invasive plants.
In 2019, TKPOA will rely on the approved methods of aquatic plant
control. Improvements will be made where feasible in regard to
mechanical harvesting and collecting plant fragments generated by
the harvesters. Additional approved control methods will be included
in the future as funding is available.
Goal 2 and Objectives
Thoroughly researching additional methods of aquatic plant control
will assist the Adaptive Management Review Committee in
identifying new methods for consideration in the IMP for field trials
and demonstration projects in the near future. Mesocosm and pilot
studies will allow for evaluation of new methods for efficacy in the
site-specific conditions of the Tahoe Keys lagoons.
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Goal 2 states:
To support improvements and updates to the IMP, TKPOA will
continue to refine existing methods of aquatic plant control and to
research new, safe, cost-effective methods to control aquatic
invasive plants. The Adaptive Management Program Committee and
the Lahontan Board will objectively evaluate these methods and
propose feasible methods for inclusion in updates to the IMP.
In order to fully meet this Goal, superior control measures must be
identified and approved for implementation. After research, review,
and testing, promising new measures will be introduced to the
Lahontan Board for inclusion in subsequent updates of the IMP and
the WDRs. TKPOA may be required to acquire additional permits for
use of a new or novel method prior to implementing that method
under the IMP. TKPOA will continue to work with resource agencies
for input and to determine permit conditions. Goal 2 is supported by
three objectives:
Objective 1: Identify and confirm safety and efficacy of proven
novel aquatic invasive plant control methods by reviewing
scientific literature and reports of these methods used under
real world conditions.
To complete this objective, TKPOA will undertake technical review
of a variety of additional control measures, some of which have
demonstrated efficacy and some of which are new and novel. Once
these control measures have been thoroughly reviewed, the
Adaptive Management Review Committee will consider them for
testing at small-scale level.
Objective 2: Conduct and monitor small-scale demonstrations
of control methods in defined areas of the Tahoe Keys
lagoons or in mesocosm studies that mimic the site-specific
conditions of the Tahoe Keys lagoons.
These small-scale demonstrations will be scheduled after thorough
research is conducted as described in Objective 1, above. These
demonstration tests will be conducted under the appropriate
authorization of and permits issued by the Lahontan Board.
Conclusions
TKPOA continues to take a comprehensive approach to aquatic
weed control. Input has been and continues to be gathered from
experts in the fields of aquatic biology and weed control, from
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regional stakeholders, and interested members of the public.
Comments and recommendations continue to be received and
thoroughly considered in the development of and updates to the IMP.
In 2019, TKPOA will continue to undertake its research and testing
program on new, innovative, and combined methods of aquatic weed
control. Section 4.2 detailed four studies to investigate the
effectiveness of new control strategies. The TKPOA Board and
WCQ, along with agency stakeholders, will review the results of the
new research and testing to evaluate the control methods in relation
to the established success criteria. In 2019 the TKPOA Board and
WQC will also be closely following the environmental review and
permitting process for the proposed Aquatic Restoration Project.
TKPOA hopes to initiate implementation of the Aquatic Restoration
Project as soon as possible following agency review and input.
The members of the WQC and TKPOA Board express their deep
appreciation to those who have devoted time and energy to the
development of the IMP by providing their comments and insights.
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7

ACRONYMS

AIS: Aquatic Invasive Species
AISCC: Aquatic Invasive Species Coordinating Committee
ACC: Architectural Control Committee
ACRB: Architectural Control Rules Brochure
Al: Aluminum
BMI: Benthic macroinvertebrate
BMP: Best Management Practice
BNR: Biological Nutrient Reduction
CDFW: California Department of Fish and Wildlife
CDPR: California Department of Pesticide Regulation
CEQA: California Environmental Quality Act
CESA: California Endangered Species Act
COC: Chain of Custody
CSLC: California State Lands Commission
CTC: California Tahoe Conservancy
DO: Dissolved Oxygen
EIR Environmental Impact Report
EPA: Environmental Protection Agency
ESA: Federal Endangered Species Act
FIFRA: Federal Insecticide, Fungicide and Rodenticide Act
FTW: Floating Treatment Wetlands
GIS: Geographic information System
GPS: Global Positioning System
HACCP: Hazard Analysis and Critical Control Plan
IMP: Integrated Management Plan
Implementation Plan: Lake Tahoe Aquatic Invasive Species
Implementation Plan
IWMP: Draft Integrated Weed Management Plan
LCT: Lahontan Cutthroat Trout
Lahontan Board: Lahontan Regional Water Quality Control Board or
Lahontan Board
LTAISCC: Lake Tahoe Aquatic Invasive Species Coordination
Committee
NDEP: Nevada Division of Environmental Protection
NDOW: Nevada Division of Wildlife
NDSL: Nevada Division of State Lands
NEPA: National Environmental Policy Act
NH3: ammonia
NO2: nitrite
NO3: nitrate
NPDES: National Pollutant Discharge Elimination System
NPS: NonPoint Source Water Quality Management Plan
O & M: Operation and Maintenance
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Regional Plan: Lake Tahoe Aquatic Invasive Species Management
Plan
SEA: Sierra Ecosystem Associates
SLT: City of South Lake Tahoe
STPUD: South Tahoe Public Utility District
SWRCB: State Water Resources Control Board
TERC: Tahoe Environmental Research Center
TKB&HA: Tahoe Keys Beach and Harbor Association
TKPOA: Tahoe Keys Property Owners Association
TRCD: Tahoe Resource Conservation District
TRPA: Tahoe Regional Planning Agency
UCD: University of California, Davis
UNR: University of Nevada, Reno
USACE: United States Army Corps of Engineers
USAERDC: US Army Engineer Research and Development Center
USDA: United States Department of Agriculture
USFS: United States Forest Service
USFWS: United States Fish and Wildlife Service
UV: Ultraviolet
VHC: Vessel Hull Clearance
WDRs: Waste Discharge Requirements
WQC: TKPOA Water Quality Committee
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8

GLOSSARY

Adsorption
Assemblage
Bathymetry

Benthic
Biomass
Biovolume
Cultural control

Macrophyte
Mechanical control

Nutrient Load

Nutrient pumping
Propagule
Residence time

Resource reduction

Rhodamine
tracing Dye
Rhizome

water

Systemic
Turbidity curtain

Turion

Adhesion of atoms, ions, or molecules to a surface.
A collection or gathering of things having the same
distinctive features which identify them from the others.
The measurement of water depth at various places in a
body of water or the information derived from such
measurements.
Relating to the bottom under a body of water.
The mass of living matter in a specific area or habitat.
The volume of living cells or plants in a unit volume of
water.
A component of integrated pest control management
which includes practices that reduce establishment,
reproduction, dispersal, and survival of the target species
which are not mechanical or chemical in nature. Cultural
control can include changing human behaviors that
otherwise would promote pest species.
An aquatic plant that grows in or near water and is either
emergent, submergent, or floating.
Pest control practices which directly harm the target
species or make the environment unsuitable for that
species.
The quantity of nutrients entering an ecosystem in a
defined period of time. Of particular concern are the
amounts of nitrogen and phosphorus. Nutrient loading is
affected by inputs from non-point sources such as
surface runoff, erosion, and atmospheric deposition.
Processes by which nutrients are moved from the
underlying sediment to the water column above.
A vegetative structure that can become detached from a
plant and give rise to a new plant.
The average time water, or a dissolved substance in
water, is contained in a lake or reservoir. The average
time a water molecule spends in body of water.
Management practices that reduce the amount of
resources needed, such as reducing water use,
minimizing fertilizer use, or otherwise reducing the inputs
to a system to decrease the impacts from the
management on the natural environment.
A fluorescent dye developed for water tracing
applications.
A horizontal underground stem that can produce both
shoots and roots.
Affecting the entire organism; affecting an entire system.
Also known as silt curtains, these floating barriers are
commonly used in marine construction projects to control
the silt and sediment in the water body.
An overwintering bud that can become detached and
remain dormant in the water.
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Appendix A
Aquatic Herbicide
Concerns

Types,

Applications,

Monitoring,

and

Appendix B
Conditional Acceptance of Tahoe Keys Property Owners
Association (TKPOA)’s Integrated Management Plan and
Nonpoint Source Plan – August 18, 2016

