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Introduction

Christina Lake is located just west of Trail, British Columbia and just north of the
US/Canadian Border within the Kootenay Boundary Regional District. This
pristine water body is considered by many to be “BC’s favorite lake” and is a
summer vacation destination that draws people from around the Province and
the Country. Tourism and lakeside living are key attractions and contribute
directly to the local economy.

The lake is large and deep covering over 2,508 ha and has a mean depth of 36
meters with a maximum depth of 53 meters. The lake is oriented from north to
south and is approximately 18.2 km long with an average width of 1 km. The
southeast, south and southwest shorelines are heavily developed as residential
and resort property. There are many areas along the eastern and western
shorelines north of the Town of Christina Lake with shoreline residents as well.
Much of the northern portion of the lake remains undeveloped, however there
are areas developed as parkland or with sporadic cabins. Because of the steep
drop offs along much of the shoreline, the littoral area (portion of the lake that
can support aquatic plant life) makes up a very small portion of the surface area
of Christina Lake. Much of the littoral area occurs adjacent to the more heavily
develop south and north bays.

For a number of years, this lake has been infested with the harmful non-
indigenous species Myriophyllum spicatum or Eurasian Milfoil. This noxious
aquatic weed is not native to North America and is thought to have been
introduced to the Eastern Seaboard States/Provinces during World War II. The
weed was first noted in the Chesapeake Bay after the war and is thought to have
been introduced in ballast water of the transport fleet. Once established in a
water body, this plant spreads primarily by fragmentation. In the fall, the stems
weaken and grow small root hairs. The stems break into a number of 2-4 inch
fragments that float to other areas of the water body where they sink and root.
Once established, this plant can grow up to one foot per week reaching the lake
surface from depths of up to 25 feet. This fast growing aquatic weed will often
replace native aquatic plant life in a system. The plant spreads from water body
to water body by fragmentation as well. Generally, fragments move on boats and
trailers from infested lakes and rivers to the new site. Absent management, this
noxious aquatic weed will overrun the littoral area of a lake within a number of
years.
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Eurasian Milfoil poses a serious threat to a water resource such as Christina
Lake. If left unchecked, this weed will colonize the entire littoral area of the lake
forming dense mats on the lake surface. These mats make boat passage difficult
and the mats are a threat to swimmers. There are a number of drowning deaths
each year attributed to the presence of this noxious weed. One of the more
extreme examples of this occurred in Lake Minnetonka outside of Minneapolis,
MN in 2005. A 19 year old playing soccer in a park adjacent to the lake went into
the water to retrieve the ball and suffered a fatality as he became tangled in the
dense plant growth. The milfoil beds were so dense at this location that it took
the County diver teams over three days to locate and recover his body, even
though they knew where he went under.

The plant also has a severe impact on many water quality parameters critical to
aquatic life. In areas where dense mats occur, dissolved oxygen levels are
depressed to the point where many fish species can not survive. Water
temperatures are elevated well beyond those that can be tolerated by many
salmonid species. Milfoil replaces native aquatic plants life, and the organisms
that have evolved to life on these plants. Milfoil also replaces many species that
are critical waterfowl food.

The presence of this invasive weed in a lake like Christina can have a severe
impact on the use of the water body. It can also impact the economy of towns
and resorts that rely on recreational opportunities a lake can provide. The
management and control of this species is critical to the residents and visitors of
summer recreational destinations like Christina Lake.

The Kootenay Boundary Regional District has recognized the threat this plant
poses to this important water resource. For much of the past few decades the
District has employed a team of divers to target and control this weed where it
occurs in the system. The diver teams have used a combination of hand removal
and bottom barrier placement to keep the weed in check. This operation used to
enjoy financial support from the Provincial Government. In the 1970s and 80s,
Eurasian Milfoil control was a priority of the Ministry of the Environment. Over
time, budget pressures have reduced the contributions of the Provincial
government and placed more of the burden on local government and the citizens
of the region.

Over the past few years, the citizens around Christina Lake have expressed
concerns over the benefits provided by the current program for the financial
investment required of them. The Christina Lake Stewardship Society has
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undertaken a lead role in this effort, as their mission is the protection of the lake.
The Regional District has looked to consultants to help evaluate the current
program and provide guidance. One report was completed by Regan and
Associates in 2005. This document did not answer all of the questions and
concerns of the citizens and the District.

This summer Aquatechnex, LLC was asked to perform another review of the
lake, the infestation levels and the current program to manage and control this
noxious weed. Aquatechnex is a recognized leader in the management of this
invasive species. The firm uses integrated aquatic plant management methods to
control Eurasian Milfoil in infested water bodies throughout North America.

This report will provide our observations and recommendations for the
consideration of the community and the District.

Methods

On approval to proceed with our efforts, our team mobilized to the lake in
September of 2006.

Our first efforts were designed to collect data to support our analysis of the
situation at Christina Lake. Our mapping team mobilized a mapping vessel to
the lake. Our mapping vessel is equipped with a Trimble ProXT Differential
Global Positioning System (DGPS) receiver. This system has submeter accuracy.
The Trimble receiver connected by Bluetooth to a Panasonic Toughbook Tablet
computer running ArcGIS 9.1 software and Trimble’s GPS Analyst Extension for
ArcGIS. We obtained a digital aerial image of the lake from the KBRD
Geographic Information System Department and used that imagery for a
background on this project. A geodatabase was created for this project that
included feature classes for native aquatic plant and Eurasian Milfoil. We also
set a feature class to collect points at the outside edge of the littoral zone of the
lake. Drop down menus were created in the native plant feature class to record
the species present during that phase of the data collection mission. ArcGIS on
the field computer allowed us to display our position on the aerial imagery and
collect features as we progressed around the lake.

The first objective we had was to define the boundaries of the littoral area of the
lake. In the aquatic plant management field, this information is used to create a
threat map. An invasive weed like Eurasian Milfoil can colonize the entire
littoral area of the lake. As such, it is important to understand the boundaries of
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the littoral area because those hectares are at risk. It also helps define the where
the infestation is in relationship to control activities that have been undertaken
and helps define the cost of recover if the entire littoral area were consumed by
Eurasian Milfoil.

The team traveled along a number of transects perpendicular to the shoreline at
regular intervals around the lake and collected a DGPS point at the outside edge
of the littoral area. This information was edited in ArcGIS to create a map
describing that region of the lake.

The next step was to map the aquatic plant community in the lake system. We
use a point grid system to develop quantitative data on the species composition
throughout the littoral areas of the lake. We also patrol the littoral area and map
concentrations of the target vegetation present in the system. The sampling grid
is programmed into ArcGIS and the collection points displayed on the
Toughbook. The DGPS/ArcGIS system is used to navigate to each data collection
point. A team member uses a collection rake to retrieve samples of the aquatic
plants present at each site. These are identified and the species information is
entered as attribute data for that feature. When completed, the software allows
us to analyze the data and map conditions in the lake. After the point sampling
is performed at regular intervals across the littoral area, the boat traveled the
areas between the points and mapped any Eurasian Milfoil plant observed. This
data was returned to the lab and used to create the maps in the results and
discussion session.

The KBRD has a team of divers working on the lake each summer removing
Eurasian Milfoil plants. Mapping programs can only note and record the
position of targets that are present during the time window of the survey. As
such, any mapping effort will miss locations where this noxious weed has been
removed prior to the mapping date.

We met with the dive team leader and had a good discussion regarding the scale
of operations on the lake, the level and timing of the control efforts and
observations of the team from their years working on the lake. We also obtained
their yearly reports that discuss their methodology and the production data they
record each year.

The diver team reports are in the form of paper maps that generally provide the
location of their operations and the number of Eurasian Milfoil plants removed
each year. The report shows the location of each numbered site the team uses for
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their reporting purposes. The team records the number of Eurasian Milfoil
plants removed from each of these sites and the dates they performed those
operations on the lake in each year end report. As this data is not in digital
format, it is relatively hard to review and compare the tabular information to
note trends.

To overcome this, we used these reports to create additional features in ArcGIS
so that the data could be displayed and a spatial analysis could be performed. A
feature class was created for the KBRD operational sites. The attribute tables
were set up to enter the KBRD Site number; the plants removed from each site in
2004, 2005 and 2006 and a trend rating for each site. The trend ratings used were
to show if the level of milfoil removed from each site was trending up
(increasing), remaining fairly constant (steady) or trending down (decreasing). A
fourth category was used to report when no Eurasian Milfoil plants were
removed from the system at that treatment site during the years studied.

Once the feature class was created, the team performed data entry. ArcGIS
editing functions were used to create a point on the project map that corresponds
as closely as possible with the paper map locations. Once these survey sites were
created in ArcGIS, the attribute data was entered for each site. This task
involved going through the three previous years of KBRD staff reports and
entering the information provided by the diver teams.

GIS analysis was then used to create maps showing the density of Eurasian
Milfoil plants removed from each site for each of the last four seasons and a
trend map that shows the increase or decrease of work effort required at each
site.

Upon completion of the survey and mapping efforts, the data and maps were
analyzed and used to support the following review and discussion.

Review and Discussion of KBRD Operations
Any aquatic plant management operation has to have an objective. The objective
helps define the tools that are applicable and the effort necessary to meet that

objective.

Based on our discussion with KBRD staff, the current aquatic plant management
objective is to halt the expansion of Eurasian Milfoil through the littoral regions
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of Lake Christina and provide relief to the resorts and lakeshore residents
impacted by this invasive weed.

Generally, it appears as thought the KBRD program is meeting this objective.
Our review and survey of the littoral areas of Christina Lake indicate that the
majority of the zone has healthy populations of native aquatic plants present.
Eurasian Milfoil has been in this system for over two decades. Absent active
management, this weed would have colonized the majority of the littoral area of
the lake by this point in time and it has not.

From the perspective of milfoil colonization, Christina Lake benefits from the
shear drop off along most of the east and west shorelines. Eurasian Milfoil can
grow out to depths of 4 to 5 meters generally given clear water conditions and
good light transmission through the water column. In many areas of Christina
Lake, the shoreline conditions are such that the littoral area is confined to the first
20 to 50 feet from shore. Beyond that distance, the lake is too deep to support
Eurasian Milfoil growth.

Two maps are presented here that show the extent of the littoral areas available
for aquatic plant growth in the lake and the result of the aquatic plant survey.
There is a littoral shelf limited to the North and South ends of the lake as
mapped in blue. The east and west shoreline littoral margins are mapped in
yellow. Survey points that exhibited plants are mapped as points by species.

There is one area in the southeast corner of the lake littoral zone near the outlet
where there is an established monoculture of Eurasian Milfoil. This plant
community has filled in to the point that KBRD dive team members do not feel
hand removal is a feasible options at this point. This plant bed makes up about 8
percent of the littoral area on the south shoreline. The remaining littoral areas
have a healthy population of native pondweed species. Potamogeton amplifolious
(Big-leaf Pondweed) was the dominant species observed in the remainder of the
littoral areas. The team also collected native species Elodea canadensis (common
water weed), Potamogeton filiformis (Slender-leaf Pondweed), and Potamogeton
Illinoensis (Illinois Pondweed). Myriophyllum sibiricum (Northern Milfoil) was
discovered at a few locations within the survey area and we did see what
appeared to be a hybrid cross between Eurasian Milfoil and Northern Milfoil at a
few locations. This is a more common occurrence in western waters where these
plants live together. We also noted a couple of locations where the invasive
aquatic weed Potamogeton crispus (Curly-leaf Pondweed) was present at very low
densities. This species can become as problematic as Eurasian Milfoil if allowed
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to expand and the KBRD and the Christina Lake Stewardship Society should
keep a vigilant eye out for this plant. Where we did observe and map Eurasian
Milfoil in the remaining areas of the littoral zone, the populations were low and
mixed in with the native plant communities.

As noted above, the KBRD had performed a summer’s worth of Eurasian Milfoil

removal from the lake prior to this visit by our team. As such, we have to rely on
the data provided by the diver team to attempt to create maps that document the
distribution of the plant in these areas.

At the end of 2006, the diver teams had identified 276 locations in the lake where
they conducted removal operations. These sites and the corresponding data are
included in the annual report for this project. In the report there is a map of the
site locations, data on the number of plants removed from that site and the dates
the divers worked at those locations.

In an effort to analyze and compare this information for the past few seasons, we
moved this data into ArcGIS and processed it.

We have generated four sets of maps for this analysis.

The first three maps show the milfoil removal locations in the lake weighted by
the number of plants removed from the site. There is a graduated scale that
allows the user to visually identify those sites where few plants occurred and
were removed up to sites where there were extensive numbers of plants
removed. The maps show visually where divers focused their efforts during the
past three seasons.

The EM Trend map shows the level of effort required per site as increasing,
remaining the same, decreasing or no milfoil reported. This map was created by
reviewing the number of stems removed per site in each of the previous three
years. If the trend in terms of stems removed moved higher each year, an
increasing attribute was assigned. If the number of stems removed trended
steady or downward, the appropriate attributes were assigned. Visually, the
map shows these trends as different colors assigned to each site based on the
value for that location in the attribute table.

An analysis of these maps show that the number of plants removed from many
key sites is trending up in each of the past three years. This is especially evident
in the southern end of the project area. While there have been significant amount
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The use of biological control agents for Eurasian Milfoil control is not for the
most part an operational choice for a control program.

The only biological control agent currently deployed operationally for aquatic
plant control in North America is the White Amur or Grass Carp. This fish
consumes aquatic vegetation throughout the day. Given stocking densities that
are applicable to the size of the infestation, these fish can provide effective
control of submerged aquatic plants in many cases. They are not however a
“magic bullet” for Eurasian Milfoil. These fish have distinct feeding preferences
and Eurasian Milfoil is on the very low end of that list. They tend to consume all
of the more preferred Potamogeton and Elodea species first, then provide limited
control for the target weed. In addition, they have to be stocked at rates that
would remove all of the vegetation from the lake to achieve control. This fish
will not focus on high use areas or areas that are a priority of humans. They feed
throughout the lake. This also results in a severe decrease in beneficial plant
populations and impacts the aquatic ecosystem. That is the primary reason that
this biological control agent is only approved for limited use sites such as
irrigation canals or golf course ponds where the management objective is to clear
all vegetation.

There are biological control agents that show promise in the laboratory, but have
yet to reach an operational status. The milfoil weevil discovered by the Vermont
DNR in the mid 1980’s has been heavily researched by the States of Vermont,
New Hampshire, Michigan, Minnesota and Washington. To this point there has
never been a documented success where augmenting the populations of this
weevil in a lake has resulted in measurable decreases in milfoil populations.
These states do not allow funding from their milfoil control programs to go
toward operational use of this agent. It is suspected that predation is a key factor
in this regard.

At this point, there is not a realistic biological control option available for
Christina Lake.

Diver removal, diver dredging and bottom barrier placement remain viable
options for this project given this objective. The current diver operation is well
thought out and operates effectively. The costs and benefits are well known to
the KBRD. The key issues here appear to be funding as Provincial sources have
dried up and determining if the current level of effort is keeping up with the
milfoil present in the lake as discussed above.

11
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In summary, the only real option for this lake given the stated objective is some
combination of diver operations.

Recommendations

It would be a useful exercise to review the current management objective with
the stakeholder to make sure it remains the consensus of the community. If
different stakeholders have a different view of the goals and objectives, they may
not be happy with the program direction. If the consensus of the stakeholders
changes over time then other control options become more applicable to the
situation. This is an exercise that should be performed with some regularity and
it appears that there has been a need for that process to occur for the past few
years. This could be done through a couple of public meetings where current
operations and results are presented along with the various options, costs and
results for other technologies.

The mapping and reporting component of this project should be upgraded. The
use of Geographic Information System technologies and GPS mapping systems
should be deployed through the purchase of equipment and training of current
staff or through a contracted effort from a consultant. We believe it is critical to
report the percent control achieved to help the stakeholders understand the
direction of the program and the value of the expenditures.

The current status of aquatic herbicides within the Province should be discussed
with the Ministry of the Environment to further define the applicability and
procedures the group might use to consider these tools. The group might also
consider using an aquatic plant harvesting system for a few days on the lake to
remove the heavy biomass at the most dense infestations. If a harvester or
selective herbicide could be used to remove a significant amount of milfoil
biomass from these areas, the divers could move through them much more
effectively and dramatically increase their production through the summer
months.
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