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The introduction of aquatic invasive species (AIS) is one of the biggest threats to biodiversity within freshwater environ-
ments.  It can cause a myriad of impacts, from degradation of water quality to changes within the food web. The Christina 
Lake Stewardship Society along with the Boundary Invasive Species Society have initiated several programs to prevent new 
introductions of AIS.  
 
Christina Lake located along the Canada-US border, which makes this water body “high-risk” for potential introduction of 
both the zebra and quagga mussels (Dreissena spp.). These small but prolific Eurasian mussels have been introduced into at 
least twenty US states, where they have seriously degraded native ecosystems and caused billions of dollars of damage to 
infrastructure. These freshwater mussels are able to produce a million offspring per year which attach to substrates that clog 
water intakes and damage equipment. Ecosystems are negatively impacted by these mussels through the disruption of local 
food chains, this impacts all native species including commercial and recreational fisheries; nutrient imbalances, leading to 
loss of water quality and an increase of aquatic weeds; and the displacement of native species by these more competitive 
invasives. The implications of an invasive mussel infestation into Christina Lake would be vast given the towns reliance on the 
lake as its primary water source, and the importance of water recreation and fishing tourism to the local economy. 
 
The Christina Lake Stewardship Society (CLSS) has been monitoring Christina Lake for these mussels using substrate samplers 
since 2007; in 2013 monitoring was improved through the additional use of plankton haul nets. The CLSS, with help from the 
Boundary Invasive Species Society (BIS),  has been running a public outreach program since 2013 to educate the public about 
the spread of these harmful AIS. To date neither of these mussels have been found in the lake or in BC. 

Figure 1: zebra and quagga Mussel infestation in Eastern Canada 
Photo from the Ontario Invasive Species Awareness Program 
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The CLSS is also concerned about other aquatic invasive species. The american 
bullfrog (Lithobates catesbeiana), which is an insatiable eater, has not been 
found in Boundary waterways but is present in the Okanagan, and other areas 
within BC, rendering it a looming threat to our water systems. The red-eared 
slider turtle (Trachemys scripta elegans), was found for the first time in Christina 
Lake in June of 2016. Three individuals where identified by Justin DeMerchant 
from UBC Okanagan; unfortunately staff and volunteers where unable to catch 
them for removal. Red eared sliders cause harm to biodiversity by out-competing 
native western painted turtles (Chrysemys picta bellii). Northern pike (Esox Lucius) 
which is a dominant predator capable of ingesting prey up to the size of small wa-
terfowl, was spotted in Christina Lake by members of the dive team for the Re-
gional District of Kootenay Boundary (RDKB) Eurasian Watermilfoil Removal Pro-
gram; this sighting has not been confirmed as no sample of the fish was taken for 
official identification. If this species becomes established in the waterways of the 
Boundary it will cause major disruptions to the entire food web. See “Other 
Highlights from the 2017 season” on page 7 for more details. 
 

Plant species, such as eurasian watermilfoil (Myriophyllum spicatum), and the newest aquatic plant invader (first detected in 
2013) curly leaf pondweed (Potamogeton crispus), are a serious concern for the health of the Christina Lake ecosystem. In 
response the RDKB  operates an ongoing eurasian watermilfoil removal program to minimize foreshore areas affected and 
reduce the spread of these species. Since 1987, the RDKB has hired divers to manually removed the weeds from depths of up 
to 3 meters and carefully place the weeds in mesh bags to contain all floating fronds.  This material is then removed and com-
posted. Without this program, large mats of this aquatic invader could drastically alter food webs and nutrient balances in the 
lake, as well as reduce water quality and increase breeding grounds for mosquitos. This year the Eurasian Watermilfoil Re-
moval Program purchased a new boat and received funding to expand its team of divers in order to increase the hours spent 
on clearing eurasian watermilfoil. A contest was held at the Christina Lake Elementary School to name the new boat, the kids 
were very creative and came up with the name “Foiled Again!”. 

Public Outreach 
Since there is no way of eradicating the zebra and quagga mussels once they have been introduced, prevention is especially 
important. The CLSS initiated an education program aimed at illustrating the disastrous impacts of introducing non-native 
species into lakes and encouraging boaters to properly “Clean, Drain, Dry” their watercraft. This program began in 2013 
with CLSS and BIS staff training in Dover, Idaho to learn about the ecology and biology of these mussels, as well as how to 
properly inspect watercraft. CLSS and BIS staff now perform public outreach through the targeting of boaters at boat 
launches. The CLSS also disseminates information through local resorts and the CLSS Interactive Gallery at the Christina 
Lake Welcome Centre. 

Figure 2: northern pike (Esox Lucius) and red-eared 
slider (Trachemys scripta elegans) 

Targeting Boaters 

Summer students, Katie Erickson (CLSS) and Clare McNamara (BIS) 
spent 4 hours each Friday manning the highly visible AIS information 
booth at the Texas Creek Provincial Park Boat Launch from July 7 
until August 25th, 2017. They provided the public with educational 
materials pertaining to AIS, as well as targeting watercraft coming 
from “high-risk” zebra and quagga mussel locations. The materials 
included: wallet cards that demonstrate the correct way to clean 
boats, rack cards highlighting AIS impacts, and three informative 
Christina Lake bulletins. The three bulletins offer detailed informa-
tion on Our Underwater World, Fish Species and Wildlife at Christina 
Lake. The students also displayed the map of confirmed locations 
of zebra and quagga mussels in North America. Additionally, they 
displayed a photo gallery demonstrating the results of an infesta-
tion on water equipment and water bodies. Data was collected, indicating the number of boats launching, where they are 
registered, whether they where arriving or departing, and whether they stopped to chat. 

Figure 3: Clare McNamara (left) and Katie Erickson (right) in the 
booth at Texas Creek boat launch. 
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Protocol created in 2013, was followed again this 
year. Specifically, this included allowing watercraft 
owners to approach the AIS booth, rather than going 
up to individuals when they were in the midst of load-
ing their gear. As a result, boaters were more recep-
tive to the AIS information being provided. The note-
taking procedures were altered this year, so that re-
peat visitors were not included in the data. 

Targeting Resorts and Vacation Rentals 

Katie Erickson of the CLSS also visited Christina Lake 
hotels, resorts and vacation rental offices early in the 
season to provide accommodation operators with AIS 
education materials for their seasonal guests. Resort 
operators were happy to receive the materials and to 
help with public education regarding the spread of 
AIS. 

Interactive Gallery 

Figure 4: USGS map of confirmed zebra and quagga mussel occurrences as of 
July 2017  

The CLSS Interactive Gallery in the Christina Lake Welcome Centre, hosted approximately 
11, 500 visitors this summer. Gallery staff informed visitors about preventing the spread 
of AIS, and distributed the same educational materials that were available at the boat 
launch.  Gallery staff were also responsible for sharing AIS information on the CLSS Face-
book page, where postings informed many followers about the AIS program and any 
updates.        

Figure 5: CLSS summer student, Katie 

Erickson, points out the AIS display in the 

interactive gallery. 

Zebra and Quagga Mussel Monitoring Program 

 
 
 
Regular monitoring for zebra and quagga mussels is the most effective way to ensure early detection of these invasive 
species. In the case that these AIS reach a BC waterbody, early detection, leading to a timely application of the provincial 
Early Detection and Rapid Response (EDRR) plan for mussels, 
is crucial to preventing their spread through BC waters. 

 
 

The CLSS has been sampling for invasive mussels since 2007 
using substrate samplers. This structure provides mussels 
within the water column a place to attach. Substrate sam-
plers were placed in four high boat-traffic areas around the 
lake; the Texas Creek Provincial Park Boat Launch, the RDKB 
boat launch, Schulli’s Resort and Willow Beach Resort (see 
Figure 12 in appendix for map). These structures were in-
spected bi-weekly for grit, which could indicate growing 
mussels. Scrapings were taken for microscopic examination. 

Substrate Samplers 

Figure 6: Plankton Haul Net and Substrate Sampler 

Highway 3 Don’t Move a Mussel Banner 

In 2014 the CLSS, in partnership with the Ministry of Transporta-
tion and Infrastructure (MOTI), installed a large banner promot-
ing the Don’t Move A Mussel message which is visible from the 
highway at the turn off to East Lake Rd. Based on MOTI traffic 
volume directional summery data, roughly 114, 750 vehicles 
where exposed to this message during the peak traffic season in 
2017, which extends from mid July to the end of August.    
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In addition to substrate samplers, the CLSS has used a plankton haul net (conducting vertical transect 
samples) to detect mussels in the lake since 2013. This sampling technique allows for earlier detection 
of mussels in their larval form, called veligers. These microscopic larvae float in the water column until 
they are ready to attach to a substrate; plankton haul nets can collect water samples of the water col-
umn while mussels are still in their veliger form. These samples are then stabilized and sent to a pro-
vincial lab for study.  CLSS volunteer, Leo Morand collected samples from June through August at two 
high-use boat-launch areas in Christina Lake. Ten samples where sent to labs for analysis.  

Plankton Haul Nets 

BC Invasive Mussel Defense Program Update 
The Provincial Government has taken a lead role in early detection and rapid re-
sponse to the problem through its Invasive Mussel Defence Program. In 2015 the 
Province committed $1.3 million, over three years, to the program. This year, on 
March 30th the program received an additional $3 million from the Provincial Gov-
ernment. This tops up the existing partner funding from BC Hydro, Columbia Power, 
Fortis BC and Columbia Basin Trust for a total 4.5 million annually. According to the 
BC Invasive Mussel Defence Program Status Report for August 21st, the increased 
funding allowed for two new inspection stations, totalling 10 stations; 37 new in-
spectors, totalling 65; expanded inspection hours, the Golden station now operates 
24/7;  enhancement of the existing lake monitoring program; and Conservation Offi-
cer Staff Sergeant Major Josh Lockwood working alongside Kilo, the mussel sniffing 
dog, from the Conservation Officer Service K9 Unit, helping with inspections at vari-
ous stations. Currently the Canadian Border Service Agency is sending watercraft 
entering the country to the closest inspection station; boats from high risk jurisdictions are sealed at the boarder and can’t 
legally be unsealed until arrival at an inspection station. From opening day on April 1st to October 16th this year, over 35, 000 
watercraft were inspected with 24 confirmed to have adult invasive mussels.  
 

The  Provincial Government has done much through the BC Invasive Mussel Defence Program to stop the spread of these 
invasives; however, given the impossibility of their removal once established, we believe some gaps in the program need to 
be addressed while it is still possible to do so. See Recommendations for BC Invasive Mussel Defence Program on page 7 for 
further details.   

Figure 7: CLSS summer stu-
dent, Katie Erickson, checking 
a substrate sampler. 

Results 
Targeting Boaters  
Of the 135 visitors to the Texas Creek Provincial Park Boat 
Launch during the booth hours, 9% visited the staff at the 
gazebo to learn about AIS and receive educational materials; 
a decrease of 22% from 2016. According to the licence plates, 
most of these boaters (71%) were BC residents, whereas 25% 
were from Alberta. There were also six boaters from Wash-
ington. No boats with licence plates from high risk areas were 
seen during the summer sessions at the boat launch.  

alberta

bc

washington

Figure 8: Two charts highlighting the results of data collected at the Texas 
Creek Provincial Park Boat Launch. (A) The origin of boaters based on their 
license plates. (B) The proportion of watercraft owners that visited the 
educational booth to learn about aquatic invasive species.  

71% 

25% 
A 

yes

no91% 

9% 

Substrate Samplers and Plankton Haul Net Summery 

The substrate samplers were free of mussels at all 4 locations throughout July and August. However, three of the samplers 
went missing at the end of the season and therefore did not yield any data for the end of August.   
 

Ten samples were collected using a plankton haul net near the boat launches at Texas creek and McCrae creek between June 
and September. These samples were sent to Cordillera Consulting Labs for analysis; results indicated no presence of quagga or 
zebra veligers in the water column.   

B 

 Oct 13 2016 Oct 16 

2017 

Total Watercraft Inspected 24,500 35,000 

People Intreracted With 49,200 73,300 

High Risk Inspections 683 2,045 

Decontamination Orders 92 276 

Quarantine Periods 69 192 

Mussel Fouled Watercraft 17 24 

 Figure 9: Comparison of watercraft inspec-

tion totals as of mid-October for the 2016 

and 2017 seasons. From BCIMDP Fall 
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Recommendations for 2018 

Data collection could be expanded to include more specific information about where vessels have been. Staff recorded data 
regarding the province or state where water craft originated, based on license plate registration, to asses if boats where 
coming from high risk areas. There is a possibility that some of those with BC (or other low risk area) license plates have also 
been in mussel-infested areas. Though staff asked boaters where their craft had been, this information was not recorded. 
When collecting data from boaters who visit the kiosk, a section with the same questions asked at inspection stations re-
garding boat transportation history, should be added. This data would then be comparable to provincial data and would 
help us confirm whether or not our current protocol of checking where boats are registered is an effective way to assess 
risk.   
 
The addition of a display explaining the importance of properly cleaning items like kayaks, paddleboards, fishing gear etc. 
would be useful as most people don’t realize that these smaller items and watercraft can also transport AIS. 
 
The efficacy of our public outreach program could be improved by stationing staff and volunteers at boat launches during 
their busier hours (such as weekends and later into the afternoon). This would be ideal however its feasibility is limited by 
funding constraints.   
 
The CLSS is working with the Ministry of Transport and Infrastructure to build a new permanent kiosk on the south side of 
the Texas Creek boat launch so that information can be posted for visitors to read at any time. Staff could also go around to 
parked vehicles with trailers at the boat launch and put brochures on the windshield to better inform more people. 

Recommendations for Public Outreach 

Recommendations for the BC Invasive Mussel Defence Program 

The BC Invasive Mussel Defence Program is essential to the health of BC’s aquatic systems and has done excellent work; 
however given the impact that just one adult mussel can have on the ecosystems, the CLSS believes that the provincial and 
federal government must do more to enable this program to expand sufficiently to protect BC water systems. Since there is 
no way to eradicate these mussel species once they are established, the resources required to manage an infestation are 
several orders of magnitude greater than the resources required to prevent it; it is critical that we invest whatever it takes 
to prevent the establishment of these species in BC. Through the review of published studies and discussion with various 
stakeholder groups, a list of recommendations was compiled and submitted to the Minister of Environment, George Hey-
man, by the Okanagan Basin Waterboard. The CLSS fully supports these recommendations.  
 
To reduce the chance of boats getting into BC waters before they pass an inspection station, the government has been 
asked change legislation to require all boats to report for inspection before launching into BC waters. Though the number of 
mandatory inspection stations has been increased, the crossing from Alberta through Golden has the only 24 hour inspec-
tion station. Boats crossing from Alberta to BC in the evening, through any route but Highway 1, currently have the poten-
tial to spread quagga and zebra mussels before they arrive at the next mandatory inspection station.  
 
The province has been called upon to increase the number of COs with the authority to intercept non-compliant boats. 
According to the Invasive Mussel Defence Program Fall 2017 Status Report, 81% of boaters stop at mandatory inspection 
stations, leaving roughly 1 in 5 boats as potential threats to the ecosystem. These non-compliant watercraft are called in to 
the Report All Poachers and Polluters hotline so that Conservation Officers can intercept them.  Currently not all these non-
compliant craft are being stopped due to a limited number of full status Conservation Officers.  
 
The province needs to expand inspection and decontamination sites and hours. Currently inspection stations in BC, with the 
exception of the Golden station, do not operate at night. Inspection stations closed this year on November 10th. This im-
plies that boats traveling at night, and boats transported and launched during winter months, have the potential to intro-
duce zebra and quagga mussels to BC waters.  
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Other Highlights from the 2017 Season 

In response to the 2016 reported sighting of a northern pike (Esox Lucius) in Christina Creek, the CLSS held a fishing chal-
lenge to try and catch the rogue fish. The BC conservation service set up their new education trailer at this event. None of 
the anglers caught a northern pike but the CLSS is encouraging people to continue fishing for this species so that a positive 
confirmation can be obtained and steps can be taken to control this species. Currently the Ministry of Forests, Lands, Natu-
ral Resources Operations and Rural Development does not have a response plan for northern pike in our watershed; the 
CLSS would like to see the development of a suppression protocol, as well as, a bounty program that could be set in motion 
once the presence of northern pike in this part of the water system is confirmed. 
 

A removal project has already been implemented on Lake Roosevelt, which is connected to Christina Creek via the Kettle 
River, by the Colville Confederated Tribes (CCT) along with the Spokane Tribe and Washington Department of Fish and 
Wildlife. As of November 16th, 4,723 northern pike where removed from Lake Roosevelt. To capture northern pike this 
project utilized three methods of net fishing: Gill, Seine and Fyke.  Additionally, electrofishing was used to collect juvenile 
pike from shallow weedy areas and a ten dollar bounty was paid out for each northern pike caught by the public. The most 
effective removal methods proved to be the use of gill netting and the public bounty. The majority of the removed pike 
where captured near the mouths of the Kettle and Colville rivers. (See Figure 13 in Appendix for Map) 
 

According to Holly McLellan of Colville Confederated Tribes (CCT), the Kettle River is a known spawning and rearing location 
for this species. Pike have not been documented in the upper reaches of the river system; however, this does not mean the 
pike are not present. The CCT has collected water samples from 45 sites to analyze environmental DNA (eDNA); this tech-
nique can detect the presence of aquatic species, through DNA left in a waterbody, without having to capture any individu-
als. Samples sites included a location at the head of Christina Creek and one at the confluence of Christina Creek and the 
Kettle River. Results from this e-DNA study will be available in January 2018. The CCT also have plans to snorkel the Kettle 
River near Cascade Falls, to the confluence of Christina Creek, in the summer of 2018 to 
search for this invasive fish.  
 

Christina Lake Tourism received a grant to celebrate Canada’s 150th birthday.  The funds 
were used to theme the Christina Lake Homecoming event around prevention of invasive 
zebra and quagga mussels. A local songwriter wrote a song about “keeping our lake clean” 
and a flash mob dance was performed during festivities at the beach that ended with mini 
frisbees labeled with the mussel message tossed into the air and given to the crowd for 
keepsakes. To add to the festivities, CLSS directors decorated a dock with the words “Help 
Keep Our Lake Clean” that was visible from a drone recording the event (Figure 11). Chris-
tina Lake tourism also created a video of the event that has been posted on YouTube. This 
video can be found at https://www.youtube.com/watch?v=WjryL_gvhb8 

Figure 11: Decorated dock for Chris-

tina Lake Homecoming Event on July 

8th. 

 

The government should improve signage at all boat launches to reflect that out of prov-
ince boats should be inspected prior to launch in BC waters. The BCIMDP fall report 
stated that only 63% of boaters which stopped at inspection stations where aware of the 
Clean, Drain, Dry program. 
 

The province needs to expand the Conservation Officer Service K9 program to enable 
more mussel sniffing dogs to be used for inspections. This was the first year that the 
BCIMDP has utilized canines to aid with the inspection of watercraft. Scent-detection 
trained dogs have much greater potential to find small mussels and larvae on non-visible 
or hard to access parts of watercraft.  
 

If zebra and quagga mussels are found in a BC water course, currently, there are several 
steps that would be taken before the provinces Early Detection Rapid Response (EDRR) program would be implemented. This 
EDRR program needs to be recognized as the official multi-agency hazard plan under Emergency Management B.C. This, 
along with adding Zebra and Quagga mussel infestation as a specified hazard under B.C.’s Emergency Program Management 
Regulation, would allow for more timely implementation of control measures in the case of mussel infestation in BC water-
bodies.  

Figure 10: Map of 2017 inspection stations. 
Map from Okanagan Basin Water Board. 
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Appendix 

Table 1: A summary of the data collected at the Texas Creek Provincial Park Boat Launch showing the province/state the 

watercraft owners originated, whether they visited the educational booth (yes or no), and whether they were arriving or 
departing from the boat launch.  

Date Location Comments 

7/21/2017 Texas feels sandy, bit of brown lake sludge present, zooplankton 

7/21/2017 Larsen sandy, fairly clean, zooplankton 

7/21/2017 Willows slimy, bit of brown lake sludge, zooplankton 

8/1/2017 Texas tangled in stick and fishing line, brown lake sludge, zooplankton 

8/1/2017 Larsen sandy, brown lake sludge, zooplankton 

8/1/2017 Willows sandy, brown lake sludge 

8/1/2017 Schullis zooplankton, brown lake sludge 

8/11/2017 Texas slimy, brown lake sludge, 2nd part appears to have been cut and is visible at the bottom 

8/11/2017 Willows zooplankton, brown lake sludge 

8/11/2017 Larsen brown lake sludge, zooplankton 

8/11/2017 Schullis brown lake sludge, zooplankton 

8/30/2017 Texas missing 

8/30/2017 Larsen missing 

8/30/2017 Schullis brown lake sludge, zooplankton 

8/30/2017 Willows missing 

Table 2: A summary of the results from the substrate samplers that were placed in 4 high boat-traffic areas at Chris-

tina Lake. See Figure 12 for map of locations. 
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Name of Site Collection Date Number of Containers Water Temperature 

(Celsius)  

McRae Creek 2017-06-17 3 8.6 

Texas Creek 2017-06-17 2 8.7 

McRae Creek 2017-07-03 2 10.3 

Texas Creek 2017-07-03 2 10.0 

McRae Creek 2017-07-22 2 8.0 

Texas Creek 2017-07-22 2 8.2 

McRae Creek 2017-08-12 2 10.5 

Texas Creek 2017-08-12 2 10.0 

McRae Creek 2017-09-04 2 9.8 

Texas Creek 2017-09-04 2 10.0 

Table 3: Summery of plankton haul net sample data sent to Cordillera Consulting for laboratory analysis of the 

presence or absence of zebra and quagga mussels. 

Private 

Figure 12: Map of  Plankton Haul Net sample locations. The 
site labeled “private residence” was not used this year. All 
sites where used for substrate samples, plankton haul net  
were taken near Texas and McRae Creek boat launches. 

McRae Creek 

Willow Beach Resort 

Figure 13: Map of Colville Confederated Tribes Gill net 
catches in 2017 (Prepared by the CCT) 


