
	
	

BENTHIC	BARRIERS	TO	CONTROL	EURASIAN	WATERMILFOIL	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
SUBMITTED	TO:		FRASER	VALLEY	REGIONAL	DISTRICT	
	
DECEMBER	10,	2019	
	 	



	 2	

	
	

	

Table	of	Contents	
BACKGROUND	.............................................................................................................	3	

STUDY	SITES	................................................................................................................	4	
Cultus	Lake	...................................................................................................................................................................	4	
Hatzic	Lake	....................................................................................................................................................................	5	

PROJECT	OBJECTIVES	...................................................................................................	5	

METHODS	...................................................................................................................	6	
Cultus	Lake	...................................................................................................................................................................	6	
Hatzic	Lake	....................................................................................................................................................................	8	

RESULTS	.....................................................................................................................	10	
Cultus	Lake	................................................................................................................................................................	10	
Hatzic	Lake	.................................................................................................................................................................	12	

CONCLUSIONS	............................................................................................................	14	

RECOMMENDATIONS	.................................................................................................	16	
	

	 	



	 3	

BACKGROUND	
Aquatic ecosystems can be severely impaired when nonnative, invasive Eurasian 
watermilfoil infestations displace native plant communities (Figure 1).  Once 
invaded, fish and wildlife habitat is reduced, human recreational opportunities are 
impacted, and property values are reduced.   Methods for eradication and control 
of Eurasian watermilfoil include mechanical harvesting, underwater cultivation, 
diver-operated suction harvesting, diver hand-pulling, water-level manipulation, 
biological control, aquatic herbicide application, and benthic barriers, all of which 
have been used with mixed success throughout North America. 
 
In 2016, based on previous research by Laitala (2012, attached as appendix), 
The Fraser Valley Regional District (FVRD) in partnership with the Cultus Lake 
Parks Board (CLPB) initiated a study to determine if temporary benthic barriers 
could be used as a Eurasian watermilfoil treatment option at Cultus Lake and 
Hatzic Lake. Synthetic fabric barriers for control of aquatic macrophytes has 
been shown to be successful in previous studies (Laitala et al., 2012).  The 
research by Laitala clearly demonstrated that benthic barriers are an effective 
control option for Eurasian watermilfoil; unfortunately, Laitala et al. did not 
monitor regrowth in subsequent years following treatment.  Recolonization rates 
are critical to budget annual costs for maintaining a milfoil control program at the 
scale proposed in this project.  
 

 
 
 
Figure 1 – Eurasian watermilfoil (left).  Typical Eurasian watermilfoil infestation 
(right) in Cultus Lake. 
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STUDY	SITES	

Cultus	Lake	
Eurasian watermilfoil was first detected in Cultus Lake in 1977 and rapidly 
colonized over 12 ha of shoreline.  It inhabits depths of 1-7.5 meters and 
currently can be found along most of the perimeter of the lake (Figure 2), with the 
north end of the lake being the most heavily (70-100% cover) infested.  The 
littoral zone of Cultus Lake is valuable fish habitat and the zone of Eurasian 
watermilfoil typically overlaps that of adult and larval pikeminnow, stickleback, 
shiners and sculpins (Figure 3). 
Intense control efforts were undertaken until 2006, but no control efforts have 
occurred since.  
 

 
Figure 2 – 2004 Cultus Lake Eurasian watermilfoil survey (from DFO: 2005) 
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Figure 3 – Diagram of the distribution of predominant fishes in the littoral zone of 
Cultus Lake and the range of Eurasian watermilfoil (from Gregory, R., 1991) 
 

Hatzic	Lake	
In a 1986 survey, 246 hectares of the shoreline of Hatzic Lake were infested 
(Newroth, 2009).  In 2009,Newroth stated that the shoreline of Hatzic is different 
from Cultus Lake in that the milfoil is sparse enough that it does not pose a threat 
or hazard to recreationalists.  However, by 2005 the Dewdney Area Improvement 
District reported that milfoil is the worst it has ever been and that the populations 
have expanded immensely.  For a number of years, a milfoil harvester was used 
on the lake, which may have likely contributed to the worsening Eurasian 
watermilfoil condition at Hatzic Lake. 

PROJECT	OBJECTIVES	
In 2016, the Fraser Valley Regional District, released a call for proposals for 
research into the control of Eurasian watermilfoil at Cultus Lake and Hatzic Lake 
using benthic barriers.  There were three main objectives to the project: 
 
Objective #1 - Does the use of temporary benthic mats provide an effective 
method of milfoil control for both Cultus Lake and Hatzic Lake? 
 
Objective #2 - What would be the annual costs of maintaining a milfoil control 
program in each of Cultus Lake and Hatzic Lake, using the benthic mat method 
and at the approximate scale as utilized in the pilot study? 
 
Objective #3 - Is there a potential for a broader application of this milfoil control 
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method within the region, either at a larger scale within the lakes tested, or 
expanding to include additional lakes also infested with milfoil? 
 
This report is a summary of the methods undertaken, research results, cost 
analysis and provides recommendations towards the three project objectives. 
 

METHODS	

Cultus	Lake	
Three locations were selected at Cultus Lake.  Site were selected based on 
jurisdiction (within Cultus Lake Parks Board operating area) and ease of access 
(public dock access) (Figure 4) 
 

 
Figure 4 – Three locations for Eurasian watermilfoil research at the northern end 
of Cultus Lake, near Sweltzer Creek. 
 
 
The sites at Cultus Lake were located in 2-4 m of water.  The plants were 
covered with the benthic mat during their dormant stage and ranged in height 
from 15-25 cm.  The density of plants was highly variable.  All plants were tagged 
during installation of the benthic barrier for later identification.  The tags were 
long nails with bright green plastic washers.  The tags were inserted at the base 
of the plant and pressed firmly to the ground (Figure 5) 
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Figure 5 – Example of green tags installed at base of plans for treatment 
identification.   
 
The benthic mats were installed April 1st, 2017; however, the treatment start date 
wasn’t until the water temperature reached 10C, or May 8th, 2017.  The early 
installation was to ensure that the benthic mats were in place before Eurasian 
watermilfoil began spring growth (10C base temperature for growth).   The mats 
were Typar®, a breathable polyspun geotextile fabric available through Scorpion 
Containment Solutions (Figure 6). 
 

 
Figure 6 – Example of the polyspun geotextile fabric used for the research 
project 
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At each site (1, 2, and 3), three replicate treatments of 11 and 16 week 
treatments were installed.  The treatment durations of 11 and 16 weeks were 
chosen based on a combination of research literature and concerns from the 
Cultus Lake Parks Board that a treatment time of less than 16 weeks may be too 
short.  Prior to installation, all milfoil plants were tagged and counted.  A control 
was also demarcated and the milfoil plants were tagged and counted, though no 
benthic barrier was installed (Figure 7).  The benthic barrier was installed using a 
diver and secured using 10” spikes and standard masonry bricks.  Removal of 
the 11-week treatment was July 24th, 2017; and the 16-week removal occurred 
August 29th, 2017.  In summary, in 2017, the treatments were installed, removed, 
and monitored; in 2018, all treatments were monitored. 
 

 
Figure 7 – Schematic representation of the study design at each site.  Note the 
individual plots were not uniformly laid out but were located to capture Eurasian 
watermilfoil. 
 

Hatzic	Lake	
At Hatzic Lake is difficult for Eurasian watermilfoil to maintain populations along 
the shoreline because the lake water levels fluctuate widely during the year. 
Eurasian watermilfoil forms large floating colonies that move with the water 
current, accumulating in great volume within catchment areas (eddy) along the 
lakeshore (Figure 8).   
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Figure 8 – Example of the accumulation of a thick layer of floating Eurasian 
watermilfoil in a natural catchment area of Hatzic Lake (left).  Example of same 
area in October, after the lake levels were dropped and the Eurasian watermilfoil 
had deposited on the shoreline.  Note the barren rectangles where the treatment 
barriers were installed (photo taken just after barrier removal) 
 
 
By mid June, plant fragments have roots and are developing new leaves, but still 
have not rooted in the lake bottom near the shoreline.  Because the Eurasian 
watermilfoil was not rooted but was free floating, I decided to treat the shoreline 
with the benthic barrier and see if the barrier would prevent the Eurasian 
watermilfoil from colonizing the shoreline, on top of the barrier.  The mats were 
installed June 14, 2017 at three locations (Figure 9) following the same protocol 
outlined for Cultus Lake.  The only exception was that the water depths were 
<2m and a diver was not used for installation.  Removal of the 11-week treatment 
was August 30th, 2017; and the 16-week removal occurred October 3rd, 2017. 
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Unfortunately, the lake levels were dropped before the October 3rd removal date; 
this resulted in the floating colonies of Eurasian watermilfoil dropping and coating 
the shoreline in a thick aquatic vegetation mat. 

	

	

	

	

	

	

	
Figure 9 – Three locations for Eurasian watermilfoil research at Hatzic Lake 

RESULTS	

Cultus	Lake	
When the benthic barriers were removed at either 11 weeks (July 24th) or 16 
weeks (August 29th) there was no indication of any living plants under the 
barriers (Figure 10).   
 

1	

1	
2	

3	
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Figure 10 – Top photo displays barren treatment 11-week treatment area at the 
time of barrier removal.  Bottom photo displays typical untreated ‘Control’. 
 
 
Plots were revisited 1 and 2 Years after treatment (August 15, 2018 and August 
15, 2019) to assess potential recovery of treated plants (none observed) and 
reestablishment of Eurasian watermilfoil on the treatment plots.  Within 2 years 
the small plots had been recolonized to levels comparable to the untreated 
Control (Figure 11) and the plants were as tall as those in the untreated Control 
(Figure 12). 
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Figure 11 – Eurasian watermilfoil plant densities one and two years after 
treatment on plots treated with the benthic barrier for 11 weeks, 16 weeks versus 
a Control at Cultus Lake 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 – Eurasian watermilfoil plant heights one and two years after treatment 
on plots treated with the benthic barrier for 11 weeks, 16 weeks versus a Control 
at Cultus Lake 
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Hatzic	Lake	
The overall research project at Hatzic Lake was discouraging.  While the 11-
week treatment had excellent initial results (100% mortality), Just 5 weeks after 
removal of the barrier, Site 2 experienced rapid recolonization with an average of 
13 plants/m2.  Also noted was that 11 weeks after installation, Eurasian 
watermilfoil was rooting directly to the benthic barrier matting (Figure 13).  The 
research project at Hatzic Lake was terminated September, 2018 due to the 
exceptionally low water levels and lack of research results. 
 

 
 
Figure 13 – Example of Eurasian watermilfoil fragment rooting directly to benthic 
barrier just 11 weeks after installation (removed August 30th). 
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CONCLUSIONS	
 
The conclusions to address Objective #1 - Does the use of temporary benthic 
mats provide an effective method of milfoil control for both Cultus Lake and 
Hatzic Lake are not straight forward.  Certainly, for Cultus Lake, temporary 
benthic mats are an excellent temporary control option for Eurasian watermilfoil.  
The mats kill the plants within 11 weeks.  However, the use of benthic mats at 
Hatzic Lake are not recommended.  Firstly, the fluctuating water levels at Hatzic 
Lake prohibit Eurasian watermilfoil from forming permanent populations near the 
shoreline; this results in floating mats that circulate with the lake current.  
Secondly, Eurasian watermilfoil can readily attach and root to the benthic mat; 
using it as a surrogate for the lake substrate.  In conclusion, the polyspun 
geotextile barriers are an excellent Eurasian watermilfoil treatment option when 
Eurasian watermilfoil forms permanent, rooted populations. 
 
 
Recall Objective #2 - What would be the annual costs of maintaining a milfoil 
control program in each of Cultus Lake and Hatzic Lake, using the benthic mat 
method and at the approximate scale as utilized in the pilot study?  The annual 
cost to replicate the research study would be prohibitively high, due to the small 
treatment area and tedious labeling and monitoring of plants.  However, the 
results of the research can be scaled up to an operational level quite easily.  
Treatment costs are outlined in the table below (Table 1).  Note that the diver can 
install about 168 m2 of matting per day regardless of the fabric type.   
 
 
Table 1 – Labour and material required and their costs/m2.  Note that while the 
Typar is less costly per m2 it is flimsy, difficult to handle, readily shifts under 
turbulent water and is disposable. 
Material/labour Cost Day Rate Matting 

installed/day 
Cost/m2 

Diver & Assistant $1600  168 m2 $9.50 
Typar fabric $550 (1 year life-span) $1.65 
18oz PVC Vinyl  (reuseable for 10 years) $6.55 
10 mm * 10 ft 
Rebar 

 (reuseable indefinitely) $0.70 

 
 
In Year 2 of the project, the FVRD and CLPB opted to install three operational 
sized treatment plots of approximately 56m2 each.  Three large treatment plots, 
totaling 168 m2 were installed Spring, 2019 using 18oz PVC vinyl (Figure 14).  
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The installation of PVC vinyl is actually easier than Typar because the vinyl is 
heavy and doesn’t shift with the current and turbulence.   
 
In August 2019, the large mats were moved to new locations and plant mortality 
was noted at 100%.  Given the results from the small treatment areas, 
retreatment of sites would need to occur every second year to maintain low 
levels of Eurasian watermilfoil.  Larger treatment areas should result in lower 
recolonization rates, however; monitoring needs to occur to quantify 
recolonization.  Additionally, the north end of the lake, where it drains into 
Sweltzer Creek is the ‘funnel’ for entire lake; therefore, the recolonization 
pressure is the highest at the north end.  From a weed control perspective, the 
south end of the lake will have the slowest recolonization pressure.  However, 
the north end is the highest recreational value area and thus has the greatest 
milfoil control needs. 
 
If the Cultus Lake Parks Board were to treat 500 m2 every 2 years (250 m2 

alternating years) the estimated cost would be 2 days of diver and assistant 
($3200) to lift and place 250 m2 each year, plus a one time purchase of 2 rolls of 
18oz PVC vinyl at $2200 and 36 pieces of rebar at $260.  The initial materials 
cost would be $2400 with an annual labour expense of $3200 
 
 

 
Figure 14 – Preparing the 18oz PVC vinyl barrier for installation at Cultus Lake.  
10 mm rebar was woven through the barrier every 15 feet. 
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Lastly, Objective #3 - Is there a potential for a broader application of this milfoil 
control method within the region, either at a larger scale within the lakes tested, 
or expanding to include additional lakes also infested with milfoil? Testing the 
treatment method at a larger scale has already begun and appears to be 
successful to date.  Applying benthic barriers at other locations within the Fraser 
Valley Regional District requires some consideration of the lake and Eurasian 
watermilfoil attributes.  The Eurasian watermilfoil needs to be permanently rooted 
in order for the benthic treatment to work.  The benthic mats cannot treat floating 
mats or plant fragments.  Also, it is imperative that Provincial permitting be 
obtained prior to any ‘in-stream’ work.  A Section 11 Provincial Permit (Working 
in and About a Stream) will need to be obtained, and Federal Permitting, if 
required. 

RECOMMENDATIONS 
Cultus Lake 

• Monitor recolonization rates of large treatment plots to gain a better 
understanding of treatment intervals required on operational scale. 

• Install large vinyl barriers at high recreational value locations 
• Consider installing multiple ‘Clean, Drain, Dry’ stations at high use boat 

launches to help contain Eurasian watermilfoil to Cultus Lake 
 
Hatzic Lake 

• Consider skimming/collecting floating mats of Eurasian watermilfoil in the 
Spring before initiation of growth.  Target skimming efforts in natural 
collection areas 

• Consider installing multiple ‘Clean, Drain, Dry’ stations at high use boat 
launches to help contain Eurasian watermilfoil to Hatzic Lake 
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