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1.0 INTRODUCTION AND PURPOSE 
 
The use of mesocosms in assessing plant growth, plant interactions and herbicide 
effectiveness on rooted aquatic plants is a commonly used method for expanding the 
scale of testing from small laboratory or greenhouse containers and artificial conditions 
to larger scale containers using natural sediments, water and naturally fluctuating light 
and temperature conditions. Mesocosms can be deployed in the field by delineating 
“enclosures” or “exclosures” in nature habitats, or by designing replicated, closed systems 
that contain the natural components of aquatic plant habitats: native sediments, water 
from natural sources, transplanted plants from natural habitats and full exposure to diurnal 
and seasonal changes in light (intensity and day length) and temperature. Odum (1984) 
defined a mesocosm in part as: “…a bounded and partially enclosed outdoor 
experimental unit that closely simulates the natural environment, particularly the aquatic 
environment.” For other references to mesocosm use, please see: Gamble 1990; 
Pennington et al. 2007; Elder et al. 1997; Petersen et al. 1999. 
 
The purpose of this study was to compare the response of target weeds and native Elodea 
canadensis to four herbicides used at concentrations (rates) well below label maximums. 
The herbicides represented both contact and systemic herbicides with four different 
modes of actions. 
 
The mesocosm used in this study was designed to provide a set of conditions to which 
the selected aquatic plants normally are exposed, while at the same time containing the 
herbicides (and exposed plants) within containers and isolated from the natural waters of 
Lake Tallac Lagoon. There are of course, limitations on the extent to which “natural” 
conditions can be simulated such as the array of microorganisms, invertebrates, 
waterfowl and fish that occur within the Tahoe Keys Lagoons. However, the primary goal 
and purpose of the mesocosm study was to assess the responses of the target aquatic 
weeds, and one of the desirable native plants to the four herbicides. The herbicides 
selected were chosen because they are proposed for use in field demonstration 
applications in the Main Tahoe Keys Lagoon in future years.  
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2.0 METHODS AND MATERIALS 
 
2.1 Mesocosm Design and Establishment 
 
Six fiberglass pools (5 feet diameter by 3 feet tall) were individually plumbed to provide 
once-through inflow water from Lake Tallac Lagoon for cooling. This system in effect 
provided a “water jack” around the containers in which plants were placed and in which 
herbicide were introduced.  
 
The mesocosm system was plumbed to provide water from Lake Tallac via an immersion 
(sump) pump that fed a 2 inch PVC line which distributed water to each tank through ball 
valves that controlled the flow to each tank. Each tank was fitted with a central standpipe 
that was cut to provide a 30-inch level of water in each tank. The standpipes were 
screened at the top with 0.25-inch mesh hardware cloth to prevent plant fragments from 
exiting the tanks. Out flow was by gravity (from the standpipes) and was returned to Lake 
Tallac Lagoon approximately 150 feet away from the immersion pump. 
 
Figure 1 shows, at the side of each tank, a 0.75-inch diameter PVC riser with a ball valves 
provides cooling water to the tanks. The flow is directed down (w/ elbows and short nipple) 
and angled to create a circulation within the tanks. 
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Figure 1. Mesocosm Setup:  Overview of Water Fill System (Top View) 

 
 
Plants were collected from the Tahoe Keys Main Lagoon and Lake Tallac Lagoon 
populations in July 2016, and planted in 1.5-quart plastic containers using native 
sediments. Each planted container was provided with ca. 30 grams (one ounce) of a slow 
release nutrient pellet supply (Osomocote, 4-month release rate), and overlain with clean 
quartz sand to minimize disturbance of the sediments and to retain the Osmocote pellets.  
Container plants were maintained initially in the fiberglass tanks with Lake Tallac Lagoon 
water circulating once-through for 12 hours per day. Seven to ten days before herbicides 
were applied, plants were distributed into the 20-gallon plastic tubs to provide for the 
same array of treatments in each of six tanks (See Figure 2 for sample array of tubs).  
Therefore, each treatment (and untreated control) was replicated six times. Once plants 
were introduced, each fiberglass tank was covered with a 50% shade cloth to 
approximate the light levels in plant stands growing in the Tahoe Keys Lagoons [250 -400 
µmoles/m2/ sec of photosynthetically active radiation (PAR)].  
 
Plants were allowed to establish for 3 to 4 four weeks outside the 20 gallon tubs before 
being placed into the tubs for herbicide exposures.  For the herbicide exposures and for 
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the untreated (“control”) plants, five circular 20-gallon plastic tubs were filled with 18 
gallons of Lake Tallac Lagoon water and potted plants were placed in the tubs so that 
each tub had all four species (i.e four pots per tub, two plants per pot). 
 
In Figure 2, large circles represent fiberglass tanks; small circles represent 20-gallon 
plastic tubs in which plant were exposed to the herbicides.  
 
Treatment Abbreviations:  
 

• Con= Control (untreated) 
• Gal = Galleon 
• REN= Renovate 3 
• PRO= Procellacore 
• AQU= Aquathal K 

 
Each treatment was replicated 6 times. (Each fiberglass tank contained all treatments.) 
 
Figure 2. Mesocosm Herbicide Treatment Array 
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Figure 3. Example of Single Fiberglass Tank Showing Circular Array 

 
 
2.2 Herbicides 
 
The following aquatic herbicides were used: 
 

• Triclopyr (systemic, “Renovate 3”): 1.0 parts per million (ppm)  
• Endothall (contact, with moderate systemic effects) “Aquathol K”): 2.0 ppm  
• Penoxsulam (systemic, “Galleon”): 5.0 parts per billion (ppb)  
• “Procellacor” (systemic): 2.0 ppb  

 
Herbicides were introduced between noon and 1:00 P.M. on August 5, 2016 by adding 
100 ml stock herbicide concentration to produce the final exposure concentration. No 
additional herbicide additions were made between August 5, 2016 and September 21, 
2016 (end of study). 100 ml of Lake Tallac Lagoon water with no herbicides was added 
to each “control” tub. 
 
One gallon of clean, Lake Tallac Lagoon “Make-up” water was added between 2- and 3-
week intervals to replace evaporative loss. 
 
Temperature within one fiberglass tank at mid-depth was monitored hourly using a data 
logger (HOBO). 
 
After herbicides were introduced, all tanks were re-covered with a 50% neutral density 
shade cloth to simulate light levels in typical aquatic plant stands in the Tahoe Keys (PAR:  
200 to 350 µmoles/m/sec). 
 
2.3 Water Monitoring 
 
Water samples for herbicide residue analysis were taken in representative treatments on 
the following schedule: Pre-, 6 hours, 24 hours, 48 hours, 96 hours, and 10 days.  
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Samples were taken in amber glass bottles and frozen at -5oC and retained for 
subsequent shipping and analysis. 
 
2.4 Assessment of Herbicide Effects 
 

1.4.1 Visual Ratings 
 
All plants were observed and rated for growth conditions at 7, 17, 28, and 37 days after 
treatment (DAT) began. The rating scheme and criteria are provided below in Table 1.  
 
Table 1. Visual Rating System Used to Assess Condition of Plants in the Mesocosm 

Rating: Signs/Symptom Observed 
5 Plant intact, leaves green, no evidence of defoliation or plant collapse. 
4 Some discoloration of leaves (e.g. some darker or whitish); leaves still attached and intact 

3 Some discoloration of some leaves (e.g. darker or whitish); some to several leaves 
detached or collapsed; partial stem collapse. 

2 Most leaves discolored; many leaves detached or falling off or decomposing while 
attached; stem collapsing. 

1 Most leaves gone, or necrotic (dark, disintegrating, decomposing) 
0 Plants dead, decomposing, decomposed 

 
1.4.2 Biomass Measurements 

 
Plant were harvested and photographed 37 DAT. If present, plants from each planted pot, 
were separated by species, placed in paper bags, and transported to Davis, CA the same 
day and placed in a drying oven at 70o C for 48 hours.  After drying, biomass (dry weight) 
was determined using a table top digital balance with accuracy to 0.01 mg.   
 
2.5 Results 
 

1.5.1 Visual Ratings 
 
The ratings for each treatment for 7, 17, 28, and 37 DAT are shown in Figures 4 through 
7. 
 
During the entire rating period, the untreated “control” plants remained healthy and had 
ratings at or near “5.” These ratings show that the conditions in the mesocosm were 
sufficient to provide good growth conditions for the four aquatic plants used.  
 
The ratings made at 7 DAT show that endothall had already begun to kill all plants except 
E. candensis. However, it’s clear that by 17 DAT, endothall, Procellacor and triclopyr all 
had already reduced the conditions of the plants except for E. canadensis, the desirable 
native species.  It’s also clear the endothall at 2.0 ppm had already killed Eurasian water 
milfoil and had resulted in ratings of less than 1 for coontail and curlyleaf pondweed. 
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Figure 4 below displays the ratings of responses of target aquatic plants seven days after 
treatment (DAT) to four herbicides and untreated (control) conditions. (0= dead plants; 5 
= unaffected plant) 
 
Figure 4. Ratings 7 Days after Herbicide Applications 

 
 
Figure 5 shows the ratings of responses of target aquatic plants 17 DAT to four herbicides 
and untreated (control) conditions. (0=dead; 5= unaffected plant) 
 
Figure 5. Ratings 17 Days after Herbicide Applications 
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By 28 DAT, endothall had killed all target plants, but left E. canadensis intact and healthy 
(Figure 6).  At 37 DAT (end of experiment), Procellocor, endothall and triclopyr had 
effectively killed Eurasian watermilfoil, but had left E. Canadensis intact and with ratings 
ranging from of 2.5-4.  The low dose of penoxsulam (5 ppb) may have reduced its efficacy 
on all plants except curlyleaf pondweed, which had ratings of less than 1 by 37 DAT 
(Figure 7). 
 
Figure 6 below shows the ratings of responses of target aquatic plants 28 DAT to four 
herbicides and untreated (control) conditions.  (0=dead; 5= unaffected plant) 
 
Figure 6. Ratings 28 Days after Herbicide Applications  

 
 
Figure 7 below shows the ratings of responses of target aquatic plants 37 DAT to four 
herbicides and untreated (control) conditions.  (0=dead; 5= unaffected plant) 
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Figure 7. Ratings 37 Days after Herbicide Applications 

 
 

1.5.2 Biomass 37 Days after Treatment 
 
The biomass data fairly well reflects the ratings at 37 DAT. It’s clear that three herbicides 
had the most efficacy on Eurasian watermilfoil, resulting in no biomass by 37 DAT: 
Procellocor, endothall and triclopyr. However, the desirable native plant, E candensis only 
survived fairly well in all treatments, but appeared to be least affected by Procellacor. It’s 
important to note that no plants (except E. candensis) were present with the endothall 
treatments and that no re-growth of Eurasian watermilfoil occurred in the Procellacor 
treatments. However, some Eurasian watermilfoil survived and continued to grow within 
the penoxsulam treatments. 
 
Figure 8 displays a summary results of plant biomass in response to applications of four 
herbicides 37 DAT (days after treatment). (Data are means of 6 replicate treatments for 
each herbicide and untreated “control”.) 
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Figure 8. Dry Weight 37 Days after Exposure to Herbicide 

 
 
The specific responses by plants are shown in Figures 9 through 12. The variation around 
the mean is in large part a result of using mid-season, field–selected, naturally established 
plants, which have inherent variability in size, extent of branching and extent of root 
production. Regardless of the variability in some responses (e.g. to penoxsulam), the 
responses of the target weeds to endothall, triclopyr and Procellacor were consistent: All 
completely controlled Eurasian watermilfoil, and endothall completely controlled all plants 
except desirable, native E. canadensis.  
 
Figure 9 below shows the response of Eurasian watermilfoil to four herbicides 37 DAT. 
Note that No plants survived the exposures to Renovate (1ppm); Aquathol K (2 ppm) or 
Procellacor (2 ppb). 
 
Figure 9. Mean Eurasian Watermilfoil Biomass in Mesocosms 
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Figure 10 displays the response of Eurasian watermilfoil to four herbicides 37 DAT. Note: 
No plants survived the exposures to Aquathol K (2 ppm). 
 
Figure 10. Mean Curlyleaf Pondweed Biomass in Mesocosms 

 
 
Figure 11 is a chart showing the response of Ceratophyllum demersum to four herbicides 
37 DAT. Note: No plants survived the exposures to Aquathol K (2 ppm).  
 
Figure 11. Mean Ceratophyllum demersum Biomass in Mesocosms 

 
 
Figure 12 below shows the response of Elodea Canadensis to four herbicides 37 DAT. 
(Renovate= 1 ppm; Aquathol K= 2 ppm; Galleon= 5 ppb; Procellacor= 2 ppb). 
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Figure 12. Mean Elodea candensis Biomass in Mesocosms 
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3.0 CONCLUSIONS AND RECOMMENDATION 
 
3.1 Conclusions 
 

• Controls grew well and produced normal plants. However, ideally the herbicide 
applications would begin earlier (by first week in June) to better simulate field 
timing. However, problems with mesocosm construction and plumbing delayed 
planting in 2016. The result of delay is shown in the hourly temperature recording 
(Figure 13) which shows that for several weeks before harvest, temperatures were 
steadily declining.  

 
• Exposure to 2 ppm endothall (Aquathal-K) killed all target plants but did not kill 

native Elodea canadensis. 
 

• Exposure to 1 ppm triclopyr (Renovate 3) killed M. spicatum and stunted P. 
crispus. 

 
• Exposure to 5 ppb penoxsulam (Galleon) killed P. crispus and reduced biomass of 

E.canadensis and C. demersum. 
 

• Exposure to 2 ppb procellacor killed M. spicatum and showed some plant growth 
regulator effects on C. demersum.  

 
• These herbicides show excellent promise for use in the Tahoe Keys lagoons to 

improve current management operations through the integration and use of all 
methods including these herbicides.  

 
• Figures 14 through 17 provide examples of plants 37 days after treatment with 

herbicides. These images clearly show that endothall, triclopyr and procellacor are 
extremely effective in controlling Eurasian watermilfoil and that endothall controlled 
all three primary target plants while not killing native Elodea canadensis. 

 
• During the 37-day exposures, the presence of living snails and other invertebrates 

were noted in all the treatment and control tubs. These were clearly not affected 
by the herbicides and were likely introduced with the native soils and plants when 
they were transplanted in July. 
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Figure 14 is an example of plant responses to 2.0 ppm endothall (Aquathol-K). Note: the 
only remaining live plants (far right) were the native Elodea canadensis. 
 
Figure 14. Example of Aquathol K 37 DAT 

 
 
Figure 15 displays examples of plant responses to procellacor at 2 ppb. Note absence of 
both curlyleaf pondweed and Eurasian watermilfoil. Elodea canadensis and coontail 
survived the treatments. 
 

Figure 13. Graph of Hourly Temperature Recordings in a Mesocosm Tank 
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Figure 15. Example of Percellacor 37 DAT 

 
 
Figure 16 shows plant responses to 1.0ppm triclopyr 37 DAT. Note: Eurasian watermifoil 
was completely controlled and curlyleaf ponidweed was stunted. Elodea canadensis and 
coontail survived the treatments. 
 
Figure 16. 37 DAT Renovate 3 (tricopyr) 

 
 
Figure 17 shows plant responses to 5 ppm penoxsulam. Note: Curlyleaf pondweed was 
controlled but Elodea canadensis, coontail and Eurasian watermilfoil survived the 
exposure. 
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Figure 17. Example of Galleon (penoxsulam) 37 DAT 

 
 
3.2 Recommendation 
 
Repeat the mesocosm study with a June start in 2017 and with slightly higher 
concentrations of penoxsulam (20 ppb), lower concentration (1 ppm) of endothall. 
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5.0 ABBREVIATIONS AND ACRONYMS 
 
DAT   days after treatment   
PAR   photosynthetically active radiation   
ppb   parts per billion   
ppm   parts per million   
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