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Executive Summary 
Dreissenid mussel infestation is a growing concern amongst water management 

facilities throughout the Western United States. The mussels are aggressive 

biofoulers that threaten water delivery and hydropower reliability. Ultra-violet 

(UV) light treatments have been previously tested at Davis Dam and have been 

found to reduce settlement even at low doses. The goal of this study was to 

determine the impact of UV treatment on veligers. The impacts of four doses 

(100, 50, 40, and 20 mJ/cm²) were evaluated to determine the effects on veliger 

behavior, physical damage, and/ or immediate or delayed mortality. The impact of 

UV exposure was analyzed for each veliger life stage to determine if one life 

stage is impacted over another. Additionally, analysis of settlement reduction was 

completed for the 100 mJ/cm
2
 dose. All of the doses tested in this study produced 

delayed veliger mortality. Post exposure mortality rates appear to vary based on 

the UV dose, month/ temperature, and veliger size. The 100 mJ/cm
2
 dose reduced 

settlement by 99%. UV treatment for mussel settlement reduction was found to be 

effective, and this research provides insight into the treatments mode of action. 

This information can also help determine if UV can be used in other mussel 

management applications. 
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Introduction 
Dreissenid mussel infestation is a growing concern amongst water management 

facilities throughout the Western United States. The mussels are aggressive 

biofoulers that threaten water delivery and hydropower reliability (Mackie et al. 

1989, MacIsaac 1996, Claudi and Prescott 2007). Conventional treatment 

methods such as chemical oxidant treatment (chlorine) are costly, 

environmentally adverse, and require discharge permitting.  Consequently, there 

is a need for innovative treatment methods that will prevent or limit mussel 

colonization in such facilities. Ultra-violet (UV) light irradiation is one such 

treatment, as it does not require discharge permitting and has no detrimental 

effects to the environment. UV light treatments within the UVB and UVC range 

of the electromagnetic spectrum (<320 nm) are thought to be the most effective at 

disabling mussels and preventing attachment (Mackie and Claudi 2010). UV 

radiation treatment is only appropriate for the larval stages of mussels as they 

have a transparent/ translucent shell that may not effectively protect their vital 

organs (Lewis and Whitby 1996).  

 

The effectiveness of UV treatment is dependent on site specific characteristics 

such as water transmittance, presence of suspended solids, and flow conditions. 

Effectiveness also depends on achieving the correct UV dose (=intensity × 

exposure time). Previous studies have indicated that UV systems are able to 

prevent attachment of dreissenid veligers (Lewis and Whitby 1993, Chalker-Scott 

et al. 1993, Chalker-Scott et al. 1994, Evans et al. 1995, Lewis and Whitby 1996, 

Lewis and Cairns 1998, Pickles 2000). More recently, Claudi and Prescott (2013) 

tested a medium pressure UV unit at Hoover Dam that completely prevented 

downstream settlement at an approximate dose of 100 mJ/cm².  

 

UV exposure is believed to impact the essential functions of the veliger which 

inactivates the organism and prevents settlement (Mackie and Claudi 2010). 

Although the exact effects of UV exposure on veligers are unknown, previous 

studies have indicated that UV exposure causes immediate or latent mortality 

(Lewis and Whitby 1996 and Wright et al. 1996). 

 

Quagga mussels (Dreissena bugensis) we discovered in the lower Colorado River 

system in 2007, and settlement in Reclamation facilities has threatened the 

reliability of hydroelectric power and water delivery (Claudi and Prescott 2007).  

In 2013, a full sized medium pressure UV system was installed on power 

generating Unit 3 at Davis Dam. The system was installed so that the minimum 

dose required for settlement reduction could be determined. Claudi et al. (2014) 

tested the effectiveness of three doses lower than the generally successful 100 

mJ/cm
2 

dose. Settlement reduction was analyzed at 50, 40, and 20 mJ/cm
2
.  Claudi 

et al. (2014) found 95% reduction at the 50 mJ/cm
2 

dose, 80-98% reduction at the 

40 mJ/cm
2 

dose and 89% reduction at the 20 mJ/cm
2
 dose. The 40 mJ/cm² dose 

was tested during three different months and appeared to be less effective in 
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November than in July and September. Additionally, Claudi et al. (2014) found a 

significantly greater number of veligers in the outlet of the treated bio box in 

comparison to the control. The authors suggest that greater numbers may be a 

result of instantaneous mortality of some veligers passing through the UV system.  

 

This research builds on the Claudi et al. (2014) study by attempting to determine 

how UV exposure affects veligers and prevents settlement. The effect of each 

previously tested dose (50, 40, and 20 mJ/cm²) and a higher dose of 100 mJ/cm² 

were evaluated to determine if the doses produced veliger behavioral changes, 

physical damage, and/ or immediate or latent mortality. The effects of UV 

exposure were determined for each veliger life stage (straight-hinged, umbonal, 

and pediveliger) to determine if one life stage is impacted over another. 

Additionally, analysis of settlement reduction was completed for the 100 mJ/cm
2
 

dose. The goal of this study was to determine the effects of UV treatment on 

veligers, which will help determine how UV treatment can be useful in other 

mussel management applications. 

 

Methods 
An ultra-violet (UV) hydro-optic disinfection system is installed on the Unit 3 

cooling water line at Davis Dam. The unit contains six medium pressure UV 

lamps with a maximum power of 4.2 kW each. The UV dose is controlled by 

automatic modulation lamp output, and in-line sensors measure the water flow 

rate, ultraviolet transmittance (UVT), and temperature in order to achieve the 

selected UV dose. The UV dose can easily be changed on the units control panel. 

The control panel also displays real-time readings of the set dose, actual dose, 

UVT, flow rate, water temperature, lamp power, and lamp age. These parameters 

were recorded during sample collection. 

 

Two bio boxes, used to monitor mussel settlement, are also installed on the 

cooling system. One bio box receives a subsample of water from upstream of the 

UV unit and the other receives a subsample of water that has passed through the 

UV unit. Flow totalizers are installed on the inflow of each bio box in order to 

monitor the flow rate and total amount of water entering each bio box. Mussel 

larvae (veliger) samples were collected from hoses connected to the inflow of 

each bio box (Figure 1). Water flowing into each bio box was diverted into the 

hose in order to collect veliger samples.   

 

During this study, the water quality of the cooling system was monitored in order 

to track shifts in environmental variables.  During each sampling event, a YSI, 

water quality multi-probe, was used to monitor the temperature, dissolved 

oxygen, pH, and conductivity in each bio box to detect water quality changes that 

might influence mussel survival (Figure 1). UVT readings were taken with a Real 

Tech handheld UVT meter for comparison to the UVT reading from the control 

panel. Monthly water quality readings were also collected from the Davis Dam 

forebay. 
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Figure 1. Bio boxes installed on Unit 3 and YSI multi-probe used to collect water 

quality readings. 

 

UV Effect on Veliger Mortality 
Four UV doses on quagga mussel veliger mortality were examined. The four 

doses tested were 100, 50, 40, and 20 mJ/cm
2
. The 50, 40, and 20 mJ/cm

2
 doses 

were tested because settlement reduction was previously analyzed at these doses 

(Claudi et al. 2014). The 100 mJ/cm
2 

dose was selected so that the effects of a 

significantly higher dose could be compared. Each dose was tested two times 

during the summer months, once in the early summer and once in the later 

summer, to determine the variability of mortality rates (Table 1).The early 

summer tests at doses 50 and 40 mJ/cm
2
 were tested later than originally planned 

because the UV unit was down for maintenance from June 26-July 17. An 

additional test was conducted at the 100 mJ/cm
2
 dose in late August to confirm 

results. On dates where samples from two doses were collected the water lines 

were allowed to run for 30 minutes between each sample collection to insure 

veligers treated by the previous dose were cleared out of the line.  

 

Table 1. Dates on which veliger mortality was tested at each UV dose 

Dose Tested Date Sample Collected 

100 mJ/cm
2 

May 24, 2014 

20 mJ/cm
2
 June 3, 2014 

50 mJ/cm
2
 July 28, 2014 

40 mJ/cm
2
 July 28, 2014 

100 mJ/cm
2
 August 4, 2014 

20 mJ/cm
2
 August 4, 2014 

50 mJ/cm
2
 August 11, 2014 

40 mJ/cm
2
 August 11, 2014 

100 mJ/cm
2
 August 25, 2014 
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The effect of each UV dose on the mortality of three veliger life stages (straight-

hinged mussels between 50–100 µm, umbonal mussels between 100–200 µm, and 

pediveligers between 200–500 µm) was determined by observing a sample of 

quagga mussels immediately after exposure, and every 24 hours for a total of 120 

hours post exposure. Veligers were collected by allowing untreated (control) and 

UV treated water to flow into 64-µm plankton tow nets for 30 minutes (Figure 2). 

The consolidated samples were transferred into Petri dishes and observed under a 

dissecting microscope. Twenty living veligers, per size class, (i.e. 60 veligers) 

were randomly selected from the sample and transferred into another Petri dish. 

Five replicates (petri dishes) of 20 veligers per size class (a total of 100 veligers 

per size class) were analyzed for each control and UV treatment.  Veliger size 

class was determined based on morphology as opposed to size since the size range 

of each size class tends to overlap.  

 

 
Figure 2. Collection of quagga mussel veligers in 64-µm plankton tow nets for 

analysis of mortality. 

 

After initial observation, the samples were placed in a water bath that was 

maintained at 16°C by a water chiller (Teco Seachill® Chiller, Aquatic 

Ecosystems, Inc., Figure 3). Mussels were kept at an optimum temperature so 

they would survive for multiple days in order to observe any delayed effects of 

UV exposure. Fresh water (filtered to exclude veligers) from the Davis cooling 

system (Unit 3) was added to each Petri dish every few days to provide the 

mussels with additional nutrients. Veligers were examined at 24 hour intervals 

and categorized as alive or dead. Veligers were considered to be alive if 

movement of the velum or foot was seen. If a veliger’s shell was closed and 

internal movement could not be seen, but the organs appeared to be intact (not 

degraded) the veliger was also considered alive. Veligers were only considered to 

be dead if their shell was open and the organs were exposed, without movement, 

and/or if the tissue was beginning to noticeably disintegrate. If the status of a 
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veliger was questionable, the veliger was considered to be alive. The mortality 

rates of the control and UV treated mussels were compared. 

 

 
Figure 3. Water bath containing Petri dishes with quagga mussel veligers 

maintained at 16°C by a water chiller for 120 hours of observation. 

 

Fast Green Stain Test 

It is often difficult to conclusively determine if a veliger is dead until a few days 

after it has died. Sometimes at the time of death veligers will be gaping with their 

vellum exposed and it is clear that there is no movement. But more often, veligers 

will remain closed and mortality cannot be confirmed until the tissue begins to 

disintegrate and bacteria invade the shell. Therefore, an additional assessment of 

UV induced mortality was performed to determine if newly dead veligers could 

be detected with the help of fast green stain. Fast green stain (Fisher, Certified 

Biological Stain, F99-10) only stains dead tissue, and when veligers are exposed, 

only dead veligers are stained green (RNT Consulting Inc., personal 

communication).  

 

The stain was applied at the 20 mJ/cm
2
 dose on June 3

rd
. Five15L UV-treated and 

control plankton samples were collected in 64-µm plankton tow net cod-ends. The 

five samples were transferred into beakers and placed in the 16°C water bath. At 

24-hour intervals (for a total of 120 hours), one control and one treated sample 

was stained and examined for mortality. The stain was prepared by mixing 1 gram 

of stain with 250 mL of filtered (20-µm filter) lake water (from the Unit 3 cooling 

line). The veliger sample was stained by pouring the sample into a 64-µm filter 

(made by securing 64-µm mesh between two plumbing fittings) set inside a glass 

jar. The stain was poured into the filter so that it pooled over the veligers (Figure 

4). The veligers were exposed to the stain for 20 minutes and were rinsed with 

filtered cooling system water. The numbers of living and dead veligers that were 

stained and not stained were enumerated, and the percentage of dead and alive 
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veligers that were stained was determined. Two additional treated and control 

samples were collected in August at the100 mJ/cm
2
 dose. The four samples were 

collected by letting water flow from the cooling line into plankton nets for 30 

minutes in order to collect a significant number of veligers. The samples were 

stained two hours after collection to determine if significant immediate mortality 

was occurring at the 100 mL/cm
2
 dose. 

 

   
Figure 4. Fast green stain and veliger filter used to stain dead veligers.  

UV Effect on Veliger Behavior 

Veliger samples were collected to determine if the UV doses caused any veliger 

life stage to exhibit unusual behaviors that may prevent settlement. For each dose 

(100, 50, 40, and 20 mJ/cm
2
) ten 2L UV treated samples and ten 2L control 

samples were collected. Collected samples were filtered and consolidated in a 64-

µm plankton tow net cod-end (Figure 5). Samples were observed under a 

dissecting microscope and the behavior (alive/ closed, moving, or dead) and life 

stage (straight-hinged, umbonal, or pediveliger) of each veliger was recorded. 
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Figure 5. Collection of veliger sample into a 64-µm plankton tow net cod-end 

 

Analysis of UV Physical Damage to Veligers with FlowCam™ 
Technology 
Additional samples were collected to determine if UV exposure caused visible 

tissue or shell damage to veligers. Five 10L samples were collected from the 

control and UV treated sample collection hoses into 64-µm plankton tow net cod-

ends (Figure 5). UV treated samples were collected at the 100 mJ/cm
2 

dose first 

and if damage was detected samples from the lower doses would be collected. 

The mussel samples were transferred into bottles, preserved with 20% 

isopropanol per volume, and buffered with 0.2 g/L of sodium bicarbonate (baking 

soda). Samples were sent to the Reclamation Detection Laboratory for Exotic 

Species (RDLES) where they were analyzed with a continuous imaging particle 

analyzer (FlowCam™, Figure 6). The FlowCam™ provides a detailed image of 

individual mussels, so that large numbers of mussels can be examined for 

microscopic damage and abnormalities. Mussel images were separated into size 

classes (straight-hinged mussels, umbonal mussels, and pediveligers) and the 

number of damaged mussels per size class was determined. 
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Figure 6 FlowCam™ used to collect images of mussels exposed to UV treatment 

 

Settlement Analysis at 100 mJ/cm2 

Mussel settlement reduction was analyzed at 100 mJ/cm
2
. Settlement was not re-

analyzed at the 50, 40, and 20 mJ/cm
2
 doses, as this analysis was already 

completed by Claudi et al. (2014). The bio boxes were cleaned out and the flow 

totalizers were set to zero prior to the start of the study. Three, 14 x 11.25, 

settlement plates (baffles) were placed in each bio box along with two 6 x 6 inch 

plates. Flow through the bio boxes was set to approximately 2 gallons/minute to 

allow veligers entering the bio boxes enough time to settle. The flow through the 

bio boxes was adjusted weekly. Settlement analysis started on July 28
th

 and 

settlement was observed on August 27
th

 (31 days). The control and treated bio 

boxes were visually analyzed using the same methods as Claudi et al. (2014). 

Settlement plates were removed and both sides were examined for mussels greater 

than 500 µm. The edges of the settling plates were not counted. Mussels larger 

than 6mm were considered translocators. 

Results 
Environmental Variables 
 
Only slight variations in water quality readings were observed between bio boxes 

and all values were within the mussels acceptable habitat range (Table 2). As 

expected, the water temperature increased throughout the summer. The water 

entering the cooling system is mixed from the forebay and the temperature 

recorded is usually cooler than what the mussels are experiencing in open water 

upstream of the dam. Water quality data from the Davis Dam forbay provides 

additional information about the temperature extremes that mussels experience 

before they enter the dam (Table 2). 
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Table 2. Water quality readings in bio boxes on the Unit 3 cooling water line and 

in the Davis Dam forebay during the testing period. 

Month 

Temperature 

°C 

Dissolved 

Oxygen 

(LDO) 

mg/L 

LDO % pH 

Specific 

Conductivity 

ms/cm 

Total 

Dissolved 

Solids 

(TDS) 

Control Bio 

Box 

      

May 17.79 9.45 101.10 8.09 0.93 0.60 

June 17.61 8.72 109.40 8.12 0.94 0.61 

July 20.87 7.86 96.30 8.27 0.96 0.63 

August 20.14 7.14 84.56 8.32 0.95 0.62 

Treated Bio 

Box 

      

May 17.79 9.25 98.90 8.12 0.93 0.60 

June 17.73 8.69 103.20 8.17 0.94 0.61 

July 20.65 7.89 96.40 8.09 0.96 0.62 

August 20.10 7.14 84.56 8.31 0.95 0.62 

Davis Dam 

Forebay 

Surface-30m 

May 17.57-16.50 9.52-8.95 101.3-93.2 8.23-7.88 0.92-0.92 0.60-0.60 

June* 21.56-16.88 9.42-8.99 NA 8.20-8.19 0.95-0.94 NA 

July 25.37-17.90 8.85-8.26 118.2-95.6 8.13-7.93 0.95-0.95 0.62-0.62 

August 24.98-18.98 8.67-6.70 115.1-79.2 8.10-7.96 0.96-0.95 0.62-0.62 

* June water quality data retrieved from Southern Nevada Water Authority (SNWA) database 

 

UV Effect on Veliger Mortality 

All of the doses tested in this study produced delayed veliger mortality. At each 

UV dose, most veligers were found to be alive immediately and a few hours after 

exposure. Mortality rates appear to be variable based on the UV dose, date of 

treatment, and veliger size (Figures 7-10). In general, higher doses produced 

greater mortality over the 120 hour observation period. Low levels of mortality 

were seen in control samples at each dose, there was a slight increase in control 

mortality in August samples compared with samples collected earlier in the 

summer. Significantly greater mortality rates were observed at the 100, 50, and 40 

mJ/cm
2
 doses in August in comparison to May and July (Figures 7a, 7b, 8a, 8b, 

9a, and 9b). The “early summer” 50 and 40 mJ/cm
2 

tests were conducted on July 

28
th

 (a month later than originally planned, due to UV unit maintenance) and the 

“late summer” samples were only collected two weeks later on August 11
th

. Even 

in this short period of time, mortality rates were noticeably different. The same 

trends were not observed at the 20 mJ/cm
2
 dose, as greater mortality was seen in 

June when compared to August (Figures 10a and 10b). The mortality seen at the 

20 mJ/cm
2
 dose in June was greater than the mortality seen in the “early summer” 

100, 50, and 40 mJ/cm
2 

 samples collected in May and July. In general smaller 

veligers (straight-hinged and umbonal) died sooner and at greater rates than larger 

pediveligers. In most cases straight-hinged veligers had the greatest mortality 

followed by umbonal and then pediveligers.  
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Veligers exposed to UV were notably more active a few hours after collection 

than control veligers. In general most of the UV treated veligers were quickly 

swimming around the petri dish, while control veligers were closed or moving 

more slowly. Over time the treated veligers started moving more slowly, and 

dying veligers would begin to shake from side-to-side and their shell would be 

open with cilia exposed and moving noticeably slower than healthy veligers. Most 

dead veligers were easy to detect as they had gaping shells with their tissue 

exposed and bacteria quickly invaded the tissue.  
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a  

b  

c  

Figures 7a, b, c. Quagga mussel veliger mortality by size class in control and UV 

treated samples at 100 mJ/cm
2
 in May (a) and August (b and c). 
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a  

b  

Figures 8 a and b. Quagga mussel veliger mortality by size class in control and 

UV treated samples at 50 mJ/cm
2
 in July (a) and August (b). 
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a  

b  

Figures 9 a and b. Quagga mussel veliger mortality by size class in control and 

UV treated samples at 40 mJ/cm
2
 in July (a) and August (b). 
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a  

b  

Figures 10 a and b. Quagga mussel veliger mortality by size class in control and 

UV treated samples at 20 mJ/cm
2
 in June (a) and August (b). 

 

Fast Green Stain Tests 

Fast green stain was found to be helpful in determining recent mortality and is 

effective at selectively staining dead tissue. The results of this study were used to 

determine the effectiveness of the stain and to determine if a significant number 

of veligers were undetectably dead within a few hours after exposure to the UV 

treatment. UV treated (20 mJ/cm
2
 dose) and control samples were examined every 

24 hours for a total of 120 hours post collection and the number of living and dead 

veligers that were stained and not stained was enumerated. Empty veligers were 

not included in the dead veliger count. The fast green stain was relatively 

effective at selectively dying dead tissue, but dead veligers with significant tissue 

degradation did not stain. Tissue degradation usually occurs several days after a 

veliger has died. So in this study it was assumed that dead veligers that did not 

stain had been dead for several days, and stained veligers were more recently 

dead. 

 

After 24 hours, none of the dead control veligers were stained and 37% of the 

dead treated veligers were stained (Figure 11). It is likely that fewer dead veligers 
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were stained after 24 hours because most of the dead veligers in the sample had 

been dead several hours to days before collection, and their tissue was degraded 

and not stained. These results suggest that the 20 mJ/cm
2 

dose UV treatment may 

have resulted in some mortality as soon as 24 hours after UV exposure. In UV 

treated samples most of the newly dead (stained) veligers were found 48 to 72 

hours after UV exposure (Figure 11). By 96 and 120 hours fewer newly dead 

veligers were found. These results suggest that the majority of mortality from UV 

exposure may occur sooner than could be confirmed without the stain. Natural 

mortality occurring in the control sample was observed at each 24 hour interval 

past the first 24 hour mark. 

 

The dead organic material inside of living veligers digestive tracks was also 

stained, making it slightly more difficult to quickly separate the living from the 

dead.  Occasionally, a living veliger (actively swimming) would be completely 

stained. One (0.1% of the living veligers in the sample) living stained veliger was 

found in the 96 hour samples and 13 (1.8% of living veligers) were found in the 

120 hour samples. It is possible that these veligers were in the process of dying 

and several of their cells were dead and stained.    

 

 
Figure 11. Percentage of newly dead veligers stained with fast green stain at 24 

hour intervals in control and UV treated samples at 20 mJ/cm
2
. 

 

In August, veliger mortality greatly increased in samples exposed to the 100 

mJ/cm
2
 UV dose (Figure 7b). Significant mortality was seen 24 hours after 

exposure. These results prompted an additional stain test to determine if veliger 

mortality was occurring immediately after exposure at this dose. Two, plankton 

samples (for both the control and UV treatment) were collected and stained two 

hours after collection. Samples contained several thousand veligers, the total 

number of veligers were not counted but the entire sample was scanned for newly 

dead (stained) veligers. The newly dead veligers were compared between the 

control and treated samples. Similar numbers of newly dead veligers were found 

in control and UV treated samples (Table 3) suggesting that the UV treatment did 
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not produce immediate mortality at the 100 mJ/cm
2
 dose in these specific 

conditions. 

 

Table 3. Numbers of newly dead veligers two hours after collection in control and 

100 mJ/cm
2 

UV treated samples in August.  

Sample 
Numbers of newly dead veligers 

Straight-Hinged Umbonal Pedi-Veliger 

UV(100 mJ/cm
2
) 1 1 6 3 

UV(100 mJ/cm
2
) 2 0 1 0 

Control 1 1 6 1 

Control 2 1 5 1 

UV Effect on Veliger Behavior 

Mussel behavior is variable, but in general, mussels will close their shell if they 

detect harmful external stimuli. Significant reduction in swimming activity may 

indicate that the mussel was damaged or may have been stunned enough so that 

they are unable to settle or behave normally for an extended period of time. 

Mussel activity did not appear to be immediately influenced by UV exposure. UV 

exposure did not completely immobilize any mussel size class. Mussels exposed 

to UV were slightly more active than mussels that were not exposed, except for at 

the 100 mJ/cm
2 

dose. Mussels were slightly less active after exposure to this dose 

(Table 4). Straight hinged and umbonal mussels are typically the most active 

mussels during microscopic examination, and there was little detectable 

difference in their behavior with and without UV exposure (Table 5). Pediveliger 

mussels do not always move like smaller mussels because they have a foot. 

Because pediveligers are less active it is difficult to compare behavior between 

samples, but it is clear that UV exposure did not immobilize pediveligers. The 

previously mentioned behavioral changes seen in the mortality study were 

observed at least two hours after veligers were treated. Those same behaviors 

were not observed immediately after treatment.  

 

Table 4. Average percent of veligers open and swimming in samples examined 

immediately after collection. 

Date Collected Sample Average % of active veligers immediately after collection 

 100 mJ/cm²  

May 15th Control 23.1% 

 UV 7.8% 

 50 mJ/cm²  

August 13th Control 9.8% 

 UV 14.0% 

 40 mJ/cm²  

July 30th Control 19.1% 

 UV 25.2% 

 20 mJ/cm²  

June 5th Control 10.9% 

 UV 18.3% 
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Table 5. Average percent of veligers per size class and sample open and 

swimming immediately after collection. 

Mussel Size Class 

Average % of active veligers per size class, immediately after 

collection 

Control Samples Treatment Samples 

100 mJ/cm²   

Straight-hinged 20.6% 5.8% 

Umbonal 27.0% 5.9% 

Pediveliger 21.5% 11.7% 

50 mJ/cm²   

Straight-hinged 7.9% 18.1% 

Umbonal 6.1% 9.8% 

Pediveliger 16.7% 14.3% 

40 mJ/cm²   

Straight-hinged 15.4% 24.3% 

Umbonal 14.8% 16.8% 

Pediveliger 27.0% 34.6% 

20 mJ/cm²   

Straight-hinged 12.0% 19.3% 

Umbonal 6.4% 11.6% 

Pediveliger 14.3% 23.9% 

 

Analysis of UV Physical Damage to Veligers with FlowCam™ 
Technology 
 

Veligers exposed to a UV dose of 100 mJ/cm
2 

did not display visable damage to 

the shell or internal organs. Images of veligers in each sample were captured with 

a FlowCam™ and the analysis of the photos did not provide any evidence of 

damage (Table 6). Because veligers exposed to the 100 mJ/cm² dose were not 

physically damaged samples were not collected at lower doses. The 10L samples 

collected from the UV treated sample hose contained fewer veligers than the 10L 

samples collected from the control sample hose (Table 6). 

  

Table 6. Total numbers of mussels collected per size class, total numbers of 

mussels with shell damage, and percent of veligers with damaged shells per size 

class in control and UV treated samples as determined by FlowCam™ analysis. 

Mussel Size Class 
Control UV Treated (100mJ/cm

2
) 

Total Mussels Total Damaged Total Mussels Total Damaged 

Straight-hinged  119 0 108 0 

Umbonal  431 0 294 0 

Pediveliger  162 0 69 0 

 

Settlement Analysis (100 mJ/cm2) 

Settlement in the control and 100 mJ/cm
2
 UV treated bio boxes were compared 

after 31 days, between July 28
th

 and August 27
th

. Mussel settlement was reduced 

by 99% after exposure to the 100 mJ/cm
2 

dose in comparison to untreated mussels 

(Table 7). Translocators were also reduced by 76% with UV exposure. A total of 
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1314 mussels were settled in the control bio box in comparison to 10 in the 

treated bio box. 

Table 7. Total newly settled mussels and translocators in the control and 100 

mJ/cm
2
 UV treated bio boxes and the percent settlement reduction. 

Bio Box Total Mussels Settled Total Translocators 

Control 1314 17 

UV 100 mJ/cm
2 

10 4 

% Reduction 99% 76% 

 

The water source for each bio box is from the same cooling line but from different 

locations. The FlowCam™ samples indicated that there were fewer veligers in the 

UV treated samples than the control samples (Table 6). In order to determine the 

numbers of veligers per L entering each bio box additional samples were collected 

monthly from the inlet of each bio box. The number of veligers, containing tissue, 

were counted in 20L control and UV treated samples. Although settlement was 

only analyzed in August, monthly samples were collected to get an idea of the 

veliger concentrataion variability between the bio boxes and months. 

 

In May, more veligers were found entering the UV bio box than the control, but in 

June-August more veligers were collected from the control line (Figure 12). The 

number of veligers passing through the cooling line at any one time is variable 

and the monthly veliger concentrations entering each bio box are calculated from 

only one sample event during the month. Because the numbers of veligers 

entering the treated bio box were greater in May it can not be concluded that the 

treated bio box was always receiving fewer veligers than the control. Although 

veliger numbers were lower in August there was still significant settlement in the 

control bio box.  
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Figure 12. Veliger concentration flowing into the control and UV treated bio 

boxes during May-August 2014. 

Discussion and Conclusions 
 

The UV system installed at Davis Dam has been found to be effective at reducing 

quagga mussel settlement at doses lower than 100 mJ/cm
2
 (Claudi et al. 2014). 

The results of this study indicate that the settlement reduction is likely a result of 

latent veliger mortality. Veliger mortality was variable at each dose and during 

each month tested. Similarly, Claudi et al. (2014) found variation in settlement 

reduction at the same dose throughout the year.  Other than the 20 mJ/cm 
2 
dose, 

all other doses produced less mortality in the early summer months when 

compared to later in the summer. Claudi et al. (2014) also found the 40 mJ/cm
2 

dose to be less effective in November than July. This variation may be due to 

environmental variables such as temperature, which has been found to impact 

mussel robustness (McMahon 1996).  Veligers may become less robust as they 

are exposed to increasing water temperatures in Lake Mohave for longer periods 

of time. Control samples indicate that there was a slight increase in natural veliger 

mortality during August compared to earlier in the summer and Claudi et al. also 

found more empty/dead veligers in August indicating that veligers experience 

greater mortality as temperatures increase. It is also possible that warmer 

temperatures may affect reproducing adults, decreasing their viability overtime, 

leading to the production of poor quality gametes. 

Although lower mortality rates were found in the early summer, Claudi et al. 

(2014) found significant settlement reduction during these months. It is possible 

that mussels exposed to UV in environmental conditions that are more favorable 

to mussels may experience an even greater delay in mortality compared to 

mussels exposed in unfavorable conditions. In this study veligers were only 

observed for 120 hours after collection, and mortality likely continues past this 
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arbitrary time point. It is possible that this studies time-frame did not allow for 

observation of the majority of the mortality in the early summer.  

Generator cooling water has a relatively short residence time within the dam, and 

the delayed effects of the UV treatment are still effective at reducing settlement 

within the system. It is likely that ready-to-settle veligers (pediveligers) are able 

to settle within the system after UV exposure. But over the course of a few days 

they die before they can grow to adulthood and cause blockages. UV exposure 

appears to be more effective at killing smaller veligers (straight-hinged and 

umbonal) that are not a direct threat to the cooling water system. These less 

developed veligers are not capable of settling within the cooling system because 

they do not have enough residency time to develop into the settling stage. 

Although pediveligers saw lower mortality rates over time it is likely that 

mortality continues past the observed 120 hour mark. Although larger mussels are 

more protected from UV exposure the 100 mJ/cm
2 
dose was able to reduce 

translocator settlement. 

The results of this research and the research conducted by Claudi et al. (2014) 

indicates that UV treatment for the prevention of quagga mussel settlement in 

hydropower generator cooling systems is effective. Although the effectiveness of 

each dose tested was variable throughout the year, the high settlement reduction, 

although not 100%, can significantly reduce impacts to treated cooling water 

systems. The mortality and settlement results between the 50 and 100 mJ/cm
2 

doses were similar suggesting that the lower dose could be used to reduce 

electrical and equipment costs. The results of this study confirm the effectiveness 

of UV to control mussels and are expected to provide useful information for other 

applications. There are situations where complete veliger mortality is the main 

objective in which case a higher dose would need to be tested. Although this 

specific UV system was found to be effective at producing mussel mortality and 

limiting settlement, it should not be assumed that the same results would be 

achieved in every situation with every UV system. Before a UV system is 

deployed for invasive mussel treatment it is important to conduct similar testing 

for each specific set of circumstances. 

  



 

31 

Literature Cited  
Chalker-Scott, L., R. Carnevale, K. Smith, J. Scott. 1993. Comparison of Acute 

and Chronic Mid-Range Ultraviolet Radiation (280-320nm) Effect on 

Adult Zebra Mussels. At: Third International Zebra Mussel Conference, 

February 23-26, 1993, Toronto, Ontario, Canada.  

 

Chalker-Scott, L., J. Scott, J. Scalia, J. Titus. 1994. Influence of Wide-Range 

Ultraviolet Radiation Upon Behavior and Mortality of Dreissena 

polymorpha. At: Fourth International Zebra Mussel Conference, March 7-

10, 1994, Madison, Wisconsin USA. 

 

Claudi, R., T.H. Prescott, H. Coffey. 2014. Atlantium Technologies Medium 

Pressure UV Dose Required for Minimizing Downstream Settlement of 

Quagga Mussel Veligers. US Bureau of Reclamation, IDIQ Contract 

R13PD80500. 

 

Claudi, R. and T.H. Prescott. 2007. Assessment of the potential impact of quagga 

mussels on Hoover Dam and recommendations for monitoring and 

control. RNT Consulting Inc. Prepared by RNT Consulting Inc. for the 

U.S. Bureau of Reclamation, lower Colorado Dams region. 

 

Claudi R. and T.H. Prescott. 2013. Evaluation of UV Technology at Hoover Dam 

as Means of Eliminating Downstream Settlement of Dreissenid Mussel 

Veligers. US Bureau of Reclamation Order R12PD80180, IDIQ Contract 

R10PC80264. 

 

Evans, D.W., D. Lewis, E. Whitby, G. McKenna. 1995. UV light for zebra mussel 

control. At: US Army Corps of Engineers Zebra Mussel Workshop, 

November 25-30, 1995, New Orleans, USA. 

 

Lewis, D.P. and W. Cairns. 1998. Ultraviolet Control for Zebra Mussel – the 

Evolution of a Non Chemical Alternative. At: Eighth International Zebra 

Mussel and Other Aquatic Nuisance Species Conference, March 16-19, 

1998, Sacramento, California, USA. 

 

Lewis, D.P. and G.E. Whitby. 1993. Use of Ultraviolet Radiation for Zebra 

Mussel Control. At: Third International Zebra Mussel Conference, 

February 23-26, 1993, Toronto, Ontario, Canada. 

 

Lewis, D.P. and G.E. Whitby. 1996. Control of Zebra Mussels with Medium and 

Low Pressure Ultraviolet Radiation: Optimization Study. Aquatic 

Sciences, Project M9295.  

 

 



32 

 

MacIsaac, H.J. 1996. Potential abiotic and biotic impacts of zebra mussels on the 

 inland waters  of North America. American Zoologist 36(3): 287–299. 

 

Mackie, G.L. and R. Claudi. 2010. Monitoring and control of microfouling 

mollusks in fresh water systems. CRC Press, Taylor and Francis Group, 

Boca Raton, FL. 

 

Mackie, G.L., W.N. Gibbons, B.W. Muncaster, and I.M. Gray. 1989. The zebra 

mussel  (Dreissena polymorpha): a synthesis of European experiences and 

a preview for North America. Ontario Ministry of Natural Resources, 

Water Resources Branch, Great Lakes Section, Toronto. 

 

McMahon, R.F. 1996. The Physiological Ecology of the Zebra Mussel, Dreissena 

Polymorpha, in North America and Europe. American Zoologist 36(3): 

339-363.  

 

Pickles, S.B. 2000. Use of ultraviolet radiation for zebra mussel control at Ontario 

power generation. Presentation at the 10
th

 International Aquatic Nuisance 

Species and Zebra Mussel Conference, Toronto, Canada, February 13. 

 

Wright, D.A., E.M. Setzler-Hamilton, J.A. Magee, V.S. Kennedy, and S.P. 

McIninch. 1996. Effect of salinity and temperature on survival and 

development of young zebra (Dreissena polymorpha) and quagga 

(Dreissena bugensis) mussels. Estuaries and Coasts 19: 619-628. 



 

 

Share Drive folder name and path where data are stored:  
H:/EnvRes Share/Mussel Samples/2014 Research Proposals/UV Davis Dam 

 
Point of Contact:   
Sherri Pucherelli: spucherelli@usbr.gov (303-445-2015) 

mailto:spucherelli@usbr.gov

