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Efficacy of Pseudomonas fluorescens (Pf–CL145A) Spray 
Dried Powder for Controlling Zebra Mussels Adhering to 
Test Substrates  

By James A. Luoma,1 Todd J. Severson,1 Kerry L. Weber,1 and Denise A. Mayer2 

Abstract 
A mobile bioassay trailer was used to assess the efficacy of Pseudomonas fluorescens (Pf-

CL145A) spray dried powder (SDP) formulation for controlling zebra mussels (Dreissena polymorpha) 
from two midwestern lakes: Lake Carlos (Alexandria, Minnesota) and Shawano Lake (Shawano, 
Wisconsin). The effects of SDP exposure concentration and exposure duration on zebra mussel survival 
were evaluated along with the evaluation of a benthic injection application technique to reduce the 
amount of SDP required to induce zebra mortality.  

Groups of zebra mussels were collected from each lake and allowed to adhere to test substrates 
for at least 15 days before exposure to SDP. Two independent trials were completed at each lake: (1) a 
whole water column (WWC) application trial was used to evaluate the effects of SDP exposure 
concentration and exposure duration on zebra mussel survival; and (2) a benthic injection (BI) 
application trial in which the SDP was injected into the test tanks to determine the efficacy of a benthic 
injection application technique to reduce the amount of SDP required to induced zebra mussel mortality. 
Three exposure durations (6, 9, and 12 hours) were evaluated in the WWC trials and a 12-hour exposure 
duration was evaluated in the BI trials. All trials contained zebra mussels which were removed at the 
completion of each exposure duration, consolidated into wire mesh cages, and held in the lake for 
approximately 30 days before being assessed for survival. 

For all trials, treatment was assigned to each test tank according to a randomized block design 
(n = 3 test tanks per treatment). The treatment groups included (1) an untreated control group, (2) a 
group that received an application of 50 milligrams of SDP per liter (mg SDP/L), and (3) a group that 
received an application of 100 mg SDP/L. During the BI trials, SDP was administered to achieve the 
desired exposure concentration in the bottom 50 percent (175 L) of the test tank. All exposure 
concentrations are reported as active ingredient.  

Approximately 30 days after exposure, zebra mussels were sorted into live and dead, and 
enumerated. Mean survival of zebra mussels in control treatments exceeded 95 percent. Mean survival 
of zebra mussels in the Lake Carlos WWC SDP-treated groups ranged from 0.5 to 2.1 percent and when 
compared at the same exposure duration, no difference was detected in survival between the 50 and 
100 milligrams per liter (mg/L) treatment groups. Similarly, mean survival of zebra mussels in the 
Shawano Lake WWC SDP-treated groups ranged from 2.0 to 12.6 percent and when compared at the 
same exposure duration, no difference was detected in survival between the 50- and 100-mg/L treatment 

1 U.S. Geological Survey 
2 New York State Education Department 
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groups. Mean survival of zebra mussels in the Lake Carlos BI trial SDP-treated groups did not differ 
(p = 0.93) and was 18.1 and 18.0 percent in the 50- and 100-mg/L treatment groups, respectively. Mean 
survival of zebra mussels in the Shawano Lake BI trial SDP-treated groups differed (p < 0.01) and was 
2.9 and 0.9 percent in the 50- and 100-mg/L treatment groups, respectively. Survival of zebra mussels 
assigned to the SDP-treated groups in the Lake Carlos WWC trial (12-hour exposure duration) differed 
from the survival of zebra mussels assigned to the SDP-treated groups in the Lake Carlos BI trial; 
however, after modification of the BI application technique, no difference (p = 0.22) was detected 
between the survival of zebra mussel in the Shawano Lake WWC (12-hour exposure duration) and BI 
trials.  

Introduction 
Freshwater mussels native to North America (order Unionoida) are considered the most diverse 

in the world, consisting of approximately 297 recognized taxa, but they have been declining at an 
alarming rate due to anthropogenic activities such as pollution, habitat alteration, and over harvest 
(Williams and others, 1993; Neves and others, 1997). A survey completed by the Nature Conservancy 
revealed 55 percent of North America’s mussels are either extinct or imperiled (Master, 1990). The 
North American mussel extinction rate is predicted to be 6.4 percent per decade, which equates to the 
extinction of 127 species in the next 100 years (Ricciardi and Rasmussen, 1999). This prediction may be 
conservative, as it did not account for the invasion of North American waterways by dreissenid mussels 
(zebra mussel, Dreissena polymorpha and quagga mussel, Dreissena bugensis). 

Dreissenid mussels are ideal invaders due to their high fecundity and their planktonic larvae, 
which are capable of dispersal over vast areas (Birnbaum, 2011). Dreissenid mussels pose a serious 
ecological threat and negatively affect many native aquatic species, particularly freshwater mussels. 
Dreissenid mussels can quickly inundate freshwater mussels and cause obstruction of valve movement 
as well as inhibition of feeding and respiration (Burlakova and others, 2000) resulting in an increased 
cost of metabolism, decreased fitness, and ultimately death (Baker and Hornbach, 1997). 

Natural resource managers lack readily available, environmentally safe, and effective tools for 
controlling dreissenid mussels in open-water environments. One potential tool for limited open-water 
control of dreissenid mussels is a commercially formulated spray dried powder (SDP) formulation of 
Pseudomonas fluorescens (Zequanox®), produced by Marrone Bio Innovations, Inc. (MBI; Davis, 
California), which contains nonviable cells of a specific strain (CL145A) of the common soil bacterium 
Pseudomonas fluorescens. The SDP formulation was developed by MBI and registered by the U.S. 
Environmental Protection Agency for control non-native dreissenid (zebra and quagga) mussels in raw 
water conduit systems (that is, industrial cooling and irrigation systems, and so forth) and it has recently 
been approved for use in limited open-water environments. 

The objectives of this study were (1) to evaluate the potential use of Pseudomonas fluorescens 
spray dried powder (SDP) formulation for controlling zebra mussels (Dreissena polymorpha) in limited 
open-water environments; and (2) to evaluate the use of a benthic injection (BI) application technique to 
reduce the amount of SDP required to induce zebra mussel mortality.  

The applications for this study were completed in the Upper Midwest Environmental Science 
Center’s (UMESC) mobile bioassay laboratory, which used water and test animals from two 
midwestern lakes: Lake Carlos (Alexandria, Minnesota) and Shawano Lake (Shawano, Wisconsin). This 
final study report summarizes four separate field trials with activities carried out from October, 2011 to 
November, 2013. Applications of SDP were completed on August 15 and 17, 2012 at Lake Carlos and 
on September 6 and 8, 2012 at Shawano Lake. 
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Materials and Methods 
All methods and materials followed the written protocol and its amendments, except those 

instances that were identified as deviations (appendix 2, items 1–6). The study protocol and 
amendments for this study are contained in appendix 1 (items 1–2).  

Experimental Design 
The study SDP applications were completed within the UMESC mobile bioassay laboratory, 

which used water and test animals from two midwestern lakes: Lake Carlos (Alexandria, Minn.) and 
Shawano Lake (Shawano, Wis.). Survival of zebra mussels was assessed approximately 30 days after 
exposure to SDP. Groups of zebra mussels were collected from each lake and allowed to adhere to 
perforated aluminum test substrates for at least 15 days before exposure to SDP. Zebra mussels adhering 
to the test substrates were exposed to SDP in a series of nine 350-liter (L) test. Two independent trials 
were completed at each test location (1) a whole water column (WWC) application trial, which 
evaluated the effects of SDP exposure concentration and exposure duration on zebra mussel survival, 
and (2) a BI application trial, which evaluated the use of a BI application technique to reduce the 
amount of SDP required to induce zebra mussel mortality.  

Treatments were administered in triplicate according to a randomized block design (appendix 3, 
items 1, 4, 7, and 10) and included (1) an untreated control group, (2) a group that received an 
application of 50 milligrams SDP per liter (mg SDP/L), and (3) a group that received an application of 
100 mg SDP/L. The experimental unit was the individual test tank. Test substrates with adhering zebra 
mussels were distributed to test tanks according to a random distribution scheme (appendix 3, items 2, 
5, 8, and 11).  

Each WWC test tank contained nine test substrates with adhering zebra mussels and each BI test 
tank contained either three (Lake Carlos) or four (Shawano Lake) test substrates with adhering zebra 
mussels. Upon exposure termination during the WWC trials (6, 9, and 12 hours), three randomly 
selected test substrates were removed from each test tank. Upon exposure termination during the BI 
trials (12 hours), all test substrates were removed from each test tank. After exposure, the test substrates 
with adhering zebra mussels were consolidated into wire mesh cages, which were placed in 
approximately 2.5 meters (m) of water for the post-exposure period. Approximately 30 days after SDP 
exposure, zebra mussels were sorted into live and dead, and enumerated. Zebra mussels from one test 
substrate of each treatment level and exposure duration were retained in 70 percent isopropyl alcohol for 
length measurement. 

Test Article 
The test article was a commercially prepared SDP formulation of Pseudomonas fluorescens, 

strain CL145A containing 50 percent active ingredient (weight to weight ratio [w/w] P. fluorescens, 
strain CL145A). The test article was provided by the manufacturer as a mixed lot (401P12163C and 
401P12164C; Certificates of Analysis, appendix 4, items 3 and 4). Test article use was documented in 
the test chemical log books (appendix 4, items 9–13). Concentrations of the test article are reported as 
active ingredient. Retention of test article biological activity was assessed after exposure by New York 
State Museum Field Research Laboratory (Cambridge, New York) using their standard dreissenid 
mussel bioassay (appendix 4, item 8). Results of the biological activity bioassay demonstrated a mean 
(standard deviation) mortality of 70.7 percent (4.6) at 200 mg/L, which was similar to mean mortality 
exhibited by the cell fraction positive control which was 73.3 percent (8.3), confirming the biological 
activity of the test article.  
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Test Locations 
Two midwestern lakes with different water-quality characteristics were the test locations and the 

source of the test water and test animals. Lake Carlos is a 1,020-hectare (ha) mesotrophic lake located 
near Alexandria, Minn., and it is the deepest natural lake in Minnesota (excluding Lake Superior), with 
a maximum depth of 49.7 m. Shawano Lake is a 2,515-ha eutrophic lake located in Shawano, Wis., with 
a maximum depth of 12 m. Zebra mussels were first reported in Shawano Lake in 2002 and in Lake 
Carlos in 2009 (Turyk and others, 2008; Engel and others, 2010). 

Test System 
The test system was a series of nine independent circular test tanks (76 x 95 centimeters (cm), 

diameter x height; 350 L capacity) contained within the UMESC mobile bioassay laboratory. The test 
tanks were positioned in two rows with four test tanks in one row and five test tanks in the other (fig. 1). 
Test substrates were used as the medium to facilitate zebra mussel handling during the study period. The 
test substrates were constructed of perforated aluminum (4.8 millimeter (mm) hole, 51 percent open 
area, 1.6 mm thick) folded into trays (15.2 x 15.2 x 2.5 cm, length x width x height [fig. 2]).  

Test water was supplied to the test system from a 3-horsepower submersible well pump (ITT 
Goulds Pumps, Seneca Falls, N.Y., model 18GS30). The water was filtered (200 micrometers [µm]) 
using a microscreen filtration system (Forstra Filter Inc., Los Angeles, California; model M1-90), 
delivered to two headboxes (30.5 x 55.9 x 114.3 x 30.5 cm, width x length x height; one headbox per 
test tank row), and gravity fed to each test tank at approximately 6 liters per minute, providing 
approximately one tank-exchange per hour. Water flow was interrupted during the exposure period. 
Untreated water was discharged to the lake; SDP-treated water was collected in frame tanks and 
removed by a state-licensed septic hauler and disposed of by land application (Minnesota) or discharge 
to a sanitary sewer system (Wisconsin). 

 

 
 

Figure 1. Schematic of mobile bioassay laboratory. 
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Figure 2. Example of test substrate with zebra mussels during initial placement (left), after adherence (center), 
and prepared for exposure in a semirigid plastic mesh containment bag (right). 

Test Animals 
Zebra mussels were collected from existing colonies within each lake and placed on test 

substrates. Zebra mussels adhering to the test substrates immediately prior to allocation to the test tanks 
were used as the test animals. Mean shell length for the zebra mussels used in the Lake Carlos trials 
ranged from 11.26 to 11.85 mm and the mean shell length for the zebra mussels used in the Shawano 
Lake trials ranged from 18.27 to 18.74 mm (appendix 5, items 2–5). 

Test Animal Collection and Initial Placement 
In October and November 2011, natural substrates (that is, rocks, sticks, and native mussels) 

with adhering zebra mussels were collected from each lake and the zebra mussels were removed by 
severing the byssus with a scalpel. Zebra mussels were held in coolers containing lake water until 
placed onto the test substrates. Approximately 200 to 300 zebra mussels were indiscriminately selected 
and placed on each test substrate. After zebra mussel placement, wood spacers (≈ 2 cm thick) were used 
to separate the test substrates (fig. 3) before they were secured in vertical stacks (≈ 10 substrates per 
stack). Six stacks were placed in each of three wire mesh cages at each lake (≈ 180 substrates per lake; 
fig. 3). The wire mesh cages were placed in ≈ 2 m of water to allow for zebra mussel adherence through 
winter. Due to poor overwinter survival, zebra mussels on the Shawano Lake test substrates were 
replaced in August of 2012 following the procedures previously described. The zebra mussels used in 
the Shawano Lake trial were allowed to adhere to the test substrates ≈ 16 days prior to exposure. 
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Figure 3. Example of stacked test substrates (left) and wire mesh cage (right). 

Preparation and Distribution to the Test System 
One day prior to SDP exposure, test substrates were inverted to dislodge non-adhering zebra 

mussels. Moribund zebra mussels and shell fragments were removed from each test substrate with 
forceps. Test substrates with adhering zebra mussels were placed into a uniquely identified semirigid 
plastic mesh containment bags (20.3 x 25.4 x 5.1 cm; 0.32 x 0.42 cm openings) and randomly allocated 
to test tanks (appendix 3, items 2, 5, 8, and 11). The WWC trials at both lakes received nine test 
substrates per test tank (three per exposure duration), whereas the BI trials received three (Lake Carlos) 
or four (Shawano Lake) test substrates per test tank. 

 Post-Exposure Handling 
Upon exposure termination (that is, 6, 9, and 12 hours [h] for WWC; 12 h for BI), test substrates 

were removed from the test tanks according to a randomization scheme (appendix 3, items 3, 6, 9, and 
12) and consolidated in wire mesh cages. Test substrates removed from all test tanks at each exposure 
duration were indiscriminately placed into a single wire mesh cage (for example, all test substrates 
removed at 6 h were placed into the same wire mesh cage). The wire mesh cages were placed in ≈ 2.5 m 
of water, in the respective lake, for the ≈ 30-day post-exposure period.  

Survival Assessment 
Zebra mussel survival was assessed 26–27 days after SDP exposure at Lake Carlos and 32–34 

days after SDP exposure at Shawano Lake. Survival was determined by examining valve movement in 
response to mechanical stimuli or resistance to valve pressure by adductor muscle contraction. Zebra 
mussels < 6 mm were excluded from the analyses because they could readily pass through the plastic 
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mesh containment bags and because of the potential for inconsistent survival assessment of small 
mussels (that is, inconsistent assessment of adductor muscle response). Zebra mussels from each test 
substrate were sorted into groups of live or dead and enumerated. Zebra mussels from one test substrate 
at each treatment level and exposure duration were indiscriminately selected and retained in 70 percent 
isopropyl alcohol to measure for shell length with digital calipers.  

Dosing 
Stock solutions used to administer treatments were prepared by adding pre-weighed aliquots of 

SDP (appendix 4, items 5 and 6) into known volumes of filtered (200 µm) lake water and mechanically 
mixing with a paint mixer attached to an electric drill for 3–5 minutes. The solution was then 
immediately poured through a mesh colander and any clumps of SDP were pulverized with a pestle and 
rinsed into the stock solution with filtered lake water. During all trials, control treatments were 
completed using the same methods as the SDP-treated groups with the exception that no SDP was 
applied. For all trials, concentrations of SDP are reported as active ingredient. 

Whole Water Column Application 
Separate stock solutions were prepared for each test tank replicate in the WWC trials. Stock 

solutions for the WWC were prepared by adding SDP (35 grams [g] for the 50 milligrams per liter 
[mg/L] treatment; 70 g for the 100-mg/L treatment) to ≈ 8 L of water removed from each test tank. 
Immediately after preparation, each stock was poured into the respective test tank and gently mixed with 
the test tank water. 

Benthic Injection Application 
An injection system was constructed to treat the bottom 50 percent (175 L) of each test tank 

during the BI trials (fig. 4). A peristaltic pump (Masterflex Digi-staltic drive, model 77310; Cole-
Parmer, Vernon Hills, Illinois) was used to inject the SDP stock at the selected depth in each test tank 
through a delivery apparatus consisting of four peristaltic tubing lines (Masterflex L/S 14 tubing; 
1.6 mm Inside Diameter [ID]), which terminated with dispersion nozzles designed to disperse test article 
horizontally in the water column. Each dispersion nozzle was constructed from a modified plastic 
cylindrical check valve (Penn-Plax, Inc.; model CV1 check-valve/air-filter; Hauppauge, N.Y.) with four 
2-mm holes drilled around the circumference (fig. 4). At Shawano Lake, the SDP stock concentrations 
were diluted, the stock delivery rate was increased, and the injection height was raised to decrease SDP 
settling. 
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Figure 4. Schematic of benthic injection application system. 

 Benthic Injection Application at Lake Carlos 
Separate 15,000 and 30,000 mg SDP/L stock solutions were prepared for the 50- and 100-mg/L 

Lake Carlos BI treatment applications, respectively. Approximately 583 milliliters (mL) of the 
appropriate stock solution was delivered to each test tank at 62 mL/minute, resulting in delivery of 
≈ 8,750 and 17,500 mg of SDP to each 50 and 100 mg/L test tank replicate, respectively. The amount of 
stock solution injected was the volume required to achieve the target SDP exposure concentration in the 
bottom 50 percent (175 L) of the test tank. The stock solution was delivered ≈ 19 cm from the bottom of 
each test tank.  

 Benthic Injection Application at Shawano Lake 

Separate 2,500 and 5,000 mg SDP/L stock solutions were prepared for the 50- and 100-mg/L 
Shawano Lake BI treatment applications, respectively. Approximately 3,500 mL of the appropriate 
stock solution was delivered to each test tank at 350 mL/minute, resulting in delivery of ≈ 8,750 and 
17,500 mg of SDP to each 50 and 100 mg/L test tank replicate, respectively. The amount of stock 
solution injected was the volume required to achieve the target SDP exposure concentration in the 
bottom 50 percent (175 L) of the test tank. The stock solution was delivered ≈ 38 cm from the bottom of 
each test tank.  
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Exposure Concentrations  
Water samples were collected for SDP exposure concentration determination from different 

locations within test tanks depending on application type (WWC or BI) and trial location. Surface 
samples were collected by submersing a 50-mL beaker below the water surface. Suspended (≈ 15 or 
19 cm from the test tank bottom) and bottom samples (Lake Carlos BI trial only) were collected from 
test tanks using a peristaltic pump (Masterflex Digi-staltic drive, model 77310; Cole-Parmer, Vernon 
Hills, Ill.) fitted with four 1.6-mm ID collection lines. Approximately 200 mL of exposure water was 
purged through peristaltic tubing and discarded before sample collection. 

Exposure concentrations were determined by comparing the test tank water sample absorbance 
to a linear regression curve created from known active ingredient concentrations of SDP (25, 50, 100, 
and 200 mg/L). Absorbance was measured using a Barnstead/Turner SP-830 Plus spectrophotometer 
(model SM110215) at 660 nanometers (nm). Linear regression equations were fit using the Statistical 
Analysis Software Proc Reg procedure (SAS® Version 9.3, SAS Institute, Inc., Cary, North Carolina). 
The exposure concentrations were predicted from the regression analysis (appendix 7, items 2–4, 6–8, 
10–12, 14–16). The known concentrations of SDP used to create the linear regression were maintained 
at approximately 4 degrees Celsius (ºC) and measured for absorbance at 6, 9, and 12 h after treatment 
administration to ensure proper spectrophotometer function with the exception of the Lake Carlos 
WWC trial, in which the known concentrations were measured at 9 and 12 h.  

The SDP exposure concentrations in the Lake Carlos WWC trial were determined from surface 
water samples at 1, 3, 6, 9, and 12 h and suspended (≈ 15 cm) water samples at 3, 6, 9, and 12 h. The 
SDP exposure concentrations in the Lake Carlos BI trial were determined from suspended (≈ 19 cm) 
water samples at 1, 3, 6, 9, and 12 h and from bottom water samples at 6, 9, and 12 h. Because sample 
absorbance was below the detection limit, samples from control test tanks were not analyzed for SDP 
concentration during the Lake Carlos trials. Control water samples were analyzed for SDP in the 
Shawano Lake trials, and were below the detection limit. The SDP exposure concentrations in the 
Shawano Lake WWC trial were determined from surface water and suspended (≈ 15 cm) water samples 
at 1, 3, 6, 9, and 12 h. The SDP exposure concentrations in the Shawano Lake BI trial were determined 
from surface water and suspended (≈ 15 cm) water samples at 1, 3, 6, 9, and 12 h.  

Water Chemistry 
Dissolved oxygen, pH, temperature, hardness, alkalinity, and conductivity were measured ≈ 1 h 

prior to treatment administration from filtered lake water samples collected from the distribution 
headboxes. Dissolved oxygen, pH, and temperature were measured in each test tank within 1 h and 
≈ 3, 6, 9, and 12 h after treatment administration during the WWC and BI trials.  

Water samples for total ammonia nitrogen (TAN) analysis were collected 12 h after SDP 
application during all trials and at 6 and 9 h after SDP application during the Lake Carlos WWC trial. 
Water samples were filtered (0.45 µm), acidified with 10 percent sulfuric acid to ≤ pH 2.5, and stored at 
≈ 4 ºC until analyzed for TAN by the UMESC water-quality laboratory using the automated phenate 
method (Standard Method 4500G; American Public Health Association, 2012). Un-ionized ammonia 
concentrations were calculated from TAN, pH, and temperature from time of sample collection using 
the formula identified by Emerson and others (1975).  

Four data loggers (Onset Inc, Bourne, Massachusetts; HOBO® Pendent Temperature/Light Data 
Logger, model UA-002064) were attached to the wire mesh cages at each lake and used to measure 
water temperature four times daily during the post-exposure period. 
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Data Analysis 
Data analyses for water chemistry parameters were limited to simple summary statistics; 

comparative statistics were not generated. Exposure concentration means were determined using SAS® 
software version 9.3 (SAS Institute, Inc., Cary, N.C.). The SAS® software Proc Means procedure was 
used to determine the mean exposure concentration by individual test tank, treatment group, and 
exposure duration (appendix 7, items 2–4, 6–8, 10–12, 14–16). Because of observations of SDP settling 
and non-detectable levels of SDP in the suspended water samples, the bottom water sample exposure 
concentrations for the Lake Carlos BI trial are reported. The suspended water exposure concentrations 
for Shawano Lake BI trials are reported due to negligible (≤ 3mg/L) SDP exposure concentrations 
measured in the surface water samples. 

Zebra Mussel Survival 
Statistical comparisons of zebra mussel survival were completed using SAS® software version 

9.3. Significance was declared at α ≤ 0.05. A generalized linear mixed model was used to analyze the 
survival of zebra mussels in each treatment group (appendix 9, items 1–3). The proportion of mortalities 
(number of dead zebra mussels compared to the total number of zebra mussels in the sample) was 
modeled using the SAS® software Proc GLIMMIX procedure with a binomial distribution and a logit 
link function. A scale parameter was added to the model using the SAS® software random_residual_ 
statement. Zebra mussel survival in each treatment group was individually compared to the zebra 
mussel survival in the untreated control group using a two-sided means comparison test. 

Results 
Water chemistry parameters (dissolved oxygen, pH, and temperature) collected from the test 

tanks are summarized in table 1 and the water chemistry data are in appendix 6 (items 1–14). Water 
hardness, alkalinity, and conductivity are summarized in table 2. Dissolved oxygen levels remained 
above the minimum threshold recommended for freshwater mussels (4.0 mg/L, ASTM International, 
2013) and the mean TAN remained below the criterion for acute exposure and below 4-day maximum 
criterion for chronic exposure during the exposure period (U.S. Environmental Protection Agency, 
2013; table 3). Mean daily temperatures ranged from 20.6 to 24.4 °C (Lake Carlos) and from 10.1 to 
21.5 °C (Shawano Lake) during the post-exposure period.  
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Table 1. Mean (standard deviation) water chemistry parameters (dissolved oxygen and temperature) and pH 
range of each treatment group during the study period.  
 
[mg/L, milligrams per liter; DO, dissolved oxygen; °C, degrees Celsius] 

Water chemistry 
parameter 

Treatment 
group (mg/L) 

Pre-
exposure1 ≤1 h 3 h 6 h 9 h 12 h 

Lake Carlos whole water column application 

DO (mg/L) 0 8.77 (0.02) 8.72 (0.04) 8.58 (0.09) 8.51 (0.04) 8.25 (0.03) 8.11 (0.01) 

 50 8.76 (0.01) 8.66 (0.02) 8.42 (0.01) 8.21 (0.04) 7.80 (0.09) 6.62 (0.13) 

 100 8.76 (0.01) 8.64 (0.01) 8.38 (0.04) 8.06 (0.10) 7.74 (0.07) 6.84 (0.07) 

pH 0 8.62–8.64 8.60–8.63 8.56–8.58 8.54–8.58 8.25–8.31 8.55–8.58 

 50 8.61–8.65 8.57 8.47–8.49 8.47–8.49 8.20–8.21 8.33–8.35 

 100 8.60–8.63 8.53 8.37–8.39 8.37–8.39 8.12 8.21–8.24 

Temperature (°C) 0 22.2 (<0.1) 22.3 (<0.1) 22.4 (<0.1) 22.5 (<0.1) 22.5 (<0.1) 22.5 (<0.1) 

 50 22.1 (<0.1) 22.3 (<0.1) 22.4 (<0.1) 22.5 (0.0) 22.4 (0.1) 22.4 (<0.1) 

 100 22.2 (0.0) 22.3 (0.0) 22.4 (<0.1) 22.5 (<0.1) 22.4 (0.1) 22.4 (0.1) 

Shawano Lake whole water column application 

DO (mg/L) 0 7.34 (0.02) 7.24 (0.07) 7.07 (0.03) 6.85 (0.06) 6.63 (0.02) 6.43 (0.10) 

 50 7.36 (0.02) 7.24 (0.04) 6.97 (0.10) 6.57 (0.08) 5.86 (0.19) 4.22 (0.64) 

 100 7.36 (0.01) 7.25 (0.07) 7.01 (0.03) 6.56 (0.08) 6.03 (0.18) 4.79 (0.55) 

pH 0 9.31–9.34 9.27–9.28 9.23–9.24 9.14–9.15 9.12–9.16 9.02–9.08 

 50 9.33–9.34 9.22 9.11–9.14 9.06–9.08 8.99–9.02 8.73–8.85 

 100 9.34 9.14–9.16 9.07–9.08 8.97–9.00 8.87–8.93 8.62–8.73 

Temperature (°C) 0 22.6 (0.0) 22.0 (<0.1) 22.0 (0.2) 22.1 (0.3) 22.2 (0.4) 22.0 (0.4) 

 50 22.6 (<0.1) 21.9 (0.1) 21.9 (0.1) 21.9 (0.2) 21.9 (0.2) 21.8 (0.2) 

 100 22.6 (0.0) 21.9 (<0.1) 21.9 (0.1) 22.0 (0.1) 22.0 (0.1) 21.8 (0.1) 

Lake Carlos benthic injection application 
 

DO (mg/L) 0 8.42 (0.01) 7.97 (0.02) 7.97 (0.02) 7.95 (0.03) 7.84 (0.05) 7.79 (0.05) 

 50 8.40 (0.02) 7.97 (0.02) 7.97 (0.02) 7.83 (0.05) 7.81 (0.01) 7.16 (0.26) 

 100 8.40 (0.03) 7.90 (0.08) 7.95 (0.02) 7.91 (0.02) 7.81 (0.05) 7.24 (0.14) 

pH 0 8.70 8.52–8.59 8.51–8.55 8.47–8.50 8.38–8.39 8.55–8.58 

 50 8.70 8.60–8.61 8.55 8.48 8.38–8.41 8.12–8.20 

 100 8.69–8.70 8.57–8.60 8.52–8.55 8.44–8.48 8.39–8.41 7.18–7.39 

Temperature (°C) 0 21.2 (0.0) 21.3 (0.0) 21.2 (0.0) 21.5 (0.1) 21.4 (0.2) 21.0 (0.1) 

 50 21.2 (<0.1) 21.3 (0.0) 21.2 (<0.1) 21.7 (0.3) 21.6 (0.3) 21.1 (0.2) 

 100 21.2 (0.0) 21.3 (0.1) 21.3 (<0.1) 21.6 (0.1) 21.5 (0.1) 21.1 (0.1) 
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Water chemistry 
parameter 

Treatment 
group (mg/L) 

Pre-
exposure1 ≤1 h 3 h 6 h 9 h 12 h 

Shawano Lake benthic injection application 

DO (mg/L) 0 7.41 (0.01) 7.26 (0.01) 7.15 (0.07) 7.02 (0.01) 6.98 (0.04) 6.63 (0.02) 

 50 7.43 (<0.1) 7.22 (0.03) 7.23 (0.01) 7.28 (0.02) 7.14 (0.07) 5.11 (0.67) 

 100 7.44 (<0.1) 7.17 (0.03) 7.23 (0.03) 7.29 (0.03) 7.24 (0.01) 6.21 (0.34) 

pH 0 9.10–9.12 9.05–9.06 9.02–9.03 8.91–8.94 8.64–8.68 8.92–8.94 

 50 9.13–9.14 9.02–9.04 9.02–9.04 8.93–8.95 8.69–8.71 8.69–8.88 

 100 9.13–9.14 8.99–9.01 9.03 8.95–8.96 8.69–8.71 8.58–8.68 

Temperature (°C) 0 19.5 (0.0) 18.2 (0.1) 18.4 (0.3) 18.6 (0.3) 18.5 (0.2) 18.2 (0.2) 

 50 19.5 (0.0) 18.2 (<0.1) 18.4 (0.1) 18.5 (0.2) 18.4 (0.2) 18.2 (0.1) 

 100 19.5 (0.0) 18.0 (0.1) 18.1 (0.1) 18.2 (0.1) 18.2 (0.1) 17.9 (0.1) 

1Pre-exposure time points were measured approximately 1 h prior to test article application. 
 
 
 

Table 2. Mean (standard deviation) hardness, alkalinity, and conductivity of filtered (200 micrometers) source 
water collected from the delivery system headboxes prior to exposure.  
 
[mg/L, milligrams per liter; µS/cm, microsiemens per centimeter; <, less-than; CaCO3, calcium carbonate; °C, degrees 
Celsius] 

Application type Hardness (mg/L)1 Alkalinity (mg/L)1 Conductivity 
(µS/cm)2 

Lake Carlos 

Whole water column 177 (1) 163 (1) 395 (1) 

Benthic injection 177 (1) 164 (<1) 363 (3) 

Shawano Lake 

Whole water column 118 (1) 105 (<1) 248 (2) 

Benthic injection 125 (1) 112 (1) 231 (2) 

1Reported as milligrams per liter CaCO3. 
2Temperature compensated to 25 °C. 
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Table 3. Mean (standard deviation) total ammonia nitrogen (TAN) and un-ionized ammonia (NH3) of each 
treatment group by lake, application type, and exposure duration.  
 
[mg/L, milligrams per liter; h, hours; WWC, whole water column application; BI, benthic injection application; TAN, total 
ammonia nitrogen; SD, standard deviation; NH3, un-ionized ammonia; mg NH3-N/L, milligrams un-ionized ammonia 
nitrogen per liter; -, no sample] 

Water 
chemistry 
parameter 

Treatment 
group 
(mg/L) 

6 h WWC 9 h WWC 12 h WWC 12 h BI 

Lake Carlos 

TAN1 (SD) 0 0.17 (<0.01) 0.17 (<0.01) 0.24 (0.01) 0.22 (0.01) 

 50 0.22 (0.01) 0.23 (<0.01) 0.33 (0.01) 0.40 (0.01) 

 100 0.27 (<0.01) 0.27 (0.00) 0.34 (0.01) 1.37 (0.18) 

NH3 (SD) 0 0.03 (<0.01) 0.01 (<0.01) 0.04 (<0.01) 0.03 (<0.01) 

 50 0.03 (<0.01) 0.02 (0.00) 0.03 (<0.01) 0.02 (<0.01) 

 100 0.03 (<0.01) 0.02 (0.00) 0.03 (0.00) 0.01 (<0.01) 

Shawano Lake  

TAN1 (SD) 0 - - 0.13 (<0.01) 0.06 (0.01) 

 50 - - 0.19 (0.01) 0.11 (0.01) 

 100 - - 0.23 (0.01) 0.16 (0.01) 

NH3 (SD) 0 - - 0.04 (<0.01) 0.01 (<0.01) 

 50 - - 0.04 (<0.01) 0.02 (<0.01) 

 100 - - 0.04 (<0.01) 0.02 (<0.01) 

1Total ammonia nitrogen reported as mg NH3-N/L. 
 

Mean exposure concentrations during the exposure period are shown in figure 5. The SAS® 
software linear regression, SAS® software predicted exposure concentrations, and data are in appendix 7 
(items 1–16). In the Lake Carlos and Shawano Lake WWC trials, the surface water exposure 
concentrations are reported due to negligible differences between the measured exposure concentrations 
in the surface water and suspended water samples (mean difference ≤ 0.46 and 0.93 mg/L for the 50- 
and 100-mg/L treatment groups, respectively). Mean test tank SDP exposure concentrations in surface 
water samples during the Lake Carlos WWC trial (that is, 6-, 9-, and 12-h exposure durations) ranged 
from 43.9 to 47.3 mg/L and 90.2 to 95.3 mg/L in the 50- and 100-mg/L treatment groups, respectively 
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(fig. 5). Mean test tank SDP concentrations in surface water samples during the Shawano Lake WWC 
trial (that is, 6-, 9-, and 12-h exposure durations) ranged from 43.8 to 45.9 mg/L and 93.8 to 99.3 mg/L 
in the 50- and 100-mg/L treatment groups, respectively. 

The SDP concentrations were below the detection limit in the initial suspended samples 
collected during the Lake Carlos BI trial; therefore, bottom sampling was initiated at 6 hours and 
continued throughout the duration of the exposure period. The mean SDP concentrations in the bottom 
samples were 100.3 mg/L for the 50-mg/L treatment group and 234.7 mg/L for the 100-mg/L treatment 
group. Mean SDP concentrations in suspended samples collected during the Shawano Lake BI trial were 
38.8 mg/L for the 50-mg/L treatment group and 92.9 mg/L for the 100-mg/L treatment group. 

 

 
Figure 5. Mean (standard deviation) SDP active ingredient concentration of water samples collected during the 
exposure period. WWC graphs are from the surface samples; BI graphs are from bottom samples (Lake Carlos) 
and suspended samples (Shawano Lake) 

Zebra Mussel Survival 
Zebra mussel survival for all trials is summarized in table 4, statistical analyses are in appendix 9 

(items 1–3), and survival data are in appendix 8 (items 1–5). For all trials (that is, WWC at 6, 9, and 
12 h; BI at 12 h), mean survival of control groups exceeded 95 percent and zebra mussel survival in the 
SDP-treated groups differed (p < 0.01) from survival in the control groups.   
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Table 4. Mean (standard deviation) percent zebra mussel survival for each lake, application type, and exposure 
duration.  
 
[Means within columns and rows (for each lake) with the same letter are not significantly different (p > 0.05); means were 
compared by concentration (a-c), exposure duration (m,n) and between whole water column 12 h exposure duration and 
benthic injection 12 h exposure duration (y,z); mg/L, milligrams per liter; h, hours; WWC, whole water column application; 
BI, benthic injection application] 

Test location Treatment 
group (mg/L) 

 6 h 9 h 12 h  12 h  

   WWC  BI 

Lake Carlos 0  97.8am (2.2) 96.9am (1.8) 97.3amz (1.0)  97.3az (1.4) 

 50  1.3bm (1.0) 1.1bm (1.5) 0.6bmy (0.6)  18.1bz (7.3) 

 100  2.1bm (1.2) 0.5bn (0.7) 0.6bny (0.7)  18.0bz (10.4) 

Shawano Lake 0  95.6am (2.4) 95.5am (1.4) 96.2amz (1.3)  95.5az (2.3) 

 50  12.6bm (10.7) 10.3bm (9.4) 2.7bnz (2.8)  2.9bz (1.6) 

 100  7.2bm (6.6) 4.7bmn (5.5) 2.0bnz (1.9)  0.9cz (1.0) 

 

Lake Carlos Whole Water Column Trial 
Mean survival of zebra mussels in the Lake Carlos WWC SDP-treated groups ranged from 0.5 to 

2.1 percent. When compared at the same exposure duration, no difference in zebra mussel survival was 
detected between the 50- and 100-mg/L treatment groups. When comparing the effects of exposure 
duration by treatment group, the only difference in zebra mussel survival detected was in the 100-mg/L 
treatment group, when the 6-h exposure duration group was compared to the 9-h and 12-h exposure 
duration groups (p ≤ 0.01).  

 Shawano Lake Whole Water Column Trial 
Mean survival of zebra mussels in the Shawano Lake WWC SDP-treated groups ranged from 

2.0 to 12.6 percent. When compared at the same exposure duration, no difference (p > 0.11) in zebra 
mussel survival was detected between the 50- and 100-mg/L treatment groups. When comparing the 
effects of exposure duration by treatment group, no difference was detected in control group survival 
and in the 50-mg/L treatment group, no difference was detected when comparing the 6-h exposure 
duration to the 9-h exposure duration (p = 0.31). Differences were detected in the 50-mg/L treatment 
group when the 6 and 9-h exposure duration groups were compared to the 12-h exposure duration group 
(p ≤ 0.01). Differences were also detected in the 100-mg/L treatment group when the 6-h exposure 
duration group was compared to the 12-h exposure duration group (p = 0.01). No difference was 
detected in the 100-mg/L treatment group when comparing the 6-h exposure duration group to the 9-h 
exposure duration group (p = 0.29) or when comparing the 9-h exposure duration group to the 12-h 
exposure duration group (p = 0.10). 
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Benthic Injection Trials 
Mean survival of zebra mussels in the Lake Carlos BI trial SDP-treated groups did not differ 

(p = 0.93) and was 18.1 and 18.0 percent in the 50- and 100-mg/L treatment groups, respectively. Mean 
survival of zebra mussels in the Shawano Lake BI trial SDP-treated groups differed (p < 0.01) and was 
2.9 and 0.9 percent in the 50- and 100-mg/L treatment groups, respectively. Survival of zebra mussels in 
BI SDP-treated groups for both trials differed (p < 0.01) from zebra mussel survival in the control 
groups.  

The survival of zebra mussels in the BI trials was compared to the survival of zebra mussels in 
the respective WWC trial 12-h exposure duration group. Survival of zebra mussels assigned to the Lake 
Carlos 12-h WWC trial SDP-treated groups differed (p < 0.02) from the survival of zebra mussels 
assigned to the Lake Carlos 12-h BI trial SDP-treated groups; however, after modification of the benthic 
injection application technique, no difference (p = 0.22) was detected between the survival of zebra 
mussel assigned to the Shawano Lake WWC 12-h exposure group and the Shawano Lake BI trial.  

Conclusions 
In this study, the application of the spray dried powder (SDP) formulation of Pseudomonas 

fluorescens (strain CL145A) at 50 and 100 mg/L (based on active ingredient) for 6–12 hours to test 
tanks containing lake water using either a whole water column (WWC) or benthic injection (BI) 
application technique significantly reduced the survival of zebra mussels. Mean survival of zebra 
mussels in the WWC SDP-treated groups did not exceed 12.6 percent for either trial at any exposure 
duration. No difference in zebra mussel survival was detected between the WWC 50- and 100-mg/L 
treatment groups in the Lake Carlos trial or in the Shawano Lake trial when compared at the same 
exposure duration. Mean survival of zebra mussels in the BI SDP-treated groups did not exceed 
18.1 percent in the Lake Carlos trial and 2.9 percent in the Shawano Lake trial. After modification of the 
BI application method for the Shawano Lake trial, survival of zebra mussels in the BI trial did not differ 
(p = 0.22) compared to survival of zebra mussel in the Shawano lake WWC 12-h exposure group. In 
this study, the amount of SDP applied during the BI trials was 50 percent of that applied during the 
WWC trials. This study demonstrates that SDP has potential for use in managing dreissenid mussels in 
limited, open-water environments and that a benthic injection application technique to reduce the 
amount of SDP required to induce zebra mussel mortality may be successful in quiescent waters. 
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Appendix 1. Study Protocol, Amendments, and Datasheets  

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 Protocol: “Efficacy of Pseudomonas fluorescens (Pf-CL145A) SDP for controlling 

settled zebra mussels on artificial substrates” 28 19 

2 Amendment 1: Revision of Study Protocol, Study # AEH-12-PSEUDO-04 7 47 

3 “Zebra Mussel Survival” Datasheet 1 54 

4 “Zebra Mussel Lengths” Datasheet 1 55 

5 “Test Chemical Stock Preparation Data Form” Datasheet 1 56 

6 “Conductivity and Hardness – Exposure Initiation” Datasheet 1 57 

7 “Alkalinity – Exposure Initiation” Datasheet 1 58 

8 “Water Quality – Temperature (°C) Measurements” Datasheet 1 59 

9 “Water Quality – pH Measurements” Datasheet 1 60 

10 “Water Quality – Dissolved Oxygen (mg/L) Measurements” Datasheet 1 61 

11 “Ammonia Sample Collection – Exposure Termination” Datasheet 1 62 
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Appendix 2. Deviations from the Study Protocol  

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 Deviation #1 – Randomization of tank treatment assignment error for Shawano Lake 

whole water body trial 1 64 

2 Deviation #2 – Randomization of substrate removal from tanks error 1 65 

3 Deviation #3 – Total ammonia-nitrogen water samples not collected at the 6 and 9 
hour termination during the whole water treatment at Lake Shawano 1 66 

4 Deviation #4 – Control exposure tanks not analyzed for concentration verification at 
Lake Carlos 1 67 

5 Deviation #5 – No curriculum vitae or signature on the verification page for an 
incidental data collector 1 68 

6 Deviation #6 – Removal of Lake Pepin test location 1 69 
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Appendix 3.  Randomization Assignments 

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 SAS generated random assignment of treatment to experimental tank (Lake Carlos; 

whole tank treatment) 4 71 

2 SAS generated random assignment of trays to test tank/position (Lake Carlos; whole 
tank treatment) 8 75 

3 SAS generated random assignment of substrate removal from tanks (Lake Carlos; 
whole tank treatment 30 83 

4 SAS generated random assignment of treatment to experimental tank (Lake Carlos; 
bottom injection treatment) 4 113 

5 SAS generated random assignment of trays to test tank/position (Lake Carlos; bottom 
injection treatment) 8 117 

6 SAS generated random assignment of substrate removal from tanks (Lake Carlos; 
bottom injection treatment 30 125 

7 SAS generated random assignment of treatment to experimental tank (Lake Shawano; 
whole tank treatment) 4 155 

8 SAS generated random assignment of trays to test tank/position (Lake Shawano; whole 
tank treatment) 8 159 

9 SAS generated random assignment of substrate removal from tanks (Lake Shawano; 
whole tank treatment 30 167 

10 SAS generated random assignment of treatment to experimental tank (Lake Shawano; 
bottom injection treatment) 4 197 

11 SAS generated random assignment of trays to test tank/position (Lake Shawano; 
bottom injection treatment) 8 201 

12 SAS generated random assignment of substrate removal from tanks (Lake Shawano; 
bottom injection treatment 30 209 
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Appendix 4. Test Article Information  

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 Material Safety Data Sheet: MBI-401 SDP 2 240 

2 MBI-401 SDP (lots # 401P12163C and 401P12164C) Test Article: UPS Next Day Air 
Label (shipped to Jim Luoma) 1 242 

3 MBI-401 SDP (lot # 401P12163C) Test Article: Certificate of Analysis 1 243 

4 MBI-401 SDP (lot # 401P12164C) Test Article: Certificate of Analysis 1 244 

5 “Test Chemical Stock Preparation Data Form” Datasheet (Lake Carlos) 1 245 

6 “Test Chemical Stock Preparation Data Form” Datasheet (Lake Shawano) 1 246 

7 FedEx Priority Overnight Airbill (shipped to Denise Mayer) for post-treatment product 
validation – dated January 8, 2013 1 247 

8 NYSM Post –Treatment Product Validation Assay MBI-401 SDP lot #(s) 401P12163C 
and 401P12164C Mix 3 248 

9 Copy of test article log book for MBI-401 SDP; lot #(s) 401P12163C and 401P12164C 
Mix; Container 1 of 6 (Used for Lake Carlos) 5 251 

10 Copy of test article log book for MBI-401 SDP; lot #(s) 401P12163C and 401P12164C 
Mix; Container 2 of 6 (Used for Lake Carlos) 4 256 

11 Copy of test article log book for MBI-401 SDP; lot #(s) 401P12163C and 401P12164C 
Mix; Container 3 of 6 (Used for Lake Shawano) 4 260 

12 Copy of test article log book for MBI-401 SDP; lot #(s) 401P12163C and 401P12164C 
Mix; Container 4 of 6 (Used for Lake Shawano) 4 264 

13 
Copy of test article log book for MBI-401 SDP; lot #(s) 401P12163C and 401P12164C 

Mix; Container 6 of 6 (Used for Lake Carlos water analysis by RMB Environmental 
Laboratories) 

4 268 

  

Page 239 of 519 
 



Page 240 of 519 
 



Page 241 of 519 
 



Page 242 of 519 
 



Page 243 of 519 
 



Page 244 of 519 
 



Page 245 of 519 
 



Page 246 of 519 
 



Page 247 of 519 
 



Page 248 of 519 
 



Page 249 of 519 
 



Page 250 of 519 
 



Page 251 of 519 
 



Page 252 of 519 
 



Page 253 of 519 
 



Page 254 of 519 
 



Page 255 of 519 
 



Page 256 of 519 
 



Page 257 of 519 
 



Page 258 of 519 
 



Page 259 of 519 
 



Page 260 of 519 
 



Page 261 of 519 
 



Page 262 of 519 
 



Page 263 of 519 
 



Page 264 of 519 
 



Page 265 of 519 
 



Page 266 of 519 
 



Page 267 of 519 
 



Page 268 of 519 
 



Page 269 of 519 
 



Page 270 of 519 
 



 
Page 271 of 519 

 



Appendix 5. Test Animal Information 

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 Approval for Housing and Care of Test Animals During Experiments 1 273 

2 Zebra Mussel Lengths – Lake Carlos (Whole Water Column) – Data Summary 4 274 

3 Zebra Mussel Lengths – Lake Carlos (Bottom Injection) – Data Summary 2 278 

4 Zebra Mussel Lengths – Lake Shawano (Whole Water Column) – Data Summary 4 280 

5 Zebra Mussel Lengths – Lake Shawano (Bottom Injection) – Data Summary 2 284 
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Appendix 6. Water Quality 

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 Pre-Exposure Water Chemistry – Lake Carlos – Whole Tank – Data Summary 2 287 

2 Exposure Water Chemistry – Lake Carlos – Whole Tank – Data Summary 2 289 

3 Exposure Un-ionized Ammonia – Lake Carlos – Whole Tank – Data Summary 3 291 

4 Pre-Exposure Water Chemistry – Lake Shawano – Whole Tank – Data Summary 2 294 

5 Exposure Water Chemistry – Lake Shawano – Whole Tank – Data Summary 2 296 

6 Exposure Un-ionized Ammonia – Lake Shawano – Whole Tank – Data Summary 3 298 

7 Pre-Exposure Water Chemistry – Lake Carlos – Bottom Injection – Data Summary 2 301 

8 Exposure Water Chemistry – Lake Carlos – Bottom Injection – Data Summary 2 303 

9 Exposure Un-ionized Ammonia – Lake Carlos – Bottom Injection – Data Summary 3 305 

10 Pre-Exposure Water Chemistry – Lake Shawano – Bottom Injection – Data Summary 2 308 

11 Exposure Water Chemistry – Lake Shawano – Bottom Injection – Data Summary 2 310 

12 Exposure Un-ionized Ammonia – Lake Shawano – Bottom Injection – Data Summary 3 312 

13 Temperature Data Loggers (HOBOs) Summary – Lake Carlos 2 315 

14 Temperature Data Loggers (HOBOs) Summary – Lake Shawano 2 317 
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Appendix 7. Spectrophotometric Summary, SAS Program, 
Output and Log  

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 Spectrophotometric Data – Lake Carlos – Whole Tank – Data Summary 3 320 

2 SAS program for spectrophotometric data analysis – Lake Carlos – Whole Tank 3 323 

3 SAS log for spectrophotometric data analysis – Lake Carlos – Whole Tank 8 326 

4 SAS output for spectrophotometric data analysis – Lake Carlos – Whole Tank 15 334 

5 Spectrophotometric Data – Lake Shawano – Whole Tank – Data Summary 4 349 

6 SAS program for spectrophotometric data analysis – Lake Shawano – Whole Tank 4 353 

7 SAS log for spectrophotometric data analysis – Lake Shawano – Whole Tank 8 357 

8 SAS output for spectrophotometric data analysis – Lake Shawano – Whole Tank 19 365 

9 Spectrophotometric Data – Lake Carlos – Bottom Injection – Data Summary 3 384 

10 SAS program for spectrophotometric data analysis – Lake Carlos – Bottom Injection 2 387 

11 SAS log for spectrophotometric data analysis – Lake Carlos – Bottom Injection 5 389 

12 SAS output for spectrophotometric data analysis – Lake Carlos – Bottom Injection 13 394 

13 Spectrophotometric Data – Lake Shawano – Bottom Injection – Data Summary 4 407 

14 SAS program for spectrophotometric data analysis – Lake Shawano – Bottom 
Injection 2 411 

15 SAS log for spectrophotometric data analysis – Lake Shawano – Bottom Injection 5 413 

16 SAS Output for spectrophotometric data analysis – Lake Shawano – Bottom Injection 18 418 
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Appendix 8. Survival Assessment Summary 

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 Zebra Mussel Survival on Artificial Substrate – Lake Carlos – Whole Tank – Data 

Summary 2 437 

2 Zebra Mussel Survival on Artificial Substrate – Lake Shawano – Whole Tank – Data 
Summary 2 439 

3 Zebra Mussel Survival on Artificial Substrate – Lake Carlos – Bottom Injection –Data 
Summary 2 441 

4 Zebra Mussel Survival on Artificial Substrate – Lake Shawano – Bottom Injection – 
Data Summary 2 443 

5 Zebra Mussel Survival on Artificial Substrate – All Exposures – Data Summary 6 445 
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Appendix 9. Statistical Analysis including SAS Programs, 
Outputs and Logs for Survival Data  

Item 
Number Item Description 

Number 
of 

Pages 

Report 
Page 

Number 
1 SAS program for zebra mussel survival data 7 452 

2 SAS log for zebra mussel survival data 13 459 

3 SAS output for zebra mussel survival data 39 472 
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