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Volume 
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Flow rate 
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milliliter per minute (mL/min) 0.0002642 gallon per minute (gal/min) 

Mass 

gram (g) 0.03527 ounce, avoirdupois (oz) 
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−5

 ounce, avoirdupois (oz) 

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as °F = (1.8 × °C) + 32. 
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Exposure-Related Effects of Pseudomonas fluorescens, 
Strain CL145A, on Coldwater, Coolwater, and Warmwater 
Fish 

By James A. Luoma1, Kerry L. Weber1, and Denise A. Mayer2 

Abstract 

The exposure-related effects of a commercially prepared spray-dried powder (SDP) formulation 

of Pseudomonas fluorescens, strain CL145A, were evaluated on coldwater, coolwater, and warmwater 

fish endemic to the Great Lakes and Upper Mississippi River Basins. Nine species of young-of-the-year 

fish were exposed to SDP for 24 hours by using continuous-flow, serial-dilution exposure systems at 

temperatures of 12 degrees Celsius (°C; 2 species; Oncorhynchus mykiss [rainbow trout] and Salvelinus 

fontinalis [brook trout]), 17 °C (3 species; Perca flavescens [yellow perch], Sander vitreus [walleye], 

and Acipenser fulvescens [lake sturgeon]), or 22 °C (4 species; Micropterus salmoides [largemouth 

bass], Micropterus dolomieu [smallmouth bass], Lepomis macrochirus [bluegill sunfish], and Ictalurus 

punctatus [channel catfish]).  

Treatments, which were nominal target concentrations of SDP (as active ingredient) of 50, 100, 

200, and 300 milligrams per liter (mg/L), were continuously applied for 24 hours by the addition of a 

test article stock solution into the main water inflow of each exposure system’s dilution box. The SDP-

treated water was then serially diluted through a series of dilution cells before delivery to the test 

chambers. The exposure concentrations measured were 61.5 to 81.4 percent of the target concentration. 

After exposure, fish were monitored for 22 days to assess exposure-related latent effects.  

Analyses of test animal condition factors and survival revealed that a 24-hour continuous dose of 

SDP affected all species. Calculated concentrations of SDP that would be lethal to 50 percent of the test 

animals (LC50) for the coldwater species were 19.2 and 104.6 mg/L for rainbow and brook trout, 

respectively. The LC50’s for the coolwater species were 185.4, 176.9 and 8.9 mg/L for yellow perch, 

walleye, and lake sturgeon, respectively. The LC50’s for the warmwater species were 173.6, 139.4, and 

63.1 for the largemouth bass, smallmouth bass, and channel catfish, respectively. A reliable LC50 for 

bluegill sunfish could not be calculated because mortality in the SDP-treated groups did not exceed 

20 percent. 

Further investigations to evaluate the SDP-exposure related effects on freshwater fish at the 

maximum approved open-water label concentration and exposure duration (100 mg/L for 8 hours) and 

using the expected lentic application technique (static application) are warranted. The variation in 

tolerance to P. fluorescens, strain CL145A, exposure observed in this study indicates that fish species 

community composition should be considered before SDP is applied in open-water environments.   

                                                 
1
 U.S. Geological Survey. 

2
 New York State Education Department. 
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Introduction 

North American freshwater mussels of the families Margaritiferidae and Unionidae comprise 

approximately 297 taxa; however, many of these species are imperiled or have become extinct in 

response to a variety of anthropogenic influences, including the introduction of invasive dreissenid 

mussels (Dreissena polymorpha [zebra mussel] and Dreissena rostriformis bugensis [quagga mussel]) 

(Williams and others, 1993; Burlakova and others, 2000; Strayer and others, 2004). The International 

Union for Conservation of Nature’s Red List has 95 species of North American freshwater bivalves 

listed as vulnerable, endangered, or critically endangered and 29 listed as extinct 

(http://www.iucnredlist.org/, accessed March 31, 2015). Predictions for the future are not promising, 

with estimates of up to 127 unionid mussel species becoming extinct in the next 100 years—even 

without consideration of extirpations related to dreissenid mussels (Ricciardi and Rasmussen, 1999). 

Because of their high reproductive capacity and a planktonic lifestage, dreissenid mussels 

rapidly disperse and inundate aquatic environments, as is evident by the identification of zebra mussels 

in 680 lakes and 27 states within the United States since their introduction in the mid-1980s (Birnbaum, 

2011; Mackie, 1991; U.S. Geological Survey, 2014; Benson and others 2015). The detrimental 

influence that dreissenid mussels have on the condition and survival of native unionid mussels is well 

documented in the literature (Mackie, 1991; Schloesser and Kovalak, 1991; Nalepa, 1994; Baker and 

Hornbach, 1997; Strayer and Malcom, 2007; Nalepa and Schloesser, 2014).  

A potential tool to mitigate the detrimental effects of dreissenids is a commercially formulated 

biopesticide containing a specific strain (CL145A) of the common soil bacterium Pseudomonas 

fluorescens (Molloy and others, 2013). The biopesticide, Zequanox
®
, is a spray-dried powder (SDP) 

formulation produced by Marrone Bio Innovations (Davis, California). Zequanox was registered by the 

U.S. Environmental Protection Agency (registration number 84059-15) for controlling dreissenid 

mussels in industrial water systems in 2012 and for open-water systems in 2014. The SDP formulation 

of P. fluorescens is currently under evaluation for use as a dreissenid mussel control tool to aid in native 

unionid mussel propagation and restoration programs. The evaluation process includes investigating 

SDP exposure-related effects on nontarget animals. Unionid mussel propagation requires the use of a 

variety of freshwater fish species as hosts for the parasitic life stage (glochidia) of unionid mussels. 

Typically, glochidia are flushed from gravid female mussels with water and allowed to adhere to host 

fish by placing the fish in a concentrated glochidia water bath. The host fish are then placed in 

containment cages within natural waterways to allow the mussels to excyst from the host fish and grow 

undisturbed for approximately 18 months. Application of a control tool, such as SDP, to manage 

dreissenid mussels adhering to these containment cages or adhering to native mussels could result in 

unintended SDP exposure to a variety of freshwater fish species. Therefore, it is prudent to evaluate 

exposure-related effects of SDP on nontarget fish that are either mussel hosts or endemic in potential 

SDP treatment areas. The objective of this study was to evaluate the exposure-related effects of the SDP 

formulation of P. fluorescens, strain CL145A, on the body condition (condition factor) and survival of 

coldwater, coolwater, and warmwater fish endemic to the Great Lakes and Upper Mississippi River 

Basins. 

Materials and Methods 

The protocol for this study is presented in appendix 1 (item 1). The methods and materials for 

this study are described in detail in the protocol and discussed within this report. Exceptions to the 

methods and materials in the protocol are identified in amendments (appendix 1, items 6–13), deviations 

http://www.iucnredlist.org/
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(appendix 2, items 1–36) and notes to file (appendix 1, items 2–5). No significant impacts resulted from 

the amendments or deviations. 

Experimental Design 

Laboratory trials were completed at the U.S. Geological Survey’s Upper Midwest 

Environmental Sciences Center (UMESC) in La Crosse, Wisconsin, to assess the condition factor and 

survival of coldwater, coolwater, and warmwater fish following exposure to a SDP formulation of P. 

fluorescens, strain CL145A. Nine species of young-of-the-year fish (table 1) were exposed to SDP for 

24 hours by using continuous-flow, serial-dilution exposure systems and then were monitored for 

22 days. Test animals (n = 375 per species; 25 fish per test chamber) were randomly distributed to 1 of 

15 test chambers (5 test chambers per exposure system × 3 exposure systems) in equal proportions 

(appendix 3, items 1–9) 18 to 21 hours prior to exposure. The experimental units for these trials were 

the individual test chambers; each of the three exposure systems had one experimental unit for each 

treatment group for a total of three experimental units per treatment group. Treatments were assigned to 

test chambers using a randomized block design (appendix 3, items 1–9). Test article stock solutions 

(30,000 milligrams per liter [mg/L] as active ingredient [A.I.]) were continuously administered into the 

main water inflows of each exposure system’s dilution box, resulting in initial nominal SDP 

concentrations of 300 mg/L. The SDP-treated water was then subsequently diluted through a series of 

dilution cells. Effluents from dilution cells theoretically closest to target concentrations of 50, 100, 200, 

and 300 mg/L were used to supply SDP-treated water to the test chambers. Untreated water from each 

exposure system headbox was delivered through a separate dilution-box cell and supplied water to the 

untreated control test chamber. Exposures were 24 hours in duration, and surviving test animals from 

each test chamber were transferred to an observation chamber for 22 days of postexposure observation. 

At the conclusion of the postexposure observation period, all surviving test animals were euthanized, 

weighed, and measured (total length) for determination of condition factors. 

Test Article 

The test article was produced by Marrone Bio Innovations, Inc. (Davis, Calif.) and was a SDP 

formulation of P. fluorescens (strain CL145A) containing 50 percent active ingredient (weight-to-

weight ratio P. fluorescens, strain CL145A). Test article concentrations are reported as active 

ingredient. Test article use was documented in test chemical logbooks (appendix 4, item 14). A zebra 

mussel bioassay was completed by the New York State Museum Field Research Laboratory 

(Cambridge, New York) to verify the biological activity for each lot of test article used in the study. 

Biological activity was confirmed as indicated by mean zebra mussel mortality ranging from 76.0 to 

93.3 percent in the treated groups compared to 0.0 to 4.0 percent in the untreated groups (table 1; 

appendix 4, items 2–12). 

Test Animals and Test Animal Handling 

Young-of-the-year freshwater fish consisting of two coldwater species (Oncorhynchus mykiss 

[rainbow trout] and Salvelinus fontinalis [brook trout]), three coolwater species (Perca flavescens 

[yellow perch], Sander vitreus [walleye], and Acipenser fulvescens [lake sturgeon]), and four 

warmwater species (Micropterus salmoides [largemouth bass], Micropterus dolomieu [smallmouth 

bass], Lepomis macrochirus [bluegill sunfish], and Ictalurus punctatus [channel catfish]) endemic to the 

Great Lakes and Mississippi River Basins were used as the test animals. All test animals were obtained 

from the fish culture facility at the Upper Midwest Environmental Sciences Center and identified to 
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species as described in Eddy and Underhill (1978) by the center’s fish culturist. The average test animal 

weight at the beginning of the study was 1–2 grams (g) except for lake sturgeon, which averaged 5.34 g 

(table 1). Test animal lot history, species verification, and maintenance records are presented in 

appendix 5 (items 3–15). Fish were acclimated and held at test temperature for at least 1 week and then 

transferred into the test system between 18 and 21 hours prior to exposure. Twenty-five test animals 

were distributed to each test chamber according to a predetermined randomization scheme in 3 

distribution rounds of 5 or 10 fish per round (appendix 3, items 1–9).  

Upon exposure termination, mortalities were recorded, and the dead fish were weighed and 

measured for total length. Up to five surviving test animals (depending on the number surviving; 

appendix 1, item 6) from each test chamber were euthanized, weighed, measured for total length, and 

preserved for histological examination. (Histological data are not included in this report.)  

 

Table 1. Test animal, test article, and exposure date information for coldwater, coolwater, and warmwater fish 
exposed to Pseudomonas fluorescens, strain CL145A, for 24 hours in a continuous-flow, serial-dilution exposure 
system. 
[SD, standard deviation; mm, millimeters; g, grams; RBT, rainbow trout, Oncorhynchus mykiss; BKT, brook trout, 

Salvelinus fontinalis; YEP, yellow perch, Perca flavescens; WAE, walleye, Sander vitreus; LMB, largemouth bass, 

Micropterus salmoides; SMB, smallmouth bass, Micropterus dolomieu; BLG, bluegill sunfish, Lepomis macrochirus; LST, 

lake sturgeon, Acipenser fulvescens; CCF, channel catfish, Ictalurus punctatus] 

 
 
 
 
 

Scientific name 

 
 
 
 
 

Common name 

 
 
 
 
 

Code 

 
 
 

Mean length1 
± SD (mm) 

 
 
 
 

Mean weight1 
± SD (g) 

Test article  
 
 
 
 

Exposure date 

 
 

Lot number 

Biological activity 
(percent) 

Oncorhynchus mykiss Rainbow trout RBT 48 ± 3 1.12 ± 0.27 TR 4669-3-(6) 90.7 ± 3.5 February 29, 2012 

Salvelinus fontinalis Brook trout BKT 55 ± 3 1.33 ± 0.34 MBI-401 SDP TR4669-4-(5) 76.0 ± 8.0 May 2, 2012 

Perca flavescens Yellow perch YEP 51 ± 3 1.18 ± 0.19 TR 4669-4-(6) 76.9 ± 6.0 March 7, 2012 

Sander 

 vitreus 

Walleye WAE 68 ± 5 1.94 ± 0.47 TR 4669-4-(7-8) 77.3 ± 4.8 March 21, 2012 

Acipenser fulvescens Lake sturgeon LST 115 ± 11 5.34 ± 1.50 401P12154G-02 93.3 ± 8.3 August 1, 2012 

Micropterus salmoides Largemouth bass LMB 47 ± 4 1.16 ± 0.38 TR4669-4-(5) 2nd shipment 77.5 ± 6.4 June 12, 2012 

Micropterus dolomieu Smallmouth bass SMB 53 ± 3 1.68 ± 0.34 TR4669-4-(5) 3rd shipment 89.5 ± 2.2 June 20, 2012 

Lepomis macrochirus Bluegill sunfish BLG 50 ± 5 1.92 ± 0.66 TR4669-3-(7) 93.3 ± 2.3 July 11, 2012 

Ictalurus punctatus Channel catfish CCF 56 ± 4 1.63 ± 0.34 401P12154G-02 2nd shipment 82.7 ± 4.6 September 26, 2012 

1Values measured on a representative sample of fish (n = 40) collected during the distribution of fish to the exposure chambers. 
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Pooled wet weights were obtained for the remaining test animals in each test chamber, and the weights 

were used to determine the initial feed ration. Fish from each test chamber were randomly transferred 

into an observation chamber for a 22-day observation period (appendix 3, items 1–9). Throughout the 

observation period, fish were offered the same diet used during the preexposure acclimation and holding 

period, which was a diet of commercially prepared dry feed, frozen adult brine shrimp, or frozen 

chironomid larvae. The feed ration was based on a percentage of the fish weight within each observation 

chamber, and the feed type and ration varied by species. Coldwater species (rainbow and brook trout) 

were fed 5 percent body weight per day of commercially prepared dry feed. The coolwater species, 

yellow perch and walleye, were fed 15 and 20 percent body weight per day of frozen adult brine shrimp, 

respectively, and the lake sturgeon were fed 20 percent body weight per day of frozen chironomid 

larvae. The warmwater species—largemouth bass, smallmouth bass, and bluegill sunfish—were fed 15, 

15–20, and 15–18 percent body weight per day of frozen adult brine shrimp, respectively, and the 

channel catfish were fed 5 percent body weight per day of commercially prepared dry feed. Rations 

were adjusted daily to account for mortality and weekly to account for fish growth (appendix 6, items 1–

13). Upon termination of the observation period, all fish were euthanized with tricaine 

methanesulfonate, weighed, and measured for total length.  

Test System 

The test system consisted of three independent continuous-flow, serial-dilution exposure 

systems, and each system consisted of a headbox, a dilution box, and a series of five glass aquarium test 

chambers (≈51 × 25 × 33 centimeters [cm] length by width by height [L × W × H] containing 15 liters 

[L] of exposure water; figs 1 and 2). To maintain consistent head pressure and resulting consistent water 

inflow to the dilution boxes, temperature-adjusted (12, 17 or 22 degrees Celsius [°C]) well water was 

maintained at a depth of ≈ 12 cm in the headboxes, which were mounted directly above the dilution 

boxes. Dilution boxes were mounted above the test chambers and delivered a concentration gradient of 

SDP-treated and untreated (control) water to the test chambers. Test article stock solutions were 

delivered into the main dilution box inflow by using a peristaltic pump (Masterflex
®
 Digi-staltic drive, 

model 77310; Cole-Parmer, Vernon Hills, Illinois) fitted with Masterflex L/S 16 tubing. The SDP-

treated water was then serially diluted approximately 19 percent through each of the next nine 

subsequent dilution cells with the addition of dilution water from the headbox. Except for the first 

dilution box cell (main inflow cell), water was removed from each dilution-box cell at the same rate as 

water addition from the headbox (265 ± 5 milliliters per minute [mL/min]). Effluent from five dilution-

box cells supplied the appropriate test chambers with untreated or SDP-treated water (nominal 

concentrations of 0, 50, 100, 200 or 300 mg/L) according to a predetermined randomization scheme 

(appendix 3, items 1–9). Aeration was supplied to the test chambers during the 17 and 22 °C exposures; 

aeration was not supplied during the 12 °C exposures. 

A flowthrough postexposure observation system was constructed and consisted of 4 sections 

containing 15 glass aquarium observation chambers (≈ 51 × 25 × 33 cm, L × W × H; 30 L of water) per 

section (fig. 3). Temperature-adjusted (12, 17 or 22 °C) well water was gravity fed to each observation 

chamber at approximately 0.5 liter per minute to achieve one tank-volume exchange per hour. Aeration 

was supplied to each chamber but was interrupted daily during feeding. Polyvinyl chloride pipe (6 

pieces; ≈ 2.5 × 20.3 cm each, inner diameter × length) were placed in the smallmouth bass and bluegill 

sunfish observation chambers to reduce aggressive fish behavior. 
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Figure 1. Photograph of a continuous-flow, serial-dilution exposure system used to expose 
coldwater, coolwater, and warmwater fish to Pseudomonas fluorescens, strain CL145A, for 24 hours. 

 

 
Figure 2. Photographs showing plan views of a headbox (A), dilution box (B), and a dilution-box 
cell (C) from a continuous-flow, serial-dilution exposure system used to expose coldwater, coolwater, 
and warmwater fish to Pseudomonas fluorescens, strain CL145A, for 24 hours. 



7 

 

 
Figure 3. Photograph of postexposure observation system 
used to monitor fish for 22 days after a 24-hour exposure to 
Pseudomonas fluorescens, strain CL145A. 

Test Article Preparation, Delivery and Verification 

Two 12-L stock solutions containing 30,000 mg SDP/L (A.I.) were prepared for each test system 

during the course of the 24-hour exposure by mixing 720 g of SDP into 12 L of well water with a paint 

mixer attached to an electric drill. Stock solutions were prepared within 2 hours of use and maintained 

in an ice bath to reduce degradation. The stock solutions were continuously agitated during the exposure 

by using a stir plate with a magnetic stir bar or an overhead mixer. The stocks were delivered to the 

main water inflow of the dilution box by using a calibrated peristaltic pump to achieve nominal target 

concentrations of 300 mg/L in the first dilution-box cells. SDP-treated water was then subsequently 

diluted as previously described. Exposure concentrations were measured at 1, 3, 6, 12, 15, 18, and 

24 hours except for the S. vitreus exposures, which were not measured at 15 hours. SDP concentrations 

were determined by comparing the absorbance of water samples collected from each test chamber to a 

zero-intercept linear regression created from a known mass of test article. A 2,000-mg/L A.I. test article 

stock solution was prepared by mixing 2.0 g of test article with well water in a 500-mL volumetric flask 

and then was used to create a series of test article dilutions from which a five-point, zero-intercept linear 

regression was made for determining exposure concentrations. The series of test article dilutions 

bracketed the expected SDP concentration, and a minimum of three absorbance measurements were 

recorded for each dilution and used to create the linear regression. All absorbance measurements were 

obtained by using a Beckman DU 800 spectrophotometer at a wavelength of 660 nanometers (appendix 

8, item 1–18).  
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Water Chemistry 

Prior to exposure, water hardness, alkalinity, and conductivity were measured in water samples 

collected from the headbox of each test system, and dissolved oxygen (DO), pH, and temperature were 

measured in each test chamber. During the exposure, DO, pH, and temperature were measured in each 

test chamber at 1, 6, 12, and 24 hours, and water hardness, alkalinity, and conductivity were measured at 

3 hours. At the end of the exposure (24 hours), water samples were collected from each test chamber, 

filtered (0.45-micrometer polytetrafluoroethylene membrane), acidified to pH ≤ 2.5 with 10 percent 

sulfuric acid, and stored at ≈4 ºC until analyzed for total ammonia nitrogen (TAN) by means of the 

automated phenate method (Standard Method 4500G in American Public Health Association and others, 

2012). Un-ionized ammonia concentrations were calculated by using the pH and temperature recorded 

at the time of sample collection with the formula identified by Emerson and others (1975). During the 

observation period, DO, pH, and temperature were measured daily, and water hardness, alkalinity, and 

conductivity were measured weekly in one representative treatment-group observation chamber. 

Fish Condition Factor 

Individual fish condition factors were calculated to assess potential sublethal SDP exposure-

related effects. Individual fish weights and total lengths were measured at the termination of the 

observation period and used to calculate the individual fish condition factors as described in Piper and 

others (1982), according to equation 1: 

  

 𝐶𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 factor (K) =
𝑊

L3 (1) 

           (2) 

where W is the fish weight in grams, and 

 L
3

 is the cube of the fish length in millimeters. 

Data Analysis 

Analysis of water chemistry (DO, pH, temperature, alkalinity, water hardness, conductivity, and 

ammonia) and exposure concentration data analyses were limited to simple descriptive statistics 

calculated using SAS
®
 software versions 9.3 or 9.4 (SAS, 2010) and Microsoft Office

®
 Professional 

Plus 2010 Excel (Version 14.0.7145.5000 [32-bit]). 

Statistical significance for all analyses was declared at α ≤ 0.05, and the three independent 

treatment group replicates (test chambers) were the experimental units in all analyses. Mean fish 

condition factors were calculated for each treatment-group replicate at the end of the observation period 

and analyzed using SAS software version 9.4. Condition factors for each treatment group were modeled 

using a mixed effects model with a random intercept. Normally distributed residuals were assumed for 

the model and, to allow for proper model convergence, the response was rescaled by using a 

multiplication factor of 100,000 (appendix 9, item 2). Condition factors of each treatment group were 

individually compared to the condition factors of the untreated control groups using unadjusted least 

squares means. 

Mean fish survival at the end of the observation period was calculated for each treatment group 

replicate and analyzed using SAS software version 9.4. In accordance with Agresti (2007), a constant of 

0.01 was added to the proportion of surviving test animals to allow for model convergence within SAS. 

The change in the proportion of surviving test animals in each treatment group at the conclusion of the 
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observation period was analyzed using a generalized linear mixed model with a Poisson distribution and 

a log link function. A scale parameter was included in the model by using the “random_residual_” 

statement (appendix 9, Item 5). Pairwise comparison tests were completed to compare each treatment 

group to the control group using unadjusted least squares means.  

The lethal concentration of SDP to cause mortality in 50 percent of the test animals (LC50) and 

corresponding 95 percent fiducial limits were calculated using SAS software version 9.3 (appendix 9, 

item 6). The LC50’s were calculated using a probit regression analysis, which modeled the number of 

mortalities with the measured SDP concentration in the test chambers. To allow for the asymmetry in 

the mortality curve, the walleye and largemouth bass LC50’s were calculated with a Gompertz 

distribution specified.  

Results and Discussion 

The preexposure water chemistry parameters are summarized in tables 2 and 3 and are presented 

in appendix 7 (items 1–18). The mean DO ranged from 7.72 to 9.95 mg/L; pH from 7.83 to 8.16; and 

temperature from 12.9 to 13.0 °C (rainbow and brook trout), 17.0 to 17.4 °C (yellow perch, walleye, and 

lake sturgeon), and 21.1 to 22.0 °C (largemouth bass, smallmouth bass, bluegill sunfish, and channel 

catfish). Water hardness ranged from 172 to 177 mg/L as calcium carbonate (CaCO3), alkalinity from 

124 to 130 mg/L as CaCO3, and conductivity from 362 to 398 microsiemens per centimeter (µS/cm). 

Water chemistry parameters measured during exposure are summarized in tables 2 and 3 and are 

presented in appendix 7 (items 1–18). The mean DO ranged from 7.02 to 9.78 mg/L; pH from 7.21 to 

8.22; and temperature from 12.8 to 13.0 °C (rainbow and brook trout), 17.1 to 17.3 °C (yellow perch, 

walleye, and lake sturgeon), and 21.5 to 22.0 °C (largemouth bass, smallmouth bass, bluegill sunfish, 

and channel catfish). Water hardness ranged from 171 to 180 mg/L as CaCO3, alkalinity from 123 to 

138 mg/L as CaCO3, and conductivity from 363 to 418 µS/cm. The maximum observed TAN was 

0.33 mg/L, and the un-ionized ammonia remained below 0.01 mg/L in all treatment groups (presented in 

appendix 7, items 1–18). Both the TAN and the un-ionized ammonia were below the criteria identified 

for salmonid culture water (1.0 mg/L of total ammonia nitrogen and 0.02 mg/L of un-ionized ammonia) 

in Timmons and Ebeling (2007).  

Water chemistry parameters measured during the postexposure observation period are 

summarized in tables 2 and 3 and are presented in appendix 7 (items 1–18). The mean DO ranged from 

7.88 to 10.30 mg/L; pH from 7.64 to 8.46; temperature from 12.6 to 13.0 °C (rainbow and brook), 17.0 

to 17.2 °C (yellow perch, walleye, and lake sturgeon), and 21.7 to 22.0 °C (largemouth bass, 

smallmouth bass, bluegill sunfish, and channel catfish). Water hardness ranged from 171 to 176 mg/L as 

CaCO3; alkalinity from 125 to 131 mg/L as CaCO3; and conductivity from 364 to 384 µS/cm. 

Coefficients of determination (r
2
) for the zero-intercept linear regressions used for determination 

of exposure concentrations exceeded 0.99 for all trials (appendix 8, items 10–18). Concentrations of 

SDP measured in the exposure chambers were consistently lower than expected, presumably from the 

settling of SDP that was observed in the dilution boxes. The mean percentage of target concentration in 

the test chambers for each species ranged from 61.5 to 81.4 percent (table 4). Mean SDP concentrations 

measured in each treatment group ranged from 30.3 to 40.3, 59.3 to 80.1, 123.5 to 166.9, and 192.5 to 

244.4 mg/L for the 50-, 100-, 200-, and 300-mg/L treatment groups, respectively (table 4; appendix 8, 

items 10–18).  

Condition factors for each species of fish at the termination of the postexposure observation 

period are shown in figs. 4–6 and presented in appendix 9 (item 2). All SDP-treated groups for the 

coldwater species tested (rainbow and brook trout) had significantly lower condition factors than the 

untreated control groups. For the three coolwater species tested (yellow perch, walleye, and lake 
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sturgeon), differences in condition factors were detected only in the two highest SDP-treated groups for 

yellow perch (138.2 and 205.6 mg/L). Although no statistical difference was detected when comparing 

the condition factors of lake sturgeon that survived exposure concentrations of 36.0 and 149.8 mg/L, the 

species is very sensitive to the SDP exposure, as indicated by the low survival in all SDP-treated groups 

(≤ 11.7 percent). Analyses of the warmwater species tested revealed that differences between the 

condition factors of fish in the SDP-treated groups and fish in the untreated control groups was 

dependent upon species. Bluegill sunfish had no detectable differences in condition factor when 

comparing the SDP-treated groups to the untreated control group. Differences in condition factors were 

detected in largemouth bass SDP-treated groups at concentrations ≥ 75.3 mg/L, and differences were 

detected in all smallmouth bass SDP-treated groups when compared to the untreated control groups. 

Although a statistical difference (p = 0.04) was detected when comparing channel catfish exposed to a 

SDP concentration of 59.3 mg/L to the untreated control group, the biological significance is 

indeterminate.  

After 22 days of postexposure observation, mean survival in all control groups exceeded 98 

percent. Survival of the two coldwater species, rainbow and brook trout, was impacted at SDP 

concentrations ≥ 32.8 and 80.1 mg/L, respectively; no rainbow trout survived SDP exposure 

concentrations ≥ 135.0 mg/L, and no brook trout survived a SDP exposure concentration of 244.4 mg/L. 

Differences in the survival of the coolwater species, yellow perch and walleye, were detected at SDP 

concentrations ≥ 138.2 and 149.3 mg/L, respectively, and mean survival was 37.6 and 28.3 percent in 

the highest SDP-treated groups (205.9 and 221.2 mg/L), respectively. Survival of the third coolwater 

species, lake sturgeon, was very low in all SDP-treated groups, with a mean survival of only 

11.7 percent in the lowest SDP concentration tested (36.0 mg/L). In warmwater species, significant 

differences in the survival of largemouth bass in the SDP-treated groups were detected at SDP 

concentrations ≥ 159.9 mg/L (61.5 percent survival at 159.9 mg/L), and a significant difference in the 

survival of smallmouth bass was observed in the SDP-treated group that had the highest SDP exposure 

concentration (214.5 mg/L; 17.6 percent survival). Significant differences in the survival of bluegill 

sunfish were observed in both the 138.0- and 212.6-mg/L SDP-treated groups; however, mean survival 

was 80 percent in the highest SDP-treated group (212.6 mg/L). Survival of channel catfish was 

impacted at SDP concentrations ≥ 59.3 mg/L (49 percent survival at 59.3 mg/L), and no channel catfish 

survived the highest SDP concentration (192.5 mg/L). 

The LC50’s calculated for each species are presented in figures 4–6 and in appendix 9 (item 6). 

The calculated LC50’s (95-percent fiducial limits) for the coldwater species rainbow and brook trout are 

19.2 (1.6–30.9) and 104.6 (93.6–116.1) mg/L, respectively. The calculated LC50’s (95-percent fiducial 

limits) for the coolwater species yellow perch, walleye, and lake sturgeon are 185.4 (159.1–228.8), 

176.9 (154.8–207.6) and 8.9 (0.2–19.1) mg/L, respectively. For the warmwater species, the LC50’s (95-

percent fiducial limits) values for largemouth bass, smallmouth bass, and channel catfish are 173.6 

(159.3–185.8), 139.4 (95.2–224.5), and 63.1 (56.8–69.9) mg/L, respectively. Calculation of a LC50 for 

the bluegill sunfish is unreliable because the mortality did not exceed 20 percent in any SDP-treated 

group. 
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Table 2. Mean (standard deviation) dissolved oxygen, pH range, and temperature by treatment group measured 
during the preexposure, exposure, and postexposure observation periods for tests in which coldwater, coolwater, 
and warmwater fish were exposed to Pseudomonas fluorescens, strain CL145A, for 24 hours in a continuous-flow, 
serial-dilution exposure system. 
[mg/L, milligrams per liter; RBT, rainbow trout, Oncorhynchus mykiss; BKT, brook trout, Salvelinus fontinalis; YEP, yellow 

perch, Perca flavescens; WAE, walleye, Sander vitreus; LMB, largemouth bass, Micropterus salmoides; SMB, smallmouth 

bass, Micropterus dolomieu; BLG, bluegill sunfish, Lepomis macrochirus; LST, lake sturgeon, Acipenser fulvescens; CCF, 

channel catfish, Ictalurus punctatus; DO, dissolved oxygen; NC, sample not collected; Temp, temperature; °C, degrees 

Celsius] 

Water quality 

parameter 

Treatment 

group  
RBT BKT YEP WAE LST LMB SMB BLG CCF 

Preexposure 

DO (mg/L) Control NC 
9.95 

(0.21) 

8.93 

(0.12) 

8.22 

(0.05) 

8.99 

(0.11) 

7.91 

(0.07) 

8.11 

(0.10) 

7.77 

(0.05) 

7.78 

(0.04) 

 50 mg/L NC 
9.94 

(0.12) 

8.97 

(0.10) 

8.18 

(0.15) 

8.99 

(0.11) 

7.96 

(0.04) 

8.06 

(0.05) 

7.83 

(0.11) 

7.72 

(0.05) 

 100 mg/L NC 
9.90 

(0.19) 

8.99 

(0.04) 

8.01 

(0.29) 

8.84 

(0.18) 

7.94 

(0.09) 

7.96 

(0.25) 

7.83 

(0.06) 

7.81 

(0.06) 

 200 mg/L NC 
9.93 

(0.24) 

8.87 

(0.17) 

8.26 

(0.04)) 

8.85 

(0.26) 

7.92 

(0.11) 

8.05 

(0.05) 

7.86 

(0.02) 

7.83 

(0.10) 

 300 mg/L NC 
9.92 

(0.13) 

8.96 

(0.06) 

8.36 

(0.21) 

8.99 

(0.11) 

7.95 

(0.08) 

8.14 

(0.04) 

7.83 

(0.08) 

7.88 

(0.24) 

pH range Control NC 7.94–8.03 7.83–7.96 7.89–7.97 8.05–8.10 7.97–8.02 8.03–8.05 8.05–8.09 8.02–8.09 

 50 mg/L NC 7.94–8.05 7.89–7.95 7.90–7.96 8.05–8.08 7.99–8.08 8.00–8.03 8.06–8.12 8.01–8.06 

 100 mg/L NC 7.95–8.00 7.90–7.94 7.87–7.96 7.99–8.05 7.97–8.06 7.97–8.02 8.05–8.12 8.05–8.07 

 200 mg/L NC 7.92–8.05 7.83–7.94 7.93–7.98 7.98–8.07 7.98–8.07 8.01–8.04 8.08–8.11 8.02–8.13 

 300 mg/L NC 7.96–7.98 7.87–7.91 7.96–7.99 8.06–8.10 8.00–8.06 8.01–8.03 8.05–8.10 7.98–8.16 

Temp (°C) Control NC 
13.0 

(0.1) 

17.0 

(0.1) 

17.4 

(0.1) 

17.0 

(0.1) 

21.3 

(0.1) 

22.0 

(0.1) 

21.9 

(0.06) 

21.5 

(0.0) 

 50 mg/L NC 
13.0 

(0.2) 

17.0 

(0.1) 

17.4 

(0.1) 

17.1 

(0.1) 

21.1 

(0.1) 

22.0 

(0.1) 

21.8 

(0.0) 

21.4 

(0.1) 

 100 mg/L NC 
12.9 

(0.1) 

17.0 

(0.1) 

17.3 

(0.1) 

17.1 

(0.1) 

21.2 

(0.1) 

21.9 

(0.1) 

21.8 

(0.1) 

21.4 

(0.0) 

 200 mg/L NC 
12.9 

(0.1) 

17.0 

(0.1) 

17.4 

(0.1) 

17.1 

(0.1) 

21.3 

(0.1) 

22.0 

(0.2) 

21.8 

(0.1) 

21.4 

(0.1) 

 300 mg/L NC 
12.9 

(0.1) 

17.0 

(0.1) 

17.4 

(0.1) 

17.1 

(0.1) 

21.3 

(0.1) 

22.0 

(0.2) 

21.9 

(0.1) 

21.4 

(0.2) 

Exposure 

DO (mg/L) Control 
9.70 

(0.13) 
9.78 

(0.13) 
8.78 

(0.25) 
8.43 

(0.16) 
9.03 

(0.14) 
7.95 

(0.10) 
8.18 

(0.10) 
8.00 

(0.07) 
7.80 

(0.15) 

 50 mg/L 
9.66 

(0.14) 

9.71 

(0.14) 

8.61 

(0.32) 

8.17 

(0.14) 

8.86 

(0.21) 

7.68 

(0.45) 

7.74 

(0.47) 

7.57 

(0.41) 

7.40 

(0.31) 

 100 mg/L 
9.62 

(0.13) 

9.61 

(0.17) 

8.60 

(0.35) 

8.00 

(0.24) 

8.59 

(0.26) 

7.58 

(0.57) 

7.51 

(0.70) 

7.31 

(0.63) 

7.42 

(0.39) 

 200 mg/L 9.57 9.63 8.63 7.97 8.44 7.46 7.20 7.26 7.28 
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Water quality 

parameter 

Treatment 

group  
RBT BKT YEP WAE LST LMB SMB BLG CCF 

(0.20) (0.20) (0.34) (0.26) (0.21) (0.66) (1.11) (0.77) (0.59) 

 300 mg/L 
9.58 

(0.20) 
9.67 

(0.17) 
8.66 

(0.28) 
8.11 

(0.27) 
8.62 

(0.21) 
7.39 

(0.57) 
7.22 

(0.86) 
7.02 

(0.87) 
7.21 

(0.73) 

pH range Control 7.81–8.00 7.72–7.96 7.74–7.89 7.80–7.99 7.96–8.19 7.89–8.19 7.96–8.15 8.09–8.22 7.87–8.17 

 50 mg/L 7.78–7.93 7.64–7.91 7.68–7.84 7.71–7.93 7.95–8.12 7.71–8.12 7.72–8.12 7.83–8.11 7.79–8.05 

 100 mg/L 7.72–7.87 7.58–7.81 7.59–7.80 7.65–7.91 7.83–8.04 7.61–8.09 7.55–8.08 7.67–8.07 7.72–8.03 

 200 mg/L 7.75–7.66 7.47–7.73 7.54–7.73 7.54–7.82 7.74–7.89 7.42–7.99 7.21–8.07 7.54–8.02 7.53–7.98 

 300 mg/L 7.54–7.68 7.43–7.68 7.44–7.68 7.49–7.76 7.69–7.92 7.36–7.92 7.26–7.95 7.29–7.96 7.45–7.89 

Temp (°C) Control 
12.8 

(0.1) 

13.0 

(0.1) 

17.1 

(0.1) 

17.2 

(0.1) 

17.1 

(0.1) 

21.9 

(0.1) 

21.9 

(0.1) 

21.8 

(0.1) 

21.6 

(0.1) 

 50 mg/L 
12.9 

(0.1) 

13.0 

(0.1) 

17.1 

(0.1) 

17.2 

(0.1) 

17.1 

(0.1) 

21.8 

(0.1) 

22.0 

(0.1) 

21.8 

(0.1) 

21.6 

(0.1) 

 100 mg/L 
12.9 
(0.1) 

13.0 
(0.1) 

17.1 
(0.1) 

17.2 
(0.1) 

17.1 
(0.1) 

21.9 
(0.1) 

22.0 
(0.1) 

21.9 
(0.1) 

21.6 
(0.1) 

 200 mg/L 
12.8 

(0.1) 

12.9 

(0.1) 

17.1 

(0.1) 

17.3 

(0.1) 

17.1 

(0.1) 

21.9 

(0.1) 

21.9 

(0.2) 

21.7 

(0.1) 

21.5 

(0.1) 

 300 mg/L 
12.9 

(0.1) 

12.9 

(0.1) 

17.1 

(0.1) 

17.2 

(0.1) 

17.1 

(0.1) 

21.9 

(0.1) 

22.0 

(0.1) 

21.9 

(0.0) 

21.6 

(0.1) 

Postexposure observation 

DO (mg/L) Control 
10.13 

(0.31) 

10.09 

(0.24) 

9.11 

(0.11) 

9.17 

(0.17) 

8.39 

(0.44) 

8.14 

(0.16) 

8.05 

(0.13) 

8.18 

(0.22) 

7.88 

(0.28) 

 50 mg/L 
10.23 

(0.19) 

10.11 

(0.21) 

9.10 

(0.11) 

9.21 

(0.13) 

8.89 

(0.32) 

8.15 

(0.15) 

8.07 

(0.13) 

8.10 

(0.22) 

7.98 

(0.16) 

 100 mg/L 
10.27 

(0.18) 

10.08 

(0.25) 

9.12 

(0.11) 

9.18 

(0.15) 

8.93 

(0.30) 

8.17 

(0.17) 

8.03 

(0.15) 

8.15 

(0.19) 

8.07 

(0.19) 

 200 mg/L 
10.27 

(0.15) 

10.16 

(0.26) 

9.16 

(0.10) 

9.24 

(0.13) 

8.92 

(0.30) 

8.22 

(0.15) 

8.07 

(0.12) 

8.12 

(0.18) 

8.14 

(0.17) 

 300 mg/L 
10.30 

(0.18) 

10.18 

(0.27) 

9.14 

(0.11) 

9.29 

(0.14) 

9.15 

(0.18) 

8.24 

(0.16) 

8.16 

(0.11) 

8.19 

(0.16) 

8.18 

(0.14) 

pH range Control 7.64–8.03 7.67–8.12 7.83–8.16 7.87–8.14 7.66–8.12 8.01–8.24 8.03–8.46 7.92–8.34 7.69–8.19 

 50 mg/L 7.70–8.04 7.79–8.03 7.86–8.14 7.90–8.12 7.83–8.16 8.02–8.32 8.05–8.31 7.92–8.28 7.73–8.15 

 100 mg/L 7.76–8.06 7.76–8.07 7.87–8.15 7.93–8.17 7.86–8.16 7.98–8.30 7.97–8.31 7.96–8.36 7.71–8.16 

 200 mg/L 7.76–8.05 7.80–8.04 7.89–8.17 7.89–8.20 7.88–8.12 8.06–8.30 8.05–8.28 7.99–8.25 7.80–8.18 

 300 mg/L 7.72–8.04 7.75–8.02 7.85–8.11 7.93–8.21 7.92–8.17 8.10–8.30 8.06–8.32 7.93–8.34 7.79–8.15 

Temp (°C) Control 
12.8 

(0.4) 

12.9 

(0.2) 

17.0 

(0.1) 

17.0 

(0.1) 

17.1 

(0.1) 

21.9 

(0.2) 

21.9 

(0.3) 

21.8 

(0.2) 

21.9 

(0.2) 

 50 mg/L 
12.9 

(0.4) 

12.9 

(0.3) 

17.0 

(0.1) 

17.0 

(0.1) 

17.2 

(0.1) 

22.0 

(0.1) 

22.0 

(0.1) 

21.9 

(0.2) 

21.9 

(0.1) 

 100 mg/L 
12.8 
(0.3) 

13.0 
(0.2) 

17.0 
(0.1) 

17.0 
(0.1) 

17.2 
(0.1) 

21.9 
(0.1) 

21.9 
(0.1) 

21.8 
(0.2) 

21.9 
(0.2) 

 200 mg/L 
12.7 

(0.3) 

12.9 

(0.3) 

17.0 

(0.1) 

17.0 

(0.1) 

17.2 

(0.0) 

21.9 

(0.2) 

21.9 

(0.1) 

21.8 

(0.2) 

21.8 

(0.2) 

 300 mg/L 
12.6 

(0.2) 

12.9 

(0.2) 

17.0 

(0.1) 

17.0 

(0.1) 

17.1 

(0.1) 

21.9 

(0.1) 

21.9 

(0.2) 

21.9 

(0.2) 

21.7 

(0.2) 



13 

 

Table 3. Mean (standard deviation) water alkalinity, hardness, and conductivity during the preexposure, 
exposure, and observation periods for tests in which coldwater, coolwater, and warmwater fish were exposed to 
Pseudomonas fluorescens, strain CL145A, for 24 hours in a continuous-flow, serial-dilution exposure system. 
[RBT, rainbow trout, Oncorhynchus mykiss; BKT, brook trout, Salvelinus fontinalis; YEP, yellow perch, Perca flavescens; 

WAE, walleye, Sander vitreus; LMB, largemouth bass, Micropterus salmoides; SMB, smallmouth bass, Micropterus 

dolomieu; BLG, bluegill sunfish, Lepomis macrochirus; LST, lake sturgeon, Acipenser fulvescens; CCF, channel catfish, 

Ictalurus punctatus; mg/L, milligrams per liter; NA, not applicable; --, no data; alkalinity and hardness reported as mg/L of 

calcium carbonate; conductivity reported as µS/cm, microsiemens per centimeter at 25 degrees Celsius] 

Water 

quality 

parameter 

Treatment 

group 
RBT BKT YEP WAE LST LMB SMB BLG CCF 

Preexposure 

Alkalinity 

(mg/L) 
NA -- 

124 

(2) 

128 

(1) 

126 

(2) 

130 

(1) 

129 

(1) 

130 

(1) 

130 

(2) 

128 

(1) 

Hardness  

(mg/L) 
NA -- 

174 

(2) 

177 

(1) 

177 

(1) 

172 

(2) 

174 

(2) 

173 

(1) 

173 

(1) 

174 

(0) 

Conductivity 

(µs/cm) 
NA -- 

369 

(3) 

378 

(4) 

398 

(4) 

371 

(2) 

362 

(0) 

366 

(3) 

368 

(2) 

373 

(2) 

Exposure 

Alkalinity 

(mg/L) 
Control 

127 

(3) 

125 

(1) 

127 

(1) 

127 

(1) 

130 

(1) 

123 

(1) 

129 

(1) 

130 

(1) 

128 

(2) 

 50 mg/L 
128 

(2) 

127 

(1) 

129 

(0) 

126 

(1) 

132 

(0) 

131 

(1) 

131 

(2) 

130 

(0) 

131 

(1) 

 100 mg/L 
128 

(2) 

127 

(1) 

130 

(2) 

128 

(1) 

133 

(1) 

132 

(1) 

134 

(4) 

132 

(1) 

131 

(1) 

 200 mg/L 
131 

(1) 

130 

(0) 

132 

(1) 

131 

(1) 

136 

(2) 

133 

(2) 

135 

(1) 

134 

(1) 

134 

(2) 

 300 mg/L 
133 

(2) 

133 

(0) 

134 

(2) 

134 

(2) 

136 

(1) 

137 

(2) 

138 

(2) 

136 

(1) 

135 

(2) 

Hardness  

(mg/L) 
Control 

179 

(1) 

175 

(1) 

179 

(1) 

177 

(1) 

173 

(1) 

171 

(2) 

172 

(2) 

174 

(2) 

175 

(1) 

 50 mg/L 
180 

(2) 

174 

(2) 

177 

(3) 

176 

(0) 

174 

(2) 

173 

(3) 

173 

(1) 

173 

(1) 

175 

(1) 

 100 mg/L 
179 

(3) 

174 

(0) 

179 

(1) 

177 

(1) 

173 

(2) 

171 

(1) 

173 

(1) 

175 

(3) 

175 

(1) 

 200 mg/L 
178 

(2) 

177 

(4) 

179 

(1) 

179 

(1) 

175 

(1) 

173 

(1) 

172 

(0) 

173 

(1) 

176 

(2) 

 300 mg/L 
177 

(2) 

178 

(4) 

179 

(3) 

177 

(1) 

174 

(2) 

171 

(1) 

174 

(0) 

175 

(1) 

177 

(1) 

Conductivity 

(µs/cm) 
Control 

383 

(16) 

380 

(5) 

366 

(17) 

396 

(6) 

379 

(9) 

363 

(5) 

365 

(5) 

377 

(5) 

367 

(8) 

 50 mg/L 
379 

(26) 

373 

(2) 

366 

(19) 

398 

(6) 

392 

(4) 

367 

(2) 

369 

(3) 

386 

(3) 

377 

(2) 

 100 mg/L 
376 

(19) 

374 

(10) 

368 

(26) 

405 

(7) 

394 

(3) 

371 

(5) 

371 

(1) 

392 

(2) 

383 

(3) 

 200 mg/L 390 391 379 413 401 380 378 398 390 
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Water 

quality 

parameter 

Treatment 

group 
RBT BKT YEP WAE LST LMB SMB BLG CCF 

(25) (2) (9) (9) (6) (6) (2) (3) (3) 

 300 mg/L 
391 

(6) 

399 

(8) 

386 

(7) 

418 

(1) 

412 

(8) 

381 

(10) 

385 

(5) 

404 

(9) 

397 

(1) 

Postexposure observation 

Alkalinity 

(mg/L) 
NA 

125 

(0) 

127 

(3) 

125 

(1) 

125 

(3) 

128 

(1) 

131 

(1) 

130 

(1) 

127 

(4) 

128 

(1) 

Hardness  

(mg/L) 
NA 

172 

(2) 

174 

(1) 

172 

(3) 

175 

(2) 

176 

(2) 

174 

(4) 

171 

(1) 

171 

(3) 

173 

(3) 

Conductivity 

(µs/cm) 
NA 

384 

(19) 

368 

(10) 

384 

(12) 

371 

(2) 

371 

(14) 

364 

(12) 

367 

(14) 

369 

(5) 

377 

(7) 

 
 
 
 
 
 

Table 4. Mean (standard deviation) observed concentrations of Pseudomonas fluorescens, strain CL145A (in 
milligrams per liter of as active ingredient), during 24 hour exposures of coldwater, coolwater, and warmwater fish 
completed with continuous-flow, serial-dilution exposure systems. 
[RBT, rainbow trout, Oncorhynchus mykiss; BKT, brook trout, Salvelinus fontinalis; YEP, yellow perch, Perca flavescens; 

WAE, walleye, Sander vitreus; LMB, largemouth bass, Micropterus salmoides; SMB, smallmouth bass, Micropterus 

dolomieu; BLG, bluegill sunfish, Lepomis macrochirus; LST, lake sturgeon, Acipenser fulvescens; CCF, channel catfish, 

Ictalurus punctatus; ND, not detectable-below detection limit; mg/L, milligrams per liter] 

Treatment group RBT BKT YEP WAE LST LMB SMB BLG CCF 

Control ND ND ND ND ND ND ND ND ND 

50 mg/L 

32.8 

(6.4) 

40.3 

(5.8) 

33.2 

(8.1) 

35.7 

(7.7) 

36.0 

(6.4) 

37.0 

(5.9) 

33.4 

(5.7) 

34.5 

(5.7) 

30.3 

(6.2) 

100 mg/L 

65.5 

(12.1) 

80.1 

(13.3) 

66.0 

(13.6) 

70.9 

(13.9) 

73.4 

(8.8) 

75.3 

(11.7) 

66.6 

(9.0) 

67.9 

(9.8) 

59.3 

(8.0) 

200 mg/L 

135.0 

(13.6) 

166.9 

(9.2) 

138.2 

(22.5) 

149.3 

(16.0) 

149.8 

(16.0) 

159.9 

(12.1) 

138.6 

(15.9) 

138.0 

(11.5) 

123.5 

(6.3) 

300 mg/L 

198.4 

(20.9) 

244.4 

(15.3) 

205.9 

(31.7) 

221.2 

(21.2) 

223.2 

(17.2) 

242.2 

(18.0) 

214.5 

(18.8) 

212.6 

(14.5) 

192.5 

(12.1) 

Mean percent of target concentration 
66.2 

(0.8) 

81.4 

(1.3) 

67.5 

(1.4) 

72.7 

(1.6) 

73.7 

(1.1) 

77.5 

(2.9) 

68.6 

(2.0) 

69.2 

(1.1) 

61.5 

(1.8) 
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Figure 4. Comparison of mean percent survival, condition factor, and LC50 (95-percent fiducial limits) for coldwater fish (rainbow trout, 
Oncorhynchus mykiss; and brook trout, Salvelinus fontinalis) exposed to Pseudomonas fluorescens, strain CL145A, for 24 hours using 
continuous-flow, serial-dilution exposure systems. Survival and condition factor are ± 95-percent confidence intervals (denoted by capped 
vertical lines), and the LC50 95-percent fiducial limits are in parentheses; letters (a, survival; b, condition factor) denote statistical difference 
compared to the untreated control group; ** indicates n ≤ 5. Abbreviations: mg/L, milligrams per liter; LC50, lethal concentration for 50 
percent of the test animals. 

 

Figure 5.  Comparison of mean percent survival, condition factor, and LC50 (95-percent fiducial limits) for coolwater fish (yellow perch, 
Perca flavescens; walleye, Sander vitreus; and lake sturgeon, Acipenser fulvescens) exposed to Pseudomonas fluorescens, strain 
CL145A for 24 hours using continuous-flow, serial-dilution exposure systems. Survival and condition factor are ± 95-percent confidence 
intervals (denoted by capped vertical lines), and the LC50 95-percent fiducial limits are in parentheses; letters (a, survival; b, condition 
factor) denote statistical difference compared to the untreated control group; * indicates n ≤ 10, *** indicates n =1. Abbreviations: mg/L, 
milligrams per liter; LC50, lethal concentration for 50 percent of the test animals. 
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Figure 6. Comparison of mean percent survival, condition factor, and LC50 (95-percent fiducial limits) for warmwater fish (largemouth 
bass, Micropterus salmoides; smallmouth bass, Micropterus dolomieu; bluegill sunfish, Lepomis macrochirus; and channel catfish, 
Ictalurus punctatus) exposed to Pseudomonas fluorescens, strain CL145A for 24 hours using continuous flow, serial-dilution exposure 
systems. Survival and condition factor are ± 95-percent confidence intervals (denoted by capped vertical lines), and the LC50 95-percent 
fiducial limits are in parentheses; letters (a, survival; b, condition factor) denote statistical difference compared to the untreated control 
group; * indicates n ≤ 10, ** indicates n ≤ 5. Abbreviations: mg/L, milligrams per liter; LC50, lethal concentration for 50 percent of the test 
animals. 

Conclusions 

The measured concentrations of the formulated Pseudomonas fluorescens strain CL145A spray-

dried powder (SDP) in the test chambers were considerably lower than the calculated theoretical target 

concentrations with measured SDP concentrations, ranging from 61.5 to 81.4 percent of target. Settling 

of the SDP was observed in the dilution boxes of exposure systems and presumably was the cause of the 

discrepancy between the theoretical and measured SDP concentrations. Although the absorbance 

measurements were recorded at 660 nanometers, which is in the absorbance spectrum for bacterial cells, 

it is unknown whether the discrepancy between the theoretical and measured SDP concentrations was 

caused from the settling of the P. fluorescens cells or from the settling of the inert ingredients. For this 

report, the discrepancy between the theoretical and measured SDP concentrations was assumed to be 

from uniform SDP settling; however, the accuracy of this assumption was not confirmed. 

The condition factor analyses of the coldwater species Oncorhynchus mykiss (rainbow trout) and 

Salvelinus fontinalis (brook trout) detected significant impacts at the lowest concentrations tested (32.8 

and 40.3 milligrams per liter [mg/L], respectively), and although the survival analyses detected a 

difference in survival of rainbow trout at 32.8 mg/L, no difference in brook trout survival was detected 
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at 40.3 mg/L of SDP. In coolwater species, both condition factor and survival analyses detected 

differences in the Perca flavescens (yellow perch) SDP-treated groups at concentrations ≥ 138 mg/L; 

however, in the Sander vitreus (walleye) and Acipenser fulvescens (lake sturgeon) tests, the condition 

factor analyses failed to detect differences, whereas the survival analyses detected differences at 

concentrations ≥ 149.3 and 36.0 mg/L, respectively. The differential detection sensitivity can be 

attributed to disproportionate survival of larger animals in the SDP-treated groups and (or) the low 

number of surviving animals in some of the SDP-treated groups. The condition factor and survival 

analyses were not equally sensitive in detecting differences between the SDP-treated and the untreated 

control groups of the warmwater species. The condition factor analyses detected differences in both 

Micropterus salmoides (largemouth bass) and Micropterus dolomieu (smallmouth bass) at lower 

concentrations than the survival analyses (75.3 versus 159.9 mg/L and 33.4 versus 214.5 mg/L, 

respectively). The survival analysis for Lepomis macrochirus (bluegill sunfish) detected differences in 

survival between the SDP-treated groups compared to the untreated control group at concentrations ≥ 

138.0 mg/L, whereas the condition factor analysis did not detect difference between SDP-treated groups 

compared to the untreated controls. The condition factor and survival analyses both detected a 

difference between Ictalurus punctatus (channel catfish) in the 59.3-mg/L SDP-treated group and the 

untreated control groups, however, the condition analysis did not detect a difference between the 123.5-

mg/L SDP-treated group compared to the untreated control group. Similar to the walleye and lake 

sturgeon tests, the differential detection sensitivity can be attributed to disproportionate survival of 

larger animals in the SDP-treated groups and (or) the low number of surviving animals in the SDP-

treated groups. The LC50’s varied by species, and three species (rainbow trout, lake sturgeon, and 

channel catfish) had LC50’s below the current maximum approved concentration (100 mg/L, as active 

ingredient) that may be applied to open waters, indicating that 24 hours of exposure to continuously 

applied SDP may impact freshwater fish.  

Combining the use of condition factor and survival analyses to detect SDP-exposure-related 

effects on fish was more sensitive than using either the condition factor or survival analysis alone. The 

24-hour continuous SDP dose used in this study was three times the maximum approved exposure 

duration, and the observed settling in the dilution boxes may have contributed to the lower measured 

SDP concentrations; therefore, the results should be interpreted with caution. Development of an 

analytical detection method that utilizes a chemical signature of the active ingredient (Pseudomonas 

fluorescens, strain CL145A) may provide a more robust determination of active ingredient 

concentration than using absorbance or turbidity. Further investigations of the SDP-exposure related 

effects on freshwater fish at the maximum approved open-water label concentration and exposure 

duration (100 mg/L for 8 hours) using the expected lentic application technique (a single, static 

application) are warranted to determine how freshwater fish might be impacted if they are present 

during an application of SDP for dreissenid mussel control. The variation in tolerance to P. fluorescens, 

strain CL145A, exposure observed in this study indicates that fish species community composition 

should be considered before SDP is applied in open-water environments.   
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Appendix 1. Study Protocol, Amendments, and Datasheets 

Item 
number 

Item description 
Number of 

pages 
Report page 

number 

1 Study Protocol:  “Effects of Pseudomonas fluorescens (Pf-CL145A) to ten different freshwater fish species.” 23 21 

2 Note to File #1 – Coding and labelling procedures for histological preparation of fish specimens 2 44 

3 
Note to File #2 – Details regarding randomizations procedure used to allocate RBT, YEP, WAE and BLG to 

test system. 
1 46 

4 Note to File #3 – Deviation preparation and signatures. 1 47 

5 
Note to File #4 – Clarification of water chemistry data collection for RBT, BKT, SMB, LST, and CCF during 

22-d holding period. 
2 48 

6 
Amendment #1 – Details sample collection, preservation and handling procedures for samples collected for 

histopathological analysis. 
7 50 

7 Amendment #2 – Reduces postexposure observation period for test animals from 30-d to 22-d. 3 57 

8 
Amendment #3 – Termination of BLG study, exposure termination criteria, use of aeration and correction of 

typographical errors in Amendments #1and #2. 
7 60 

9 
Amendment #4 – Postexposure holding procedures and system and addition of refuge (e.g., PVC pipe) to 

reduce the effects of aggressive fish during the postexposure holding period. 
5 67 

10 Amendment # 5 – Eliminates the collection of water samples for ammonia analysis at 6 and 12-h. 2 72 

11 Amendment #6 – Details use of aeration during the exposure period for 12 or 17 °C exposures. 2 74 

12 Amendment # 7 – Eliminates FHM from list of test species. 2 76 

13 Amendment #8 – Status change of study to non-GLP regulated study. 2 78 

14 Study datasheets. 40 80 
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Appendix 2. Deviations From the Study Protocol  

Item 
number 

Item description 
Number of 

pages 
Report page 

number 

1 
Deviation 1 – RBT: Chamber C2 contained 20 fish; Chamber C3 contained 30 fish. (See Deviation 24 for 

further clarification.)   
1 122 

2 Deviation 2 – RBT: Fish lengths measured incorrectly on measuring board. 2 123 

3 Deviation 3 – RBT: No behavioral observations March 2 to March 4, 2012 and March 7, 2012. 1 125 

4 
Deviation 4 – RBT: Mortalities not subtracted from feed chart; Fish slightly over fed from March 3 to March  

8, 2012. 
1 126 

5 Deviation 5 – RBT: Weekly water chemistry not monitored for Week 1. 1 127 

6 Deviation 6 – RBT: Daily feed chart revised; resulted in fish being slightly underfed for 1 day. 1 128 

7 
Deviation 7 – RBT: Fish count off by one fish in Chamber E2; two (2) mortalities labeled M15; resulted in 

slight overfeeding. (See Deviation 32 for further clarification.) 
1 129 

8 Deviation 8 – RBT: Chamber E5 off by 2 fish; mortalities not accounted for on feed chart; slight overfeeding. 1 130 

9 Deviation 9 – WAE: Chamber B3 contained 35 fish; Chamber B4 contained 15 fish. 1 131 

10 
Deviation 10 – WAE: Jumper found; One fish missing from F4 and F14. (See Deviation 25 for further 

clarification.) 
1 132 

11 Deviation 11 – WAE: No behavioral observations April 4, 2012. 1 133 

12 Deviation 12 – BKT: No feed consumption ranking May 16, 2012. 1 134 

13 Deviation 13 – SMB: Chamber A4 accidentally placed in MS-222 during transfer; fish euthanized. 1 135 

14 
Deviation 14 – SMB: A net was used to remove foam; a mortality was scooped out accidentally from either 

Chamber A4 or A5. 
1 136 

15 Deviation 15 – MISC: Refrigerator in Room 2 inadvertently unplugged. 1 137 

16 
Deviation 16 – BLG: Fish from Chamber B4 was accidentally dropped on the ground during transfer; fish not 

recovered. 
1 138 

17 
Deviation 17 – SMB: One fish from Chamber D1 was missing and likely escaped. Only 19 of 20 fish were 

recovered. 
1 139 

18 
Deviation 18 – SMB: Labeling error; cassettes/tags were labeled with quadrant “E” instead of correct 

quadrant “D”. 
1 140 

19 Deviation 19 – CCF: Diluter lines incorrectly routed; concentrations different from randomization. 1 141 

20 Deviation 20 – CCF: Chamber C2 diluter line dislodged and dripping into Chamber C3. 1 142 

21 
Deviation 21 – CCF: Chamber B1 (E14) contained 15 fish; Chamber B5 (E4) contained 35 fish; Chamber B4 

contained 26 fish. 
1 143 

22 Deviation 22 – CCF: Fish escape from Chamber E7; no length or weight taken. 1 144 

23 Deviation 23 – MISC: Temperature recorders not labeled properly. 1 145 

24 Deviation 24 – RBT: Correction to Deviation 1; Chamber C2 contained only 19 fish (not 20). 2 146 
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Item 
number 

Item description 
Number of 

pages 
Report page 

number 

25 
Deviation 25 – WAE: Correction to Deviation 10; No jumper from Chamber F4 (all fish accounted); Chamber 

F14 did have jumper. 
2 148 

26 
Deviation 26 – LMB: Incorrect reporting of 3 mortalities for Chamber E13; Mortalities actually from 

Chamber E11. 
2 150 

27 
Deviation 27 – BKT: Accidental death of fish from Chamber E10; fish length and weight taken (but removed 

for analysis). 
1 152 

28 Deviation 28 – CCF: Incorrect number of fish transferred to Chamber E7; 19 fish transferred (not 20). 2 153 

29 Deviation 29 – LMB: Incorrect number of fish transferred to Chamber C5; 24 fish transferred (not 25). 2 155 

30 Deviation 30 – SMB: Accidental death of fish from Chamber D11; fish length and weight not taken. 1 157 

31 Deviation 31 – WAE: Weekly water chemistry not monitored for Week 2. 1 158 

32 Deviation 32 – RBT: Incorrect numbering and labeling of mort from March 9, 2012. 1 159 

33 Deviation 33 – LMB: Only 19 fish transferred to Chamber E4 due to fish jumping out of net. 1 160 

34 
Deviation 34 – YEP: Accidental death of fish from Chamber A4; fish length and weight taken (but removed 

for analysis).                     
1 161 

35 Deviation 35 – WAE: Mortality observations not recorded for April 12, 2012 for all holding chambers. 1 162 

36 Deviation 36 – RBT, BKT, CCF, LST: Incorrect sequential numbering and labeling of mortalities. 2 163 
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Appendix 3.  Randomization Assignments 

Item 
number 

Item description 
Number of 

pages 
Report page 

number 

1 SAS-generated random assignments – RBT 18 166 

2 SAS-generated random assignments – BKT 15 184 

3 SAS-generated random assignments – WAE 16 199 

4 SAS-generated random assignments – YEP 17 215 

5 SAS-generated random assignments – LST 15 232 

6 SAS-generated random assignments – LMB 15 247 

7 SAS-generated random assignments – SMB 14 262 

8 SAS-generated random assignments  – BLG 15 276 

9 SAS-generated random assignments – CCF 16 291 
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Appendix 4. Test Article Information  

Item 
number 

Item description 
Number of 

pages 
Report page 

number 

1 Material Safety Data Sheet 2 308 

2 MBI-401 SDP [lot # TR 4669-3-(6)] Test Article Information 4 310 

3 MBI-401 SDP [lot # TR 4669-4-(6)] Test Article Information 4 314 

4 MBI-401 SDP [lot # TR 4669-4-(7-8)] Test Article Information 4 318 

5 MBI-401 SDP [lot # TR 4669-4-(7-8) 2nd shipment] Test Article Information 5 322 

6 MBI-401 SDP [lot # TR 4669-4-(5)] Test Article Information 6 327 

7 MBI-401 SDP [lot # TR 4669-4-(5) 2nd shipment] Test Article Information 6 333 

8 MBI-401 SDP [lot # TR 4669-4-(5) 3rd shipment] Test Article Information 5 339 

9 MBI-401 SDP [lot # TR 4669-3-(7)] Test Article Information 9 344 

10 MBI-401 SDP [lot # 401P12154G-02] Test Article Information 9 353 

11 MBI-401 SDP [lot # 401P12154G-02 2nd shipment] Test Article Information 5 362 

12 MBI-401 SDP [lot # 401P120197C] Test Article Information 4 367 

13 Form 15 – Test chemical dosing form 11 371 

14 Certified copy of test chemical information from chemical log books 121 382 
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Appendix 5. Test Animal Information 

Item 
number 

Item description 
Number 
of pages 

Report page 
number 

1 Test System Description (text and table from protocol) 2 500 

2 Approval for Housing and Care of Test Animals During Experiments 1 502 

3 RBT (lot # 116000) Species Information 13 503 

4 YEP (lot # 113000) Species Information 10 516 

5 LST (lot # 112700) Species Information 4 526 

6 WAE (lot # 112100) Species Information 10 530 

7 BLG (lot #114500) Species Information 6 540 

8 BKT (lot # 120300) Species Information 7 546 

9 LMB (lot # 114000) Species Information 11 553 

10 SMB (lot # 112400) Species Information 10 564 

11 BLG (lot # 114100) Species Information 4 574 

12 CCF (lot # 114100) Species Information 4 578 

13 BLG (lot # 114500) Species Information 8 582 

14 LST (lot # 122300) Species Information 10 590 

15 CCF (lot # 123000) Species Information 10 600 
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Appendix 6. Test Animal Feed Information 

Item 
number 

Item description 
Number of 

pages 
Report page 

number 

1 Form 2 – Acclimation Feed Rate Charts 11 611 

2 Form 2 – RBT Holding Period Feed Rate Chart 15 622 

3 Form 2 – YEP Holding Period Feed Rate Chart 15 637 

4 Form 2 – WAE Holding Period Feed Rate Chart 15 652 

5 Form 2 – Revised WAE Holding Period Feed Rate Chart 15 667 

6 Form 2 – BKT Holding Period Feed Rate Chart 15 682 

7 Form 2 – LMB Holding Period Feed Rate Chart 15 697 

8 Form 2 – SMB Holding Period Feed Rate Chart 15 712 

9 Form 2 – Revised SMB Holding Period Feed Rate Chart 14 727 

10 Form 2 – BLG Holding Period Feed Rate Chart 15 741 

11 Form 2 – Revised BLG Holding Period Feed Rate Chart 15 756 

12 Form 2 – LST Holding Period Feed Rate Chart 15 771 

13 Form 2 – CCF Holding Period Feed Rate Chart 15 786 
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Appendix 7. Water Quality 

Item 
number 

Item description 
Number of 

pages 
Report page 

number 

1 Exposure Period Water Chemistry Data Summary for SAS  17 802 

2 Total Ammonia Nitrogen Summary for SAS  4 819 

3 SAS output for Water Chemistry Analysis 36 823 

4 SAS program for Water Chemistry Analysis  2 859 

5 SAS log for Water Chemistry Analysis  4 861 

6 SAS output for Ammonia Analysis 9 865 

7 SAS program for Ammonia Analysis 1 874 

8 SAS log for Ammonia Analysis 2 875 

9 Water Chemistry – Oncorhynchus mykiss: Data Summary  12 877 

10 Water Chemistry – Salvelinus fontinalis: Data Summary 12 889 

11 Water Chemistry – Sander vitreus: Data Summary 12 901 

12 Water Chemistry – Perca flavescens: Data Summary 12 913 

13 Water Chemistry – Acipenser fulvescens: Data Summary 12 925 

14 Water Chemistry – Micropterus salmoides: Data Summary 12 937 

15 Water Chemistry – Micropterus dolomieu: Data Summary 12 949 

16 Water Chemistry – Lepomis macrochirus: Data Summary 12 961 

17 Water Chemistry – Ictalurus punctatus: Data Summary 12 973 

18 Report of Analysis – Total Ammonia Nitrogen Results 7 985 
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Appendix 8. Spectrophotometric Summaries, SAS Outputs, Programs, and 
Logs 

Item 
number 

Item description 
Number 
of pages 

Report page 
number 

1 Spectrophotometric Data – Oncorhynchus mykiss: Data Summary 7 993 

2 Spectrophotometric Data – Salvelinus fontinalis: Data Summary 6 1000 

3 Spectrophotometric Data – Sander vitreus: Data Summary 6 1006 

4 Spectrophotometric Data – Perca flavescens: Data Summary 7 1012 

5 Spectrophotometric Data – Acipenser fulvescens: Data Summary 6 1019 

6 Spectrophotometric Data – Micropterus salmoides: Data Summary 6 1025 

7 Spectrophotometric Data – Micropterus dolomieu: Data Summary 7 1031 

8 Spectrophotometric Data – Lepomis macrochirus: Data Summary 6 1038 

9 Spectrophotometric Data – Ictalurus punctatus: Data Summary  7 1044 

10 SAS Spectrophotometric Analysis for Oncorhynchus mykiss 28 1051 

11 SAS Spectrophotometric Analysis for Salvelinus fontinalis 27 1079 

12 SAS Spectrophotometric Analysis for Sander vitreus 26 1106 

13 SAS Spectrophotometric Analysis for Perca flavescens 28 1132 

14 SAS Spectrophotometric Analysis for Acipenser fulvescens 27 1160 

15 SAS Spectrophotometric Analysis for Micropterus salmoides 27 1187 

16 SAS Spectrophotometric Analysis for Micropterus dolomieu 27 1214 

17 SAS Spectrophotometric Analysis for Lepomis macrochirus 27 1241 

18 SAS Spectrophotometric Analysis for Ictalurus punctatus  27 1268 
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Appendix 9. Condition Index and Survival Assessment Summaries, SAS 
Outputs, Programs, and Logs 

Item 
number 

Item description 
Number 
of pages 

Report page 
number 

1 Length and Weight Data- All Fish Species; SAS Input File  56 1296 

2 SAS analysis for  fish condition index 77 1352 

3 Length/Weight Data Summaries 63 1429 

4 Mortality Data – All Fish Species; SAS Input File 13 1492 

5 SAS  analysis for fish survival 53 1505 

6 SAS analysis for LC50 analysis 75 1558 
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