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Efficacy of Pseudomonas fluorescens Strain CL145A
Spray Dried Powder for Controlling Zebra Mussels
Adhering to Native Unionid Mussels Within Field
Enclosures

By James A. Luoma, Kerry L. Weber," Todd J. Severson,! and Denise A. Mayer?

Abstract

The efficacy of a commercially prepared spray dried powder (SDP) formulation of Pseudomonas
fluorescens (strain CL145A) was evaluated for removing zebra mussels (Dreissena polymorpha)
adhering to a population of unionid mussels in Lake Darling (Alexandria, Minnesota). Two groups of
unionid mussels were used in the study. Unionid mussels were collected near the test area, weighed,
photographed, individually tagged, and randomly allocated to one of nine test enclosures in equal
proportions and then divided into two groups. The first group of unionid mussels (Group 1, n =5 per
test enclosure) were indiscriminately selected from each test enclosure and used to estimate the number
of zebra mussels adhering to unionid mussels prior to exposure. The second group of unionid mussels
(Group 2, n = 22 per test enclosure) were used to evaluate the efficacy of SDP for removal of adhering
zebra mussels. Both Group 1 and Group 2 mussels were used to evaluate the effects of SDP exposure on
unionid mussel survival.

Treatment was assigned to each test enclosure by using a randomized block design. The three
treatment groups were tested in triplicate and included an untreated control group and groups that
received a single application of 50 or 100 milligrams per liter (mg/L) of SDP based on active ingredient.
All treatment concentrations are reported as active ingredient of SDP. Test enclosures were removed at
the 8-hour exposure termination. Both Group 1 and Group 2 mussels remained in their assigned
exposure location during the postexposure holding period. The number of zebra mussels adhering to
Group 2 mussels (live and dead) was assessed 18 to 20 days postexposure in addition to assessing the
survival of Group 1 and Group 2 unionid mussels.

SDP, administered as a single treatment, significantly (p < 0.01) reduced the number of adhering
zebra mussels when compared to the untreated controls. The number of zebra mussels adhering to
unionid mussels (Group 2) was reduced 53 percent in the 50-mg/L treatment group and 68 percent in the
100-mg/L treatment group. The number of adhering zebra mussels did not differ (p = 0.79) between the
50- and 100-mg/L treatment groups after exposure. When standardized to the amount of SDP applied
per square meter, each gram (g) of SDP applied in the 50-mg/L treatment reduced the number of
adhering zebra mussel 59.8 percent more than the 100-mg/L treatment group.

1 U.S. Geological Survey.
2 New York State Education Department.



Group 1 mussel survival did not differ between treatment groups (p > 0.05); however, a
difference was detected (p < 0.01) in the survival of Group 2 mussels. The survival of Group 2 mussels
did not differ (p > 0.23) between control and treated groups. A difference in Group 2 mussel survival
was detected (p = 0.03; odds ratio [OR] = 0.290) between the 50- and 100-mg/L treatment groups (that
is, the survival was highest in the 50-mg/L treatment group and lowest in the 100-mg/L treatment
group), however, the biological significance of the difference is indeterminate.

Introduction

Freshwater mussel populations of North America were historically considered the most diverse
in the world, but diversity is declining rapidly in response to a variety of anthropogenic influences such
as habitat degradation and alteration, pollution, and overharvest (Williams and others, 1993; Neves and
others, 1997). Master (1990) found that 55 percent of North American mussel species were either
extinct or imperiled. At least 127 imperiled mussel species are predicted to reach extinction within the
next 100 years; however, the 6.4 percent decadal extinction rate does not factor in extirpations related to
invasions by dreissenid mussels (zebra, Dreissena polymorpha and quagga, D. rostriformis bugensis)
(Ricciardi and Rasmussen, 1999).

Because of their high reproductive capacity and their planktonic lifestage, dreissenid mussels
can quickly disperse and inundate aquatic environments (Mackie, 1991; Birnbaum, 2011). Since their
introduction into the United States and establishment in the Great Lakes in the 1980s, zebra mussels
have been identified in 680 lakes, not including impoundments and connected waterways, within
27 states (Benson and others, 2015). In a power plant canal in Lake Erie, Schloesser and Kovalak (1991)
estimated zebra mussel colonization as high as approximately 10,700 zebra mussels per unionid mussel,
with a mean estimated density of approximately 6,800 zebra mussels per unionid mussel. Adhering
zebra mussel colonies may contain in excess of 10,000 individuals, which could weigh two to five times
as much as the unionid mussel (Hebert and others, 1991; Mackie, 1991). Prediction models estimate that
a colonization density of as few as 100 zebra mussels per unionid can result in unionid mussel mortality
(Ricciardi and others, 1995).

Colonization by zebra mussels may interfere with unionid mussel locomotion, feeding,
reproduction, and respiration (Mackie, 1991; Schloesser and Kovalak, 1991). Heavy zebra mussel
colonization may contribute to starvation of the unionid through reduced intake of food and increased
metabolic costs (Baker and Hornbach, 1997; Strayer and Malcom, 2007). Heavily colonized unionid
mussels may lack the energy stores required to survive winter, and their ability to burrow into the
sediment to avoid winter or other environmental stressors is impeded (Nalepa, 1994; Schloesser and
Nalepa, 1994). Colonization by zebra mussels causes declines in unionid mussel populations and is
dependent upon zebra mussel density, biomass, time since invasion, and substrate type (Burlakova and
others, 2000).

Federal and state management agencies have implemented recovery and propagation programs
for threatened and endangered unionid species coinciding with legislation and programs for control and
removal of introduced and invasive species such as zebra mussels (Neves, 2004; Nalepa and Schloesser,
2014). However, there is currently a lack of access to environmentally safe and effective tools to control
dreissenid mussel populations in open-water environments. A potential tool for limited open-water
control of dreissenid mussels is a commercially formulated spray dried powder (SDP) product, which
contains the killed cells of a specific strain (CL145A) of the common soil bacterium Pseudomonas
fluorescens. The goal of this study was to determine the potential use of SDP in unionid mussel
recovery and restoration efforts by controlling zebra mussel populations. The study objectives were
(1) to determine the efficacy of SDP to control zebra mussels adhering to unionid mussels, and (2) to
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evaluate the effects of SDP exposure on survival of unionid mussels compromised by zebra mussel
colonization. This report summarizes a single field trial completed from July 18, 2013, to November 18,
2013. The exposures were completed on July 26, 2013, and the postexposure assessments were
completed August 13-15, 2013.

Materials and Methods

The protocol for this study entitled “Efficacy of Pseudomonas fluorescens (Pf-CL145A) SDP for
controlling zebra mussels within field enclosures” is contained in appendix 1, item 1. All methods and
materials follow the written protocol except those instances that were identified in a note to file
(appendix 1, item 2) and in study deviations (appendix 2, items 1-5).

Experimental Design

The study was done in Lake Darling (Alexandria, Minnesota) and consisted of a twofold
assessment to evaluate the reduction in the number of zebra mussels adhering to unionid mussels and to
evaluate unionid mussel survival following exposure to SDP. Zebra mussel reduction was assessed by
comparing the estimated number of zebra mussels adhering to unionid mussels prior to SDP exposure to
the enumerated number of zebra mussels adhering to mussels after SDP exposure. Unionid mussel
survival was assessed after SDP exposure by observing foot movement or resistance to valve pressure.

Unionid mussels were collected, individually tagged, and randomly assigned (appendix 3,
item 4) to test enclosures in equal proportions (n = 243; 27 per test enclosure). A group of unionid
mussels (Group 1; n = 45; 5 per test enclosure) were removed and used to estimate the number of
adhering zebra mussels prior to SDP exposure (that is, adhering zebra mussels were removed and
enumerated). After zebra mussel removal, Group 1 unionid mussels were returned to their assigned
treatment enclosure for the remainder of the study. The undisturbed unionid mussels (Group 2; n = 198;
22 per test enclosure) remained in the assigned test enclosure area for the entire study duration and were
used to evaluate the efficacy of SDP for removal of adhering zebra mussels. Both groups were exposed
concurrently in the test enclosures.

Treatments were administered in triplicate as a single SDP exposure according to a randomized
block design (appendix 3, item 1). The treatment levels were (1) an untreated control group, (2) a group
that received an application of 50 milligrams per liter (mg/L) of SDP active ingredient (Al) for 8 hours,
and (3) a group that received an application of 100 mg/L of SDP Al for 8 hours. The experimental unit
for the trial was the individual test enclosure.

Test Enclosure Area

Nine test enclosure areas were identified near the north shore of Lake Darling (fig. 1), and the
Universal Transverse Mercator (UTM) coordinates (test area centroid) were recorded (table 1). Each test
area was characterized as predominately sandy substrate with minimal algae and macrophyte growth.
The areas selected were approximately 1.4 meter (m) deep and were spaced at least 6 m apart (by center
point). Unionid mussel retention barriers (fig. 2) were placed in each test enclosure area approximately
48 hours prior to exposure. The expanded metal 1-square-meter (m?) retention barriers were used to
confine the unionid mussels to the test enclosure area for the duration of the study. After unionid mussel
allocation, a 2.25-m? test enclosure (fig. 2) was placed around each retention barrier and secured to
fenceposts driven into the lakebed. The bottom sealing flaps of each test enclosure were secured to the
lakebed with sandbags.
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Figure 1. Test enclosure site and test animal collection locations.

Figure 2. Example of 1-square-meter (m2) expanded metal mussel retention barrier (left) and
2.25-m? impermeable test enclosure (right).



Table 1.  Universal Transverse Mercator (UTM) centroid

location of each test enclosure.
[mg/L, milligrams per liter; mE, meters East; mN, meters North]

£ Treatment Easting Northing
nclosure group Zone Row (ME) (MN)
(mglL)

1 100 15 T 315318 5089217
2 50 15 T 315305 5089224
3 0 15 T 315292 5089230
4 50 15 T 315281 5089231
5 50 15 T 315279 5089221
6 100 15 T 315290 5089218
7 0 15 T 315294 5089215
8 0 15 T 315302 5089211
9 100 15 T 315307 5089205

Test Article

The test article was a commercially prepared SDP formulation of Pseudomonas fluorescens,
strain CL145A containing 50 percent Al (weight to weight ratio [w/w] P. fluorescens, strain CL145A).
The test article (lot number TR 4669-4-3) was obtained from Marrone Bio Innovations, Inc. (MBI,
Davis, California; Certificate of Analysis, appendix 4, item 2). Test article use was documented in the
test chemical logbooks (appendix 4, items 5 and 6). Verification of test article biological activity was
determined on a sample of test article by the New York State Museum Field Research Laboratory
(Cambridge, New York), using their standard dreissenid mussel bioassay (appendix 4, item 7).
Biological activity was confirmed as demonstrated by a mean zebra mussel mortality in the treated
group of 96.0 £ 6.9 percent compared to 1.3 + 2.2 percent in the untreated group.

Test Animals

Adult fatmucket unionid mussels (Lampsilis siliquoidea) with adhering zebra mussels (fig. 3)
were collected 3 days prior to exposure from an existing population located within 300 m of the test
enclosures. An incidental number of fragile papershell unionid mussels (Leptodea fragilis, n = 0-3 per
enclosure) were inadvertently included. The L. fragilis were treated and analyzed the same as L.
siliquoidea. Unionid mussels were confined within a 1-m? retention barrier in approximately 0.75 m of
water until distributed to the test enclosures. A Hallprint® shellfish tag with a unique alphanumeric code
was fixed to each mussel shell with cyanoacrylate glue, and an initial wet weight with adhering zebra
mussels was obtained for each unionid mussel.

Groups of unionid mussels (n = 4-5) with adhering zebra mussels were randomly allocated to
each test enclosure (appendix 3, item 4) and placed within a retention barrier until each test
enclosure/retention barrier received a total of 27 unionid mussels.

At exposure termination, the test enclosures were removed and both Group 1 and Group 2
unionid mussels remained in the retention barriers at the treatment location for a postexposure holding
period. At 18-20 days postexposure, the unionid mussels were removed from the retention barriers, and
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wet weights were measured before and after removal of adhering zebra mussels. Additionally, each
unionid mussel was photographed, assessed for survival, and measured for shell length. Unionid
mussels were euthanized according to permit requirements (appendix 5, items 1-3). The unionid mussel
shells were retained and used for confirmative species identification. All zebra mussels removed were
sorted into categories of dead or alive and were enumerated; a subsample from each group was
measured for shell length.
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Figure 3. Representative unionid mussel with adhering zebra mussels preexposure (top
left), postexposure (top right) and with zebra mussels removed (bottom).

Reduction of Adhering Zebra Mussels

Estimation of Initial Number of Adhering Zebra Mussels (Group 1)

After distribution, five unionid mussels (Group 1) were indiscriminately removed from each test

enclosure and used to estimate the initial preexposure biomass of adhering zebra mussels for each test
enclosure (that is, the initial number of adhering zebra mussels per gram of zebra mussels [equation 1]):

where

Nzm
en = —lm_ (1)
. . (W1 — W] )
en is the estimated number of adhering zebra mussels per gram of zebra mussels,
Nzm is the number of live adhering zebra mussels removed from Group 1 mussels
(preexposure),
Wy isthe group 1 mussel wet weight with adhering zebra mussels, in grams (g), and
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W, is the group 1 mussel wet weight after zebra mussel removal (g).
The average number of adhering zebra mussels, per gram, from each test enclosure was used to estimate
the initial number of adhering zebra mussels on Group 2 mussels (equation 2).

Estimation of the Number of Adhering Zebra Mussels (Group 2)

For each test enclosure, the number of zebra mussel adhering to Group 2 mussels prior to
exposure was estimated (equation 2) by using the mean estimated number (X, ) of adhering zebra

mussels, per gram, of Group 1 mussels (derived from equation 1). Initial Group 2 mussel wet weight
with adhering zebra mussels before exposure and Group 2 mussel wet weight after zebra mussel
removal were used to determine the weight of adhering zebra mussels (equation 2);

en, = [W; — W,] X %, (2)
where en, is the estimated number of zebra mussels adhering to Group 2 mussel prior to
exposure,
Wy is the preexposure wet weight of Group 2 mussel with adhering zebra mussels (g),
W, is the postexposure wet weight Group 2 mussel after zebra mussel removal (g), and
X is the mean estimated number of adhering zebra mussels per gram of zebra mussels

en

for each test enclosure (derived from equation 1).

Calculation of Zebra Mussel Body Weight Burden (Group 2)

The percent body weight burden of adhering zebra mussels was calculated for each individual
unionid mussel by comparing the estimated weight of adhering zebra mussels to the weight of the
unionid mussel without zebra mussels (equation 3). A mean percent body weight burden was calculated
for each treatment group:

ZM Burden (percent) = (W;/ W,) x 100 3)
where
ZM Burden is the adhering zebra mussel burden expressed as percent of unionid mussel body
weight,
Wy is the estimated preexposure wet weight of zebra mussels (g), and
W, is the postexposure wet weight unionid mussel without zebra mussels (g).

Calculation of Adhering Zebra Mussels Reduction (Group 2)
For each test enclosure, the reduction in the number of zebra mussels adhering to Group 2
mussels was estimated by using the mean estimated number (ienz) of adhering zebra mussels (derived

from equation 2) and the number of adhering zebra mussels postexposure (equation 4). A mean percent
reduction was calculated for each treatment group:

{)-(en ~Nzm}
Percent A = | |—2—— x 100 4)
eny
where A is the percent reduction in the number of adhering zebra mussels on Group 2
unionids,
ienz is the mean estimated number of zebra mussels adhering to Group 2 mussel prior to
exposure (derived from equation 2),
Nzm is the number of live zebra mussels removed from Group 2 mussels (postexposure).



Calculation of SDP Reduction Coefficient and Efficiency (Group 2)

A reduction coefficient of SDP was calculated for each test enclosure by comparing the
reduction in the number of adhering zebra mussels to the amount of SDP applied to the test enclosure
area (equation 5). A mean reduction coefficient was calculated for each treatment group:

where RC (reduction coefficient) is the percent reduction of adhering zebra mussels per gram of
SDP applied,
A is the percent reduction in the number of adhering zebra mussels on Group 2 unionids
(derived from equation 4),
P is the amount of SDP applied (g), and
A is the area treated (=2.25 m?).

Unionid Mussel Survival

Each unionid mussels was assessed for survival 18-20 days after SDP exposure. Survival was
defined as foot or valve movement in response to tactile stimuli or resistance to valve pressure by
adductor muscle contraction. Unrecovered unionid mussels were treated as mortalities within the data
analysis.

Stock-Solution Preparation and Dosing

A separate SDP stock solution was prepared and immediately applied to each test enclosure. The
appropriate amount of SDP required to treat each test enclosure (appendix 4, item 4) was added to
approximately 10 liters (L) of unfiltered lake water and mixed. Immediately after mixing, the stock was
poured through a strainer, and clumps of test article were macerated with a pestle and rinsed into the
stock solution with unfiltered lake water, bringing the final stock volume to approximately 15 L.

The prepared stock solution was transported in a 19.4-L screw-top bucket to the assigned test
enclosure. Treatments were individually applied in the following sequence: control, 50-, and 100-mg/L
SDP. The 50- and 100-mg/L SDP treatments were applied by adding the stock solution to four areas of
the test enclosure. The water and stock solution within the test enclosure was then mixed by using a boat
paddle. The control treatments involved the same application technique used for the SDP-treated
groups, except that untreated Lake Darling water was applied in place of SDP stock solution.

Test Enclosure Water Sample Collection

Water samples were collected by submersing a 1-L screw-top container below the surface of
each test enclosure. The water samples were used to verify exposure concentration and to measure
water-quality parameters (that is, hardness, alkalinity, conductivity, dissolved oxygen, temperature, pH,
and ammonia).

Concentration Verification

Exposure water SDP concentrations were determined at 1, 4, and 8 hours by comparing surface
water samples collected from each test enclosure to a linear regression curve created from known
concentrations (25, 50, 100 and 200 mg/L) and absorbance of the test article. Sample absorbance was
measured on a Barnstead-Turner SP-830 Plus (model SM110215) spectrophotometer at 660 nanometers
(nm). Linear regression equations were fit by using the SAS® software Proc Reg procedure (SAS®



version 9.3; SAS Institute Inc., Cary, North Carolina), and the exposure sample concentrations were
predicted from the regression analysis (appendix 7, items 2 and 3).

Water Chemistry

Hardness, alkalinity, and conductivity were measured in surface water samples collected from
each test enclosure before administering the test article. Dissolved oxygen, pH, and temperature were
measured in surface water samples collected from each test enclosure prior to exposure as well as 4 and
8 hours after exposure initiation. Immediately before exposure period termination, water samples were
collected, filtered (0.45 micrometer [um]), acidified with 10 percent sulfuric acid to < pH 2.5, and
stored at approximately 4 degrees Celsius (°C) until analyzed for total ammonia nitrogen (TAN) content
by using the automated phenate method (Standard Method 4500G; American Public Health Association
and others, 2012). The un-ionized ammonia fractions were calculated by using the sample pH and
temperatures measured at the time of sample collection according to the formula identified by Emerson
and others (1975). Temperature loggers (Onset, Bourne, Massachusetts, HOBO® Pendent
Temperature/Light Data Logger) were attached to the retention barriers and used to measure water
temperature every 3 hours during the postexposure period. Dissolved oxygen, pH, and temperature of
the lake water were measured daily during the assessment period (18-20 days postexposure) near the
retention barriers.

Data Analysis

Water chemistry data analyses were limited to simple descriptive statistics; comparative
statistics were not generated. Statistical comparisons of zebra mussel density, zebra mussel length, and
unionid mussel survival were performed by using SAS® software version 9.3 (SAS Institute, Inc., Cary,
N.C.). Significance for all analyses was declared at p < 0.05. Exposure concentrations were determined
by using SAS® software version 9.3.

Reduction of Adhering Zebra Mussels

A general linear model created with the SAS® software Proc GLM procedure was used to
analyze the number of zebra mussels adhering to unionid mussels before and after exposure
(appendix 10, item 5). The mean number of zebra mussels adhering to unionid mussels in each
treatment group before and after exposure was modeled with the “no intercept” and “solution” options
specified. The assumptions of normal distribution and homogeneity of variance were assessed by using
the univariate procedure with the “normal” option specified and the Bartlett’s test. The mean number of
zebra mussels adhering to unionid mussels of each treatment group (before and after exposure) was
individually compared to the number of zebra mussels adhering to unionid mussels of the untreated
control group by using a two-sided means comparison test.

By using the procedures previously described (SAS® software Proc GLM; appendix 10, item 8),
the mean length of zebra mussels removed from unionid mussels collected from each treatment replicate
before (Group 1) and after (Group 2) SDP exposure was analyzed to determine whether a correlation
existed between zebra mussel length and zebra mussel survival within each treatment assignment. The
analysis of test animal length was limited to adhering live zebra mussels because dead zebra mussel
shells could not be retained.



Unionid Mussel Survival

A generalized linear mixed model (SAS® software Proc GLIMMIX) was used to analyze the
survival of unionid mussels in each treatment (appendix 10, item 2). The proportion of mortalities
(number of dead unionid mussels compared to the total number unionid mussels) was modeled with a
binomial distribution and a logit link function. A scale parameter was added to the model using the
“random_residual” statement. Unionid mussel survival of each treatment group was individually
compared to the survival in the untreated control group by using a two-sided means comparison test
with a Tukey post hoc adjustment.

Exposure Concentration

The mean exposure concentrations were determined for individual test enclosures, for each
sampling time, and for each treatment group using the SAS® software Proc Means statement (appendix
7, item 3).

Results

Adverse Events

There were no observable adverse effects observed in the unionid mussels or zebra mussels
within the test enclosures. There was a significant algal bloom within Lake Darling (dominated by
Mougeotia and Spirogyra species) during the postexposure period. The study was terminated
approximately 10 days earlier than planned because of concerns that the algae bloom may impact native
or zebra mussel survival (appendix 2, items 1 and 6).

Reduction of Adhering Zebra Mussels

Statistical analysis output can be found in appendix 10 (item 4), and the data summary can be
found in appendix 8 (item 1). The number of zebra mussels adhering to unionid mussels before and after
treatment is summarized in table 2. No difference (p > 0.74) was detected in the number of zebra
mussels adhering to unionid mussels in each treatment group prior to exposure. The observed percent
body weight burden of adhering zebra mussels from each treatment group ranged from 125.9 to 130.0
percent of unionid mussel body weight. The mean number of adhering zebra mussels before and after
exposure differed in the 50- and 100-mg/L treatment groups (160 versus 74 [p < 0.01] and 180 versus
59 [p < 0.01], respectively). The number of adhering zebra mussels was reduced on average by 53 and
68 percent in the 50- and 100-mg/L treatment groups, respectively. The number of adhering zebra
mussels did not differ (p = 0.79) between the 50- and 100-mg/L treatment groups after exposure. When
standardized to the amount of SDP applied per square meter, the 50-mg/L treatment was more efficient
than the 100-mg/L treatment at reducing the number of adhering zebra mussels (0.44 percent reduction
per gram applied versus 0.28 percent reduction per gram applied, respectively).

Statistical analysis output can be found in appendix 10 (item 7), and the data summaries can be
found in appendix 5 (items 6-7). Mean length of adhering zebra mussels is summarized in table 3. Mean
length did not differ (p > 0.89), indicating that zebra mussel length was not a predictor of mortality.
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Table 2. Mean (standard deviation) number of adhering zebra mussels per unionid mussel before and after
exposure, percent change of zebra mussel reduction, zebra mussel burden (as percent unionid body weight), and

spray dried powder (SDP) reduction coefficient for number of adhering zebra mussels for each treatment group.
[mg/L, milligrams per liter; ZM, zebra mussel; SDP, spray dried powder; NA, not applicable. Means with the same letter are
not significantly different (p > 0.05).]

Zebra mussels per unionid mussel

Treatment group SDP reduction coefficient?

ati ZM burden?
(mglL) Preexposure  Postexposure Colonééztrlg:n%hange (percent)
Control (0) 165 (15)  179°(9) 9(9) 130.0 (44) NA
50 160° (11) 74° (9) 53 (8) 1&22) 0.441 (0.043)
100 180° (13) 59° (23) -68 (10) 1&1% 0.276 (0.033)

Expressed as a percentage of unionid mussel body weight.
“Expressed as percent reduction in the number of adhering zebra mussels per gram of SDP applied.

Table 3. Mean (standard deviation; number measured) length of adhering zebra mussels (live) by treatment
group.

[mg/L, milligrams per liter; mm, millimeters. Means with the same letter are not significantly different (p > 0.05)]

Length (mm)
Treatment group (mg/L)
Preexposure Postexposure
Control (0) 12.0%(0.1; 1,453) 11.2%(2.3; 1,366)
50 12.1%(0.5; 1,266) 11.8%(0.5; 590)
100 11.2% (0.4; 1,359) 12.0%(0.5; 584)

Unionid Mussel Survival

Statistical analysis output can be found in appendix 10 (item 1), and the data summary can be
found in appendix 9 (item 1). Survival of unionid mussels is summarized in table 4. Treatment did not
significantly affect Group 1 mussel survival (p > 0.05) but did significantly affect Group 2 mussel
survival (p < 0.01) and Group 1 and Group 2 combined mussel survival (p < 0.01). No difference
(p > 0.23) was detected in survival between the Group 2 control group and the 50- or 100-mg/L
treatment groups. A difference (p = 0.03) was detected in the mean survival between the 50- and the
100-mg/L treatment groups (96.8 and 85.1 percent, respectively), however, the biological significance
of the difference is indeterminate. The log odds of unionid mussel survival in the 100-mg/L treatment
was 0.290 times the odds of survival of unionid mussels assigned to the 50-mg/L treatment.
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Table 4. Mean (standard deviation) percent

survival of Group 1 and 2 unionid mussels.
[mg/L, milligrams per liter. Means within columns with
the same letter are not significantly different (p > 0.05)]

Survival (percent)
Treatment group (mg/L)

Group 1 Group 2
Control (0) 100.0% (0.0) 89.4% (6.9)
50 100.0% (0.0) 96.8(3.9)
100 80.0% (20.0) 85.1° (13.8)

Dose Verification

The linear regression, exposure concentrations, and data summary can be found in appendix 7
(items 1-2). Exposure concentrations for each treatment group are summarized in table 5. The measured
exposure concentrations were lower than the target concentration. The mean SDP exposure
concentrations measured throughout the exposure period were 35.3 + 3.3 mg/L and 74.2 £ 3.4 mg/L for
the 50- and 100-mg/L treatment groups, respectively.

Table 5.  Mean (standard deviation) spray dried powder
exposure concentration in surface water samples collected from

test enclosures during the exposure period.
[mg/L, milligrams per liter; ND, not detectable/below detection limit]

Time (hours)
Treatment group (mg/L)

4 8
Control (0) ND ND ND
50 386(1.7) 355(27)  31.9(1.0)
100 76.9(1.3)  755(24)  70.3(L.3)

Water Chemistry

The water-chemistry data summaries are presented in appendix 6 (items 1-5). Water-chemistry
parameters (dissolved oxygen, pH, and temperature) in the test enclosures are summarized in table 6.
Dissolved oxygen concentration remained above the minimum level recommended (4 mg/L) in the
ASTM International guide for conducting laboratory tests with freshwater mussels (ASTM
International, 2013). Hardness, alkalinity, conductivity, and ammonia are summarized in table 7. The
alkalinity ranged from 174 to 176 mg/L as calcium carbonate (CaCOj3), hardness from 189 to 193 mg/L
as CaCOg, and conductivity from 322 to 324 microsiemens per centimeter (uS/cm) (automatic
temperature corrected to 25 °C); un-ionized ammonia was < 0.01 mg/L. Data collected by the
temperature data loggers during the postexposure period indicated a water temperature range of 22.3 °C
to 23.9 °C. Mean (standard deviation [SD]) water-chemistry parameters measured 18-20 days
postexposure were dissolved oxygen, 8.60 mg/L (0.40); temperature, 21.9 °C (0.3); and pH range, 8.54—
8.63.
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Table 6. Mean (standard deviation) water chemistry (dissolved
oxygen, temperature) and pH range of surface water samples collected

from each treatment group during the study period.
[mg/L, milligrams per liter; °C; degrees Celsius]

Sample time pH Dissolved oxygen (mg/L) Temperature (°C)
Control (0 mg/L)

Preexposure 8.45-8.58 7.03(0.12) 20.6 (0.5)

4 hours 8.45-8.50 6.49 (0.12) 22.9(0.2)

8 hours 8.40-8.49 6.36 (0.39) 23.0 (0.0)
50 mg/L

Preexposure 8.47 — 8.56 7.22 (0.48) 20.4 (0.2)

4 hours 8.35-8.38 5.95 (0.17) 23.1(0.1)

8 hours 8.25-8.36 5.63 (0.06) 23.1(0.1)
100 mg/L

Preexposure 8.53 -8.56 6.86 (0.24) 19.6 (0.6)

4 hours 8.16 — 8.28 5.85 (0.19) 23.0(0.2)

8 hours 8.18-8.23 5.36 (0.17) 23.1(0.2)

Table 7. Mean (standard deviation) alkalinity, hardness, conductivity, and ammonia content of surface water

samples collected from each treatment group during the study period.
[mg/L, milligrams per liter; uS/cm, microsiemens per centimeter; TAN, total ammonia nitrogen; mg NHs-N/L, milligrams un-
ionized ammonia nitrogen per liter; NH3, un-ionized ammonia; <, less-than; CaCOs, calcium carbonate; °C, degrees Celsius]

Preexposure Exposure termination
Treatment group _ _
(mg/L) Alkalinity Hardness Conductivity TAN (mg NHs- NHs (mg/L)
(mg/L)t (mg/L)t (LS/cm)? NIL) 3{mg
Control (0) 175 (0) 189 (1) 323 (5) 0.04 (0.02) <0.01 (<0.01)
50 174 (2) 190 (2) 322 (3) 0.10 (0.02) <0.01 (<0.01)
100 176 (3) 193 (4) 324 (4) 0.13(0.01) 0.01 (<0.01)

'Reported as milligrams per liter CaCOs.
*Temperature compensated to 25 °C.

Conclusions

The application of a single dose of spray dried powder (SDP) formulation of Pseudomonas
fluorescens (strain CL145A, 50 or 100 milligrams per liter [mg/L]) for 8 hours to open-water test
enclosures significantly reduced the number of zebra mussels adhering to unionid mussels. The number
of adhering zebra mussels after exposure did not differ (p = 0.79) between the 50-mg/L and the
100-mg/L treatment groups. When standardized to the amount of SDP applied, the 50-mg/L treatment
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was more efficient than the 100-mg/L treatment at reducing the number of zebra mussels adhering to
zebra mussels (0.44 percent reduction per gram of SDP applied versus 0.28 percent reduction per gram
of SDP applied, respectively). Multiple 50-mg/L applications may be more efficient at reducing zebra
mussels than a single 100-mg/L application of SDP. The use of a subsurface injection application
technique to deliver SDP only to the benthic zone may further reduce the amount required to achieve
control. Treatment success was not dependent upon zebra mussel length (p > 0.89). No difference was
detected in unionid mussel survival between the treated and control groups. A difference (p = 0.03; OR
=0.290) in unionid mussel survival was detected between the Group 2 50-mg/L and Group 2 100-mg/L
treatment groups. Though statistically different, the biological significance of the slight difference in
observed mortality between the treatment groups is indeterminate. Unionid mussel mortality may have
been related to poor initial condition, as indicated by the high initial burden of adhering zebra mussels
(> 125 percent of unionid mussel body weight).
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Appendix 1. Study Protocol With Data Forms

item Number  Report
Item description of Page
number
pages  number
Protocol: “Efficacy of Pseudomonas fluorescens (Pf-CL145A) SDP for controlling
1 A " 32 17
zebra mussels within field enclosures

2 Note to File 1: Foot biopsy collection and resulting data use 1 49

3 Test Chemical Stock Preparation 1 50

4 Mussel Species Identification 9 51

5 Mussel Distribution Data 1 60

6 Water Quality 1 61

7 Alkalinity 1 62

8 Conductivity and Hardness 1 63

9 HOBO Data 1 64
10 Spectrophotometric Data 2 65
11 Initial Assessment of Native and Zebra Mussels 1 67
12 Mussel Initial Assessment 1 68
13 Mussel Weight and Length Assessment 1 69
14 Mussel Survival Assessment 1 70
15 Mussel Final Survival Assessment 1 71
16 Zebra Mussel Lengths 1 72
17 Assessment Zebra Mussel Lengths 1 73
18 Mussel Volume Displacement Assessment — Not Used in Study 1 74
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1. INTRODUCTION:

Native freshwater mussel populations of North America were historically considered the most
diverse in the world with about 297 recognized taxa consisting of 281 species and 16
subspecies (Williams et al., 1993). Mussels are largely sedentary in nature, relying on
movement of host fish during glochidial attachment as means of transport. They are thus
particularly vulnerable to a variety of anthropogenic influences including habitat degradation and
alteration, pollution and overharvest. A Nature Conservancy survey (Master, 1990) found 55%
of North America’s mussels as extinct or imperiled compared to 7% of terrestrial species, even
though terrestrial species traditionally receive far greater attention. Projections in 1999 (Ricciadi
and Rasmussen, 1999) suggested that at least 127 imperiled mussel species will be lost in the
next 100 years — a conservative extinction rate of 6.4% per decade given it did not take into
account extirpations caused by invasive dreissenid mussels (zebra mussel Dreissena
polymorpha and quaqga mussel D, bugensis).

Concerns for native mussels in the Southeast are potentially even greater given that only 25%
of the 269 species historically present are reported as stable compared to the 13% presumed
extinct and the 28, 14 and 18% listed, respectively, as endangered, threatened or of special
concern. (Neves et al., 1997)

Many unionid mussels in North America were imperiled prior to epizoic colonization by zebra
and gquagga mussels though the introduction of dreissenid mussels have dramatically
heightened concerns for the continued survival of native mussels. Zebra mussels were reported
to be responsible for the extirpation of unionids from waters in Europe as early as 1937
(Sebestyen, 1937). Severe declines in unionid abundance in Europe (Karatayev and Burlakova,
1995; Burlakova, 1998) and North America (Haag et al., 1993; Nalepa, 1994; Ricciardi et al.,
1996) have since been well documented in the literature.

The 1973 Endangered Species Act (ESA) brought forth the need to recognize, protect and
recover rare mussels in the United States. The United States Fish and Wildlife Service
(USFWS) develops recovery plans for threatened and endangered species which utilize a range
of tools to promote recovery of the species including restoring and acquiring critical habitat,
removing introduced or invasive species and captive propagation and release into historic
ranges.

Biologists at the New York State Museum (NYSM) Field Research Laboratory have been
researching dreissenid mussel control technigues since 1991. They discovered that cell
components of a strain of common bacterium isolated from soils (Pseudomonas fluorescens [Pf-
CL145A]) are capable of causing mortality when ingested by dreissenid mussels by degrading
the epithelial cells lining the dreissenid digestive system. The NYSM also demonstrated that that
efficacy for P~CL145A to induce dreissenid mussel mortality was retained when using dead vs.
live cells.

Page 4 of 32

20



STUDY NO. AEH-13-PSEUDO-05 PRINT DATE JULY 19, 2013

Marrone Bio Innovations (MBI; Davis, CA) has developed a dead cell, spray dried formulation
(SDP) of this bacterium called Zequanox®. Zequanox® is currently registered with the USEPA
for use within closed systems such as power generating plant cooling systems. The NYSM,
USFWS (Genoa NFH) and United States Geological Survey (USGS) Upper Midwest
Environmental Sciences Center (UMESC) were awarded a grant from the US Environmental
Protection Agency Great Lakes Restoration Initiative entitled "Safe Dreissena Control: Promise
for Unionid Restoration". The goal of this grant is to determine the suitability of this product for
limited open water zebra mussel control applications including treatment of native mussel
propagation cages or native mussel beds. Reference to any specific commercial products,
process, or service by trade name, trademark, manufacturer, or otherwise, does not constitute
or imply its endorsement, recommendation, or favoring by the United States government.
Throughout the remainder of this document the formulated P-CL145A product (Zequanox®) will
be referred to as sprayed dried powder (SDP).

Naturally occurring surface waters may be unigque in their chemical and biological properties
which may affect the efficacy of applied control agents such as SDP. The research to he
completed according to this protocol will assess the efficacy as well as the non-target unionid
mussel safety of SDP treatments for controlling settled zebra mussels (D. polymorpha) in open
water enclosures.

2. PROTOCOL OBJECTIVE:

To assess the efficacy and non-target unionid mussel safety of two exposure concentrations of
SDP for controlling settled zebra mussels in open water enclosures.

3. STUDY SCHEDULE:

3.1 Proposed initiation: July 2013
3.2 Schedule of events: A proposed schedule of events is provided in Table 1.
3.3 Proposed completion date: March 2014

Table 1. Proposed Schedule of Events

Date Activity
July 2013 SDP field exposures
August 2013 Efficacy/safety assessment
March 2014 final report submission

4. STUDY DESIGN:

4.1 General Description:
Native mussels with attached zebra mussels will be collected from Lake Darling, MN
individually tagged and assessed for zebra mussel colonization. The mussels will then
be placed into retention barriers situated in areas within the lake that will be enclosed
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(enclosure area) by an impermeable membrane barrier (enclosures) during a SDP
treatment period (exposure period). One of three SDPtreatment levels (untreated
control, 50 mg/L A.l. and 100 mg/L A.l) will be applied to each enclosure for an 8-h
exposure period. After the exposure period the enclosures will be removed.
Approximately 30-d after exposure, the native mussels will be assessed for survival and
zebra mussel colonization.

Experimental Design:

Major study activities are summarized in Figure 1. Approximate locations for the nine
enclosure areas were previously identified in Lake Darling, WI. Final enclosure area
selection will be completed upon arrival at the test location. The enclosure areas will be
<2 m deep and will have sandy to a sandy/silt substrate, be similar in substrate
composition and be spatially separated as far as feasibly possible within approximately
50 m of shoreline. Each enclosure area selected will be marked with a numbered buoy
and a perforated metal retention barrier (1-m?) will be installed at each location to
contain the test animals for the duration of the study. The 35-cm high retention barrier
will be driven into the lake bed approximately 10 cm and the coordinates of each barrier
will be determined using a GPS.

Native mussels with attached zebra mussels will be collected from Lake Darling, MN by
wading or SCUBA. A minimum of 8 mussels and up to 25 mussels of each species will
be placed in each enclosure for a total of 72 to 225 mussels per species (8 mussels x 9
enclosures = 72; 25 mussels x 9 enclosures = 225). If a single species of native
mussels is collected, 25 mussels will be placed in each enclosure, if available. If two
species of native mussels are collected, 15 mussels of each species will be placed in
each enclosure, if available. If multiple species are used, they will be distributed to the
enclosure areas in balanced numbers (i.e. 15 of each species) or equal ratios (i.e. 10
mussels of species X; 15 mussels of species Y, etc.) as determined by the number of
animals collected. The exact number of animals collected and distributed to the
enclosure areas will be documented in the study records. Native mussels will be
consolidated in large coolers with frequent (< 1 h) water exchanges until distributed to
the enclosures. Prior to distribution, individual mussels will be tagged with a Hallprint tag,
photographed on each side, weighed and their water displacement measured to assist in
individual tracking and estimating pre-treatment zebra mussel colonization.

Initial zebra mussel colonization on native mussels will be determined prior to treatment
on 3 to 5 mussels per species selected at random from each enclosure. Individual
native mussel weight and water displacement will be measured pre- and post-zebra
mussel removal on the native mussels selected for initial zebra mussel colonization
determination and the zebra mussels removed from each individual mussel will be
enumerated. Estimates of initial zebra mussel colonization for the remaining native
mussels will be completed by comparison to data collected from the initial colonization
determinations (using individual weight and water displacement data collected prior to
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treatment and at the termination of the study). Exact measures used to assess pre-
treatment zebra mussels colonization will be documented in the study records.

If a single species of native mussels are collected, up to 25 mussels (if available) will be
randomly distributed to each enclosure area in groups of 5 mussels in five distributions
rounds (ie: 5 mussels placed in a bucket and transferred to a randomly selected
enclosure area). If multiple species of native mussels are collected, equal ratios of
mussels will be equally distributed to each enclosure area in multiple distribution rounds
with up to 5 mussels of each species per round. The exact procedures used to distribute
the mussels will be recorded in the study records.

Figure 1. Flow chart of major study activities

Identify enclosure areas, place retention barriers and determine location cooridinates.

-
Collect and randomly distribute native mussels with attached zebra mussels. Native mussels
will be individually tagged or marked with a dremel tool. If possible, the number of zebra

mussel on each native mussel will be enumerated. Photographic records, wet weight and
water displacement will be recorded for each mussel before placement in an enclosure.

[ Impermeable containment membranes are placed around each retention barrier. SDP
exposures (8-h duration, static) are initated 12-24 h after native mussel placement in
retention barriers. Treatment (control, 50 or 100 mg Al/L) will be randomly assigned to 3
replicate enclosures. Containment membranes are removed at the conclusion of the
exposure period

Native mussels will be assessed for zebra mussel colonization, wet weight, displacement and
survival at 3-4 weeks post exposure then returned to their approximate collection location.
Decontaminated all equipment prior to removal from the test site

Decontaminated all equipment prior to removal from the test site

Enclosures containing native mussels with attached zebra mussels will be assigned to
one of three treatments, a non-exposed control, a 50 mg/L A_l/L treatment and a 100
mg/L A.l/L treatment. There will be 3 replicates per treatment level and enclosures will
be assigned a treatment according to a completely randomized assignment scheme. An
exposure duration of 8 hours will be assigned for all treatment groups. The treatment
exposure period will be initiated by the addition of an appropriate amount of SDP stock
solution. The treatment concentration will be verified by comparison to a standard curve
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prepared from a known mass of SDP. Exposures will be terminated 8-h after treatment
application by removal of the enclosure membranes.

Approximately 30 days following treatment, the native mussels will be assessed for
survival and for zebra mussel colonization by the measuring individual weight and water
displacement pre- and post-zebra mussel removal. All zebra mussels removed will be
preserved for enumeration to determine the number zebra mussels attached to each
native mussel. Native mussel survival and the change in weight and water displacement
along with the number of zebra mussels removed from each mussel will be compared
between treatment groups to determine treatment related effects.

After assessment, all native mussels will be returned to their approximate collection
location.

5. STUDY PROCEDURES

5.1 Test Animals
5.1.1 Description:
5.1.1.1 Age — Native mussels > 2 yrs
Zebra Mussels < 2yrs
5.1.1.2 Sex - Test animals will be used without regard to sex.
51.1.3  Species — Fatmucket, (Lampsilis siliquoidea); Fragile Papershell
(Leptodea fragilis); Giant floater, (Pyganodon grandis); zebra mussel,
(Dreissena polymorpha) The exact native unionid species will be
determined at the time of collection. If multiple species are used, native
species will be equally distributed in equal ratios to the treatment
enclosures. During the final assessment, the mussels will be cleaned of
any remaining zebra mussels and photographed for identification
confirmation by an experienced USGS, USFWS or DNR malacologist.
5.1.2 Number of animals: No more than 360 native mussels will be used and no more
than 225 of a single species will be used. This number is consistent with the
objective of the study and contemporary scientific standards. Approximately
9,000 to 36,000 zebra mussels will be used (360 native mussels X 25-100
attached zebra mussels on each native = 9,000-36,000).
5.1.3 Source of animals: Animals will be collected from Lake Darling, Douglas County,
MN.
5.1.4 Inclusion criterion: Native mussels with 2 25 attached zebra mussels.
5.1.5 Acclimation: Mussels will be held in the assigned retention barrier 212 h prior to
exposure initiation.
5.1.6 Distribution to enclosure area: Up to 25 mussels will be distributed to each
enclosure area according to a predetermined randomization scheme. Five
mussels will be placed in each enclosure replicate in each distribution round.
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5.2

51.7

Feeding: Mussels (hative and zebra mussels) will have access to natural food in
the water column supplemental feeds will not be provided.

Water Chemistry

5.21

522

523

524

525

526

5.2.7

Dissolved oxygen: Dissolved oxygen will be measured (UMESC SOP AEH 394
or equivalent) and recorded in each enclosure replicate during the acclimation
and exposure periods. Dissolved oxygen will be measured and recorded at least
once during the pre-exposure period and at least twice during the exposure
period with the last measurement observed = 30 minutes prior to exposure
termination. The location of the measurements will be documented in the study
records.

Temperature: Temperature will be monitored throughout the pre-exposure,
exposure and post-exposure periods using submersible HOBO® data loggers
placed in each enclosure. Additionally, temperature will be measured and
recorded at least twice during the exposure period with the last measurement
observed < 30 minutes prior to exposure termination using a handheld digital
thermometer. The location of the measurements will be documented in the study
records.

pH: pH will be measured (UMESC SOP AEH 335 or equivalent) and recorded in
each enclosure replicate during the pre-exposure and exposure periods. pH will
be measured and recorded at least once during the pre-exposure period and at
least twice during the exposure with the last measurement observed < 30
minutes prior to exposure termination. The location of the measurements will be
documented in the study records.

Hardness: Hardness will be measured (UMESC SOP AEH 712) and recorded
prior to exposure initiation.

Alkalinity: Alkalinity will be measured (UMESC SOP AEH 706) and recorded prior
to exposure initiation.

Conductivity: Conductivity will be measured (UMESC SOP AEH 188 or
equivalent) and recorded prior to exposure initiation.

Ammonia: Samples for total ammeonia-nitrogen will be collected in 50-mL
centrifuge tubes from the surface of each enclosure at the termination of the
exposure period for each exposure replicate. Ammonia samples will be filtered
through a 0.45-um syringe filter, acidified (~pH 2.5) with sulfuric acid and then
stored at ~4°C until analyzed by the UMESC Long Term Resources Monitoring
(LTRM) Water Quality Laboratory using the automated phenate method.

5.3 Disposal: All live native mussels at the end of the post-exposure observation period will be
euthanized by MS-222 overdose and disposed of as required by MN-DNR permit.

5.4 Study facilities:
5.4.1 Test Facility
U.S. Geological Survey, Upper Midwest Environmental Sciences Center
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2630 Fanta Reed Rd
La Crosse, Wisconsin 54603
5.4.1.1 Test location: Lake Darling, Douglas County, MN

541.2

5413
5.41.4

5415

5.41.6

5417

Exposure system: The test system consists of nine replicate 1.5 m? enclosures
positioned in <2 m of water. The enclosures will be spatially placed are far as
feasibly possible along ~ 50m of shoreline to reduce cross contamination. Each
enclosure area location will have similar substrate and water depth. Each
enclosure area will be uniquely identified and coding procedures and the
treatment assignment will be documented in the study records.

Aeration: Supplemental aeration will not be provided.

Test Water: Exposures will be conducted using natural lake water. Exposures
will be conducted within an impermeable membrane suspended around the
mussel retention barrier.

Treated water discharge: The SDP will be immediately mixed with raw lake
water at the termination of the exposure period when the impermeable
membranes are withdrawn. The SDP concentrations are expected to rapidly
decrease during mixing with the lake water.

Lighting: Native mussels will be exposed to a natural photoperiod with no
manipulation of the photoperiod.

Permits: This study has been verified exempt and does not require an EPA or
State of Minnesota Experimental Use Permit.

5.5 Observations:

5.5.1 Mortality: Mussels that are gapping and do not respond to tactile stimuli by shell
closure will be coded as a mortality.

56 Exposure administration:

5.6.1 Treatment: There will be three treatment groups: 0 [control], 50 or 100 mg/L A.l. A
single exposure duration (8-h) will be applied. Each treatment group will have three
replicate enclosures.

5.6.2 Route of administration: Exposure will be initiated by addition of an appropriate
amount of SDP stock solution followed by a gently mixing to uniformly distribute the
SDP.

5.6.3 Concentration verification: Concentration will be determined spectrophotometrically.
A standard curve will be prepared using a known mass of SDP. The absorbance of
exposure solutions will be compared to the standard curve to determine the exposure
concentration. Absorbance will be determined using a Barnstead/Thermolyne
Corporation Model Turner SP-830 Plus Beckman spectrophotometer (UMESC SOP
AEH 302) or equivalent.

6. DATA ANALYSIS

6.1 Experimental unit: The experimental unit will be the enclosure.
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6.2 Number of exposures and replicates: There will be a total of 3 treatment levels (0O
[control], 50 and 100 mg SDFP/L) and 1 treatment duration (8-h). There will be a total of 3
enclosures for each treatment level which will serve as the replicates. All treatment
levels and replicates will be run concurrently.

6.3 Statistical methodology:

Post treatment zebra mussel density associations with treatments types will be analyzed
using a count model that addresses nesting of density data within enclosures. Pairwise
comparison tests will be completed to compare each treatment group to the control
group. Count models will be fitted using a log link and SAS® generalized linear mixed
modeling procedure (PROC GLIMMIX; SAS® 9.3).

Native Mussel survival data will be analyzed using a binary assumption that addresses
nesting of the enclosures. Models will be fitted using SAS™ generalized linear mixed
modeling procedure (PROC GLIMMIX; SAS® 9.3). Pairwise comparison tests will be
completed to compare each treatment group to the control group.
Change in weight and displacement pre- and post-treatment with treatment types will be
analyzed using pairwise comparison tests to compare each treatment group to the
control group. Models will be fitted using SAS™ generalized linear mixed modeling
procedure (PROC GLIMMIX; SAS® 9.3).

6.4 Statistical significance: Statistical significance will be declared at p < 0.05.

6.5 Other data analyses: Statistical methods for other study data collected will include
calculation of means, standard deviations and coefficients of variation. The statistical
procedures used will be described in detail in the final study report.

7. PERSONNEL

7.1 Study Director: James A. Luoma, B.A.

7.1.1 Address: Upper Midwest Environmental Sciences Center, US Geological Survey,
2630 Fanta Reed Rd., La Crosse, Wisconsin 54603

7.1.2 Contact: Tel: (608) 781-6391, Fax: (608) 783-6066; jluoma@usgs.gov
7.1.3 Training and experience: CV on file at UMESC.

7.2 Other personnel involved in study: Technical staff involved in the study will be identified
in the study raw data to include study function. UMESC technical staff training and
experience will be documented in CVs included in the study raw data.

8. DISPOSITION/STORAGE

8.1 Study Records: All data generated in the study will be recorded in bound laboratory
notebooks, electronic files or kept in file folders. All data sheets, file folders, laboratory
notebooks and computer disks will be encoded with the study number when the data
are generated. Raw data, laboratory notebooks and electronic files (including a CD-
ROM containing the annotated SAS program used for the statistical analysis, the data

Page 11 of 32

27



STUDY NO. AEH-13-PSEUDO-05 PRINT DATE JULY 19, 2013

files, SAS log and SAS output files) generated by UMESC and contract laboratory
reports will be filed in the UMESC archives (SOP No. GEN 007) of the Upper Midwest
Environmental Sciences Center, La Crosse Wisconsin, before the final report is signed
by the Study Director. The final report will then be signed and archived.

9. AMENDMENT/DEVIATIONS TO THE PROTOCOL

9.1 Protocol amendments: A sighed copy of the Study Protocol will be retained on-site.
Proposed amendments to the protocol shall be brought to the attention of UMESC
Management. When the Study Director and Management agree verbally, the study
can proceed with the change. As soon as possible, the Study Director will then
prepare a written protocol amendment that is signed by the Study Director and
Branch Chief. The amendment then becomes an official part of the protocol.

9.2 Protocol deviations: All deviations from this approved protocol will be documented and
reviewed by the Study Director. The Study Director will make a judgment on the
impact of the deviations. The Study Director will notify Management, as soon as
possible, of any deviations to the protocol, including their impact on the study.

10. INVESTIGATIONAL TEST ARTICLE

10.1 Test Substance(s): Pseudomonas fluorescens (Pf-CL145A) SDP formulation

10.1.1 Chemical name: Pseudomonas fluorescens (PfFCL145A)

10.1.2 Trade name: Zequanox

10.1.3 Active ingredients: Pseudomonas fluorescens (Pf~CL145A), 50% active

ingredient (A.l.) by weight.

10.1.4 Source: Marrone Bio Innovations (MBI); Davis, CA

10.1.5 Lot number: Lot number(s) will be included in the test chemical log books, lab
notebook, and study files.

10.1.6 Expiration date: As determined by the manufacturer. An aliquot of each lot
tested will be returned to the NYSM or MBI at the conclusion of exposures for
post-exposure zebra mussel bioassay tests (the standard testing protocol to
assess Pseudomonas fluorescens [PFCL145A] formulation activity). Results of
these confirmation bicassays will be used to validate the retention of activity of
the Pseudomonas fluorescens (P~-CL145A) SDP and will be included in the
study files when available.

10.1.7 Storage during study: The test chemical will be stored refrigerated. Test
material will be transported in a cooler with ice packs to maintain proper storage
temperature (4-10 °C)

10.1.8 Safety: A NIOSH approved respirator will be used when preparing stock

solutions to avoid inhalation. Protective eyewear, gloves and lab coats will be
worn at all times when working with the test substance.

Page 12 of 32

28



STUDY NO. AEH-13-PSEUDO-05 PRINT DATE JULY 19, 2013

11. ADVERSE EVENTS: Any adverse event will be recorded in the study logbook and the
Study Director will be notified.

12. BIOSECURITY PROCEDURES: All personnel involved in the study will review the UMESC
biosecurity (UMESC SOP APP 075) and project HACCP plans. Testing will be conducted
in a field setting. All equipment will be thoroughly cleaned and disinfected prior to return to
UMESC. Waste generated will be placed in plastic garbage bags and disposed of in
accordance with local and state regulations. See Appendix 1 for the HACCP plan for this
project.

13. STANDARD OPERATING PROCEDURES

A complete list of the standard operating procedures used in the study will be included in the
study guide. The follow SOP's were cited in this protocol:

UMESC SOP APP 075 — Procedures to Minimize the Risk of Transfer of Pathogens and
Invasive Species

UMESC SOP AEH 188 — Accumet Portable Waterproof Conductivity meter Model #
AP75

UMESC SOP AEH 302 — Instrument Operating Procedure: Barnstead/Thermolyne
Corporation Model: Turner SP-830 Plus Beckman spectrophotometer Serial #
1365070560781

UMESC SOP AEH 335 — Beckman Portable pH/mV Meter, Model 250

UMESC SOP AEH 394 — Y8I Handheld Dissolved Oxygen Meter, Model 55/12FT,
Serials 94C17261 & 97F0837AG

UMESC SOP AEH 706 — Determination of Total Alkalinity by the Titrimetric (pH 4.5)
Method

UMESC SOP AEH 712 — Determination of Total Hardness
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15. APPENDIX.

15.1 Appendix 1. HACCP PLAN for the study Efficacy of Pseudomonas fluorescens (Pf-
CL145A) SDP for controlling zebra mussels within field enclosures

Step 1 — Activity Description

Facility: US Geological Survey-Upper Midwest Environmental Sciences
Center

Site: Various — Keyes Lake, Florence, WI

Site Coordinator: Jim Luoma

Activity: Efficacy of Pseudomonas fiuorescens {Pf-CL145A) SDP for

Site Manager: Mark Gaikowski

controlling zebra mussels within field enclosures

Address: 2630 Fanta Reed Road
La Crosse WI, 54601

Phone: 608-781-6322

Project Description

The objective of this study is to assess the efficacy and non-target native mussel safety of two exposure concentrations of SDP for controlling

settled zebra mussels (D. pelymorpha) in open water enclosures

Step 2 — Potential Hazards: Species which may potentially be moved/introduced

Vertebrates:

Multiple species of freshwater fish, eggs and gametes found in the Great Lakes Basin.

Invertebrates:
Zebra mussel (Dreissenc polymorpha)
Multiple endemic species found in the Great Lakes Basin

Plants:
Multiple endemic species found in the Great Lakes Basin

Other biologicals (disease, pathogen, parasite):

Largemouth Bass Virus

Spring Viremia of Carp Virus

Bluegill Virus

Infectious Pancreatic Necrosis Virus

firal Hemorrhagic Septicemia

Furunculosis Aeromenas saimenicida

Enteric Redmouth Disease Versinia ruckeri

Bacterial Kidney Disease Renibacterium salmoninarum

Other Assorted parasites/pathogens found in the Great Lakes Basin

Other:

NA

Step 3 — How Diagram
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Flow diagram outlining sequential tasks to complete activity/project

| Task 1 [ Encl test sites identified and retention barriers placed in Keyes Lake, WI
| Task 2 | Native mussels with attached zebra mussels are obtained via SCUBA or wading from Keyes Lake, Wi
| Task 3 | Native mussels are place in enclosures and acclimated to test conditions with impermeable barriers lowered
[ Task 4 [ Native mussels are exposed to test article for 8-h
| Task 5 | Impermeable barriers are removed and native mussels left undisturbed for post-exposure holding
| Task 6 | Equipment is decontaminated and returned to UMESC
| Task 7 | Native mussels are removed from enclosures and assessed for zebra mussel colonization and survival
| Task 8 | Mative mussels are cleaned of zebra mussels and returned to the approximate collection location
| Task 9 | All remaining equipment, retention barriers, etc. are decontaminated and returned to UMESC
1 2 3 4 5 6
Tasks Potential hazards Are any potential Justify evaluation for What control Is this task a eritical
{from HACCP 5tep 3 identified in HACCP hazards probable? column 3 measures can be control point?
- Flow Diagram) Step 2 (yes/na) applied te prevent (yes/na)
undesirable results?
Task 1 Vertebrates yes Surface water Assure the thorough no

Enclosure test sites
identified and
retention barriers
placed in Lake
Darling, MN

contains multiple
vertebrate species

decontamination all
equipment with
steam,
chamostarilants, or
other approved
methods prior to
removal from lacation,
unless impractical,
then decantamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted.

Page 16 of 32

32




STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Invertebrates

Surface water
contains multiple
invertebrate species
include AlS

Assure the thorough
decontamination all
equipment with
steam,
chemosterilants, or
other approved
methods prior to
remaoval from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted.

no

Plants

yes

Surface water
contains multiple
plant species
including AlS

Assure the thorough
decontamination all
equipment with
steam,
chemosterilants, or
other approved
methads prior to
remaval from lacation,
unless impractical,
then decantamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted,

no
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Qthers

yes

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment with
steam,
chemosterilants, or
other approved
methods prior to
remaval from lacation,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted. Donot
praceed if any fish
disease outbreak {ie.:
WVHS) is documented in
the waterbody

Task 2

Native mussels with
attached zebra
mussels are obtained
via SCUBA or wading
from Keyes Lake, WI

Vertebrates

Surface water
contains multiple
vartebrate species

Assure the thorough
decoantamination all
equipment including
all potentially
wetted surfaces with
steam,
chemosterilants, or
ather approved
methods prior to
removal from
location, unless
impractical, then
decontamination
shall be done as
soon as possible and
must be done before
equipment is
deployed again.
Inspectall
equipment prior to
set up and repeat
decontamination if
warranted.

no
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Invertebrates

yes

Surface water
contains multiple
invertebrate species
and may include AlS

Assure the thorough
decontamination all
equipment including
all potentially
wetted surfaces with
steam,
chemosterilants, or
other approved
methods prior to
removal from
location, unless
impractical, then
decontamination
shall be done as
soon as possible and
must be done before
equipment is
deployed again.
Inspect all
equipment prior to
set up and repeat
decontamination if

warranted,

no

Plants

yes

Surface water
contains multiple
plant species and
may include AIS

Assure the thorough
decontamination all
equipment including
all potentially
wetted surfaces with
steam,
chemaosterilants, or
ather appraved
metheds prior to
removal from
location, unless
impractical, then
decontamination
shall be done as
soon as possible and
must be done before
equipment is
deployed again.
Inspectall
equipment prior to
set up and repeat
decontamination if
warranted.

no
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STUDY NO. AEH-13-PSEUDO-05 PRINT DATE JULY 19, 2013

Others yes Surface water has Assure the thorough | no

potentialto transfer | decontamination all
fish diseases equipment including
all potentially
wetted surfaces with
steam,
chemosterilants, or
other approved
methods prior to
removal from
location, unless
impractical, then
decontamination
shall be done as
soon as possible and
must be done before
equipment is
deployed again.
Inspect all
equipment prior to
set up and repeat
decontamination if
warranted. Do not
proceed if any fish
disease outbreak
(i.e.: VHS) is
documented in the
waterbody

Task3 Vertebrates yes Surface water contains | Assure the therough na

multiple vertebrate decontamination all

Native mussels are
place in enclosures
and acclimated to test

species

equipment including all
potentially wetted
surfaces with steam,

conditions with chemosterilants, or
impermeable barriers ather approved
lowered methods prior to
removal from lacation,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspect all
equipment prior to set
up and repeat
decontamination if
warranted.
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AlS

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted.

no

Plants

yes

Surface water contains
multiple plant species
and may include AlS

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
ather approved
methods prior to
removal from lacation,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done befere
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted,

no
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Qthers

yes

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted.

no

Task4

Native mussels are
exposed totest article
for 8-h

Vertebrates

Surface water contains
multiple vertebrate
species

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods priorto
remaval from lecation,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repaat
decontamination if
warranted.

No
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AlS

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemesterilants, or
ather approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted.

Neo

Plants

Surface water contains
multiple plant species
and may include Al5

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
ather appraved
methads priar to
removal from location,
unless impractical,
then decantamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted,

No
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Others

yes

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemesterilants, or
ather approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted.

Neo

Task 5

Impermeable barriers
are removed and
native mussels left
undisturbed for post-
exposure holding

Vertebrates

Surface water contains
multiple vertebrate
spaecies

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemesterilants, or
other approved
methads priar to
removal from location,
unless impractical,
then decantamination
shall be done as scon
as possible and must
be dane before
equipment iz deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted.

No
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AlS

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemesterilants, or
ather approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted.

Neo

Plants

Surface water contains
multiple plant species
and may include Al5

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemosterilants, or
ather appraved
methads priar to
removal from location,
unless impractical,
then decantamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted,

No
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Others

yes

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
potentially wetted
surfaces with steam,
chemesterilants, or
ather approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again. Inspectall
equipment prior to set
up and repeat
decontamination if
warranted.

no

Task6

Equipment is
decontaminated and
retumned to UMESC

Vertebrates

Surface water contains
multiple vertabrate
species

Physical removal of all
visible vertebrates.
Assure the tharough
decontamination all
equipment including all
internal and external
patentially wetted
surfaces with steam,
chemosterilants, or
ather approved
metheds prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AIS

Physical removal of all
visible invertebrates,
Assure the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
ather approved
methods prior to
remaval from lecation,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Plants

yes

Surface water contains
multiple plant species
and may include AlS

Physical removal of all
visible plants, Assure
the tharough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

Yes

Others

Surface water has
potential to transfer
fish diseases

Assure the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
ather appraved
methads priar to
removal from location,
unless impractical,
then decantamination
shall be done as soon
as possible and must
be done before
equipment is deployed

again.

Yes

Task 7

Native mussels are
removed from
enclosures and
assessed for zebra
mussel colonization
and survival

Vertebrates

Surface water contains
multiple vertebrate
species

Assure the tharough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methads priar to
removal from location,
unless impractical,
then decantamination
shall be done as soon
as possible and must
be dane before
equipment iz deployed
again.

no
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Invertebrates

yes

Surface water contains
multiple invertebrate
species and may
include AlS

Assure the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
ather approved
methods prior to
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

no

Plants

Surface water contains

Assure the thorough

multiple plant sp
and may include AlS

decor ination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
other approved
methods prior to
removal from location,
unless impractical,
then decantamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

no

Others

Surface water has
potential to transfer
fish diseases

Assure the tharough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or
ather approved
metheds prior te
removal from location,
unless impractical,
then decontamination
shall be done as soon
as possible and must
be done before
equipment is deployed
again.

no
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STUDY NO. AEH-13-PSEUDO-05 PRINT DATE JULY 19, 2013

Tasks Vertebrates yes Surface water Assure the thorough no
contains multiple decontamination all

Native mussels are vertebrate species equipment including all

cleaned of zebra internal and external

mussels and returned potentially wetted

to their approximate surfaces with steam,

place of collection chemosterilants, or other

approved methods prior
to removal from location,
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment is deployed

again.

Invertebrates yes Surface water Assure the thorough no
contains multiple decontamination all
invertebrate equipment including all
species and may internal and external
include AIS potentially wetted

surfaces with steam,
chemaosterilants, or other
approved methods prior
to remaval from location,
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before

equipment is deployed

again.
Plants yes Surface water Assure the therough no
contains multiple decontamination all
plant species and equipment including all
may include AlS internal and external

potentially wetted
surfaces with steam,
chemosterilants, or other
approved methods prior
to removal from location,
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment is deplayed
again.

Page 29 of 32

45




STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

Others

Surface water has
potential to
transfer fish
diseases

Assure the thorough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemaosterilants, or other
approved methods prior
to removal from location,
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment is deployed
again.

no

Task9

All remaining
equipment, retention
barriers, etc, are
decontaminated and
returned to UMESC

Vertebrates

yes

Surface water
contains multiple
vertebrate species

Physical removal of all
visible vertebrates.
Assure the therough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemaosterilants, or other
approved methods prior
to remaval fram lacation
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment is deployed
aga Physical removal of
all visible vertebrates.
Assure the therough
decontamination all
equipment including all
internal and external
potentially wetted
surfaces with steam,
chemosterilants, or other
approved methods prior
to remaval from location
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment is deployed
again.
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STUDY NO. AEH-13-PSEUDO-05 PRINT DATE JULY 19, 2013

Invertebrates yes Surface water Physical removal of all Yes
contains multiple visible invertebrates.
invertebrate Assure the therough
species and may decontamination all
include AlS equipment including all

internal and external
potentially wetted
surfaces with steam,
chemaosterilants, or other
approved methods prior
to removal from location,
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment is deployed

again.
Plants yes Surface water Physical removal of all Yas
contains multiple visible plants, Assure the
plant species and thorough
may include AlIS decontamination all

equipment including all
internal and external
potentially wetted
surfaces with steam,
chemaosterilants, or other
approved methods priar
to remaval fram lacation,
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment is deployed

again.
Others yes Surface water has Assure the thoraugh yes
potential to decantamination all
transfer fish equipment including all
diseases

internal and external
potentially wetted
surfaces with steam,
chemaosterilants, or other
approved methods prior
to remaval fram location,
unless impractical, then
decontamination shall be
done as soon as possible
and must be done before
equipment iz deployed
again.
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STUDY NO. AEH-13-PSEUDO-05

PRINT DATE JULY 19, 2013

HACCP Plan Form
{all CCP's or “yes's” from column & of HACCP Step 4 — Hazard Analysis Worksheet)

Upper Midwest Environmental Sciences Center
Mobile Research Laboratory

Monitoring
Critical Evaluation & Supporting
Cnn‘hol Significant | Limits for each What How Frequency Whe Cafr‘ecﬁw Doumentation

Paint Hazard(s) | Control Measure Action(s)

(ccpy (if needed) (if any)
Tasks 1, 2, Transfer of Transfer of Equipment Mechanical Prior to Supervisor and Records in log
3,678&9 endemic vertebrates, disinfecti leaning/ I| equipment |Technicians/lea staffare books all

and AlIS invertebrates, , pressure arrival, upon d field responsible for | procedures used
including plants and washing, steam | deployment, supervisor methodical for
vertebrates,| pathogens must cleaning, prior to decontamination | decc
invertebrat | notoccur. All chemesterilant maovement using established
es, plants | equipment must or ather from location procedures.
and be theroughly approved orasap Corrective actions
pathogens inspected and methods, required to
disinfected as complete
soon as possible decontamination
and inspected must be
and/or re- performed prior to
decontaminated any equipment
prior to setup at movement from
new lacation. test lacation or as
soon as feasible,
Decontamination
and inspection
must be
completed asap
Facility: Activity:

Efficacy of Pseudomenas fluorescens (Pf~CL145A) SDP for

controlling zebra mussels within field enclosures

Address:
2630 Fanta Reed Road, La Crosse, W1 54601

Signature:

HACCP Plan was followed.

Date:
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Uniled States Department of the Interior

U.8. GEOLOGICAL SURVLEY
Upper Midwest Environmental Seiences Center
2630 Fanta Reed Road
Ia Crosse, Wisconsin 54603

Dale: February 19, 2014
To: The Record Study Number ARH-13-PSEUDO-05

Subjeet: Nate To Eile # 1; Study number AEH-13-PSEUDO-053
This note is to document and clarify foof biopsy eollection and resulting data use.

A 10-mg foot sample was collected from each unionid test animal using a biopsy needle during the post-
exposure assessments conducted August 13-15, 2013, The biopsy samples were placed in individually
labeled eryogenic vials and then stared in liquid nitrogen. Afler the assessment, the unionids were
consclidated into retention barriers for an additional holding period of 26 days. A second foot biopsy
sample was taken from each surviving mussel unionid on September 10, 2013,

Pending funding, the foot biopsy samples will be analyzed for glycogen content and will be compared to
unionid survival and treatment. If completed, a separats report will be generated for these data.

Due ic confound facters (i.e. additional handling stress, biopsy stress) the data collected at the termination
of the second holding period (i.e. survival) will be retained but not used during analysis.

W 2ot 2frifoors
Date by Date
 Kerry L. Weber, M,S, ames A, Luoma, B.A,
Principal Investigator, UMESC Study Director, UMESC

Flle Folder: ___S

term Number: rl
Pagelof1 O
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Study Nimber: AEH-13-PSEUDO-05 Reviewed by, Date;
File Folder: Lab book/pgs: Verilled by: Date:

Test Chemical Stock Preparation

Test Chemical: Pseudomonas fluroescens strain 145A
Test Chemical Lot H; Date Rec'd: Exp. Date:
Test Location: Instruments Used:

Weights of Chemical Samples:

Sample ID Sampla Weight Commants Date Initials

NOTE: Chemical samples to be stored refrigerated until used for stock preparation.

Stock Solutlon Preparation:

Sample ID Dllution Dilution Use Exposure

Date Initials
Volume (mL} TIma Time

rEa_1T
Itam No.

Pg_l of |
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Study Number: ACH-13-PSEUDC-05 Reviewed by: Cata;
File Folder: Verlfled by: Date:
Lah book/pgs:

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
[Tost Chemical: PF-CL1454A Lot #: TRA669-4-{3)

Enclosure Mussel
Tag ID N Comments Date Initfals
1D Species

C379

C358 -

ca14

Cc237

C2z21

c312

€292

350

C380

C233

C377

C424

€314

€263

C363

€308

€208

228

C266

C195

C360

C359

C302

Cc207

C345

C245

[t Ll L e I e e e e B e e e P T L L0 N Y U PN PO PP PV P PN Py

G328

FF# 1+
ltem No. 2
Pg_l of
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Study Number: AEH-13-PSEUDO-C5 Reviewed by: Date:
File Folder: Verlfied by: _ _ Date:
Lah hook/pgs:

Mussel Species Identification

Exposure Date: 26JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: PI-CL1454 Lot &: TR4669-4-(3)

Enclosure Mussel
d Tag ID . N Comments Date Initials
ID Species

c321

C276

C249

C310

C242

C406

C375

€232

C436

€293

C419

€342

€304

C187

C332

€217

C203

C331

C298

C317

€408

€188

€395

C410

C278

C219

L S I e I o A (RS S S I NS S I S S SN SRS I ES I LS R § S ) S ) N ST R F TR & N )

€235

Page 4 of 9
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Study Number: AEH-13-PSEUDO-05 Reviewed oy Date;
Flle Folder: Verlfed by Date: __ .
Lab book/pas: .

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: Pf-CL145A Lot ##: TR4669-4-(3}

Eng!
nelosure | [ Musse!

! \ Comments Pate Initials
1D Species

W

C434

C374

C197

C382

CA18

C194

€210

C325

C218

€243

C405

€354

Cca437

€311

Ca27

C326

C364

€153

€204

€384

C353

C231

C254

C373

C350

C246

W (W W o | ue [ g (o [ w [ fw | |wr [w o | e lwe twe e [we b

C215

Page b oo 9
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Study Number: AEH-13-PSEUDO-05 Raviewed by: Date:
File Folder: Verlfiedby: Date;
-ab bookfpgs;

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: PF-CL145A Lot #: TR4669-4-(3)

Enclosure Mussel | "
Tag D Comments Date Initials
1D Species

C282

C255

C256

412

€239

£283

€285

C225

C351

C388

€339

C429

C403

C270

C279

-C286

C421

C353

C398

C333

C348

C223

Cc271

€303

€389

4
4
4
4
|
4
4
4
4
4
4
4
4
4 404
4
4
4
4
A
4
4
4
4
4
4
4
4

334

Page __LL___ of ___ﬂ_.-
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Study Number: AEH-23-PSEUDO-05 Reviewed by: Date:
Flle Folder: Verlfled by: Date:
Lak book/pgs:

Mussel Species Identification

Fxposure Date: 26 JUL2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: Pf-CL145A Lot #: TRA669-4-(3}

Enclosure Mussel
Tag D Comments Date Initials
1D Species

C256

407

€180

C284

C238

C240

244

€253

€335

€300

€352

C294

€320

C433

C330

€368

€392

C236

€397

€253

€365

C290

425

€343

214

CA31

LA O R e R O (¥, T RV RS R U N 0, S 0 0 B T I (VT 0 I Y 0 S O RV, I KO S ST NE. I T T . B ET N N |

C265

Page g of __fi____
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StLdy Number: AEH-13-PSEUDD-05 Reviewed by: Date:
File Folder: Verlfled-by: Date;
Lab book/)gs:

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemlcal: Pf-CL145A Lot #: TR4669-4-{3)

Enclosure Mussel '
Tag ID Comments Date Initials
ID Specles

€297

C362

€385

€250

€280

€423

C356

Cc200

C396

€281

€322

C251

C313

€252

C308

Ca77 B

€336

ca02

€315

C213

€205

C426

€378

€333

C372

C307

[= 0 = T et I e L I I = 2T = O a2 I =2 T I T I 2O o O ()W o 0O I I s s T I T e I O e S e Y

C316

Page [9 Of __.L
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Study Number; AEH-13-PSEUDO-05

“le Folder:

tab bookfpgs: ______ _..

Mussel Species Identification

Revlewed by: Date:

Verlfled by: Date:

|Exposure Date: 26 JUL 2013
Test Chemical: PF-CL145A

Test Location: Lake Darling, Alexandrla, MN

Lot #: TRA669-4-(3)

Enclosure
1D

TagID

Mussel
Species

Comments

Date

Inltials

€357

€299

C273

€257

€301

€349

C355

€361

c401

218

C260

€413

C306

C275

€268

C247

€261

C394

C272

C234

€319

Cc417

C212

C370

C347

C289

bt S O s VA o I VI [ B (VI LR N I I N RN N RN EN RN CSURE N I ENVIR U SN AU PUT I INCT )

€152

!
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Study Number: AEH-13-PSEUDO-05 Reviewed by: Date:
Flle Folder; Verified by: Date:
L.ab book/pgs:

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical; Pf-CL145A Lot #: TRA669-4-(3)

Enclosure Mussel
Tag ID X Comments Date Initlals
1D Species

369

€189

C415

€269

C274

C181

C186

Cc211

C337

€399

C366

€435

€196

€428

€222

C391

Ci98

C230

€199

C216

264

C241

C324

387

C340

Cz09

& |tc |co |eo |02 (oo |oo |oe |eo |00 o2 [go | |G |ow [co |oo loo (o0 oo [0 [eo oo |oo |0 |oo [oo

c220 |

Page ___5,407—-:?—-—
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Stugly Number; AEH-13-PSEUDO-03

- File Folder:
Lab book/pgs: _____

Reviewed by:

Date:

Verifled by:

Date:

Mussel Species Identification

Exposure Date: 26 /UL 2013

Test Chemical: Pf-CL145A

Test Location: Lake Darling, Alexandria, MN

Lot #; TR4669-4-(3}

Enclosure
1D

Tag ID

Mussel
Species

Camments

Date

Initials

€327

€338

C323

C305

C227

c229

C376

C206

C411

Ca62

C226

C344

C346

C422

CA20

€202

C430

C409

C295

Cc287

C258

C367

C386

C328

C416

€381

9
9
9
9
g
9
9
9
9
9
2
9
8
9
S
9
9
9
9
9
9
9
9
9
9
9
g

c43z

FF#Nﬂ'__
Hem No. Aﬁ_
Pg 9 _of

tr——
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Study Number: ASH-13-PSEUDO-05

File Folder:

Lab bouk/pgs:

Reviewed by:

Date:

Verified by:

Date:

Mussel Distribution Data

Exposure Date: Mussel Species: o o Test Location:
Test Chemical: Pf-CL145A SDP Lot #:
msn__._-um:nm Distribution Round 1 | Distribution Round 2 | Distribution Round 3 | Distribution Round 4 | Distribution Round 5 W_”“WW
1
2
3
4
5
)
7
8

FFa# 1)
B
v of 1

Item No
Pg
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Study Number: AEH-13-PSEUDO-05 Reviewed by: Date:
File Foider: tab book/pgs: Verified by: Date:
Water Quality
Exposure Start Time/Date: Test Location:
Test Chemical: _PECL145A SDP Lot Number:
Sampling Time: Instruments Used:
Endlosure ID Treatment Level|Enclosure Depth|  Enclosure Dissalved pH .ﬂm_._..uw_.m_:_.m Date Initials
{mg/1) {m} Valume {1} || Oxygen {m (°C)
3 0-
7 0
g 0
4 50
5 50
2 50
1 100
9 100
6 100

Comments:
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Study Number AEH-13-PSEUDQ-05 Reviewed by: Date:
Verified by: Date:
Exposure Date: Instrumocnts:
Test Chemical: Pf-CL145A SDP Lot Number: Test Location:
Alkalinity
Treatment " Initiai Temp | mLof0.02 N | Multiplication | Alkalinity”
Enclosure ID Initial pH . S le Ti Date Initials
TN Level (mgrny | MHRIP ¢ H,50, Factor | (mg/LCaCOy)] o b o e a
3 0 10
7 0 10
8 0 10
4 50 10
5 50 10
2 50 10
1 100 10
9 100 10
6 100 10

t Allalinity in mg/L CaC03 = (mL 0.02N H2504 used) x (Multiplication Facter of 10)
Alkalinity Sample volurne = 100 mL

Comments:

i7

{tam No.

Pg i _of 1 __

FE#
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Study Number AEH-13-PSEUDO-05 Reviewed hy: Date:
Verified by: Date:
Exposure Date: Instruments:
Test Chemical: P[-CL145A SDP Lot Number: Test Location:
Conductivity and Hardness
T . y RIS 1
Enclesure ID mmnﬁs_.“_“._”.u_rmcm_ noﬁ_.__pamp.an:ﬂ.q L Mu-.v_._”“_. M _S:_”mman_“”n_o: ﬁsﬂ_meWMmmMmOL Sample Time Date Initials
3 9] _ 20
7 0 20
3 o} 20
4 50 20
5 50 20
.M . 50 20
[ 1 100 20
9 100 20
6 100 20

Hardness in mg/L Ca€0, = [mL of 0.01 M Na,EDTA titrent added to the sample) x (multiplication factar of 20}.
Hardness Sampia voiurne = 50 mL

mggmﬂﬂm”
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Study Number: AEH-13-PSEUDO-C5

File Folder:

Reviewed by: Date:
Lah boolk/pgs: Verified by: Date:
HOBO Data
Exposure Start Time/Date: Test Location:
Test Chemical: _Pf-CL145A SDP Lot Number:
Sampling Time: Instruments Used:
Ti !
Enclosure D reatment Level [ Enclosure Depth Enclosure HOBO S/N Date Initials
{mg/L) (m]) Volume (L)
3 0
7 0
8 0
4 50
5 50
2 50
1 100
9 100
6 100

Comments:

FE# 1)
ftemNo. T
pg_L _of 1
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Study Number: AEH-13-PSEUDD-05 Reviewed by: Date:

Ffie Foler: Lab book/pgs: Vetifled by: Dates

Spectrophotometric Data

Exposure Start Time/Date: Test Location:
est Chemical: _P*-CL145A S0P . Lot Number;
ampling Time: Instruments Used:
\Wavelength: Analyst:

Calculation of Regression Coefficient for a standard curve

Std Conc. {mg/L)| Specabs

25
25
25
50
50
50
100
100
100
200
200
200

Pf-CL145A SDP Treatment Concenteration Verification

Enclosure Treatment Level| Sample Sample Observed

S |
ample 1D Number (me/L) Time {h) Location Spec abs

Date &
Initials

FF#_[3

Itern No.

Pg_\ of I __
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Study Number: AEH-13-PSEUDO-05 Reviewed by: Date;

Flla Folder: Lab hook/ogs: Verified by: Date;

Spectrophotometric Data

Exposure Start Time/Date: Test Location:
Test Chemical: _Pf-CL145A SDP” Lot Number:
Sampling Time: Instruments Used;
Wavelength: Analyst;

Pf-CL145A SDP Treatment Concenteration Verification

Enclosure  [Treatment Level| Sample Sample Observed Date &

S le ID
ample Number {mg/L) Time {h} Location Specabs Initials

FF#_|3-

ltam No. _§
Pg_9 of 3
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sudy Number: AEH-13-PSEUDO-05
Lab book/pgs:

File Folder:

Reviewed by:

Verified by:

Date:

Date:

Initial Assessment of Native and Zebra Mussels

Exposure Date:

Mussel Species:

Test Chemicai: PECLI45A SDP

Test Location:

Lot #:
Treat with Zebra Mussels without Zebra Mussels Numb
enooc: umber
itE i b T Date &
TagID' || Enc.D Level Weight . _w.“.:m_ , m__u_zm_ _.m:m:_.. Weight ! _=.”__um_ y m“_:m_ of Zebra _5m5mm_m
{mg/L) eadspace | Headspace || lengt eadpace | Headspace | proccole
© | @y | e | om | ® | (mi)
. m m mm m) m

*Tag Prafix Identification: A = White tag; 3 = Yellow tag; C = Green ag: D = Blye tag

Comments:
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Study Mumber: AEH-13-PSEUDG-05 Reviewed by:

File Folder: Lab bouk/pgs: Verified by:

___ Date:

Mussel Initial Assessment

Exposure Date: Test Location:
Tast Chemical; Pf-CL145A SDP Lot #:
Initial
Musse! Tag ID* Initlal Water Comments Date &
Species Weight (g} | Displaced Initials
{mL}

t Tag Prefix [dentlflcatlon; A = White “ag; B = Yellow tag; C= Green tag; D = Blue tag

FEy_17
ftem No. o
Pg__| of 1
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Study Number: AEH-13-PSEUDO-05

Reviewed by: Data:
File Folder: Lab book/pgs: Verified by: Date:
Mussel Weight and Length Assessment
Exposure Date: 26JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: f-CL145A Lot #: TR4669-4-(3) Assessment Date:
tf Wei i Shell
Mussel 1 || Enclosure Treatmen eight Weight © Date &
Spedies TagID D Level wfZebra || w/oZebra|| Length Comments Initials
it
P {mgfL) 1 Mussels (g)[| Mussels (g)

{ram)

* - Tag Prefix identification: A = White tag; B = Yellow tsg; C= Green tag; D = Elue tag

FE#_11
jtem No. _1L__
Pg ] of __.L—-
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Study Number: AEH-13-PSEUDG-05 Reviewed by: Dare:
File Folder: Lab book/pgs:

Verified by: Date:

Mussel Survival Assessment
Exposure Date: 26JUL 2013

Test Location: Lake Darling, Alexandria, MN
Test Chemical: PF-CL145A

Lot #: TR4669-4-(3) Assessment Date:
Mussel 2 Treat Level [|Native Mussel| Live Zebra Dead Zebra i
: Tag ID Enclosure ID N Date Initials
Species {mg/L) Status Count Count

- Status is: Alive/ Deadf/Unrecoverad

Comments:

FE# 1%

ltam No.

Pg__ 1 of ]
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Study Number: AEH-13-PSEURO-05 Reviewed by: Date:
File Folder: Verffled by: Date:

Lab book/pgs:

Mussel Final Survival Assessment

Fxpasure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: PR-CL145A Lot #: TR4669-4-(3)
Final Assessment Date: September 9 to 11, 2013

Number of
Translocated Commaents Date
Zehra Mussels

Natlve Musse!

Tag ID
& Status’

Initials

T S:atusls: Alive or Dead

FF#_13
ftemNo. 13 __
Pg_l.of )
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Study Number: AEH-13-PSEUDO-25 Reviewad by: Date;

Fila Folder: Lab hoox/pgs: verlfled by Date;
Zebra Mussel Lengths

Test Crganism: Zebra Mussels Exposure Date: 26 JUL 2013

Test Chemical; Pf-CL145A SDP Lot ##: TR46659-4-3 (run 4; sampte 3}

Test Location: Lake Darling, Alexandria, MN

Treat Z

Mussel | Enclosure eatment | Zebra Shell Length

Yag IO D Level Mussel (mrm)
6 {mg/L) [|Number

Date Initials

FFi 13
Item No. _|Y
Pg__|_of |
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Study Number: AEH-13-PSEUDOD-D5 Reviewed by; __ Date:
File Folder: Lab book/pgs: _ verifled by: Date:

Assessment Zebra Mussel Lengths

Test Organism. Zebra Mussels Exposure Date: 26 JUL 2013
Test Chemical: PF-CL1454A SDP Lot #: TR4665-4-3 {run 4: sample 3}
Test Location: Lake Darling, Alexandria, MN
t Zeb
Mussel | Enclosure Treatment Status ebra Shell Length .,
Tag ID o Level (AIIve/Dea'd) Mussel (mm) Date Initials
8 (mg/L) - Number
FEa_ 13
ltemNo., 15
Pg__| of |
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Study Nurnbar: AEH-13-PSEUDO-05

Reviewed by: Daze:
File Folder: Lab book/pgs: Verified by: Date: __
Mussel Volume Displacement Assessment
Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemicai: Pf-CL145A Lot #: TR4669-4-(3) Assessment Date:
Treat ' With Zebra Mussels Without Zebra Musse!s
£
_ - - oy "
g:mwm_ Tag D" Enclasure Level Initial Final fnitial Final Comments Date & Initials
Species . ID (me/L) Headspace | Headspace || Headspace | Headspace

{mL) (mL) (mL} (mi}

* - Tag Prefix Identification: A = White tag; B =Yellow tag; C = Green tag; D =Blua tag

FF# 1]
ftem No. __ [l
Pg_1 of |
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Appendix 2. Deviations From the Study Protocol

item Number  Report
number Item description of page

pages number

1 Deviation 1: Early termination of holding period 1 76

2 Deviation 2: Unrecovered unionid mussels during post-exposure assessment 1 77

3 Deviation 3: Mussel #C331 assessed twice 1 78

4 Deviation 4: Discontinuation of volume displacement 1 79

5 Deviation 5: Unequal ratios of Fragile Papershell (Leptodea fragilis) mussels in the 2 80

study
6 Filamentous algae report from John Manier 5 82
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United States Department of the Interior

U.S. GEQLOGICAL SURVEY
Biclogical Resources Division
Upper Midwest Environmental Sciences Cenfer
2830 Fanta Reed Road
La Crosse, Wisconsin 54603

MEMORANDUM

Date: February 18, 2014
To:  The Record Study Number AEH-13-PSEUDC-05

Subject: Deviation 1 to study AEH-13-PSEUDO-05
Deviation #1 — Early termination of holding period

Sections 3.3, 4.1, and 4.2 of study protocol (study number AEH-13-PSEUDO-05; study
title “Efficacy of Pseudomonas fluorescens (Pf-CL145A) SDP for controlling zebra
mussels within field enclosures”) state that ~30 d after exposure, the native mussels will
be assessed for survival and zebra mussal colonization.

Twelve days post-exposure (August 7, 2013), the status of the mussel retention barriers
was assessed due to concemns with filamentous algae within Lake Darling. Heavy
infestations of flamentous algae were observed and subseqguently removed from each
retention barrier. Due to potential for suffocation and poor water quality related to the
filamentous algae bloom, the study was terminated early at ~18 days post-exposure on
August 13-15, 2013.

Samples of the algae were collected between August 13 and 15, 2013 and were
characterized as being dominated by Mougectia and Spirogyra. Other genera were
present, but to a lesser extent, including Osdogonium , Zvgnema, and Lyngbya. A copy
of the report can be found in the study records (FF 4: Carrespondence).

The effects of the filamentous algae bloom are indeterminate, however, zebra mussel
survival in the controls was excellent (> 91.4%) indicating that observed zebra mussel
montality was likely treatment related. The potential impacts to the study will be evaluated
and any impacts to the study will be noted in the final report.

?«/{fﬁf

}f(FEI;.QoIL‘I
Date Date
erry L. Weber, M.8. ames A. Luoma, B.A.
Principal Investigator, Study Director,
UMESC UMESC
File Folder: ‘5
Page 1of 1 Item Number: j__
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United States Department of the Interior

U.S. GEOLOGICAL SURVEY
Biological Resources Division
Upper Midwest Environmental Sciences Center
2630 Fanta Read Road
La Crosse, Wisconsin 54603

MEMORANDUM

Date: February 18, 2014
To: The Record Study Number AEH-13-PSEUDO-05

Subject: Deviation 2 to study AEH-13-PSEUDO-05
Deviation #2 — Unrecovered unionid mussels durihg post-exposure assessment

During the post-exposure assessment, unionid mussels from each treatment replicate
(i.e. enclosure) were assessed for survival and zebra mussel! colonization. Two Unionid
mussels (C358 from enclosure 6 (100 mg/L]; €323 from enclosure 8 [100 mg/L]) were not
recoverad,

Mussels C356 and C323 may have been inadvertently retnoved from the enclosures
during algae removal on August 7, 2013 (see study deviation #1}. The unionid mussels
will be coded as mortalities within the survival analysis. The initial zebra mussel
colonization data may be removed from analysis. The exact details of how these data
are treated will be noted in the data summaries.

No adverse impacts to the study are anticipated as a result of this deviation. Any impacts
to the study will be noted in the final report.

It 201 sty
Date by Date
erry’L. Weber, M.S. James A, Luoma, B.A.
Principal Investigator, Study Director,
UMESC UMESC
File Folder: __ 3
item Number: L‘_
Page 10f1
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United States Department of the Interior

U.S. GEOLOGICAL SURVEY
Biological Resources Divislon
Upper Midwest Environmental Sciences Center
2630 Fanta Reed Road
La Crosse, Wisconsin 54603

MEMORANDUM

Date: February 18, 2014
To:  The Record Study Number AEH-13-PSEUDO-05

Subject: Deviation 3 to study AEH-13-PSEUDO-05
Deviation #3 — Mussel #C331 assessed fwice

During the post-exposure unionid mussel assessment, native mussel C331 (Enclosure 2
[60 mg/L]) was assessed for survival and zebra mussel colonization following the
procedure outlined in the laboratory notebook on August 13, 2013, Mussel G331 was
inadvertently left in a refention barrier used to temporarily hold the mussels prior fo
assessment and mussels from Enclosure 9 (100 mg/L) were placed in the same retention
barrier as mussel C331. As a result, musse! C331was assessed for a second time with
the mussels from Enclosure 9. The error was discovered during data analysis and data
collected for mussel C331 during the Enclosure 9 assessment will be removed from
analysis,

This error also ¢larifies the logbook entry made on August 15, 2013, which indicated that
a single mussef from the retenticn barrier containing the native mussels assessed on
August 13, 2013 was not recovered before being placed into the new holding area.

There are no adverse impacts o the study as the necessary data was collected for
mussel C331.

T 2o ’LMV
Date by Date
e . Weber, M.S. aimes A, Luoma, B.A,
Principal Investigator, Study Director,
UMESC UMESC

Flle Folder: 2

5
Item Number;

Page 1 of 1
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United States Department of the Interior

U.S. GEQLOGICAL SURVEY
Biclogical Resources Division
Upper Midwest Environmental Sciences Center
2630 Fanta Reed Road
La Crosse, Wisconsin 54603

MEMORANDUM

Date: February 18, 2014
To: The Record Study Number AEH-13-PSEUDO-05

Subject: Deviation 4 to study AEH-13-PSEUDO-05
Deviation #4 — Discontinuation of volume displacement

Section 4.2 of the study protocol (study number AEH-13-PSEUDO-05) states that
individual mussels will be tagged, photographed on each side, weighed and their water
displacement measured to assist with individual tracking and estimating pre- and post-
treatment zebra mussel colonization.

The apparatus constructed and initially used to measure the water displacement of the
unionids leaked and was found to be inconsistent. Therefore, during the post-exposure
assessment, water displacement measurements were discontinued. The data will be
retained but will not be used during analysis.

There are no adverse impacts to the study anticipated from the discontinuation of water
displacement as the wet weights will be used to estimate the pre-exposure zebra mussel
colonization. Any impacts to the study will be noted in the final report.

1 Date dby Daté ~

Kerry L. Weber, M.S, James A, Luoma, B.A.
Principal Investigator, Study Director,
UMESC UMESC

File Falder: 3

[tern Number: (0

Page 1 of 1
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United S:ates Department of the Interior

U.S. GECLOGICAL SURVEY
Biological Resources Division
Upper Midwest Environmental Sclences Center
2830 Fanta Reed Road
La Crosse, Wisconsin 54603

MEMORANDUM

Date: February 18, 2014
To: The Record Study Number AEH-13-PSEUDO-05

Subject: Deviation 5 to study AEH-13-PSEUDC-05

Deviation #5 — Unequal ratios of Fragile Papershell (Lepfodea fragflis) mussels in the
study

Sections 4.2 and 5.1.1.3 of the protocol states that “if multiple species are used, native
species will be equally distributed in equal raties to the treatment enclosures”, A tfotal of
243 unionid mussels were included in the study. During collection and tagging of test
animals for inclusion in the study, fatmucket (Lampsiiis sifiquoidea) was the dominate
species, however, positive identification to species was difficult due to heavy zebra
mussel colonization. Therefore, the mussels were equally distributed to enclosures
regardless of species.

At the conclusion of the study, the unionid mussel shells {with their associated
identification tag) were retained for species confirmation, Species confirmation was
completed based on the sfructure of the pseudocardinal teeth, umbo, and shell thickness.
Fatmucket {FAM) mussels were the dominate species while fragile papershell (FPS)
mussels were rare (i.e., 231 FAM versus 12 FPS). Enclosure, treatment level and tag
numbers of fragile papershell mussels test animals are summarized in Table 1. Data
collected for fragile papershell will be used for analysis.

File Folder: __ 3%

ltem Number: ;f

Page 1 of 2
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Table 1. Fragile papershell
mussels present in the study

Treatment Mussel

Ene. Level (mgiL) Tag
1 100 C363
c207
2 50 C342
C331
4 50 C398
5 50 C336
6 100 C362
C336
Cc307
7 Control C304
9 100 C344
C386

There are no adverse impacts to the study anticipated as the primary study objective was
to determine the efficacy of formulated PECL145a for removal of zebra mussels adhering
to unionid mussels. Any impacts 1o the study will be noted in the final report.

I P 3 7’/’%’{
Date by Date
erryL. vveper, 5 yoma, B.A.
Principal Investigator, Study Directar,
UMESC UMESC
File Folder: 5

Item Number; L

Page 2 of 2
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Lab Technician: John Manier

S le ID: AEH-13-PSUEDO-05
S AEH-13-PSEUDO-05

Sample Date: August 13" and 15", 2013

Location: Lake Darling

Preservation: Two samples (1000 mL) were preserved with Lugol’s Solution; two samples (1000 mL)
were un-preserved but refrigerated.

Method: A wet mount was created using a sub-sample (approx. 1 mL). The sub-sample was then
analyzed using a Nikon Eclipse E600 microscope with attached camera (Q Imaging, Micropublisher 3.3
RTV). The microscope was also equipped with 10, 20, and 40X magnifications, as well as phase contrast.

Results: This is a typical periphyton community, consisting of filamentous green algae, attached
diatoms, and protozoa. The algal community was dominated by Mougeotia and Spirogyra (Figures 1-2).
Other genera were present, but to a lesser extent, including Oedogonium , Zygnema, and Lyngbya
(Figures 3-6). The diatoms commonly seen were Gomphonema and Cymbella (Figures 7-8).

Fre 4
Item No. _4

Pg_l of 5 _
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AEH-13-PSEUDO-05

Figure 1. Mougeotia- Contains a plate-like chloroplast, which rotates within the
cell to gain better access to light. Widely known to create large, nuisance
growths, especially in waters affected by acidification.

Figure 2. Spirogyra- Identified by the spiral-shaped chloroplast. They are very
commaon within periphytic mats.

ngof(
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AEH-13-PSEUDO-05

Figure 3. Oedogonium- Distinguished by the annular “rings”, which denote the
number of times it has reproduced.

Figure 4. Oedogenium filament with attached zygote, formed during reproduction.
The zygote is covered with stalked diatoms. ’

l’agt-x’S of _2
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"EH-13-PSEUDO-05

Figure 5. Zygnema- Distinguished by the axial, stellate, and paired chloroplasts.

Figure 6. Lyngbya- Members of this genus have long, unbranching filaments with a
mucilage sheath. They are widely known to create large, benthic mats.

Page 1 of S
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AEH-13-PSEUDO-05

Figure 7. Gomphonema- All species are symmetrical to the apical axis and
asymmetrical to the transapical axis. Many attach themselves to the periphyton
using a stalk.

FF#_ Y

ltem No. _4

Figure 8. Cymbella- Members of this genus usually grow in benthic habitats via Pg 5 L
an attached stalk.
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Appendix 3. Randomization Assignments

Number  Report
[tem -
Item description of page
number
pages  number
1 SAS output for random assignment of treatment to experimental enclosures 1 88
2 SAS program for random assignment of treatment to experimental enclosures 2 89
3 SAS log for random assignment of treatment to experimental enclosures 2 91
4 SAS output for random assignment of mussels to enclosures 2 93
5 SAS program for random assignment of mussels to enclosures 1 95
6 SAS log for random assignment of mussels to enclosures 2 96
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SAS Output Page 1 of 1

Efficacy of Pseudomoenas fluorescens (Pf-CL145A) SDP for controllingj zebra mussels within field

enclosures 'L}'
AEH-13-PSUEDO-08 (l |
Random assignment of 1r to exparimontal encl a5

Lake Barling, Aloxandrla, MN

ake 5 3“,./
e . ) |

Obs | block | tank| x J tankn it |

———— - - 1

10 1 3 002019 EncJosurcs'control
2 1. 7;0700m] Enclosure? control _

3 1| 81013863 Enclosurs 8 conlro!‘ , AEH-13-PSEUDO-05
4 1: : 28485 Enclosure4\50

51 1 sios4rer] Encloswe 5150

I 1! 2 044893 Enclosurez 50
Tl 1] 079889‘Enclosure1 '1co
o
9

1 g 085987 Enc]osureg 100

i 6| o 88438 | Enclosures 100

Analysis performed by J. Luocma SAS version 9.3 12:28 12JUL13

o
FF#
temNo._| .
Pg_l_of | .

file://CAUsers\ILUOMA\A ppDatatLocal\Temp\I\SAS Temporary F ilcs‘LTD8656_IGSAR... 712/2013

88



/t*k*k*t**w***k***h*ﬂ*****iﬁ*k*'k**i***********9{****ﬁ*ﬂttt*k*******t****

*  Study Number : AEH-13-PSUEDO-05

*  Study Director: Jim Luoma -

* date created : JLly 12, 2013 - JAL M~ .

* Verified by: {Date: ) page Hl__ of JQ__
¥ Randem allocation of treatment to enclosure.sas

k******i***i*****k*ir*-ﬁinn*w**********t*w****i*k*txk*k*tkﬁ*ﬂ**ka**ﬁ****/

DM 'LOG; CLEAR; OUTPUT; GLEAR;'; * CLEAR LOG AND OUTPUT;

AEH-13-PSEULO.05

FOOTNOTE! 'Analysis performed by J. Luoma SAS version ' &SYSVER &SYSTIME &SYSDATE;
options /*1s=85 ps=40 formdlim='-' */ pagenc = 1 nocenter nodate nosource2;

/*Random assignment of treatment to experimental enclosure*;
/*AEH-PSEUDO-05; Zequanox native mussel enclosure treatment, Lake Darling, Alexandria, MN*/
data MUS;
do block =1 to 1 by 1;
do tank = 1 to 9 by 1;
x = ranuni{-1);
output;
end;
and;
run;
data MUS2; set MUS;
if block = 1 and tank = 1 then tankn = 'Enclosure 1';
if block = 1 and tank = 2 then tankn = 'Enclosure 2';
if block = 1 and tank = 8 then tankn = 'Enclosure 3';
if block = 1 and tank = 4 then tankn = 'Enclosure 4';
if block = 1 and tank = 5 then tankn = 'Enclosure 5';
if bleck = 1 and tank = & then tankn = 'Enclosure &';
it block = 1 and tank = 7 then tankn = 'Enclosure 7';
if block = 1 and tank = 8 than tankn = 'Enclosure 8';
if block = 1 and tank = 9 then tankn = 'Enclosure §';

if block = 2 and tank = 1 then tankn = 'Enclosure 1';
if block = 2 and tank = 2 then tankn = 'Enclosure 2';
if block = 2 and tank = 3 then ‘tankn = 'Enclosure 3';
if block = 2 and tank = 4 then tankn = 'Enclosure 4';
if block = 2 and tank = 5 then tankn = 'Enclosure 5';
if block = 2 and tank = 5 then tankn = 'Enclosure 6';
if block = 2 and tank = 7 then tankn = 'Enclosure 7';
if block = 2 and tank = 8 than tankn = 'Enclosure 8';
if block = 2 and tank = § then tankn = *Enclosure 9';

if block = 8 and tank = 1 then tankn = 'Enclosure 1';

if block = 3 and tank = 2 then tankn = 'Enclosure 2'; q

if pleck = 3 and tank = 3 then tankn = ‘Enclosure 3'; FF#
if block = 3 and tank = 4 then tankn = Enclosurc 4'; femNo. [
if block = 3 and tank = 5 then tankn = 'Enclosure 5'; Pg_l_of &

if block = 8 and tank = 6 then tankn = 'Enclosure 6&';
if block = 3 and tank = 7 then tankn = 'Enclesure 7';
if block = 3 and tank = 8 then tankn = 'Enclosure 8';
T block = 3 and tank = 9 then tankn = 'Enclosure 9';

run;
proc sort data=MUS2;
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by x;
run;

data assign_trt_MUS; set MUSZ;
if _n_ =1 then trt = 'control';
if _n_ = 2 then trt = 'control’;
if _n_ = 38 then trt = 'control';
if _n_ = 4 then trt = '50';
if _n_= 5 then trt = '50';
if _n_ = B then trt = '50';
if _n_ =7 then trt = *100';
if _n_ = 8 then trt = *100';
if _n_= 9 then trt = "100';
run;
proc print datas assign_trt_MUs;

titlel h=2 'Efficacy of Pseudomoras fluorescens (Pf-CL145A) SDP for conirclling zebra mussels within

title2 h=1.5 'AEH-13-PSUEDO-05';

titled h=1 'Random assignment of treatment to experimental enclosures';
title4 h=1 'Lake Darling, Alexandria, MN';

run;

5l

ifﬂgi :QJQQ

AEH-13-PSEUDO-05

FF# 0‘
Item No.

Pg_2 of d
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166 * date created : July 12, 2013 - JAL S~

157 * Verified by: {Date: ) page i of CQ

158 * Random allocation of treatment to enclosure.sas

159 tt‘k**t*k*tkt******k*itﬂ*****k******ﬁ*i‘l‘****1\***k**k****w******k*r****/ AEH-13.PSEUDO_05
160 DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND QUTPLT;

161

162 FOOTNCTE1 *Analysis performed by J. Luoma SAS version ' &SYSVER &SYSTIME &SYSDATE;

WARNING: The FOOTNOTE statement is ambiguous due to invalid eptions or unguoted text.

163

164 options [*1¢=85 pe=40 formdlim='-' */ pagen¢ = 1 nocenter nodate nosource2;

168

166 /*Random assignment of treatment to experimental enclosure*/

167 /*AEH-PSEUDO-05; Zequanox native mussel enclosure treatment, fake Darling, Alexandria, MN*/
168 data MUS;

168 do block = 1 tc 1 by 1;

170 do tank = 1 to 8 by 1;

171 X = ranuni{-1}}
172 output;

173 end;

174  end;

175  run;

NOTE: The data set WORK.MUS has 9 observations and 8 variables,
NOTE: DATA statement used {Total process time):

real time 0.01 seconds

cpu time 0.01 saconds

176 data MJS2; set MUS;
177 if block = 1 and tank = 1 then tankn = 'Enclosure 1';
178 if block = 1 and tank = 2 then tankn = 'Enclosure 2';

179 if block = 1 and tank = 3 then tankn = 'Enclosure 3';
180 if block = 1 and tank = 4 then tankn = 'Enclosure 4';
181 if block = 1 and tank = & then tankn = 'Enclosure 5';
182 if block = 1 and tank = 6 then tankn = 'Enclosure 6';
183 if block = 1 and tank = 7 then tankn = 'Enclesure 7';
184 if block = 1 and fank = 8 then tankn = 'Enclosure 8';
185 if block = 1 and tank = 9 then tankn = 'Enclosure 9';
186
187 if block = 2 and tank = 1 then tankn = 'Enclosure 1';
isg if block = 2 and tank = 2 then tankn = 'Enclasure 2'; FF # a
189 if block = 2 and tank = 3 then tankn = ‘Enclosure 3'; item No 1
190 if bleck = 2 and tank = 4 then tankn = 'Enclosure 4'; Pg __L_:Df 3
191 if block = 2 and tank = 5 then tankn = 'Enclosure 5';
192 if block = 2 and tank = 6 then tankn = Enclosure 6';
193 if block = 2 and tank = 7 then tankn = 'Enclosure 7';
194 if blogk = 2 and tank = 8 then tankn = 'Enclosure B8';
- 1858 if block = 2 and tank = 9 ther tankrn = 'Enclosure 9';
1¢6

187 LT block = 3 and tank = 1 then tankn = 'Enclesure 1';
198 if block = 3 and tank = 2 then tankn = 'Enclosure 2';

199 if block = 3 and tank = 3 then tankn = 'Enclosure 3';

200 if block = 3 and tank = 4 then tankn = 'Enclesure 4';
201 if block = 3 and tank = 5 then tankn = 'Enclosure 5°';
202 if bloeck = 3 and tank = 6 then tankn = 'Enclosure 6';
203 it block = 3 and tank = 7 then tankn = 'Enclosure 7';
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204
205
206
207

NOTE :
NOTE:
NOTE:

208
209
210

NOTE:
NOTE:
NOTE:

211
212
213
214
215
216
217
218
219
220
227
222

NOTE:
NOTE:
NOTE

223
NQTE :

if block = 3 and tank = 8 then tankn = 'Enclosure 8';
if block = 3 and tapk = 9 then tankn = 'Enclosure 9'; A

run;

There were 9 observations read from the data set WORK.WUS.
The data set WORK.MUS2 has 9 cobservations and 4 varlables.
DATA statement used (Total process time):

real time 0.03 seconds

cpu time 0.04 seconds AEH-13-PSEUDC-05

proc sort data=NMU32;
by x;
rung

There were 9 observations read from the data set WORK,MUS2.
The data set WORK.MUSZ2 has 9 ohservations and 4 variables.
PROCEDURE SORT used (Tutal process time):

real time D0.01 seconds

chu time 0.01 ssconds

data assign_trt_MUS; set WMUS2;
if _n_ =1 then trt = 'control';
if _n_ = 2 then trt = ‘control’';
if _n_ = 3 then trt = 'control';

if _n_ = 4 then trt = '50'; FF# a]
if _n_ =& then trt = '50'; ltem No. 3
if _n_ = 6 then trt = '50'; i}
if _n_ = 7 then trt = '100'; PQ_Q__O‘
if _n_ = 8 then trt = '100’;
if _n_ =9 then trt = '100"';
run;

There were 9 chservaticns read from the data set WORK.MUSZ.

The data set WORK.ASSIGN TRT_MUS has 9 observations and 5 variables,
DATA statement used (Total process time);

real time 0.01 secands

cpu time .01 seconds

proc print data= assign_trt_MUS;
Writing HTML Body file: sashtmli.htm

titlel h=2 'Efficacy of Pseudomonas fluorescens (PT-CL145A) SDP for controlling zebra mussels

within field enclosures';

title2 h=1.5 'AEH-13-PSUEDR0-05';

titled h=1 'Random assignment of treatment to experimental enclosures';
title4 h=1 'Lake Darling, Alexandria, MN';

run;

: There were 9 ohservations read from the data set WORK.ASSIGN TRT MUS.
i PROCEDURE PRINT used {Total process time):

real time 0.36 scconds
cpu time 0.25 seconds
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[EH-12-PSUEDC-0§; Efilcacy of Pssudomonas fluorescens (PI-CL145A} SDP for controlling zebra mussels within fleid enclosures

Zandom assignmont of mussgls 10 enclosures
Up to B rounds and & mussel®per round j'L j

:Obs round block'tankl x tankn | an=
Lol U 009827 | Enc!osurea/ D1 o Hhn q s 4t il
2 _71‘ 1 2 01156? Enclosurez-/ uﬂ{a g " s sels o(’ ceh t./acx.b
3 11 1. 1, 035032 Enciosureh/ -
) 4 1 1 75 039641 Enclosure 5-/ peH A’ (2{"5(”" ({(/ /ﬂ el
5 1. 1 8 043169 Enclsure 8/ o
6 - .1 1: 7 0.46482 . Enclosureﬂ:/ Fr
70 4 4. 4065898 Enclosurs 4y AEH-13-PSEUDO-05
8. 1 1 9 0.73791 Enclosureg/
o 1: 1 6079402 Enclosure6\/
el 2 1 7 045148 Enclosure 74
o2 o1 1 020408;Eﬁglcéuré‘ﬁz
12 20 1. 2 041424] Encloswe 207
3] 20 1 3045513 Encoswe 3V
44! 2° 1] & 0.46805] Enclosure 5V
16 2. 1] & 081298] Enclosure 8
160 20 1. 4ipsaste’ Enclosure 4Y/
] 17 7 2r o 1.5 l9 083429 Enclosure 9/
48, 2] 1] 6, 095673 Enclosure 6v
Sl 8 :'-".;sgomzcte Enclosure 6% g 9
: n31 , TL‘D 12083 | Enc[osure » ' Itel"i’l’l‘wpl(?__['JI
Tl s ol 0.19480 | Enclosures/ Pg_t of d .
2 3 o 3 0.20506 | : Enclosure 9+
23H 3. 7 1 ;d.531'44 5 Enélﬁsure .1'f
24| 3 1 2 6.55787 Enc]osure v
2% 8 1 3 068940 Enclosure 3v/
7 26 ! 3 1' 8 t 074438 : Enclosure 8«/
2] 3 1 4073054 Enciosure 4
28 4 1 5006805 Enclosure 5./
i 4 1 7:012602 Enclosure 7y
300 4 1 37055437 Enclosure 3,/
31 4 1 2 063490 Enclosue 2’
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s2) 4. 1 8 067644 Enclosure 8
33| 4. 1 4 088662 Enclosure 4y AEH-13-PSEUDO-05
34 4 -9 0.70878 Enclosure 9\/
36 4. 4 1 078054 Enclosure 1y
a6 4 1] 6 087768 Enclosure 6y
37| 50 1 9loo2sss! Enclosure 4 :
) :;3 - 5; 7 1 ) "7677707623’358 ' EnC|03U|'E 6'/ {
3 5 1 1 .cioats Enclosurs 14
Wl s 1 8 012591 Enclosures\/
a1 5 1‘ 2 0.27132 | Enclosure 2\/
42 § 1 5 041851 Enclosues/
a3 5 1 3. 042010, Enclosure 3\/
a5 1 4 088894 Enclosure 4y/
a5 17 097724 Enclosure e

Analysis performed by J. Lucma SAS version 9.3 13:53 12JUL13

FF # 1
s |temN q
: { _¢ _of of
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/w-k**k**i******\l’**w****'ﬂ*‘kw*ﬂw****i************hﬁik**k*i******k*t*t*k*

*  Study Number : AEH-12-PSUEDQ-05
*  8tudy Director: Jim Lucma 50
* date created : 12 July 2013 - JAL

* Verified by: (Date: ) page of 1 AEH-13-PSEUDO.05
* Randon allogation of fish to chamber.sas

***kiw*wk****t*i*******i*******k*k***i**iv****ﬁ*k***i*ﬁ*ﬂk*******hw*k/

DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OUTPRUT;

-

FOOTNOTE! 'Analysis performed by J. Luoma SAS version ' BSYSVER &SYSTIME &SYSDATE;
opticns 1s=97 ps=b8 Tormdlim='-' pageno = 1 aocenter nodate nosource2;

/*Random distribution of mussels to experimental enclesures*/
/¥ Place groups of up to 5 mussels in a bucket and transfer to assigned enclosure during each round *,

,l**t*t*tf(kti*****k*t***k#itt*#****t***************ﬂ****#ﬁ******k**k*i‘k**k*****k**l’****w*****k**t***‘kw’

/*mussels to enclosures*/
data mussel;
do round = 1 to & by 1;
do block = 1 to 1 by 1;
do tank = 1 to 9 by 1;
X = ranuni{-1};
output;
end;
end;
end;
run;

data musseldist; set mussel;
if block = 1 and tank = 1 then tankn = ' Enclosure 1'; FF#_ %
if block = 1 and tank = 2 then tankn = ' Enclosure 2'; Item No. _¢
iT block = 1 and tank = 3 then tankn = 'Enclosure 3'; Pg_| of ]
if block = 1 and tank = 4 then tankn = 'Enclosure 4';
if block = 1 and tank = & then tankn = 'Enclosure &';
if block = 1 and tank = 6 tnen tankn = 'Enclosure 8';
if block = 1 and tank = 7 then tankn = 'Enclosure 7';
if block = 1 and tank = 8 then tankn = 'Enclosure 8';
if block = 1 and tank = 9 then tankn = 'Enclosure 9';

run;

proc sort data= musseldist;

by round x;

run;

proc print data = musseldist;

titlei h=1 'AEH-12-PSUEDO-0B: Efficacy of Pseudomcnas fluorescens (PF-GL145A} SDF for controlling zebt
title2 h=1 'Random assignment of mussels to ehclosures';

titled h=1 'Up to 5 rounds and 5 mussels per round';

run;
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4 * date created ! 12 July 2013 - JAL T§-

5 * Verifisd by: {Date: ) page | of }

4] * Rardom allocation of fish to chamber.sas

7 ﬁ*k*****k**iﬁw***#kkikw****#**kik**t**k*t******k**K********R********k/ AEFL13~PSELHJO—05
8 DM 'LOG; CLEAR; GUTFUT; CLEAR;'; * CLEAR LOG AND OUTPUT;

9

10 FOOTNOTE1 'Analysis performed by J. Luoma SAS version ' &SYSVER XSYSTIME &SYSDATE
WARNING: The FOOTNOTE statement is ambiguous due to invalid options or ungquoted text.

Al

12 options 1s=87 ps=58 formdlim='-' pageno = 1 nocenter nodate nosource2;

13

14 /*Random distribution of mussels to experimental enclosures*/

156 /* Place groups of up to 5 mussels in a bucket and transter to assigned enclosure during
15 | each round */

16

17 /*w****************ﬁ******i******Nﬁ*&*****kikkt*kk******v*******i**i*****ﬁkt****k******ix**i
17 l **w*t*****l

18

19 f*mussels to enclosuresw/
20 data nassel;

21 do round = 1 to 5 by 1;
22 do block = 1 to {1 by 1;

23 do tank = 1 to 9 by 1;
24 X = ranuni(-1);

25 output;

26 end;

27 end;

28 end;

20 run;

NOTE: The data set WORK.MUSSEL has 45 observations and 4 variables.
NOTE: DATA statement used (Total process time):

real time 0.01 szconds
cpu time 0.01 saconds
| Fre_ 1

30 data musseldist; set mussel; “en1iﬁi_"
31 if bZock = 1 and tank = 1 then tankn = * Enclosure 1'; Py I of _J
az if block = 1 and tank = 2 then tankn = ' Enclosure 2';
a3 if block = 1 and tank = 3 then tankn = 'Enclosupre 3';
34 if block = 1 and tank = 4 theh tankn = 'Englosurc 4';
35 if block = 1 and tank = & then tankn = 'Enclasure 5';
36 if block = 1 and tank = 6 then tankn = 'Enclosure 6';
37 if block = 1 and tank = 7 then tankn = 'Enclosure 7';
38 if block = 1 and tank = 8 then tankn = 'Enclosure 8';
39 if block = 1 and tank = 9 then tankn = 'Enclosure 9';
40
4-
42 run;

NOTE: There were 45 observations read from the data set WORK.MUSSEL.
NOTE: The data sct WORK.MUSSELDIST has 45 observations and 5 variables.
NOTE: DATA statement used (Total process time):

real tine 0.01 seconds

cpu time 0.00 seconds
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43
44
45
48
47

NOTE !
NOTE:
NOTE:

48

NOTE:

49
49 |
&8¢
5t
52

NOTE :
NOTE:

proc sort data= musseldist;
by round x;

rung

There were 45 observations read from the data set WORK.MJSSELDIST.
The data set WORK.MUSSELDIST has 45 observations and 5 variables.
FROGECURE SORT used (Total process tina):

real time
cpu time

0,00 seconds
0.01 seconds

pro¢ print data = musseldist;

Writing HTML Bcdy file: sashtml.htm

>
ri.,ﬁ '}3

'?92f‘lé}g/

AEH-13-PSEUDO.05

titlet h=1 'AEH-12-PSUEDO-05: ETficacy of Pseudomonas fluorescens {PT-CL145A} SDP for

controlling zebra mussels within field enclosu~es
'Random assignment of mussels to snclesures';

title2 h=1

titled h=1 'Up to 5 rounds and 5 mussels per round’;

run;

There ware 45 observations read from the data set WORK.NUSSELDIST.
PROCEDURE PRINT used (Total process time):

real time
cpu time

0.34 secends
0.25 seconds
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Appendix 4. Test Article Information

| Number  Report
tem -
Item description of page
number
pages  number
1 Material Safety Data Sheet: MBI-401 Spray Dried Powder 2 99
2 MBI-401 SDP (lot # TR-4669-4-3) Test Article: Certificate of Analysis 1 101
3 Test Material Requirements for Enclosure treatments 1 102
4 Test Chemical Stock Preparation 1 103
Copy of test article information from test article log book for MBI-401 SDP; lot
5 number TR4669-4-3; Container 1 of 2 — Used for enclosure treatment at Lake 6 104
Darling
Copy of test article information from test article log book for MBI1-401 SDP; lot
6 number TR4669-4-3; Container 2 of 2 — Used for enclosure treatment at Lake 6 110
Darling
7 Post-treatment product validation assay for test article (lot # TR4669-4-3) 2 116
8 MBI-401 SDP (lot # 401P120724C) Test Article: Certificate of Analysis — Not Used 1 118
for Treatment
9 Test Chemical Stock Preparation — Not Used for Treatment 1 119
10 Pre-treatment product validation assay for test article (lot # 401P120724C) — FAILED 2 120
Copy of test article information from test article log book for MBI-401 SDP; lot
11 number 401P120724C; Container 1 of 1 — Not used in dosing (FAILED pre-test 4 122
validation)
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MATERIAL SAFETY DATA SHEET

% MBI-401 Spray Dried Powder, August 2010 Page [of2

0 Prodiuct Name: MRBI-401 S0P Cortact:  Marrons Rip Innovations, 2121 Second Strect,

[ Suite B-107, Davis, CA 95618

_w Tride names! Synonyms: MB[-401 SDP Phone nm:wm:nm.m _.,_oE.w”n .muc.qm:-umcc

¥ EPA Registration Number: Nane, Experimentat www.marrongbiolnnsvations.com

o PRMRBA Rescarch Authorizazion #:  0030-RP-10 - For emergzncics such as Icaks ar spills sall CHEMTRIZC Za-hour

o Primery Hazards: Inhalation toll-ree hotline at 1.800.424 9300

* SECHION 1. MATERIAL IDENTITICATION SECTION 5. ___HEALTH HAZARDS

L} INGEEDRIENT 1 Primary Route of Entry: Skir. contact, Eye, Inhaladon

< Common Narae: CL145A sirain of Psewdomonas flugrascans Exposure Limiy Mot cstablished
Chemizal Name: Not applicable Corrosive: Not cerrosive
Molceular Formula: Mot applicable Inhalation: - May be nritating to respiratory wact for some
CAS Number: Not applicable individuals. Aveid breathing dust. o
Percent: 0% Skio/ Gye [ritation: May be irrileling to skin and cyes for some °

incividuals. 12
OTHER INGREDIENTS: incrt, non-scactive Eifests of Overenposure: 1L product cemes in contact with syes or skin =z
irTiztion may occur. * m
mm‘ﬂ._qOZ 2 PHYSICAL. DATA Toxicity: Nong of the components of this produst are listed W m m
WO:GW Point Mot applicablz as carcinogenic by NTP, IARC, OSliaA
Wunhﬁ_sw Poini: Notapplicable Acule studizs:
wﬁ“._ crw_w? cUmewM_ﬂ__n it watee I Acute QOral LDsq (Rat): . >3,000 mg/kg (very ._o;. mu.dnpu,v ]
Appearance: Powder . * Acuie Dermal Lhsp (Rabbit) VN..cc‘o ragfkg {non-imitadng, mild or slight
Color: Tan . itation) . ‘
Gdor: Sweet. musly i ﬂ Primery Derrnal Imtation w:mri:.ﬁ:cuv Class 4
. . Eye Iritation Minimal Irritation, Class ¢ I

SECTION 3:  FIRE AND EXPLOSION DATA Inhalation: »225 giwl, Clags 4 .
Flash Paint ‘Wot flammable 3
Method: Not applicable ECTION §: FIRST ALD

Energeney First Atd Procedures:

Ifin eyes: Hold cye open and rinse slowly and gently with waler for 15-20
minates. Remove contact lenses, ifpresent, afler the first 5
weinales. tiea continue rinsing cve. Call a poison coutral center

BExtinguishing Media: Use extinguishing media appropriate for the
surrpunding fire
Special Fire Fighting

Procedures: Nene - - .

CDEMCN_ Fire and of doctor for reatment advics.

Explosion ilnzards: None If inhaled:  Move person to {resh air. if person i3 not breathing, call 911 or
3 P

an amby'anee, then give artificial respiration, preferably mouth-
wo-mouth If possible.

Stability: Material is non-reactive

Hazardous Ifonskin:  Take off contamireted clothing. Rinse skin immediately with
Polymerization: Does not oceur plenty of woter for 1520 BEEnm..nEH a poison control center
incompaltibility: None known acdoctor for further treatment advice.

Hazardous Decomposition If swallowed: Caf. a poison control conter or doctur immediately for trealment
Products: Nome knawn advice, Have persan sip a glass of waier it able to swallow. Do
Cenditians to aveid: None known ot induce voraiting unless told to by a poisan control center or

doctar. Do not give anything by mouth to an unconscious person.
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AEH-13-PSEUDO-05

MATERIAL SAFCTY DATA SHEET

MB1-431 Spray Dried Powder, Auzust 2010

Page 2of2

SECTION /: SPILL. LEAK AND DISPOSAL PROCEDURES
Steos to be taken in case material is released or spiiled:

Wear suiizble protective elothing such as long-sleeved shiet, pants, waterprool
gloves and shocs with socks. Carcfully mop or sweep vp spill and place ina
elosed eqnuainer for disposal.

Waste disposal method: Dispose of in sccordance with al) applicable federal,
state, and lpeal environmental regulations.

For emerpencies such as leeks ot spills, call CHEMTREC 24-hour twll-free
hotling at 1.800.424.9300,

SECTION & SPLCIAL HANDLING

-

Use a NJOSH approved respirazor with any N-95. T
95, R-95 or M filter [or biolegical products when
mixing/loading the produet.

Respirato

Wear gloves made of Latex or other impervious
rmaterial.

Proective ploves:

Safery poggles or salety glasses wilh side shivlds
resemmended.

Sye protection:

Other protective elothes:  Clothing 1o preven! prolonged skin contact as
needed such as long-sleeved shirt, long pants and
shoes with socks.

SECTION 9: SPECIAL PRECAUTIONS
Pracawions to be taken in hendling 2nd storing:

Use 2 N1QS!H approved respirator with any N-83. P-935, R-95 or EE filter for
biological products when mixing/loading the product.

Sture in o dry area inaceessible to chidren. Store In orfginal containers only.
Keep container closed when not in use.

Empiy container complelely and digpose of in 2ccordance with all applicable
federal, statc, and local ervironmental regulations.

Wash any contamination Trom skin or cyes immediately, Wash liands and
exposed skin before eating, drinking, smoking after work or using (he toilel,

SHIPPING REGULATIONS

None

Maone

Tasecticides, Fungicides N.C.L, Other Than
Poisons. NMFC 102120 Class 60

SECTIQN 10:
Proper shipping name:
DOT Label (5) Required:
Freight Classification:

SARA Tifle TT Harzard Classification:

‘mmediate (acute} Bealh: None
Delayed {chronic) Health: Nane
Fire: Nonc
Sudden Relcase of Prossure: None
Reactivity: None

National Fire Pratection. Association Rating:

Health: Neme
Flarmability: Naae
Reactivity: None

This document set forth is based en information that Marrone Blo Innovations,

Inz. (MBI) Sefieves to be accurate. No waccanty, expressed or implied, is
interdud. The information is provided selely for your information and
consideration and MBT assumes no legal respansibility lor use ot reliance
thereon.

of &

FF # ‘-’i‘fx_‘

{tem No.
Py _2
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Name of Product:

Active Ingredient:

Percent Active Lngredicnt:

Viable Cfu/g:

Lot Number:

Mussel Bioassay:
Appeatance:

Storage Conditions:
Date of Manufacture:

Expiration Date:

Bio Innovations

@"3} Marrone”

CERTIFICATE OF ANALYSIES AEH-13-PSEUDO-05

MBI-401 SDP

100% Pseudomonas fluorescens strain CL145A cells and spent
fermentation media

50% by weight

0 cfu/g Pseudomonas fluorescens strain CL145A
TR 4669-4-(3)

Pass

Tan powder

4 °C, protected fiom light

08 February 2012

08 November 2013

T hereby certify that the above information is true and correct.

Quality Control:

Date: 28 August 2013

Tamara Nicholson, Quality Control Supervisor

2121 Second Street, Suite B-107 . Davis, CA 95618 L] Phone; 530-~750-2800
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Study Number AEH-13-PSEUDO-05
Test Material Requirements for Enclosure treatments

Date’?/ Z‘r/j Iitials 7=
Locaticn /.. f?vff»ﬂg Exp. Date_7/ 26/}
Product Lot Number TR4669-4-3 (run 4 sample 3)

1" = 0.0254 meters
Enclosures = 56" square = 2.02322 square meters
Active Product
Enclosure Treatment Depth Depth Enclosure  Enc. Vol Reg. Req.
ID mg/L (inches)  {meters) Vol. {m3) {L) {g) (g)
1 100 53 1.35 2,72 2723.66 272.37 54‘4.73
2 50 51 1,30 2,62 2620.88 131.04 262.09
3 0 54 1.37 2.78 2775.05 0.00 0.00
4 50 54 1.37 2.78 2775.05 138.75 277.51
5 50 54 1.37 2.78 2775.05 138.75 277.51
6 100 53 1.35 2,72 2723.66 272.37 544.73
7 0 53 1.35 2.72 2723.66 0.00 0.00
8 0 54 1.37 2.78 2775.05 0.00 0.00
9 100 55 1.40 2.83 2826.44 282.64 565,29
FE# T4
ftemNo. _ 3
Pg__| of ]|
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Study Number: AEH-13-PSEUDG-GS _ Reviewed by: ]J’W © Date: V02

Flle Folder: Yo Lab book/pgs: H’an) gg,vé’g“f,”,ﬂ,]c}\/erified by g Date,A /fj/,“‘r‘

Test Chemical Stock Preparation

Test Chemical: Pseudomonas fluroescens strain 145A WA ;U WL/ j\/vﬁ
Test Chemical Lot #: TR YLbg -4 -2 _ Date Rec'd: M IVEI 3 Exp. Date: otV 5

Test Location: Lake Day i A ekond i Al Instruments Used: Bt - 6!‘9“4’

Weights of Chernlcal Samples:

sample 1D Sampls Weight Comments Date Initlals
A ~rhh| #-| o200 o | of 3 25IwW32|
Hmiw hre| #3 o 00 P)c:)w JE n
Shel | 213.53 l’w:t) (of3 ; Firglsnc Y \
Shock 2 #271.59 {%l%l LR fndu.ms
Ghock 3 a0 &quluFJ Entlosre
Shcke “'/ 594.73 RN’( IJF.Q Eyehone |
Shek & 5657 p)'w I?\c) Bl J’ '
Sink b Sl By 93 prtste] 05213 | foa
-——“‘_——'_‘*'_———.M,
NOTE: Chemical samples to be stored refrigerated until used for stock preparation.
Stock Solutlon Preparation:

Sample ID v::i::::‘::u) Pltos use Bresire | bate Initials
Analyhie 2 F00 | 6500 | hadacd wene | | Duivey | pev
S, 1€ 3 vl | 06ed | Eadsun A (0625 [958 | dn o
Shoult b ML jobus |Endond | 0657 | Mihy | S
Gk g Sl 070 (G |05 A3 | 5ie
shotetf ~ 15k 10735 |endhosure 1| 0750 174603 |50

S k2. S L 2759 | et & 1 ogen 7/1,[//3 Tl
Shek- 5 M5l |oFio |nibwn G | pgio B | e
!‘;TI'rcIosr:-.’d'@}?E =g e J’Si-“' m"ﬂeﬂ. & 7o rm f/l"/lf o
L (,1‘ os‘,}.«ﬁ)% 7 - fa /0 { 2 »\L./ Bl A ded o 515G e '7/7,6'/4] o
Linelosen. S - (. 4[,/ er il ume mpdei edl 10U "-'/Zé/ﬂ_;" Jone

O{/./;oﬁ. e Lain [VAPEYY S “2/1-‘2/1351/ FF # .,._}1& —
ftem No. M
Pg_ 1 of I .
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AEH-13-PSEUDO-05

CHEMICAL LOG BOOK

MBI-401 SDP

Marrone Bio Innovations
Davis, California

LOT NUMBER: TR4669-4-3
(Run 4; Sample 3)

Container 1 of 2

FE#_ LT
tem No. ___,___l

Pg ‘ of
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SIGNATURE PAGE

AEH-13-PSEUDO.085

All personnel making an entry in this log must fill aut the form below in accordance with SOF GEN 009,

PRINTED NAME

Peamg Loaehy -
J

TURE

INITIALS

DATE

frit EIRA1E)

"This Use and Maintenance Log Book has been nspected and fourd to be in compliance with SOP GEN 009,

Inspected and sealed on

by

Date

105
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‘ AEH-13-PSEURO-05
H x5y 3
gwgﬁgwﬁi SOP No. GEN 012.3
- AEE Page s of 7
Form GEN 012,34
Page | of']
TIZET CHEMICAL DATA YORM
Tost Chermical {Chemical Name) P05 R LMD SDE
P
Circle one: @@: Control Articte

Trade Name of Test Chemnical (Synonyms) E CLILSH

Source of Test Chemical (Manufacturer) .E‘{at\m)i: Pop ,lﬂl’]c‘;‘gﬂﬂ@ﬁ, I _—

Slorags Localion Cﬁ'ilf\' wih e ('Jq,ﬁ -{‘ﬁd'iqg \\V\ [,qg'("_-j MECYM Qe d v -chlé
Qc§y1.§{ruckr- v Hean 2 abuwllEse,

Date Recelved _Jitjwits Date Opened 47 T3 Expiration Date

(5 years unless otherwise stated)

Test Chemical Lot Number T¥ ¢4 {-4-3 Purity of Chemical_ g &,
(nn# Sy 3)
Amount of Test Chemical Available or Received (if known) _”:;’2 ’Lfa L

Initial Mass (with cover on) of Test Chemical and Container .QOL} fl_’ "}1)'

—
Characterization of Tesl Chemical: Color _ | ¢tiA
Physical Sfate; liquid __ solid X
Solid Form: powder X crystal _ pellet

Chemical Abstract Service Nunber l\,)j A

Manufacturer Certificate of Analysis  Yes DiNe .

Addilional Comments aboul the Test Chemical:
@ ltigvped Feyt Lhipmienl viadve Bdov § vy Jois

. N V ’ "7\
@ﬁ' Cen mll ha l(‘hu.ci i "aru&:‘ﬁj Fetep A b vau]\/ﬁff -fw.vL FUB] Kt G Rvin e,

Sample Placed in Archives: Yes _ No X (Entrics shauld slso be mads on Form GEN 012,b}

_ Material Safzaty Data Sheet Available: Yes X No

Archive Localion ___N _ZF\_

Signature of Study Director or designee initiating Test Chemical Use Log and date:

Date &t Avia i 2

Signatur

Page __’é_____ of b
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AEH-13-PSEUDC-05
Study Number: AEH-13-PSEUDC-C5

Study Title: Efficacy of Pseudomonas fluorescens (Pf-CL145A} SDP for controlling zebra mussels
within field enclasures

Test Chemical Lot/Use:

Zequanox test chemical {lot #4)1P120724C)was brought to the test location far use in the study based
on preliminary results from pre-test activity tests conducted by the New York State Museum Field
Research Laboratory (NYSM-FRL). While at the field test site {Lake Darling; Alexandria, MN) on 23 JUL
2013, NYSM-FRL staff called and indicated the test chemical lot #401P120724C did not pass initial
efflcacy testing and it was therefore not used for the study, Marrone Bio Innovations shipped 4kg of
replacement test chemical (lot TR4660-4-3; run 4, sample 3) to the field location via overnight UPS, The
new lot of test chemical was weighed based on the calculated amounts needed for the preper
treatment level. The data sheet with individual samples weights can be found in File Folder 7. A copy of
the data sheet is bound in the chemical loghcoks and the data were transcribed to the chemical
loghooks that were created upon returning to UMESC. Three analytical aliquots were weighed. The first
analytical aliquot was spilled and therefore discarded. A sample of the test material will be shipped
overnight to NYSM-FRL to verify past-exposure activity,

Ol viy 0
Kerry L. Weber, Fisheries Blologist Date 778

Page Ll of (o
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Study Mumber: AEH-13-PSEUDO-05

Flle Folder:

Lab book/pgs:

AEH-13-PSEUDO-05

Raviewed by:

Date:

Date:

Veriflec by:

Test Chemical Stock Preparation
Test Chemical: Pseudomonas fluroescens strain 145A

Test Chemical Lot i: TP"'M()((’J 3

Test Location: {afe. Dl mjf Al exerdy e (A

Waelghts of Chemical Samples:

Date Rec'd: L(WL!,_S Exp. Date:__
Instruments Used:_Bdt 5 3L

Sample D Sample Welght Comments Date Inftials
Are ~|hu.| 41 200 Poa | of 2 282 Hao
finelihral 42 200 By 14D q
S‘){u&k j 271.53 7)CI;J iofd t’HClln‘:-vrf 4 \
Shock. 2 29559 |G 18, Fruhaee &
Shoe 3 2200 64142, Eritsgsed
Sk Y 544 73 P;ri 1ok ::; Eickore )
Shek & 50207 e letd: Froisw] 4 ¥
| Sk b AU |Bug 9l 2 Pt 957713 | e
K*‘**‘——‘\_m
NOTE: Chemical samples to be storad refrigerated until used for stock preparation.
Stock Solutlon Preparation:

Sample 1D Vnﬁ:'r:'lte'i;m I D:"n:“:" Usa E"%’::Z"’ Date Initials
F\mtq hml 41 300 60 | Slapdacd wene | — | 2ievus | pe
5{‘-« i 5L eIl Emt”}\nmj\ Ok iy '7/19/"3 Hne-
r,alac.aa ML oy |Enclonnt | 0652 | Toy3 | g
bk g 5 | w705 |ty o A7 | 5o
Sthode 4 Gl 10735 {enddore L 0950 |7y |5
St b2 AT L 2750 | gt 5 | oyoe //m/] Tat.
Shel S ~MEL |oFle | &ddnen G | o510 'v/u/p T
Fire | spot¥ A5 |- Lo faf onudsgife ;MF'X\',J— 4 1,1 e 7/7-‘2/113 Ja—

foac /o‘.u-w&)? 7 T feen f“ [« AL/"JJ" Wl v ged od 5 e 'Y7/7-<ﬁ.7 .1%-%—
Jopedosen 3 - Conplf emelin arcreie ol U "J/z,c/fj o

. '
UY,V’?’-"(:“ Liy Lam [CTANERN A
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CHEMICAL LOG BOOK

AEH-13-PSEUDO-05

MiBI-401 SDP

Marrone Bio Innovations
Davis, California

LOT NUMBER: TR4669-4-3
(Run 4; Sample 3)

Container 2 of 2

FF # ) X
tterm No. 9
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AEH-13-PSEUDO-05
SIGNATURE PAGE

Al personne! making an enfry in this log must fili out the form below in accordance with SOP GEN 009,

e |

PRINTED NAME URE INITIALS | DATE |
Ber oy Lododws” Lt s |
) i

"This Use and Maintenance Lag Book has been inspected and found to be in compliance with SOP GEN 009,

Inspectad and scaled on by :
Date Quaiily Assurance Unit

Page )  of |
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AEH-13-PSEUDO-05
i ™ k
Eag‘ggggtvﬁ%i SOP No. GEN 2123
g - Page 5 of 7
TFForni GEN 012.3a
Page I of i
TEST CHEMICAL DATA FORM
Test Chemical (Chemical Name) _f"f F?f Mol L1P

Circle one: (m Control Atticle

Trade Name of Test Chemical (Synonyms) '?F CEHSA

Source of Test Chemical (Manufacturer) Mﬂl\"b”rtr( \—_Z,)N }y)l'l:.\i-‘»’hcl’k,

Slorage Location CEX;1€( WPl yie ol ’R?JLCM- i \'L%Ci e o o F‘E’Ll
Pttt i Foun ) cWHESlE
Date Received J- WL 4% Dale Opened PSvil%_  Expiration Date
(5 yeart unless otherwise siated)

Test Chemical Lot Number 146443 Purity of Chemical, T o
{nn o jsaple 3)
Amount of Test Chemical Availabie or Received (if known) _"™ 9? L(-\

Initial Mass (with cover on) of Test Chemical and Container 3 0113*, 'Vf

Characterization of Test Chemical: Color "rﬁl il
Physical State: liquid __ solid x
8olid Torm: pawder X_erystal __ pellet __

Chemical Abstract Service Number e,

7
Manufacturer Certificate of Analysis Yesu No__

dditional Comments about the Test Chernical:
The ter will be placed i f;iw\.vj veeods wlep pecaived bg. MBF, Fros o Avh s

Sample Placed in Archives: Yes __ No X (Entries should also be made on Form GEN 012.b)
Archive Location JIH Malerial Safety Data Sheet Available: YesX_No __

Signature of Study Director or designee initiating Test Chemical Use Loy and date:

 Date O Avd Xl

Signatu

Page 2 of (a
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AEH-13-PSEUDO-05
Study Number: AEH-13-PSEUDO-05

study Title: Efficacy of Pseudomonas fluorescens (Pf-CL145A} SDP for controfling zebra mussels
within field enclosures

Test Chemical Lot/Use!

Zequanex test chemical {lot #401P120724C)was brought to the test location for use In the study based
on preliminary results from pre-test activity tests conducted by the New York State Museum Field
Research Laboratory (NYSM-FRL), Whilz at the field test site {Lake Darling; Alexandria, MN) on 23 JUL
2013, NYSM-FRL staff called and indicated the test chemizal lot #401P120724C did not passinitial
efficacy testing and it was therefore not used for the study. Marrone Bio Innovations shipped 4kg of
replacement test chemical {lot TR4660-4-3; run 4, sample 3) to the field lacation via overnight UPS. The
new lot of test chemical was weighed based on the cafculated amounts needed for the proper
treatment level, The data sheet with individual samples weights can be found in File Folder 7. Acopy of
the data sheet is bound in the chemical loghooks and the data were transcribed to the chemical
loghooks that were created upon returning to UMESC. Three analytical aliquots were weighed. The first
analytical aliquot was spilled and thercfore discarded. A sample of the test material will be shipped '
overnight to NYSM-FRL to verify post-exposure activity.

01 v Qi
" Biologist Date

Page
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AEH-13-PSEUDO-05
Reviewed by; Date:
*ite Falder: Lab book/pgs: Verified by:

Study Number: AEH-13-PSEUDO-05

Date:

Test Chemical Stock Preparation
Test Chemlcal Pseudomonos fiuroescens stiain 1454

Test Chemical Lot #: TRYHELT -4 -2 Date Rec'd:dHT¥LI3  Exp. Date:

Test Location: {ake bm-rn\\j,ﬂ ‘-)@-J‘t".ilt‘<llL’“\" Instruments Usad: 3L %f‘éﬁﬁ,,‘f,

Welghts of Chamical Samples:

Sample ID Sample Welght Comments Date Inltlals

A*r'\nl~i:h?-v-? o+ | ol 00 g jof 3 ST g

A’}w‘\{j)‘utl 42 00 BC\;;( [ 2 /Y

Shelk | 21%.53 ‘.%‘153 [of 9 - Fiplse \

Shock 2 2759 |G 10 e 5] \

Slock 3 Pl 3 {i,)u%Jlaf' Q;( Eneleg e I \

Shek Y 544 33 3:4 if D; Eviksyore §

Shet S 563,77 m’; £ Fuctosict] ! -
’_M @L{ bl BW JUP‘Q gl (o 25 P L | Lany
| T
| — I
NOTE: Chemlcal samples to be stored refrigerated until used for stock preparation.

Stock Solution Preparation:
P lupeal 31 Avo 6500 | Shrudard wene |~ |Jetvidy | Fem
e i‘f- 3 vyl o | Enelsvre b 0635 | 2f1f13 | Fer

ehole £ st | obis |Endom | 0652 | Joefy | i

shok. 4 g f L 070 &%clgg»w,c‘/ o '7/?_{//} Jiw

shote o ~ 15 L 9735 Leneosore L | 0740 |f6h7 |50
sta b 2. AT L | 8T59 | Enclyern 5 | ayee [Vl | gae

Shek- S Al (0§10 e G | 0510 |0fE |
Ercloe 78 = roatal Sadsibe pad F 7o em |7/2603 | e
Eoc Jw*iof 7 —  guafall -zat/’r/j it g ged o] 8w ’7/Leﬁ,7 Tie
Foctsoe 8 1= oafl) cnclborc poves el i 65 ey | Soe

Grsde torng onlad wncdie, Y ufizm
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NYSM Post-Treatment Product Validation Assay
MBI-401 SDP TR-4669-4-(3)
(USGS Study #AEH-13-PSEUDO-05 Field trials at Darling Lake in 2013)

Date product received from USGS: 2013/08/08
Date of start of test: 2013/08/08 AEH-13-PSEUDO-05

BACKGROUND: As standard protocol for the USEPA project, each lime a batch of Zequanox
product is used in a test a UMESC, a portion of the preduct is bioassayed by the NYSM fo validate
toxicity post-treatment.
*  MBI-40! SDP TR-4669-4-(3)
o USGS Study #AEH-13- PSEUDQ-05 Field trials at Darling Lake in 2013

PURPOSE: Post-test product validation of MBI-401 SDP TR-4669-4-(3) used in AEI-13-PSEUDO-
D5 Field Trials at Darling Lake in 2013,

MATERIALS AND METHODS:

Preparation of product for testing;

Product was shipped under cold conditions and held in the laboratory refrigerator at 4°C until use.
Within 30 min of treatment application, prepare treatment stock of MBI-401 formulated product:

MBI-401 SDP TR-4669-4-(3) {SDP — 50% active ingredient): 3 g of the powder was added slowly
to a beaker with dilution water with stirring on a stir platc for cven suspension and then the total
volume was adjusted to 30 ml with dilution water. The suspension was transferred to a 50 ml
centrifuge and stored in refrigerator untif ready to use. The suspension, when svenly dispersed was
100 mg preduct/ml or 50 mg a.i./ml. For 200 ppm a.i. treatments in testing jars, 2 ml were added to
each testing jar (500 ml).

Cambridge CF (Standard for Positive Controls):

As au efficacy standard, we used PCL145A killed CF that was maintained at -80°C (Cambridge CF).
Since its production in 2005, this material has been valuable as a reference standard, The Cambridge
CF was produced in 2005 {2005-0027) in 100-L batches 10, 11 and 12 and E-beamed to kill the cells.
The solution, at 1 10 mg/ml dry weight, is stored in 1 em thick sheets in the Cambridge ultrafreezer at
-80°C. A section of the sheet was broken off and weighed to determine volurne (ca, [ g= 1 ml).

For this bioassay, a positive confrol suspension was produced on 06/18/2012 from the frozen blocks
described above and dispensed into multiple 50-ml centrifuge tubes for single-use treatment of
bioassays. The dry weight of the material was 68.15 mg/ml; therefore 1.5 ml was added to each tosting
Jjar to treat at 200 ppm.

Mussel collections:

Mussels were scraped fiom substrates {rocks) in the field and brought back to the lab in coolers.
Mussels were placed in pint-sized jars and placed in aquaria filled with unehlorinated tap water with
aeration and filtration (Whisper filters) in the laboratory at 20°C, One day prior to treatment, nissels
werc carcfully examined and placed into testing jars and allowed to attach overnight.

FF#_ta
ltam Np.

Pg_ | of 3
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AEH-13-PSEUDO-05

MBI-401 SDP TR4669-4-3 Darling field trials Validation (Darling Field Trial) -2
Musse! collection and handling;
Species Collection site Collection date Date in lab (20°C) Picked for test
Zebra Hedges Lake 07/09/2013 07/09/2013 08/07/2013
mussels | (Washington County)

Bxperimental design:
For validation of efficacy the following treatments were set up:

Zebra mussels (25 mussels/jar}:
3 — Unireated Control (A, B, C)
3 — 200 ppm (a.i.) Cambridge CF Positive Control (P-CL145A. killed cells) (A, B, C)
3 — 200 ppm (a.1) MBI-4C1 SDP TR-4669-4-(3) (A, B, C)
Total should be 9 jars.

Testing jar bicassay protocol:

On the day prior to treatment (08/07/2013) mussels were carefully examined and 25 mussels placed
into each testing jar containing ca. 100 ml aerated hard water and allowed to aftach overnight. The
nex!l morning (08/08/2013), unattached mussels were removed and replaced with attached mussels
from an extra glass Pelri dish. Water was replaced with 500 ml fresh aerated hard water,

After at least one hour, the trealment was applied. The oplical density of each jar was measured in
duplicate (Aseo mn Genesys Spectrophotometer).

After 24 he of treatment, musse! mortality was checked and mussels were transferred to square plastic
dishes with fresh aerated hard water. Mortality was checked and recorded each day with water
replacements, for an additional 6 days {7 days tofal). On the final day of mertality checks, 20 mussels
were measured from the untreated controls using a caliper,

Results:

Mussel length; Zebra mussels 16.63  3.80 mm.

Optical density of treatments:

Treatment Mean (£SD) OD (Ageo nm)
Untreated Control 0.002 = 0.002
Cambridge CF {Positive Confrol) 0,198 £ 0,009
Tield trial product MBI-401 SDP TRA669-4-(3} 0,212+ 0.008

Zebra mussel mortality: Mussels were treated in triplicate testing jars {500 ml) at 20°C for 24 hr and
morttality was recorded for a total of 7 days,

. Mean % mortality
[reatment +SD)
) Unireated Control 1.3£22%
Cambridge CF (Positive Control) 100.0 + 0.0%
Ficld trial product MBI-401 SDP TR4669-4-(3) 96,0 +6.9%

MBI-401 SDP TR4669-4-(3) PASSLED the posi-test bicassay validation (6% maortality).
Untreated contrel mortality was 1%.

FF#_TA
Item No. _S
Pg_3 ofd __
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Name of Product:

Active Ingredient:

Percent Active Ingredient:

Viable Cfu/g:

Lot Number:

Mussel Bioassay:
Appearance:

Storage Conditions:
Date of Manufacture:

Expiration: Date:

@. Marrone”

Bio Innovations

CERTIFICATE OF ANALYSIS AEH-13-PSEUDO-05

MBI-401 SDP

100% Pseudomonas fluorescens strain CL145A cells and spent
fermentation media ‘

50% by weight

0 ofu/p, Pseudomonas fluarescens sirain CL145A
401P120724C

Pass

Tan powdet

4 °C, protected from Tight

02 August 2012

02 August 2013

I hereby certify that the above information is true and correct.

'Quality Control:

Date: 18 March 2013

Tamara Nicholson, Quality Conirol Supsrvisor

2121 Second Street, Suite B-107 . Davis, CA 95618 . Phone: 330-750-2800 .
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Study Number: AFH-13-PSEUDO-05 Reviewed by: Y Date: \§ P60 Dol
File Folder: Fo. Lab book/pgs: £ ”!0( """]L b 9 Veriflad by: 7~ Date: 7'//‘!.//"(

Test Chemical Stock Preparation

Test Chemical: Pseudomonas flurcescens strain 145A
Test Chemical Lot #: 40 | Pias 33 C Date Rec'd\s JvL 013 Exp. Date:odMubdad

Test Location: {ale, Darke, Alixasdite it Instruments Used:M;%&v%lﬂg
B i o Lc'mr I3ty

B 2- Sarhzay
Meda\ .o (57 BoFoa5%.

Wnitlals | v o9t

Weights of Chemical Samples:

Sample D Sample Weight Comments Date
HML{\\IM 4 2‘000\% Nepve 3] i %\,W‘\ e
ﬁmhh‘ml&m 210"00%3 fyone ALy | ) % A

J#-J,Ll‘\S” ook of +at fwbd‘ wos_dedgapined ’[\) e ]oelb\,c a{cﬁjp Jelble
by e uti&._ﬂ—ﬁff;ﬁe[ Fhis st of el Padssgl ] wst b osid &
L N N T N LS L e m——

h‘\\—‘-

\\

NOTE: Chemical samples tc be stored refrigerated until used for stock preparation,

(

Stock Solution Preparation:

Dilutlon Dilution Exposure .
Sample ID Valime [mL) Time Use Time Date Initlals
<
~
~
]
e
~ |
FF#_a
tem No. 3 __
Pg_]_of _1__
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NYSM Pre—Treatmeﬂt Product Validation Assay
MBI-401 S i’l 20724C (FAILED)
(USGS Study #AEH-13-PSEUDQ-05 Field trials at Darling Lake in 2013)

Date product received from MBI: 2013/07/10 4 ¥
Date of start of test: 2013/07/10 AEH 1_3 PSEUDO-08

BACKGROUND: As standard protocol for the USEPA praject, each time a batch of Zequanox
product is used in a test « UMESC, a portion of the product is bioassayed by the NYSM to validate
toxicity pre-treatmen
« MBI401 SDPP120724C
o USGS Study #AEH-13- PSEUDQ-05 Field trials at Darling Lake in 2013

PURPOSE: Pre-test product validation of MBI-401 SDP@’IZO’?%C to be used in AEH-13-PSEUDO-
05 Field Trials at Darling Lake in 2013.

MATERIALS AND METHODS:

Preparation of product for testing:

Product was shipped under cold conditions and held in the laboratory refrigerator at 4°C until use,
Within 30 min of treatment application, prepare treatment stock of MBI-401 formulated product:

MBEI-401 SDP P120724C (SDF — 50% active ingredient): 3 g of the powder was added slowly to a
beaker with dilution water with stirring on a stir plate for cven suspension and then the total volume
was adjusted to 30 ml with dilution watet, The suspension was transferred to a 50 ml centrifuge and
stored in refrigerator until ready to use. The suspension, when svenly dispersed was 100 mg
product/mt or 50 mg a.i/ml. For 200 ppm a.i. treatments in testing jars, 2 ml were added o each
testing jar (300 ml).

Cambridge CF (Standard for Positive Controls):

As an efficacy standard, we used Pf-CL145A killed CF that was maintained at -80°C (Cambridge CF).
Since its production in 2005, this material has been valuable as a reference standard, The Cambridge

CF was produced in 2005 (2005-0027) in 100-L batches 10, 11 and 12 and E-beamed to kill the cells,

The solution, at 110 mg/ml dry weight, is stored in | em thick sheets in the Cambridge ultrafreezer at

-8G°C. A section of the sheet was broken off and weighed to determine volume (ca. 1 g = mi).

For this bioassay, a positive control suspension was produced on 06/18/2012 from the frozen blocks
described above and dispensed into multiple 50-ml centrifuge tubes for single-use {reatment of
bioassays. The dry weight of the material was 68.15 mg/ml; therefore 1.5 ml was added to each testing
jar to treat at 200 ppin.

Mussel collections;

Mussels were scraped from substrates (rocks) in the field and brought back to the lab in coclets, One
day prior to treatment, mussels were carefully examined and placed into testing jars and allowed to
attach overnight.

Mussel collection and handling:

Specics Colicction site Collcction date Daie in lab (20°C) Picked for test
Zebra Hedges Lake 07/0%/2013 07/0%/2013 07/09/2013
mussels | (Washington County) |
(0 Coned bt 4 Ty HolP BotHe pos Lpperol FF#_ 18
Item No.
Pg_ 1 _of
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2013-0013 MBI-401 SDPGJLIZOTEAC Darling field trials Validation (Darling Field Trial) -2-

Experimental design: )
For validation of efficacy the following treatments were set up: AEH-13-PSEUDO-03

Zebra mussels (25 musselsfiar):
3 — Untreated Control (A, B, C) .
3 =200 ppm (a.i.) Cambridge CF Positive Control (P/~CL145A killed cells) (A, B, C)
3 — 200 ppm (a.i.) MBI-401 SDltDPlZO724C {A,B,C)
Total should be 9 jars,

Testing jar bioassay protocol;
On the day prior to treatment (07/09/2013) mussels were carefully examined and 25 mussels placed

into each testing jar containing ca, 100 ml asrated hard water and allowed to attach overnight, The
next morning (07/10/2013), unattached mussels were removed and replaced with attached mussels
from an cxtra glass Petri dish. Water was roplaced with 500 ml fresh acrated hard water,

After at least one hour, the treatment was applied. The optical density of each jar was measured in
duplicate (Agganm Genesys Spectropholometer).

After 24 hr of treatment, musse! mortality was checked and mussels were transferred to square plastic
dishes with fresh aerated hard water. Mortality was checked and recorded each day with water
replacements, for an additional 14 days (15 days total), This bicassay was terminated after >10%
mortality was achieved in the untreated controls. On the final day of mortality checks, 20 mussels
were measured from the untreated controls using a caliper.

Results:

Mussel lenpth: Zebra mussels 18.59 & 3.05 mun.

Optical densily of treatments:

Treatment | Mean (£SD} OD (Adgo yey)
Untreated Control 0.003 +0.004
Cambridge CF (Positive Control} 0.200 £ 0.003
Field trial product MBI-401 8DP P120724C 0.246x 0.003

Zebra mussel mortality: Mussels were treated in triplicate testing jars (500 ml) at 20°C for 24 hr and
mortality was recorded for a total of 15 days.

) Mean % mortality
Treatment (SD)
o Uuntreated Control o 10.6+84%
Cambridge CF (Positive Control} 100.0 +0.0%
Field trial product MBI-40[USDP P120724C 08.0  8.0%

MBI-401 SD@%‘IZU’IMC FATILED the pre-test validation bioassay (68% mortality). Untreated
control mortality was 11%. Subsequent to this product’s failure, MBI sent us a new lot
{TR4669-4-(3)) for use in the Darling Lalke field trials. Lot TR4669-4-(3) passed validation.

(p Coepect 1ot nowlaer 15 Loy § 20 e, B PRpaRgoy

FE#_T8
Item No.
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ABEH-13-PSEUDO-05

CHEMICAL LOG BOOK

MBI-401 SDP

Marrone Bio Innovations
Davis, California

LOT NUMBER: 401P120724C

Container 1 of 1

PR LY
ltem No. _ 5

Pg_I_of 4
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AEH-13-PSEUDO-05
SIGNATURE PAGE

Al personnel making an entry in this log must fill out the form below in accordance with SOP GEN 009,

PRINTED NAME URE INITIALS DATE

Kt wj 1. b [ADY, 1ELLD

"This Use and Maintenance L.og Book has been inspected and fourd to be in compliance with SOP GEN 008,

Inspected and sealed aifs, Lok /8 Q0L3 b
~/Date~ Quality Asstrance binit

_2__of Y

Page
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ORIGINAL  soregman™"

Fom GEN 012.3a
Page 1 of |
TEST CHEMICAL DATA FORM

Test Chemical (Chentical Namey MG [- et SDE

Circle one: Contral Asticle

Trade Name of Test Chemical (Syronyms) _(‘\’CL}H 5H

Source of Test Chemical (Manufachuer) Ma-m»v_.‘-( Bib lw(«?-.'viujwi'a) o
Storage Location LDCI(;LJ( VLA/\“J-EV}:[“T Z,cyom I
Date Received |?§ JVi 2el™d Dale Opened Expiration Date Q & Alg 2073

(S years unless otherwise stated)

. o
Tesl Chernicai Lot Number H(ﬂf 1A D:“\'D"l . Puity of Chemical Z;D o

Amount of Test Chemical Available or Received (if known) =5 ltq

Initial Mass (witl cover on) of Tesl Chemical and Conlainer t; l y . <Sr\

Characlerization of Test Chemical; Color TQ—V]
Physical Slate: liquid __ solid X
Solid Form: powdery(_crystal _ pellet

Chemical Abstract Service Number NIEL

Manufacturer Certificate of Analysis Yes ) No

Additional Comments aboul the Test Chernical:

Sample Placed in Archives: Yes _No)_i (Entries shonid also be made on Form GEN 012.b)
Archive Location |~ Malerial Safety Data Sheet Available: Yes ANo__

Signature of Study Director or desipnee iniliating Test Chemical Use Log and date:

Signature ____ Da ﬁl—ﬂl_’j__m

Page 2 of Ej
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Appendix 5. Test Animal Information

item Number  Report

Aumber Item description pa(z]feS nﬁ;gbeer
1 Special permit (No. 18804) for taking and possession of mussels 2 127
2 Prohibited Invasive Species Permit (No. 290) 1 129
3 Collection Report for Special Permit 18804 2 130
4 Mussels Species Identification datasheet 9 132
5 Unionid Mussel Weight and Length — Data Summary 6 141
6 Zebra Mussel Lengths Pre-exposure Assessment — Data Summary 10 147
7 Zebra Mussel Lengths Post-exposure Assessment — Data Summary 11 157
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STATE OF MENNESOTA
DEPARTMENT OF NATURAL RESOTURCES
DIVISTON OF ECOLOGICAL AND WATER RESOURCES
500 LAFAYETTE ROAD, BOX 25
ST. PAUI, MN 55155

SPECIAL PERMIT NO. 18804 AEH-13-PSEUDO-05
(Toking and possession of nussels)
July 22, 2013

TO WHOM IT MAY CONCERN:

Under the authority of Minn. Statutes, Section 97A.401 and Minn. Rules, Part 6212.1400, permission is
hereby granted to:

James Luoma

.8, Geologleal Survey

Upper Midwest Environmental Sciences Center

2630 Fanta Reed Road

LaCrosse, WI 54603

to collect and possess up to 250 individuals of sech of the following species: Fatunucket (Lampsilis
siligquoidea), Fragile Papershell (Leptodea fragilis), and Giant Floater {Pyganodon grandis) for the
purpose of research, subject to the following conditions;

1. Kerry Weber, Jeremy Wise, Hugh McMath, and Denise Mayer are considered Subpermittees under
this permit. "Ihe Permittee and Subpermittees must possess a copy of this permit while condueting
permitted activities. Assistants may carry out activitics allowed by fhis permit under the direct on-site
supervision of the Permittee or Subpermittees,

2. Collection of mussels will be limited to Lake Darting, Douglas County. Collection will be conducted
only by hand via. wading, snotkeling, or scuba diving.

3. Any mussels refained under this permit will be destroyed upon completion of research, No mussels
will be returned to the wild. Humane mothods will be used in taking tissue samples and/for
euthapizing the mussels.

4. Before conducting work under this permit in state waters, the Permiitee must decontamingte any
cquipment that has been used in any waters in Minncsota or other locations that are infested with
aquatic invasive species. When leaving any waiers, the Permittee must remove any aquatie plants and
anitals (e.g., snails, zcoplankton) from equiproent, and drain water from watcreratt and ail
equipmentused, If permitied activities require live transport, the Permittee must sither bring
uninfested surface waler or ground waler 1o the collection site for specimen transportation, or obtain a
Permit to Appropriate/Transport Infested Waters, If permilted activities include the collection of any
prohibited (nvagive species, the Permittee must obtain a Probibiled Invasive Specics Permit. See the
attached for futther information on aquatic invasive species and related permits.,

5. Itis the Permittee’s responsibility fo acquire any additional permits that may be required related to the
collection, possessicn, or transportation of mussels under this pernit, ingluding any permits required
1o transport specimens across state or ‘nterrational borders, This permit does not allow collection of
any endangered or thueatened species.

6. Areport must be submitted by mzil or email to the Minnesota Endan gered Species Coordinator
(Richard F. Baker, Division of Ecologics] and Water Resources, Box 25, 500 Lafayetie Road, St.
Pauf, MN 55155; 651/259-5073; richard.baker@state n.us) by January 31, 2014 describing the
results of work avthorized under this permit. Copies of other reports and publications resulling from
permitted aclivities shall be submitted as they become available,

o
temNo. _] ..
Pg_1__ of j‘__..
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MNDNR Special Permit No. 18804
Permittee: Luoma

Page2

This permit is
TFailure b gubisi
eyl

AEH-13-PSEUDO-05

t'-ive~i1% nediately, and through December 31, 2013, but may be revoked at atty time.
por s ok deliver specimens as required may be grounds for denial of future permit

Uizalzetn

James Japs Date
BMPS Section Manager, Division of Ecological and Water Resources

T hereby certify that T have read and understand the provision of this permit and understand thad this
perinitis 7 s it Is sipned by me.
2z f)

Bate

C: Richard J. Baker, Endangered Species Coordinator, Div, Ecological and Water Resources
Peter Buesseler, Regional Manager, Div. Ecological and Water Resources
Stacey Skarp, Regional Manager , Div. Enforcement
Christine Ilerwig, Regiona! Nongame Specialist, Div. Bcological and Water Resources
Mike Davis, Malacologist, Div. Kcological and Water Resources
Bernard Sietman, Malacologist, Div. Ecological and Water Resourges
Don Pereira, Research Manager, Div, Fish and Wildlife
Gary Montz, Research Scientist, Div, Ecological and Water Resources
Permit Clerk, Div. Fish and Wildlife

FFr#_Y

ltem No.

I
Pg_3 of 1
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Tinesis Prohibited Invasive Species Permit
MN Department of Natural Resources, Division of Ecological and Water Resources
1200 Warner Road, St. Paul Minnesata 55106-6793

B R
Permittee; James A, Luoma and Dasignoos Permit number: 250
: USGS-Upper Midwest Environmental Sciences Center
2630 Fanta Resd Road
La Crosse, W| 54603 Daytime Phone: 608-781-6391
Location:  Lake Darling (DOW# 21008000) AEH-1 3-P5EUDO—05

Specles:  Zebra musse! {Drelssena bolymorpia)

Scope: Permission Is hareby granted o possess and Iranspoit zebira mussels that may ba part of a ressarch
prajact on Lake Darling in Douglas Gounty. Zabra mussels can be used to calculate populations that
are adhering to native mussels. The permities and all deslgness shall have a copy of this permitin
their poasession whils conducting authorized activities.

. Conditions:

Confinement and Disposal: The permittes shall taka all reasonable measures to prevant the spread of zebra
mussels to other waters during the activitles authorized by this permit, All materials potentally contalning zebra
musssls shall be transportad over the read In coverad, watarlight containers to a laboratory setting,

Decontamination of Equipment: All equipment used In movement of petentially contaminated materlals shall be
deconlaminated at an onsite focation as outined in the permit applicgtion. When not transporting materlals betwean
worksites, equlpment shall be clean and free of infostad malanial prior to leaving the site.

Inspecticns: Fa'clllzfes for hotding prohibitsd Invasive specles of wild anlmals and aquelic plants for research,
exhibition, education, control, or disposal purposes identlfied in this permit are subject to inspection at any
reasonable time by the commisslonar of naturaf rasources or a designated employes. ’

Revocation: Permits lssued undar this part may be ravoked by the commissiener if the petmittes doss not comply
with the conditions of thls parmit or Minhesota rules 6216.0100 to 6216.0600, or if revocation Is necessary to
protect the interest of the public, to protect native plant and animal populations in the stata, or to otherwise protect
the state's natural resourcas,

Transferablity: This permit is not transferabte.

Disclaimer of Liability: No llability is assumed by the State or any of its officars, agents, or amployess by
lssuance of this prohiblted invasive specles permit, or for any act or omlssion of lhe parmittes, or by any prohibllad
specles in possession of the permittes.

Expiration date: This permit Is valid from July 22, 2613 through September 15, 2013

d
e N /205

Barry Stratton, EWR Reglon 1 South District Manger
1 heraby cortlly that | have read and understand the Provisions of this pernit and undorstand this pannit Is hot valid uniess slgnsd by permittas.

Permitiee Signature Date

| /223
cc.  DNA Diviston P enforcame Capl. Cieg Saio Ann Piaice Barty Stration
Joe Elsterhold Mark Hanweller Jim Japs
4
FF#
ltem No. &

Pg_l of L
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United States Department of the Interior

U.8. GEOLOGICAL SURVEY
Biofogical Rescurces Division
Upper Midwest Environmental Sciences Center
2630 Fanta Reed Road
La Crosse, Wisconsin 54803

November 18, 2013

Richard Beker, Minnesota Endangered Species Coordinator R

Minnesota Department of Natura! Resources AEH 13'PSEUDO'05
Division of Ecological and Water Resources

Box 25

500 Lafayette Road

St. Paul, MN 55144

RE: Collection Report for Special Permit 18804
Dear Mr. Baker:

Below you will find a collection and disposition report of activities conducted under special permit number
18804, issued fo the James Luoma, UUSGS Upper Midwest Environmental Sciences Center on July 22, 2013,

If you need additional information regarding this report, please contact myself at 608.781.6391 or
(ilvoma@usgs.gov). Thank you for your assistance with this permit process.

Sincerely,
mes A Fuoma FF # Lf
Research Fisheries Biologist ltem No. _%

Pg_| of 2

cc: Randy Hines

Coliection, Use and Disposition Report. Special Permil # 18804
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Special Permit # 18804, Report of collection, use and disposition

U.S. Geologicat Survey

Upper Midwest Environmental Sciences Center

2630 Fanta Reed Road
LaCrosse, WI 54603

Number
of
Species Source | Animals Use Disposition
Lake
L. siliguoidea Darling 229 L. Darling Zequanox exposures Euthanized after assessment
Lake Unrecovered, identification from
L. siliguoidea Darling | L. Darling Zequanox exposures photograph
Lake
L. fragilis Darling 12 L. Darling Zequanox exposures Euthanized afier assessmenl
Lake Unrecovered, idenlification from
L. fragilis Darling ! L. Darling Zequanox exposures photograph

Callection, Use and Digposition Report. Special Permit + 18804
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Study Number; AEH-13-PSEUDO-05

Flle Folder:

Lab book/pgs: (’-"\'}? ‘_-vaag 2\

Mussel Species [dentification

kevlewed by: \CWJ Date: _15F(H QUW

Verified by; __<Saw— Date; l//'ﬁ;/:/&i

1Exposure Date: 26JUL 2013
ITest Chemical; Pf-CL145A

Test Location: Lake Darling, Alexandria, MN

Lot #: TRA669-4-(3)

| Encllc:ure Tag ID an:sc:i Comments Date Initials

[ 2 €379 P owil |
1 €358 =AM /‘\
1 c414 A M |
1 c237 Pt \
1 c221 FPfA el M asseSsimart ‘
1 c312 Ead [ Dead ettty assmmt
1 €292 T prtn /
1 €350 T
1 C380 s
1 €233 Fam
1 €377 i
1 ca24 A
1 €314 [ Ranad! |
1 €263 [Sgilad!
1 c363 FPs
1 €309 TP
1§ Ca08 Vaw
1 o e ‘
1 C266 F-P“U\l ,
1 195 P
1 €360 P
1 €358 M Dead dwing_assessvment™
4 C302 Pfﬂ"/l / [
1 €207 04 !
1 €345 Vi [
] c245 = v )
1 329 P ¥ oy 1B | P

FF#&tb.
tem NO.
Pg_| of 4
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Study Number: AEH-13-PSEUDQ-05 Reviewed by: v}% Date: l%PLTJ;Gi“\
File Folder; Fy Verifted by _ <39 Date; 2_.//’1,/‘/‘1

Lab book/pgs: e‘h\:g Fnz ER

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
[Test Chemical: Pf-CL145A Lot #: TRA669-4-{3) -
Enclosure Tag ID . Mus?el Comments Date Initials

1D Species
2 €321 E-fm Bhovid | Piw
2 c27s | P A \
2 49 | PAM
2 a0 | TP
2 ca1z | Vo
2 caos | FeM
2 cars | T
2 €232 AL
2 436 M ead A 2555t |
2 293 i ) ‘
2 C419 PR ’
2 caaz F s
2 304 PrarA
2 c187 Pt
2 332 A
2 c217 i
2 €203 i
2 Ccasl CPs
2 ce98 | va\
2 arz | Bl
2 caos | N
2 ciss | DA
2 395 | M _[Dead Au s asgssvat
2 o | P J
2 c7e | TR
2 e | P { v
2 €235 L2 By | fw

Page _Q_ of CI
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Study Nurmber: AEH-13-PSEUDC-05 Reviewer by \("\}N Date: 1(0’FEG, Aojd
File Folder: *z t Verified by ___ S Date: 1’//“//"%/

Lah book/pgs: g,-'IL'CE .E:-g,z M

Mussel Species [dentification

Exposure Date; 26 JUL 2013 Test Location; Lake Darling, Aloxandria, MN

Test Chemlcal: PE-CLIASA Lot #: TRA659-4-(3)

Enclosure Tag ID Mussel Comments Date Initials
1D Specles
3 c434 v oy | v
3 c374 VRl A "
3 197 P
3 €382 'Fﬁy’\
3 c418 w4
3 €194 A
3 €210 PR
3 €325 o
3 c218 Pfﬂ/“\
3 €243 T
3 c405 v
3 €354 i al
3 c437 e

3 €311 j’/ﬁv’\
3 cAz7 pod I
3 €326 M
3 €364 PVl
3 €193 Frvt Desd Auvin ossesonad
3 C204 T )
3 €384 - A
3 €393 | R ﬁ
3 c231 BRI |
3 €254 (Rl I
3 373 % !
3 €350 B L {
3 C246 Fw Wl
3 215 o Bnep | A/

Paye 3 of Gl
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Study Number: AE/(-13-PSEUDO-05 Reviewed by:,\\{\w . Date: . \§FEndnd_

File Folder: _ -Ha Verlfied by: oG Date: lr,f’if,"’i
Lak book/pgs: fﬁldf% Fﬂga,- N
i

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexand-ia, MN
Test Chemical: Pf-CL145A Lot #: TR4669-4-(3)
Enclosure Tag ID Mussel Comments Date Initials
D Specics
4 €282 A G hon® | g
4 €255 i A
4 €296 FapM |
1 c412 P 1
4 €239 P
4 283 FAM
4 285 F fim
4 €225 SgAl4)
4 €351 FAr
4 388 PAM
4 €339 F i
4 429 Fim
4 €403 P
4 caoa A
4 c270 =
4 cre | P
4 €286 B -
4 cal Pﬂ\k/\
4 €353 A
A 398 FPS
4 333 CAt
4 348 [l
4 €223 Frm
4 271 FAM | Dend dunmesismd '
4 €303 FhiA J f
A cse | I ¥
4 cazn | PR [Deed Aty assisgren] | 1500V 3 [ ¥4

(Dw.o-.j Gpeds D Cened (D 13 PrM. \LM Vs LYy

page ot 1
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Study Number: AEH-13-PSEUDO-08 Reviewed by: _{w! pate: _{#FEm 3oy
FieFolder: Ty Verified by: <S4 Date:,iﬂﬁ/!‘[_

Lab nook/pgs: £ "ie% ?9-3(1, N
1,

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandra, MN

Test Chemical: Pf-CL145A Lot #: TR4669-4-(3)

E"“'I‘;s”re Tag ID :’;:’c‘lsi Comments Date Initials
5 256 Fron [fhoovy | Bl
5 407 AM A s
5 C190 P |
5 C284 Fa |
5 €238 A
5 €240 Fhm
5 c244 F A
5 253 | FAM [Ded dune, oot
5 s | FPs ’ |
5 cao0 | FAM |
5 €352 YoM | |
5 294 FAm ! I
5 €320 il {
5 ca33 A
5 €330 A
5 368 Ui}
5 €392 it
5 €236 M
5 €397 oA
5 €259 T
5 €355 P
5 €290 P
5 425 -
5 €313 FAM
5 214 Prom

5 a3t TAHM
s €265 %8 Yovov)3 i

— a
Page 5 of __.L_-
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Study Number: AEH-13-PSEUDD-05 Reviewed by: \{"wJ Date: |55 ot

oy 3
Flle Folderi 1o Verlfiedhy: <M Date: lﬂ[ﬂ/"*

b boak/pes: @—lwi ae .
Lab book/pgs _Ll%.#ﬁe; PAl

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: PF-CL145A Lot #: TRA669-4-(3)
Encllr.[)Jsu re TagID ;‘;::i Comments Date Initials
6 €257 A Igioom | i
6 362 Fps AN M
6 €385 EAM l
6 €250 T;’{)WV\ \
6 €280 P [ Ded dhnry Assesomgd” l
6 €423 i -
6 C356 Un‘mwn s N!o..'&ro‘
6 €200 Pt
6 €396 FhiA Dosd during asocssmet
6 €281 F i ?
6 322 P
6 €251 FﬁM Read durdrs_agsguna]
6 €313 FAM °
6 €252 T A
6 €308 ﬂ:ﬁ’\f"\
6 €277 M
6 €336 FPq
5 €402 ALl
6 315 P
6 213 | TR I Deddp iy asocsamet
6 C205 Pﬁ‘P’\ - ’
6 €426 e |
6 | cam F A ’
6 383 =Y ’
8 c3n FAm (
6 €307 FPs Do ey Abstsgner / v
6 c316 | P ) ISy | P

Page Lf? of_9
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Stucly Number: AEH-13-PSEUDO-05

File Folder: _

I

Lab beok/pgs: ¢ “lt&‘!; %2:.12& :)'\

Mussel Species Identification

Reviewed by: ‘L\\J

Date: Wrﬂb o

Verified by: [ it

Date: P-j—qul‘ji, .

Exposure Date: 26 JUL 2013
[Test Chemical: Pf-CL145A

Test Lacatlon: Lake Darling, Alexandria, MN

Lot #: TR4668-4-(3)

138

Enclosure Tag ID Mussel Comments Date Initials
1D Species
7 €357 [ A ety | Pag
7 €299 FAA [ Doad o asgossnant” \ /P
7 €273 Cam i
7 257 F.MV\
7 £301 FmA Mvaﬁsﬂ@mggm
7 349 FAm ?
7 €355 FAmM
7 C361 i
7 401 Fam
7 c248 PAM  Dred dudw assesirial”
7 C260 A 7
7 413 A
7 €306 | ]
7 275 Farh
7 C268 Frimt
7 €247 F
7 C261 =AM
7 394 P05
7 €272 A
7 c234 F-Avt
7 319 Fhim
7 Ca17 o
7 cz12 Ehen
7 €370 Fira o
7 347 P
7 €289 A Dead dinty assegivml|| A/
7 192 PAM ’ Lsvovp| P
D ¥ o ¥ :
WL ead s R R LU LY page. ) ot 4




Study Number: AEH-13-PSEUDO-05

File Folder:

it

Lab book/pgs:ﬁ"lwci me H

Mussel Species Identification

Reviewed by: (\fd

Date; ]%B}UH

Verlfied by: 34

Date: lﬁf//"‘f

Exposure Date: 26 JUL 2013

Tast Chemical: Pf-CL145A

Test Location: Lake Darling, Alexandria, MN

Lot #: TRA669-4-(3)

Enclosure Tag 1D Mussel Comments Date Initials
> Species
8 €369 v IBroend | i
8 c189 A -
8 c415 | aldd} \
g €269 FAM
8 cz7a || M
8 €191 Ffm
8 c186 W
8 c211 @At
8 €337 FAmM
3 ae | P
g C366 e
3 €435 i
8 €196 ¥ A
8 C428 Pﬁm
8 €222 i)
3 391 FAmM
8 cos || P
8 €230 4
8 199 o)
8 216 dilall
8 c264 - || PAM
8 €241 A
g 324 ___,‘FWM
P 387 A s Aerns_asseerad]
8 €340 AW Twd Mw\f‘\) AyaesGingl
3 €209 W ’ v !
8 €220 Fam VoWt | fro
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Study Number: AEH-13-PSEUDO-CS Revicwed by: \L"V\J Date: rf% a}UH
File Folder: ab verifled by Jf— Date: 2—"‘*//‘[

Labbnok/pgm,ﬂ:h_*}_pfei)\
ARK

Mussel Species Identification

Exposure Date: 26 JUL 2013 Test Location: Lake Darling, Alexandria, MN
Test Chemical: PF-CL145A Lot #: TRA669-4-(3)
Enclosure TagID Muss.;el Comments Date tnitials
D Species

327 = A oz | A
s | FAM X
322 | Uabraon VS serovered
€305 pat \
C227 P \
€229 T am
€376 CAmM
206 !
ca11 Fir Dad duie_ assesanad]
€262 FAM ’ l
€226 F Ded duny Ayl | [
344 FPs ° |
c345 ¥ ‘
c422 M [
€120 FAMA ||

202 (il Dod duivin sstsmast

430 P Thad o‘wﬁ% A5 sanall

C4u9 A

w | (k=] = w | w o w w w w0 |wu [1+] L+ I V) w w | el Ris] 0 |wv |v w w

s | Fhm

287 P

css | FAM [Ded duade Gsgesurad |

367 FAm -

C386 S

328 FAM

ca16 Fiiv [Deed d i, Osergippad]

c3st | PAMC - v f
cas2 S Brimis | fiw

FF#_Yb
Item No.Jf__
Pg9 of 1__
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Study Nurber: AEH-13-PSEUDC-05 . [Action Dste Inltlals
Electron ¢ Lad Notebook (peges 15 to 17 & 21} 7-Mar-14  |KLW f’irh'
Data Sourre: Farm: "Mussel Welght and Length Asscssment” [Flle Fokler 13c) 10-Mar-14 kaw [
“Mussel Specles (dentfication” (Flle Folder 7b) Reviewed... Lo Al b | e
Certilled.. 31 frapy | dn—
Coversheet
Fila Mame: JAAZH-13-FSEUDO-0S\Data Summartes\fUnionld Mussel Weight and Length.xlsxlUntanld Welght-Length Cover Pagedof2

Unionid Mussel Welght and Length

Test Article: MBI-A01 SDP (Pseucomenas fluorescens PF-CL 1454 [SDP)); Lot #: TR4669-4-3
Exposure Date: July 26, 2013
Assessmert Dates; August 13-15, 2013

Data Explanatlon;

Fach of the 3 enclosures contalned 22 unlonld mussels with adbe-11g zebra mussels and 5 unionid russels with zebra mussels removed (Le., used to assess
Initial zekra mussel density}. During the post-exposura assessment {August 13-15, 2013}, the unionld mussels were welghed before and after zebra mussel
removal. Shell length was measured on each unlonld mussel, anc specles conli-med fror shell morphology. Fatmucket (fampsits silfquoides ; FAN) was
the domlnate specles whiie fraglle papershell {Leptodea fragltis | FPS) was rare{l.e, 231 FAM versus 12 FPS), Weight and length data for fragile papershell
musszls were analyzed separete v, Dala exclusions, inchuding welghts of untunid mortalitles ard we.ght and length of unrecovered unlonids ¢an be found

on page 2 of this data summary.

Tag D = Hallprint shellfish tag glued to the native mussel

Welght [g) = Welght of unionld mussel after zebra mussel removal durlng the post-exposure assessment {Augusl 13-15, 2013)
Shell Length {mmj = Length of unionid mussel after zebra mussel removal during the post-exposure assessment {August 13-15, 2013)

Data Swmmary:
Fatmucket Unlonld Mussels
Contro! Treatment I 50 mg/L Treatment I 100 mg/L Treatment
Enclosura} _ Enclosura?  Enclosure JEnelosure?  Enciosure 4 Enclosure 5 [lEnclosure 1 Enclosure & Enclosure 9
Mean Welght (g} 381 328 364 380 323 41.9 341 373 395
o) (a6 {7.8) H1.a) {125} (12.4) {12.9) {10.0) 16.9) [10.8)
Min 19.2 203 17.4 184 12.6 233 193 250 2.5
Max 4.9 46.9 67.9 654 62,4 72,5 545 S0.5 60.1
Grand Mean 358 374 370
(5D {2.2) . (3.9} t2.2)
meansL (mm) 65,74 62.73 6%.33 65.97 B2.57 68.69 62.32 64.81 66,97
iseil 739 15.08) {703} 17.62) {7.12) {6.200 {B.26) {554) 15.83)
Min 47.10 53,34 53.28 48.65 48.94 5E.66 34.42 48.54 55.50
Max| B84.75 75.11 78.73 78.04 7477 77.76 77.03 T3.64 78,91
Grand Mean 64.60 65.74 G4.70
{50 {1.33) (2,501 (130

L= Shell lengti

Fraglle Papershell Unionld Mussels

Welght {z} 8L {nim)
303 €3.90
{18.9) {11.62)
126 52.28
£3.0 95.64

sL=shelllength

=lle =glder {:}LJ

Item Mumbe,
Page l of

141




Study Number: AEH-13-FSEUDO-05
Electrenic Lab Notebook {pages 2510 17 & A1)

Data Source: Form: "Mussel Welght and Lenglh Assessmant” [Fle Folder 13¢)
“Mussel Specles tdentification' {File Folder 7b)

File Nama: MAEH-13-PSEUDO-05\Data Summarlesi[Unlonid Mussel Welght and Length.dsx)Unlon'd Weighi-Length Cover

Covershest {cont.)
Page 20f2

Unlenid Mussef Welght and Length

Test Article: MBI-401 SDP (Pseudomonas flusrescens PI-CL 145A [SDP)); Lot §i: TR4659-4-3

Expasure Dzte: July 26, 2013
Assessment Dates: Algust 13-15, 2012

Data Exclustons:

The fallowing unlonld mussals were mortalities from the assessment [August 13to 15, 2013}, The welght data for these mussels will not be used within the
unienid welght analysls and will be denated with *." within the dataset. The length data for these mussels will be used within the unienld .ength analysls:

Test Enclosure 1 (100 mg/L):
€312
(359

Test Enclosure 2 {50 mp/L):
436

Test Enclosuce 3 (0 meg/L):
c193

et bnctosure 4 {50 mg/L):
271
33¢

Test Enclosure 5 {50 mg/L):
€253

Test Enclosurs 6 (100 mg/L): Test Enclosure 8 {0 mg/Ll:
213 {340
C251 a8y
c280 Test Enclosure s {100 me/Ly:
o7 (202
€396 {216
Test Enclosure 7 (0 mgfL): 258
C2a8 430
€289 Cdil
€299 Ca16

€301

The following rmussals wera not racovered for the assessment (August 13 to 15, 2013) and were removed fram the unlonid russal weight and leng:h analysis:

Test Enclosure 5 (100 mg/L):
€356

Test Enclosure 9 {100 ma/L):
33

"age é of [-0
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Stucy Number: AEH-13-PSEUDO-D5 Test Artlcle: MBI-A01 SDP

Electronle Lab Notebook (pages 15 t0 17 & 21} Lot #: TR4669-4-3
Data Source: Form: "Mussel Welght and Length Assessment” {Flla Folder 13¢) Exposuie Date: July 26, 2013
"Mussel Species ldentlfication” {File Folder ?b} Assessmen: Dates: August 13-15, 2013

Unionid Mussel Weight and Length
Post-exposure - Fragile papershell (Leptodea fragilis)
All Treatments

Treatment Shell Length
Enclosure ID  Level (mg/L) Tag (D Welght {g) (mm)

7 0 Cc394 27.5 66,90
2 50 C331 23,2 63.74
2 50 C342 40.5 74.08
4 50 C398 15.7 54,72
5 50 €335 12,6 53,34
1 100 c207 83.0 95.64
1 100 €363 31.7 72,23
6 100 C307 . 60.81
6 100 336 18,2 52,28
6 100 362 301 74,40
9 100 C344 25,5 63.94
9 100 C386 16,1 5871

Mean 30.3 65.90

(SD) (18.9) {11.62)

Min 12.6 52.28

Max 83,0 95,64

File Folder b
Item Number___*

Page b of o
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Study humber: AEH-13-PSEUDO-05
Electronic Lab Notebook {pages 18 & 20}
Data Source: File Folder: 14
"'"Zebra Mussel 1lengths" Datasheats

File Hame:  See flienames as stated below

Actlon Date Initials
Created....| 13-Feb-14 [KLW i’
Ravised......| 12-Mar-14 |kiwin/
TR pn?
Certifled... )‘f.ﬂ-'hh F—

Zehra Mussel Lengths
Pre-exposure Assessment

Test Article: MBI-401 SDF (Pseudomonas flusrescens Pf-CL 145A [SOP)); Lot #: TR4669-4-3
Exposure Date! July 26, 2013
Assassment Dates: August 13-15, 2013

 Dyeral| Data Summary;

Control S0 mg/l 100 mg/L
Enc3 Enc 7 Enc 8 Enc2 Encd Encl Enc g Enc g
Grand Mean 12.04 11.95 1211 1263 1165 11.32 11.53 10.82
{sbj (088 (076 (002 | (017 (040} 015 {0.33) (041}
Min 6.03 641 608 6.07 ©.01 601 6.00 6.01
Max 27.43 25.70 26.49 19.72 25.28 23.56 27.95 17.38

Data Explanatlen;

Flye unionid mussels with adhering zehra mussels ware collected irom each test enclosure for use In estimating the pre-exposure 2ebra mussel colonlzation
density. All zebra mussels were removed, sorted into live/dead and preserved 1n 70% ethanol for enumeration and fength measurement. Live zebra mussels
removed from 3 unlonlds fram each treatment replicate were measured for length; mussels < & mr were removed from analysls.

Pre-exposure Control [0 ma/L] Test Enclosure Zebra Mussel Length Data:
I\AEH-13-PSFUDD-05\Data Summarlesi[Zebra Mussel Lengths xlsk]Pre-exp Enc 3
IAALT -13-PSLUDO-0%\Dadar SumimarlesifZebra Mussel Lengths xlsx)Pre-exp Eng 7
INAEH-13-PSEUDQ-05\Dat Summarles\iZehra Mussel Lenaths.xlsx]Pre-exp Enc §

Pre-exposure 50 mg/fL Test Enclosure Zebra iMussel Length Data:
1:\AEH-13-PSEUC0-05\D'aka Summarles\[Zebra Musse! Lenglhs.xlsx]Pre-exp Enc 2
IVAEH-13-PSEUR0-05\Data Summaries||£ebea Mussel Lengths.xisikPre-2xp Enc 4
[VAEH-13-PSEUDO-05\Data Summ arles\[2ebra Mussn) Lengths.dsx)Pre-asp Enc S

Pre-sxposure Benthlc tnfectlon Test Enclosure Zebra Mussel Length Data:
I'VAEH-13-PSEUDQ-05\Data Summar as\[Zebra Mussel Lengthsodsx)Pre -exp Enc 1
INAEH-13-PSEUDO-05\Data Summar es\[Zebra Mussel Lengths.xlsx]Pra-exp Enc 6
INAFH-13-PSEUDO-051D2ta Summarlies\[Zebra Mussel Lengths.xlss)Pra-exp Enc 9

Data anomailes and deviatlons:
NOKE

Flle Folder I !
ltem Number___ T

Page i of _\2
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Study Number: AEH-13-PSUEDO-05
Las {pages 16 to 20)
Gala Source: File Folder: 15
“Assessment Zebra Musse| Eengths” Datasheet

Cerlified...

Fle Norme:  Sex filenames a5 stated below

Zalira Musse| Lengths
Host-exposure Assessment

Test Atlcle! 148 1-401 SOP (Pseudonirones fluorescens Pf .CL 1454 [SDP]); Lot ki: TR46G3-4-3

Expoiura Date: July 26, 2013
Assecsmant Natas: Augst §3-15, 2013

Overall Deta Summary.

Control SO mg/L 100 mg/L
Enc3 Enc? Enc & Enc2 Enc4 EncS Encl Ench Enc%

Grand 1258 1246 261 1163 1139 1229 1233 11.44 12,10

Bl 50} {038) (100} (038 | {0.80) (045 (0.74) | [0.68) {o.23) 10.18)
< Min 6,20 407 608 B.03 635 618 635 601 6.09
ax 25.89 2691 21.29 2500  25.35 38.19 2313 24.59 18.43
Grand 8.97 10.02 11.98 12,50 12.24 11.69 12.84 12.19 12.20

E [s0) (335) 2170 {24n) | (193) (082)  (L04) | {029 {1.25) {1100
a Min 673 7.14 837 661 .24 6.01 B.03 5,02 626
Max 15.05 1252 17.74 2548  26.52 1719 23.75 23,33 26.27

All unlaried mussals from aach test enclosure (S used I pre-expasure assessment anc 22 with adhering with zebra mussels) were assessed for sundval and zebra mussal colonizatlon
18-2¢ days post-exposure, Tha yebra mussels removed from 3 unlonids from eazh test enclosure Were sorted nto live/dead, enumerated and measured for length, Mussels
maasuring < & mm was removed from analysls,

Post-exposUrs Cantral [0 mg/L) "es: Enclosure Zebra Musscl Length Datat

IMAEH-13-PSEUDO-D5\Data Mzobia Mussel Lengths. xlss)P. Enc 3
1AEH-13-PSEUD0-05\Data Summaries\[Zeh:a Mussol Lengths xlsx] post-cxp Enc 7
IVAEK-13-PSEUB0-DS\Data \zoh, ] hs #lsx]Post-cxa Enc 8

Post-axpo:ura 50 mg/L Test Encinzurs Zahra Mussel Lanath Dats:

AN -13-PSEUDO-D5\Data 2ebra 1] hs.xlsx] Py Fnm3
IAEH-13-PSEDJ-05\Data Summarles\Zebra Musseltanathis «lsx] Post-exa Enc 4
[HAEH-13-PSEUNG-05\Data Zebra ! ths.x: EncSs

Post-eaposure 100 mE/L Tesl Enclosure 2ebra Mussel Langth Data:
1:\AEH-13-PSEUDO-05\Data Summarlas\[Zetra viussel Lengths 1l541Post-0%3 Fac 1
[£\AEH-13-PSEUDO-05\Data Sumimia Het\[2abra Yussel Lengths xlss]Poct-2xa Eng 6
[:\AEN-13-PSEUDO-03\Data Summarles\[2ebra Mussal Lengths xlsx]Post-axp Snc 9

Data lmpurted to $A3 for anebysis:
IAEH-13-PSEUDO- 05\Dad bra MussatLaugths.xhr)Loagths for SAS

ape = Test Endosyra D (1 thraugh 9)
treat « Tizalment 1cvel

0 = Dmg/L {Contral)

50= 50 mg/L.

100 - 150 mefL
time = Sampling Time

2 = Post-pxposure
status = Survival status of mussel

L= Alive

D = Deodt
length = Grand Maan of Mussal Length for 13t Enclosure (ram}

Data aromalies and deviallons;
MONE

Fta Folder |§

Ttem Mumbar,
Page_ | of M
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treat
100
50
0
50
50
100

100
100
50

50

50
100

100

time
1
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length
11.32
12.63
12.04
11.65
11.90
11.53
11.95
12.11
10.82
12.33
11.63
12,58
11.39
12,29
11.44
12.46
8.61
12,10
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Appendix 6. Water Quality

| Number  Report
tem .
Item description of page
number
pages  number

1 Pre-Exposure Period Water Chemistry — Data Summary 2 169

2 Exposure Period Water Chemistry — Data Summary 2 171

3 Ammonia — Data Summary 3 173

4 Temperature Data Loggers (HOBQOs) — Data Summary 4 176

5 Report of Analysis — Ammonia Report from Water Quality Laboratory at UMESC 1 180
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Study Number: AFR-13-PSEUDD-05 Acttor Date Ihltlala
Electronle Lab Notabook (page 12; 5 [
Data Source:  Fle Folder: 11
Forms: "Water Quallly" datasheet fore-exp for DO, pH, ; "AKs lInlty"
"Conductivity and Hardness dalashert

19-Feb-14 W |4
- PEIA] p?
mfrapim] o

File Marme:  I\AEH-13.P5EUE0-05\Dats fes\ Chern hlsx|Pre-Expastire Water Chem

Pre-Exposure Period Water Chem)stey

Test Article: MBI-401 SDP {Pseudarronas fluorescans PR.CL 145A [SOP)); Lot #: TRAGES-3-3
Exposure Date: Iuly 26, 2013
Assessment Jates: August 13-15, 2013

Data Explanation:
Pra-Exposure Period Waker Zhemlstry - Dissolved oxygem, pH, and temperature were ineasured prior to exposure initlationin each test enclosure. Akalilly, hardness, and conductivity were
meastred from water samp'es collected In the vicinity of each test enclosure,

Data spomalles and deviationy
NONE
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Study Number: AEH-13-PSEUDD-05
Electronic Lab lotebook {page 12}
Data Sotce:  File Folder: 11
Forres: "Water Quality” datasheet (4h and Bh)

Flle Nare: 1:WEH-23-PSEUDO-054Data Summaries\(Water Chy Water Chem

Jaction  oate Initlals
|ereatedn.. | 5-sep-13 [wiw ad
Revisad.u.. | 39-Feb-14 fauw ¥’
Reviewed...| j AFgki | gt
[eertited.. 1rlmfn Ji

Exposure Perlod Water Chemlstry

Test Article: M@I-401 SOP {Fseudoironas lluorescens PRCL 145A [SDP)); Lot #: TRAGED-4-3
Exposure Caze: July 26, 2013
Astessment Dates: August 13-15, 2013

Cata Explanation:

Expesure Period Water Chemlsary - Dissolvad oxygen, pHand tempersture measurements from the conter of all test enclosures at 4 and 8h.

Datas anomalles and devlations
NONE

Hie ralder,
Irem Number,

Page of
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Stady Nurber: AEH-13-25FUNO-05
Elect-onic Lab Notebook ipage 12}
Data Source:  Flle Folder: 11

Forms: “Water Quality” datasheet (dn and 8h}

Exposure Water Chemistry

Test Article: Mg £C1 SDP

Lot It TRAGED-£-3

Exposure Date: july 26, 2013
Assussment Dates: August 13-15, 2013

172

Treatment Test A Hauy 8 Hour

Group Enclosure 10 Do ot Tenip. 0o oH Tamp.
{me/L) img/L) ro [mg/L) ra
3 " 648 850 23.2 583 24D 3.0

Conitrol 7 6.24 8.46 226 6.49 846 23.0
8 5,54 8.45 228 6.77 £.49 229

Mean 849 WA 22.9 635 NFA 230

(5D) 0.12 NfA 0.2 0.39 N/A 0.0

Min .34 w45 226 5.83 840 229

Miax 6.64 8.50 23.2 6.77 8.49 239

a 595 2.38 23.3 5.67 8.35 230

50 5 6.15 8.36 231 5,68 8.36 23,2

2 573 8.35 23.0 5.54 8.25 231

Mean 5.95 NfA 231 5,63 N/A 231

(S0) 017 NSA 0.1 0.06 NfA 0.1

Min 573 835 23.0 5.54 B.25 230

Max 615 838 23.3 5.58 8.35 23.2

1 568 8.16 23.1 5.24 8.20 23.2

100 9 6.12 8.28 23.1 5.50 8.23 22.8
6 5.75 8.24 22.7 5.24 8.18 23,2

Mean 5.85 NjA 23.0 5.36 N/A 231

(sP) 019 N/A 0.2 0.17 NfA 0.2

Min 5.68 8.16 22.7 5.4 8,18 22.8
Max 6,12 8.28 23,1 5.50 8.23 23,2

Grand Mean £.09 NfA 23.0 5.78 N/A 23.0

{sD) 0.33 N/A 0.2 0.49 N/A 01

Min 5.68 8.16 226 5.24 8.18 12.8

Max 6.6¢ B850 233 6.77 8.49 23.2

Flle Folder i l
[tern Muimber, I
Page a of __o



Study Number: AEF-13-PSEUDO-05 Action Date Inltlals

Slectronic Leb Notebook {page 12) Created...... 11-Feb-14|KLwé~
TAN Data Source: LTRMP Report (File Folder 11) Revised..... | 19-Feb-14]kLwv 1A
pH and Temperatre Data Source: 8 h Water Quality Datasheet (File Folder 11) Reviewed.. |[AFEh | yw

Certified.... | 2 Jfiff4_| g

File Name: I\AEH-13-PSEUDO-05\Data Summaries\(Ammania Data.xlsx]Ammonia Data

Ammonia

Test Article: MBI-401 SDP (Pseudomonas flunrescens Pf-CL 145A [SDP]); Lot : TR4669-4-3
Exposure Date: July 26, 2013
Assessment Dates: August 13-15, 2013

Data Explanatlon:

1) Water sarr ples were collected upon exposure termination, acldified with 10% sulfuric acld, and analyzed for total
ammonia nitrogen {TAN) by the 4500-NH, G. Automated Phenate Method (Standard Methods for the Fxamination of
Water and Wastewater, 21st Edltion, 2005} using a Technicon Autoanalyzer |1,

2] Un-onized ammonla fractions were calculated according to the formula in Emerson et al. {1975) using pH and
temperature cbserved at the time of sample collectian.

Data Anomalies and Deviatlons;
NONE

File Folder H
Iter Number.

Page \__of
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Study Number: AEH-13-PSEUD0-05 Actlon Date iottials

Electronic Lab Nolebook lpages 11, 16 & 17) Created..... | 7-Feb-14 [KIWyd .
Data Source; Flle Folder: 11 Revised..... | S5-Mar-14 [Kiw fadd™
Forms; Gnset HOBO Datafile output from HOBO Temperawre Loggers {Fe Folder 11) Reviewed.. |SIARIR [ P/
(EVAEH 43-PSEUDO-0S\HORO Bata) Certifled... 3/5‘ AN

Flle Names: Week 1:  '\AEH-13-PSEUDO-D3\Data Summarles\{HOBL Data xlsx]Temp Data (Week 1)
Weak 2: \AEH-13-PSEUDO-05\Data Summartes\|HOBO Data xlsx]Temp Data (Week 2}
Week 3:  BAAEH-13-PSEUDO-CS\Data Surimarles\IBOBO Date.xlsz)Temp Data {Week 3

Terﬁperature Data Loggers (HOBOs)

Test Article: MBI 401 SOP {Psepdomonas fluorescens Pf-CL 1454 [SDPI); Lot #: TRZ668-4-3
Exposure Date: July 26, 2013
Assrisment Dates: August 13 to 15, 2013

Data Explanation:

On July 26, 2013 a HOBO temperature loggers wera programmed te record water temperature every thrag hours {eight times & day) and attached ta the retention
barrlers. The HOBO temperature loggars were remaved and temperature data were offlaaded during the post-expesure unlonld mussel assessment (August 43,
2013 for test enclosures 1, 22nd 3; August 24, 2013 for test nclosuires 4, 6 and 7; August 15, 2013 for test enclosures 5, B and 9}, Mean cally tempearature {*c} and
stendard devlation were calculated from daily te mperature measuraments from all HOBO terperature loggers.

Datn Logger Serial Test Enclosurs  Treaiment Ceployment  Termination
Number Number 3} Leve| fme/L} Datg Date
1 10020132 1 100 25-Jub13 13-Aug-13
2 10020138 2 50 25-1ak13 13-Aug-13
3 10020139 3 Control 25-Jul-13 13-Auz-13
& 10020141 4 50 25-1#-13 14-Aug-13
5 10020142 5 0. 26-4uk-13 15-Aug-13
& 10020133 ] 100 25-Julk13 14-Ag-13
7 10020131 7 Controt 25-Juk13 14-Aag-13
8 10020134 B Control 25-Juk13 15-Aug-13
] 10020136 9 100 25-Jur13 15-Aug-13
Average Dally *Ch
Mean Mcan
Date (50} N Date (SO} N
7/26/2013 23.88 s Blsf2013 22,69 3
0.35) (0.29)
71232013 22,96 3 8/6/2013 2259 9
(0.52) (0.55)
Hfirjanz 72.26 9 8/2/2013 2n ¢
{0a3) (0.62)
7/29/2013 2235 9 8/8/2013 23,03 g
(050§ [0.57)
7/30/2:3 25 9 8/2/2013 22,73 9
{075} {033}
/3172013 2260 3 8/10/2m13 28.04 9
{0.35) (6.86)
BA/2c13 2285 3 81172013 23.39 5
{0.63) {0.54)
8f2/2013 23.00 9 B/12/2013 23.33 g
{0.45) 0.52)
8f3/2013 22.82 g 8/13/2013 2334 6
1053 [0.64)
ffafzm3 ?2.78 g 81472013 23.51 3
(0.78) {0.72)

Dats anomalies and deviations;
Tempe-ature readings from te first and last days of recorder deployment {fuly 25, 2013 for alf test enclosures and after August 12, 2013 for test enclosures 1, 2 and

3, after August 13, 2013 for test enclosures 4, 6zad 7 and after August 14, 2013 for test encloswes 5, 8 and 9) were omltled from data analysis, The temperature
recortlers may have sampled amblent als temperature durlng these time polnts. These entire days will be cmitted as diurnal temparature ftuctuation skew the mean
daly terperature. The mean temperature for August 13, 2012 was calculated using € datz laggers (#4, 5, 6, 7, Band 8). The mean temiperature for August 14, 2013

was calcdlated using only 3 data leggers (15, Bznd 9),
Flle Folder l '
Item Number.

Page i of _%
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Study Numbar: AEH-13-PSEUDO-05 Tast Artlcle: 21401 SOP

Electronie Lab Notebaok [pages 11, 15 & 17) Lot 4i; TR4669-4-3
Dsta Source: Flle Folder: 11 Exposure Dale: Jly 26, 2013
Onset HOBS Datallle ouput from HOBO Temperature Loggers (File Folder 11) Assessment Dates: Aigust 19 to 15, 2013

Lacatlan: I4A€H-13-PSEUDO-05\HORO Nata

p Perlod and Past-exp: Holding Pariad Water Temperature
Week 1
Data Loggar Number
Date 1 2 3 a 5 | & | 7 | 8 [ Mean
Tiea {GMT-05:00} T o) (sD)
07/26/2013 0:00,0G 245 245 5 s 264 245 4.4 25
07/26/2013 3:0000 241 741 4.2 U0 241 4.2 240 2.2
07/26/2013 6:00:00 237 2.7 3.8 236 238 238 236 ns
07,/25/2013 9:00:00 236 236 2.6 215 235 236 235 23,6 238
[07/26/2013 12:C0100 236 237 23.8 1.6 23.7 37 27 237 (C.4)
07/26/2013 150000 238 20.1 24.2 26 2.7 242 1238 28
07/26/2013 18:00:00 243 2.1 4.2 138 240 244 4.4 24,4
07/26/2013 21:00:00 235 234 23.4 233 234 235 134 23,5
07/27/2013 £:00:00 233 PEE 3.2 231 2312 233 22 23.2
01/27/2013 3200000 30 23.1 220 229 23.0 231 23.0 230
07{27/2013 £:00:00 ns 28 228 205 228 228 2.8 228
07/27/2013 S:00:00 233 231 234 27 22.8 253 220 229 23.0
07/27/2043 12:00.00 B35 232 233 226 2.9 241 21 23.1 (0.3}
07/27/2013 15:00 00 23.2 230 23.1 2.7 228 231 2.0 . 230
07/27/2013 18:00.00 2.2 238 231 22,7 225 233 233 230
27/27/2013 21:00.00 224 23 224 222 203 222 223 224
BIf28/2013 B:0ti00 221 223 221 2.0 2.4 221 220 2.1
D7/28/2013 H00:C0 24 720 220 218 2.0 220 220 22.0
27/28/2013 6:00,C0 219 19 219 217 219 218 H%] 219
282013 %:00:C0 4 222 2.4 1.9 2.0 224 121 21 223
37/28/2013 12.00:00 29 228 2.7 220 3 232 224 24 0.3}
17/28/2013 15.:00:00 228 226 2.6 221 22 224 22.8 224
07/28/2013 18:00:00 229 26 2.7 222 24 228 28 226
07/, 222 222 ) 29 22 22.2 2.3 222
07/29/2013 0:L000 221 221 221 220 21 221 no 220 221
07/29/2013 3.0,00 220 220 220 218 220 220 219 218 220
07/29/2013 6:£0:00 s 27 218 21,6 2.8 a7 216 2L 217
07/29/2013 9:00:00 26 221 225 e 220 224 75 222 220 22,3
02/29/2013 120300 233 232 236 2.6 22.8 239 23 23.1 23.0 10.5)
07/20/201% 15:0%00 231 220 20 2.6 228 229 228 228 25
07/29/2013 18:02:00 223 224 2.6 23 224 215 223 204 a5
07/29/2013 20.00:00 23 223 223 221 222 2313 21 223 222
07/30/2013 0:00:00 21 220 20 2.8 2.0 220 218 22.0 20
07/30/2013 3:00:00 220 220 224 2:8 K] 25 218 218 220
07/30/2013 6:00:00 29 218 219 27 218 219 718 219 219
07/30/2013 2:00:00 220 220 220 248 i 220 7ne 22.0 220 225
07/30/2013 12:00:00 229 223 224 218 2.0 224 224 223 s 10.8)
07/30/2013 15:00:00 2.3 237 242 23.2 232 236 238 2338 234
07/30/2013 18:00:00 23.7 236 237 23.4 2.5 26 235 226 236
|07 232 232 231 23.8 231 FERY 230 23.1 232
07/21/2033 0:00:00 228 s 228 226 2.8 228 prid 23 28
07312003 300100 256 76 225 224 06 226 224 22.5 226
077312043 6:00:00 222 238 222 221 2.3 222 221 222 23
07/21/2013 9:00:00 226 n3 22.4 2.0 0.2 24 723 223 223 227
07/71/2013 12:00:00 23,7 233 234 1.7 229 235 233 23.2 23.1 10.3}
07/31/2013 1500:0 233 231 230 228 2.8 22.3 230 231 28
03/31/2013 13.00:00 231 239 229 2.5 2. 239 228 3.3 28
07/31/2013 21.00:00 225 246 225 14 2.5 225 234 2.8 225
0BJ01 /2013 00 001 222 23 223 221 223 213 222 w2a 222
08/01/2013 2:00 00 222 222 222 22.0 wz 223 221 2232 223
08/01/2013 6:00.00 22,1 22 221 220 2.1 22 220 22,1 221
08/01/20135:00.00 230 26 228 222 1.4 2.8 228 22.6 224 229
08/01/2013 12:00:00 200 235 235 229 3.2 238 234 232 12 (6]
08/01/2013 150060 200 237 23.5 252 234 75 238 238 235
08/01/2013 18:00:00 24 28 33,8 234 237 213 217 AL 27
08/01/2013 21:00:00 pEEY 232 23.1 229 23.1 234 230 231 232

Page ‘2 of
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Stuidy Number: AEH-13-PSELNO-08 Test Artlcla: MBI 401 SDP

Electran'c Lab Noteback {pages 11, 16 & 47) Lok if: TR4669.4-3
Data Sowree; Flfe Foldfer: 11 Exposure Date: July 26, 2013
Onset HOBO Dataflle oLtput from HOBO Termnperature Loggers {File Folder 11} Assessment Dates: August 13 to 13, 2013

Lotation: |AAEH~13-PSEL0.05\HOBG Data

Exposure Perlod and Post-exposure HoldIng Perlod Water Temperature

Week 2
Datz Logaer Number
rate 1 T s s | s [7& [ 1 1 = 9 Mean
Time [GMT-0500] 3 Temperature {'C} {SD)
08/02/2013 0:00.00 228 228 228 22E 238 28 e ] 29
08/02/2013 3:00:00 228 a8 27 125 2.7 7.8 2.7 n7 28
08/02/2013 6:00.00 224 228 224 2.3 22,4 24 223 223 224
231 228 230 25 22,5 2.0 229 28 26 23.0
08/02/2013 12,00:00 3.7 34 233 29 230 236 3.3 7.z 232 {0.4)
08/02/2013 15:00:00 4.2 219 237 31 3.3 236 2.7 278 236
08/02/2613 18:00:00 240 238 218 220 233 2.7 235 238 236
08/02/2013 21:00:00 n3 22.8 2.7 226 227 28 26 227 228
08/03/2013 0:00:00 26 227 ns - 24 225 2.6 24 25 225
08/03/2013 3:00:00 224 225 224 2.2 224 2.4 223 p2 X 224
08/02/2013 6:00:00 222 22.3 ‘222 220 222 222 22,1 2 22
08/03/2013 9:00:00 25 225 224 20 223 224 223 2.3 223 2.8
08/03f2013 17:00:00 24 228 2386 22.9 231 217 3.8 224 234 {0.5)
08/02/2013 15:00:0¢ 240 3.5 234 8 231 233 234 2.8 225
08/03/2013 18:00:00 23.7 234 234 29 37 236 33 3.7 235
08/03f2013 21:00:06 223 225 2.7 25 2.7 22.7 226 226 22.7
08/04f2013 0:00:20 225 225 225 23 224 225 224 24 228
08/04f2013 3:00:00 223 213 222 221 134 22.2 221 21 22
08/04/2013 6:00:00 218 20 218 8 19 1.8 6 2L5 us
18/04£201 3 9:00:00 2.2 e 220 217 118 220 18 1.9 20 218
08/041201,3 12:0000 23.6 3.2 232 23 28 236 3.z 23.0 232 (0.8}
08/04/2013 15:00:40 243 23.9 239 234 FET 238 239 0 239
08/04/2013 18:0000 241 23.8 239 236 58 235 238 3.9 239
08/047201.3 21:00:00 234 234 234 229 8.4 23.1 29 3.0 231
[08/05£2013 0:00:00 228 128 227 25 27 228 226 2.7 28
o8 /0572013 3:00:00 225 226 225 223 225 228 224 225 2.6
68/057201.3 6:00:00 224 22 224 22 223 224 23 223 224
o2/052013 9:00:00 226 115 225 222 224 226 224 221 228 227
og/0572013 12:06:00 231 219 229 s 227 223 128 2.3 29 {0.3)
o8 /0572013 15:0¢:00 23,5 25 232 228 230 23.2 nr B3 233
08/05/2013 18:0 232 21 228 225 27 708 [IE] 7.9 29
o8/05/201.3 210 225 16 224 223 22.4 125 224 224 225
08/06/201.3 D:00:00 22.3 224 223 22.1 723 223 2.2 2.2 213
03/06/2013 3,00:00 w2z 24 222 220 222 22 wl 1 222
o8/06/2012 6:00:00 224 21 220 2.8 7.0 20 1.9 219 220
08/06/2012 9:00:00 221 21 22.0 21.8 220 20 2.0 n0 221 226
o8/08/2013 £2:06: 2249 2.6 227 223 ns 129 2.7 27 2.8 {0.6)
03/06/2013 152 240 .6 226 232 234 2% 236 2.5 37
232 B3z 232 229 234 232 230 .1 232
229 3.0 2l 226 227 228 1.6 n7 s
084022013 D:00:00 225 7 224 22.2 224 734 [EX] 04 224
og/07/2012 3:00:00 i 24 22,1 220 221 22.2 20 21 222
os407/2013 Bi00:00 224 n2 22.0 219 220 220 9 20 220
684072012 9;00:00 7y 2.4 224 220 24 22.6 2.6 2.3 22.4 228
os/07/2013 12:0¢:00 240 23.4 23t 225 28 234 233 230 234 {0.6}
los/07/2013 E5:00:00 284 3.7 237 229 2.2 23.5 37 a E=X
08/07/2013 18:00:00 240 235 234 229 23.2 23.5 213 27 237
o8/07/2013 21:06:00 229 2.9 229 227 n8 228 128 288 228
08/08/201.2 0:00:00 126 228 226 75 n5 2.7 w6 25 227
08/08/201.3 3:00:00 226 226 226 224 26 226 25 225 226
o6/08/2013 6:00:00 225 224 223 221 223 224 223 2t 225
o8/08/2013 9:00:00 228 225 225 221 22.4 226 226 225 27 230
08/08/201 3 12:00:00 36 735 234 229 233 135 35 n3 234 {n.6)
o8/08/201 3 L5000 241 24.0 239 235 237 2139 1e M9 240
08/08/201 3 18:00:00 242 ne 218 234 237 238 137 243 210
[0B/0B/201.3 21;00:00 21,1 23,1 231 229 23.0 231 ) 130 231

Page 3 ol ""

178



Study Numher: AFH-13-PSEUD-03 Test Artlele: MBI 401 EDP

Electronic Lab Noteboak {pages 11, 16 & 17} Lot A: TRAGES-4-3
Data Saurce: File Folder; 11 Exposure Date; July 26, 2013
Onsel HOBG Ditallle outout from HOBO 1emperature Loggers (Flle Folder 1] Assassment Detes: August 13 10 15,2013

Location: INAEH-13-PSEUDC-O5\HOBO Data

Exposure Parlod and Post-exposure HoldIng Perlod Water Temperature

Week 3
Data Logger Number
Date [ 2 | 4« T 6 | 7 T8 [ = Mean
Tima [GMT-05:00] e ¢} {sD)
02/09/2015 0:00:00 227 27 227 125 2.7 27 226 226 wr
08/05/1013 3:00:00 s 25 2.5 224 25 226 2.4 ns 225
98/09/2013 6:00:00 223 223 223 221 223 224 22 222 23
02/09/2013 9:00:00 23 27 24 1wl 2.5 230 228 227 227 25
08/05/2013 12:20:0 23.3 235 231 227 233 234 P ) 231 231 10.3)
0BA05/2.013 15 224 235 23.2 228 288 232 3.3 233 23
X1 228 22.7 225 .7 2248 ns 207 28
X3 25 2.5 223 224 2.5 24 224 225
w3 223 223 2.2 23 223 feX! 222 223
0B/10/2013 30200 21 22 222 220 22,1 257 2.0 221 221
0B/102013 60000 201 221 221 20 220 22 220 220 2.3
08/16/2013 9:00.00 2.9 25 206 222 2.2 28 256 25 226 230
0271072013 121 23.2 230 230 56 23.0 32 229 230 31 (0.9}
08/10/2013 15¢ 264 203 242 237 245 41 24,0 244 243
£8/10/2013 181 264 243 243 240 242 243 24,2 3 244
€8/10/2013 2L:00:00 239 234 238 PE] 23.7 3.8 237 238 23.8
£8/11/2012 04 23.4 234 224 132 23.3 23,4 22 233 233
€8/41/2011 34 230 210 210 w28 228 1o 228 229 230
©8/41/2013 500,00 226 PRE] 26 24 226 127 225 225 26
: 3.2 223 231 226 227 PER] 230 23 29 23.4
243 229 238 232 339 2.0 3.7 26 28 {0.5)
244 244 242 137 245 241 24,1 24 243
08/11/2013 18:00:00 242 210 238 FEXY 37 FERS 23,8 F2E] 21
08/13/2013 21:00:00 236 37 235 233 23.4 2.4 a4 215 235
08/12/2613 0:00:00 23.1 23,2 231 220 231 FER] 230 231 232
08/12/2013 3:00:00 228 228 28 27 28 228 228 228 29
08/12/2013 6:00:00 22,6 22.6 226 25 226 229 s 225 26
D8/13/3013 9:00:00 232 214 732 227 13 223 3.2 231 231 233
08/12/2013 12:00:00 24.0 233 238 223 239 U0 3.0 n7 238 {0.5)
08/12/2013 15:00:00 243 242 24,1 236 245 4.1 242 244 243
0B/1/2013 18:00:00 241 39 39 35 137 FEN 238 2.9 239
08/12/2013 21:00:00 234 23.3 233 231 233 3.3 3.2 233 233
08/13/2013 0:00:00 . . . 29 230 23.0 229 229 230
08/13/2013 3:00:00 . . . 226 27 223 2.6 s 228
08/13/2013 6:00:00 . . . 224 225 225 24 224 225
08/13/2012 2:00:00 . . . 28 76 23.2 3.0 229 29 233
08/13f2013 12:00:00 . B . 234 241 4.2 238 8 238 {0.6)
08/12/2013 15:00:00 . . . 216 244 238 240 244 24.4
0B/13/2043 18:00:00 . . . 237 EZL] M 200 245 242
08/13/2013 21:00:00 . . . pET FEXS 23.8 2.7 2.8 238
05/14f 2033 00000 . . B . 33 . . 73 234
08/14/2013 3:00:00 . . . . 2.8 . . 27 28
08/14/2043 6:00:00 . . . . 228 . . 225 26
08/14/2013 500:00 . . . . 226 . . 29 28 235
0B/14f201.3 12:00:00 . . . . 240 . . 238 218 {7
08/14/2013 15:00:00 . . . . 247 . . 25 284
08/14/2013 13:00:00 , . . . 243 . . 28 244
na/1af201 3 21:00:00 . . . . 237 . . 217 23,8

File Folder ”

ltem Number,
Page of

179



Sample Description: 3 mL acidified exposure water {0.45 pm filtrated)
Study #: AEH-13-PSEUDC-0S

Upper Midwest Environmental Sciences Center
attn; James Luoma

2630 Fanta Reed Road

La Crosse, W(54603

REPORT OF ANALYSIS

Sample Code

E1T8HC100
E2T3HCS0
E3TEHCO
E4TBHCS0
ESTEHCSO
EGTBHC10D
E7TBHCO
EBTBHCO
E9TBHC10D

UsGs
Water Quallty Laboratery
Labaratary Directar

Xlacll Yuan

0,141

012
0.077
0103
0.074
0.145

0.03
0.026
0,113

FE# !
ltem No. _Jo
Pg ) of \ .

180

Water Quality Laboratory

Upper Midwest Environmental Sciences Cente:
usGs

2630 Fanta Reed Road

La Crosse, W1 54603

Analyzing Date:0B/8/2013
Report Date: 08/13/2013

Results {Total Ammenla Nitrogen, mg MHs-N/1L)



Appendix 7. Spectrophotometric Summary and SAS Output,
Program, and Log

Number  Report

mIJtr%rE)qer Item description pa%fes nﬁﬁngeer
1 Spectrophotometric Data — Data Summary 2 182
2 SAS output for Standard Curve Linear Regression and sample concentrations 11 184
3 SAS program for Standard Curve Linear Regression and sample concentrations 2 195
4 SAS log for Standard Curve Linear Regression and sample concentrations 4 197
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Study Nurbar: AEH-13-PSEUDO-05
Elactronle Lab Motebook {page 14)
Data Source; File Folder: 12
Forms: "Spectrophotometric Data” datasheet

Flle Name: See fil as stated below,

Date
5-%ep-2013

Initials
KLw

19-Feb-2014

[y

VIEEE 2]

Wt

<

i

J.|\/

Spactrophatomatric Pata

Test Articla: MBI-401 SDP (Pseudemonas fluorescens P-CL 24SA |SDP]); Lot #: TR4669-4-3

Exposure Date; July 26, 2013
Assessment Dates: Augast 13-15, 2013

Data Explanation;

1) Alinaar regresslon curve was created using the absorbances (650 nm} “kom knewn concentraticns {25,50, L0O and 200 mgfL} of MBI-40 SOP.
2) $tandard checks were performed at 4 hour by comparing the 25, 50, 100 and 200 me/L dilutloas used to ereale the linear regresslon to the lnear regression.

3) Data todes used wilhin SAS
enc =Test Enclosure 10 {1 through 9}
thero = theoretical concentratior {25, 50, 100 and 200 mg/L}
time = sample time (1, 4 and & h past-dosing Initlation)
abs = measured absorbance of semple
€one = concentratlon (mg/L)}

4) Information that Is not relevant to a sample (i.., test enclosure 1D for J

samples) is denoted by 8 "." for input Into SAS.

Datz Analysis Methods;

ds or that will be

by 5AS (i.e,, predicted cancentratlon for standard checks and

1] Alinear regression equetior was fit uslng the SAS ProcReg procedure using the absarhances {660 nm} of 3 replicate dilutions of 25, 50, 100 and 200 mg/L MBI-401L SDP

2] Standard checks and treatment sampla concer trations were predicied from the regresslon analysis

Data Analysis:
1) The following mean treatment concentrations were determined In SAS:

3a) Mean concentration for each Individual test enclosure aver the entire exposure perioc

3b) Mean concentration for each teatment group at each sampling time

Flle Mames:
Spectrephoiometric Data for SAS Input

IAAEH-13-PSEUDO-05\Data Summa-ies\| Data.xlsx), Ct

SAS Program/Code
I'VAEH-13-PSELIDD-05VSAS and sas outputispec analysls program

SAS Leg
IVAEH-13-PSEUDND-DS\SAS and sas output\spec analysis log

SAS Qutput
I\AEH-13-MBICRADA-O1\SAS\s 2e¢ analysis output

Data Ancmalles and Deviatlons: .
o File Foider: !;2

!

Jterm Numpber.
Page of g
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enc

WO R U D R0~ W WM R LTS NN W ; P RN~ W

thero
25
50
100
200
25
50
100
200
25
50
100
200
25
50
100
200

o

50
50
50
100
100
100

(o]

50
50
50
100
100
100

50
50
50
100
100
100

time

[=]

X000 XXX R DR RAPRPDERERARPEPRPRPRP,PREP,RPRRRELSLEREOCCCOSDOOOOODCGO

abs
0.030
0.063
0.121
0.241
0.020
0.060
0.122
0.241
0.031
0.062
0.121
0.240
0.025
0.061
0.120
0.239
0.000
0.001
0.000
0.045
0.049
0.048
0.093
0.095
0.092
0,000
-0.001
0.001
0040
0.046
0.045
0.095
0.090
¢.C90
-0,003
-0,001
-0.001
0.038
0.040
0.040
0.084
0.087
0.085

conc
25
50
100
200
25
50
100
200
25
50
100
200

183
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SAS Output Page 1 of 11

Standard Curve Linear Regression and sample concenirations

Lake Darling Spectrophotometer Data Analysls
Stuuy # ABH-1)-PSEUDO-05
SAS W 0.3 Amlysis completion data: 1BMARZIIA Anvilysls propared by KLW AE H—1 3-PSEU DO-OS

abs .
0.25 - e rm——"

0.24 H
0,23
0.22]
0.21 ]
0.20 ]
0.19

0.18
017
016
0.5
0.4
0.13

042 *
041

010
0.00

0,08 4
0.07
C.06 kS
£.05]
0.04 |
003 +
0.02 ]
0.01

0.00

-0.01 -
f ey V U R T T T T T ; T SRR RRRES
20 30 40 50 60 70 80 g 100 110 120 130 140 150 160 170 180 480 200

ong

Porformad by I, Woaher SAS vorsion 9.3 9.3 10:18 06MARTAY

FFe_|d
ltem No,

Pg of _t

file://C \Users\kdweber\sashtml him 3/6/2014
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SAS Output

Page2of 11

Standard Curve Linear Regression and sample concentrations

Lake Dariing Spactrophotometer Data Analysis

Sludy # AEH-13-PEEUD0-05
$AS v. 0.3 Analysls complelion date: DEMAR2014 Analysls propared by: KL

The REG Procedura
Model: MODEL1
Dependent Varlable: conc cone

| Numbar of Observations Read 1431
; ol HI

fons with Missing

Analysla of VVarlance

Surn of Mean; T
- Source DF | Squares | Square | F Valua, Py>F

Model " 53099 50899 77086.2 ' <0009
10.60220 ‘

.E

Corrected Total

fParamoter Estimates i
S , .
H i Parametar ; Standard | ‘
jLapel iDF! Estimata:  Efror{tvalue Pr>|i|
. P L -

041580 -215 00569
298830 279.05 0001 j

=Elb.‘i 1: 833.87086

Parformad by K, Webar SAS version 8.3 8.3 10116 06MAR 14 ({W\/

file://C\Users\klweber\sashtml htm
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SAS Output

Page 3 of 11

Lake Darling Spectrophotometer Data Analysis

Study # AEH-13-FSEUDO-05 N\j
SAS v. 0,3 Analysls complotion date: DEMARZO14 Agalysis prapsced by: KL.W\

The REG Procadure
Model: MODELt
Dependent Varlable: conc cone

Residual

Residual

Percent

Fit DI

Standard Curve Linear Regression and sample concentrations

agnestics fer conc
10 N . 2- — 2
0.5 14° ° o 1 4 o a a
SR B = t
a F o0q° o al & 0o ° "
1
05 - &
o N A1 e © é -0 o
4.0
-2 2
1.3 4 o ° o
Ll T T T T T T L ¥ T T T
50 100 150 200 50 00 180 200 040 €45 020 025 0.30
Predicted Value Predictad Valus Lavarsge
v 200 4 . o —
1 o o9 e ,/' £3
Es 150 - -
5 / e oz
0 oopb® g rd £ ™
‘ £ 400 /p' 3
Ve © 01 4
504 o [ T T
o n/ 0c
S D R v 1 T 1 ¥ T T T T T
Kl o 1 0 100 %0 200 Z 4 B B 10 12
Quantils Predicled Valus Obsavalien
a0 ” flt-Mean  Residual
100 - o’
30 . I
+Obseryations 12,
0 - :Paromelers 2:
20 - g :
. o Eiror DF
[s canavenai} _M'SE
104 s0 o R-8¢|Jare H
0 T AR aqare 0295
T T ¥ T F T I v T T
24 .08 08 24 00 04 08 00 04 08
Resldual Proporlior Less

file:#/C:\Users\klweber\sashtml. htm
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SAS Output Page 4 of 11

Reslduals for cone

tod : AEH-13-PSEUDO-05
o o H
=3
0.5
0.0-42 o
o
E
=
G
ar
= 5-
< o
1.0
1.5-
=] :
T o T ¥ T 1 .
0.05 rip 018 0.20 0.25
ahs
200 -
150 -
[Obsoreafions 42
: Paramelers H
2 Error DF
g ME
100 - R-Fare 09959; .
:ArljR-Squm:e 09955
50 -
¥ T Vv T L
0.08 010 015 020 025
abs

nmmneee Fif. 1 65% Conpdence Limits -~ - - - _95% Pradicion Umts.

Performed by K. Weber SAS version 9.3 9.3 10:18 06MAR14 \\.

file://C:AUsers\kiweber\sashiml.bim 3/6/2014
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SAS Output Page 5 of 11
Standard Curve Linear Regression and sample concentrations
Lake Darling Spectrophotometer Data Analysis
$45 +.8:3 Anotyte scaeton dot: 08HMAR21 4 Anstylsprporad by kL YN AEH-13-PSEUDO-05

enc | thero | tme | abs | conc | praticiad_ppm |
A Dbl Rt Wl B o
51640
100.004 ;
" 2000681
o222
40.136.
i
i ST saaee;
1 To0dzt toel o0k
12 {0 020 2000 te92as]
it L e e ,,76‘656;
30650,
. " 98,401 |
26{1 T ez
“ariz " .60,
et LT
Ta0i4
Tanis
Hig
aziv
338
3o
354
w7
s7ia
; ;
file://C\Users\kiweber\sashtml.him 3/6/2014
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SAS Output Page 6 of 11

R
i 32460
[ AEHAT 3 -
i) 13-PSEUDO-05
A
i
._ee,sa_esj

Performed by K. Weber SAS version 2.3 9.3 10:18 0BMAR 14 \N‘)

file://C:\Users\kIweber\sashuml hitm 3/6/2014
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SAS Cutput Page 7 of 11

Mean treatment concentration by enclosure for all exposure sampling times
Individual enclosure means
The MEANS Procedure
AEH-13-FSEUDO-05

enc=1 thero=100

Analysls Varlable : predictet_ppm Fredicted :
Value of cone

1 Lowar 95% Upper 96%

CL for Mean CL for Mean

Maan Std Dev
74 7099 4, 8860 62 5?24 BE 8475

enc=2 thero=50

Analyals Varlable predlcted ppm Predicted
Va]ue nf conc

“ Lower 95%\ UpparQS%
Maan Std Dev ! CLforMean CqurMean

"3 2944 3 GCEB 25, 8256 40, 7631 i

enc=3 thero=0

Aualysna Varlable predlcled ppm F’redicted|
Value of conc

! Lower 95%[ -Lipper 95%
Moan ! ‘ $td Dav | GL for Mean | CL for Mean

‘-1 7282: 1 4443 -5.3161 ’ 1.8596

i

erc=4 therox50

" Analysis Varlable : predicted_ppm Predicted ;
Value of cone

Sld Dev CL for Mean CL for Mean

-
j | Lower85% Upper 95%

38213 27 13?3 46.1224‘
aenc=5 thero=50

Analysis Varfable : predicted_ ppm PredEctedi
Value of conc

: Lowet 95% | Uppur 95'/.
Mean Std Dev CLlor Mean CL far Mean

36 0739 3 3700 27 7'023 44 4456

enc= thero=160

An-aiysis \J;arlable :‘hred.lct'ed__ppm' Fredlcted
Vi ne

; Lower 85% . :
Mean H Std Dev | GL for Mean : CLfor Mean |

747099 337000 €6.3383° 830616

Upper 95% :

anc=7 tharo=0

Analysls Varlable : predicted_ppm Predlcted ’

file:/C:\Users\klweber\sashtml.hitm 3/6/2014
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SAS Cutput

i Valua nf sonc

e owor 95% | LlpperQE%
Maan Std st CL for Mean | i CL forMaan

»1 1723 0 9629 -3_5‘64>2 I 2196

enc=3 thero=0

Analysis Varlahle ; predicted_ppm Pradictadf
. Value of cona

Lowar 95% i Upper 95%
Mean ¢ sm Deu GL 1or Mean ¢ CL for Mean

08339 72 9555'

e R

enc=9 thero=100
Anﬂlysls Varlable predlcted_ppm Predlcted l
Value of cone

E Lowwraé%ri Upper’QS"
Maan td Dev CLforMuan chorMan

73 3202 - 50065 6B, 8514 Bo rssg

Paformed by K. Weber SAS version 9.3 8.3 10:18 06MAR14 “\V)

file:/C:\Users\klweber\sashuml htin
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SAS Output Page 9 of 11
o1 ot
\XJ\D\J\\& ‘

Mean treatment concentration by treatment group at each exposure sampling time

Tho MEANS Procedurs
AEH-13-PSEUDO-05

thero=0 tima=1

Analysls Varlable ; 3 pradicted_ppm Prodictad |
Value of cone

' Lownrgs%l Upper 5%
Mean Std Dav CL for Mean |CLfor Maan

1-0.6164 ; 04814:

thero=0 tima=4
: Analysls Varlable : preticted_ppm Pradicted
Value of cohe

‘ } Lower 85% f Upper 95%
Mean J St Dev i L for Mean | CL for Maan

,g 8943 Q 83 —2.9658 i 1 ‘I?T‘I

thero=0 time=8

Analysls Vallable pradlcled ppm Pledlsted
Value of cong

i Lawer 95% Upper 95%
Mean ! Std Dev i CL for Mean CL fnr Mean '

ﬂ 1(175

thero=50 thine=1
Analysls Varlah [:H predlcted ppm Pred\ded I
Valua of cong

i Lower 95% i Upper 95%
Meam Sld Dev CL for Mean H CL for Mean ‘

-
38 5765 1 7358 34 2635

T

42 SB?I

thero=50 time=4

VAnalyrsrlisr\lrarinrbH ;rétjircrlerd pp;n P;edloled
Value of cong ]

T T Lower 96% | Uppor 95% |
Nean Stcl Deov . CL.forMsmn cLicheanj

35.5180 : 2.6805 2& 859? 421768

thera=50 time=8

Analysis Variable : predicted_| ppm F'retllctecl i
Valuo of cone

Upper 95%.

: Lowers.’;%
Mean : Std Dav C‘_forMean

31-9046 09620 205127 34.2966

thero=100 time=1

Analysls Variable ; pled[cled ppm Pledlcted
Value of cone
e

filefC\Users\klwebensashtml htm 3/6/2014
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SAS Output

; : Lower95%i Upper 95%
Menn Std Dev CLfrJrMann CLforMnan

?b 9336

1 2738 73 7694 80 09787

thero=100 time=4

Analysls Varlablu predlcted ppm Predlcted {
: Valua of sona

. Lower 95% Upper95%
Mean td Dev CL fer Mean CL fchean

755436 24072 695641 816230

thero=100 time=§

Analysis Varlable ! pradicted_ppm Predicted
Value of cone

%! Upper 95%
Mean | Std Dev CL for Mean CL for Maan

?0 2626 | 1 2738 67.0984 : 73 4268

Parlormed by K. Weber SAS varsion 8.3 8.3 10:18 l:-(il‘\ﬂ)ﬁ«ﬂ’fi\‘{’\J

file://C:\Users\kiwebersashtml.litm
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SAS Output Page 11 of 11

Mean treatment concentration by treatment group over all exposure sampling times

Ths MEANS Procadure
thero=0 AER-13-PSEUDO-05

Analysis Vnrlaﬁle ; predictad_ppm Predicted
H Value of

i | Lower85% | Upper 95%
1 ¢ Std Dev { CL for Mean i GL for Moan
~1.2650 7 1.0307: 20572 -0.4727°

thero=50

i Analysis Varlakls : predicted;_ppm Pradfctad
Value of conc
i A i e

; H ' Lower 96% | Upper 95%
¢ Mean ] Std Dev i CL for Mean | CL for Mean

34384 327666  B7.8908

thero=100

 Analyss Varlable : prodictad_ppm Predicted
Valug of conc

Lowor 85% | Upper 96%

td Dev ; CL for Maan H CL for Mean

742487 3986 718343 76.8591 ’ »
Performad by K. Weber SAS version ©.3 8.3 1018 06MAR 14
FF#_|d
fem No. >
Py | of !
file:/fCAUsers\klwebentsashtml. hitm 3/612014
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AEH-13-PSEUDO-05
ods htal ¢lose; /* close previous */
ods html; /* open new */;
cds graphics on;
DM 'LOG; CLEAR; OUTAUT; GLEAR;'; * CLEAR LOG AND OUTPUT;

FCOTNOTE1 'Performed by K, Webor SAS version 9,3' &SYSVER &SYSTIME &SYSDATE;
options 1s=87 ps=54 formdlim='-' pageno = { nocenter nodate nosourcez;

titletl 'Standard Curve Linear Regression and sample concentrations';

titlez 'LaKe Darling Spectrophotometer Data Analysis';

title3 h=1 'Study # AEH-13-PSEUDO-05";

title4 h=1 'SAS v. 8.3 Analysis completion date: O06MAR2014 Analysis prepare

/***************ﬁ*******ﬁ************************k*k*****k*xk*t*******t****ﬁ*l

* SAS ver 9.3 Analysis prepared by: KLW UvJ Page J_ﬂ of &
* Analysis completion date: OBMARZ2014

KA R KEEE KA AN KRR AR KR ARR T R RN A R AR AR R AR A AR A AR A AR A A RN AR IR AR Rk ke h khdkdk k hddeh

data Zeq; set pseudod5.Spec_data;
run;

proc sort;

by enc time ; run;

run;
proc gplot data= zeq;

plot abs * cone;

rung

proc reg data = zeq;

model conc = abs /edf;

output out=putput_cut p=predicted_ppm;
run;

proc sort;

by time enc;

proc print data=ocutput out;

run; PR 1 d_

data zeg2; set output_out;
if enc = "."' then delete; ltem No"“‘fié“

0
run; Pg L ol
proc sort data = zeq2;
by enc;
run;
[**‘k**k** AKX EENKE AR AR AR A AN A LR KRR IR R R AL AN AN A AR AR RN AR AN KA AR A AR T AR e ke ko
* This procedure produces the mean concentrations for each treatment replicate

* i.e, It gives the mean concentratien of each treatment enclosure over the er
LA AR RS LI E SRS S EESE SRS AL SRR SRS R REI RS EEREEEEEEETE RS EEEESERSEREREREEE SRR EE TS
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W gah
w&%% tad

At

title! "Mean treatment concentration by enclosure for all exposure sampling t:
title2 "Individual enclosure means";

oroc means data = zeq2 mean std Iclm uclm fw=8;

by enc thero;

var predicted_ppm;

"un;

proc sort;

by thero time;

I*%&****k*****k****K**kﬁ*k*tk**k*wk**k*#***k**k*****k****l****il********tk*kki

AEH-13-PSEUDO-05

* This procedure produces the mean concentrations for each treatment group at
* i.e. It gives the mean concentration of the three control, 50ppm, & 10Cppm
* at each sample time over the entire exposure

LA R A RS S LR RS R R e R R E R R R T T S T I R TR I R RO IR VR T oY
titlel "Mean treatment concentration by treatment group at each exposure samp?l
proc means data = zeg2 mean std lclm uclm fw=8;

by thero time;

var predicted_ppm;

run;
/k****k****r********t*********Rk*w***'k\\‘**k‘w**ﬂkk*k**k**k**ﬁ*****ﬁ**k******i**i
* This procedure produces the mean concentrations for cach treatment group ove
* i.e. It gives the mean concentration of the three control, 50ppm, & 100ppm 1
* over the entire exposure

LE RS L R R R R R e R R L L R R R T S R R R R e i SO S A g i ap S
titlel "Mean treatmenl conventration by treatment group over all exposurs sanmg
proc means data = zeg2 mean std lclm uclm fw=8;

by thero;

var predicted_ppm;

run;

quit;

run;

FE#_ 17
temMNo. H____
Pg _2_of 3
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4
5
6
[+

AEH-13-PSEUDO.08

DM '.0G; CLEAR; OUTPUT; GLEAR;'; = CLEAR LOG AND OUTPUT;

FOOTNOTE1 'Performed by K. Websar SAS version 9.3' &SYSVER &SYSTIME
| &SYSDATE;

WARNING: The FOOTMOTE statement is ambiguous cug to invalid optiens or

7

8

9

10
11
12
13
14
16
16
17
18
19
20
21

unquoted text.
options 1s=97 ps=54 formdlim='-’ pageno = 1 nocenter nodate nosource?;

titlel ‘Standard Curve Linear Regression anc sample concentrations';
title2 'Lake Darling Spectrophectometer Data Analysis';

title3 h=1 'Study # AEH-13-PSEUDD-05';

titled h=1 'SAS v. 8.3 Analysis completion date: 0BMAR2014 Analysis pr

Pk R T T T T T o

* SAS ver 9.3 Analysis prepared by: KLW\NO Page _L_ of EL_
* Analysis completion date: 06MAR2014

LA SRR A SRR R RS R R e Y S R R R T ]

data Zeq; set pseudo05.Spec_data;
run;

NOTE: There were 43 observations read from the data set PSEUDODS.SPEC_DATA.
NOTE: The dala sel WORK.ZEQ has 43 uvbservations and 5 variables.
NOTE: DATA statement used (Total process time):

22
23

real time Qd.02 seconds
cpu time 0.03 seconds

proc sort;
by enc time ; run;

NOTE: Thera were 43 observations read from the data set WORK.ZEQ.
NOTE: The data set WORK.ZEQ has 43 observations and § variables.
NOTE: PROCEDURE SORT used (Total process time):

24
25
28
27
28

real time 0.01 seconds
cpu time 0.01 seconds
run;

proc gplot data= zeq;
plot abs * corc;
run;

NOTE: 31 observation{s) contained a MISSING value for the abs * conc reguest,

Fep |2

ltem No. _ g
Pg_| of _q
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AEH-13-PSEUDO-05

)
. ‘ , Vg e
NOTE: & racords written fo GilUsers\klweberigplot.png. 8!

NOTE: There were 43 observations read from the data set WORK.ZEQ.
NOTE: PROCEDURE GPLOT used (Total process time):

real time 0.88 seconds

cpu time 0.48 seconds

29 proc reg data = zeq;

30  model conc = abs /edf;

31 output cut=output_out p=predicted ppm;
32 run;

NOTE: The data set WORK.OQUTPUT OUT has 43 observations and 6 variables.
NOTE: PROGEDURE REG used (Total process time):

real time §.07 seconds

cpu time 0.54 seconds

33  proc sort;
34 by time enc;

NOTE: There were 43 observations read from the data sel WORK,OUTPUT_QUT.
NOTE: The data set WORK.OUTPUT_OUT has 43 observations and 6 variables.
NOTE: PROCEDURE SORT used (Total process time):

real time 0.01 seconds

cpu time 0.01 seconds

35 proc print data=output_out;
36 run;

NOTE: There were 43 observations read from the data set WORK,QUTPUT_QUT.
NOTE: PROGCEBURE PRINT used {Total process time):

real time 0.09 seconds

cpu time 0.03 ssconds

37 data zeg?; set output_out;
38 if enc = "." then delets;
39 run;

NOTE: There were 43 observations read from the data set WORK,QUTPUT QUT.

NOTE: The data selt WORK.ZEQ2 has 27 obhservaticns and 6 variables.
NOTE: DATA statement used ([Total grocess time):

Page 3 of Y
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4q
41
42

NOTE:
NOTE:
NOTE:

43
43
44
44
45
45

!

!

46

46
47
48
49
50
61
52

NOTE:
NOTE:

53
54
55
55
56
56
57
57
58
58

) .)c\“\
AEH-13-PSEUDO05 Wy N3
g -

real time 0.01 seconds \f*k
cpu time 0.01 seconds

proc sort data = zeq2;
by enc;
run;

There were 27 observations read from the data set WORK.ZEQ2.
The data set WORK.ZEQZ? has 27 observations and 6 variables.

FPROGEDURE SORT used (Total process time):
real time 0.01 seconds
cpu time 0.01 seconds

/*****kw***************k*#k********ﬁ**k***i********l*********k*****kﬂ*kﬁi

Hkwkhkwkkhkhhkh A xR h ARk kk ok

* This procedure produces the mean concentrations for each treatment repl

exposura sampling times * :
* i.e. It gives the mean concentration of each trcatment enclosure over t
period *

LA R R o R R g o T

*********k**k*kkikk*k**k/

titlel “"Mean treatment concentration by enclosure for all exposure sampli
title2 "Individual enclosure means";

proc means data = zeq2 mean std lcim uclm fw=8;

by enc thero;

var predicted_ppm;

run;
There were 27 observatiors read from the data set WORK.ZEQ2.
PROCEDURE MEANS used (Total process time):

real time .09 seconds

cpu time 0.03 seconds
prec sort;

by thero time;
/*k****k**w*t***k*******ki*****i****k***k*k*k*k**t*t*kh****k******N**ﬁ**i

LR RS R L ET LN

* This procedure produces the mean concentrations for each treatment grot
tine *

* i.e. It gives the mean concentration of the three control, 50ppm, & 10C
replicates *

* at cach sample time over the sntire exposurs
*

Page 3 of L[
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P
AEH-13-PSEUDO-05 \U:,ﬁ s
) -

59 LR SRS TR SRR R EEER TR LR R R R R R R N Y Y TR e ]

59 l *i*ki***ﬂ*/

80 titlel "Mean treatment concenlration by treatment group at each exposure

NOTE: There were 27 cbservations read from the data set WORK.ZEQ2.
NOTE: The data set WORK.ZEQ2 has 27 observations and 6 variables,
NOTE: PROCEDURE SORT used (Total process time):

real timo 0.02 seconds

cpu time 0.03 seconds

81 proc means data = zeq2 mean std lelm uclm fw=8§;
862 by thero time;

63  var oredicted ppm;

64 _ run;

NOTE: There were 27 observations read from the data set WORK.ZEQ2.
NOTE: PROCEDURE MEANS used (Total process time):

real time 0.13 seconds

cpu time 0.04 seconds
65 /k*ﬁ*t*k*k***k*k*****k**i*****k*xk**********k********wwwkk*ﬁﬂkk*********#
65 I EEL TR TR X R

66 * This procedure produces the mean concentrations for each treatment grot

66 | tinmes )

67 * i.e. It gives the mean concentration of the three control, 50ppm, & 10C
67 | replicates hd

68 * over the entire exposure

68 | ol

69 LA R E A SR EEE R RS RS R R T R R T L L R R R R R T R TR T R I S TR Y VRCRTRR A GNP A ppey
69 '| **k*wk*#**/

70 title! 'Mean treatment concentration by treatment group over all exposure
71 proc means data = zed2 mean std lclm uclm fw=8;

72 by thero;

73 var predicted ppm;

74 run;

NOTE: There were 27 cbservations read from the data set WORK.ZEG2.
NQTE: PROGEDURE MEANS used (Total process time):

real time .10 seconds
cpu tine 0.04 seconds
75 quit; FF# g
76  run; itermn tzlo.
’ Pg | of _4
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Appendix 8. Zebra Mussel Density Association Summary Data
Analysis

item Number  Report

Item description of page
number pages number
1 Zebra Mussel Density Associations — Data Summary 15 202
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Study Mumber: AEH-13-PSEUDOQ-05 Action Dzte Initlals
Electronic Lab Notebaok [pages 5, 10, 15 to 18 & 21t 22) Created,... | 12-53-13 [KIW {/jv*
Date Source Forms: "Initial Assessinent of Native and Zebra Mussels” (Fi e Folder 13a) Reviger 26-Mar-24 {kw V]
"Mussel [aitial Assessment” (Flle Folder 13k Reviewed.. | f.{\’{ '{/\,\N
“Mussel Welght and Length Assessment” {Tlle folder 13) Certifled., |9 v fsy | 57 =
"Mussel Survivat Assessment” (Flle Felder 13¢) LA
Covarshest
File Neme: |:\AEH4-13-PSTUDO-05\Data \[Zeara Mussel Denslty fatlons.xIsx]ZM Denslty Coversheet Papeiof?

Zebra Mussel Density Associations

Test Article: MBI-401 SDP (Pseudomonas fluorescens PR-CL 1454 {SDF]); Lot #: TRABES-4-3
Exposure Date: July 26, 2013
Assessment Dares: August 12-15, 2013

1 for Pre-axposure Zeli'a Mussel Densitles: [Data can be found In FF 13A)
Data tat Is not calculated {obtalned from "Inltlal Assessimeant of Native 91d Zabra Mussels” datasheets)
Treakmant Level jmg/L} = Targeted exposure concentration for the test anclosura (Tarpeted concentrations were: zantral [0, 50 or 100 mg/L)
TestEnclosure 12 = Test Endosure 10; numbered 1 through ¢
Tag ID = Hallprint she [fish tag glued to the native mussel
Weighl with Zi (g) = Welgh( of unlenid wilh adherlng zebra mussels
Welght without ZM {g) = Welght of Lnlanld after zebra mussel remaval

Caleulated Data (obtained from caleulatiens In Bxcel)
Weight of ZM (g) = Welght with ZM (g} - 'Welght withaut ZM (g)
% Body Mass of 26 on Unlonlds = (Welght of ZM {))/{Welsht with ZM (g)}100
Number of Zivi/gram of ZM = Humber of 20, Weight of Zebra Mussels (g) .
Mean Number of ZM/gram of ZM = Average number of 20/grar of Zm by test enclosure
Grand mean number of Zm/gram = Mean of the average number of Ztd/gram of 2M by expcsure group

Explanatlon for Post-exposure Zehra Mussel Densities;
Data that Is not talculated (ebtained from datasheets)
Tag D = Hallprint shallfish tag glued to the native mussal .
Pre-exposure [Data en "Mussel [altial Assessment” datasheet In FF 138}
Unlanld Wt with ZM{g] = Initial welght of unlonld with zebra mussels prior to distribution
Post-exposure (Data on " Mussel Watght and Length Assessment” datasheel In FF 13C)
Linlanld W with 7 () = Welght of unlanld with 2ebra mussels post-pxposire measured furng asspssmant
Linjonid Wt without Zm (g) = Wetght of unionid after 2ebra musset remaval post-exposure measured duding assassment
Post-exposure {Date on "Mussel Survival Assessment" datasheet Tn PF 13C)
# 20 Adhering {Live) = Number of adherlng live zeba mussels post-exposure
# Adher|ng ZM {Dead) = Number of adherlng dead 2ebra nusse's post-exposure

Calcelated Data {obtalned from gnalysis In Exeel)

Pre-axposure
Mean it 2M/gram = Average Number of ZM/gram of Zm by test enclosure from pre-expasure zebra mussel counts
Fstimated Wt of ZM {g) = Pre-exposure Measured Welght with ZM {z) - Post-exposure Measured Weight without ZM (g}
Estimated # of Adhering 2M = {Mean number of ZM/gram of ZM fram pre-expasure) x {Estimiated Welght of ZM (g))
Mean Estmatad # of Adharing ZM = Average of Estimatad ¥ of Adhering ZM priar to exposura

Post-exposure
Mean if Live ZM/Unlanld = Average # ZM Adherlng {Eive] post-exposure
ZM Burden (% Unlonld B.W.) - (Es:lmated Welght of ZM (g)fUnlonid Wt without ZM {g))* 100

B.w. = Bady Welght

Maan ZM Burden = Averaga of Zb Burden (3% Unlonld B W}

Burden and Reduction Summary
ZM Reductior = (Initlal Mumber) - (Final Number]
% Change = [(ZM Reduction)/(Initial Number}]* 100

SDP Reduction Caefficlent and Efficlency
SPO Applied {g) = Amount of MBI-401 5DF applled to each test endosuse
Test Enclosure Area {w') - A-ea treated with MB -401 SDP |= 2.25 m%)
% Change = [(2M Reduction)/{Initlal Number)]*100
Reductlon Coefficient = (%Change/{SDP applied [g)/Test Enclasure Area Jm?))

Data Codas for SAS Input:
enc = tast enclosura 1D {1 througk 9}
treal = treatment group (0, 50, and 100 rg/L)
time = sample time .
1= Pre-expesure denslty assaclation
2 = Post-exposure density ossnclation
density = number of zebra mussels per unlonid for each test endlosure .5
[

File Folder
Itean Number

Page of AS

202




Study Number: AEH-13-PSEUDC-05 Coversheet {cont.)
Electronlc Lab Notebook (pages 8, 10, 15 to 18 & 2110 22) Page ) of 2
Oata Source Forms: "Inlttal Assessment of Native and Zabra Mussels” [File Folder 13a)

"Mussel Inltlal Assessmient” (File Folder 130}

"Mussel Welght and Length Assessment” [Flle Folder 1)

"sussel Survival Assessment™ (Hie Folder 13c)

Hlle Name:  IAAEH-13-PSELDO-05\Dats sun marlas\[zebra Mussal Density Assacktions. xisx)Enclosure 1

Zehra Mussel Density Assoclations

Test Articla: MB1-401 504 (Pseudemanas fluorescens Pf-CL 1454 [SDP]}; Lot ff: TRAGES-1.3
Exposure Bate: July 26, 2013
Assessment Dates: August 13-15, 2013

Tha fellowtng unlonid mussels were mortalitles from the assessment (AJgust 13 to 15, 2013). These data will not be used within the post-exposure density
assoclation analysis:

Test Endosure 1 (100 mg/L): Test Enclosure 6 {100 mg/Lp: Test Enclosure B (0 mg/t):
312 €213 C340
359 €251 387

Test Enclosure 2 {50 mg/Ly: 280 Test Enclosure 9 {106 mg/L):
Ca3s €307 c203

Test Enclosuse 3 {0 mg/L): €396 C226
C183 Test Enclosura 7 {0 mg/L): Cc2s58

Test Enclosure 4 {5 mgfL): €248 CA30
on c283 call
€334 €293 416

Test Enclosure 5 {S0 mg/1 J: 31
€253

The fullowi g mussels were not recovered durlng the assessment [August 13 Lo 15, 2013),
Test Enclosure B {0C mgfL): Test Enclosure & {100 mg/L):
€356 - Induded In pre-axposure zebra russel density analysls €323 - Removed from zebra mussel density analysis

The foi owing mussek were used to estimate tha pre-exposure deqslty of zebra mussels adhering te unlorlds. These data were analyzed separately (Pre-exposure
7Zebra Mussel Density Assoclations).

Test Enclosure 1 {100 mg/L): Test Enclosure 4 (S0 mg/L): Test Enclosure 7 (0 mg/L):
C2c8 [wh:} Cc192
C263 C23s C261
€350 ca82 ' €361
358 333 C3o4
ar €348 417

Test Enclostire 2 S0 mgh): Test Enclosure 5 {50 me/L): Test Enclosure 8 (0 mg/l):
€210 : €138 c189
€azz 240 c191
c1rs C256 €209
€A1 [ 220
C419 cisa €337

Test Enclosure 3 {0 ma/L): Test Enclosure 6 (100 ing/L); © TestEnclosure 9 {100 mefL):
C197 200 Cass
C254 C250 C305
Cagx Ca56 367
€27 402 Cc411
€434 Ca2é Cc416
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Study Number: AEH-13-PSEUDO-05
Electronlc Lab Motebook {pages 10 & 211022}

batz Source! Forms: "Inital Assessment of Natlve ane Zebra Mussels” (File Foider 13a)

Zebra Musse] Density Associations

Pre-exposure Unionid Mussels

Test Article: MBJ-401 SDP

Lot #: TR4669-4-2

Exposure Date: July 26, 1013
Assessment Dates August 13-15, 2013

Number Mean Grand Mean
Treatment Test Welght of Zebra % Body Mass  Numberof  Number of Number of
Level Enclosure Welght w/oZM  Mussels Welghtof] ofZMon  ZMfgramof IM/gramof ZM/gram of ZM)
{mg/L) Pl TagIDd  wfZN (g} i) {Live) M () Unionlds M v (5D) {s0)
C157 87.49 2551 201 57,58 186.48 347 |
C254 12920 64.58 270 64.22 98.82 420 4.11
3 C382 95.43 41.40 164 54,03 130.51 3.04 {0.87)
caz2? £60.56 3047 168 30.09 98.75 558
434 121,23 75.00 196 46,23 6264 424
C192 7208 30.89 118 41,19 133.34 2.86
261 66,57 N1z 123 3645 121,02 3.37 3.67 82
Conkrol 7 C361 67.80 24.88 152 42.92 17251 3.54 (0.73) {0.20)
€394 53,13 26.77 132 26,36 98.47 5.08
CcaL? 91,02 48.99 149 4203 85.79 3.55
cis9 8134 41,04 146 40,30 98.20 3.62
€191 85,90 35.24 164 80,66 143,76 3.24 3.69
8 G209 92.00 41.12 181 50.88 123.74 3.56 {0.55)
cam 82,76 24,20 193 58,56 241,98 3.30
337 91.54 46.67 213 44.87 56.14 4.75
C310 60.53 23.64 114 36.89 156.05 3.09
€332 109.88 57.36 181 §2.52 9L.56 3.45 3.55
2 Cc375 7417 42.09 54 32.08 76.22 293 {0.87)
ca1o 60.95 28.80 57 32405 i10.90 3.03
c419 11141 56.12 291 55.29 98.52 5.26
C225 56,62 27.72 108 28.90 104.26 3,74
C239 76.10 22.10 57 54.00 244.34 4.76 403 378
50 4 ca282 64,49 35.00- 88 29,49 84,26 298 {0.65) {0204
€333 43,70 17.33 126 31.37 181.02 402
C348 116,97 6139 260 55,58 90.51 4,68
C238 85.28 3440 229 50.88 14791 450
c240 67.22 28,16 113 38.06 138.71 2.89 377
5 C256 82.84 53.99 156 33,85 62,70 461 {0.68)
259 70.93 38.85 114 3248 §2.57 3,35
C343 63,45 39,03 20 2442 62.57 3.28
B c08 8881 4545 172 43,36 95.40 397
C263 9882 4974 202 45.08 98.67 4.32 4.29
1 C350 70.50 34,33 110 3617 105.36 3.04 (0.95)
353 68.17 25.09 188 43.08 171,70 4.36
377 5212 19,35 196 32.77 169.35 598
C200 85.77 50.54 156 3543 69.37 444
C250 7105 4235 124 28.70 8737 4.32 4.04 t1e
100 6 €356 59.64 25,73 148 33.91 131.7% 4.36 (042} {010)
cag2 11107 4037 262 70.76 175.13 371
CA26 70.01 28.66 140 41.35 144.28 3.3%
C295 67.10 39,75 114 27.35 68.81 417
305 56.289 34.93 G0 71.36 6115 4.21 413
9 C367 123.87 60.76 240 63.11 103.87 3.95 {061}
C411 111.65 48,10 204 63.55 13212 3.21
Cd16 53.28 2417 143 29.11 120.44 512
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anc treat time density

1 100 1 185

1 100 2 85

2 50 1 147

2 50 2 79

3 0 1 182

3 0 2 182 ~y
4 50 1 167 f 13'PSEUDO-05
4 50 2 64

5 50 1 166

5 50 2 79

6 100 1 174

6 100 2 42

7 0 1 155

7 0 2 169

8 0 1 " 157

8 0 2 185

g 100 1 172

9 100 2 53

FF# _L5C
ftemNo. L
pg_1o of J3
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Appendix 9. Unionid Mussel Survival Assessment Summary

item Number  Report

number Item description of page
pages  number
1 Unionid Mussel Survival — Data Summary 5 218
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Study Number: AEH-13-PSEUDO-B5 Actlon

Elecironic Lab Notebook (pages 9, 10, 15 to 17 & 21)

Data Source: Forms: "Mussel Specles ideatlficatlon* {Flle Folder 7h)

"rnitial Assessiment of Natlve a.,d 2ebra Musse s" {Flle Folder 13a)

"Mussel Welgit and Length Assessment” [Flle Foldac 13ct Certlfied...

Uzta aizlals
20-Feb-11 1w Plad]
GMar-14_ [KLw ]

LA |

25 i

Flle Name: _ See fllenames as stated belaw.

Unionld Musse! Survivat

Test Artic £: MBI-40E SOP (Pseudomonas flucrascens PI-CL 1454 [SDP)); Lot #: TRA669-4-3
Exposure Date: july 26, 2023
Assessment Dates: August 43-15, 2013

Data Explanation:
1) Unlonid mussel serv'val status was determined 18 to 20 days post-exposure [August 13-15, 2013),
32) Data codes used within SAS
che = Test Enclosure 1D {1 through 2)
real = treatment level (0, 50 and 100}
0 =control {0 mg/l)
50 = 50 mg/L.
100 = 100 mg/fL
group = zebra mussel assessment time
1 = pre-exposure (L.e., 45 Lnionld mussels used to determina zebra mussel density associations)
2 = post-cxpasure
tag = Hallprirt shellffsh tag glued to the native mussel
specles = unionid specles
FAM = Fatmucket (Lampsiiis sifquoidea )
FES = Fraglle Papershe | {Leptoden fragills )
UNK = Unknown
states = status of unionid mussel during post-expesure assessmant
L=Llve
D =Dead
U = Unrecovered

Data Anamalies and Deviations}
NONE

File Folder __} 3¢

Item Murnber
Page of
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treat group species tot dead unrec toead

enc

FAM

100
100
100
100

20

FAM

FPS
FPS
FAM

50
50

20

FAM

AEH-13-PSEUDO.-08

0

FPs
FPS
FAM

50
50

22

FAM

FPS
FPS
FAM

21

FAM

50
50

FPS
FPS
FAM
FAM

50
50
50
50
50
100
100
100
100

21

FPS
FPS
FAM

19

FAM

FPS
FPS
FAM

22

FAM

FPS
FPS
FAM

22

FAM

FPS
FPS
FAM

el

100
100

20

FAM

FPS
FPS

100
100
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Appendix 10. Statistical Analysis, Including SAS Programs,
Outputs, and Logs for Unionid Mussel Survival, Zebra Mussel
Colonization Density Associations, and Zebra Mussel Test
Animal Lengths

Number  Report

ftem Item description of page
number pages number
1 SAS output for unionid mussel survival 11 224
2 SAS program for unionid mussel survival 3 235
3 SAS log for unionid mussel survival 6 238
4 SAS output for zebra mussel density 23 244
5 SAS program for zebra mussel density 2 267
6 SAS log for zebra mussel density 4 269
7 SAS output for zebra mussel lengths 23 273
8 SAS program for zebra mussel lengths 2 296
9 SAS log for zebra mussel lengths 4 298
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SAS Output

Efflcacy of Pseudomsnas fluorescens (PRCLT45A) SDP
for contrefling zebra mussels within fle/d anciosures.
Unionid Mussal Survival

all data

Obe i anc | troat group : spacies ! tol

1i 21 B0 1.FAM | & { 100000,

20 47 50 1iFAM
0, 160.000
o/ 16000’

" “olioocoo do000 A

0.0000 1A

0.0000: A

o.0000i8
" 20.0000; 8

g o ) soo00pie

3 [ oo 1
7 9 ¢

.B & (o} |

e e HEE

4] 80 o A |

2 s '756‘  2{Fan o (¥ "

19 1] te0 ziFAM o Sumoois
L4 elea 2 FAd ¢ (2108268
5] 8 e 2 FAm 25,0000 B
| s 46456

a 2 FAM

400,000 !

n
wioialnie o wimv

00,000 |

0.0000

0.0y

66,667 | 35.3333

' j
Parfarmed by K. Waber SAS vorsion 8,3 12:31 18MAR14 \[NJ

file://C:AUsers\kliwebenAppData\Local\Tempi2\SAS Temporary Files\ TD53228_IGSARF...

224

Page 1 of 11

AEH-13-PSFUDO.05

File Folder: ___lﬁ__

lfem Number:

3/18/2014



SAS Qutput

Page2 of 11

AEH-13-PSEUDO-05

Wean Swvival by Bypeclas {wortad lry lraatment level and groep)
The MEANS Pracadure

spacles=FAM

E Lower 85% ) Upper 96%
Moan fsld Dav ; GL [or Maai | GL for Mony

troafn ; group }N Dbe | Variable

L 3 pcls.u.rv [}
pelmoart 0 .
3 pelsorv 93.5714, 2.0802 46,8060
jpcimart § 64206 2.0832 -0.2369 1
3 petsury £80,0000 - 20,0000 30.3172 128.7
patmort 20,0000 20.0000 -29.0828 69.6828 -

T3 lpoeuv (810188, 7.0984| 62,0006 10
!pulnuﬂ |18sBi2 . 7TiSA 06M0]  37.8004°
i 1000 0
! 0 0 :
(880938 €8403] 720458 1068,
(1DGD61] 604331 B8420]  27BMZ:

Lowor 00% | Upper 5%
CL. far Mean | CL for Mean |
el Ruiedtibitpanly

3 polsury
§ polmorl

o6 1167
58.9%84,

2.8880 | 19,2450 ;
14111 iw.aasoi 38,6061 ;

Pordoriied by K. Weber SAS version 9.3 13:31 {8MAR 14 W

file://C:\Users\klweber\AppDataiLocal\Temp\2\SAS Temporary Files\_TD5228 IGSART,. 3/18/2014
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SAS Output

Page 3 of 11

AEH-13-PSEUDO-08

Muan Survival by Bpecles (soried by troaiment lovel}

Tha MEANS Proceduars

speclas=FAM
L H i : T 1 Lowervst | Uppar 88 -
‘trenla ;N Obs | Yarlabls ©  Maun Std Day | GL for Mean [ GL for Mean ;
o it ! - 4
A Bipdsuv 967857 3.9087; 928838 1008 !
: pomert 32143 3.9087 «0.8876 ¢ 7.3162
‘B 8 polsury  BO.G579 13,5805 | 68,2055 84.9203 ¢
[petmorl 19,3421 13,5905 5.0797 33.8045 |
c B .polsurv 94.6970 72822 a7.0518 102.3 ;
petmorl 53030 7.2827 | -2.3362 12.945% ¢
speclas=FRS
! _ " Loweros% | Upper 8% |
tranla ; N Obs i\fu-lnhln Moean $id Doy J Gl for Moan | GL for Muan“
A 3iposuy 1000 0 . .
. pelmon "] 0 H
B 3lipolsuv  BO.BBED 19.2450!  41.0816 136.7 ]
speimort 11171117 ﬁU 2430 -36,6081
i+ 1 Epclauw 100.0 . f
Lpeiront o .

Parformad by K. Wabsr SAS voralon 0.3 §2:31 413MART4 w

file://C:\Users\klweber\AppData\Local\TemptZ\SAS Temporary Files\ TD5228 TGSARF... 3/18/2014
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SAS Cutput

Page 4 of 1}

AEH-13-PSEUDO-05

ear Survlval by Treatimant Levsl and Group [combined spacios)
The MEANS Procadure

IroatanA group=1

B J VL;)WI’II’;!E'/:! Upper!li%}
Varlable j Moan | Std Dov | CL for #ean | GL for Mean |
“potsure 1060
peonor ¢ a;

Lroata=A group=;

8.785; | 9 4
pcimont | 327431 3.0087 -0.8876

tranfa=B group=1
i ! Lowor 95% | Uppes 9'50/;]
Moun | Std Dev | CL for Maan | GL for Meain

0000 | 20.0000: 30,3972 1207
pctmart i U.Dﬂﬂﬂi ZU.UGCG‘ -2086828 60.6628 |

‘reata=B group=2

! Lowar 5% | Uppo: 92% |
Varlable ;  Medn ; 8td Dev | G for Mean [ GL for Mean |
‘pelaury 1851023 ¢ 13.7672 70,6645 09,8502
peimarl 51!1.6!077‘1 LTE72 D.A488 | 29.3455;

lreatanC group=1

i Lu;w‘;r '9.5% r Upper 95'r2=
<L Jor Maan ‘L CL for Moean |

i Lawar 95% | Uppor 95% |

{ 5td Dav ! GL for hé Maan ¢
_potsury [80.30381 .13 72,1 106.6 1
ipelwort 1 0.6061; 694331 .e.6420] 278542

Par‘ormed vy K. Waber SAS versien 9,3 13:31 18MAR14 ‘[\V)

file://C\Users\klwebor\AppDatatLoca\TempA2\S AS Temporary Files\_TD35228 IGSARF.. 3/18/2014
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SAS Output

Pape Sof 11

AEH-13-PSEUDO-05

Muen Survival by Traatmsnt (nom bimed spocles and group)
Tha MEANS Procedura
reatanh,

. S -
. i Lowor 8% Uppor 95%
Varlabls Maﬂnl S1d Doy ; GL. for Mean | GL for Mom

petsurv 1 67,8671 Q. 4830 95,1793 1005
pelman b 2.1429; 3. 4830 -0.5244 4.8202
treata=B

H aner B!-"/. Uppnl 9;‘&'

‘Vnrlahln Maan»std Doy ICL‘O( Mean ; GL for Mean
pelsury 4, BB!!G 71,!!?23 : 94, M.OG
petmarl 16 5B | 14.0090 ° 5.0602 | 284277

treata=C

P Lowor 96%  Uppor 95% |
Varlbia | Maan . 3td Dav | L. for Wean | L. forMnan

peleury (854545 €.0433,  80.0831 1019
pelmorl | 4.8455, 69433 18760 10,9868

Potormed by K. Weber SAS version 8.3 12:31 130AR14 ‘V\J")

file://C:\Users\klweber\AppData\Local\Temp\2\SAS Temporary Files\_TDS228 IGSARE.., 3/18/2014
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SAS Qutput Page 6 of 11

AEH-13-PSEUDO-05

Frog Glknmix Analysis of Survival and intaractions (Sroup 1 and 2 combiined) l/vj E/\\.\
¢
WY

Native Unlonld Survival
The GLIMMIX Procadure

Modal Infarmation
WORK.MUSSEL

1o
Respensa Distributlen Binomial :
“Link Funclion Loglt o
Varianas Funstion Dofaul} o
VarteneoMatrx | Diagonal

) g Meximum Likelihaod ©

-Duurwa .ul F‘r;dum Mcll\ud -ﬁ.esk[u.'\-il

Glass Laval Infarmation :

E I’n’n

Nnbar of Obsarvakons Read | 2! |

Humber of Obsorvatlons Used | 25!

!
Hurbol 5 |

Columns [n X

Golumns In £
Subjocts (Blocka in v}

i Max Obs por Subfect

Optintizatian tnformalion !

‘Optimization Tachnique | Newlon-Raphson |
Paramatara in Optimlzation | 3 i

*Lower Boundarles 0
 Uppor Boundaries [}
Not Peofilod
. Ieration Hiatory

© Dhectiva f
;

s
]
L
it
°

Convergenca erltarlon (GGONV=15-8) satised, -

| P Statisios

2 LogLkelihood 14317

AIE (smallar [s batier) 4847
AIGG [simaller |8 battar} jﬁl).m

BIG (smaller |5 beller]  (52.83
CAIC (srmalker | batter) {5583
HQIC {smallsr Is hatiar) Esn_m

file//C:\Users\klweber\AppDataiLocal\Temp\2\SAS Temporary Files\ TD5228 IGSARFE.. 3/18/2014
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SAS Output

Pn;-a;r-u.at“ar-Es-timélos
troatn | Eslimelo | Biandard Evror | 0F

28575, 0.5784§ 22

14816 i

1.138 £.070

-804 ‘<,(!Uuli
H

Irsala Lessl Squaros Mauns

782 <0001 |
.02 1 <.0001

Page 7 of 11

AEH-13-PSEUDO-05

i V N - i - | . l-“- o 5;‘andnrd i }
: [ E ! ! Eiwor | Lower | Upper
tmntasEMInlnln Standard Error | DF lVa]uaiPrhlﬂ Alpha Lowur; Uppor . Mean Mean| Mozp : Mean
A, 20578 037841 22] .82 <0001 005 -3.7422|.2.1720] 0.04838 ] unms%anzm.o.mzzg
: i . [P o
B : 0.0 +1.8183 | -1.0439 . 0.1852! 003184 ;0279 {0, 2804 |
e Ay ki R i bl
c -1.7531 . 0.08842 0‘02303} 4912 ‘D.M L
: DHforencas of troata Loast Squares Menns -
o . Adjusiment for Multiple Gomparlsans: Tukay-Kramor
! i | | i Lower} Upparl ] |
H ‘ ! i . Confldence | Confidence; Ad|!  Ad]
{ : : [ Limittori T Uit for | Lowsr ) uppar
- | Standard [ ‘ Pr | Adlf Adl| Odda Odds | Odds | Qdds :
treala: _lreata Esumnhi Error DF,lvaIua‘ It ar Upperi Lower | Upper Ralla{ Ratlo}
A B 14769 04332 22] 341700025 3744 06775 25842 | -0.3878 | ; 0.083 0,017 0679
A o3 0.5004 adrrai 23t 0.4360; 0.06!-1.5002 ¢ 0.8815° -1.7995 | 0.00B0 i 6.204 | 0185 1.824
B iC 08766  0.3601: 2,4:\!:)»235 00587 0.05] 01208 16233 002797 | 1‘78111‘ 2408 ERECH 0.912] 6836

’ A
Pariormed by K. Weber SAS version 8.3 13:31 1BMAR14 ‘{!\V

file//C\Users\klweber\AppData\Local\Temp\2\S AS Temporary Files\ TDS228_IGSARE..  3/18/2014
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SAS Output

Page 8 of 11

AEH-13-PSEUDO-05

Froc Glimmix Analysls ¢f Survlval - Groupr 1 {animats eloannd prior ta sxposure ts delerming (nktfal ZM calonlbzation)

Nalivo Untonld Survival
The GLIMMIX Frosedura
Model Information
D.HEI Set | WORK MUSSEL2

Raaponse Varfable [Evants) | tdead

Rasponsa Varlable {Trials) | lol

Ry Distlbud

Variance Function Defal

Varlance Matrix Diagonal i

Estimation Techaigue Maxkrum Likalihoad ©
. gitbl ittt

DBénrans of Frepdom Melhod | Rasidual i

‘Mumber of Obsarvations Read L
) Number of Obiﬁr‘ll“pn& Used !

a
_Numlser of Evants Pa;
Number of THals ;46

Dimensions

Covarlance Parameters |

o
Subjects (Blocksin V)
Miax Obs por Subject

 optimizatian tnf !

i Newbn-’haél’:;u’n

Opllmizatlon Technlque
Paramaters in Optimization i 3

. Lowsr Botndarioe 130
Upper Beundatlos a
Fixed Effecis t Not Proflled

Ma
Ghangs . Sradian

0.030M148  0.006247
T a, 50006106039 ;0.0 1401473 0.002203
" 2% 25084054261 [0.00411124 | 0.006845
SB4BAT2057 | 000151213 - 0.006311
3.6042370559 | 0.00055624 ° 0000114
35041324024 | 0.00020452 , 0,000042 |
35640571563 | 060007628 © 0.000075

file://C\Users\klwebeAppData\Local\Temp\2\SAS Temporary Files\ TD3228 IGSARF.. 3/18/2014

231



SAS Output Page 9 of 11

) AEH-13-PSEUDO-05
;-2 Lag kikellhood 19
¢ AlC (smallar is battar)
1AICC [smallar Is hettar)
: (amal
SHQIC {smallar Is bettar) 5 12.18
Pearson Chi-8quare 240
- Paarson Cli-Square i DF ¢ 0,36
Parameter Extinates ) !‘
Effect j|rnilaiEsl'mal ’.nudurdErmr:fDF t Valu Pr>|l\i
| | -14.6086 22028, 7 -0.07}0.9496 )
| H i
{19008 | 3868 7 360 0.0088
* 3403 20|.20j Vo 7'0.9152!
Roaldu B
Typo Il Toris ol Fl’xa’d-Er-(nz:l;‘
Elfed NHIIIDF]DB“DFIFVB’\IG—! PraFj
E 431 0.0640
e g e
H t ]slanda;d’ ]
H i i | Errer| Lowsr{ Uppor!
lEsth alu'lSlnudnrdErrer:rDF Moan | Msnn} Mean{ Mean
* 0.000108 | 2BE-235 £ 1.0000
) Dllfnrencnnrni\rarma L’.v‘;aut S‘q‘unro‘s‘M‘a‘nn‘x i ) ) ) !
Ad) for Mult|ple Comp Tukay-}
e e e e Y e i i [ A O , R
i ; H Do i | : P i Lowar | Uppar !
| ; | s i | ! : ! Confidence | Confidenca | Ad) I
i | | i i i | \ | Limitfor | Limit for | Lower|  Upper
; ; | Standard | Uoprs| i : CAd A4 Odds Otds | Odds | Odds|  Ddus!
treu|a11k\rnaia‘lzn!lmnla§ ErrnliDF tValue | Rl: AglP gAJ:nlm; Lawar | Uppor | Lower | Uppnr’ Ratlo Ralra;

Ratle i Ratio Ratio *

43 08881, 0.06 ;-536,39 { 510,08 - -564.32 ' 5‘38.52; =0.001
9995 " 1.0000° 0. 707,39 POT.01 & BED.E0 0,827
€08 09504 09877 © 005, 45251 48873 ; -570.88 ; BOB.E1 | 5009 380

A a8

Ao
B G 12.0600°

{-§3.1502 ]

a7

Perko 1w by K. Wber SAS version 9.3 13:31 18MARI ‘Q,"J

file://C\Users\klweber\AppData\LocaN'emp\2\S AS Tempotary Filesy, TD5228 TGRARF...  3/18/2014
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SAS OQuiput

Page 10 of 11

AEH-13-PSEUDC-05

Froe Climmix Analysls of Survival - Oroup 2 {animals with adhering Zn)

Natlve Unlenld Survival

The GLIMMIX Procadure

Node! Infarmatlon

Data Sel TWORKMUSSEL3
Re

‘hnpnnn arlal 'Iu(TrriaIn)
Response Distrisutiah Binomial

UkFanetion foat
Dolail

‘Varignes Matrix Diaganel ;

Varleneo Functlon

fmatl Likelihnod ;

Deoraes of F;anﬂﬁm r\;ll}lht;dvr ﬂ;s’bd;ul

Giass Lovel Information !

Humbar of Obsarva
Munber of Obssrvatlons Used | §
Numbar ef Evenls
N

Dmenslons

Columns In Z
Sybjacts (Blogka In V)
Max Obs por Subjoct i 15

Optimnization Information i

Optimfzation Tochnique | Newlen-Rapnaca t
Paramoters in Optimization |3
-Lbn'er.soulidarlc;i o o ’ H
l!.lp})er Bouﬁu;:r\ ] 0 i

Flxad Eff Mot Piofiled

Iteratlon Histery 4

Objecliva {
Functien ;

5710616776 |

i !
Horallon | Rasiarts | Evaluaten:

0

E.
o

g

i
L Fp—
i

T
2
3

Convargones erilerion (GCON'

Fit ét’allsllear
"2 Log Likolihood |
IE {srnaller is betier)
AICT (;mex‘l]ér \s'bu!lar}
"BIG {amallor Is betlor)
GAIC (srmaller |5 hotta ]
HQIG amallar I= hetiar)
arson Ghl-3q

“’"\;@@\“\

file://C:\Users\klweber\AppData\Local\Temp\2\8AS Temporary Files\_TD5228 IGSARF.. 3/18/2014
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SAS Output

Parametar Eslinates
Effact | troata | Eslimate

tandard Error | DF t Valuo l Prafy

g Y

troala [B -1.5041 ;
traata |© 13481
Resldu 0,508

Typo Il Tosia of Fixad Efacta
um DF | Dan DF | F Valus | Pr>F
3 12 6239 <0001 |

Odds Roilo Entimatos

atimata | DF | 95% Confidance Limits |

tranta Leasl Squares Maans o
i ; . . : ¢ -
b i B : ‘ Standard i
H P i : : H | Ereor: Lowst | Uppor
.sL[male; Standard Error ; OF 3! Valua i Py !Arnm Lowar Uppnrj Mean "e“"_J Maan l Maan

0065412 7.60(<0001; Q.05 -3537
| 005 -1.9966
0.05 27486

19446 : 0.00051
10116 09818
151467 01064

Plflerences of treatn Loasl sm}wen Means

|

{
I
'
i

Standard | | Py = | Ad]J Dddsl

trasta | Eatimata . Errnr!ﬂFEtanuu! 1] Adi PJ Upper Bft!luj

B | 12368 0.4297% 12} '2'58'0'0-13810'03“: 08 2 0.08036 | 0.280

A c | 06052 046231 12! -1.02;0.2122]0M28] €00 24zt 0,914
B C, vEs 038,12 173:01080102338; 005 B

Farformed by K. Weber SAS varsion 8.3 $3:31 18MAR14 \&J\l':

Page 11 of 11

AEH-13-PSEUDO.05

Uppor
Confidence | AdJ|  Ag)
Limitfor | Lowar | Uppar
Odds t Odds | Odds’
Rallo| Ratio] Rallo

07401 o082} 0914
1488} 055! 1867
4925, 0712} 4928

File Folder: ig

item Number: !
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AEH-13-PSEUDO-05

DM 'LOG; CLEAR; QUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;
FOOTNOTE1 'Performed by K. Weber SAS version ' &SYSVER &SYSTIME &SYSDATE;
options 1s=97 ps=54 formdlim='-' pageno = 1 nocenter nodate nosource?;

titlel h=2 'Efficacy of Pseudomonas fluorescens {Pf-CL145A) SDP';

title2 h=2 'for contrelling zsbra mussels within fieid enclosures';

titled h=2 'Unionid Mussel Survival';

title4 h=1.5'Study Nurber AEH-13-PSEUDD-05';

titles h=1 'SAS v. 9.3 Analysis completion date: 18MAR14 Analysis prepared

f**************#**kﬁ******************k*i************t***i**i***********!**wki

* BAS ver 0.3 Analysis prepared by: KLW Page | of 5
* Analysis completion date: 18MAR14 Wwﬁ

ERE R EE R R R R R TR R R g L R g T R o g S L L L LT

/******t**ktik****ktt*******ﬁ******k****wx*i*w****f*****k**k**k*xk**k*****#*ki

* Variable Names:
enc = enclosure ID {1 through 9)
treat= treatment level; 0 = Control [0 mg/L), 50 = 50 mg/L, 100 = 100 mg/L
group = zebra mussel asssessment time
1 = pre-exposure (i.e., zebra mussels from 45 unionid mussels used
2 = post-exposure
species = unionid mussel species
FAM = Fatmucket (Lampsilis siliquoidea)
FPS = Fragil papershell (Leptcdea fragilis)
UNK = Unknown (i.e., musscl unrecovered)
tot = total number of unionid mussels
dead = rumber of dead unionid mussels at post-exposure assessment
* uprec = number of unrecovered unionid mussels from the post-exposure assesss

* tdead = number of dead unionids + number of unrecovered unionid mussels
ﬁ*****#*k*nk**x***d*t*kﬁtti***t******kt*ﬁ******#*****%kxxkﬁ*k***i***k**k**k**i

LT N R Y

* %
n

%

data mussel; set Pseudo05.Unionid supvival;
if tot = 0 then delete;

petsurv = (tot-tdead)/tot*100;

pctmort = tdead/tot*100;

if treat = 0 then treata = 'GC’';

if treat = 50 then treata = 'A ;

if treat = 100 then treata = 'B'; EF # }\.}
run; ftem No, ?

Pyt of T

proc sort data=mussel; by spscies groug treata; run;'
proc print data=musssl; title4 h=1 'all data'; run;
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AEH-13-PSEUDO-04

\)V)\ghf‘v‘u\

Titlel h=2 'Mean Survival by Species {sorted by treatment level and group)';
proc means data = mussel mean std lelm uclm fw=8;

by speciles;

class treata group;

var petsurv petmort;

run;

Titlet h=2 'Mean Survival by Species (sorted by treatment level)':
proc means data = mussel mean std lclm uclm fw=8;

by species;

class treata;

var petsurv pctmort;

run;

proc sort data=mussel; by treata group; run;

Title1l h=2 'Mean Survival by Treatment Level and Group (combined species)';
proc means data = mussel mean std lelm uclm fw=8;

by treata group;

var petsury petmort;

run;

Titlel h=2 Mean Survival by Treatment (combined species and group)';
prec means data = mussel msan std lelm uelm fw=8;

by treata;

var petsurv petmort;

run;

Title1 h=2 'Proc Glimmix Analysis of Survival and Interactions {Group 1 and 2
proc glimmix data = mussel;
title4 *Native Unionid Survival’
class treata;
model tdead/tot = treata / d = bin link = logit noint s org
lsmeans treata/pdiff ¢l ilink or adjust=tukey;
random  residual_;
run;

data mussel2; set'mussel;
if group = 2 then delete;

Titlet h=2 'Proc¢ Glimmix Analysis of Survival - Group 1 (animals cleaneg prior
proc glimmix data = mussel2;
titled4 'Native Unionid Survival';
class treata;
model tdead/tot = treata / d = bin link = logit noint s or;
lsmeans treata/pdiff ¢l ilink or adjust=tukey;
random _residual_;

Page g of 5
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AEH-13-PSEUDO-05
Mgk
run;

data musseld; set mussel;
if group = 1 then delete;

Title1 h=2 'Proc Glimmix Analysis of Survival - Group 2 (animals with adhering
proc glimmix data = mussel3;
title4 'Mative Unionid Survival';
class treata;
model tdead/tot = treata / d = bin link = logit noint s or;
lsmeans treata/pdiff ¢l ilink or adjust=tukey;
random _residual_;
run;
quit;

FF#_\b
item No. 3

Pg_h_of 5
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2
3
3

l

AEH-13-PSEUDQ-05

DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;

FOOTNOTEY ‘Performed by K. Weber SAS version ' &SYSVER &SYSTIME &SYSDATE

’

WARNING: The FOOTNOTE statement is ambiguous due to invalid options or

o ~N G o N

AR
i2
13
14
15
16
17
18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
26
26
26

27
28
28
28
28
30
30

unquoted text.
options 1s=87 ps=64 formdlim='-' pageno = 1 nocenter nodate nossurces;

titletl h=2 'Efficacy of Pscudomorias flucrescens (PT-CL145A) SDP';

title2 h=2 'for controlling zebra mussels within field enclosures';
titled h=2 'Unionid Mussel Survival';

title4 h=1.6'Study Number AEH-13-PSEUDO-05';

titled h=1 'S8AS v. 9.3 Analysis conpletion date: 18MART4 Aralysis prer

’*k***#t********#**k**k*****k***k*k**k**ﬁi*k*********************w******i

* 8AS ver 9.3 Analysis prepared by: KLMW Page 1 of Y
* Analysis completion date: 1BMAR14

HR R R kR kR R Ak Rk ke ke Ak kR NNk kAR KA RN R AR A AR R R R AN KA RN A AR KRR KD

/*kk**t**t*k**k*n**wt*k****ﬁ**ikﬁi***t*****kist*x**k*k****i***k*********
KhukAhkhrhwhi

* Yariahle Names:
*

¥ enc = enclosure ID (1 through 9)
*

* treat= treatment level; 0 = Control [0 mg/L}, 50 = 50 mg/L, 16D = 100 n

*

* group = zebra mussel asssessment time
graoup
*
* 1 = pre-exposure (i.e., zebra mussels from 45 unionid nmussels
density) #
* 2 = post-exposure
*

* species = unionid mussel species
L3

* FAM = Fatmucket (Lampsilis siliqucidea)
®

* FP5 = Fragil papershell (Loptodea fragilis)
*

* URNK = Unknown (i.e., mussel unrecovered)

*

* tot = total number of unionid mussels
*

* dead = number of dead unionid mussels at post-exposure assessment

*

Fre_b
item No. .

Po_l of L
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AH+1}PSEUDO@5
FM
Vot
31 * unrec = number of unrecoversd unionid mussels from the post-exposure as
31 1 *

32 * tdead = number of dead unionids + number of unrecovered unionid mussels
3z | *

33 LR E R E R L R R e R T R LR R R R TR L T T L A R R R R T T R g g R R gty
33 I ************/
34

35 data mussel; set Pseudo05.Unionid_survival;
36 if tot = 0 then delete;

37  potsurv = (tot-tdead)/tot*100;

38 poetmort = tdead/tot*100;

39 if treat = 0 then treata = 'G';

40  if treat = 50 then treata = 'A‘;

41 if treat = 100 then treata = 'B';

42 run;

NOTE: There werg 36 observations read from the data set PSEUDOGS.UNIONID_SURY]
NOTE: The data set WORK.MUSSEL has 25 observations and 11 variables.
NOTE: DATA statement used (Total progess time)}:

real time 0.04 seconds

cpu time 0.01 seconds

43
44  proc sort data=mussel; by species group treata; run;

NOTE: There were 25 observations read from the data set WORK.MUSSEL.
NOTE: The data set WORK.MUSSEL has 25 gbservatiors and 11 variables.
NOTE: PROGEDURE SORT used (Total process time):

real time 0.01 seconds

cpu time 0.01 seconds

45  proc print data=mussel; title4 h=1 'all data'; run;
NOTE: Writing HTML Body file: sashtml.htm
NOTE: There were 25 chservations read from the data set WORK.MUSSEL.
NOTE: PROCEOURE PRINT used {Total process time):
real time 3.93 seconds
cpu time 0.28 seconds

46

47 Titlel h=2 'Mean Survival by Species (sorted by treatment level and grouf
48 proc means data = musssl mean std lclm uclm fw=8;

49 by species;

50 class treata group;

Page__d___ of L
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AEH-13-PSEUDO-05
;\\
51 wvar pctsurv petmort; M
| \\)\‘4‘“ -

52 run;

NOTE: There were 25 observatiors read from the data set WORK.MUSSEL.
NOTE: PROCEDURE MEANS used (Total process time):

real time 0.12 soconds

cpu time 0.07 seconds

58

54  Titlet h=2 'Mean Survival by Species (sorted by treatment level)';
55 proc means data = mussel nean std lelm uclm fw=g;

56 by species;

57 class treata;

58  var pctsurv petnort;

89 run;

KNOTE: There were 25 ohservations read from the data set WORK.MUSSEL.
NOTE: PROCEDURE MEANS used (Total process time)

real time 0.10 seconds

cpu time 0.06 seconds

60
61 proc sort data=mussel; by treata group; run;

NOTE: There were 25 obsaervations read from the data set WORK.MUSSEL.
NOTE: The data set WORK.MUSSEL has 25 observations and 11 variables.
NQTE: PROCEDURE SORT used (Total process time):

real time 0.00 saconds

cpu Time 0.00 seconds

62  Titlel h=2 'Mean Survival by Treatment Level and Group (combined species)
83  proc means data = mussel mean std lelm ucln fw=8§;

84 by treata group;

85 var petsurv petmort;

66  run;

NOTE: There were 25 observations read from the data set WORK.MUSSEL,
NOTE: PROCEDURE MEANS used (Total process time):

real time 0.10 seconds

cpu time 0.08 seconds

67
Page ’5 of k!’
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68
69
70
71
72

NOTE:
NOTE:

73
74
75
78
7
78
79
80
a1

NOTE:
NOTE:
MOTE:

B2
83
84
85
86
86 |

NOTE:
NOTE:
NOTE:

AEH-13-PSEUDC-05
W I
Wi
Titlet h=2 'Mean Survival Dy Treatment (combined species and group)';
pro¢ means data = mussel mean std lelm uclm fw=8;
by treata;

var potsury petmort;
run;

There were 25 observations read from the data set WORK.MUSSEL.
PROGEDURE MEANS used (Total process time):

real time 0.09 seconds

cpu time 0.04 seconds

Titlel h=2 'Proc Glimmix Analysis of Survival and Interactions (Group 1 &
proc glimmix data = mussel;
title4 'Native UnZonid Survival’;
class treata;
model tdead/tot = treata / d = bin link = lggit noint s or;
lsmeans treata/pdiff ¢l ilink or adjust=tukey;
random _residual_;
run;

The model does not contain an intercept. Columns of X are scaled only ar
Gonvergence criterion (GCONV={E-8) satisfied.

PROCEDURE GLIMMIX used (Total process tima):

real time 0.29 seconds

cpu time 0.20 seconds

data mussel2; set mussel;
if group = 2 then delete;

Titlel h=2 'Proc Glinmix Analysis of Survival - Group 1 (animals cleaned
to determine initial zZM colonization)';

Thare were 25 observations read from the data set WORK.MUSSEL.
The data set WORK,MUSSELZ has 10 observations and 11 variables.
DATA statement used (Total process time): '

real time 0.01 seconds

cpu time 0.01 seconds

Page_:i___of_LLu_
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AEH-13-PSEURO-05

87 proc glimmix data = mussel?; \Vﬁ9¢£}dﬂ
88  titled 'Native Unionid Survival'; QﬁM

89 class treata;

90 model tdead/tot = treata [ d = bin link = logit noint s or;

91 1lsmeans treata/pdiff ¢l ilink or adjust=tukey;
44 random _residual_;
93 run;

NOTE: The model does not ¢ontain an intercspt. Columns of X are scaled only ar
NOTE: Cenvergence criterion (ABSGCONV=0,00001) satisfied.
NOTE: PROCEOURE GLIMMIX used {Taotal process time):

real time 0.26 seconds

cpu time 0.15 seconds

g4

85  data musseld; set mussel;

96 Lf group = 1 then delete;

87

98 Titlel h=2 'Proc Glimmix Analysis of Survival - Group 2 {animals with adr

NOTE: There were 25 observations read from the data set WORK.MUSSEL.
NOTE: The data set WORK.MUSSEL3 has 15 obscrvations and 11 variables.
NOTE: DATA statement used (Total process time):

real tims 0.01 seconds

cpu time 0.01 seconds

99 proc glimmix data = mussel3d;

100 title4 'Native Unionid Survival';

101 c¢lass treata;

102 model tdead/tot = treata / d = bin link = logit noint s or;
103 lsmeans treata/pdiff ¢l ilink or adjust=tukey;

104 random _residual_;

1956 run;

NOTE: The model does not contain an intercept. Coluwmns of X are scaled only ar
NOTE: Convergence criterion {GCONY=1E-8) satisfied.
NOTE: PROCEDURE GLIMMIX used {Total process time):

real time 0.29 seconds

Pagg L)/ of (1.7
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AEH-13-PSEUDO-05

cpu time C.20 seconds \\N\J M@,’}O\J\
K3
106 quit;
FF#
Iterm No.
Pg_k of
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SAS Quiput Pape 1 of 23

AEM-13-PSEUDO-
Efficacy of Pseudomonas fluorescens (Pf-CL145A) SDP 05
for controlling zebra mussels within field enclosures

Zebra Musse| Colonization Changes
SAS v, 9,3 Analysis complstion date: 25MAR14 Analysis prepared by: KLW

imlo a2 riNINi @

Performed by K. Weber SAS version 9.3 08:43 25MAR 14 ‘N‘))

File Faolder: _Lb._

item Number: %

file://C:\Users\klweber\sashtml htm 3/25/2014
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SAS Ouiput

Poge 2 0f 23

AEH-13-PSEUDO-05

ZM Denslity:

Expressed as #ZM per untonid; pre- and post-exposure
Mean Density on ali unionids/test enclosure/sampling event

Study Number AEH-13-PSEUDO-D5

The UNIVARIATE Procedure
Variable: density (density)
treat=0

time =1

[~

.
i N

L

;

. Mean

SumWeighis N 3!

164.666667 | Sum Observations 494

i
I

Std Dewallon
? Skewness

1 69767732 Kurtoms

Uncorrected SS 81798 ‘ Corrected SS

15 0443788 ‘ Varianca

228333335 |

| 452 668857 |

; Coeff Variation | 9.13626243 ' Sid Error Mean

8.6858761

Baslc Statlstlcal Measures

il

Medlan I 157, 0000 Varlance )
Mode

Ao i i e i

Interquartlle Range

27 ooood

226 33333 ;

27 00000

t
fSlgn ]M‘ 1..
' s

Tesls for Normal ity

p \.’alue

]1895798 Pr 100028
Pr>-]NI| 02500
3 Pr >z |S| ]02500

Test ' Statistic

i
i
i

p Value

* Shapiro-Wilk w

: Kolmogorov-Smimov | D

Cramer—von Mlses W-S

'0805228 Prew o, izrn

-0361502 Pr>D 01217;

0, 076265 Pr >W-Sq | 0.1619 :

_Anderson-Darilng A Sq O 418086 Pr > A-Sq 0.1028 :

file:/C:\Users\klweber\sashtmlhtm
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SAS Output Page 3 of 23

AEH-13-PSEUDO-05

: Quantile Estimate
£1007% Max 182
1 99% f 182 ]

“as%

A
rswQs | 182
{50% Median | 157

fas%at 155
110% 1 155 ;
5% j 165

’ Extreme Observations

l Lowast * Highest
f:‘\!aluejg Obs EVaIue ; Obsy
{156, 2, 185; 2
Cs7i o3l 17 s

L

Poas2l 1 B2 1

Parformed by K. Waber SAS version 9.3 08:43 25MAR14\N\P

file://C:\Users\klwebersashunlhim 372512014

246



SAS Cutput

Page 4 0of23

AEH-13-PSEUDGC-05

ZM Denslty:
Expressed as #ZM per unlanid; pre- and post-exposure

Mean Denslity on all unlonids/test enclosure/sampling event
Study Numbar AEH-13-PSEUDC-05

The UNIVARIATE Procedure
Variahle: density (density)
treat = 50

time =1

Momenis ‘

N
* Mean 7 160 Su Observaflons 7 480
: Std Deviation 11 2694277 Vanance 127

; Skewness -1 ?167204 Kurtosis
Uncorrected SS 77’05-4 Correcied SS 254

Coeff Varlation 7 04339229 Std Error Mean 6,5064071

Bas!c Statistical Measures !

Lt;catlon E Variahlhty !
160 0000 Std DeVIahon 11 26943
166 oooo v o 127 ooooo
i Rango T 2000000

5 |nterquartlle Range 2000000 i

Tests for Locatlon MuU D

:JE';tAahshc "M; Value
. 't J24b9114 Pr> 1] 0.0016
Sign EM‘ 15 Pr >-|M|!02500

‘Slgnad Ran S} 3 Pr> |S| l(]2‘3{)()

- Test

B Sfudent's t

Tests for Normahty

Statistlc

p Value

Tesi ;
Shaplro-WlIk 78?402 Pr < w E 0. 0848 :
: Kulmugorov-Smirncv D 0 369447 Pr > D .

Cramer von Mlses ;W-Sq O 080806 Pr> W-Sq 0 1374 i
: Anderson-Darlmg ! A-Sq 0 44()311 Pr > A Sq 0 08?8

Quantiles (Definition 5) i

file://C:\Users\klweber\sashiml.litm

247

b
WA RN
\’SQ/@“

3/25/2014



SAS Output ’ Page 5 of 23

AEH-13-PSEUDO-05
. Quantile Estimate E
167
e ;
R
167 .
167
1665
T
147
147
_ o]
0% Min | M7
. Extreme Observations
© Lowest Highest
 Valuo | Ot | value | obs
Do147i 4D 14T
1880 6 1861
Porformed by K. Weber SAS version 9.3 08:43 25IVIAR14W
file:/C:\Users\klweberisashiml.htm 3/2502014
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SAS Output

Page 6 of 23
AEH-13-PSEUDO-05

ZM Density:

Expressed as #ZM per unionid; pre- and post-exposure

NN
Yot

Mean Density on all unionlds/test enclosureisampling event

Study Number AEH-13-PSEUDO-05

The UNIVARIATE Procedure
Variable: density (density)
treat = 100

time =1

Moments

12 741 0099
1 6841 605
9?885
.06525503

Std Dewatlon

Skewness Kurtosls

Uncorrected S

Coeff Va rlatl

[ 3 Sum Welghts )
: 180 333333 Sum Observatlons

Varlance

Gorrecfed SS
Std Error Maan

3
541 |
162333333

324 666667
7. 3530255 :

Basic Statistical Measures

Location !

Mean Hso 3333 1 Std. Deviatlon
Medfan 174 0000 Variance

Var!ability

Interquartile Range

o - S

Tests for Locatlon MuD-

Test i Stat!stlc

24 51505 Pr> [t[

' Studem st |
Slgn M ‘[
Signed Rank | § |

3 Pr>- |S|

Tests for Normallty

' 162.00303

B
|

i

”

i
PR

12?4101§

23.00000

23 00000

P Value

0 001?@
1 5 Pr 5= ||v|| 0.2500 °
0 2500 .

. Test Statistlc

p Value

g
1
B

w
.D_,
W5q|
o jasq 0405399

: Shaplm-WlIk ! 0 814682

: Kolmogorov-Smlrnov

Cramer-vnn Mlseq

Anderson Darlmg

Qua ntlles (Deflmtich 5)

file://C:\Users\klweber\sashiml.him

.0 357101 ,
0.07387
“PraASq | o, 1163 :

Prew ‘01501
Pr>D ‘01327
Pr>w5q\01783
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SAS Output

Quantile Estimate |

ovmax | 195
o% . s

o 105
0% 195
i75% Qs | 195
'174§
72|

(LN

8% 172}
% 1 ar2
%Min | 172

Extreme Chservations

Lowest Highest

i
|
i
1

; Value | Obs | Value | Obs
V172 9 a2l 9
Y74 8, 174, B
L tes| 7, 195 7]

\{rf

Serformed by K, Weber SAS version 9.3 08:43 26MAR 14

file:/CUsers\klweberisashitml. liim
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SAS Output Page 8 of 23

AEH-13-PSEUDO-05

© ZM Density: Wa\u\\g’\é\
Expressed as #ZM per unionid; pre« and post-exposure o
Mean Density on all unionidsftest enclosurefsampling event
Study Number AEK-1 3-PSEUDO-05
The UNIVARIATE Procedure
Q-Q Plot for density
i R e A
L2004
T °
CH
é (T o
140 -
e o
o
120 -
T 1 T T i i 1 T T
4 -0F5 -BE 025 0 035 05 075 4
Marmal Quantiles
file://C:\Users\klweberisashtml htm 3/25/2014

251



SAS Qutput Page 9 of 23

AEH-13-PSEUDO-05

@-Q Plot for density

tine =1

¢ 200-

H [+
F qen-

! : o
Bim °

e 2 46y |
it
DL 4

120 -

T I T | 1 I T !
4 075 05 025 0 02F 0§ QF5 1

Narmal Quantiles

Perarmed by K. Weber SAS version 9.3 08:43 25MAR14\¥N¢‘

file://C:\Users\kbwebensashunl htm 3/25/2014
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SAS Output Page 10 of 23
AEH-13-PESEUDO-05

ZM Density: \V‘/ A
Expressed as #ZM per unionid; pre- and post-axposure ,@J\
Mean Density on all unionidsftest enclosure/sampling event

Study Number AEH-13-PSEUDO-05

The UNIVARIATE Procedure

Probability Plet for density

fime =1
200 ~|
i 180 - °
Q)
160 4
f:H o o
B3
: 140 -
20
@ &
15 200 -
180 -
%’ o o
%- 150 -
2 .
R LE
120
T 7 T T T
10 25 50 75 a0
Nornial Percentliss

file://CAUsers\klweberisashtm], htn 3/25/2014
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SAS Output Page 11 of 23

AEH-13-PSEUDO-05

Probability Plot for density

tine=1
200 -
R o
180
B Q
8;&- °
ni8 qe0-
5e
':’.
o 140 -
120 -
T T f T e
10 25 50 75 90

Momal Percentites

Per‘ormed by K. Weber SAS version 9.3 08:43 25MAR14W

file:/C:\Users\klwebersashiml him 3/25/2014
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SAS Output

Density: Bartletts test of homogeneity of variance
Expressed as #ZM per unionid; pre~ and post-exposure
Mean Density on all unionids/test enclosure/sampling event
Study Number AEH-13-PSEUDO-05

The GLM Procedure

; Clla‘ss Level Information

|
! Class ] tovels | Values i‘

: Number of Observations Read 18 |

Number of Obsarvations Used E 18"

w)

Parformed by K. Waber SAS version 9.3 08:43 25MAR14

file://C\Users\klwceberisashtir] . him

255

Page 12 of 23

AEH-13-PSEUDO-05

31252014



SAS Output Page 13 of 23

AEH-13-PSEUDO-05

Density: Bartletts test of hcmogenaity of variance %9(\\\
Expressed as #ZM per unionid; pre- and post-exposure d'\
Mean Density on all unionids/test enclosura/sampling event

Study Number AEH-13-PSEUDO-05

The GLM Procadure

Dependent Variable: density density

: Source : DF Sum of Squares j Mean Square FVaIue E F'r > FJ
Modei ! 1 18624 50000 18624 5OOCD 10 48 L‘ 0052 |
? Error ' 16

28446.,00000 ; 1777.87500,‘

i

Corrected Total | ‘ 17

Type I SS [Mean Square i F Valuel Pr> F 1

‘10 48! O 0052

Source ’ DF Type 1 5§ [ Mean Square | F Value | ProF |
! |
i time i 1 18624 50000 i 13624 50000 10.45 '0.0062 !

file://C AU scrsiklwebertsashitm].him 3/25/2014
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Page 14 0f 23

SAS Output
AEH-13-PSEUDO-05

Distribution of density
i F 1048

‘Prob > F 00052

200
150 -
=
‘n
[ =4
()
o
100 -
50 -
T T ¢
2

time

Performed by K. Weber SAS version 9.3 08:43 25MAR14 *{\‘)

372542014
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SAS Cuiput FPage 15 of 23

AEH-13-PSEUDO-05

Denslity: Bartletts test of homogeneity of variance
Expressed as #ZM per unionid; pre- and post-exposure

Mean Density on all unionidsfest enclosure/sampling event
Study Humber AEH-13-PSEUDO-D5

The GLM Procedure
Bartlett's Test for Homogeneity
of density Variance ;
Source i DF . Chi-Square i Pr> ChiSq |

fime | 10 111896]  0.0008

Y

Performed by K. Weher SAS version 8,3 08:43 25MAR 14

file://C\Users\klweber\sashiml. itm 3/25/2014
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SAS Cutput Page 16023

AEH-13-PSEUDO-03

Density: Bartletts test of homogeneity «f variance
Expressed as #ZM per unionid; pre- and post-exposure
Maan Density on all unionlds/test enclosurefsampling avent
Study Number AEH-13-PSEUDQ-03

The GLM Procedure

Distribution of density

200 -

10~

density

100 -

60 -

tirme

i
f
1
U

) : density
Level of } i S ;
< time I N Mean Std Devi
e 9 | 168.333333 ' 146287388 .
i2 9 104.000000 ; 67.8078714

Performed by K. Wehber SAS varsion 2.3 08:43 26MAR14

file: /C:\Usersiklweber\sashtiml.htm 3/25/2014
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SAS Qutput

Page 17 of 23

AEH-13-RPSEUDO-05

Zebra mussel densities pre- and post-exposure comparison
Expressed as #ZM per unionid; pre- and post-exposure

Mean Density on all unionidsftest enclosureisampling event
Study Number AEH-13-FSEUDO-05

The GLM Procedure

: Class [Levels ! Values

-4
enc | 81123456789
“treat 3050100 '
‘ time 212 :

 Numhbor of Observations Read | 18 |
- Numbar of Observations Used ! 18

Performed by K. Weber SAS version 9.3 08:43 ZSMAR‘MN

file:/C:\Users\klwebensashtm] hitm
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SAS Output

Page 18 of 23

AEH-13-PSEUDO-05

Zebra mussel denslties pre- and post-exposure comparison V‘P) wé\
Expressed as #ZM per unicnid; pre- and post-exposure

Mean Density on all unlonlds/test enclosure/sampling event

Study Number AEH-13-PSEUDO-05

The GLM Procedure

Dependent Variable: density density
Sé.lx-r.(.:e. -, h DF l Sum oquuares : Mean Square E F Value Pr> F |
Model 6 i 378460 3333 63076 7222 321 46 < OOO i
cEwor i 12 g 2, 6667 7 196 w2l
Uncorrected Tofal : 18 i 380815 0000 ‘ f o

R-Square | Coeff Var ['ri'o;st' msE ['é';;;'siEy"iw;;.'.{";

(0949976 1026734 | 1400793 1364867

; Sorurcre ‘ DF : - Ty;-}e Il SAS. Mléén S;‘uaré :F V;;llue Pr> F'

lreat 3 345110 8333 115036 D444 | 586,26 <000_1

ime | 1 : 1862450001 1862450001  84.92 | <.0001

Irea1:iimme l ? 14?25 DODO[ 7362,5000“ 3?5? ..0(‘1017

;Sourcer DVFVx VTy;)eiliI‘SVS n;'leaanmVJarre FVaIué Pr> Fi

lreai 2 11366 33333 5683 16667 28.96 ; <.0001

time 1 1862450000 18824.50000| 9492 <0001

treartime | 2 %,1f‘."’25 00000 7362.50000,  37.52 <0001

Parramreter o ) - Esﬂmate EStandard Error] 1 Value | Pr > |t|

treai 0 178 6666667 B 8.08748462 22 09 < DOCH

treai 50 _ 7’4 0000000 B ) 808748462 ‘ 9 15 <, 0001
treat100 | 593333333 'B  BCOTAB4E2 734 <0001 ;
tlme 1 121 0000000 B 11.;1‘1-37;13&143‘: ‘ 10‘58 5 <.DUO1
tlme2””7‘ 00000000 8. ..
treai*tlme 0 ‘1 ~13.J 0000000 B 16.17496923

mt;ﬂe;mt:;;;qm;mahzm'MWE 0.0000000 s,
‘real"ime 501 | -35.0000000 B 16.17496923, 216 0.014 .
treat'time 502 | 0.0000000 : :
tre:ﬂ*ttme 100 1 r 00000000 ;

ikéélf*tlme 100 2 . 00000000 B

file:#C\Users\klweber\sashtml htm 342512014
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SAS Output Page 19 of 23

AEH-13-PSEURO-05

Note: The X'X matrix has been found to be singular, and a generslized inverse was used fo solve the normal
equalions. Terms whose estimates are lellowed by the letter 'B' are not uniquely estimahle,

Performed by K, Woabor SAS varsion 9.3 08:43 26MAR14 W)

file://C:AUsers\klwebenrsashtml.htm 3/25£2014
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SAS Output Page 20 of 23

AEH-13-PEEUDO-05

Zeohra mussael denslties pre- and post-axpesurce comparlson
Exprassed as #ZM per unionld; pre- and post-exposure

Mean Density on all unionids/test enclosure/sampling event
Study Number AEH-13-PSEUDO-05

The GLM Procedure

_ E~~ h E [ N 5% Con]fldence leﬁ; for Mean Predlcted
: Cbservation ; ! OI:aservedl Predicted Residual Value

Uf"eiédbbooo 1'64%66767667, 17, 3%33333 147, 0455514 - 1325&5%:519f

| 182.0000000  173. 6066667 | 33333333 16104555141 196087781 |

7550000000 | 164, 6666667 | 9 8666657 147.0455514 | 1822877819

i 169 ooooooo 175 666666? -9 6666667 o 161 0455514 - 1962877319,

157 0000000 164, 6666667 -7.6666567 147 04555 ‘4 182 287?819
185 uuooouoﬁs 6666667 | 63333333 BETY 0453514 T 877819
147, ooooooo 160 0000000 ! -12.0000000 | 142, 3788848
79.00 ooooooo 74. ooooooo.' Soooouoo - 56 3788848

; 167.0000000 160 ooooooo. ' 7 ooooooo o 142 3788848 '

64 0000000 74 OOOOOOO | -1 O 0000000 06 37888¢B

T 166 ooocuoo 160 ooooooo 6.0000000

1
2:
3
4
7
§
9

12 790000000 7400000000 50000000 563788848 916211152
13E 190 0000000 180, 3333333 i 146656667:_%: 1627122181 { 19790444867‘
41 ‘?122181
Ciearieist| 1
' 41'}%2'72'131 o

17 172 0000000 : 1&0 3333333 , ~s 3333333
18 5110000000_ 59 3333333 8, 3333335‘ 417122181 | 76.9544486

Sum of Remduals S 7 ;7 -O 000000 i

R 2454 666667
" 5000000 |
'5295 00"'0"'000”?

Sum of Squared Residuals

Sum of Squared Remduals Error SS

PRESS Statlstlc
Flrst Order Autocorre!atlon E 0 230653
Durbin-Watson D : 1 381606

Y

Performed by K, Weaber SAS version 9.3 08:43 26MAR14

file://C:\Usexs\klweber\sashiml.liim 3/25/2014
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SAS Qutput

Page 21 of 23
AEH-13-PSEUDO-05

Zebra mussel densities pre- and post-exposure comparison
Expressed as #ZM per unionid; pre- and post-exposure
Mean Density on all unfonids/test enclosure/sampling event
Study Number AEH-13-PSEUDO-05

The GLM Procedure
Least Squares Means
Adjustment for Multipie Comparisons: Tukey

LSMEAN | LSMEAN Numbor |

treat Etime densl

1 4 666667 1
173 666567 j 2!
160. oooooo : 3:

74.000000 ; 4
1803333

Least Squares Means for effect treaf*time
Pr > |t| for HD: LSMean(i}=L.SMean(j)
Dependent Variable: density

gl WM1 2‘ mgT o 4{ 5 6|
08175 0.9982 | <0001 07432 <0001
foagso <0001 | 10000 <0001
" f 0001 05124 <oou1
) o 7889
< 0001

5 <‘0001

5% Confidence leits E
e ?1 T 666567' 147 045551 182287782
,'b !z 7, 866667 161 045551 196 28??82
150000000 142 278885 177621115
" 74,000000 . 55378335' 91621115
180 333333 162712218 197904449

59‘333333 41 71 2215 76 954449

leference Between Simultaneuus 95% Confidence Limit

Means for LSMean( }-LSMean(j)

|
!
i
&
i
i
)
)

i
|
]
1
i

i
124

file://C:\Users\klwebersashiml. him
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143 083870

124417204

139 083870

43.083870
129 083870
22.760837 - [
143.750537
57.533(57?0 ﬁ

36 700537
157.750537

18083870 ;
01

67 916130
53 083870

'1594172043

SAS Qutput

T3] ABGGGOT, 33750537
114, " 50.660667 ; 52.245463 |
i . 54“6555%’67/‘
106! ss 916130
‘203 » -19750537
214l : 6. 249463
‘208 1666667 -40 083870
2{s 119.333328 80, 916‘130
314 ' beOOOOO‘ C O avsezrvs.
slsl '-20 333333 58750637
ale] 1co 666567; T ezzasaes:
45 106.333383°  -144 750537'
4l6 146600671 28 750537'
56l 121 ucoooo o 82 582796 '

Performed by K. Weber SAS version 6.3 08:43 25I\/!AR'M‘V\‘\)J
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SAS Quiput Page 23 of 23

AEH-13-PSEUDO-05

Mean zebra mussel densities pre- and post-exposure by treatment level
Exprassed as #ZM per unionid; pre- and post-exposure

Mean Density on all unionlds/test enclosure/sampling event
Studfy Number AEH-13-PSEUDO-05

Tha MEANS Procedure

freat=0
Analysls Varlabie densny densny N i
“ a T Lower 95% Upper 95% |
tlme N Oks | Mean | Std Dav { CL for Mean ‘ CL for Meanj1
1§ 3 1847 150444; 1273 2020
23 3 1787\ 85049 1575 1998
treat=50
, o Anaiys:s Variahle density density
: } i | Lower 95% | Upper 95%
-timo : N Obs ] Nlean Std Dev | CL for Mean CL for Mean
13 fe00 112694 1320 188.0;
P2 3 74 0000 I B 6603 52 4867 95 5133
treat=100
Analyms Vanable clensrty denmty
i ] 5 Lower 95% | | Upper 95,%
tlme N Obsg Maan | $td Dov | CL for Mean | CL for Mean
1 3? 1803“2?410 ’ 1467 212.0
2 3 59 3333 F 22 6759 2 9958 115.7

Performed by K. Webar SAS version 9.3 08:43 25MAR14W

File Folder: L

Iltem Number: j

file://C\Users\klwebes\sashiml hitrn 372512014
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AEH-13-PSEVDO-05

ods html clcse; /* close previous */;
ods html; /* open new */;

DM ‘LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND QUTPUT;
FOOTNOTET ‘'Performed by K. Weber SAS version ' &SYSVER &SYSTIME &SYSDATE;
options 1s=97 ps=54 formdlim='-' pageno = 1 nocenter nodate nosource2;

titlel h=2 'Efficacy of Pseudomonas fluorescens (Pf-CL145A} 8DP';

title2 h=2 'for ¢ontrolling zebra mussels within field enclosures’;

titled h=2 'Zebra Mussel Colonization Changes';

title4 h=2 'SAS v. 9.3 Analysis completion dats: 25MAR14 Apalysis prepared &

Iiﬁ*i*tkk*x*i*k*i*tittk*iti***ﬁ****tk*tiki*ttt*t*ti**t*k**tik**k***t*tittii**l

¥ SAS ver 9.3 Analysis prepared hy: KLW{AJJ Page 1__ of ;2_
¥ Analysis completion date: 25MAR2014

AR wr W AR R AT AR R AR R AR TR T AT R kAR h bbbk bk ke krdr ke h A mh Ak vk bk ko

/i*k****k***i*****************ﬁk*************w********k******k*k*******r***k*‘

* Variable Names:

* anc = test enclosure ID (1 through 9)

* treat= treatment level; O = Conirel [0 mg/L}, 50 = &0 mg/lL, 100 = 100 mg/L
* time = sample time; 1 = pre-exposure; 2 = post-sxposure

* denisty= density of live zebra mussels on the unionid (# ZM/unionid)
KRE AR T AR AR AR R AR AR RN RFR AR R TR AR I A IR AR b R R kA kA kAR AR A b r ko k

data mussel; set Pseudo05.Density_mean_num;
run;

proc sort;

by treat enc; run;

proc print; run;

data mussel?; set mussel;

if time = 2 then delete;

proc univariate data=mussel2 normal notabcontents;

title! h=2 'ZM Dansity: ';

title2 h=2 'Expressed as #ZM per unionid; pre- and post-exposure'

titled h=2 'Mean Density on all unionids/test enclosure/sarpling event';
title4 h=1.5 'Study Number AEH-13-PSEUDO-05';

class treat time;
var density;
probplot density;

gaplot density; FF # “9

run; ltem No, _%

Pg_\ of 2
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AEH-13-PSEUDO-05

- tv) Q&AW

¥

/*****t*dﬁi**ﬁ**************k**w*k*k*t***l****tk**k*****ki*k****ik*******k*iti

* This analysis determines the variahility among treatments »
*k******w*w*************************i****kﬁ*k#*t*xk**k***i*****k*****ﬁk**k***l
ods graphics onj

pro¢ glm data= mussel;

titlet h=2 Density: Bartletts test of homogeneity of variance';

title2 h=2 'Expressed as #ZM per unionid; pre- and post-exposure';

title3 h=2 'Mean Dersity on all unionids/test enclesure/sampling event';
titled4 h=1.5 'Study Number AEH-13-PSEUDO-05';

class time;

model density=time;

means time / HOVTEST=BARTLETT; run;

ods graphics off;
}*k*ﬁ*****ki***k*ﬁ*kk*ki**t***ka*t*kkkt*iikﬁ*i*ﬁt***i*****tki*****lﬁk***ﬁ**ﬁki

* This analysis compares the test enclosure densities by treatment and time
AEE AT KR AR B TR AR IR AT R A KA KRR A AR AR A I A RA T AN AR AR AR AT AR AR AR AN A AR kv ok ko ke by
titlel h=2 'Zebra nussel densities pre- and post-cxposure comparison'
title2 h=2 'Expressed as #ZM per unionid; pre- and post-exposure';
title3 h=2 'Mean Density on all unicnids/test enclosurefsampling event';
title4 h=".5 'Study Number AEH-13-PSEUDO-05';
proc glm data = mussel;
class enc treat time;
rodel density = treat|time / noint solution cli clm; .

Lsmeans treat*time / pdiff=all cl;

run;

guit;

Ihabd A LA AR LR ELE LA EEE AR EEEARA LRSI R ARELLES LTS T]

* This analysis determines the densities by treatment level pre- and post-expc
AAXARERRA KRR A RK AR F TR I AR R AR AN A AR T AN R A RAN AR IR AR R RR KA AR IR XA AR R AR AR AAR AR R A vk bR ek h kD
titlel h=2 'Mean zebra mussel densitiss pre- and post-exposure by treatment le
titie2 h=2 'Expressed as #ZM per unionid; pre- and post-exposure';

titled h=2 'Mean Density on all unionids/test enclesure/sampling event';
title4 h=1.5 'Study Number AEH-13-PSEUDO-05';
proc means cata = mussel mean std lclm uclm fw=8;
by treat;

class time;

var density;

run;

' FEa W
ltern No. & ___
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AEH-13-PSEUDO-05

Di 'LOG; CLEAR; CUTPUT; CLEAR;'; * CLEAR LOG AND OUTPUT;

FOOTNOTE1 'Performed Dy K. Weber SAS version ' &SYSVER &SYSTIME &SYSDATE

WARNING:; The FOOTNOTE statement is ambiguous due to invalid options cr

0
1
‘2
13
14
15
16
17
18
18
20
20
21
21 1
22
22
23
23 1
24
24 1
25
25 1
26
26 1
27
28
29

7
8
9
1

NOTE:
NOTE:
NOTE!

30

unquoted text.
options 1s=87 ps=54 formdlim='-' pageno = 1 nocenter nodate nosou~ce2;

titlel h=2 'Efficacy of Pseudomonas fluorescens (Pf-CL145A) SDP'

title2 h=2 'for controlling zebra mussels within field enclosures';
titled h=2 'Zebra Mussel Colonization Changes';

titled h=2 'SAS v. 9.3 Analysis completion date: 285MAR14 Analysis preps

/**t***tr*k*k***k*******t****k******k*****k**k****k*i*t**********k****t**

* SAS ver 9.3 Analysis prepared by: KLW Page \  of Y
* Analysis completion date: 25MAR2014 WY

dekbkxde ko dkhkkdkhkhwkre ok kb kb kb kA dewor bk kb bdkdsk ook b hdbdedk stk ksdd bk dknwd

ok ek ok e e s AR sk ek ek s R e s e e e kb ok sk Rk ok ek
e Kok &k k ke

* Variable Names:
*

* ene = test enclosurs ID {1 ‘through 8)
*

* treat= treatment level; 0 = Gontrol [0 mg/L], 50 = 50 mg/L, 100 = 100 n

*

* time = sample time; 1 = pre-exposure; 2 = post-axposure
«

* denisty= density of live zebra mussels on the unionid (# ZM/unionid}
*
KKK KA EER KRR A AR A R AT R FARE A RAR AT L RARKE AR AR AR A AN RRN AR A A AR A AT AR AR A AR A KRR AR

Hrrkkhhh kA nn]

data mussel; set PseudoD5.Density mean_num;
run;

There were 18 observations read from the data set PSEUDOGS.DENSITY_MEAN_
The data set WORK.MUS3EL has 18 observations and 4 variables.
DATA statement used (Total precess time):

real time 0.03 seconds
cpu time 0.03 seconds

FR# |V
proc sort; ltem No. o
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AEH-13-PSEUDO-05
Q”&j ?&x\
31 by treat enc; run; g@v\

NOTE: There were 18 observations rcad from the data sct WORK. WUSSEL,
NOTE: The data set WORK.MUSSEL has 18 ohservations and 4 variables,
NOTE: PROCEDURE SOR™ used (Total process time):

real time 0.01 seconds

cpu time 0.01 seconds

32 proe print; run;

NOTE; There were 18 observations read from the data set WORK.MUSSEL.
NOTE: PROCEDURE PRINT used (Total process time):

real time 0.08 seconds

cpu time G.03 seconds

33
34 data mussel2; set mussel;
as if time = 2 then delete;

NOTE: There were 18 chservations read from the data set WORK.MUSSEL.
NCTE: The data set WORK.MUSSELZ2 has 9 observaticns and 4 variables.
NOTE: DATA statement used (Total process time):

real time 0.01 szconds

cpu tine 0.00 szconds

36 proc univariate data=musse’? normal notabcontents;

37  titlel h=2 'ZM Density: ';

38 titlez h=2 'Expressed as #2ZM per unionid; pre- and post-exposure ;
39 titie3 h=2 'Wean Density cn all unionids/test enclosure/sampling event';
40 title4 h=1.5 'Study Number AEH-13-PSEUDO-05';

1

42 class treat time;

43 var density;

44  probplot density;

45  qgplot density;

48 run;

MOTE: PROCEDURE UNIVARIATE used {Total process time):
real time 4,25 seconds
cpu time 0.46 seconds

47 Page _o. . of Y
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48
49
50
51
52
53
54
5%
58
a7
58
59
80
61

62
63
64
656
66
67
68
69
70

NOTE:

MOTE:

76

NOTE :

77

AEH-13-PSEUDO-05

>t
\»;9&

j*******kk*k***k*kk*******k****wﬁ*w******w*ﬁk*****k****w****i******#*i*wi

* This analysis determines the variability among treatments

FEARRA KRR A AKX AR KA R A A A AR AN AR AN AR R AR RN AR AR h kbt ke Rk bk X kAR AT R A XK wy
ods graphice on;

proc glm data= mussel;

titlel h=2 'Density: Bartletts test of homogeneity of variance';

title2 h=2 'Expressed as #ZM per unionid; pre- and post-exposure

title3 h=2 'Mean Density on all unionids/test enclosu-~e/sampling event"
titled4 h=1.5 'Study Number AEH-13-FSEUDD-05'

class time;

model density=time;

means time / HOVTEST=BARTLETT; run;

ods graphics off;

ji*******ﬁkﬁ****k******tktn**tk*****l*i***k*iﬁ*ﬁ*i**i*tt*tﬁ**ii***k*****i

* This analysis compares the test enclosure densities by treatment and t
FHREFRR RN R AR KA R AR RN R AR AR R LR AT R A A AR AR AN R AL A AT KA A A I AR AR AR R AR R A AN A TR R A A Ak wA kB
titleil h=2 "Zebra mussel densities pre- and post-exposure comparison®;
title2 h=2 'Expressed as #ZM per unionid; pre- and post-exposure';

titled h=2 'Mean Density on all unionids/test enclosure/sampling event';
titled4 h=1.5 'Study Number AEH-13-PSEUDQ-05';

PROCEDURE GLM used (Total process time):
real time 0.85 seconds
cpu time 0.26 seconds

proc glm data = mussel;

class enc treat tims;

niodel density = treat|tims / noint solution cli clm;
lsmeans treat*time / pdiff=all cl;
run;

Due to the presence of CLASS variables, an intercept is implicitly fitte
been corrected for the mean,

quit;

PROGEDURE GLM used {Total process tims}:
real time 0.33 sgconds

cpu time 0.17 seconds

page__ = _of M
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78
79
80
81
82
83
84
85
86
87
a5
89

NOTE;
NOTE;

AEH-13-PSEUDO-05
AR
V\g o
,***w**********w**************w***********************k**ﬂ***********k*ﬁ*

* This analysis determines the densities by treatment level pre- and post
AR R A h AT Rk A AR kAR AR AR R AR AR A AR KA RN R R AR AR AR R AR AN AR AR AR AR AR AR A m kA
titlel h=2 'Mean zebra mussel dsnsitiss pre- and post-exposure by treatmes
title2 h=2 'Expressed as #ZM per unionid; pre- and post-exposureg';

titled h=2 'Mean Density on all unicnids/test enclosurc/sampling event';
title4 h=1.5 'Study Number AEH-13-PSEUDO-05';

proc means data = mussel mean std lolm uclm fw=8;

by treat;

class time;

var density;

run;

There were 18 observations read from the data set WORK.MUSSEL.
PROGEDURE MEANS used {(Total process time):

real time 0,09 seconds

cpu time 0.04 seconds

Fr#_lb
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SAS Output Page 1 of 23

AEH-13- X
Efficacy of Pseudomonas fluorescens {Pf-CL145A) SDP 3-PSEUDO-05

for controlling zebra mussels within field enclosures

Zebra Mussel Length Analysis
Study Number AEH-13-PSEUDG-05 .
SAS v. 0.3 Analysls completion date: 18MAR14 Analysls propared by: KLW

Obs enc [treat i time] Iengthf
P [ETRTPP P [ |

L A

e
2124503
1 121144

8.6073
11 12,6307

el
it
11.6969
2 122040
v

2 ‘ 12.328'717 i

iy

440 11000

5] 5 1001 1 115253
T A;idnd‘: 2114374
T S 100) 11108751,
18] 1001 '2:4'{5,_6‘!555:‘

Parformed by K. Weber SAS varsion 9.3 14:27 18MAR 14 ‘{{

File Folder: lb

em Number:

file:/C:AUsers\klweber\sashimLnim 3/18/2014

273



SAS Output

Page 2 of 23

AEH-13-PSEUDO-CE

Length of Live Zebra Mussels in Each Treatment

VN S
v ,{\]ANA

Means of Lengths measured from samples collected from all unienid mussels/test

enclosure
Study Number AEH-13-SEUDO-08

The UNIVARIATE Procedure
Variable: length {length)

treat = @

time =1
o Moments ) o !
N e oy
Mean T 12 0384094 'Wgt‘llrrrllthbservatl(;r;s 361002281
Std Devuatlon ' 008483103?Vanance 0.0071'96395
Skewness o -B 3819681 | Kurtosls o T
Unccrre'.ctédvés 434, 423216 'c'o'rrected ss 0014392?8
: 0, 704%572 ‘std Error‘Mt;-a;n u 04397751

Basic Statistical Measures

Lcn:ation Variabillty

L
|
+
|
I
o

Mean ! 12 03341 Std Dewatlon i D 08483

Medlan ‘ 12 04086 Variance

0 00720
D 10920

: Mode ; Ranga
: o Interq_l;;\;'glvié Rango T 0. 10920
i Tests fm' Locatlon MuD"O o i
Test 7 Statlsﬂc b p Value ] :
Student s t l 245 6926 l F’r > |t| < 0001.‘;
sian M| 45 Preaiv | 02600
‘Signed Rank § 3 Pro=is) | 02600,

Test t Statlsuc

Tests for Normallty

. St P VF',“" ]
Shaplro-WrIk iw l0994516 Pr<w | 08684
Kolmogorov Smlrnov ] D 10. 200737 Pr =D i =0.1500
| Cramer-von Mises w.sq | Pr > w-é(:.ri >0, 2500

Anderson Darllng

. Quantiles (Definition 5) ]

file://C:AUsers\klweberisashimi, hum

’ Pr > A-Sq

>0.2600
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SAS Output Page 3 of 23

_ . AEH-13-PSEUDO-05

Quantile  ; FEsfimate |

“100% Max 121144 }

et 5‘.‘{‘1»;3';:

124944 |

121144 ]

121144

12,0407}

119452

_ 1 1".924'527"5

s 0 110452,

e ..945.2_;

owmin | tiom2)
I “Extreme Observations
" Lowest 4 * Highest
Value Ob; w‘n’alue!Obsj
10452} 2 14.0452] 2,
: 12.0&075 1 5712f040'7': 1
2101440 31201440 3

Performod by K. Wober SAS version 8.3 14:27 18MAR14\
file:/C:\Users\klweber\sashtml.hitm 3/18/2014
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SAS Qutput

Page 4 of23

AEH-13-PSEUDO-05

Length of Live Zebra Mussels in Each Treatment
Means of Lengths measured from samples collected

enclosure
Stidy Number AEH.13-PSEULO-05

The UNIVARIATE Procedure
Varlable: length (langth)

\.v:\;) © SV
Nl

from all unionid mussels/test

[

01

treat = 50

time =1

: . Moments i

VN B 7 o SISumWelghtéﬁ - 3
‘Mean ! Sum OB tions 361745986

1Std Devlatlon N U 51129389 Vaﬂance D 26142144

lSkewﬁeéé 127819501 | Kurtosis
Un;;;;e(;t;d SS 436 723371 Correcied SS 7 D 52284288 ?
Coeff Varlatloﬁ : 4 24021753 ) Std Error Menn 0 295195567

Basic Statistical Measures

7 Lbcation Variability

Tests for Locatlon IVIuO 0
- - :

T;lsl Statlstlc K pVaIue :
Student'si (t 40 84816 Pr>]t| foooos
Sign M | 15 Pr> |M| i 02500
Slgncd ﬁzank s 3 Presfs]) 02500

Tests tor Normalaty

Test 7 ‘f Stahsflc P VaEue
Shaplro-WIIk } W 0. 92538 Pr < w E o. 4716
! Kolmogorov Smlrnov | D ‘ O 290448 Pr = D >0 1500

‘ W Sq O 046274 Pr > W-Sq >O 2500

(A-Sq | 0 27423 Pr>A=Sq >0 2500

Cramer -von Mises

Anderson Darlmg

Quantiles (Definition 5)

file://C:AUsers\klweber\sashtml. htm
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SAS OQutput Page 50f 23

‘Quantile ! Estimate| AEH-13-PSEUDO-0
100% Max | 126307
9% ) 126307
o

:‘90%‘ S ‘12.8307
-75% Q3 12,6307
" 50% Median | 11.8969

sl | 11.8470
fo% | 116470
5% 118470
% 1 118470

. 0% Min | 118470

L 11.6470
(11,8989 61118969, 6
1263071 4 12.8307: 4 i

Sarformed by K. Weber SAS versjon 9.3 14:27 18MAR14

filei//Ci\Users\klweber\sashtml.litm 3/18/2014
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SAS Output

Page 6 0f 23

AEH-13-PSEUDO-05

Length of Live Zebra Mussels in Each Tre

LA VAL
WY g‘!{r'll
atment A\

Means of Lengths measured from samples collected from all unionid mussels/test

enclosure
Study Number AEH-13-PSEUDO-05

The UNIVARIATE Procedurs
Varfabte: length {length)
treat = 100

time =1

! " Moments

‘N i et 3um nghts e
4 Mean 11.2207028 Sum Observations .
S;é_lsé-Qlailon \036567833 Varance 0.133721
‘Skowness 11482879 Kurtosis

'VUncrorchted SS 377 9?9953 Correcfe& S&‘;

Coeff Variatlon | 3 25896103

Basm Statustlcal Measures

Locatron

Variahllny o
| 0 36588 i
j 0. 13372 .
O 71012
!nterquarhle Range 0 71012

T
I
Mean ‘ 11 22070 Std Dewaflon
Medaan! 11 32172 Varlance

 Mode

Range

i
i
b
i
i

! p Value

Test
Studeni 5 t

Tesfs for' Locaﬂon Mu0= D

Statlstic :

53 14733 31 F Pr > |t|
1 5! Pr = ]MI 7

3 Fr >z [S|

o
i B

Sign

Slgned Rank

Std Error Mean

Tesis for Normallty

0.21112448 |

Test Statistrc ; PpValug

Shaplro-WlIk w O 942764 Pr < W | 0. 5386
Kolmcgorov Smlrnov D N 0 275489 i Pr =D 1 >Q, 1500
Gramer- \;oﬁ-M\ses w Sq i o 041989 Pr > W-Sq >o 2500

Anderson Darlmg '

" Quantiies (Deflnition 5) E
H §

file://C:\Users\klweber\sashtml.htm

A Sq O 204197 Pr = A-Sq ’ >0 2‘500
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SAS Cutput Pape 7 0f 23

AEN-13-PSEUDOC-05
Quantile Estimate |
100% Max 115253 |
9% | 115253,
% | 115253
0% | 115263
7S%Q3 | 115258,
0% Median | 11,3217 |
25%aQt L 108151
0% | 108151

: 1
i
5%

108151 |
10.8151 |
10,8151 |

Extreme Observations ‘

| 10.8151
(1182171 7 1z 1
115253 8 115253 8,

!
Performad by K. Waber SAS version 9.3 14:27 18MAR14

file://C:AUsers\kl weber\sashiml. aitm ) 3/18/2014
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SAS Output Page 8 o' 23

AEH-13-PSEUDO-05
\W&

Length of Live Zebra Mussels in Each Treatment

Means of Lengths measured from samples collected from all unionid mussels/test
enclosure
Stucy Number AEH-13-PSEUDQ-05

The UNIVARIATE Procedure

Q-Q Plot for [ength

" ime =1

130 4
125

5.
a

" treat

T ] I [ 1 T 1 T l}
b 075 05 -125 4 025 05 075 1
Mormal Quantiles

file//C:A\Users\klweben\sashtml itm 3/18/2014
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SAS Qutput Page 2 of 23

AEH-13-PSEUDO-D5

Q-G Plot for length

time =1

LR

125 -

120-

=100

enghh

.5 a

treat

1.0 -

105~

10.0

T 1 ¥ T [ [ f
1 075 05 025 0 02 05 OFs 9

Mormal Quanillas

Performed by K. Weber SAS version 9.3 14:27 18MAR14V\NJ
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SAS Output Page 10 0f 23

AEH-13-PSEUDC-08
4, N A
w

Length of Live Zebra Mussels in Each Treatment
Means of Lengths measured from samples collected from all unionid mussels/test

enclosure
Sludy Number AER-13-PSEUDO-05

The UNIVARIATE Procedure

Frobability Flot for length
Chime=1 Ty

130 =
128 -

12,0 ® ] °

115 -

e T

110 -
105

100

ength

130 -

125 -
12.0 ~

i3

=50

116 -

et

110 -

105 -

100 -

T T T T
10 25 S0 75 90

Narmel Percentiles

file://C \Users\kiweber\sashtml.htm 3/18/2014
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SAS Cutput Page 11 of 23
AEH-1 3-PSEUDO-05

Probability Plot fer length
e tme=t
190 ~

125~

12.0

=100 |

length

1.5 ]

. 4..@]_8&1

1.0~

10.5 -

10.0 -

| § .
10 25 50 75 90
Normal Perceinllas

Performed by K. Weber SAS version 9.3 14:27 18I\aﬂ.ﬂxR‘M"w‘f

file://C:\Users\klweber\sashimi.him 3/18/2014
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Poge 12 of 23

SAS Output
.’-\EH—13—F’SEUDO—05

ZIW Length:Bartietts test of homogeneity of variance
l.ength of Live Zebra Mussels in Each Treatment Pre- and Post-exposure
Means of Lengths measured from samples collected from all unionid musselsitest

enclosure/sample time
Study Number AEK-13-PSEUDO-08

The GLM Procedure

i Class Level Information

.Class | Levels | Values

- time ;

Number of Gbservations Read | 18 ;

Number of Observations Usad | 18 |

Performed by K. Weber 8AS version 9.3 14:27 18MAR14\N)

file:/C\Users\klweber\sashtml], htm 3/18/2014
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SAS Output Page 13 of 23

,,,,,, i AEHIS-PSEUDO-05

ZM Length:Bartletts test of homogeneity of variance \V“J Q(Qz)d"’\
Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposure &

Means of Lengths measured from samples collected from all unionid mussels/test
enclosure/sample time
Study Numbor AEH-13-PSEUDO-05

The GLM Procedure
Dependent Varlable: length length
Sowce IDF | sum of Squaros | Mean Square 'i':‘:_i_‘z_;-;_nde} Praf
D 06973195 0 0697319u 0.08 10,7823}
14ﬁ2738600 088296037 R
i 14.19709?94

R Square Coeff Var E Root MSE Iength Mean \
0 00491 2 8 025429 0. 939660 [ 11 70853

Sttt S Bt S

 Source | DF Type | SS Mean Square | FVaIue Pr> F]
tlme pot 0.06973195 : 0,06973195 | ‘ 0 08 0. 7823

§ ' ..
'Source BF Type lll Sb Mean Square | F Value Pr > F ‘

! 1 C. 06973195 0.0&:9?3195 ; 0.08 i 0 ?823 :

file:/C:\Users\klweberisashtml him 3/18/2014
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SAS Qutput

Page 14 of 23

AEH-13-PSEUDO-05
Distribution of length

—_— ' 'F 0.08:
: :Prob >F 0.7023'
12 o
TRt
11 4
u —
o
[=
@
10~
q -
B0
T o ¥
1

time

Performed by K. Weber SAS version 9.3 14:27 18MAR14WH

file:/C \Users\klweberisashtml htm
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SAS Output Page 15 0f 23

AEH-13-PSEUDO.05

ZM Length:Bartletts test of homogeneity of variance
Length of Live Zebra Mussels in Each Treatiment Pre- and Post-exposure

Means of Lengths measured from samples collected from all unionid musselsftest
enclosure/sample time
Study Number AEH-13-PSEUDO-05

The GLM Procedure

Bartlett's Test for Homogenelty
of length Variance

 Source ‘ bF i Chi-Square ; Pr > ChiSy :

tima | 1. 4.9312:  0.0264

Performed by K. Weber SAS version 8.3 14:27 18MAR‘INJA

file://C:\Usees\klweberssashim]l him 3/18/2014
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SAS Qutput

Page 16 of 23

AEH-13-PSEUDO-05

ZM Length:Bartletts test of homogeneity of variance

Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposure

Means of Lengths measured from samples collected from all unionid musselsftest

enclosure/sample time
Study Number AEH-13-PSEUDO-05

The GLM Procedure

Distribution of lerngth

12~
19 -
< 1
(=]
[=]
o]
10 -
b
80
T 7
1 2
time
P i
; length
: Level of T |
: time N Mean ; Std Dev |
1 L5111.7707706  0.52047867 ;
A B : S
2 : g: 11.6462877 . 1.25271121 :

Performed'by K. Weber SAS version 9.3 14:27 1BI\/'U3‘R'14\“>I~rk

file:/C:A\Usershklwceberisashtml him
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SAS Output Page 17 0f 23

AEH-13-PSEUDO.05

Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposure
Means of Lengths measured from samples collected from all unionld mussels/test

enclosure/sample time
Study Number AEH-13.PSEUDO-05

The GLM Procedure

Class Leve! Information

‘”C"las‘s l Levels ‘ Values
Lenc i 6.123456780
| 3050 400

2 1 2-- .

“treat i

, time
e t

_ Number of Observations Read | 18

1; Number of Observations Used 18
e L

Performed by K. Weber 8AS version 9.3 14:27 1BMAR13¢'}

file:/fC:\Users\klwaber\sashitml. htm 37182014
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SAS Output Page 18 of 23

AEH-13-PSEUNO.05
N4

Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposu re

Means of Lengths measured from samples collected from all unionid musselsftest
enclosurefsample time
Stucy Numbar AEH-13-PSEUDO-05

PN

The GLM Procedure

Dependent Variable: length length

Source DF Sum of Squares Mean Square ; F Vaiue i Pr>F i
“ Model i 6 | 2469 934685 ' 411 655778 415 95 < 0001
Error f 12 11. 876204 o 969684

Uncorrected ‘l‘otal 18 i

2481 810870; o ;

' R Square Coeff Var I Root MSE ] Iength Mean ‘

: 0 16347? 8 496614 0 904828 ] 11.?0803 ;

Source DF b Type I SS ‘ Mean Square | FVaIue l Pr‘:- F |
:.-t_re_awt_r 3 2467.999186 822, aéé"ééé' 83-1 —zl{i <ooo1

tlme o 0 069732 0 059732 U 07 i U 7952

[eattime | 2 1885748  0802874|  0.04|0.4167.

| source _§DF"\"¥'ypa WSS | Mean Square "‘;'\;z;[d;'i F;:'i;i
ltreat 2, 038541418 019270709 | .10 | 08256
’ﬁme | 1 coeurst9s| 005973195 007 ores2 |
g_t.:;;;a;; i 2' 1866T4T62| 003287861 094 041%75

“Parametor Estimate .Standard Error tVaIu Projy

treat 0 1121466092 B, 057430443 1653 <0001
[treat50 177054328’5” 057436448 2049 | <0001
reatioo 195365881 'B. 067430448 2081 <0001
time 1 073265605 B1  0.81227404 | 0.90 1 0.3845
Gmez ioooooooooiB, . .. .

Hreartimo 01 | 185170450 (8

_ 144872807 1.35 0.2017
| 000000000 B :

treat’tlme 0 2

;1reat*tlme 50 1 ‘
reattime 50 2 (
;treat*time 100 1

treal*time 100 2

file://CAUsers\klweberhsashtml, htm

1.0206" 229 B

OOOOGUOOU B
000000000 B

0.00000000 B
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SAS Output Page 19 of 23

AEH-13-PSEUDO-05

Note: The X'X matrix has been found to be singular, and a generalized inverse was used to solve the normal
egualions. Terms whose estimates ara followsa by the letter ‘B’ are not uniguely eslimable.

Performed by K, Weber SAS version 9.2 1427 18MAR14 ‘V"\)

file://C:\Users\k: weber\sashiml. htm 3/18/2014
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SAS Output Page 20 of 23

AEH-13-PSEUDO-05

Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposure
Means of Lengths measured from samples collected from all unlonid mussels/test

enclosure/sample time
Btudy Nurmber AEH=13.PSEUDC-05

The GLM Procedure
Observed Predlcted Residual

Observatlon J‘

| 95% Confidence Limits for Mean Predicted
Value

-13‘264 84208

17 12.04066306 | 12.00340937 | 0.00726066 | 10.7819786¢
T, 15"5%5420 111' 21466062 | 1, 36555%03, S 12 46609363
i 1104518581 | 12, 0534093k 008822647 | 1328484208
§ 12, 45929985 11.21466092 124463893 ' 996322821 1246509363
1211433115 1203340937 0.08007178. fo7steress. 13, 28484:563
! 860734000 11.21466002 | 260732002 996322821 1246600363
N | (1263068496 - 12.05619953 ! ! 0.57248843 10, 80676682 | 1330963224 !
’ ” 1162714409 1177054328 | -0.14330019 10 5191105 13.02197599
T e 64698@7’3"%555513355 -0'411269»7""7“”"“'“"" 1080676662 |r‘ | 13.30963224
o, 35@3&554 1.77054328 | 0. 35091944 10 19110571 13 ozi'q}qu
o 11 11 89592387 12 05819_9é3 -0.16127566 h 10 BO‘E‘S?‘GEB2 T 13 30963224
12 1229488191 1177054326 | 052431863 ) 1302197500
: 13, 11, 32172148 1122070276 010101872 12.47213547
7 ta 1232008047 1195065881 0.37442166| 'id 70222610 | | '1"5 20509152 |
- I 5&555253 1122070276 | 030454087 |  oeee2rove|  Az47213bA7
| 1149741640 1195365081 | -0.51624202 10. 70222610. - 13.20508152
o 1081513418 ; 1122070276 '-o 405568501 906027006 12, 47213547
s 120954/941 1.95365887 0.14132066;' 10702228100 13.20608152
Sum of Rosiduals  0ooxeuoe /
'Sum'c{f Squared Residuals 1, 87020420'
Sum of équare&_l;;;.lé;a‘lg Error SS —0 ODDGOUOO
‘PRESS ¢ B P 6.72145945
Flrst Order Autocorre!atlon - VI <0.12742312
‘Durbin-Watson D U 226314625
Porformed by K. Weber SAS version 8.3 14:27 1BMAR14\1¢‘
file:/C:\Users\klweber\sashtml. ntm 3/18/2014
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SAS Qutput

Page 21 of 23

AEH-13-PSEUDG-05

+ m\/

Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposure Wb

P

Means of Lengths measured from samples collected from all unionid mussels/test

enclosure/sample time
Study Number AEH.13-PSEUDO-08

The GLM Procadure
Least Squares Means

Adjustment for Multiple Comparisons: Tukey

treat | time | length LSMEAN | LSMEAN Number |
;u N PR Py 0334094 1
0 11,21 2146‘0097 N )
150 120561995 Y
L5u ) ‘ TS 7705433 T 4
1*63“ T yioo07028 5
100 12 | 11.9536588 64
; Least Squares Méans fé); “effe-ét -h;e;t*tlme
f Pr>|t\for HO: LSMean{i)=LSMean(j)
. d nl Variable: length

3 4 5 6

0.9994 | 0.9091 | 1.0000

6 10000 09366 10000 09999

D 9813

] 12, 033409. 10.781977 | '13284842
0 |2 11.214651; 9.963226 | 12465004
50 1 " moenz00 | T8 806767: 13309632
B0 2 11 770543A 10.519111 | 13.021676
o0 11 11 zzomw 9969270- 12472130
10022A l 1'1 953659 10 702226 13 205092

Least Squares Means for Effect treat*time

leference Betweonh ; Slmuitaneous 85% Confidcncc Limlts

Means | 5

O 818748

for LSMean(i)-LSMean(j)
-1,809600 3.54?097

fle//CA\Users\klweber\sashtm| itm
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SAS Qutput

-0.024790
0.262858

0.812797
0.079751!
-0.843539 ;

| .0.556882°
-0.006042

' 0.104541
0.549841 |

0183116

-3.57188
-3.284231

2440652 |
-1.890852 |
-2.623808 ;

-2.753139
-2.465483

-1.915642 :

-2.648608 °

2734360 :
-3.4673

2178608 ¢

-2.911464 ¢
-3.461305 |

3.641085 ;

"73,616005}

2.703558

2991215

2.808089 °

T asdsio
2.172466 |

2722307 |
1,969351 i
3.565845 |
2.832889 |
3278189

2545233

1.995393 |

Performed by K. Weber SAS version 8.3 14:27 18MAR 14 \M)

file://C:\Uscrs\klweberisashtml htm
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SAS Output

Page 23 of 23

AEH-13-PSEUDO-05

Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposure

Grand Means of Lengths measured from samples collected from all unionid

mussels/test enclesure/sample time
Study Number AEH-13.PSEUDC-D5

The MEANS Procedure

troat=0
Analysm Varlable Iength Eength
L T | Lower 95%: Upper 95%
. time [ N Obs Mean ! Std Dev CL for Mean CL for Mean
1] 3 12 0334 r 0 0848 1‘1 8227 12.2441 ’
2 i 3 11 2147 : 2.2588 56035 16.8258
treat=50
Analysis Varlable Iength Iength
I ' Lower 95% ,I Upper 95%
timo | N Obs ; Mean ] §td Dov - CL for Mean | CL for Mean
1! 3 '120082| 05113 10788 283
2,
freat=100
Analys.s Varlable length length
_ E r . Lower 95% | Upper 95%
- time N Ol’)sti Mean [Std Dev i CL for M i CL for Mean
o1 3 112207" 0.3657 |
2. 3 1| 9537 04620 108061 1310‘12

Performad by K. Websr SAS version 8.3 14:27 18MAR‘4\I\V>

file:/C \Users\klweber\sashiml htm
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AEH-13-PSEUDO-05

ods html clese; /* close previous */;
ods html; /* open new */;

DM 'LOG; CLEAR; OUTPLT; CLEAR;'; * CLEAR LOG AND QUTPUT;
FOOTNOTET 'Performed by K. Weber SAS version ' &SYSVER &SYSTIME &SYSDATE;
options 1s=97 ps=54 formdlim='-' pagenc = 1 nocenter nodate nosource;

titlel h=2 'Efficacy of Pseudomonas fluorescens (Pf-CL14BA) SDP';

title2 h=2 'for controlling zebra mussels within field enclosures’

title3 h=2 'Zebra Mussel Length Analysis';

title4 h=1.5 'Study Number AEH-13-PSEUDO-05';

titles h=1 'SAS v. 9.3 Analysis completion date: 18MAR14 Analysis prepared

f********i*******i****wk******ﬁ****t**k****i*itt*ﬁ*t************k************i

* 8A8 ver 9.3 Analysis prepared by: KW Page |\ of J
* Analysis completicn date: 18MAR14 Y

HRK LR R E KKK AR B KR AR R I R AR AN R AL Rk Ak ek d ok ko h Ak kAN ek ko kAN bk ek h ke ke ok

/*****R*********W*k******iki***t***k*********irk**********************k****i*ﬁ

* Variable Names:

* enc = enclosure ID (1 through 9)

* treat= treatment level; 0 = Control [0 mg/L], 50 = 50 mg/L, 100 = 100 mg/L

* time = sample time; 1 = pre-expcsure; 2 = post-exposure

* length= mean length of live zebra mussels per enclosurs {grand mean from all

* collecteded from all unionid mussels in each enclosure per san
LR R RS R R AR AR EE R AL R T R T T R R R R L RUR R R R R RO U R e iy kA X kH

data mussel; set Pseudo05,ZM _lengths;
run;

proc sort; -

by treat enc; run;

proc print; run;

cata musselZ; set mussel;

if time = 2 then delete;

pro¢ univariate data=nussel2 normal notabcontents;

titlet ‘Length of Live Zebra Mussels in Each Treatment';

title2 'Means of Lengths measured from samples collected from all unionid muss
titled h=1.5 'Study Number AEH-13-PSEUDO-05';

class treat time;

var length;

nrobplot length; i

qqplot length; FF# “ﬂ
ttam No.

Pg}Dfn‘
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run;

/****k*tkiktitktk*tk**ﬁﬁ*k***ﬂ*tik*ttt*t#*i*******************r****#*k*t*****l

* This analysis determinas the variability among treatments *
*****k*****#*x***t***r*ﬁxk*kthk*it*i************kk***********************w*kw!
ods graphics on;

pro¢ glm data= mussel;

title1 'ZM Length:Bartletts test of homogeneity of variance';

title2 'Length of Live Zebra Mussels in Each Treatment Pre- and Post-exposure'
title3 ‘Means of Lengths measured from samples collected from all uniorid muss
title4 h=1.5 'Study Number AEH-13-PSEUDD-05';

class time;

model length = time;

means time / HOVTEST=BARTLETT; ~un;

ods graphics off;

/**********************k*****k****w*wk*%**ik**k*************ﬁ***********k****i

* This analysis compares the zebra mussel lenghts among treatments pre- and g
FhA Rk kb wh koo ko k Ak kb Ak ko AWk Ak kA W R WA R W R AR R A ek A Ak Ak hk

titlel 'Length of Live Zebra Mussels in Fach Treatment Pre- and Post-exposure’
title2 'Means of Lengths measured from samples collected from all unionid muss
titled h=1.5 'Study Mumber AEH-13-PSEUDQ-D5';
proc gim data = mussel;
class enc treat time;
model length = treat|time / noint solution sli clm;

lsmeans treat*time / pdiff=all cl;

rurn;

quit;

/***k**tt*kikt*kk**ﬂkk****k**k*****wtx**wh****wk*****k*****R*k****kk******ik*i

*  This apalysis determines the grand mean zebra mussel lengths ameng treatmer
EE R R R R R R R L I I R L o T e A o e T  E T L]
titlet 'Length of Live Zebra Mussels in Each Treatment Pre- and Post-gxposure’
title2 'Grand Means of Lsngths measured from samples collected from all unioni
title3 h=1.5 'Study Number AEH-13-PSEUDO-05';

proc means data = mussel mean std lelm uclm fw=8;

by treat;

class tine;

var length; FFi# ]\o
run; Itam No.

Pg_d. . of 3 __
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DM 'LOG; CLEAR; OUTPUT; CLEAR;'; * CLEAR LOG AND QUTPU™;

FOOTNOTET 'Performed by K. Weber BAS version ' &SYSVER &SYSTIME &SYSDATE
I3

WARNING: The FOOTNOTE statsment'is ambiguous due to invalid opticns or

7
i}

9

10
11
12
13
14
15
16
17
18
19
20
21
21
22
22
23
23
24
24
25
25
26
28
27
27
28
28
29
30
31

unguoted text.
options 1s=97 ps=54 formdlim='-' pageno = 1 nocenter nodate nosourcez;

titlel h=2 'Efficacy of Pseudomonas fluorescens {Pf-CL145A) SDP'

title2 h=2 'for controlling zebra mussels within field enclosures';
title3 h=2 'Zebra Mussel Length Analysis';

titled h=1.5 'Study Number AEH-13-PSEUDO-05';

title5 h=1 'S8AS v. 9.3 Analysis completion date: 18MAR14 Analysis preg

,tk*w***w*k*wv‘ﬁ**********kﬁtk**********k*#*itittkt*k**k********ﬁ#*****ﬁki

* BAS ver 9.4 Anatysis prepared by: KLW Page | of 4
* pnalysis completion date: 18MAR1I4 | %?ﬁ)
LEREEEEEETE RS SR AR E RS LR L EEEEEE RS I L LR R R R R R R I I R IR TR e Y SN Y

JrkkE sk ik ki h Ak kAR Kok kh ke kRd ok bk ok dehdoeh e ko ok deok ko ok ok b Rk e o R R

] kwekRkkokkkokdokd

* Variable Names:
! ®
* enc = enclosure ID (1 through 8}
! *
* treat= treatment level; Q = Control [0 mg/L], 50 = 50 mg/L, 100 = 100 n

1 *

* time = sample time; 1 = pre-exposure; 2 = post-exposure

I f *

* length= mean length of live zebra mussels per enclosure {grand mean fr¢

! mussels *

* collecteded from all unicnid mussels in each enclosure pe

1 L]

Er A A kR AR AR AR RN A N R w e AR AR AT Rk Ak ok ko kk ok ko kR R R ke kok vk skt kok s

l k*k********ﬁ/

data nussel; set Pseudo05.ZM_lengths;
run;

NOTE: There were 18 obsarvaticns read from the data set PSEUDD0S.2ZM LENGTHS.
NOTE: The data set WORK.MUSSEL has 18 observa<ions and 4 variables.
NOTE: DATA statement used {Total process time):

real time 0.03 seconds

cpu time 0.01 seconds
FE#_lb
ftem No.
Pg_L__of
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32 proc sort; %vﬁyﬁgﬂ\
33 by treat enc; rum; \

NOTE: There were 18 observations read from the data set WORK.MUSSEL.
NOTE: The data set WORK.MUSSEL has 18 observaticns and 4 variables.
NOTE: PROGEDURE SORT used (Total process time):

real time 0.00 seconds

cpu cime 0.00 scconds

34  proc print; run;

NOTE: There were 18 observations read from the data set WORK.MUSSEL.,
NOTE: PROCEDURE PRINT Jsed (Total process time}!:

real time 0.07 seconds

cpu time 0.01 saconds

35
36 data musselz; set mussel;
37 if time = 2 then delsto;

NOTE: Therce were 18 observations read from the data set WORK.MUSSEL.
NOTE: The data set WORK.MUSSELZ has 9 obsarvations and 4 variables,
NOTE: DATA statement used (Total process time):

real time 0.01 seconds

cpu time 0.01 seconds

38 pro¢ univariate data=musscl2 normal notabcontents;

39  titlel 'Length of Live Zebra Mussels in Each Treatwent ;
40  title2 'Means of Lengths measured from samples collected from all unionic
40 | enclosure';

4 titled h=1.5 'Study Wumber AEH-13-PSEUDJ-05';

42

43 class treat tine;

44 var length;

45  probolot length;

46  gqplot length;

47  run;

NOTE: PROGEDURE UNIVARIATE used (Total process time):
real time 4.43 seconds
cpu time : 0.51 seconds

Page 2 o ot

299



AEH-13-PSEUDO-05

lyv3?¢3m%
48 W
49
50
51 I***********k*****k**************k*****k****k*****k************i*k*ﬁ****i

52 * This analysis determines the variability among treatments

53 AhAh kR kR r kR kT ok ko ek ke ek kR A R Ak kW N R AR RA N K AN R R R KRN RN A A AR A
54 ods graphics on;

55 proc glm data= mussel;

58 titled 'ZM Length:Bartletts test of homogeneity of variance';

57  title2 'Length of Live Zeobra Mussels in Each Treatment Pre- and Post-expc
58  title3 'Means of Lengths measured from samples collected from all unionic
58 | enclosure/sample time';

59  titled h=1.5 'Study Number AEH-13-PSEUDD-05';

60 class time;

61 model length = time;

62 means time / HOVTEST=BARTLETT; run;

63

64  ods-graphics off;

65 ’

68

67

68 I*R*******k*****R**k**k********t%k**w**k****kk******w******#*****k******ﬁ

68 I LA

69 * This analysis comparcs the zebra mussel lenghts among treatments pre-
I *

gg Akhkbkbhk b bk kbbbt bbbk bk bk kdr bk ek bk kb kb kb wkh kb vkt htd bt bk r ko kk hn

701 */

71 titlei 'Length of Live Zebra Mussels in Each Treatment Pre- and Post-expc

72 title2 'Means of Lengths measured from samples collected from all unionic

72 | enclosure/sample tima';

73 title3 h=1.5 'Study Number AEH-13-PSEUDO-05';

NOTE: PROCEDURE GLM used (Total process time):
real time 0.84 seconds
cpu time 0.21 seconds

74  proc glm data = mussel;

75 class enc treat time;

76 model length = treat|time / noint solution cli c¢lm;
77 lsmeans treat*time / pdiff-all cl;

78 ran;

Page 5 of_ii__
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\{4\{\';,‘ e (o

NOTE: Due to the presence of CLASS variables, an intercept is implicitly fitte
been corrected for the mean.
79 quit;

NOTE: PROCEDURE GLM used (Total process time):

real time 0.34 seconds
cpu time 0.23 seconds
&80
81
82 jk*%**wk****ﬁ****wk*ﬁ****i****k*****w*******k*****************k********wl
82 I dhkkwkh Tk hkkhrwn

83 * This analysis determines the grand mean zebra mussel lengths among tre

83 | post-exposure *
84 Wk Rk Ak h kKA R A kA A A AN R AR A AN R A A R A kAR R R A R A AR AR R A R AR R AN AR TR R R AR h A kA
64 ] *******t**kt*k/

85  titlel 'Length of Live Zebra Mussels in Each Treatment Pre- and Post-expc
86  title2 'Grand Means of lLengths measured from samples collected from all o
8¢ enclosure/sample time';

87  titled h=1.5 'Study Number AEH-13-PSEUDO-05';

88 proc means data = mussel mean std lclm vclm fw=8;

89 by treat;

Q0 class time;

91 var length;

92 run;

NOTE: There were 18 observations read from the data set WORK.MUSSEL.
NOTE: PROGLOURE MEANS used (Total process tims)

real time 0.10 seconds

cpu tinme 0.01 seconds

FE#__Ib

—

tem No. __ 9
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