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ACRONYMS AND ABBREVIATIONS 

AFDW: Ash-free dry weight 

cm: Centimeter 
CSL: Cleanup Screening Level 
°C: Degrees Celsius 
EC50: Effective Concentration that results in a 50% reduction in a sub-lethal endpoint 

g: Grams 
LC50: Lethal Concentration that results in a 50% reduction in survival 
L: Liter 
µm: Micrometer 
mg: Milligram 

mg/L: Milligrams per liter 
mL: Milliliter 
mm: Millimeter 
NELAP: National Environmental Laboratory Accreditation Program 

NOEC: No Observed Effect Concentration 
OR: Oregon 
ppt: parts per thousand 
PSEP: Puget Sound Estuary Protocols (PSEP 1995) 

SCO: Sediment Cleanup Objective 
SCUM II: Sediment Cleanup User’s Manual II 
SMS: Sediment Management Standards 
SOP: Standard operation procedure 

SMARM: Sediment Management Annual Review Meeting 
UIA: Un-ionized ammonia 
USACE: United States Army Corps of Engineers 
USEPA: United States Environmental Protection Agency 
WA: Washington State 

WAC: Washington Administrative Code 
WDOE: Washington (State) Department of Ecology 
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1. INTRODUCTION

EcoAnalysts conducted biological toxicity testing with sediment samples collected by Anchor QEA, LLC. 
(Anchor) as part of the restoration monitoring activities being performed at the Port Gamble Bay 
Cleanup Site in Port Gamble, Washington. Sediments were evaluated for biological effects following 
guidance provided by the Washington State Department of Ecology (WDOE) Sediment Management 
Standards (SMS) under the Washington Administrative Code (WAC) 173-204-315.  This report presents 
the results of the toxicity testing portion of the Port Gamble Bay sediment investigation.   

2. METHODS

This section summarizes the test methods followed for this biological characterization.  Test methods 
followed guidance provided by the Puget Sound Estuary Program (PSEP 1995), the Sediment Cleanup 
User’s Manual II (SCUM II; WDOE 2017), and the various updates presented during the Sediment 
Management Annual Review Meeting (SMARM).  Sediment toxicity was evaluated using three standard 
PSEP bioassays; the 10-day amphipod test, the 20-day juvenile polychaete survival and growth test, and 
the 48-hour benthic larval development test.     

2.1 Sample Collection and Organism Receipt 
Nineteen test sediments were collected between September 6 and 19, 2018 and were received at 
EcoAnalysts on same day as collection. Reference sediments from Carr Inlet, WA were collected by 
EcoAnalysts on September 28, 2018 and received on the same day. Sediment samples were stored in a 
walk-in cold room at 4 ± 2°C in the dark. The test sediment was not sieved prior to testing.  All tests 
were conducted within the eight-week holding time. 

Amphipods (Eohaustorius estuarius) were supplied by Northwest Amphipod in Newport, Oregon. 
Animals were held in native sediment at 15°C prior to test initiation. Juvenile polychaete worms 
(Neanthes arenaceodentata) were obtained from Aquatic Toxicology Support in Bremerton, 
Washington. Juvenile polychaetes were held in seawater at 20°C (Neanthes were cultured in water-only 
and were not held in sediment prior to testing). Mytilus galloprovincialis (mussel) broodstock were 
provided by Taylor Shellfish in Shelton, WA. Broodstock were held in unfiltered seawater at 14 – 16°C 
prior to spawning.  

Native Eohaustorius sediment from Yaquina Bay, Oregon was also provided by Northwest Amphipod for 
use as control sediment treatments for the amphipod and juvenile polychaete tests.     

2.2 Sample Testing Plan 
Based on instruction from Anchor representatives, 12 of the 19 samples collected from the site were 
selected for bioassay testing. Five samples were identified to be evaluated with the full bioassay suite 
(three species testing) while seven samples were to be evaluated with the larval benthic test only. 
Sample locations and their corresponding bioassays are outlined in Table 2-1. 
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Table 2-1. Bioassay Sample Assignments 

X = Indicates test to be conducted with associated samples 

2.3 Sample Grain Size and Reference Comparison 
Sediment grain size is one of the characteristics used in selecting the appropriate reference sediment(s) 
to compare the chemical and biological responses of project sediments.  The percent fines value is 
defined as the amount of sediment that passes through a 62.5-μm sieve, expressed as a percentage of 
the total sample analyzed. This is also the sum of the silt and clay fraction of sediment. Wet-sieve grain 
size results for the reference samples was conducted in the field (at the time of collection) and after 
receipt at the EcoAnalysts laboratory. The percent-fines determination of the project sediments is 
summarized in Table 2-2. 

Sample ID Benthic Larval 
Development Test 

Juvenile Polychaete 
Survival and Growth Test Amphipod Survival Test

SMA1B-IT2-0-10-180907 X X X 

SMA1B-IT3-0-10-180919 X X X 

SMA2C-IT3-0-10-180907 X X X 

SMA2C-IT6-0-10-180907 X X X 

SMA2C-IT9-0-10-180906 X X X 

SMA1-ST-0-10-COMP-180917 X 

SMA1A-IT-0-10-COMP-180917 X 

SMA2A-IT-0-10-COMP-180919 X 

SMA2A-ST-0-10-COMP-180918 X 

SMA2B-IT-0-10-COMP-180918 X 

SMA2B-ST-0-10-COMP-180918 X 

BW-15-0-10-180917 X 

SMA2C-IT2-0-10-180906 

Sample not analyzed for sediment toxicity 

SMA2C-IT5-0-10-180906 

SMA2C-IT8-0-10-180906 

SMA2C-IT4-0-10-180906 

SMA2C-IT1-0-10-180906 

SMA2C-IT7-0-10-180906 

SMA1B-IT1-0-10-180907 
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Table 2-2. Sample and Reference Grain Size Comparison 

Treatment 
Sample 

 Abbreviation 
Percent Fines1 Treatment 

Compared To: 

CARR-20 (Reference) 40% 

CR-21 (Reference) 14% 

SMA1B-IT2-0-10-180907 SMA-1B-IT2 2% CR-21 

SMA1B-IT3-0-10-180919 SMA-1B-IT3 4% CR-21 

SMA2C-IT3-0-10-180907 SMA-2C-IT3 10% CR-21 

SMA2C-IT6-0-10-180907 SMA-2C-IT6 8% CR-21 

SMA2C-IT9-0-10-180906 SMA-2C-IT9 4% CR-21 

SMA1-ST-0-10-COMP-180917 SMA-1-ST 14% CR-21 

SMA1A-IT-0-10-COMP-180917 SMA-1A-IT 6% CR-21 

SMA2A-IT-0-10-COMP-180919 SMA-2A-IT 0% CR-21 

SMA2A-ST-0-10-COMP-180918 SMA-2A-ST 6% CR-21 

SMA2B-IT-0-10-COMP-180918 SMA-2B-IT 0% CR-21 

SMA2B-ST-0-10-COMP-180918 SMA-2B-ST 0% CR-21 

BW-15-0-10-180917 BW-15 36% CARR-20 
1 Wet sieve results 

Project sample BW-15-0-10-180917 was compared to the Carr Inlet reference CARR-20 for the purposes 
of evaluating the sediment under the sediment management standards. All other project samples were 
compared to reference station CR-21. 

Station coordinates for the reference samples are summarize in Table 2-3. 

Table 2-3. Reference Station Coordinates  

Station Latitude Longitude 

CARR-20 47.33298 -122.66981

CR-21 47.33111 -122.67889
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2.4 10-day Amphipod Bioassay 
The 10-day amphipod acute toxicity test was conducted with Eohaustorius estuarius. Test organisms 
were supplied by Northwestern Aquatic Sciences in Newport, OR and held in native sediment at 15°C 
prior to test initiation. Organisms were fed during the holding period a diet of ground TetraMarin® ad 
libitum. Native sediment from Yaquina Bay, OR was provided by the organism supplier for use as the 
control treatment sediment in the test. This matrix has been used successfully in prior tests with this 
species and is known to support positive organism health and survival.  

The amphipod bioassay was conducted as 10-day static exposures with five replicates for each test 
treatment, reference treatment, and control. Two centimeters of sediment (approximately 175 mL) 
were placed into each 1-L glass chamber with 775 mL of overlying water. Trickle-flow aeration was 
provided through glass pipettes, and care was taken to avoid disturbing the sediment surface. Test 
chambers were placed into randomly assigned positions and allowed to equilibrate to test conditions 
overnight.  

Prior to the test initiation, water quality measurements were taken in all replicates for each test 
treatment and included dissolved oxygen, temperature, salinity, and pH. Ammonia and sulfide 
concentrations were measured in both interstitial (pore water) and overlying water at initiation and 
termination. These measurements were made from a sacrificial surrogate chamber for each test 
treatment. Sediment pore water was extracted via centrifugation. During the test, water quality was 
monitored daily in one surrogate replicate per treatment. All water quality instruments were calibrated 
daily or on their recommended schedule. Records of instrument calibration were retained in the 
laboratory logs. 

To initiate the test, organisms were randomly allocated to each of the test chambers. Initial stocking 
densities were 20 organisms per test chamber. Amphipods that did not bury within approximately one 
hour were replaced with healthy amphipods. No food was provided during the 10-day exposure for the 
amphipod test.  

At test termination, sediment from each test chamber was sieved through a 0.5-mm screen to recover 
all organisms. The number of surviving and dead amphipods was then enumerated. 

2.5 20-day Juvenile Polychaete Bioassay 
The 20-day polychaete survival and growth test was conducted with juvenile polychaete worms 
(Neanthes arenaceodentata). Test organisms were obtained from Aquatic Toxicology Support in 
Bremerton, WA and held in seawater at 20°C (Neanthes were cultured in water-only and were not held 
in sediment prior to testing). Organisms were fed during the holding period a diet of ground 
TetraMarin® ad libitum. Native sediment of the amphipod Eohaustorius estuarius from Yaquina Bay, OR 
was provided by Northwestern Aquatic Sciences for use as the control treatment sediment for the test. 
This coarse sand control sediment has been routinely tested in conjunction with this species at this 
laboratory and results from historical testing have demonstrated acceptable organism health and 
sediment quality. 

The polychaete bioassay was conducted as a 20-day static-renewal test, with overlying exchanges of 300 
mL of water occurring every third day. Each test treatment, reference treatment, and control consisted 
of five replicates of 1-L glass chambers, which were filled with two centimeters of sediment 
(approximately 175 mL) and 775 mL of overlying water. Trickle-flow aeration was provided through glass 
pipettes, and care was taken to avoid disturbing the sediment surface. Test chambers were then 
randomly assigned positions and allowed to equilibrate to test conditions overnight.  
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Prior to the test initiation, water quality measurements were taken in a surrogate chamber for each test 
treatment and included dissolved oxygen, temperature, salinity, and pH. Ammonia and sulfide 
concentrations were measured in both interstitial (pore water) and overlying water at initiation and 
termination. These measurements were made from a sacrificial surrogate chamber for each test 
treatment. Sediment pore water was extracted via centrifugation. During the test, water quality was 
monitored daily in one surrogate replicate per treatment. All water quality instruments were calibrated 
daily or on their recommended schedule. Records of instrument calibration were retained in the 
laboratory logs. 

To initiate the test, organisms were randomly allocated to each of the test chambers. Initial stocking 
densities were five worms per test chamber. During the test, organisms were fed a diet of 40-mg of 
TetraMarin® slurry every other day (approximately 8-mg dry weight per worm). Pre-test initial biomass 
was determined by taking dry weight and ash-free dry weight (AFDW) measurements of three replicates 
of five worms each on Day 0. 

At test termination, sediment from each test chamber was sieved through a 0.5-mm screen. All worms 
were recovered, enumerated, rinsed in deionized water (to remove salt), and transferred to pre-
weighed aluminum foil weigh boats. After drying in an oven at 60°C for approximately 24 hours, each 
weigh-boat was removed, cooled in a desiccator and weighed to obtain dry weight measurements. They 
were then heated to 550°C for 2 hours to determine the ashed weight. Ash-free dry weights (AFDW) 
were calculated to correct for the influence of sediment grain size differences between treatments: 

AFDW=Dry weight-Ashed weight 

Both dry weight and AFDW were used to determine individual worm weight and growth rates. 

2.6 Larval Developmental Bioassay  
The bivalve larval development test was conducted with the mussel, Mytilus galloprovincialis. Adult 
organisms were obtained from Taylor Shellfish in Shelton, WA and were held under flowing natural 
seawater at 12°C prior to spawning induction. Adult mussels were fed during the holding period a 
marine algal suspension ad libitum. The control treatment for this assay employed a clean seawater 
treatment (no sediment).    

The larval development bioassay was conducted as a static exposure with five replicates for each test 
treatment, reference treatment, and control. Approximately 18 g (±1 g) of sediment was placed into 
each 1-L glass chamber with 900 mL of overlying water. Trickle-flow aeration was provided through glass 
pipettes, and care was taken to avoid disturbing the sediment surface. Test chambers were then shaken 
for 10 seconds and placed into randomly assigned positions. The larval test was performed without 
aeration unless dissolved oxygen levels fell below threshold levels for action. 

Prior to the test initiation, water quality measurements were taken in the surrogate chamber for each 
test treatment and included dissolved oxygen, temperature, salinity, and pH. Ammonia and sulfide 
concentrations were measured in the overlying water at initiation and termination. These 
measurements were made from a sacrificial surrogate chamber for each test treatment. During the test, 
water quality was monitored daily in one surrogate replicate per treatment. All water quality 
instruments were calibrated daily or on their recommended schedule. Records of instrument calibration 
were retained in the laboratory logs. 

To initiate the test, mussels were placed in clean seawater and acclimated at 16°C for approximately 20 
minutes. The water bath temperature was then increased over a period of 15 minutes to 20°C. Mussels 
were held at 20°C and monitored for spawning individuals. Spawning females and males were removed 
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from the water bath and placed in individual containers with seawater. These individuals were allowed 
to spawn until sufficient gametes were available to initiate the test. After the spawning period, eggs 
were transferred to fresh seawater and filtered through a 0.5 mm Nitex® mesh screen to remove large 
debris, feces, and excess gonadal matter. A composite was made of the sperm and diluted with fresh 
seawater. The fertilization process was initiated by adding sperm to the isolated egg containers. Egg-
sperm solutions were periodically homogenized with a perforated plunger during the fertilization 
process and sub-samples observed under the microscope for egg and sperm viability. Approximately one 
to one and a half hours after fertilization, embryo solutions were checked for fertilization rate. Only 
those embryo stocks with >90% fertilization were used to initiate the tests. Embryo solutions were 
rinsed free of excess sperm and then combined to create one embryo stock solution. Density of the 
embryo stock solution was determined by counting the number of embryos in a subsample of 
homogenized stock solution. This was used to determine the volume of embryo stock solution to deliver 
approximately 27,000 embryos to each test chamber.  

The protocol calls for test termination when 95% of the embryos in the control have reached the 
prodissoconch I stage (approximately 48-60 hours). At termination, the overlying seawater was 
decanted into a clean 1-L jar and mixed with a perforated plunger. From this container, a 10 mL 
subsample was transferred to a scintillation vial and preserved in 5% buffered formalin. Larvae were 
subsequently stained with a dilute solution of Rose Bengal in 70% alcohol to help visualization of larvae. 
The number of normal and abnormal larvae was enumerated on an inverted microscope. Normal larvae 
included all D-shaped prodissoconch I stage larvae. Abnormal larvae included abnormally shaped 
prodissoconch I larvae and all early stage larvae.  

2.7 Data Analysis and QA/QC 
All water quality and endpoint data were entered into Excel spreadsheets. Water quality parameters 
were summarized by calculating the mean, minimum, and maximum values for each test treatment. 
Endpoint data were calculated for each replicate and the mean values and standard deviations were 
determined for each test treatment.   

All hand-entered data was reviewed for data entry errors, which were corrected prior to summary 
calculations. A minimum of 10% of all calculations and data sorting were reviewed for errors. Review 
counts were conducted on any apparent outliers.  

For the larval test, the normalized combined mortality and abnormality endpoint was used to evaluate 
the test sediment. This was based on the number of normal larvae in each treatment and reference 
sample divided by the mean number of normal larvae in the control replicates, as defined in the SCUM II 
guidance document (Ecology 2015). 

For SMS and CSL suitability determinations, comparisons were made according to DMMP User Manual 
(DMMP, 2016) and Fox et al. (1998), using BioStat software. Data reported as percent mortality or 
survival were transformed using an arcsine square root transformation prior to statistical analysis. All 
data were tested for normality using the Wilk-Shapiro test and equality of variance using Levene’s test. 
Determinations of statistical significance were based on one-tailed Student’s t-tests with an alpha of 
0.05. A comparison of the larval endpoint relative to the reference was made using an alpha level of 
0.10. For samples failing to meet assumptions of normality, a Mann-Whitney test was conducted to 
determine significance. For those samples failing to meet the assumptions of normality and equality of 
variance, a t-test on rankits was used. 
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To evaluate the relative sensitivity of the organisms, reference toxicity tests were performed using 
standard reference toxicants (Lee 1980). A water-only reference-toxicant test was conducted 
concurrently with the sediment tests using ammonium chloride. The ammonium chloride reference-
toxicant test was used to ensure animals used in the test were healthy and of similar sensitivity to prior 
tests. This test also provided information on the sensitivity to ammonia concentrations that would 
possibly be present in the sediments. 

Statistical analyses of all dose-response tests were performed using CETIS Comprehensive Toxicity Data 
Analysis and Database Software version 1.9.2.6. Comparisons between the lab control and each test 
concentration were performed following recommended USEPA decision matrices (USEPA 2002). 
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3. RESULTS

The results of the sediment testing, including a summary of test results and water quality observations 
are presented in this section. Data for each of the replicates, as well as laboratory bench sheets are 
provided Appendix A and statistical analyses are provided in Appendix B.   

3.1 10-day Amphipod Bioassay 
The bioassay test with E. estuarius was validated with 4% mortality in the native sediment control, which 
met the performance criterion of ≤10% mortality for SMS evaluations. This result indicates that the test 
conditions were suitable for adequate amphipod survival. Mean mortality in the reference treatments 
CARR-20 and CR-21 was 4% and 2%, respectively, which met the performance criteria (≤25% mortality) 
and indicated that the reference sediments were acceptable for suitability determination. Mean 
mortality in the five project samples ranged from 1 – 15%. All endpoint results are summarized in Table 
3-1. Summaries of water quality measurements, ammonia and sulfide concentrations, and test
conditions are presented in Table 3-2, Table 3-3, and Table 3-4.

Water quality parameters were within the acceptable limits throughout the duration of the test. 

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for 
this study. The LC50 value was within ±2 standard deviations from the laboratory historical mean. This 
result indicates that the test organisms used in this study were of similar sensitivity to those previously 
tested at EcoAnalysts. 

Ammonia concentrations observed in the E. estuarius test were below the No Observed Effect 
Concentration (NOEC) value derived from the concurrent ammonia reference-toxicant test (Table 3-3; 
compare to NOEC of 134 mg/L). Values were also below the published threshold concentration of 15 
mg/L total ammonia (Barton 2002). Therefore, ammonia concentrations within the sediment samples 
should not have been a contributor to any adverse biological effects observed in the test treatments. 
Initial sulfide concentrations in interstitial water were unable to be measured due to an insufficient 
volume of porewater collected from the coarse-grained sediments.  
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Table 3-1. Test Results for Eohaustorius estuarius 

Treatment Replicate Number 
Initiated 

Number 
Surviving 

Number 
Missing 
or Dead 

Percentage 
Mortality 

Mean 
Percentage 
Mortality 

SD 

Control 

1 20 19 1 5 

 4  4.2 
2 20 19 1 0 
3 20 20 0 5 
4 20 18 2 0 
5 20 20 0 0 

CARR-20 

1 20 18 2 5 

4 4.2 
2 20 20 0 25 
3 20 19 1 5 
4 20 20 0 5 
5 20 19 1 0 

CR-21 

1 20 20 0 0 

2 2.7 
2 20 19 1 20 
3 20 20 0 20 
4 20 20 0 20 
5 20 19 1 5 

SMA-1B-IT2 

1 20 15 5 10 

 7 10.4 
2 20 19 1 10 
3 20 19 1 15 
4 20 20 0 15 
5 20 20 0 0 

SMA-1B-IT3 

1 20 16 4 10 

 15 7.1 
2 20 16 4 0 
3 20 16 4 0 
4 20 19 1 0 
5 20 18 2 0 

 SMA-2C-IT3 

1 20 18 2 5 

 10 6.1 
2 20 17 3 15 
3 20 17 3 0 
4 20 20 0 5 
5 20 18 2 0 

SMA-2C-IT6 

1 20 20 0 0 

1 2.2 
2 20 20 0 5 
3 20 20 0 0 
4 20 20 0 5 
5 20 19 1 0 

SMA-2C-IT9 

1 20 17 3 0 

 4 6.5 
2 20 20 0 5 
3 20 19 1 25 
4 20 20 0 5 
5 20 20 0 5 
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Table 3-2. Water Quality Summary for Eohaustorius estuarius 

Treatment 

Dissolved Oxygen 
(mg/L) 

≥5.1 mg/L 

Temperature 
(°C) 

15 ± 1°C 

Salinity 
(ppt) 

28 ± 2 ppt 

pH 
7 - 9 units 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

Control 8.3 8.1 8.5 15.3 15.1 15.7 27 27 28 8.0 7.8 8.0 

CARR-20 8.3 8.0 8.6 15.4 15.1 15.8 27 27 28 8.0 7.8 8.2 

CR-21 8.3 8.1 8.4 15.3 15.1 15.5 28 27 28 8.1 7.6 8.4 

SMA-1B-IT2 8.3 7.2 8.5 15.4 15.2 15.7 27 27 28 8.0 7.8 8.1 

SMA-1B-IT3 8.3 8.1 8.5 15.3 15.1 15.6 28 27 28 8.1 7.9 8.3 

SMA-2C-IT3 8.3 8.2 8.5 15.3 15.1 15.5 27 27 28 8.0 7.9 8.2 

SMA-2C-IT6 8.4 8.2 8.6 15.3 15.1 15.5 27 27 28 8.0 7.8 8.1 

SMA-2C-IT9 8.2 8.0 8.4 15.3 15.1 15.6 28 28 29 8.0 7.8 8.1 

Table 3-3. Ammonia and Sulfide Summary for Eohaustorius estuarius 

Treatment 

Overlying Ammonia 
(mg/L Total) 

1NOEC = 134 mg/L 

Interstitial Ammonia 
(mg/L Total) 

1NOEC = 134 mg/L 

Overlying Sulfides 
(mg/L Total) 

2Trigger Value = 1.9 
mg/L 

Interstitial Sulfides 
(mg/L Total) 

2Trigger Value = 1.9 
mg/L 

Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 Day 0 Day 10 

Control 0.00 0.00 0.00 NM ND 0.000 NM NM 

CARR-20 0.969 1.31 8.42 3.94 0.001 0.004 NM 0.140 

CR-21 0.695 4.01 NM 6.60 ND ND NM NM 

SMA-1B-IT2 0.152 0.00 NM NM ND ND NM NM 

SMA-1B-IT3 0.279 0.00 NM NM ND 0.000 NM NM 

SMA-2C-IT3 0.299 0.00 NM NM 0.012 ND NM NM 

SMA-2C-IT6 0.00 0.00 NM NM ND ND NM NM 

SMA-2C-IT9 0.00 8.89 1.53 NM ND ND NM NM 
1NOEC (concurrent reference-toxicant test derived) = 134 mg/L total ammonia 
2Inouye 2015: Total sulfide value 1.9 mg/L derived from hydrogen sulfide dissociation (0.122 mg/L H2S @ 15°C, 28 ppt, and 8.1 pH) 
ND = not detected; measurement below detection limit 
NM = not measured; insufficient porewater recovered for analysis 
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Table 3-4.Test Condition Summary for Eohaustorius estuarius 

Test Conditions: PSEP E. estuarius 

Date sampled September 6 – 19, 2018 
Date received September 6 – 19, 2018 
Test dates October 9 – 19, 2018 
Sample storage conditions 4°C, dark 
Days of holding 
Recommended: ≤8 weeks (56 days) 20 – 33 Days 

Source of control sediment Yaquina Bay, OR 
Test Species Eohaustorius estuarius 
Supplier Northwest Amphipod, Newport, OR 
Date acquired October 4, 2018 
Age class Mature adult, 3-5 mm 

Test Procedures PSEP 1995 with SMARM revisions, SCUM II (2017) 
SOP No. SED002.09 

Test location EcoAnalysts Port Gamble Laboratory 
Test type/duration 10-Day static
Control water North Hood Canal seawater, 0.45µm filtered 
Test dissolved oxygen Recommended: > 5.1 mg/L Observed:  7.2 – 8.6 mg/L 
Test temperature Recommended: 15 ± 1 °C Observed: 15.1 – 15.8°C 
Test Salinity Recommended: 28 ± 2 ppt Observed:  27 – 29 ppt 
Test pH Recommended: 7 - 9 Observed:  7.6 – 8.4 
Control Performance Standard 
SMS  

Recommended: 
Control ≤ 10% mortality Observed: 4% mortality; Pass 

Reference Performance Standard 
SMS 

Recommended: 
Reference ≤ 25% mortality 

Observed mortality: 2%, 4%; 
Pass 

Reference Toxicant LC50 
 (total ammonia) LC50 = 189.1 mg/L 

Mean; Acceptable Range 
(total ammonia) 148.0; 77.4 – 282.7 mg/L 

NOEC (total ammonia) 134 mg/L 
NOEC (unionized ammonia) 0.74 mg /L 
Test Lighting 50 – 100 foot candles (ambient and constant) 
Test chamber 1-Liter Glass Chamber

Replicates/treatment 5 + 2 surrogates 
 (one used for WQ measurements throughout the test) 

Organisms/replicate 20 
Exposure volume 175 mL sediment/ 775 mL water 
Feeding None 
Water renewal None 
Deviations from Test Protocol None 



Toxicology Testing Results 
Port Gamble Bay Restoration Monitoring 2018 

Port Gamble, Washington 

Report ID: PG1123.02 12 of 27 EcoAnalysts, Inc. 

3.2 20-day Juvenile Polychaete Bioassay 
No mortality was observed in the N. arenaceodentata control sediment and mean individual growth 
(MIG) in the control was 0.808 mg/ind/day (dry weight) and 0.455 mg/ind/day (AFDW). These values fall 
within the test acceptability criteria of <10% mean mortality and ≥0.38 mg/ind/day dry weight (Kendall 
1996), indicating that the test conditions were suitable for adequate polychaete survival and growth. A 
summary of the test results for all samples is shown in Table 3-5. Summaries of water quality 
measurements, ammonia and sulfide concentrations, and test conditions are presented in Table 3-6, 
Table 3-7, Table 3-8, and Table 3-9. 

Mean mortality in the reference treatments ranged from 0 – 8%, meeting the reference performance 
standard of ≤10% (WDOE 2017; USACE 2015).  Mean individual growth for the reference treatments 
ranged from 0.735 to 0.840 mg/ind/day (dry weight) and 0.473 to 0.475 mg/ind/day (AFDW). When 
compared to the control, MIG expressed as AFDW ranged from 1.039 to 1.044, which met the reference 
performance standard of ≥0.80 (WDOE 2017).  

Mortality in the project sediments ranged from 0% to 4%. Mean individual growth (as dry weight) in the 
test treatments ranged from 0.695 to 0.860 mg/ind/day. Mean individual growth in the AFDW 
assessment, which removes variability caused by gut contents, ranged from 0.429 to 0.529 mg/ind/day 
as AFDW.  

All water quality parameters were within the acceptable limits throughout the duration of the test.  
Initial mean individual biomass (pretest) of the test organisms met the recommended criterion of 0.25 – 
1.0 mg/individual at 0.859 mg/ind dry weight and 0.760 mg/ind AFDW. 

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for 
this study. The LC50 value was within control chart limits (±2 standard deviations from the laboratory 
historical mean). This result indicates that the test organisms used in this study were of similar 
sensitivity to those previously tested at EcoAnalysts. 

Ammonia concentrations observed in the N. arenaceodentata test were below the No Observed Effect 
Concentration (NOEC) value derived from the concurrent ammonia reference-toxicant test (Table 3-7; 
compare to NOEC of 173 mg/L). Initial sulfide concentrations in the interstitial water were below the 
NOEC of 3.4 mg/L total sulfides (Kendall and Barton 2004) for all samples. 
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Table 3-5. Test Results for Neanthes arenaceodentata 

Treatment Rep Number 
Initiated Survivors 

Mean 
Mortality 

(%) 

Individual Growth (mg/ind/day) 

Dry 
Weight Mean Std 

Dev AFDW Mean Std 
Dev 

Control 

1 5 5 

0 

0.773 

0.808 0.142 

0.456 

0.455 0.060 
2 5 5 0.909 0.487 
3 5 5 0.736 0.423 
4 5 5 0.633 0.375 
5 5 5 0.990 0.534 

CARR-20 

1 5 5 

0 

1.092 

0.840 0.264 

0.611 

0.475 0.114 
2 5 5 0.478 0.317 
3 5 5 1.094 0.552 
4 5 5 0.703 0.423 
5 5 5 0.833 0.473 

CR-21 

1 5 5 

8 

0.775 

0.735 0.147 

0.461 

0.473 0.099 
2 5 5 0.496 0.335 
3 5 5 0.802 0.530 
4 5 3 0.886 0.599 
5 5 5 0.717 0.440 

SMA-1B-IT2 

1 5 5 

4 

0.888 

0.860 0.150 

0.535 

0.527 0.059 
2 5 5 0.802 0.535 
3 5 5 1.066 0.590 
4 5 5 0.654 0.429 
5 5 4 0.890 0.546 

SMA-1B-IT3 

1 5 5 

0 

0.926 

0.748 0.140 

0.569 

0.499 0.066 
2 5 5 0.695 0.480 
3 5 5 0.741 0.496 
4 5 5 0.826 0.551 
5 5 5 0.554 0.401 

 SMA-2C-IT3 

1 5 5 

0 

0.788 

0.746 0.032 

0.499 

0.514 0.033 
2 5 5 0.704 0.477 
3 5 5 0.729 0.565 
4 5 5 0.761 0.513 
5 5 5 0.746 0.515 

SMA-2C-IT6 

1 5 5 

4 

0.608 

0.782 0.099 

0.362 

0.466 0.067 
2 5 5 0.801 0.506 
3 5 5 0.839 0.438 
4 5 5 0.831 0.530 
5 5 4 0.832 0.493 

SMA-2C-IT9 

1 5 5 

0 

0.574 

0.695 0.098 

0.375 

0.429 0.040 
2 5 5 0.844 0.482 
3 5 5 0.678 0.429 
4 5 5 0.708 0.449 
5 5 5 0.670 0.412 
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Table 3-6. Water Quality Summary for Neanthes arenaceodentata 

Treatment 

Dissolved Oxygen 
(mg/L) 

≥4.6 mg/L 

Temperature 
(°C) 

20 ± 1°C 

Salinity 
(ppt) 

28 ± 2 ppt 

pH 
7 - 9 units 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

Control 7.4 6.6 7.8 19.7 19.3 20.4 28 27 29 7.8 7.7 8.0 

CARR-20 7.2 6.6 7.7 19.9 19.6 20.6 28 28 29 7.8 7.6 8.0 

CR-21 6.6 5.5 7.4 19.8 19.4 20.5 28 27 29 7.7 7.4 7.9 

SMA-1B-IT2 7.5 7.1 7.7 20.0 19.7 20.6 28 28 29 8.0 7.8 8.1 

SMA-1B-IT3 7.4 7.0 7.7 19.9 19.5 20.4 28 27 29 8.0 7.8 8.1 

SMA-2C-IT3 7.5 7.2 7.7 19.6 19.3 20.1 28 27 28 7.9 7.8 8.0 

SMA-2C-IT6 7.3 6.6 7.7 19.9 19.5 20.5 28 27 28 7.8 7.6 7.9 

SMA-2C-IT9 7.4 7.1 7.7 20.0 19.7 20.6 28 28 29 7.8 7.7 8.0 

Table 3-7. Ammonia Summary for Neanthes arenaceodentata 

Treatment 

Overlying Ammonia 
(mg/L Total) 

1NOEC = 173 mg/L 

Interstitial Ammonia 
(mg/L Total) 

1NOEC = 173 mg/L 

Day 0 Day 20 Day 0 Day 20 

Control 0.00 1.17 0.00 1.79 

CARR-20 0.410 1.36 3.21 NM 

CR-21 0.304 7.50 NM NM 

SMA-1B-IT2 0.585 0.420 8.75 NM 

SMA-1B-IT3 0.622 0.326 NM NM 

SMA-2C-IT3 0.282 1.84 NM NM 

SMA-2C-IT6 0.00 2.77 0.096 NM 

SMA-2C-IT9 0.00 1.44 0.296 1.81 

1NOEC (concurrent reference-toxicant test derived) = 173 mg/L total ammonia 
NM = not measured; insufficient porewater recovered for analysis 
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Table 3-8. Sulfide Summary for Neanthes arenaceodentata 

Treatment 

Overlying Sulfides 
(mg/L Total) 

1Trigger Value = 3.4 mg/L 

Interstitial Sulfides 
(mg/L Total) 

1Trigger Value = 3.4 mg/L 

Day 0 Day 20 Day 0 Day 20 

Control 0.008 0.001 ND 0.020 

CARR-20 0.014 0.000 0.012 ND 

CR-21 0.017 0.003 ND 0.070 

SMA-1B-IT2 0.007 0.000 0.240 NM 

SMA-1B-IT3 0.011 0.000  NM NM  

SMA-2C-IT3 0.009 0.001 0.110  NM 

SMA-2C-IT6 0.008 0.003 0.130 ND 

SMA-2C-IT9 0.004 0.001 0.310 0.000 

1Kendall and Barton 2004 
ND = not detected; measurement below detection limit 
NM = not measured; insufficient porewater recovered for analysis  
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Table 3-9. Test Condition Summary for Neanthes arenaceodentata 

Test Conditions: PSEP N. arenaceodentata  
Date sampled September 6 – 19, 2018 
Date received September 6 – 19, 2018 
Test dates October 3 – 23, 2018 
Sample storage conditions 4°C, dark 
Days of holding  
Recommended: ≤8 weeks (56 days) 14 – 27 days 

Source of control sediment Yaquina Bay, OR 
Test Species Neanthes arenaceodentata 
Supplier Aquatic Toxicology Support 
Date acquired September 28, 2018 
Age class Juvenile; 23 - 28 Days post emergence 

Test Procedures PSEP 1995 with SMARM revisions, SCUM II (2017) 
SOP No. SED009.08 

Test location EcoAnalysts Port Gamble Laboratory 
Test type/duration 20-Day static renewal
Control water North Hood Canal seawater, 0.45µm filtered 
Test dissolved oxygen Recommended: > 4.6 mg/L Observed:  5.5 – 7.8 mg/L 
Test temperature Recommended: 20 ± 1 °C Observed: 19.3 – 20.6 °C 
Test Salinity Recommended: 28 ± 2 ppt Observed:  27 – 29 ppt 
Test pH Recommended: 7 - 9 Observed:  7.4 – 8.1 

Initial biomass Recommended:  0.5 - 1.0 mg 
Minimum:  0.25 mg 

0.859 mg (dry weight) 
0.760 mg (AFDW) 

Control Performance Standard 

Recommended: 
Control < 10% mortality Observed: 0% Pass 

Recommended: ≥ 0.72 mg/ind/day 
Minimum: ≥ 0.38 mg/ind/day 

(as Dry Weight) 

Observed: 
0.808 mg/ind/day; Pass 

Reference performance standard 
(SMS) 

Recommended: Mortality ≤20% 
MIGReference/MIGControl ≥ 0.80 

0 – 8%; Pass 
1.039 – 1.044; Pass 

Reference Toxicant LC50 
 (total ammonia) LC50 = 197.3 mg/L 

Mean; Acceptable Range 
(total ammonia) 174.9; 122.5 – 249.6 mg/L 

NOEC (total ammonia) 173 mg/L 
NOEC (unionized ammonia) 2.059 mg /L 
Test Lighting 50 – 100 foot candles 
Test chamber 1-Liter Glass Chamber

Replicates/treatment 5 + 2 surrogates 
(one used for WQ measurements throughout the test) 

Organisms/replicate 5 
Exposure volume 175 mL sediment/ 775 mL water 
Feeding 40 mg/jar every other day (8 mg/ind every other day) 
Water renewal Water renewed every third day (1/3 volume of exposure chamber) 
Deviations from Test Protocol None 
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3.3 Larval Development Bioassay 
The larval development test with M. galloprovincialis was validated by 0.977 proportion normal 
survivorship, defined as the mean number of normal larvae within the control divided by the stocking 
density. This value was within both the SMS acceptability criteria of ≥0.70. A summary of the test results 
for all samples is shown in Table 3-10. Summaries of water quality measurements, ammonia and sulfide 
concentrations, and test conditions are presented in, Table 3-11, Table 3-12, and Table 3-13. 

Mean normal survival of the reference sediments were between 0.894 and 0.920 of the control 
response, which met the SMS reference acceptability criteria (NR/NC) of ≥0.65. This is defined as the 
number of normal larvae in the reference sample(s) divided by the number of normal larvae in the 
control. The test mean chamber stocking density (measured at test initiation) was 33.6 embryos/mL and 
was within the test objective of 20 – 40 embryos/mL. 

Water quality parameters were within acceptable limits throughout the duration of the test. 

A reference-toxicant test (positive control) was performed on the batch of test organisms utilized for 
this study. The LC50 value was within control chart limits (±2 standard deviations from the laboratory 
historical mean). This result indicates that the test organisms used in this study were of similar 
sensitivity to those previously tested at EcoAnalysts. 

Ammonia concentrations observed in the M. galloprovincialis test were below the No Observed Effect 
Concentration (NOEC) value derived from the concurrent ammonia reference-toxicant test (Table 3-12; 
compare to NOEC 6.0 mg/L total ammonia). Initial sulfide concentrations were below the trigger value of 
0.009 mg/L total sulfides, derived from hydrogen sulfide dissociation (0.0025 mg/L H2S) and mean water 
quality data (Inouye 2015). This indicates that ammonia and sulfide concentrations within the sediment 
samples should not have contributed to any adverse biological effects observed in the test treatments.  
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Table 3-10. Test Results for Mytilus galloprovincialis 

Treatment Rep Number 
Normal 

Number 
Abnormal 

Mean # 
Normal (N) 

Std. 
Dev. 

Control 
Normal 
Survival 

NC/I 

Reference Normal 
Survival Relative to 

Control 
NR/NC 

Performance 
Standard 

Control 

1 345 14 

333.2 15.6 0.977 ≥0.70;  
Meets Criterion 

2 343 11 
3 344 11 
4 310 7 
5 324 12 

CARR-20 

1 250 8 

297.8 33.7 0.894 ≥0.65;  
Meets Criterion 

2 332 5 
3 294 6 
4 285 14 
5 328 9 

CR-21 

1 264 11 

310.4 32.6 0.920 ≥0.65;  
Meets Criterion 

2 352 7 
3 298 7 
4 325 6 
5 313 12 

SMA-1B-IT2 

1 337 6 

302.2 25.2 

See Section 4.3 for Larval Test Suitability 
Determination 

2 274 5 
3 316 6 
4 300 3 
5 284 5 

SMA-1B-IT3 

1 318 6 

320.4 13.6 
2 299 8 
3 336 10 
4 324 11 
5 325 4 

SMA-2C-IT3 

1 305 10 

313.8 21.0 
2 342 13 
3 305 8 
4 289 4 
5 328 10 

SMA-2C-IT6 

1 286 8 

303.6 21.0 
2 318 10 
3 286 5 
4 333 5 
5 295 11 

SMA-2C-IT9 

1 287 11 

293.2 9.0 
2 291 14 
3 283 7 
4 304 9 
5 301 9 

SMA-1-ST 

1 266 9 

277.8 18.1 
2 289 11 
3 304 2 
4 269 13 
5 261 7 
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Treatment Rep Number 
Normal 

Number 
Abnormal 

Mean # 
Normal (N) 

Std. 
Dev. 

Control 
Normal 
Survival 

NC/I 

Reference Normal 
Survival Relative to 

Control 
NR/NC 

Performance 
Standard 

SMA-1A-IT 

1 328 4 

307.6 18.7 
2 292 13 
3 328 10 
4 297 10 
5 293 11 

SMA-2A-IT 

1 323 6 

317.6 18.9 
2 287 5 
3 313 7 
4 333 4 
5 332 10 

SMA-2A-ST 

1 275 14 

304.2 25.3 
2 336 11 
3 285 6 
4 303 8 
5 322 6 

SMA-2B-IT 

1 280 7 

298.0 20.3 
2 297 10 
3 318 4 
4 276 10 
5 319 10 

SMA-2B-ST 

1 320 8 

301.2 16.1 
2 302 12 
3 277 7 
4 310 5 
5 297 2 

BW-15 

1 268 10 

294.4 29.3 
2 287 30 
3 340 21 
4 305 16 
5 272 19 

I = Mean Initial count (Stocking density); 336 
NC = Mean Control Normal 
NR = Mean Reference Normal 
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Table 3-11. Water Quality Summary for Mytilus galloprovincialis 

Treatment 

Dissolved Oxygen 
(mg/L) 

≥5.0 mg/L 

Temperature 
(°C) 

16± 1°C 

Salinity 
(ppt) 

28 ± 1 ppt 

pH 
7 - 9 units 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

Control 7.6 7.5 7.7 16.7 16.5 16.9 28 28 28 7.8 7.7 7.8 

CARR-20 6.8 6.2 7.5 16.6 16.5 16.8 28 28 28 7.7 7.6 7.7 

CR-21 6.7 6.5 7.0 16.6 16.4 16.8 28 28 28 7.7 7.6 7.7 

SMA-1B-IT2 7.1 6.9 7.3 16.7 16.5 16.8 28 28 28 7.7 7.7 7.7 

SMA-1B-IT3 7.2 7.0 7.7 16.8 16.5 17.0 28 28 28 7.7 7.7 7.7 

SMA-2C-IT3 7.2 7.1 7.5 16.6 16.4 16.9 28 28 28 7.7 7.7 7.7 

SMA-2C-IT6 7.4 7.2 7.6 16.8 16.4 17.0 28 27 28 7.7 7.7 7.8 

SMA-2C-IT9 7.6 7.4 7.7 16.6 16.5 16.7 28 28 28 7.8 7.7 7.8 

SMA-1-ST 6.3 5.7 6.9 16.8 16.6 16.9 28 28 28 7.7 7.6 7.7 

SMA-1A-IT 6.1 5.7 6.7 16.8 16.7 17.0 28 28 28 7.7 7.7 7.7 

SMA-2A-IT 6.8 6.4 7.4 16.9 16.7 17.0 28 28 28 7.7 7.7 7.7 

SMA-2A-ST 6.7 6.4 7.4 16.7 16.3 17.0 28 28 28 7.7 7.6 7.7 

SMA-2B-IT 6.0 5.7 6.5 16.7 16.4 16.8 28 28 28 7.7 7.6 7.7 

SMA-2B-ST 7.1 6.9 7.4 16.7 16.5 16.9 28 28 28 7.7 7.7 7.7 

BW-15 6.6 6.1 7.4 16.6 16.3 16.8 28 28 28 7.7 7.6 7.7 
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Table 3-12. Ammonia and Sulfide Summary for Mytilus galloprovincialis 

Treatment 

Overlying Ammonia 
(mg/L Total) 

1NOEC = 6.0 mg/L 

Overlying Sulfides 
(mg/L Total) 

2Trigger Value = 0.009 mg/L 

Day 0 Final (Day 2) Day 0 Final (Day 2) 

Control 0.00 0.00 ND 0.002 

CARR-20 0.00 0.00 0.008 0.005 

CR-21 0.00 0.00 0.004 0.002 

SMA-1B-IT2 0.00 0.00 ND 0.007 

SMA-1B-IT3 0.00 0.00 0.002 0.003 

SMA-2C-IT3 0.00 0.00 0.001 ND 

SMA-2C-IT6 0.00 0.00 ND 0.003 

SMA-2C-IT9 0.00 0.00 0.000 ND 

SMA-1-ST 0.00 0.00 0.005 0.003 

SMA-1A-IT 0.00 0.00 ND 0.001 

SMA-2A-IT 0.00 0.00 ND 0.002 

SMA-2A-ST 0.00 0.00 ND 0.001 

SMA-2B-IT 0.00 0.00 0.004 0.006 

SMA-2B-ST 0.00 0.00 0.007 ND 

BW-15 0.00 0.00 0.005 0.004 
1NOEC (concurrent reference-toxicant test derived) = 6.0 mg/L total ammonia 
2Inouye 2015: Total sulfide value 0.009 mg/L derived from hydrogen sulfide dissociation (0.0025 mg/L H2S @ 16°C, 28 ppt, and 7.7 pH) 
ND = Non-detect 
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Table 3-13. Test Condition Summary for Mytilus galloprovincialis 

Test Conditions: PSEP M. galloprovincialis  
Date sampled September 6 – 19, 2018 
Date received September 6 – 19, 2018 
Test dates October 3 – 5, 2018 
Sample storage conditions 4°C, dark 
Holding time 
Recommended: < 8 weeks (56 days) 14 – 27 Days 

Test Species Mytilus galloprovincialis 
Supplier Taylor Shellfish, Shelton, Wa 
Date acquired October 2, 2018 
Age class <4-h old embryos 

Test Procedures PSEP 1995 with SMARM revisions, SCUM II (2017) 
SOP No. SED005.06 

Test location EcoAnalysts Port Gamble Laboratory 
Test type/duration 48-60 Hour static test (Actual: 48.5 hours)
Control water North Hood Canal sea water, 0.45µm filtered 
Test dissolved oxygen Recommended: >5.0 mg/L Observed: 5.7 – 7.7 mg/L 
Test temperature Recommended: 16 ± 1 °C Observed: 16.3 – 17.0 °C 
Test Salinity Recommended: 28 ± 1 ppt Observed: 27 – 28 ppt 
Test pH Recommended: 7 - 9 Observed: 7.6 – 7.8   

Stocking Density Recommended:  20 – 40 
embryos/mL Observed: 33.6 embryos/mL 

Control performance standard 
(SMS) 

Recommended:   
Control normal survival ≥ 0.70 Observed: 0.977 Pass 

Reference performance standard 
(SMS) 

Recommended:   
Reference normal survival relative 

to control ≥ 0.65  
Observed: 0.894 – 0.920; Pass 

Reference Toxicant Total Ammonia Unionized Ammonia 
Reference Toxicant EC50 
 (total ammonia) EC50 = 8.20 mg/L EC50 = 0.106 mg/L 

Mean; Acceptable Range 
(total ammonia) 6.81; 3.38 – 13.71 mg/L 0.111; 0.049 – 0.252 mg/L 

NOEC Combined proportion normal (total 
ammonia) 6.0 mg/L 0.086 mg /L 

Test Lighting 50 – 100 foot candles 
Test chamber 1-Liter Glass Chamber
Replicates/treatment 5 + 1 surrogate (used for WQ measurements throughout the test) 
Exposure volume 18 g sediment/ 900 mL water 
Feeding None 
Water renewal None 
Deviations from Test Protocol None 
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4. DISCUSSION

Sediments were evaluated based on Sediment Management Standards (SMS) criteria. The biological 
criteria are based on both statistical significance (a statistical comparison) and the degree of biological 
response (a numerical comparison). The SMS criteria are derived from the Washington Department of 
Ecology’s Sediment Cleanup User’s Manual II (SCUM II; WDOE 2017). Comparisons were made for each 
treatment against the reference sample. Two numerical comparisons were made under SMS, the 
Sediment Cleanup Objective (SCO) and the Cleanup Screening Level (CSL).  

4.1 Amphipod Test Suitability Determination 
Under the SMS program, a treatment will fail SCO if mean mortality in the test sediment relative to the 
reference sediment is >25% and the difference between mean mortality in the treatment compared to 
mean mortality in the reference is statistically significant (p < 0.05). Treatments fail the CSL if mean 
mortality in the test treatment >30% relative to the reference sediment and the difference is statistically 
significant.  

Project sediments from the Port Gamble Bay restoration site do not fail the SCO and CSL criteria for the 
amphipod test as shown in Table 4-1.  

Table 4-1. SMS Comparison for Eohaustorius estuarius 

Treatment 
Mean 

Mortality 
(%) 

Compared To: 

Statistically 
Different than 

Reference? 
(P=0.05) 

Mortality 
Comparison 
to Reference 

MT-MR (%) 

Fails SCO?1

> 25 %

Fails 
CSL?2

> 30 %

Control 4 

CARR-20 4 

CR-21 2 

SMA-1B-IT2 7 

SMA-1B-IT3 15 CR-21 No 13 No No 

SMA-2C-IT3 10 CR-21 No 8 No No 

SMA-2C-IT6 1 CR-21 No 1 No No 

SMA-2C-IT9 4 CR-21 No 2 No No 
1SCO: Statistical Significance and MT >25% 
2CSL: Statistical Significance and MT-MR >30% 
MT = Treatment Mortality 
MR = Reference Mortality 

4.2 Juvenile Polychaete Test Suitability Determination 
Suitability determinations for the juvenile polychaete test were based on mean individual growth (MIG). 
A test treatment fails SCO criteria if MIG is statistically lower in the test treatment, relative to the 
reference, and the ratio of the MIG in the test treatment is <0.70 that of the reference. The treatments 
will fail CSL criteria if the MIG is significantly lower than the reference treatment and the ratio between 
the MIG of the treatment and the MIG of the reference is <0.50.  

All Port Gamble Bay project sediments pass the SCO and CSL criteria when evaluated on a dry weight 
and AFDW basis (Table 4-2).  
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Table 4-2. SMS Comparison for Neanthes arenaceodentata 

Treatment MIG 
(mg/ind/day) 

Comparison 
To: 

Statistically 
Less than 

Reference? 
(p=0.05) 

MIG Relative 
to Reference 
MIGT/MIGR 

Fails SCO?1

< 0.70 
Fails CSL?2

< 0.50 

Dry Weight 

Control 0.808 

CARR-20 0.840 

CR-21 0.735 

SMA-1B-IT2 0.860 CR-21 No 1.17 No No 

SMA-1B-IT3 0.748 CR-21 No 1.02 No No 

SMA-2C-IT3 0.746 CR-21 No 1.01 No No 

SMA-2C-IT6 0.782 CR-21 No 1.06 No No 

SMA-2C-IT9 0.695 CR-21 No 0.95 No No 

Ash-Free Dry Weight 

Control 0.455 

CARR-20 0.475 

CR-21 0.473 

SMA-1B-IT2 0.527 CR-21 No 1.11 No No 

SMA-1B-IT3 0.499 CR-21 No 1.06 No No 

SMA-2C-IT3 0.514 CR-21 No 1.09 No No 

SMA-2C-IT6 0.466 CR-21 No 0.98 No No 

SMA-2C-IT9 0.429 CR-21 No 0.91 No No 
1SCO: Statistical Significance and MIGT/MIGR <0.70 
2CSL: Statistical Significance and MIGT/MIGR <0.50 
MIGT = Treatment Mean Individual Growth 
MIGR = Reference Mean Individual Growth 
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4.3 Larval Test Suitability Determination 
Larval test treatments fail SCO criteria if the number of normal larvae in the test treatment is 
significantly lower (p < 0.10) than that of the reference and if the ratio between the normal larval 
development in the test treatment is less than 0.85 of the normal development in the reference. 
Treatments fail CSL criteria if the number of normal larvae in the test treatment is significantly lower (p 
< 0.10) than that of the reference and if the ratio between the normal larval development in the test 
treatment is less than 0.70 of the normal development in the reference. 

All Port Gamble Bay project sediments pass both the SCO and CSL criteria for larval bivalve development 
evaluation (Table 4-3).  

Table 4-3. SMS Comparison for Mytilus galloprovincialis 

Treatment 
Mean Normal 
 Survival (%)1 

Mean 
Number 
Normal 

Compared 
 To: 

Statistically 
Less than 

Reference? 
(p=0.10) 

Normal 
Survival to 
Reference 

NT/NR 

Fails 
SCO?2

<0.85 

Fails 
CSL?3 
<0.70 

Control 97.7 333.2 

CARR-20 89.4 297.8 

CR-21 92.0 310.4 

SMA-1B-IT2 90.5 302.2 CR-21 No 0.97 No No 

SMA-1B-IT3 96.0 320.4 CR-21 No 1.03 No No 

SMA-2C-IT3 93.6 313.8 CR-21 No 1.01 No No 

SMA-2C-IT6 91.1 303.6 CR-21 No 0.98 No No 

SMA-2C-IT9 88.0 293.2 CR-21 No 0.94 No No 

SMA-1-ST 83.4 277.8 CR-21 Yes 0.89 No No 

SMA-1A-IT 92.3 307.6 CR-21 No 0.99 No No 

SMA-2A-IT 95.3 317.6 CR-21 No 1.02 No No 

SMA-2A-ST 91.1 304.2 CR-21 No 0.98 No No 

SMA-2B-IT 89.4 298.0 CR-21 No 0.96 No No 

SMA-2B-ST 90.4 301.2 CR-21 No 0.97 No No 

BW-15 87.9 294.4 CARR-20 No 0.99 No No 
1 Control data is normalized to the stocking density; reference and project treatments are normalized to the control
2 SCO: Statistical Significance and (NT/NR) <0.85 
3 CSL: Statistical Significance and (NT/NR) <0.70 

NT =Treatment Mean Number Normal  
NR =Reference Mean Number Normal 
NC =Control Mean Number Normal 
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5. SUMMARY

A summary of the biological tests conducted on the Port Gamble Bay restoration site sediments 
evaluated under the SMS sediment quality criteria (Table 5-1) are provided below. 

All project sediments pass the SCO and CSL performance criteria for all tests performed on the Port 
Gamble Bay restoration site sediments.  

Table 5-1. Summary of SMS Evaluation 

Treatment 
Sediment Cleanup Objectives Cleanup Screening Levels 

Amphipod Polychaete Larval Amphipod Polychaete Larval 

SMA-1B-IT2 Pass Pass Pass Pass Pass Pass 

SMA-1B-IT3 Pass Pass Pass Pass Pass Pass 

SMA-2C-IT3 Pass Pass Pass Pass Pass Pass 

SMA-2C-IT6 Pass Pass Pass Pass Pass Pass 

SMA-2C-IT9 Pass Pass Pass Pass Pass Pass 

SMA-1-ST Pass Pass 

SMA-1A-IT Pass Pass 

SMA-2A-IT Pass Pass 

SMA-2A-ST Pass Pass 

SMA-2B-IT Pass Pass 

SMA-2B-ST Pass Pass 

BW-15 Pass Pass 

*Shaded cells represent tests not conducted as part of the test design
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2. Neanthes arenaceodentata 20-Day Test
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3. Mytilus galloprovincialis Bivalve Larval Test
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Statistical Results: Eohaustorius estuarius Test 



Project Name: Anchor Port Gamble 2018 Eohs   

Sample: x1 Ref Samp: x2
Samp ID:  SMA-1B-IT2 Ref ID:  CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 7 Mean: 2
SD: 10.368 SD: 2.739
Tr Mean: 11.168 Tr Mean: 5.168
Trans SD: 12.352 Trans SD: 7.077

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 8.935 Statistic: Student's t
Residual SD: 6.532 Test Residual SD: 7.265 Balanced Design: Yes
SS: 810.58 Ref. Residual Mean: 6.202 Transformation: ArcSin
K: 5 Ref. Residual SD: 1.415
b: 27.334 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9217 Calculated Value: 0.8256 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: -0.9425
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 25 30 0 0 18.832 5.168   -11.168
2 5 12.921 5 12.921 1.753 7.753   -11.168
3 5 12.921 0 0 1.753 5.168   -5.168
4 0 0 0 0 11.168 5.168   -5.168
5 0 0 5 12.921 11.168 7.753   -5.168
6     1.753
7     1.753
8     7.753
9     7.753
10     18.832



Project Name: Anchor Port Gamble 2018 Eohs

Sample: x1 Ref Samp: x2
Samp ID: SMA-1B-IT3 Ref ID:  CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 15 Mean: 2
SD: 7.071 SD: 2.739
Tr Mean: 22.21 Tr Mean: 5.168
Trans SD: 6.274 Trans SD: 7.077

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 5.226 Statistic: Student's t
Residual SD: 4.339 Test Residual SD: 2.285 Balanced Design: Yes
SS: 357.778 Ref. Residual Mean: 6.202 Transformation: ArcSin
K: 5 Ref. Residual SD: 1.415
b: 17.562 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.862 Calculated Value: 0.8121 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: -4.0292
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 20 26.565 0 0 4.355 5.168   -9.289
2 20 26.565 5 12.921 4.355 7.753   -5.168
3 20 26.565 0 0 4.355 5.168   -5.168
4 5 12.921 0 0 9.289 5.168   -5.168
5 10 18.435 5 12.921 3.775 7.753   -3.775
6     4.355
7     4.355
8     4.355
9     7.753
10     7.753



Project Name: Anchor Port Gamble 2018 Eohs   

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT3 Ref ID:  CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 10 Mean: 2
SD: 6.124 SD: 2.739
Tr Mean: 16.489 Tr Mean: 5.168
Trans SD: 9.471 Trans SD: 7.077

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 6.595 Statistic: Student's t
Residual SD: 5.425 Test Residual SD: 5.943 Balanced Design: Yes
SS: 559.119 Ref. Residual Mean: 6.202 Transformation: ArcSin
K: 5 Ref. Residual SD: 1.415
b: 22.023 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.8674 Calculated Value: 0.144 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: -2.141
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 10 18.435 0 0 1.946 5.168   -16.489
2 15 22.786 5 12.921 6.298 7.753   -5.168
3 15 22.786 0 0 6.298 5.168   -5.168
4 0 0 0 0 16.489 5.168   -5.168
5 10 18.435 5 12.921 1.946 7.753   1.946
6     1.946
7     6.298
8     6.298
9     7.753
10     7.753



Project Name: Anchor Port Gamble 2018 Eohs   

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT6 Ref ID:  CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 1 Mean: 2
SD: 2.236 SD: 2.739
Tr Mean: N/A Tr Mean: N/A
Trans SD: N/A Trans SD: N/A         

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 4.135 Statistic: Mann-Whitney
Residual SD: 4.192 Test Residual SD: 3.467 Balanced Design: Yes
SS: 333.903 Ref. Residual Mean: 6.202 Transformation: rank-order
K: 5 Ref. Residual SD: 1.415
b: 15.917 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.7588 Calculated Value: 1.2344 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Mann-Whitney N1: 5
Mann-Whitney N2: 5

Normally     Variances        Degrees of Freedom: 
Distributed: No Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 15
Override Option: Not Invoked Critical Value: >= 21.000

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0 4 0 4 2.584 5.168 4  -5.168
2 0 4 5 9 2.584 7.753 4  -5.168
3 0 4 0 4 2.584 5.168 4  -5.168
4 0 4 0 4 2.584 5.168 4  -2.584
5 5 9 5 9 10.337 7.753 4  -2.584
6   4  -2.584
7   4  -2.584
8   9  7.753
9   9  7.753
10   9  10.337



Project Name: Anchor Port Gamble 2018 Eohs   

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT9 Ref ID:  CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 4 Mean: 2
SD: 6.519 SD: 2.739
Tr Mean: N/A Tr Mean: N/A
Trans SD: N/A Trans SD: N/A         

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 8.57 Statistic: Mann-Whitney
Residual SD: 5.765 Test Residual SD: 3.999 Balanced Design: Yes
SS: 631.513 Ref. Residual Mean: 6.202 Transformation: rank-order
K: 5 Ref. Residual SD: 1.415
b: 22.508 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.8022 Calculated Value: 1.2481 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Mann-Whitney N1: 5
Mann-Whitney N2: 5

Normally     Variances        Degrees of Freedom: 
Distributed: No Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 11.5
Override Option: Not Invoked Critical Value: >= 21.000

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 15 10 0 3.5 15.645 5.168 3.5  -7.141
2 0 3.5 5 8 7.141 7.753 3.5  -7.141
3 5 8 0 3.5 5.779 5.168 3.5  -7.141
4 0 3.5 0 3.5 7.141 5.168 3.5  -5.168
5 0 3.5 5 8 7.141 7.753 3.5  -5.168
6   3.5  -5.168
7   8  5.779
8   8  7.753
9   8  7.753
10   10  15.645
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Statistical Results: Neanthes arenaceodentata Test 



Project Name: Anchor Port Gamble 2018 Neanthes Dry Weight           

Sample: x1 Ref Samp: x2
Samp ID: SMA-1B-IT2 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.86 Mean: 0.735
SD: 0.15 SD: 0.147
Tr Mean: 0.86 Tr Mean: 0.735
Trans SD: 0.15 Trans SD: 0.147

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.106 Statistic: Student's t
Residual SD: 0.096 Test Residual SD: 0.092 Balanced Design: Yes
SS: 0.176 Ref. Residual Mean: 0.103 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.091
b: 0.407 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.939 Calculated Value: 0.0454 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: -1.3294
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.888 0.888 0.775 0.775 0.028 0.04   -0.239
2 0.802 0.802 0.496 0.496 0.058 0.239   -0.206
3 1.066 1.066 0.802 0.802 0.206 0.067   -0.058
4 0.654 0.654 0.886 0.886 0.206 0.151   -0.018
5 0.89 0.89 0.717 0.717 0.03 0.018   0.028
6     0.03
7     0.04
8     0.067
9     0.151
10     0.206



Project Name: Anchor Port Gamble 2018 Neanthes Dry Weight           

Sample: x1 Ref Samp: x2
Samp ID: SMA-1B-IT3 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.748 Mean: 0.735
SD: 0.14 SD: 0.147
Tr Mean: 0.748 Tr Mean: 0.735
Trans SD: 0.14 Trans SD: 0.147

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.102 Statistic: Student's t
Residual SD: 0.093 Test Residual SD: 0.081 Balanced Design: Yes
SS: 0.165 Ref. Residual Mean: 0.103 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.091
b: 0.393 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.939 Calculated Value: 0.0161 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: -0.1455
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.926 0.926 0.775 0.775 0.178 0.04   -0.239
2 0.695 0.695 0.496 0.496 0.053 0.239   -0.194
3 0.741 0.741 0.802 0.802 0.007 0.067   -0.053
4 0.826 0.826 0.886 0.886 0.078 0.151   -0.018
5 0.554 0.554 0.717 0.717 0.194 0.018   -0.007
6     0.04
7     0.067
8     0.078
9     0.151
10     0.178



Project Name: Anchor Port Gamble 2018 Neanthes Dry Weight           

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT3 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.746 Mean: 0.735
SD: 0.032 SD: 0.147
Tr Mean: 0.746 Tr Mean: 0.735
Trans SD: 0.032 Trans SD: 0.147

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.023 Statistic: Approximate t
Residual SD: 0.069 Test Residual SD: 0.018 Balanced Design: Yes
SS: 0.09 Ref. Residual Mean: 0.103 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.091
b: 0.28 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.8673 Calculated Value: 1.914 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 4
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: -0.1547
Override Option: N/A Critical Value: >= 2.132

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.788 0.788 0.775 0.775 0.042 0.04   -0.239
2 0.704 0.704 0.496 0.496 0.042 0.239   -0.042
3 0.729 0.729 0.802 0.802 0.017 0.067   -0.018
4 0.761 0.761 0.886 0.886 0.015 0.151   -0.017
5 0.746 0.746 0.717 0.717 0 0.018   0
6     0.015
7     0.04
8     0.042
9     0.067
10     0.151
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Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT6 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.782 Mean: 0.735
SD: 0.098 SD: 0.147
Tr Mean: N/A Tr Mean: N/A
Trans SD: N/A Trans SD: N/A         

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.07 Statistic: Mann-Whitney
Residual SD: 0.081 Test Residual SD: 0.06 Balanced Design: Yes
SS: 0.125 Ref. Residual Mean: 0.103 Transformation: rank-order
K: 5 Ref. Residual SD: 0.091
b: 0.323 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.8356 Calculated Value: 0.6805 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Mann-Whitney N1: 5
Mann-Whitney N2: 5

Normally     Variances        Degrees of Freedom: 
Distributed: No Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 9
Override Option: Not Invoked Critical Value: >= 21.000

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.608 2 0.775 4 0.174 0.04 1  -0.239
2 0.801 5 0.496 1 0.019 0.239 2  -0.174
3 0.839 9 0.802 6 0.057 0.067 3  -0.018
4 0.831 7 0.886 10 0.049 0.151 4  0.019
5 0.832 8 0.717 3 0.05 0.018 5  0.04
6   6  0.049
7   7  0.05
8   8  0.057
9   9  0.067
10   10  0.151



Project Name: Anchor Port Gamble 2018 Neanthes Dry Weight           

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT9 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.695 Mean: 0.735
SD: 0.097 SD: 0.147
Tr Mean: 0.695 Tr Mean: 0.735
Trans SD: 0.097 Trans SD: 0.147

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.065 Statistic: Student's t
Residual SD: 0.081 Test Residual SD: 0.065 Balanced Design: Yes
SS: 0.124 Ref. Residual Mean: 0.103 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.091
b: 0.341 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9335 Calculated Value: 0.7588 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 0.5125
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.574 0.574 0.775 0.775 0.121 0.04   -0.239
2 0.844 0.844 0.496 0.496 0.149 0.239   -0.121
3 0.678 0.678 0.802 0.802 0.017 0.067   -0.025
4 0.708 0.708 0.886 0.886 0.013 0.151   -0.018
5 0.67 0.67 0.717 0.717 0.025 0.018   -0.017
6     0.013
7     0.04
8     0.067
9     0.149
10     0.151



Project Name: Anchor Port Gamble 2018 Neanthes AFDW         

Sample: x1 Ref Samp: x2
Samp ID: SMA-1B-IT2 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.527 Mean: 0.473
SD: 0.059 SD: 0.099
Tr Mean: 0.527 Tr Mean: 0.473
Trans SD: 0.059 Trans SD: 0.099

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.039 Statistic: Student's t
Residual SD: 0.053 Test Residual SD: 0.04 Balanced Design: Yes
SS: 0.053 Ref. Residual Mean: 0.073 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.056
b: 0.228 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9686 Calculated Value: 1.1034 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: -1.0444
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.535 0.535 0.461 0.461 0.008 0.012   -0.138
2 0.535 0.535 0.335 0.335 0.008 0.138   -0.098
3 0.59 0.59 0.53 0.53 0.063 0.057   -0.033
4 0.429 0.429 0.599 0.599 0.098 0.126   -0.012
5 0.546 0.546 0.44 0.44 0.019 0.033   0.008
6     0.008
7     0.019
8     0.057
9     0.063
10     0.126



Project Name: Anchor Port Gamble 2018 Neanthes AFDW        

Sample: x1 Ref Samp: x2
Samp ID: SMA-1B-IT3 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.499 Mean: 0.473
SD: 0.066 SD: 0.099
Tr Mean: 0.499 Tr Mean: 0.473
Trans SD: 0.066 Trans SD: 0.099

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.048 Statistic: Student's t
Residual SD: 0.055 Test Residual SD: 0.038 Balanced Design: Yes
SS: 0.057 Ref. Residual Mean: 0.073 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.056
b: 0.235 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.97 Calculated Value: 0.8142 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: -0.4946
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.569 0.569 0.461 0.461 0.07 0.012   -0.138
2 0.48 0.48 0.335 0.335 0.019 0.138   -0.098
3 0.496 0.496 0.53 0.53 0.003 0.057   -0.033
4 0.551 0.551 0.599 0.599 0.052 0.126   -0.019
5 0.401 0.401 0.44 0.44 0.098 0.033   -0.012
6     -0.003
7     0.052
8     0.057
9     0.07
10     0.126



Project Name: Anchor Port Gamble 2018 Neanthes AFDW           

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT3 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.514 Mean: 0.473
SD: 0.032 SD: 0.099
Tr Mean: 0.514 Tr Mean: 0.473
Trans SD: 0.032 Trans SD: 0.099

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.021 Statistic: Approximate t
Residual SD: 0.048 Test Residual SD: 0.022 Balanced Design: Yes
SS: 0.044 Ref. Residual Mean: 0.073 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.056
b: 0.203 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9434 Calculated Value: 1.9328 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 5
Distributed: Yes Homogeneous: No Experimental Alpha Level: 0.05

Calculated Value: -0.8739
Override Option: N/A Critical Value: >= 2.015

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.499 0.499 0.461 0.461 0.015 0.012   -0.138
2 0.477 0.477 0.335 0.335 0.037 0.138   -0.037
3 0.565 0.565 0.53 0.53 0.051 0.057   -0.033
4 0.513 0.513 0.599 0.599 0.001 0.126   -0.015
5 0.515 0.515 0.44 0.44 0.001 0.033   -0.012
6     -0.001
7     0.001
8     0.051
9     0.057
10     0.126



Project Name: Anchor Port Gamble 2018 Neanthes AFDW         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT6 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.466 Mean: 0.473
SD: 0.067 SD: 0.099
Tr Mean: 0.466 Tr Mean: 0.473
Trans SD: 0.067 Trans SD: 0.099

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.053 Statistic: Student's t
Residual SD: 0.055 Test Residual SD: 0.032 Balanced Design: Yes
SS: 0.057 Ref. Residual Mean: 0.073 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.056
b: 0.236 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9695 Calculated Value: 0.7098 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 0.1344
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.362 0.362 0.461 0.461 0.104 0.012   -0.138
2 0.506 0.506 0.335 0.335 0.04 0.138   -0.104
3 0.438 0.438 0.53 0.53 0.028 0.057   -0.033
4 0.53 0.53 0.599 0.599 0.064 0.126   -0.028
5 0.493 0.493 0.44 0.44 0.027 0.033   -0.012
6     0.027
7     0.04
8     0.057
9     0.064
10     0.126



Project Name: Anchor Port Gamble 2018 Neanthes AFDW           

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT9 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 0.429 Mean: 0.473
SD: 0.04 SD: 0.099
Tr Mean: 0.429 Tr Mean: 0.473
Trans SD: 0.04 Trans SD: 0.099

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 0.029 Statistic: Student's t
Residual SD: 0.049 Test Residual SD: 0.024 Balanced Design: Yes
SS: 0.046 Ref. Residual Mean: 0.073 Transformation: No Transformation
K: 5 Ref. Residual SD: 0.056
b: 0.211 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9763 Calculated Value: 1.6263 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.05

Calculated Value: 0.911
Override Option: N/A Critical Value: >= 1.860

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 0.375 0.375 0.461 0.461 0.054 0.012   -0.138
2 0.482 0.482 0.335 0.335 0.053 0.138   -0.054
3 0.429 0.429 0.53 0.53 0 0.057   -0.033
4 0.449 0.449 0.599 0.599 0.02 0.126   -0.017
5 0.412 0.412 0.44 0.44 0.017 0.033   -0.012
6     0
7     0.02
8     0.053
9     0.057
10     0.126



Report ID: PG1123.02 

Statistical Results: Mytilus galloprovnicialis Larval Test 



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2A-IT Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 317.6 Mean: 310.4
SD: 18.916 SD: 32.624
Tr Mean: 317.6 Tr Mean: 310.4
Trans SD: 18.916 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 14.08 Statistic: Student's t
Residual SD: 17.303 Test Residual SD: 10.488 Balanced Design: Yes
SS: 5688.4 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 73.86 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.959 Calculated Value: 0.9607 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: -0.4269
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 323 323 264 264 5.4 46.4   -46.4
2
287 287
352 352 30.6 41.6   -30.6
3
313 313
298 298 4.6 12.4   -12.4
4
333 333
325 325 15.4 14.6   -4.6
5
332 332
313 313 14.4 2.6   2.6
6     5.4
7     14.4
8     14.6
9     15.4
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT6 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 303.6 Mean: 310.4
SD: 21.007 SD: 32.624
Tr Mean: 303.6 Tr Mean: 310.4
Trans SD: 21.007 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 17.52 Statistic: Student's t
Residual SD: 17.804 Test Residual SD: 7.59 Balanced Design: Yes
SS: 6022.4 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 76.592 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9741 Calculated Value: 0.6467 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 0.3919
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 286 286 264 264 17.6 46.4   -46.4
2
318 318
352 352 14.4 41.6   -17.6
3
286 286
298 298 17.6 12.4   -17.6
4
333 333
325 325 29.4 14.6   -12.4
5
295 295
313 313 8.6 2.6   -8.6
6     2.6
7     14.4
8     14.6
9     29.4
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT3 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 313.8 Mean: 310.4
SD: 21.017 SD: 32.624
Tr Mean: 313.8 Tr Mean: 310.4
Trans SD: 21.017 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 16.96 Statistic: Student's t
Residual SD: 17.806 Test Residual SD: 9.064 Balanced Design: Yes
SS: 6024 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 76.996 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9841 Calculated Value: 0.6877 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: -0.1959
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 305 305 264 264 8.8 46.4   -46.4
2
342 342
352 352 28.2 41.6   -24.8
3
305 305
298 298 8.8 12.4   -12.4
4
289 289
325 325 24.8 14.6   -8.8
5
328 328
313 313 14.2 2.6   -8.8
6     2.6
7     14.2
8     14.6
9     28.2
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2B-ST Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 301.2 Mean: 310.4
SD: 16.084 SD: 32.624
Tr Mean: 301.2 Tr Mean: 310.4
Trans SD: 16.084 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 11.36 Statistic: Student's t
Residual SD: 16.689 Test Residual SD: 9.869 Balanced Design: Yes
SS: 5292 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 72.098 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9823 Calculated Value: 1.2539 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 0.5656
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 320 320 264 264 18.8 46.4   -46.4
2
302 302
352 352 0.8 41.6   -24.2
3
277 277
298 298 24.2 12.4   -12.4
4
310 310
325 325 8.8 14.6   -4.2
5
297 297
313 313 4.2 2.6   0.8
6     2.6
7     8.8
8     14.6
9     18.8
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2B-IT Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 298 Mean: 310.4
SD: 20.31 SD: 32.624
Tr Mean: 298 Tr Mean: 310.4
Trans SD: 20.31 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 16.4 Statistic: Student's t
Residual SD: 17.633 Test Residual SD: 8.735 Balanced Design: Yes
SS: 5907.2 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 76.239 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9839 Calculated Value: 0.7513 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 0.7215
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 280 280 264 264 18 46.4   -46.4
2
297 297
352 352 1 41.6   -22
3
318 318
298 298 20 12.4   -18
4
276 276
325 325 22 14.6   -12.4
5
319 319
313 313 21 2.6   -1
6     2.6
7     14.6
8     20
9     21
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2A-ST Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 304.2 Mean: 310.4
SD: 25.253 SD: 32.624
Tr Mean: 304.2 Tr Mean: 310.4
Trans SD: 25.253 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 19.84 Statistic: Student's t
Residual SD: 18.929 Test Residual SD: 12.069 Balanced Design: Yes
SS: 6808 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 81.956 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9866 Calculated Value: 0.3614 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 0.336
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 275 275 264 264 29.2 46.4   -46.4
2
336 336
352 352 31.8 41.6   -29.2
3
285 285
298 298 19.2 12.4   -19.2
4
303 303
325 325 1.2 14.6   -12.4
5
322 322
313 313 17.8 2.6   -1.2
6     2.6
7     14.6
8     17.8
9     31.8
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-1-ST Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 277.8 Mean: 310.4
SD: 18.102 SD: 32.624
Tr Mean: 277.8 Tr Mean: 310.4
Trans SD: 18.102 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 14.96 Statistic: Student's t
Residual SD: 17.119 Test Residual SD: 6.924 Balanced Design: Yes
SS: 5568 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 73.705 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9757 Calculated Value: 0.9331 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 1.9538
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: No       

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 266 266 264 264 11.8 46.4   -46.4
2
289 289
352 352 11.2 41.6   -16.8
3
304 304
298 298 26.2 12.4   -12.4
4
269 269
325 325 8.8 14.6   -11.8
5
261 261
313 313 16.8 2.6   -8.8
6     2.6
7     11.2
8     14.6
9     26.2
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-1B-IT3 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 320.4 Mean: 310.4
SD: 13.612 SD: 32.624
Tr Mean: 320.4 Tr Mean: 310.4
Trans SD: 13.612 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 9.52 Statistic: Student's t
Residual SD: 16.22 Test Residual SD: 8.486 Balanced Design: Yes
SS: 4998.4 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 69.357 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9624 Calculated Value: 1.4843 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: -0.6326
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 318 318 264 264 2.4 46.4   -46.4
2
299 299
352 352 21.4 41.6   -21.4
3
336 336
298 298 15.6 12.4   -12.4
4
324 324
325 325 3.6 14.6   -2.4
5
325 325
313 313 4.6 2.6   2.6
6     3.6
7     4.6
8     14.6
9     15.6
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-1B-IT2 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 302.2 Mean: 310.4
SD: 25.163 SD: 32.624
Tr Mean: 302.2 Tr Mean: 310.4
Trans SD: 25.163 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 19.44 Statistic: Student's t
Residual SD: 18.904 Test Residual SD: 12.681 Balanced Design: Yes
SS: 6790 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 81.657 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.982 Calculated Value: 0.3949 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 0.445
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 337 337 264 264 34.8 46.4   -46.4
2
274 274
352 352 28.2 41.6   -28.2
3
316 316
298 298 13.8 12.4   -18.2
4
300 300
325 325 2.2 14.6   -12.4
5
284 284
313 313 18.2 2.6   -2.2
6     2.6
7     13.8
8     14.6
9     34.8
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-1A-IT Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 307.6 Mean: 310.4
SD: 18.716 SD: 32.624
Tr Mean: 307.6 Tr Mean: 310.4
Trans SD: 18.716 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 16.32 Statistic: Student's t
Residual SD: 17.257 Test Residual SD: 4.168 Balanced Design: Yes
SS: 5658.4 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 73.676 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9593 Calculated Value: 0.815 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 0.1665
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 328 328 264 264 20.4 46.4   -46.4
2
292 292
352 352 15.6 41.6   -15.6
3
328 328
298 298 20.4 12.4   -14.6
4
297 297
325 325 10.6 14.6   -12.4
5
293 293
313 313 14.6 2.6   -10.6
6     2.6
7     14.6
8     20.4
9     20.4
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: SMA-2C-IT9 Ref ID: CR-21
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 293.2 Mean: 310.4
SD: 9.011 SD: 32.624
Tr Mean: 293.2 Tr Mean: 310.4
Trans SD: 9.011 Trans SD: 32.624

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 7.44 Statistic: Student's t
Residual SD: 15.529 Test Residual SD: 3.465 Balanced Design: Yes
SS: 4582 Ref. Residual Mean: 23.52 Transformation: No Transformation
K: 5 Ref. Residual SD: 19.308
b: 65.79 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9446 Calculated Value: 1.8329 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 1.1364
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 287 287 264 264 6.2 46.4   -46.4
2
291 291
352 352 2.2 41.6   -12.4
3
283 283
298 298 10.2 12.4   -10.2
4
304 304
325 325 10.8 14.6   -6.2
5
301 301
313 313 7.8 2.6   -2.2
6     2.6
7     7.8
8     10.8
9     14.6
10     41.6



Project Name: Anchor Port Gamble 2018 Mytilus         

Sample: x1 Ref Samp: x2
Samp ID: BW-15 Ref ID: CARR-20
Alias: Alias: 
Replicates: 5 Replicates: 5
Mean: 294.4 Mean: 297.8
SD: 29.348 SD: 33.708
Tr Mean: 294.4 Tr Mean: 297.8
Trans SD: 29.348 Trans SD: 33.708

              

Shapiro-Wilk Results: Levene's Results: Test Results:           

Residual Mean: 0 Test Residual Mean: 22.48 Statistic: Student's t
Residual SD: 20.507 Test Residual SD: 15.153 Balanced Design: Yes
SS: 7990 Ref. Residual Mean: 25.76 Transformation: No Transformation
K: 5 Ref. Residual SD: 17.514
b: 87.815 Deg. of Freedom: 8

Experimental Hypothesis
Alpha Level: 0.05 Alpha Level: 0.1 Null: x1 >= x2
Calculated Value: 0.9651 Calculated Value: 0.3167 Alternate: x1 < x2
Critical Value: <= 0.842 Critical Value: >= 1.860

Normally     Variances        Degrees of Freedom: 8
Distributed: Yes Homogeneous: Yes Experimental Alpha Level: 0.1

Calculated Value: 0.1701
Override Option: N/A Critical Value: >= 1.397

Accept Null Hypothesis: Yes      

Power: 
Min. Difference for Power:       

              

Trans. Levene's Levene's Mann- Shipiro-
Replicate Test Trans. Reference Reference Test Reference Whitney Wilk
Number Data Test Data Data Data Residuals Residuals Ranks Rankits Residuals
1 268 268 250 250 26.4 47.8   -47.8
2
287 287
332 332 7.4 34.2   -26.4
3
340 340
294 294 45.6 3.8   -22.4
4
305 305
285 285 10.6 12.8   -12.8
5
272 272
328 328 22.4 30.2   -7.4
6     -3.8
7     10.6
8     30.2
9     34.2
10     45.6



Report ID: PG1123.02 

APPENDIX C. CHAIN-OF-CUSTODY LOGS 
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