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INTRODUCTION 

Chronic bioassay testing was conducted to determine the sensitivity of several marine 
organisms to salinity increases above ambient seawater levels. Testing was conducted in 
response to the amendments made to the Ocean Plan (OP) by the California State Water 
Quality Control Board (SWQCB); amendments to the Ocean Plan state that at the end of the 
zone of initial dilution (ZID), receiving water salinity must be within 2,000 mg/L of ambient 
salinity levels.  This limit was based on salinity tolerance studies performed by Phillips et al. 
(2012) and in a literature review reported by Roberts et al. (2012).  Poseidon Water (Poseidon) 
has contracted with Nautilus Environmental (Nautilus) to conduct salinity studies with the aim of 
applying for a facility-specific alternative receiving water limit for the Carlsbad Desalination Plant 
brine discharge.   

This study includes a suite of salinity tolerance bioassays using the species and endpoints listed 
in the OP amendment.  These include: purple sea urchin (Strongylocentrotus purpuratus) 
fertilization and development, sand dollar (Dendraster excentricus) fertilization and 
development, red abalone (Haliotis rufescens) development, Pacific topsmelt (Atherinops 
affinis) survival and growth, and giant kelp (Macrocystis pyrifera) germination and germ-tube 
growth.  The goal of this study is to characterize individual species sensitivity with regards to 
increased salinity using standard whole effluent toxicity (WET) methods. The approach for this 
study includes conducting each test three times over the course of approximately one year to 
address possible seasonal effects and potential differences in batch sensitivities.  Results for 
tests conducted between October 2014 and July 2015 are included in this report. Further testing 
is scheduled to be completed by February 2016 and will be reported separately.   

Tests were spaced several months apart in order to account for potential differences in 
sensitivity due to seasonal effects.  Three tests per year were schedule to generally cover 
organism spawning, non-spawning, and recruitment periods.  Table 1 outlines the testing 
schedule; including the tests which have already been completed (shaded gray) with results 
reported herein, and tests scheduled to be completed by February 2016. 

Table 1. Salinity Tolerance Test Schedule  

Species and Endpoint Winter Spring/Summer Fall 

Abalone Development Dec. 2014 May 2015 Sept. - Oct. 2015 

Kelp Germination and Growth Dec. 2015- Feb. 2016 May 2015 Sept. - Oct. 2015 

Topsmelt Survival and Growth Dec. 2015- Feb. 2016 May 2015 Sept. - Oct. 2015 

Urchin Fertilization Dec. 2015- Feb. 2016 July 2015 Oct. 2014 

Sand Dollar Fertilization Dec. 2015- Feb. 2016 July 2015 Oct. 2014 

Urchin Development Dec. 2015- Feb. 2016 July 2015 Oct. 2014 

Sand Dollar Development Dec. 2015- Feb. 2016 July 2015 Oct. 2014 

Dates shaded gray = test already completed and results reported herein  
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MATERIALS AND METHODS 
Test Material 

All bioassays were performed in accordance with the United States Environmental Protection 
Agency (USEPA) protocol “Short-term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Waters to West Coast Marine and Estuarine Organisms” (EPA/600/R-95/136, 
August 1995).  All organisms were acclimated in the laboratory to, or collected directly from 
ambient seawater.  Species-specific test methods are summarized in Tables 2 through 6. 

All testing was conducted using natural seawater collected from the intake at Scripps Institution 
of Oceanography (SIO) in La Jolla, California.  After collection, the seawater is held at Nautilus 
in a 5,000-gallon storage tank, and is continuously cycled through an in-line 20-µm fiber filter 
system and a chiller unit. The ambient salinity of SIO seawater is approximately 33.5 parts per 
thousand (ppt). Salinity of each test concentration was increased with the addition of 
hypersaline seawater (brine) prepared at Nautilus using methods described in USEPA 
protocols.  Briefly, filtered seawater is partially frozen in a -20 °C freezer overnight. The liquid 
that remains after the freezing period (now concentrated in salinity) is decanted from the ice, 
which is composed mainly of fresh water. The brine used for this study was approximately two 
to three times the salinity of ambient seawater.  A brine control was also tested at ambient 
salinity by mixing brine with deionized water and seawater. The brine control incorporated the 
highest percentage brine used in the dilution series and was tested to ensure that any effects 
observed in the test concentrations were not attributable to the brine itself.  

All definitive tests were conducted using the same salinity concentrations.  Nominal test 
concentrations consisted of 35.0, 35.5, 36.0, 36.5, 37.0, 37.5, 38.0, and 38.5 ppt, as well as an 
ambient seawater control (lab control), and a brine control.      

After dilutions were mixed, minor salinity adjustments were made by addition of brine or 
seawater so that the measured salinity levels at test initiation matched the nominal salinity to the 
nearest 0.1 ppt. A Hach SensION5 meter with 0.1 ppt accuracy, calibrated daily to a certified 35 
ppt standard was used for all salinity measurements in this study. Water quality parameters (i.e., 
pH, dissolved oxygen (DO), salinity, and temperature) were measured in all test concentrations 
prior to test initiation, and once daily depending on the duration of the test.  
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Table 2.  Red Abalone Chronic Test Specifications 
Endpoint: 48-hour larval development 

Test Organism, Age: Haliotis rufescens (red abalone), newly fertilized embryos (within one 
hour of fertilization) 

Test Organism Source: American Abalone (Davenport, California) 

Number of Replicates, 
Organisms per Replicate:  

5 replicates, 150-200 embryos per replicate 

Test Chamber Type, Volume 
per Replicate: 

Glass shell vial containing 20 mL of test solution 

Feeding: none 

Test Acceptability:  Mean normal development must be 80 percent or greater in the 
control, must have statistically significant effect at 56 micrograms per 
liter (μg/L) zinc in the reference toxicant; must achieve a percent 
minimum significant difference (PMSD) of less than 20. 

 
Table 3.  Echinoderm Larval Development Chronic Test Specifications 
Endpoint: 72-hour larval development 

Test Organism, Age: Strongylocentrotus purpuratus (purple urchin) and Dendraster 
excentricus (sand dollar), newly fertilized embryos (within one hour of 
fertilization) 

Test Organism Source: Field Collected (San Diego, California) 

Number of Replicates, 
Organisms per Replicate:  

5 replicates, 150-200 embryos per replicate 

Test Chamber Type, Volume 
per Replicate: 

Glass shell vial containing 10 mL of test solution 

Feeding: none  

Test Acceptability:  Mean normal development must be 80 percent or greater in the 
control; must achieve a PMSD of less than 25. 
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Table 4.  Echinoderm Fertilization Chronic Test Specifications 
Endpoint: Egg fertilization (20-min sperm exposure, followed by 20-min egg 

fertilization period) 

Test Organism: Strongylocentrotus purpuratus (purple urchin) and Dendraster 
excentricus (sand dollar) 

Test Organism Source: Field Collected (San Diego, California) 

Number of Replicates, 
Organisms per Replicate:  

5 replicates, 2000 eggs per replicate. Sperm to egg ratio determined 
before each test with a preliminary rangefinding test.  

Test Chamber Type, Volume 
per Replicate: 

Glass scintillation vial containing 10 mL of test solution 

Feeding: none  

Test Acceptability:  Mean fertilization must be 70 percent or greater in the control; must 
achieve a PMSD of less than 25. 

 
Table 5.  Giant Kelp Chronic Test Specifications 
Endpoints: 48-hour spore germination and growth 

Test Organism: Macrocystis pyrifera (giant kelp) 

Test Organism Source: Field Collected (La Jolla, California) 

Number of Replicates, 
Organisms per Replicate:  

5 replicates, ~250,000 spores per replicate 

Test Chamber Type, Volume 
per Replicate: 

Glass petri dish containing 30 mL of test solution 

Light Intensity; Photoperiod: 200 ± 40 foot-candles (ft-c); 16 h light, 8 h darkness 

Feeding: none  

Test Acceptability:  Mean germination in the controls must be equal to or greater than 70 
percent, and mean length equal to or greater than 10 micrometers 
(µm).  The no observed effect concentration (NOEC) for mean length 
in the reference toxicant must be equal to or less than 35 µg/L 
copper. The PMSD for both endpoints must be less than 20. 
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Table 6.  Pacific Topsmelt Chronic Test Specifications 
Endpoints: 7-day survival and growth (as dry biomass) 

Test Organism, Age: Atherinops affinis (Pacific topsmelt), 12-15 days old at initiation 

Test Organism Source: Aquatic Biosystems, Inc. (Fort Collins, Colorado) 

Number of Replicates, 
Organisms per Replicate:  

5 replicates, 5 animals per replicate 

Test Chamber Type, Volume 
per Replicate: 

500 mL plastic cup containing 250 mL of test solution 

Feeding: Artemia nauplii, twice daily  

Test Acceptability:  Mean survival must be 80 percent or greater in the control, 0.85 mg 
average weight of control larvae; the median lethal effect 
concentration (LC50) with copper must be less than 205 μg/L in the 
reference toxicant; must achieve a PMSD less than 25 for survival 
and  less than 50 for growth. 

 
Data Analysis 

Toxicity test responses were statistically evaluated using the Comprehensive Environmental 
Toxicity Information System™ (CETIS) version 1.8.7.20 program by Tidepool Scientific 
Software.  All comparisons were made according to flowchart specifications provided in method 
guidance (USEPA 1995).  Results were used to calculate the No Observed Effect Concentration 
(NOEC), Lowest Observed Effect Concentration (LOEC), and point estimates including 
estimated median lethal concentration (LC50) or effect values (EC25 and EC50; the concentration 
calculated by the dose-response in the test where 25 or 50 percent of the organisms were 
adversely effected).  All point estimates were calculated using linear interpolation to ensure 
comparability of statistical method between tests regardless of minor data variations.  Since we 
are interested in effects relative to ambient seawater salinity, organism performance in the test 
concentrations was compared to that in the lab control rather than the brine control.  In cases 
where the brine control result was less than lab control, a statistical comparison was made 
between the two controls to ensure no adverse effects were produced due to the addition of 
brine.   

Concurrent reference toxicant tests were conducted to evaluate the sensitivity of each batch of 
organisms.  Copper chloride was used as the reference toxicant for all species, except for 
abalone for which zinc sulfate was used. The NOEC, LOEC, and LC50/EC50 value for each 
reference toxicant test is reported in the Quality Assurance section.  The mean LC50/EC50 value 
plus or minus two standard deviations is also reported for up to the last twenty tests performed 
at Nautilus.   
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RESULTS  

In tests conducted to date, there were no statistically significant effects observed in any test 
concentration of the Pacific topsmelt, giant kelp, purple urchin or sand dollar fertilization, or the 
sand dollar larval development tests. The larval development endpoint for purple urchins and 
abalone appear to be the most sensitive of this suite of tests to increased salinity, with the 
abalone being more sensitive than purple urchins.  These findings are similar to those reported 
by Phillips et al. in 2012.    

A summary of the statistical analysis results for all tests conducted to date is provided in Table 
7. Detailed summaries of all test results are presented in Appendix A, and raw data and 
statistical analysis worksheets are provided in Appendix B.   
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Table 7. Summary of Statistical Results for all Chronic Salinity Tolerance Tests to Date (October 2014 through July 2015)  

Species Endpoint Test Start 
Date 

Measured Salinity at Test 
Initiation (ppt) 

NOEC 
(ppt) 

LOEC 
(ppt) 

EC25 
(ppt) 95% CI EC50 

(ppt) 95% CI 

Abalone Development Rate 12/10/14 34.3 (BC), 33.0 (LC), 35.0, 35.5, 
36.0, 36.5, 37.0, 37.5, 38.0, 38.5 36.0 36.5 36.4  36.3 - 36.5 36.7 36.6 - 36.8 

Abalone Development Rate 05/20/15 33.3 (BC), 33.2 (LC), 35.0, 35.5, 
36.0, 36.5, 37.0, 37.5, 38.0, 38.5 36.0 36.5 37.1 36.8 - 37.2 37.3 37.3 - 37.4 

Purple Urchin Development Rate 10/30/14 33.7 (BC), 33.3 (LC), 34.9, 35.5, 
36.0, 36.5, 37.0, 37.5, 38.0, 38.5 36.5 37.0 38.1 37.8 - 38.2 > 38.5 N/A 

Purple Urchin Development Rate 7/22/15 33.4 (BC), 33.5 (LC), 34.9, 35.4, 
35.9, 36.4, 36.9, 37.4, 37.9, 38.5 36.9 37.4 37.7 37.5 – 37.9 38.1 38.0 – 38.3 

Sand Dollar Development Rate 10/30/14 33.7 (BC), 33.3 (LC), 34.9, 35.5, 
36.0, 36.5, 37.0, 37.5, 38.0, 38.5 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Sand Dollar Development Rate 7/22/15 33.4 (BC), 33.5 (LC), 34.9, 35.4, 
35.9, 36.4, 36.9, 37.4, 37.9, 38.5 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Purple Urchin Fertilization Rate 10/30/14 33.7 (BC), 33.3 (LC), 34.9, 35.5, 
36.0, 36.5, 37.0, 37.5, 38.0, 38.5 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Purple Urchin Fertilization Rate 7/22/15 33.4 (BC), 33.5 (LC), 34.9, 35.4, 
35.9, 36.4, 36.9, 37.4, 37.9, 38.5 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Sand Dollar Fertilization Rate 10/30/14 33.7 (BC), 33.3 (LC), 34.9, 35.5, 
36.0, 36.5, 37.0, 37.5, 38.0, 38.5 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Sand Dollar Fertilization Rate 7/22/15 33.4 (BC), 33.5 (LC), 34.9, 35.4, 
35.9, 36.4, 36.9, 37.4, 37.9, 38.5 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Giant Kelp 
Germination 

05/12/15 34.0 (BC), 33.0 (LC), 35.0, 35.5, 
36.0, 36.6, 37.0, 37.5, 38.1, 38.5 

38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Growth 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 

Pacific 
Topsmelt 

Survival 
05/05/15 33.3 (BC), 33.3 (LC), 35.0, 35.5, 

36.0, 36.5, 37.0, 37.5, 38.0, 38.5 
38.5 >38.5 >38.5 N/A > 38.5 N/A 

Growth 38.5 > 38.5 > 38.5 N/A > 38.5 N/A 
ppt = parts per thousand 
BC = Brine Control, LC = Lab Control (ambient seawater). The lab control (ambient seawater) was used for all statistical comparisons. 
NOEC = No Observed Effect Level; the lowest level or concentration resulting in no observed effect 
LOEC = Lowest Observed Effect Level; the lowest level or concentration resulting in an observed effect 
EC25/ EC50 = the concentration at which an adverse effect is observed in 25 or 50 percent of the organisms 
95% CI = 95 percent confidence interval; lower and upper confidence limits  
N/A = Not applicable; confidence limits cannot be calculated
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QUALITY ASSURANCE 

All laboratory and brine controls met the minimum test acceptability criteria.  Variability among 
replicates was within the appropriate limits for all tests as described in EPA 1995, and the ability 
to detect a statistical difference was deemed appropriate. Minor deviations are noted on 
datasheets and a glossary of qualifier codes is available in Appendix C.   

Final salinity readings in most tests were within 0.2 ppt of the initial measurement with two 
exceptions. The final salinity measured in the kelp test was 0.5 to 0.7 ppt higher than the initial 
reading, likely due to some evaporation because this test is conducted under a specified light 
intensity. Final readings in the topsmelt test were a maximum of 0.4 ppt higher than the initial 
readings. Neither of these two tests resulted in any adverse effects to the test organisms in any 
of the salinity concentrations tested.  

Reference Toxicant Test 

All reference toxicant tests included in this study met test acceptability criteria.  Additionally, the 
LC50 or EC50 values calculated for all endpoints were within two standard deviations of the 
internal control chart means, indicating typical test organism sensitivity to copper (zinc for 
abalone).  Reference toxicant results are summarized in Table 8, and provided in full in 
Appendix D.   
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Table 8.  Summary of Reference Toxicant Statistical Results 

Test Endpoint Test Start 
Date 

NOEC                     
(µg/L) 

LOEC                      
(µg/L) 

LC50/EC50 
value                        
(µg/L) 

Mean LC50/EC50 ± 
2 SD (µg/L) 

Abalone 
Development 

12/10/14 18 32 40.8 56.7 ± 23.4 

5/20/15 32 56 55.5 56.5 ± 21.8 

Purple Urchin 
Development 

 

10/30/14 <2.5 2.5 6.16 8.97 ± 5.17 

7/22/15 <2.5 2.5 10.4 9.85 ± 4.93 

Sand Dollar 
Development 

10/30/14 10 >10 14.0 20.8 ± 10.5 

7/22/15 10 20 14.6 18.5 ± 10.9 

Purple Urchin 
Fertilization 

10/30/14 <10 10 19.0 40.8 ± 24.5 

7/22/15 <10 10 35.9 22.9 ± 16.9 

Sand Dollar 
Fertilization 

10/30/14 10 20 26.2 23.1 ± 34.6 

7/22/15 <10 10 16.8 24.1 ± 24.7 

Kelp 
Germination 
Growth 

 
5/13/15 

 

 
10 
10 

 

 
32 
32 

 

 
118 
280 

 
 

 
110 ± 63.1 
196 ± 157 

 
 Pacific Topsmelt 

Survival 
Growth 

 
5/5/15 

 

 
37.5 
37.5 

 

 
75 

>37.5 
 

 
62.7 
63.5 

 
 

 
83.1 ± 38.5 
85.3 ± 41.7 

 
 The reference toxicant for abalone is zinc sulfate; for all other species copper chloride was used. Values reported are in micrograms 

per liter zinc or copper.  
NOEC = No Observed Effect Level; the lowest level or concentration resulting in no observed effect 
LOEC = Lowest Observed Effect Level; the lowest level or concentration resulting in an observed effect 
LC50 = Lethal concentration 50, concentration expected to cause mortality to 50 percent of test organisms. 
Mean LC50 ± 2 SD = Historical mean of LC50 data for previous tests conducted at Nautilus, plus or minus two standard deviations.  
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Chronic Test Data Summaries  



Mean Percent Normal 
Development

Standard 
Deviation

Mean Percent Normal 
Development

Standard 
Deviation

Lab Control (LC) 94.0 2.6 96.6 2.7

Brine Control (BC) 94.6 1.8 97.0 2.6

35.0 95.0 2.6 98.4 1.7

35.5 94.6 2.3 96.8 2.2

36.0 90.6 1.8 96.4 1.7

36.5 63.4 7.7 83.4 7.7

37.0 22.6 7.4 78.6 10

37.5 1.20 2.7 34.2 5.8

38.0 0.00 0.0 7.20 6.4

38.5 0.00 0.0 1.40 1.1

NOEC

LOEC

EC25/EC50

Values in bold indicate a statistically significant decrease compared to the lab control using Dunnett's Multiple Comparison Test. 

NOEC = No Observed Effect Concentration, or the level at which there is no adverse effect. 

LOEC = Lowest Observed Effect Concentration, or the lowest concentration at which there is a statistically significant adverse effect. 

EC25/EC50 = The calculated test concentration at which 25 or 50 percent of the test organisms are adversely affected. 

Appendix Table A-1. Summary of Salinity Tolerance Chronic Test Results

Nominal Test Concentration 
(ppt)

December 10, 2014 Test Date May 20, 2015 Test Date

36.0 36.0

36.5 36.5

36.4/36.7 37.1/37.3
The measured test concentrations were within 0.1 ppt of each nominal concentration at test initiation. All statistical endpoints (i.e., NOEC, 
LOEC, EC25/EC50) were calculated based on initial measured test concentrations. 

Red Abalone (Haliotis rufescens ) 48-hour Development

Nautilus Environmental



Mean Percent Normal 
Development

Standard 
Deviation

Mean Percent Normal 
Development

Standard 
Deviation

Lab Control (LC) 95.6 2.1 96.8 1.9

Brine Control (BC) 96.2 1.1 96.4 3.6

35.0 95.6 1.8 95.4 1.8

35.5 95.0 1.9 95.4 2.2

36.0 95.8 2.3 95.0 2.1

36.5 94.0 3.8 94.6 3.9

37.0 87.4 4.5 92.2 5.4

37.5 82.6 7.7 81.6 5.2

38.0 74.4 8.0 63.8 10

38.5 52.4 8.8 26.0 10

NOEC

LOEC

EC25/EC50

Values in bold indicate a statistically significant decrease compared to the lab control using Dunnett's Multiple Comparison Test. 

NOEC = No Observed Effect Concentration, or the level at which there is no adverse effect. 

LOEC = Lowest Observed Effect Concentration, or the lowest concentration at which there is a statistically significant adverse effect. 

EC25/EC50 = The calculated test concentration at which 25 or 50 percent of the test organisms are adversely affected. 

37.7/38.1

Nominal Test Concentration 
(ppt)

October 30, 2014 Test Date

The measured test concentrations were within 0.1 ppt of each nominal concentration at test initiation. All statistical endpoints (i.e., NOEC, 
LOEC, EC25/EC50) were calculated based on initial measured test concentrations. 

Appendix Table A-2. Summary of Salinity Tolerance Chronic Test Results

July 22, 2015 Test Date

36.5

37.0

38.1/>38.5

36.9

37.4

Purple Urchin (Strongylocentrotus purpuratus ) 72-hour Development

Nautilus Environmental



Mean Percent Normal 
Development

Standard 
Deviation

Mean Percent Normal 
Development

Standard 
Deviation

Lab Control (LC) 97.2 0.84 96.4 1.5

Brine Control (BC) 96.8 2.7 96.0 3.0

35.0 98.4 1.7 97.6 1.7

35.5 98.4 1.1 96.2 1.8

36.0 98.8 1.6 96.2 1.9

36.5 96.8 1.3 94.4 4.0

37.0 97.8 1.3 96.2 3.1

37.5 98.0 1.2 96.6 0.89

38.0 97.4 3.0 93.0 2.2

38.5 97.0 1.9 94.2 2.5

NOEC

LOEC

EC25/EC50

Values in bold indicate a statistically significant decrease compared to the lab control using Dunnett's Multiple Comparison Test. 

NOEC = No Observed Effect Concentration, or the level at which there is no adverse effect. 

LOEC = Lowest Observed Effect Concentration, or the lowest concentration at which there is a statistically significant adverse effect. 

EC25/EC50 = The calculated test concentration at which 25 or 50 percent of the test organisms are adversely affected. 

Appendix Table A-3. Summary of Salinity Tolerance Chronic Test Results

Nominal Test Concentration 
(ppt)

October 30, 2014 Test Date July 22, 2015 Test Date

38.5 38.5

>38.5 >38.5

>38.5/>38.5 >38.5/>38.5
The measured test concentrations were within 0.1 ppt of each nominal concentration at test initiation. All statistical endpoints (i.e., NOEC, 
LOEC, EC25/EC50) were calculated based on initial measured test concentrations. 

Sand Dollar (Dendraster excentricus ) 72-hour Development

Nautilus Environmental



Mean Percent 
Fertilization

Standard 
Deviation

Mean Percent 
Fertilization

Standard 
Deviation

Lab Control (LC) 80.8 6.8 93.6 2.4

Brine Control (BC) 83.6 3.6 93.4 3.1

35.0 86.8 6.3 94.6 3.2

35.5 82.8 4.3 93.4 2.1

36.0 83.2 2.5 95.2 2.8

36.5 84.8 6.3 96.4 1.5

37.0 84.2 4.1 94.0 2.1

37.5 82.2 4.0 95.6 1.5

38.0 82.2 2.5 92.4 2.5

38.5 81.6 3.8 91.8 4.0

NOEC

LOEC

EC25/EC50

Values in bold indicate a statistically significant decrease compared to the lab control using Dunnett's Multiple Comparison Test. 

NOEC = No Observed Effect Concentration, or the level at which there is no adverse effect. 

LOEC = Lowest Observed Effect Concentration, or the lowest concentration at which there is a statistically significant adverse effect. 

EC25/EC50 = The calculated test concentration at which 25 or 50 percent of the test organisms are adversely affected. 

Appendix Table A-4. Summary of Salinity Tolerance Chronic Test Results

Nominal Test Concentration 
(ppt)

October 30, 2014 Test Date July 22, 2015 Test Date

38.5 38.5

>38.5 >38.5

>38.5/>38.5 >38.5/>38.5
The measured test concentrations were within 0.1 ppt of each nominal concentration at test initiation. All statistical endpoints (i.e., NOEC, 
LOEC, EC25/EC50) were calculated based on initial measured test concentrations. 

Purple Urchin (Strongylocentrotus purpuratus ) Fertilization

Nautilus Environmental



Mean Percent 
Fertilization

Standard 
Deviation

Mean Percent 
Fertilization

Standard 
Deviation

Lab Control (LC) 97.0 1.7 88.6 3.1

Brine Control (BC) 96.2 1.6 90.4 3.3

35.0 96.8 1.8 90.6 2.8

35.5 95.2 1.1 91.0 6.1

36.0 94.8 2.4 89.6 3.4

36.5 96.0 1.9 92.6 2.8

37.0 96.4 1.3 92.0 1.4

37.5 93.6 3.4 93.6 1.9

38.0 93.8 4.4 88.6 4.2

38.5 95.6 3.1 91.2 3.3

NOEC

LOEC

EC25/EC50

Values in bold indicate a statistically significant decrease compared to the lab control using Dunnett's Multiple Comparison Test. 

NOEC = No Observed Effect Concentration, or the level at which there is no adverse effect. 

LOEC = Lowest Observed Effect Concentration, or the lowest concentration at which there is a statistically significant adverse effect. 

EC25/EC50 = The calculated test concentration at which 25 or 50 percent of the test organisms are adversely affected. 

38.5 38.5

>38.5 >38.5

>38.5/>38.5 >38.5/>38.5
The measured test concentrations were within 0.1 ppt of each nominal concentration at test initiation. All statistical endpoints (i.e., NOEC, 
LOEC, EC25/EC50) were calculated based on initial measured test concentrations. 

Appendix Table A-5. Summary of Salinity Tolerance Chronic Test Results
Sand Dollar (Dendraster excentricus ) Fertilization

Nominal Test Concentration 
(ppt)

October 30, 2014 Test Date July 22, 2015 Test Date

Nautilus Environmental



Mean Percent 
Germination

Standard 
Deviation

Mean Growth (m) Standard 
Deviation

Lab Control (LC) 89.4 4.2 14.6 0.3

Brine Control (BC) 92.2 3.3 14.4 1.1

35.0 92.4 2.8 15.3 1.5

35.5 91.2 3.8 15.3 1.5

36.0 91.0 5.6 15.9 0.68

36.5 94.2 2.8 16.0 0.61

37.0 90.4 2.1 16.0 0.95

37.5 91.8 1.9 16.4 0.52

38.0 93.8 3.3 15.8 0.53

38.5 92.6 5.4 15.3 1.1

NOEC

LOEC

EC25/EC50

Values in bold indicate a statistically significant decrease compared to the lab control using Dunnett's Multiple Comparison Test. 

NOEC = No Observed Effect Concentration, or the level at which there is no adverse effect. 

LOEC = Lowest Observed Effect Concentration, or the lowest concentration at which there is a statistically significant adverse effect. 

EC25/EC50 = The calculated test concentration at which 25 or 50 percent of the test organisms are adversely affected. 

Appendix Table A-6. Summary of Salinity Tolerance Chronic Test Results
Giant Kelp (Macrocystis pyrifera ) 48-hour Germination and Growth

Nominal Test Concentration 
(ppt)

38.5 38.5

>38.5 >38.5

>38.5/>38.5 >38.5/>38.5
The measured test concentrations were within 0.1 ppt of each nominal concentration at test initiation. All statistical endpoints (i.e., NOEC, LOEC, 
EC25/EC50) were calculated based on initial measured test concentrations. 

May 20, 2015 Test Date

Nautilus Environmental



Mean Percent Survival
Standard 
Deviation

Mean Growth (mg/org.)
Standard 
Deviation

Lab Control (LC) 88.0 18 1.16 0.14

Brine Control (BC) 96.0 8.9 1.08 0.10

35.0 100 0.0 1.04 0.05

35.5 100 0.0 1.11 0.05

36.0 96.0 8.9 1.14 0.21

36.5 100 0.0 1.20 0.23

37.0 92.0 18 0.90 0.14

37.5 92.0 11 1.08 0.12

38.0 96.0 8.9 1.10 0.15

38.5 92.0 11.0 1.07 0.13

NOEC

LOEC

EC25/EC50

Values in bold indicate a statistically significant decrease compared to the lab control using Dunnett's Multiple Comparison Test. 

NOEC = No Observed Effect Concentration, or the level at which there is no adverse effect. 

LOEC = Lowest Observed Effect Concentration, or the lowest concentration at which there is a statistically significant adverse effect. 

EC25/EC50 = The calculated test concentration at which 25 or 50 percent of the test organisms are adversely affected. 

Appendix Table A-7. Summary of Salinity Tolerance Chronic Test Results
Pacific Topsmelt (Atherinops affinis ) 7-day Survival and Growth

Nominal Test Concentration 
(ppt)

May 5, 2015 Test Date

38.5 38.5

>38.5 >38.5

>38.5/>38.5 >38.5/>38.5
The measured test concentrations were within 0.1 ppt of each nominal concentration at test initiation. All statistical endpoints (i.e., NOEC, LOEC, 
EC25/EC50) were calculated based on initial measured test concentrations. 

Nautilus Environmental



 
 

APPENDIX B 
 

Chronic Test Data 
Raw Data and Statistical Analyses  

  



 
 

Red Abalone 
48-hour Larval Development 

 
Test Date: December 10, 2014 

  





























 
 

Red Abalone 
48-hour Larval Development 

 
Test Date: May 20, 2015 

  

























 
 

Purple Urchin 
72-hour Larval Development 

Test Date: October 30, 2014 
  























 
 

 

Purple Urchin 
72-hour Larval Development 

Test Date: July 22, 2015 
  



























 
 

Sand Dollar 
72-hour Larval Development 

Test Date: October 30, 2014 
  























 
 

Sand Dollar 
72-hour Larval Development 

Test Date: July 22, 2015 
 

  























 
 

Purple Urchin Fertilization 
 

Test Date: October 30, 2014 
  























 
 

 

Purple Urchin Fertilization 
 

Test Date: July 22, 2015 
  

























 
 

Sand Dollar Fertilization 
 

Test Date: October 30, 2014 
  























 
 

Sand Dollar Fertilization 
 

Test Date: July 22, 2015























 
 

Giant Kelp 
48-hour Germination and Growth 

 
Test Date: May 12, 2015  







































 
 

Pacific Topsmelt 
7-day Survival and Growth 

 
Test Date: May 5, 2015 

  



































 
 

APPENDIX C 
 

Glossary of Lab Qualifier Codes 
  



Updated: 6/30/15 

Glossary of Qualifier Codes: 

Q1 -  Temperatures out of recommended range; corrective action taken and recorded in Test 
Temperature Correction Log 

Q2 -  Temperatures out of recommended range; no action taken, test terminated same day 

Q3 -  Sample aerated prior to initiation or renewal due to dissolved oxygen (D.O.) levels below 6.0 
mg/L 

Q4 -  Test aerated; D.O. levels dropped below 4.0 mg/L 

Q5 -  Test initiated with aeration due to an anticipated drop in D.O. 

Q6 -  Airline obstructed or fell out of replicate and replaced; drop in D.O. occurred 

Q7 -  Salinity out of recommended range 

Q8 -  Spilled test chamber/ Unable to recover test organism(s)  

Q9 - Inadequate sample volume remaining, 50% renewal performed 

Q10 -    Inadequate sample volume remaining, no renewal performed 

Q11 - Sample out of holding time; refer to QA section of report 

Q12 - Replicate(s) not initiated; excluded from data analysis 

Q13 - Survival counts not recorded due to poor visibility or heavy debris 

Q14 - D.O. percent saturation was checked and was ≤ 110% 

Q15 - Did not meet minimum test acceptability criteria.  Refer to QA section of report.   

Q16 - Percent minimum significant difference (PMSD) was below the lower bound limit for acceptability.  
This indicates that statistics may be over-sensitive in detecting a difference from the control due 
to low variability in the data set. 

Q17 - Percent minimum significant difference (PMSD) was above the upper bound limit for acceptability.  
This indicates that statistics may be under-sensitive in detecting a difference from the control due 
to high variability in the data set. 

Q18 - Incorrect Entry 

Q19 - Illegible Entry 

Q20 - Miscalculation 

Q21 - Other (provide reason in comments section) 

Q22 - Greater than 10% mortality observed upon receipt and/or in holding prior to test initiation.  
Organisms acclimated to test conditions at Nautilus and ultimately deemed fit to use for testing.   

Q23 - Test organisms received at a temperature greater than 3°C outside the recommended test 
temperature range.  However, due to age-specific protocol requirements and/or sample holding 
time constraints, the organisms were used to initiate tests upon the day of arrival.  O rganisms 
were acclimated to the appropriate test conditions upon receipt and prior to test initiation.   

Q24 - Test organisms received at salinity greater than 3 ppt outside of the recommended test salinity 
range.  H owever, due t o age-specific protocol requirements and/or sample holding time 
constraints, the organisms were used to initiate tests upon the day of arrival.  Organisms were 
acclimated to the appropriate test conditions upon receipt and prior to test initiation.      

 

 
 



 
 

APPENDIX D 
 

Reference Toxicant  
Test Data and Statistical Summaries 
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