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2.3  Field Exposure Apparatus 

 

The trout embryos were contained in modified Whitlock-Vibert hatchboxes (Federation of 

Flyfishers, MO), which are comprised of two rectangular chambers located one above the other; 

the upper chamber is for embryo development and the lower chamber for rearing of hatched 

fish.  The external sides of the hatchbox are plastic mesh that allows passage of water through 

the box, but prevents loss of embryos.  The divider between the embryo chamber and the 

rearing chamber is comprised of slots that are narrow enough to prevent transfer of unhatched 

embryos, but wide enough to permit migration of hatched fish into the lower rearing chamber. 

Thus, upon hatch, alevins are able to migrate through the slots from the embryo chamber into 

the larger rearing chamber.  To prevent escape of the hatched fry into the streams upon swim-

up, plastic screening material (Darice® size 7 mesh) was attached to the external faces of the 

rearing chamber and held in place using small plastic zip ties. 

 

The hatchboxes were contained within flexible plastic mesh bags surrounded by 1 – 2 inch 

diameter gravel, with the hatchbox placed centrally within the rocks in the bag.  The gravel 

surrounding the hatchboxes acts to diffuse the current and prevent exposure of the embryos to 

sunlight. The bags were then placed within the PVC crates, which were held in place in the 

stream by stakes anchored in the substrate (Figure 2). Figure 3 shows the eyed eggs within the 

hatchbox, while Figure 4 is of fry within the hatchbox.  

Figure 2:  Photograph of the crate set up, Des Moines Creek at S 200th. 
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Figure 3: Photograph of eyed eggs in the upper chamber within the hatchbox. 

 

 

Figure 4: Photograph of fry within the hatchbox. 
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2.4 Test Organisms 

 

Eyed-egg stage rainbow trout embryos were obtained from TroutLodge in Sumner, WA, on 

November 30, 2011 and March 27, 2012 for the Fall and Spring events, respectively.  As 

supplied, the eyed embryos had developed for approximately 245 degree-days1, as noted in 

communication with TroutLodge staff. The embryos were transported to the Airport 

Stormwater Laboratory or the Rainier Environmental Laboratory (Fife, WA), for the Fall and 

Spring monitoring events, respectively, where they were randomly counted into replicate units 

of 30 embryos apiece in individual opaque plastic food-storage containers (i.e., 450-mL opaque 

Ziploc plastic tubs). The containers were then placed in a cooler containing ice packs, and 

transported to the sites where the embryos were transferred into the hatchboxes in the creek on 

the same day.  The embryos were transferred to the sites in laboratory control water, and all 

embryos were installed at the sites between 13:00 and 14:30 on November 30, 2011 for the Fall 

event, and between 14:45 and 15:45 on March 27, 2012 for the Spring event.  

 

All personnel handling the embryos wore nitrile gloves. Containers were pre-cleaned with 

Liqui-nox soap (Alconox, Jersey City, NJ) and rinsed with deionized water. 

 

2.5 Controls 

 

Controls were used to assess the influence of the following factors on test results: 

1. Quality (health and viability) of supplied organisms,  

2. Transport and handling of organisms, and 

3. Ambient stream temperatures, which affect the time to developmental milestones (e.g., 

hatch). 

The controls consisted of a laboratory exposure (four replicates of 30 organisms each) conducted 

concurrently with each field exposure in clean laboratory water (moderately hard synthetic 

water [MHSW]) to monitor organism health and developmental milestones using a subset of the 

same batch of embryos used to begin the field exposures. These embryos were also counted out 

and placed in individual plastic containers filled with MHSW and transported to the sites with 

the other replicates; thus, they also served as transport controls. Upon returning to the 

                                                      

1 Degree-days are used to standardize descriptions of fish development, regardless of rearing 

temperature. For example, it takes rainbow trout approximately 340 degree-days to reach hatch (Quinn, 

2005). Thus, at 8°C, it takes approximately 42 days to reach hatch. 
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laboratory after deployment of all field organisms, the control replicates were transferred to 4-L 

plastic containers in the laboratory containing 2 liters of MHSW at the average site water 

temperature, ± 1°C. Gentle aeration was applied (100-200 bubbles per minute) to the control 

chambers. The controls were monitored daily for mortalities, and dead organisms removed. 

Temperature was adjusted on a weekly basis to correspond to temperatures measured in the 

field. Water renewals were conducted three times per week (Monday, Wednesday, Friday) 

using clean MHSW. Dissolved oxygen, pH, conductivity, and temperature were measured 

before and after water renewals. Developmental milestones (e.g., hatch and swim-up) were also 

recorded.  
  

 

2.6 Monitoring of Field Exposures 

 

The sites were visited approximately every week to assess the condition of the test organisms. 

During these checks, survival was recorded, as well as qualitative observations of organism 

health, site conditions, and sedimentation within the boxes. All dead organisms observed were 

removed on each visit. These observations were recorded on standard field data sheets included 

in Appendix A. In addition, temperature, pH, and dissolved oxygen (DO) and conductivity 

were measured during the site visits.  

 

Monitoring of the installations required removal of the substrate overlying the hatchboxes from 

the mesh bag in the crate. The embryos or alevins in each hatchbox were then poured into a 

white plastic dishpan containing site water where they were enumerated.  They were then 

returned to the hatchbox, which was placed back into the mesh-net bag of gravel, and the bag 

returned to its respective crate.  Care was taken to minimize disturbance and damage to the test 

organisms.  

 

2.7 Test Termination 

 

The field exposures and laboratory controls were terminated when the field organisms reached 

the swim-up fry stage (i.e., yolk sac absorbed). This occurred on February 14th, 2012 for the Fall 

2011 exposure, and on April 25th, 2012 for the Spring 2012 exposure. Surviving organisms were 

placed in their original plastic replicate containers, which were filled with site water, 

transported back to the laboratory and terminated. The fish were then wet-weighed (to the 

nearest 0.001 gram) on an analytical balance, and measured (total length, from tip of the snout 

to the end of the tail for the Fall exposure, and standard length, from tip of snout to caudal 
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peduncle for the Spring exposure) to the nearest 0.5 mm. Obvious external malformations were 

noted, including the affected body part (e.g., head, eye, spine) and type of abnormality (e.g., 

edema). Abnormality data were recorded on standard data sheets (Appendix A).  The 

laboratory control fish were evaluated similarly on the same day. 

 

2.8 Data Analysis 

 

All test data were entered in CETIS (Comprehensive Environmental Toxicity Information 

System, Tidepool Scientific, McKinleyville, CA). Differences among the exposure sites and 

laboratory controls were evaluated using pair-wise multiple comparison tests according to the 

USEPA flow chart (USEPA 2002); significant differences were identified at p=0.05.  

 

One interim and five terminal endpoints were evaluated; the endpoints are described below: 

1. Hatching success – an interim measure of the percentage of embryos hatched the day of 

the hatch inspection, or determined to have hatched based on the number of alevins 

present at the subsequent inspection, relative to the total number of embryos originally 

added;  

2. Post-hatch survival - the percentage of organisms surviving at test termination relative 

to the number of embryos that hatched  (these data help determine whether the majority 

of mortalities occurred pre- or post-hatch, or were distributed throughout the exposure 

period); 

3. Cumulative survival - the percentage of surviving organisms at test termination relative 

to the number of embryos in each replicate at the beginning of the exposure;  

4. Abnormality – the percentage of abnormal organisms at test termination relative to the 

number of surviving organisms; 

5. Length – to the nearest 0.5 mm; 

6. Weight – to the nearest 0.001 g. 

 

3.0 QA/QC 

 

The QA/QC program for the field exposure involved the following: 

• Consistent field staff leader throughout all visits;    

• Field documentation of all primary data; i.e., the names of individuals collecting the 

samples, sampling location, time of sampling, site conditions (e.g., degree of 
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sedimentation), and other relevant observations, such as weather and any unusual 

conditions; 

• Calibrated field meters; 

• Use of pre-cleaned containers, with appropriate labels; 

• Storing and transporting organisms in sealed containers in a cold, dark environment; 

cooling sample containers using ice or gel packs; 

• Including transport controls to ascertain the extent of any transport-induced stress; 

• Checking field organisms every week to monitor developmental progress, mortality and 

abnormality. 

 

The QA/QC program for the laboratory portion of the study involved: 

• Checks and maintenance of control organisms at regular intervals, including recording 

primary observations and water quality data on standardized data sheets; 

• Review of datasheets by senior laboratory staff; 

• Test termination activities (measurements, health assessment) conducted by qualified 

staff members using standardized datasheets to ensure consistent assessment of 

abnormalities and growth across all test sites and controls; 

• Use of standard laboratory water and environmental chambers to maintain test 

organisms. 

 

4.0 RESULTS 

 

4.1 Water Quality Measurements 
 

Water quality measurements are summarized in Tables 2 and 3 for the Fall 2011 and Spring 

2012 monitoring events, respectively.  
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variability throughout the exposure period, but the values remained well-within ranges 

tolerated by early life stages of salmonids. 

 

In the Spring 2012 in situ tests, temperatures between the three field sites and the control ranged 

from 9.3 to 13.5⁰C. These temperatures were about 5 degrees warmer than fall temperatures, 

which accounts for the difference in test durations between the two events (i.e., 77 days for the 

Fall event and 30 days for the Spring event). The field measurements of DO and pH were within 

acceptable ranges for rainbow trout laboratory bioassays. The pH values were circumneutral, 

and DO ranged from 8.7 to 10.7 mg/L among all stream measurements.  Consequently, the 

weekly field measurements of DO and pH suggested generally good water quality conditions, 

with no indication of potential for adverse effects on organism survival and development. As 

observed in the Fall event, the conductivity measurements for all three sites exhibited some 

variability throughout the exposure period, but the values remained well-within ranges 

tolerated by early life stages of salmonids.  

 

Continuous measurements of pH and temperature were collected by CardnoTEC using data 

sondes at the Miller Creek site during the Spring 2012 monitoring event.  These data are shown 

in Figure 5.  The data generally agreed with the values collected during the weekly checks at the 

site, although temperature readings occasionally reached higher levels throughout the day than 

measured at a single weekly time point. Regardless, the average temperature over the exposure 

period was similar between methodologies (i.e., 10.5⁰C with both continuous and weekly 

checks). pH readings obtained with continuous monitoring averaged 7.74 compared with an 

average of 7.60 calculated from the weekly checks. Data from both methodologies suggest that 

temperature and pH were well-within water quality ranges appropriate for survival and 

growth of local salmonids. 
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Figure 5: Continuous pH and temperature data from Miller Creek, Spring 2012 
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4.2 Precipitation During the Monitoring Events 

 

Precipitation data were provided by STIA. Figure 6 shows the daily precipitation for the 

duration of the exposure for the Fall 2011 test. A number of storm events occurred during 

testing, with a total of 10.0 inches of rain/snow over 11 weeks, and the largest storm occurring 

on January 20th.   
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Figure 6: Daily precipitation for the duration of fall exposure 
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Figure 7 contains the daily rainfall for the duration of the exposure for the Spring 2012 test. 

Much less total precipitation (4.6 inches) and fewer storms occurred during this exposure 

period, compared with the fall. No snow occurred during the exposure period, and the largest 

storm was on March 29th.  
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Figure 7: Daily rainfall for the duration of the spring exposure 
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4.3 In situ Exposures 

 

4.3.1 Fall 2011 

 

The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 

summarized in Table 4. Table 5 presents the growth endpoints. These same data are presented 

graphically in Figures 8 through 10 for ease of comparison.  

 

At termination, fish in the controls had developed to 655 degree-days, while the site fish 

reached approximately 659 degree-days at Miller Creek, 676 degree-days at Des Moines Creek 

at S 200th, and 660 degree-days at the Des Moines Creek Upstream site.  

 

Hatching success – Mean hatching success for the controls was 99.2%. The Miller Creek 

replicates exhibited 90.0% mean hatching success, the Des Moines Creek at S 200th replicates had 

90.8% mean hatching success, while the Des Moines Creek Upstream replicates averaged 89.2% 

mean hatching success. Hatching success at Miller Creek, Des Moines Creek at S 200th and Des 
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Moines Creek Upstream were not statistically different from the controls, and there was no 

significant difference between the two Des Moines Creek sites. 

 

Post-hatch survival – Control survival of alevins post-hatch was 93.3%. The Miller Creek 

replicates exhibited 68.0% post-hatch survival, and the Des Moines Creek at S 200th replicates 

exhibited 56.2% post-hatch survival, while the Des Moines Creek Upstream replicates averaged 

50.3%.  Post-hatch survival at Miller Creek was not significantly different from the controls.  

However, the two Des Moines Creek sites were significantly different from the controls, but not 

from each other.  

  

Cumulative survival – Control survival from the initiation of the test to termination averaged 

92.5%. The Miller Creek replicates exhibited an average survival of 63.3% through the duration 

of the exposure, whereas the Des Moines Creek at S 200th replicates exhibited an average 

survival of 50.0% compared with an average survival of 45.0% at the Des Moines Creek 

Upstream site.  Statistically, these results were similar to post-hatch survival; thus, Miller Creek 

was not statistically different from the controls, and the two Des Moines Creek sites were 

significantly different from the controls, but not from each other.  

 

Abnormalities – There were no abnormalities observed in any of the fish at termination. Some 

edema was noted during a field visit at both the Des Moines Creek Upstream site and Miller 

Creek, but these fish either died subsequent to that visit, or the edema had resolved itself by the 

end of the exposure. 

 

Growth – Average weight in the controls was 119.7 mg, and length averaged 21.1 mm.  Miller 

Creek fish averaged 111.7 mg and 21.7 mm, Des Moines Creek at S 200th fish averaged 104.1 mg 

and 21.8 mm, and Des Moines Creek Upstream fish averaged 107.4 mg and 21.7 mm. None of 

the differences in length or weight were significant among sites and controls.   
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Table 4: Fall 2011 results for hatching success, survival and abnormality in the control 
and field treatment groups1. 

Site Hatch (%) 
Post-Hatch 

Survival (%) 

Cumulative 

Survival (%) 

Abnormality 

(%) 

Control 99.2 (1.6) 93.3 (5.4) 92.5 (4.2) 0 

Miller Creek 90.0 (11.5) 68.0 (29.0) 63.3 (31.4) 0 

Des Moines Creek at S 

200th 
90.8 (7.4) 56.2 (36.1) 50.0 (31.4) 0 

Des Moines Creek 

Upstream 
89.2 (11.0) 50.3 (13.8) 45.0 (12.9) 0 

Notes: 

1. Results are presented as mean and standard deviation 
2. Gray shaded values are significantly different from the control 

Table 5: Fall 2011 results for growth in the control and field treatment groups 1. 

Site Length (mm) Weight (mg) 

Control 21.1 (1.0) 119.7 (7.6) 

Miller Creek 21.7 (0.49) 111.7 (8.3) 

Des Moines Creek at South 

200th 

21.8 (0.55) 104.1 (17.0) 

Des Moines Creek Upstream 21.7 (0.88) 107.4 (7.0) 

Notes:  

1. Results are presented as mean and standard deviation 

2. There were no statistical differences compared to the control  
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Figure 8: Fall 2011 hatching success, post-hatch survival and cumulative survival in the 
field and control treatment groups.  
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Error bars are standard deviations; asterisks denote significant difference from controls. 

Figure 9:  Fall 2011 average lengths for the laboratory control and exposure sites.  
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Data point is average, box is minimum to maximum values  
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Figure 10: Fall 2011 average weights for the laboratory control and exposure sites.  

0

20

40

60

80

100

120

140

Control Miller Des Moines @

S 200th

Des Moines

Upstream

W
e
ig

h
t 

(m
g

)

 
Data point is average, box is minimum to maximum values 

 

4.3.2 Spring 2011 

 

The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 

summarized in Table 6. Table 7 presents the growth endpoints. These same data are presented 

graphically in Figures 11 through 13 for ease of comparison.  

 

At termination, fish in the controls had developed for 552 degree-days, while the site fish 

developed to approximately 549 degree-days at Miller Creek, 564 degree-days at Des Moines 

Creek at S 200th, and 585 degree-days at the Des Moines Upstream site.  

 

Hatching success – Mean hatching success for the controls was 100%. The Miller Creek 

replicates exhibited 95.0% mean hatching success, the Des Moines Creek at S 200th replicates 

had 100% hatching success, and the Des Moines Creek Upstream replicates averaged 94.2% 

hatching success. There were no significant differences in hatching success among the treatment 

and control groups. 

 

Post-hatch survival – Control survival of alevins post-hatch was 100%. The Miller Creek 

replicates averaged 96.5% post-hatch survival, compared with 96.7% survival at Des Moines 

Creek at S 200th.  Post-hatch survival at Miller Creek and Des Moines Creek at S 200th was not 
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significantly different from the controls.  Conversely, fish in the Des Moines Creek Upstream 

replicates exhibited 0% post-hatch survival, which was significantly different from the controls 

and the other two exposure sites.  

  

Cumulative survival – Control survival from the initiation of the test to termination averaged 

100%. The Miller Creek replicates exhibited an average survival of 91.7% through the duration 

of the exposure, while Des Moines Creek at S 200th replicates averaged 96.7% survival; both of 

these values were not significantly different from the controls.  The Des Moines Upstream 

replicates exhibited 0% survival at the end of the exposure, which was significantly different 

from the controls, as well as the other sites.   

 

Abnormalities -- The incidence of abnormalities at termination was 0.83% in controls.  The 

Miller Creek replicates averaged 1.1% abnormality, and there were no abnormalities at the Des 

Moines Creek at S 200th site, (complete mortality prevented determination of this endpoint for 

the Des Moines Creek Upstream site).  The abnormal control fish exhibited a malformed head, 

while the abnormal Miller Creek fish was suffering from edema. There were no significant 

differences between the controls and the two sites.  

 

Growth – Average weight in the controls was 127.4 mg, and length averaged 24.2 mm.  Miller 

Creek fish averaged 137.3 mg and 24.5 mm for weight and length, respectively, and Des Moines 

Creek at S 200th fish averaged 134.2 mg and 24.3 mm. None of the differences in length or 

weight were significant between sites with surviving organisms and controls. Complete 

mortality prevented determination of these endpoints for the Des Moines Creek Upstream site. 
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Table 6: Spring 2012 results for hatching success, survival and abnormality in the 
control and field treatment groups1. 

Site Hatch (%) 
Post-Hatch 

Survival (%) 

Cumulative 

Survival (%) 

Abnormality 

(%) 

Control 100 (0) 100 (0) 100 (0) 0.83 (1.7) 

Miller Creek 95.0 (10) 96.5 (4.7) 91.7 (11.1) 1.1 (2.2) 

Des Moines Creek at S 200th  100 (0) 96.7 (4.7) 96.7 (4.7) 0 (0) 

Des Moines Upstream 94.2 (5.7) 0 (0) 0 (0) NC 

Notes: 

1. Results are presented as mean and standard deviation 
2. Gray shaded values are significantly different from control 
3. NC- Not calculable 

Table 7: Spring 2012 results for growth in the control and field treatment groups. 

Site Length (mm) Weight (mg) 

Control 24.2 (0.33) 127.4 (4.8) 

Miller Creek 24.5 (0.51) 137.3 (4.9) 

Des Moines Creek at S 200th  24.3 (0.13) 134.2 (6.8) 

Des Moines Upstream NC NC 

Notes:  

1. Results are presented as mean and standard deviation 

2. NC- Not calculable 
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Figure 11: Spring 2012 hatching success, post-hatch survival and cumulative survival in 
the field and control treatment groups.  
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Error bars are standard deviations, asterisks denotes significant difference from controls. 

Figure 12:  Spring 2012 average lengths for the control and exposure groups.  
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Data point is average, box is minimum to maximum values. No data for Des Moines Upstream due to complete 
mortality. 
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Figure 13:  Spring 2012 average weights for the control and exposure groups.  
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Data point is average, box is minimum to maximum values. No data for Des Moines Upstream due to complete 

mortality. 

 

4.4 Field Observations 

In the Fall 2011 event, all replicates at the Des Moines Creek at S 200th site were subject to 

biofouling, consisting of a brown filamentous substance (biofilm). This was also observed 

during the Fall 2010 monitoring event. The substance has not been identified, although it 

appeared to consist of a mixture of diatoms, bacteria, and possibly fungus. The biofilm was first 

noted 7 weeks (January 23, 2012) after test initiation, and the onset coincided with the first snow 

event of the year. In some cases, the growth was extensive (Figure 14). The biofilm did not 

appear to prevent flow of water into and through the crates. The biofilm was also found to a 

lesser degree at the Des Moines Upstream site. Miller Creek was also observed to have some 

biofilm on the hatchboxes, although the initial observation was made a week prior to when it 

was found in Des Moines Creek. The biofilm at Miller Creek was lighter in color and a different 

consistency, suggesting a different mixture of organisms. All hatchboxes were replaced the 

week the biofilm was found at all three sites. Des Moines Creek at S 200th was the only site to 

see new growth of the biofilm after the initial discovery; however, the texture of the film in the 

following weeks was different from the initial discovery, and the thickness of the coating was 

never as severe. Unlike the Fall 2010 event, the appearance of the biofilm did not coincide with 

mortality at Des Moines Creek at S 200th. 
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Figure 14: Photograph of hatchbox colonized by biofilm 

 

 

As the biofilm was also found at the Des Moines Creek Upstream site the same week it 

appeared downstream, the source of the biofilm appears to be located outside of the area 

associated with Airport operations.  

 

A biofilm was also observed during the Spring 2012 exposure, but was not present the previous 

spring. On the day of test termination, both Miller Creek and Des Moines Creek at S 200th 

replicates were found to be covered in brown algae. The appearance of the biofilm was different 

than the biofilm observed during the Fall event. Thus, these observations may reflect seasonal 

differences in composition of the biofilm. Unfortunately, the Des Moines Creek Upstream 

replicates had already been removed because of complete mortality, so it was not possible to 

establish the extent to which the biofilm originated upstream of STIA operations based on 

growth of biofilm on the hatchboxes.  
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5.0 DISCUSSION 

 

The results of the Fall 2011 rainbow trout in situ early life stage exposure indicated that adverse 

effects on survival were found in Des Moines Creek at S 200th, compared with the laboratory 

controls. However, as similar effects were also seen at the Des Moines Creek Upstream location, 

these effects appear to be from an upstream source and not caused by Airport activities. While 

the Des Moines Creek Upstream location was not included in the Fall 2010 sampling event, 

results from Des Moines Creek at S 200th show improvement, although not statistically 

significant, when compared between the Fall 2010 and 2011 monitoring events (i.e., cumulative 

survival of 18.3% in Fall 2010 vs 50.0% in Fall 2011).  

 

While average survival at Miller Creek was reduced during the Fall 2011 event, although not 

statistically different from controls, the distribution of the reduced survival is of potential 

interest. The two middle replicates at Miller Creek showed similar results to the controls with 

90% and 86.6% survival in the second and third replicates, respectively. In comparison, the first 

replicate exhibited 53.3% survival and the fourth replicate only 23.3% survival. Water quality 

effects are unlikely to be observed in a pattern where only the furthest upstream and most 

downstream replicates are affected. Thus, the results instead suggest a potential replicate 

location issue. The downstream-most replicate is subjected to significant amounts of sediment 

being washed into the creek, especially during rain events. This may lead to smothering of the 

eggs or alevins between site visits. A similar explanation for why the first replicate had lower 

survival is unclear at this time and may simply reflect variability within the system or response. 

Survival in Miller Creek in Fall 2010 averaged 81.7%, compared with 63.3% in Fall 2011. 

However, there was no statistical difference between the two years, suggesting a relatively 

consistent pattern in water quality. Neither year exhibited significant differences from the 

control.  

 

Sedimentation can be an issue at the Miller Creek site, especially after large storm events have 

washed fine particles into the creek. During one such storm in the Fall 2011, most of the boxes 

were almost completely full of sediment. While the alevins were able to stay on top of the 

sediment in the boxes, this might not have been the case if the check been delayed a day or two. 

This observation emphasizes the importance of checking the boxes soon after major storm 

events.  

 

The results of the Spring 2012 in situ exposure indicated that adverse effects were associated 

only with the Des Moines Creek Upstream site, compared with the laboratory controls and Des 
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Moines Creek at S 200th. The large difference in survival between the two locations on Des 

Moines Creek suggests that the effects were relatively localized, and did not extend to lower 

reaches of the Creek. On two occasions, while at the Des Moines Creek Upstream site, the field 

crew observed that the water became extremely murky over the course of the visit, which 

coincided with a rising water level. It was actually raining on only one of these occasions, 

suggesting that a release of water was occurring further upstream.  

 

The results for Spring monitoring events for both Miller and Des Moines Creeks at S 200th 

exhibited a statistical improvement from 2011 to 2012, as cumulative survival increased from 

73.3% to 91.7% at Miller Creek, and from 76.7% to 96.7% at Des Moines Creek at S 200th. 

Conversely, survival at the Des Moines Creek Upstream site was lower in 2012 compared with 

2011, with no survival occurring in 2012, compared with 42.5% survival in 2011.  

 

Overall, cumulative survival was the primary endpoint affected, with reduced survival clearly 

associated with the post-hatch period. The fact that mortality was not observed until after 

hatching continues to suggest that the subsequent early juvenile development period is the 

most critical life stage for these exposures.   

 

Seasonal differences in response are of interest, as preliminary data suggest that adverse effects 

are more consistently observed during the Fall exposure. Part of the difference could be the 

difference in duration of the exposure, which is dictated by the temperature in the creeks. The 

Fall event in 2011 required 11 weeks for eggs to develop from the eyed stage to swim up, 

compared with just 5 weeks in the Spring. Precipitation amounts also differed between seasons, 

with the Fall season receiving substantially more precipitation than the Spring. It should be 

noted, however, that the Fall events of the past two years have extended into the Winter 

months, and the effects may be more related to snow events and winter conditions than to Fall.  

 

Regardless of seasonal differences, perhaps the most notable observation associated with these 

tests is the continued level of adverse effects found at the Des Moines Creek Upstream site. 

Adverse effects have been observed at this site during all monitoring events, and are present 

during both Spring and Fall. Since this site is located near the headwaters of Des Moines Creek, 

causes of impacts at this site arise outside of STIA property and have the potential to extend 

further downstream. The results of this study have been communicated to the City of Sea-Tac, 

who are working on determining the cause through the City’s illicit discharge and elimination 

program.  
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1.0 INTRODUCTION 

 

This report presents the results of the rainbow trout (RBT) early life stage (ELS) in situ 

monitoring tests conducted in the Fall 2012 and Spring 2013, as described in the Port of Seattle’s 

Seattle-Tacoma International Airport In situ Monitoring Plan, Phase 1: Development and 

Demonstration (Nautilus 2010). Results for studies conducted in Fall 2010/Spring 2011 and Fall 

2011/Spring 2012 have been presented previously (Nautilus 2011 and Nautilus 2012, 

respectively). The objective of this program is to demonstrate the feasibility of using salmonid 

ELS as an in situ monitoring tool to assess the quality of receiving waters potentially affected by 

stormwater discharges from the Seattle-Tacoma International Airport (STIA), as well as a 

multitude of other discharges from the surrounding urban environment.  The in situ bioassay 

and supporting analytical data are intended to provide an indication of attainment of receiving 

water quality standards and associated beneficial uses related to salmonid spawning and 

rearing.  Thus, the overall goal of Phase 1 is to validate the in situ approach, particularly with 

respect to determining if the selected sites and exposure methodologies are appropriate, or if 

they need to be modified to compensate for confounding variables (e.g., deposition of fine 

sediments, mobilization of anoxic sediments during storm events, etc.). Applied under the 

appropriate conditions, it is anticipated that the RBT in situ ELS bioassay will be an effective 

instream biological monitoring tool for assessing the potential effects of stormwater discharges 

on the receiving environment. In addition to continued evaluation of the in situ testing 

methodology, this report also compares the results of the current year’s monitoring to results 

obtained the previous years to determine the extent to which they were consistent between 

years.  

 

Phase I of the In situ Monitoring Plan (i.e., Development and Demonstration) was originally 

intended to last for one year and include testing during the Spring and Fall seasons.  However, 

this Phase was extended to allow for additional comparison with the laboratory sublethal 

testing being conducted by the STIA at sites downstream of Port outfalls as identified in Part II, 

Special Condition S8 of their NPDES permit. The laboratory sublethal toxicity testing is used for 

permit compliance purposes, and has been conducted concurrently with in situ deployments 

(when feasible) to facilitate validation of the in situ methodology. Comparison of the two 

methods is conducted in the Combined Acute, Sublethal, In Situ Report (Nautilus 2013) as well 

as in Section 4.5 of this document. Notably, Part II, Special Condition S9, of the permit allows 

for substitution of the laboratory sublethal test with in situ testing but, because the in situ testing 

has been implemented at the watershed level, direct substitution of the in situ test in place of the 
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laboratory sublethal test was not considered appropriate until parallel testing could be 

performed.   

 

For the remainder of the permit cycle (through March 2014), in situ testing will continue to focus 

on the watershed-based sites identified in the monitoring plan, along with continued concurrent 

laboratory sublethal testing.  Extended implementation of Phase I through the remainder of the 

current permit cycle will create a valuable dataset for comparing the in situ methodology with 

the laboratory sublethal test. 
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2.0 TEST METHODS 

 

Guidance for conducting in situ ELS exposures with salmonids is available from a number of 

sources. For example, the British Columbia Ministry of Environment has a protocol for an in situ 

ELS salmonid test (BCMOE, 2003). In addition, Environment Canada has developed both 

laboratory and in situ test procedures for early lifestages of rainbow trout (Environment 

Canada, 1998).  In the U.S., there are two general laboratory protocols for conducting fish early 

life stage toxicity tests (EPA, 1996; ASTM, 2005). The procedures used in this study reflect 

refinements made to the general guidance provided in the documents above (Chalmers et al in 

press), and have been used successfully at a number of sites in both Canada and the United 

States.  Additional refinements specific to applying the method to waterways present on 

Airport property are included in the descriptions below.  

 

2.1 Design 

 

The study design used for the Fall 2012 and Spring 2013 in situ testing involved exposure of 

eyed-embryos at three sampling sites, using four replicates per site with 30 embryos per 

replicate. The locations of the sites are shown in Figure 1. The Study Design was consistent with 

the methodology used in the three previous monitoring events in which the two sites located 

downstream of all Airport discharges were augmented by an additional site on Des Moines 

Creek located upstream (Des Moines Creek Upstream) of any Airport discharges. The 

additional site was included to determine the extent to which sources upstream of any STIA 

inputs may contribute to adverse effects observed at the downstream site on Des Moines Creek.  

 

The exposure period used in the in situ tests covers the major salmonid early life stage 

developmental milestones, beginning with the eyed egg stage, proceeding through hatching 

and alevin (yolk sac present and residing in gravel) stages, and ending with the early fry stage 

(also known as swim-up fry). At this point, the yolk sac is absorbed and, under natural 

conditions, the fish would leave the gravel to feed independently. The duration of the exposure 

period is expected to include multiple rain/runoff events, and corresponding fluctuations in 

flow, contaminant concentrations, temperature, water chemistry, etc. Collectively, these 

attributes of the in situ approach provide highly relevant information regarding the suitability 

of waterbodies to support salmonids (Chalmers et al, in press).   

 

The eyed eggs for both in situ events were supplied locally by TroutLodge (Sumner, WA), 

which supplies these same organisms for the laboratory toxicity tests required in STIA’s NPDES 
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stormwater permit. The status of the in situ organisms was routinely monitored during the 

exposure, as well as at specific developmental stages and after significant storm events. Data 

were obtained on hatching, survival, development and growth. A subset of embryos was also 

reared in the laboratory to assess organism quality. Weekly temperature measurements from 

the field were used to adjust rearing temperatures for the laboratory controls so that 

development in the controls could be used to trigger field inspections at specific times (e.g., 

hatch, swim-up). 
 

2.2 Monitoring Locations and Site Preparation   

The exposures were conducted in two streams within the STIA property boundaries: Miller 

Creek and Des Moines Creek (Figure 1).  Two of the sites, Miller Creek and Des Moines Creek at 

S 200th, are located downstream of STIA inputs into their respective drainages. An additional 

site (Des Moines Creek Upstream) is located upstream of STIA stormwater outfalls into Des 

Moines Creek. This site is used to assess water quality in Des Moines Creek prior to receiving 

any STIA stormwater discharges; the Des Moines Creek basin upstream of STIA is heavily 

urbanized and potentially impacted by a variety of pollutant sources.   

Results from 2010 concluded that the chosen sampling sites generally do not have ideal 

substrate conditions and are subjected to heavy sediment flow during storm events.  

Consequently, all four exposure replicates at each site were placed above the substrate in gravel 

contained within PVC crate frames (see Figure 2) anchored to the substrate with steel stakes. 

The crates were placed so that replicate crates rested on the streambed in a row from upstream 

to downstream, at a sufficient distance apart such that flow patterns were re-established 

between each crate. This approach allowed for passage of water through the exposure 

chambers, but prevented smothering of embryos and fry by sediment. 
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2.3  Field Exposure Apparatus 

 

The trout embryos were contained in modified Whitlock-Vibert hatchboxes (Federation of 

Flyfishers, MO), which are comprised of two rectangular chambers located one above the other; 

the upper chamber is for embryo development and the lower chamber for rearing of hatched 

fish.  The external sides of the hatchbox are plastic mesh that allows passage of water through 

the box, but prevents loss of embryos.  The divider between the embryo chamber and the 

rearing chamber is comprised of slots that are narrow enough to prevent transfer of unhatched 

embryos, but wide enough to permit migration of hatched fish into the lower rearing chamber. 

Thus, upon hatch, alevins are able to migrate through the slots from the embryo chamber into 

the larger rearing chamber.  To prevent escape of the hatched fry into the streams upon swim-

up, plastic screening material (Darice® size 7 mesh) was attached to the external faces of the 

rearing chamber and held in place using small plastic zip ties. 

 

The hatchboxes were contained within flexible plastic mesh bags surrounded by 1 – 2 inch 

diameter gravel, with the hatchbox placed centrally within the rocks in the bag.  The gravel 

surrounding the hatchboxes acts to diffuse the current and prevent exposure of the embryos to 

sunlight. The bags were then placed within the PVC crates, which were held in place in the 

stream by stakes anchored in the substrate (Figure 2). Figure 3 shows the eyed eggs within the 

hatchbox, while Figure 4 is of fry within the hatchbox.  

Figure 2:  Photograph of the crate set up, Des Moines Creek at S 200th. 

 

 



Fall 2012 /Spring 2013 In situ testing 

Port of Seattle Seattle-Tacoma International Airport Monitoring Project 

Nautilus Environmental 

Burnaby, BC 8 

 

2.4 Test Organisms 

 

Eyed-egg stage rainbow trout embryos were obtained from TroutLodge in Sumner, WA, on 

October 17, 2012 for the Fall event.  As supplied, the eyed embryos had developed for 

approximately 245 degree-days1, as noted in communication with TroutLodge staff. For the 

Spring event, green eggs and sperm were collected from TroutLodge on March 27, 2013, 

brought to Rainier Environmental Laboratory (REL; Fife, WA) where the eggs were fertilized 

and raised to approximately 252 degree-days. On the day of test initiation for both events, eggs 

were brought to REL, or collected from there, and randomly counted into replicate units of 30 

embryos apiece in individual opaque plastic food-storage containers (i.e., 450-mL Ziploc plastic 

tubs). These containers were then placed in a cooler containing ice packs, and transported to the 

sites where the embryos were transferred into the hatchboxes in the creek on the same day.  The 

embryos were transferred to the sites in laboratory control water, and all embryos were 

installed at the sites between 14:00 and 15:30 on October 17th, 2012 for the Fall event, and 

between 12:00 and 13:30 on April 17th, 2013 for the Spring event.  

 

All personnel handling the embryos wore nitrile gloves. Containers were pre-cleaned with 

Liqui-nox soap (Alconox, Jersey City, NJ) and rinsed with deionized water. 

 

2.5 Controls 

 

Controls were used to assess the influence of the following factors on test results: 

1. Quality (health and viability) of supplied organisms,  

2. Transport and handling of organisms, and 

3. Ambient stream temperatures, which affect the time to developmental milestones (e.g., 

hatch). 

The controls consisted of a laboratory exposure (four replicates of 30 organisms each) conducted 

concurrently with each field exposure in clean laboratory water (moderately hard synthetic 

water [MHSW]) using a subset of the same batch of embryos used to initiate the field exposures. 

These embryos were also counted out, placed into individual plastic containers filled with 

MHSW and transported to the sites with the other replicates; thus, they also served as transport 

                                                      

1 Degree-days are used to standardize descriptions of fish development, regardless of rearing 

temperature. For example, it takes rainbow trout approximately 340 degree-days to reach hatch (Quinn, 

2005). Thus, at 8°C, it takes approximately 42 days to reach hatch. 
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controls. Upon returning to the laboratory after deployment of all field organisms, the control 

replicates were transferred to 4-L plastic containers in the laboratory containing 2 liters of 

MHSW at the average site water temperature, ± 1°C. Gentle aeration was applied (100-200 

bubbles per minute) to the control chambers. The controls were monitored daily for mortalities, 

and dead organisms removed. Temperature was adjusted on a weekly basis to correspond to 

temperatures measured in the field. Water renewals were conducted three times per week 

(Monday, Wednesday, Friday) using clean MHSW. Dissolved oxygen, pH, conductivity, and 

temperature were measured before and after water renewals. Developmental milestones (e.g., 

hatch and swim-up) were also recorded.  
  

 

2.6 Monitoring of Field Exposures 

 

The sites were visited approximately every week to assess the condition of the test organisms. 

During these checks, survival was recorded, as well as qualitative observations of organism 

health, site conditions, and sedimentation within the boxes. All dead organisms observed were 

removed on each visit. These observations were recorded on standard field data sheets included 

in Appendix A. In addition, temperature, pH, dissolved oxygen (DO) and conductivity were 

measured during the site visits.  

 

Monitoring of the installations required removal of the substrate overlying the hatchboxes in 

the crate. The embryos or alevins in each hatchbox were then poured into a white plastic 

dishpan containing site water where they were enumerated.  They were then returned to the 

hatchbox, which was placed back into the mesh-net bag of gravel, the overlying gravel replaced, 

and the bag returned to its respective crate.  Care was taken to minimize disturbance and 

damage to the test organisms.  

 

2.7 Test Termination 

 

The field exposures and laboratory controls were terminated when the field organisms reached 

the swim-up fry stage (i.e., yolk sac absorbed). This occurred on November 14th, 2012 for the 

Fall 2012 exposure, and on May 9th, 2013 for the Spring 2013 exposure. Surviving organisms 

were placed in their original plastic replicate containers filled with site water, transported back 

to the laboratory, and terminated. The fish were then wet-weighed (to the nearest 0.001 gram) 

on an analytical balance, and measured (total length, from tip of the snout to the end of the tail) 

to the nearest 0.5 mm. Obvious external malformations were noted, including the affected body 
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part (e.g., head, eye, spine) and type of abnormality (e.g., edema). Abnormality data were 

recorded on standard data sheets (Appendix A).  The laboratory control fish were evaluated 

similarly on the same day. 

 

2.8 Data Analysis 

 

All test data were entered in CETIS (Comprehensive Environmental Toxicity Information 

System, Tidepool Scientific, McKinleyville, CA). Differences among the exposure sites and 

laboratory controls were evaluated using pair-wise multiple comparison tests according to the 

USEPA flow chart (USEPA 2002); significant differences were identified at p=0.05.  

 

One interim and five terminal endpoints were evaluated; the endpoints are described below: 

1. Hatching success – an interim measure of the percentage of embryos hatched the day of 

the hatch inspection, or determined to have hatched based on the number of alevins 

present at the subsequent inspection, relative to the total number of embryos originally 

added;  

2. Post-hatch survival - the percentage of organisms surviving at test termination relative 

to the number of embryos that hatched  (these data help determine whether the majority 

of mortalities occurred pre- or post-hatch, or were distributed throughout the exposure 

period); 

3. Cumulative survival - the percentage of surviving organisms at test termination relative 

to the number of embryos in each replicate at the beginning of the exposure;  

4. Abnormality – the percentage of abnormal organisms at test termination relative to the 

number of surviving organisms; 

5. Length – to the nearest 0.5 mm; 

6. Weight – to the nearest 0.001 g. 
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3.0 QA/QC 

 

The QA/QC program for the field exposure involved the following: 

• Consistent field staff leader throughout all visits;    

• Field documentation of all primary data; i.e., the names of individuals collecting the 

samples, sampling location, time of sampling, site conditions (e.g., degree of 

sedimentation), and other relevant observations, such as weather and any unusual 

conditions; 

• Calibrated field meters; 

• Use of pre-cleaned containers, with appropriate labels; 

• Storing and transporting organisms in sealed containers in a cold, dark environment; 

cooling sample containers using ice or gel packs; 

• Including transport controls to ascertain the extent of any transport-induced stress; 

• Checking field organisms every week to monitor developmental progress, mortality and 

abnormality. 

 

The QA/QC program for the laboratory portion of the study involved: 

• Checks and maintenance of control organisms at regular intervals, including recording 

primary observations and water quality data on standardized data sheets; 

• Review of datasheets by senior laboratory staff; 

• Test termination activities (measurements, health assessment) conducted by qualified 

staff members using standardized datasheets to ensure consistent assessment of 

abnormalities and growth across all test sites and controls; 

• Use of standard laboratory water and environmental chambers to maintain test 

organisms. 
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trout laboratory bioassays (60-100% saturation, and 6-9 pH units, respectively). The pH values 

were between 6.8 and 7.7, and DO ranged from 9.0 to 12.0 mg/L among all stream 

measurements.  Although limited to weekly measurements, the field DO and pH data 

suggested good water quality conditions, with no indication of potential for adverse effects on 

organism survival and development.  The conductivity measurements for all three sites 

exhibited some variability throughout the exposure period, but the values remained well-within 

ranges tolerated by early life stages of salmonids. 

 

In the Spring 2013 in situ tests, temperatures among the three field sites and the control ranged 

from 10.0 to 16.2⁰C. These temperatures were similar, though slightly warmer than Fall 

temperatures. The field measurements of DO and pH were within acceptable ranges for 

rainbow trout laboratory bioassays. The pH values were between 6.7 and 7.8, and DO ranged 

from 8.9 to 11.0 mg/L among all stream measurements. Consequently, the weekly field 

measurements of DO and pH suggested good water quality conditions, with no indication of 

potential for adverse effects on organism survival and development. As observed in the Fall 

event, the conductivity measurements for all three sites exhibited some variability throughout 

the exposure period, but the values remained well-within ranges tolerated by early life stages of 

salmonids.  

 

During limited periods of both the fall and spring monitoring events, continuous measurements 

of pH and temperature were collected by CardnoTEC using data sondes at the Miller Creek site. 

This data was collected as part of another program and only covered limited portions of the 

exposure periods for the Fall and Spring.  Nonetheless, the continuous monitoring data was in 

general agreement with the values collected during the weekly checks at the site, and are 

presented in Figures 5 and 6 for the Fall and Spring testing events, respectively.  
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Figure 5: Continuous pH and temperature data from Miller Creek, Fall 2012 
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Figure 6: Continuous pH and temperature data from Miller Creek, Spring 2013 
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4.2 Precipitation During the Monitoring Events 

 

Precipitation data were provided by STIA. Figure 7 shows the daily rainfall for the duration of 

the exposure for the Fall 2012 test. A number of storm events occurred during testing, with a 

total of 6.96 inches of rain over 4 weeks, and the largest storm occurring on October 30th.  There 

was no snow during this testing event.  
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Figure 7: Daily rainfall for the duration of Fall exposure 
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Figure 8 contains the daily rainfall for the duration of the exposure for the Spring 2013 test. 

Much less total precipitation (1.3 inches) and fewer storms occurred during this exposure 

period, compared with the Fall. No snow occurred during the exposure period, and the largest 

storm was on April 19th.  

Figure 8: Daily rainfall for the duration of the spring exposure 
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4.3 In situ Exposures 

 

4.3.1 Fall 2012 

 

The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 

summarized in Table 3. Table 4 presents the growth endpoints. These same data are presented 

graphically in Figures 9 through 11 for ease of comparison.  

 

Hatching success – Mean hatching success for the controls was 99.2%. The Miller Creek 

replicates exhibited 71.7% mean hatching success, the Des Moines Creek at S 200th replicates had 

85.8% mean hatching success, while the Des Moines Creek Upstream replicates averaged 60.0% 

mean hatching success. Hatching success at Des Moines Creek at S 200th was not statistically 

different from the controls; however, hatching success at Miller Creek and Des Moines Creek 

Upstream were significantly reduced relative to the control.  

 

Post-hatch survival – Control survival of alevins post-hatch was 98.3%. The Miller Creek 

replicates exhibited 40.6% post-hatch survival, and the Des Moines Creek at S 200th replicates 

exhibited 90.1% post-hatch survival, while the Des Moines Creek Upstream replicates averaged 

84.3%.  Post-hatch survival at the two Des Moines Creek sites were not significantly different 

from the controls.  However, the Miller Creek site was significantly different from the controls.  

  

Cumulative survival – Control survival from the initiation of the test to termination averaged 

97.5%. The Miller Creek replicates exhibited an average survival of 28.3% through the duration 

of the exposure, whereas the Des Moines Creek at S 200th replicates exhibited an average 

survival of 77.5% compared with an average survival of 55.0% at the Des Moines Creek 

Upstream site.  Des Moines Creek at S 200th was not statistically different from the controls, 

whereas both Des Moines Upstream and Miller Creek were significantly reduced compared 

with the controls.   

 

Abnormalities – There were few abnormalities over all, with just one in the controls, one at 

Miller Creek, and none at Des Moines Creek at S 200th; however, there were 4 total, (2 each in 2 

replicates) at Des Moines Creek Upstream. The abnormalities at Des Moines Upstream were 2 

spinal curvatures, one misshapen head, and one case of edema. These finding were not 

significantly different from the control. The abnormalities in both the control and Miller Creek 

fish were spinal curvatures.  
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Growth – Average weight in the controls was 84.6 mg, and length averaged 22.6 mm.  Miller 

Creek fish averaged 80.4 mg and 22.0 mm, Des Moines Creek at S 200th fish averaged 81.0 mg 

and 21.9 mm, and Des Moines Creek Upstream fish averaged 78.4 mg and 22.1 mm. None of the 

differences in length were significant between sites and controls.  Only Des Moines Upstream 

was significantly different from controls for weight. 

Table 3: Results for hatching success, survival and abnormality in the control and field 
treatment groups (Fall 2012)1. 

Site Hatch (%) 
Post-Hatch 

Survival (%) 

Cumulative 

Survival (%) 

Abnormality 

(%) 

Control 99.2 (1.7) 98.3 (1.9) 97.5 (1.7) 0.9 (1.7) 

Miller Creek 71.7 (9.6) 40.6 (20.0) 28.3 (12.3) 8.3 (16.7) 

Des Moines Creek at S 

200th 
85.8 (8.3) 90.1 (5.1) 77.5 (10.7) 0 (0) 

Des Moines Creek 

Upstream 
60.0 (25.4) 84.3 (23.8) 55.0 (32.2) 4.4 (5.1) 

Notes: 

1. Results are presented as mean and standard deviation 

2. Gray shaded values are significantly different from the control 

Table 4: Comparison of growth in the control and field treatment groups (Fall 2012)1. 

Site Length (mm) Weight (mg) 

Control 22.6 (0.30) 84.6 (2.46) 

Miller Creek 22.0 (0.71) 80.4 (5.42) 

Des Moines Creek at South 

200th 

21.9 (0.26) 81.0 (1.22) 

Des Moines Creek Upstream 22.1 (0.61) 78.4 (2.17) 

Notes:  

1. Results are presented as mean and standard deviation 

2. Gray shaded values are significantly different from the control 
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Figure 9: Hatching success, post-hatch survival and cumulative survival in the field and 
control treatment groups (Fall 2012).  
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Error bars are standard deviations; asterisks denote significant difference from controls. 

Figure 10:  Average lengths for the laboratory control and exposure sites (Fall 2012).  

0.0

5.0

10.0

15.0

20.0

25.0

Control Miller Des Moines @

S 200th

Des Moines

Upstream

L
e
n

g
th

 (
m

m
)

 
Data point is the average; box represents range of minimum to maximum values  
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Figure 11: Average weights for the laboratory control and exposure sites (Fall 2012).  
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Data point is the average; box represents range of minimum to maximum values. 

 

4.3.2 Spring 2013 

 

The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 

summarized in Table 5. Table 6 presents the growth endpoints. These same data are presented 

graphically in Figures 12 through 14 for ease of comparison.  

 

Hatching success – Mean hatching success for the controls was 100%. The Miller Creek 

replicates exhibited 98.3% mean hatching success, the Des Moines Creek at S 200th replicates 

had 95.0% hatching success, and the Des Moines Creek Upstream replicates averaged 90.8% 

hatching success. There were no significant differences in hatching success among the treatment 

and control groups. 

 

Post-hatch survival – Control survival of alevins post-hatch was 97.5%. The Miller Creek 

replicates averaged 90.8% post-hatch survival, compared with 90.7% survival at Des Moines 

Creek at S 200th, and 77.2% at Des Moines Upstream. Only Des Moines Upstream was 

significantly different from controls.  

  

Cumulative survival – Control survival from the initiation of the test to termination averaged 

97.5%. The Miller Creek replicates exhibited an average survival of 89.2% through the duration 
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of the exposure, while Des Moines Creek at S 200th replicates averaged 85.8% survival; both of 

these values were not significantly different from the controls.  The Des Moines Upstream 

replicates exhibited 70.0% survival at the end of the exposure, which was significantly different 

from the controls.   

 

Abnormalities -- There were few abnormalities over all, with just two in the controls, none at 

Miller Creek, and one at Des Moines Creek at S 200th, and one at Des Moines Creek Upstream. 

The abnormalities were one head shape, and three cases of edema. There were no significant 

differences from the controls.  

 

Growth – Average weight in the controls was 156.2 mg, and length averaged 27.0 mm.  Miller 

Creek fish averaged 153.4 mg and 26.6 mm, Des Moines Creek at S 200th fish averaged 152.8 mg 

and 26.5 mm, and Des Moines Creek Upstream fish averaged 152.0 mg and 26.6 mm. None of 

the differences in length were significant between sites and controls.  Des Moines Upstream was 

significantly different from controls for weight.   

Table 5: Hatching success, survival and abnormality in the control and field treatment 
groups (Spring 2013)1. 

Site Hatch (%) 
Post-Hatch 

Survival (%) 

Cumulative 

Survival (%) 

Abnormality 

(%) 

Control 100 (0) 97.5 (3.2) 97.5 (3.2) 1.7 (3.5) 

Miller Creek 98.3 (1.9) 90.7 (10.3) 89.2 (9.6) 0 (0) 

Des Moines Creek at S 200th  95.0 (7.9) 90.7 (10.9) 85.8 (10.0) 1.0 (2.0) 

Des Moines Upstream 90.8 (10.7) 77.2 (5.4) 70.0 (8.6) 1.3 (2.5) 

Notes: 

1. Results are presented as mean and standard deviation 

2. Gray shaded values are significantly different from the control 

Table 6: Comparison of growth in the control and field treatment groups (Spring 2013). 

Site Length (mm) Weight (mg) 

Control 27.0 (0.31) 156.2 (1.7) 

Miller Creek 26.6 (0.75) 153.4 (1.9) 

Des Moines Creek at S 200th  26.5 (0.65) 152.8 (4.0) 

Des Moines Upstream 26.6 (0.39) 152.0 (2.6) 

Notes:  

1. Results are presented as mean and standard deviation 

2. Gray shaded values are significantly different from the control 
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Figure 12: Hatching success, post-hatch survival and cumulative survival in the field and 
control treatment groups (Spring 2013).  
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Error bars are standard deviations, asterisks denotes significant difference from controls. 

Figure 13:  Average lengths for the control and exposure groups (Spring 2013).  

0.0

5.0

10.0

15.0

20.0

25.0

30.0

Control Miller Des Moines @

S 200th

Des Moines

Upstream

L
e
n

g
th

 (
m

m
)

 
Data point is the average; box represents range of minimum to maximum values.  
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Figure 14:  Average weights for the control and exposure groups (Spring 2013).  
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4.4 Field Observations 

 

During both testing events, hatch boxes were observed to be free of accumulating biofilm or 

other accumulation of organic material. During the Fall 2012 event, spawning salmon were 

observed in Miller Creek and in Des Moines Creek at S 200th. During both events, crayfish were 

often found within the crates at all sites, but not within the hatchboxes.  Accumulation of 

sediments within the hatch boxes was observed during the Fall 2012 event at the Miller Creek 

site, with sediment volume reaching 80% and greater within the boxes.   

 

4.5 Comparison of in situ and sublethal tests 

 

In addition to the in situ testing, STIA also collects samples from the receiving water 

downstream of stormwater outfalls for sublethal toxicity testing with rainbow trout embryos 

during storm events: once in the fall, once in the spring, and once during deicing conditions 

each year. Including the initial first attempt in Fall 2010, there were 4 sampling periods for 

sublethal testing that overlapped with the in situ deployments (Table 7). As the upstream Des 

Moines Creek station is above any Airport outfalls, it is not included in the sublethal testing, so 

discussion here is limited to comparisons of Miller Creek (in situ) with MC8th (sublethal), and 
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Des Moines Creek at S 200th (in situ), with DME and EWCONF (sublethal). The Fall 2010 

sublethal samples overlapped with the initial deployment of the in situ tests (i.e., the in-gravel 

portion of the exposures only). There was no toxicity in the laboratory tests, but the in situ 

replicates in both creeks were buried by a major precipitation event and needed to be restarted. 

The deicing sublethal samples in 2011 overlapped with the repeated Fall/Winter 2010 in situ 

testing; the DME and EWCONF sublethal samples exhibited toxicity in the laboratory, and 

toxicity was also observed in the in situ Des Moines Creek at S 200th site. There was no toxicity 

in Miller Creek or MC8th. There was no overlap in tests during either the Spring 2011 and 

Fall/Winter 2011 testing periods. The Spring 2012 sublethal tests coincided with the in situ 

exposures, and neither test type exhibited toxicity at the downstream locations. The two test 

types also overlapped during the Fall 2012 exposure period; adverse effects were observed in 

the Miller Creek in situ exposure, but not in any of the laboratory tests or at the downstream in 

situ exposure conducted on Des Moines Creek.  

 

Table 7: Comparison of responses in sublethal and in situ tests. 

 In situ test results Sublethal test results 

Fall 2010- 1st Attempt Restart due to burial of 

replicates 

Non-toxic 

Fall/Winter 2010 Effects observed at Des 

Moines at S 200th 

Toxicity in DME and 

EWCONF 

Spring 2011 No overlap 

Fall/Winter 2011 No overlap 

Spring 2012 No effects observed Non-toxic 

Fall 2012 Effects observed at Miller 

Creek 

Non-toxic 

Spring 2013 No overlap 
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5.0 DISCUSSION 

 

The results of the Fall and Spring testing events that have been conducted to date are shown in 

Figures 15 and 16, respectively.  Review of these data suggest that adverse effects are more 

consistently observed during the Fall exposure period, with the Fall season tending to receive 

substantially more precipitation than the Spring. It should also be noted, however, that the Fall 

events of the previous two years (2010 and 2011) extended into the Winter months and 

therefore, would have also reflected the effects of snow and winter conditions.   

 

In Fall 2012, adverse effects on survival were observed in Miller Creek, with both hatching 

success and post-hatch survival significantly reduced compared to the controls. Sedimentation 

can be an issue at the Miller Creek site, particularly in the Fall after large storm events, and was 

again observed during the Fall 2012 event. The sedimentation is likely the result of 

comparatively large precipitation events and corresponding elevations in stream flow that lead 

to channel erosion and bedload movement, resulting in suspended sediments that tend to settle 

in the hatchboxes. Salmonid early life stages are known to be sensitive to suspended sediments, 

with concentrations as low as 7 mg/L resulting in reduced egg survival (BCMOE 1997). 

Notably, toxicity and chemistry data from STIA outfalls discharging upstream of the Miller 

Creek exposure location indicate no toxicity and low levels of turbidity and metals, suggesting 

that STIA inputs are not related to adverse effects observed in the in situ exposures.   

Figure 15: Year to year comparisons of cumulative survival across sites during Fall 
events. 
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Figure 16: Year to year comparisons of cumulative survival across sites during Spring 
testing events. 
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Regardless of seasonal differences, perhaps the most notable observation associated with these 

tests is the continued level of adverse effects found at the Upstream Des Moines Creek site. 

Adverse effects have been observed at this site during all monitoring events, and are present 

during both Spring and Fall. Since this site is located near the headwaters of Des Moines Creek, 

causes of impacts at this site arise outside of STIA property and have the potential to extend 

further downstream. The results of this study have been previously communicated to the City 

of SeaTac, who are working to identify and remove illicit discharges and connections in the 

watershed through the City’s illicit discharge detection and elimination program, which 

appears to be working, given the improvement in this site in Fall 2012 and Spring 2013 

compared to previous years.  

 

Overall, there has been general good agreement with results in the field and laboratory, with 

the laboratory tests helping to provide additional insight into the results of the field (i.e., in situ) 

tests.  For example, lack of toxicity in the laboratory exposures may be helpful in terms of 

interpreting whether dissolved contaminants or suspended sediments are causing toxicity in the 

in situ exposures. 

 

Finally, over the course of developing the in situ approach for use in the Airport’s monitoring 

program, adjustments have been made in sampling location and methodology to address 

sedimentation impacts to the hatchboxes.  However, sedimentation within the hatchboxes, even 
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with “above-gravel” installation, is still being observed at Miller Creek.  Consequently, future 

testing will explore additional options for altering the exposure methodology and/or exposure 

sites in a manner that will more fully address this question.   
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1.0 INFORMATION 
 
This report presents the results of the rainbow trout (RBT) early life stage (ELS) in situ 
monitoring tests conducted in the Fall 2013 and Spring 2014, as described in the Port of Seattle’s 
Seattle-Tacoma International Airport In situ Monitoring Plan, Phase 1: Development and 
Demonstration (Nautilus 2010). The objective of this program is to demonstrate the feasibility of 
using salmonid ELS as an in situ monitoring tool to assess the quality of receiving waters 
potentially affected by stormwater discharges from the Seattle-Tacoma International Airport 
(STIA), as well as a multitude of other discharges from the surrounding urban environment. 
Results for studies conducted in Fall 2010/Spring 2011, Fall 2011/Spring 2012, and Fall 
2014/Spring 2013 have been presented previously (Nautilus 2011, Nautilus 2012, and Nautilus 
2013, respectively).  
 
Results from the in situ bioassays and supporting analytical data are intended to provide an 
indication of attainment of receiving water quality standards and associated beneficial uses 
related to salmonid spawning and rearing.  Thus, the overall goal of Phase 1 is to validate the in 
situ approach, particularly with respect to determining if the selected sites and exposure 
methodologies are appropriate, or if they need to be modified to compensate for confounding 
variables (e.g., deposition of fine sediments, mobilization of anoxic sediments during storm 
events, etc.). Applied under the appropriate conditions, it is anticipated that the RBT in situ ELS 
bioassay will be an effective instream biological monitoring tool for assessing the potential 
effects of stormwater discharges on the receiving environment.  
 
Phase I of the In Situ Monitoring Plan (i.e., Development and Demonstration) was originally 
intended to last for one year and include testing during the Spring and Fall seasons.  However, 
this Phase was extended to allow for additional comparisons with the laboratory sublethal 
testing being conducted by the STIA at sites downstream of Port outfalls, as specified in Part II, 
Special Condition S8 of NPDES Permit No. WA-002465-1. The laboratory sublethal toxicity 
testing is used for permit compliance purposes, and has been conducted concurrently with in 
situ deployments (when feasible) to facilitate validation of the in situ methodology. A 
comparison of the two methods is presented in the Combined Acute, Sublethal, and In Situ 
Report (Nautilus 2013). 
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2.0 TEST METHODS 
 
Guidance for conducting in situ ELS exposures with salmonids is available from a number of 
sources. For example, the British Columbia Ministry of Environment has a protocol for an in situ 
ELS salmonid test (BCMOE, 2003). In addition, Environment Canada has developed both 
laboratory and in situ test procedures for early life stages of rainbow trout (Environment 
Canada, 1998).  In the U.S., there are two general laboratory protocols for conducting fish early 
life stage toxicity tests (EPA, 1996; ASTM, 2005). The procedures used in this study reflect 
refinements made to the general guidance provided in the documents above (Chalmers et al, 
2014), and have been used successfully at a number of sites in both Canada and the United 
States. Additional refinements specific to applying the method to waterways present on Airport 
property are included in the descriptions below. 
 
2.1 Design 
 
The study design used for the Fall 2013 and Spring 2014 in situ testing involved exposure of 
eyed-embryos at three sampling sites, using four replicates per site with 30 embryos per 
replicate. The locations of the sites are shown in Figure 1. The Study Design was consistent with 
the methodology used in the five previous monitoring events in which the sites located on 
Miller and Des Moines Creeks downstream of all Airport discharges were augmented by an 
additional site on Des Moines Creek located upstream of any Airport discharges. The additional 
site (i.e., Des Moines Creek Upstream) was included to determine the extent to which sources 
upstream of any STIA inputs may contribute to adverse effects observed at the downstream site 
on Des Moines Creek.  
 
The exposure duration used in the in situ tests covers the major salmonid early life stage 
developmental milestones, beginning with the eyed egg stage, proceeding through hatching 
and alevin stages (yolk sac present and residing in the gravel), and ending with the early fry 
stage (also known as swim-up fry). At this point, the yolk sac is absorbed and, under natural 
conditions, the fish would leave the gravel to feed independently. The duration of the exposure 
period is expected to include multiple rain/runoff events, and corresponding fluctuations in 
flow, contaminant concentrations, temperature, water chemistry, etc. Collectively, these 
attributes of the in situ approach provide highly relevant information regarding the suitability 
of waterbodies to support salmonids (Chalmers et al, 2014).   
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The eyed eggs for both in situ events were supplied locally by TroutLodge (Sumner, WA), 
which supplies RBT eggs and sperm for the laboratory sublethal toxicity tests required in 
STIA’s NPDES stormwater permit. The status of the in situ organisms was routinely monitored 
during the exposure, as well as at specific developmental stages and after significant storm 
events. Data were obtained on hatching, survival, development and growth. A subset of 
embryos was also reared in the laboratory to assess organism quality. Weekly temperature 
measurements from the field were used to adjust rearing temperatures for the laboratory 
controls so that development in the controls could be used to trigger field inspections at specific 
times (e.g., hatch, swim-up). 
 
2.2 Monitoring Locations and Site Preparations 
 
The exposures were conducted in two streams within the STIA property boundaries: Miller 
Creek and Des Moines Creek (Figure 1).  Two of the sites, Miller Creek and Des Moines Creek at 
S 200th, are located downstream of STIA inputs into their respective drainages. An additional 
site (Des Moines Creek Upstream) is located upstream of STIA stormwater outfalls into Des 
Moines Creek. This site is used to assess water quality in Des Moines Creek prior to receiving 
any STIA stormwater discharges; the Des Moines Creek basin upstream of STIA is heavily 
urbanized and potentially impacted by a variety of pollutant sources.   
 
Results from 2010 concluded that the chosen sampling sites generally do not have ideal 
substrate conditions and are subjected to heavy sediment flow during storm events.  
Consequently, all four exposure replicates at each site were placed above the substrate in gravel 
contained within PVC crate frames (see Figure 2) anchored to the substrate with steel stakes. 
The replicate crates at each site were placed in a row on the streambed, from upstream to 
downstream, at a sufficient distance apart so that flow patterns were re-established between 
each crate. This approach allowed for passage of water through the exposure chambers, but 
prevented smothering of embryos and fry by sediment. 
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2.3 Field Exposure Apparatus 
 
 The trout embryos were contained in modified Whitlock-Vibert hatchboxes (Federation of 
Flyfishers, MO), which are comprised of two rectangular chambers located one above the other; 
the upper chamber is for embryo development and the lower chamber for rearing of hatched 
fish.  The external sides of the hatchbox are plastic mesh that allows passage of water through 
the box, but prevents loss of embryos. The divider between the embryo chamber and the 
rearing chamber is comprised of slots that are narrow enough to prevent transfer of unhatched 
embryos, but wide enough to permit migration of hatched fish into the lower rearing chamber. 
Thus, upon hatch, alevins are able to migrate through the slots from the embryo chamber into 
the larger rearing chamber.  To prevent escape of the hatched fry into the streams upon swim-
up, plastic screening material (Darice® size 7 mesh) was attached to the external faces of the 
rearing chamber and held in place using small plastic zip ties. 
 
The hatchboxes were contained within flexible plastic mesh bags surrounded by 1 – 2 inch 
diameter gravel, with the hatchbox placed centrally within the rocks in the bag.  The gravel 
surrounding the hatchboxes acts to diffuse the current and prevent exposure of the embryos to 
sunlight. The bags were then placed within the PVC crates, which were held in place in the 
stream by stakes anchored in the substrate (Figure 2). Figure 3 shows the eyed eggs within the 
hatchbox, while Figure 4 is of fry within the hatchbox. 
 

Figure 2: Photograph of the crate set up, Des Moines Creek at S 200th.  
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2.4 Test Organisms 
 
Eyed-egg stage rainbow trout embryos were obtained from TroutLodge on October 9, 2013 for 
the Fall event and April 9, 2014 for the Spring event. As supplied, the eyed embryos had 
developed for approximately 245 degree-days1, as noted in communication with TroutLodge 
staff. On the day of test initiation for both events, eggs were brought to Rainier Environmental 
Laboratory (REL; Fife, WA), and randomly counted into replicate units of 30 embryos apiece in 
individual opaque plastic food-storage containers (i.e., 450-mL Ziploc plastic tubs). These 
containers were then placed in a cooler containing ice packs, and transported to the sites where 
the embryos were transferred into the hatchboxes in the creek on the same day.  The embryos 
were transferred to the sites in laboratory control water, and all embryos were installed at the 
sites between 14:00 and 15:15 on October 9, 2013 for the Fall event, and between 13:45 and 15:45 
on April 9, 2014 for the Spring event.  
 
All personnel handling the embryos wore nitrile gloves. Containers were pre-cleaned with 
Liqui-nox soap (Alconox, Jersey City, NJ) and rinsed with deionized water. 
 
 
2.5 Controls 
 
Controls were used to assess the influence of the following factors on test results: 
1. Quality (health and viability) of supplied organisms,  
2. Transport and handling of organisms, and 
3. Ambient stream temperatures, which affect the time to developmental milestones (e.g., 
hatch). 
 
The controls consisted of a laboratory exposure (four replicates of 30 organisms each) conducted 
concurrently with each field exposure in clean laboratory water (moderately hard synthetic 
water [MHSW]) using a subset of the same batch of embryos used to initiate the field exposures. 
These embryos were also counted out, placed into individual plastic containers filled with 
MHSW and transported to the sites with the other replicates; thus, they also served as transport 

1 Degree-days are used to standardize descriptions of fish development, regardless of rearing 

temperature. For example, it takes rainbow trout approximately 340 degree-days to reach hatch (Quinn, 

2005). Thus, at 8°C, it takes approximately 42 days to reach hatch.  
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controls. Upon returning to the laboratory after deployment of all field organisms, the control 
replicates were transferred to 4-L plastic containers in the laboratory containing 2 liters of 
MHSW at the average site water temperature, ±1°C. The control chambers are held in the dark, 
and gentle aeration was applied (100-200 bubbles per minute). The controls were monitored 
daily for mortalities, and dead organisms removed. Temperature was adjusted on a weekly 
basis to correspond to temperatures measured in the field. Water renewals were conducted 
three times per week (Monday, Wednesday, Friday) using clean MHSW. Dissolved oxygen, pH, 
conductivity, and temperature were measured before and after water renewals. Developmental 
milestones (e.g., hatch and swim-up) were also recorded. 
 
2.6 Monitoring of Field Exposures 
 
The sites were visited at approximately weekly intervals to assess the condition of the test 
organisms. During these checks, survival was recorded, as well as qualitative observations of 
organism health, site conditions, and sedimentation within the boxes. All dead organisms 
observed were removed on each visit. These observations were recorded on standard field data 
sheets included in Appendix A. In addition, temperature, pH, dissolved oxygen (DO) and 
conductivity were measured during the site visits.  
 
Monitoring of the installations required removal of the substrate overlying the hatchboxes in 
the crate. The embryos or alevins in each hatchbox were then poured into a plastic dishpan 
containing site water where they were enumerated.  They were then returned to the hatchbox, 
which was placed back into the mesh-net bag of gravel, the overlying gravel replaced, and the 
bag returned to its respective crate.  Care was taken to minimize disturbance and damage to the 
test organisms. 
 
2.7 Test Termination 
 
The field exposures and laboratory controls were terminated when the field organisms reached 
the swim-up fry stage (i.e., yolk sac absorbed). This occurred on November 6, 2013 for the Fall 
exposure, and on May 6, 2014 for the Spring exposure. Surviving organisms were placed in 
their original plastic replicate containers filled with site water, transported back to the 
laboratory, and terminated. The fish were then wet-weighed (to the nearest 0.001 gram) on an 
analytical balance, and measured (total length, from tip of the snout to the end of the tail) to the 
nearest 0.5 mm. Obvious external malformations were noted, including the affected body part 
(e.g., head, eye, spine) and type of abnormality (e.g., edema). Abnormality data were recorded 
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on standard data sheets (Appendix A).  The laboratory control fish were evaluated similarly on 
the same day. 
 
2.8 Data Analysis 
 
All test data were entered in CETIS (Comprehensive Environmental Toxicity Information 
System, Tidepool Scientific, McKinleyville, CA). Differences among the exposure sites and 
laboratory controls were evaluated using pair-wise multiple comparison tests according to the 
USEPA flow chart (USEPA 2002); significant differences were identified at p≤0.05.  
 
One interim and five terminal endpoints were evaluated; the endpoints are described below: 

1. Hatching success – an interim measure of the percentage of embryos hatched the day 
of the hatch inspection, or determined to have hatched based on the number of 
alevins present at the subsequent inspection, relative to the total number of embryos 
originally added;  

2. Post-hatch survival - the percentage of organisms surviving at test termination 
relative to the number of embryos that hatched  (these data help determine whether 
the majority of mortalities occurred pre- or post-hatch, or were distributed 
throughout the exposure period); 

3. Cumulative survival - the percentage of surviving organisms at test termination 
relative to the number of embryos in each replicate at the beginning of the exposure;  

4. Abnormality – the percentage of abnormal organisms at test termination relative to 
the number of surviving organisms; 

5. Length – to the nearest 0.5 mm; 
6. Weight – to the nearest 0.001 g. 

 

10 

 



Fall 2013 /Spring 2014 In situ testing 
Port of Seattle Seattle-Tacoma International Airport Monitoring Project 

3.0 QA/QC 
 
The QA/QC program for the field exposure involved the following: 

• Consistent field staff leader throughout all visits;    
• Field documentation of all primary data; i.e., the names of individuals collecting 

the samples, sampling location, time of sampling, site conditions (e.g., degree of 
sedimentation), and other relevant observations, such as weather and any 
unusual conditions; 

• Calibrated field meters; 
• Use of pre-cleaned containers, with appropriate labels; 
• Storing and transporting organisms in sealed containers in a cold, dark 

environment; cooling sample containers using ice or gel packs; 
• Including transport controls to ascertain the extent of any transport-induced 

stress; 
• Checking field organisms every week to monitor developmental progress, 

mortality and abnormality. 
 
The QA/QC program for the laboratory portion of the study involved: 

• Checks and maintenance of control organisms at regular intervals, including 
recording primary observations and water quality data on standardized data 
sheets; 

• Review of datasheets by senior laboratory staff; 
• Test termination activities (measurements, health assessment) conducted by 

qualified staff members using standardized datasheets to ensure consistent 
assessment of abnormalities and growth across all test sites and controls; 

• Use of standard laboratory water and environmental chambers to maintain test 
organisms. 
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4.0 RESULTS 
 
4.1 Water Quality Measurements 
 
Water quality measurements are summarized in Tables 1 and 2 for the Fall 2013 and Spring 
2014 monitoring events, respectively.  
 

Table 1: Summary of water quality measurements collected during site visits and 
control renewals (Fall 2013). 

Creek 

 Temperature 
(°C) DO (mg/L) pH (units) 

Specific 
Conductance 

(uS/cm) 
Control X  (SD) 

[Min-Max] 
11.3 (1.2) 

[8.6 – 12.4] 
9.3 (0.2) 

[8.9– 9.7] 
7.38 (0.14) 

[7.19 – 7.67] 
264.4 (3.5) 
[257 - 271] 

Miller Creek  9.8 (1.4) 
[8.0 – 11.7] 

10.4 (0.5) 
[9.8-10.9] 

7.31 (0.13) 
[7.14 – 7.50] 

271.8 (53.4) 
[182 - 307] 

Des Moines 
Creek at S 200th 

 10.2 (1.2) 
[8.5 – 11.9] 

10.7 (1.4) 
[9.1 – 12.9] 

7.08 (0.36) 
[6.74 – 7.54] 

187.8 (32.8) 
[141 - 224] 

Des Moines 
Creek Upstream 

 12.3 (1.4) 
[10.5– 14.1] 

9.9 (0.3) 
[9.4 – 10.2] 

6.87 (0.29) 
[6.50 – 7.19] 

107.2 (13.3) 
[94 - 126] 

 

Table 2: Summary of water quality measurements collected during site visits and 
control renewals (Spring 2014). 

Creek 

 Temperature 
(°C) DO (mg/L) pH (units) 

Specific 
Conductance 

(uS/cm) 
Control X  (SD) 

[Min-Max] 
12.0 (0.2) 

[11.5 – 12.4] 
9.1 (0.3) 

[8.3 – 9.4] 
7.45 (0.13) 

[7.17 – 7.67] 
284.9 (22.4) 
[244 - 312] 

Miller Creek  11.9 (1.0) 
[10.7 – 13.3] 

11.3 (1.1) 
[10.5 – 13.1] 

6.96 (0.62) 
[6.05 – 7.78] 

201.2 (46.8) 
[148 - 270] 

Des Moines 
Creek at S 200th 

 12.6 (1.0) 
[11.3 – 13.8] 

9.9 (0.6) 
[9.1 – 10.72] 

6.89 (0.39) 
[6.34 – 7.44] 

140.4 (30.8) 
[98 - 168] 

Des Moines 
Creek Upstream 

 12.8 (0.3) 
[12.5 – 13.1] 

10.2 (0.5) 
[9.7 – 10.7] 

6.77 (0.44) 
[6.26 – 7.03] 

92.0 (11.3) 
[79 - 99] 
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In the Fall 2013 in situ tests, temperatures for the three field sites and the control ranged from 
8.0 to 14.1⁰C. The field measurements of DO and pH were within acceptable ranges for rainbow 
trout laboratory bioassays (60-100% saturation, and 6-9 pH units, respectively). The pH values 
were between 6.5 and 7.7, and DO ranged from 9.1 to 12.9 mg/L among all stream 
measurements. Although limited to weekly measurements, the field DO and pH data suggested 
good water quality conditions, with no indication of potential for adverse effects on organism 
survival and development. The conductivity measurements for all three sites exhibited some 
variability throughout the exposure period, but the values remained well-within ranges 
tolerated by early life stages of salmonids. 
 
In the Spring 2014 in situ tests, temperatures among the three field sites and the control ranged 
from 10.7 to 13.8⁰C. These temperatures were similar to Fall temperatures. The field 
measurements of DO and pH were within acceptable ranges for rainbow trout laboratory 
bioassays. The pH values were between 6.1 and 7.8, and DO ranged from 9.1 to 13.1 mg/L 
among all stream measurements. Consequently, the weekly field measurements of DO and pH 
suggested good water quality conditions, with no indication of potential for adverse effects on 
organism survival and development. As observed in the Fall event, the conductivity 
measurements for all three sites exhibited some variability throughout the exposure period, but 
the values remained well-within ranges tolerated by early life stages of salmonids.  
 
Continuous measurements of pH were collected by CardnoTEC at the Miller Creek site using 
data sondes for limited periods primarily during the Fall 2013 monitoring event. These data 
were collected as part of another program, and show short-term variability in pH.  The data are 
presented in Figure 5 for the Fall 2013 testing event. 
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Figure 5: Continuous pH data from Miller Creek, Fall 2013. 

 

 
 

4.2 Precipitation During the Monitoring Events 
 
Precipitation data were provided by STIA. Figure 6 shows the daily rainfall for the duration of 
the exposure for the Fall 2013 test. A limited number of storm events occurred during the in situ 
deployment, with a total of 1.53 inches of rain over 4 weeks.  There was no snow during this 
testing event.  Figure 7 shows the daily rainfall for the duration of the Spring 2014 exposure. 
Appreciably more rain (5.37 in) fell during the Spring event compared with the Fall. No snow 
occurred during the exposure period, and the largest storm was May 3rd. 
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Figure 6: Daily rainfall for the duration of Fall 2013 exposure. 

 
 

Figure 7: Daily rainfall for the duration of the Spring 2014 exposure. 
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4.3 In situ exposures 
 
4.3.1 Fall 2013 
 
The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 
summarized in Table 3. Table 4 presents the growth endpoints. These same data are presented 
graphically in Figures 9 through 11 for ease of comparison.  
 
During an interim check after the embryos had hatched, one of the replicates at Miller Creek 
was found without alive or dead alevins. As there is normally evidence of fish mortality in a 
replicate, the lack of any carcasses suggests escapement. Therefore, this replicate was removed 
from statistical analysis for all endpoints except hatching success.  
 
Hatching success – Mean hatching success for the controls was 99.2%, compared with 58.3% at 
Miller Creek, 95.0% at Des Moines Creek at S 200th, and 44.2% at Des Moines Creek Upstream. 
Hatching success at Des Moines Creek at S 200th was not statistically different from the 
controls; however, hatching success at Miller Creek and Des Moines Creek Upstream were 
significantly reduced relative to the controls.  
 
Post-hatch survival – Control survival of alevins post-hatch was 100%, compared with 61.6% at 
Miller Creek, 93.8% at Des Moines Creek at S 200th, and 11.2% Des Moines Creek Upstream.  
Post-hatch survival at Des Moines Creek Upstream and Miller Creek sites were significantly 
different from the controls.  However, there was no difference in post-hatch survival between 
the controls and Des Moines Creek at S 200th.  
  
Cumulative survival – Control survival from the initiation of the test to termination averaged 
99.2%. For comparison, cumulative survival at the exposure sites averaged 45.6% at Miller 
Creek, 89.2% at Des Moines Creek at S 200th, and 5.8% at the Des Moines Creek Upstream site.  
Survival at Des Moines Creek at S 200th was not statistically different from the controls, 
whereas both Des Moines Upstream and Miller Creek were significantly reduced compared 
with the controls.   
 
Abnormalities – There were few abnormalities observed across all treatments, with just one in the 
controls, one at Miller Creek, and one at Des Moines Creek at S 200th. The control fish exhibited 
edema, while the abnormal fish at Miller Creek was missing its tail, and the fish at Des Moines 
Creek at S 200th had small and misshapen eyes. 
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Growth – Average weight in the controls was 80.0 mg, and length averaged 22.4 mm.  For 
comparison, Miller Creek fish averaged 64.2 mg and 20.8 mm, fish exposed at Des Moines 
Creek at S 200th averaged 76.7 mg and 21.9 mm, and Des Moines Creek Upstream fish averaged 
76.0 mg and 21.7 mm, for weight and length, respectively. Growth of fish from Des Moines 
Creek Upstream (length only) and Miller Creek (length and weight) was significantly less than 
observed in the controls.  
 

Table 3: Results for hatching success, survival and abnormality in the control and field 
treatment groups (Fall 2013)1.  

Site Hatch (%) 
Post-Hatch 

Survival (%) 
Cumulative 
Survival (%) 

Abnormality 
(%) 

Control 99.2 (1.7) 100 (0.0) 99.2 (1.7) 0.9 (1.7) 
Miller Creek 58.3 (22.9) 61.6 (36.4) 45.6 (31.5) 2.0 (3.4) 

Des Moines Creek at S 
200th 

95.0 (7.9) 93.8 (2.0) 89.2 (8.8) 0.9 (1.7) 

Des Moines Creek 
Upstream 

44.2 (15.0) 11.2 (14.1) 5.8 (7.9) 0 (0) 

Notes: 
1. Results are presented as mean and standard deviation. 
2. Shaded values are significantly different from the control. 

 

Table 4: Comparison of growth in the control and field treatment groups (Fall 2013)1. 

Site Length (mm) Weight (mg) 
Control 22.4 (0.64) 80.0 (1.81) 

Miller Creek 20.8 (0.47) 64.2 (4.55) 
Des Moines Creek at South 

200th 
21.9 (0.39) 76.7 (0.93) 

Des Moines Creek Upstream 21.7 (0.42) 76.0 (8.49) 

Notes:  
1. Results are presented as mean and standard deviation 
2. Shaded values are significantly different from the control 
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Figure 8: Hatching success, post-hatch survival and cumulative survival in the field and 
control treatment groups (Fall 2013).  

 
Error bars are standard deviations; asterisks denote significant difference from controls. 

 

Figure 9: Average lengths for the laboratory control and exposure sites (Fall 2013).  

 
Data point is the average; box represents range of minimum to maximum values.  
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Figure 10: Average weights for the laboratory control and exposure sites (Fall 2013). 

 
Data point is the average; box represents range of minimum to maximum values.  

 
4.3.2 Spring 2014 
 
The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 
summarized in Table 5. Table 6 presents the growth endpoints. These same data are presented 
graphically in Figures 12 through 14 for ease of comparison.  
 
Hatching success – Mean hatching success for the controls was 100%, compared with 98.3% at 
Miller Creek, 92.5% at Des Moines Creek at S 200th, and 0.8% at Des Moines Creek Upstream. 
Hatching success at both Des Moines Creek sites was significantly less than the controls 
(p≤0.05); however, since the effect size at Des Moines Creek at S 200th was <10%, the p-value 
was changed to 0.01, per the WDOE guidance document (WDOE 2008), which removed the 
significance.  
 
Post-hatch survival – Control survival of alevins post-hatch was 97.5%, compared with 96.6% at 
Miller Creek, 97.2% at Des Moines Creek at S 200th, and 0% at Des Moines Upstream. Only Des 
Moines Upstream was significantly different from controls.  
  
Cumulative survival – Control survival from the initiation of the test to termination averaged 
97.5%, compared with 94.4% at Miller Creek, and 90.0% at Des Moines Creek at S 200th. Neither 
of these sites differed significantly from the controls. No survival was observed at test 

20 

 



Fall 2013 /Spring 2014 In situ testing 
Port of Seattle Seattle-Tacoma International Airport Monitoring Project 

termination at the Des Moines Upstream site, which was significantly different from the 
controls.   
 
Abnormalities -- There were few abnormalities observed in any of the treatments, with just one in 
the controls, and one at Miller Creek. Both abnormalities were misshapen jaws.  
 
Growth – Average weight in the controls was 124.1 mg, compared with 129.2 mg at Miller Creek, 
and 127.1 mg at Des Moines Creek at S 200th.  Surviving fish averaged 26.6 and 26.5 mm at 
Miller and Des Moines Creek at S 200th, respectively, compared with an average of 26.7 mm in 
the controls. There were no statistical differences in growth among sites. 
 

Table 5: Hatching success, survival and abnormality in the control and field treatment 
groups (Spring 2014)1.  

Site Hatch (%) 
Post-Hatch 

Survival (%) 
Cumulative 
Survival (%) 

Abnormality 
(%) 

Control 100 (0) 97.5 (3.2) 97.5 (3.2) 0.8 (1.7) 
Miller Creek 98.3 (1.9) 96.6 (3.3) 94.4 (1.9) 1.2 (2.1) 

Des Moines Creek at S 200th  92.5 (8.8) 97.2 (1.9) 90.0 (9.4) 0 (0.0) 
Des Moines Upstream 0.8 (1.7) 0 (0.0) 0 (0.0) NA 

Notes: 
1. Results are presented as mean and standard deviation 
2. Shaded values are significantly different from the control 
3. NA- Not applicable 

 

Table 6: Comparison of growth in the control and field treatment groups (Spring 2014)1. 

Site Length (mm) Weight (mg) 
Control 26.7 (0.14) 124.1 (2.5) 

Miller Creek 26.6 (0.3) 129.2 (3.3) 
Des Moines Creek at S 200th  26.5 (0.11) 127.1 (2.7) 

Des Moines Upstream NA NA 

Notes:  
1. Results are presented as mean and standard deviation 
2. Shaded values are significantly different from the control 
3. NA- Not applicable 
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Figure 11: Hatching success, post-hatch survival and cumulative survival in the field and 
control treatment groups (Spring 2014). 

 
Error bars are standard deviations; asterisks denote significant difference from controls. 

 

Figure 12:  Average length for the control and exposure group (Spring 2014). 

 
Data point is the average; box represents range of minimum to maximum values.  
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Figure 13: Average weights for the control and exposure groups (Spring 2014). 

 
Data point is the average; box represents range of minimum to maximum values.  

 
4.4 Field Observations 
 
During both testing events, hatch boxes were observed to be free of biofilm or other 
accumulation of organic material. During both events, crayfish were often found within the 
crates at all sites, but not within the hatchboxes. Tadpoles were observed in the Spring at the 
Miller Creek site. Accumulation of sediments within the hatch boxes was observed during the 
Spring 2014 event at the Miller Creek site, with sediment volume reaching 80% and greater 
within the boxes.  Interestingly, no adverse effects were observed despite the relatively high 
level of sedimentation. 
 
4.5 Relationships Between In Situ and Sublethal Tests 
 
There were no overlaps between the Fall 2013 and Spring 2014 in situ deployments, and 
laboratory sublethal tests.   
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5.0 DISCUSSION 
 
In Fall 2013, adverse effects on survival were observed in Miller Creek, with hatching success, 
post-hatch survival and cumulative survival significantly reduced compared to the controls. 
The rainfall total for Fall 2013 was one of the smallest amounts recorded during an in situ 
exposure over the last 4 years, regardless of season. Therefore, the amount of discharge from 
STIA was limited; the stormwater outfall located immediately upstream of the site was only 
seen discharging on the day of termination. Thus, test conditions during the Fall may have been 
more representative of seasonal base flow conditions. No evidence of adverse effects were 
observed in the hatch boxes deployed at Miller Creek in Spring 2014, which experienced 
appreciably more discharge during the exposure period. 
 
Adverse effects were not observed at Des Moines at S 200th during the Fall or Spring 
deployments. Conversely, significant effects were observed at the Upstream Des Moines Creek 
site in both events. This result is consistent with previous testing events, and continues to 
suggest that there are concerns with water quality at this site.  Notably, this site is located near 
the headwaters of Des Moines Creek, upstream of inputs from STIA property. These findings 
have been communicated to the City of SeaTac, who are working to identify and remove illicit 
discharges and connections in the watershed through the City’s illicit discharge detection and 
elimination program. 
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1.0 INTRODUCTION 
 
This report presents the results of the rainbow trout (RBT) early life stages (ELS) in situ monitoring 
tests conducted in the Fall 2015 and Spring 2016. The objective of this program is to use salmonid 
ELS as an in situ monitoring tool to assess the quality of receiving waters potentially affected by 
stormwater discharges from the Seattle-Tacoma International Airport (STIA), as well as a multitude 
of other discharges from the surrounding urban environment. Results for studies conducted in 
Fall 2010/Spring 2011, Fall 2011/Spring 2012, Fall 2014/Spring 2013, Fall 2013/Spring 2014, and 
Fall 2014/Spring 2015 have been presented previously (Nautilus 2011, Nautilus 2012, Nautilus 
2013, Nautilus 2014, and Nautilus 2015 respectively).  
 
Results from the in situ bioassays and supporting analytical data are intended to provide an 
indication of attainment of receiving water quality standards and associated beneficial uses 
related to salmonid spawning and rearing. Initial Phase 1 testing conducted previously 
demonstrated that the RBT in situ ELS bioassay is an effective instream biological monitoring tool 
for assessing the potential effects of stormwater discharges on the receiving environment.  
 
The sampling events presented herein were conducted under NPDES Permit No. WA-002465-1, 
which was reissued in January 1, 2016. The Fall 2015 event was conducted under Phase I of the In 
Situ Monitoring Plan (i.e., Development and Demonstration), that was originally intended to last 
for one year (2010-2011) and include testing during the Spring and Fall seasons. However, this 
Phase was extended to allow for additional comparisons with the laboratory sublethal testing 
being conducted by the STIA at sites downstream of Port outfalls, as specified in Part II, Special 
Condition S8 of the NPDES permit. The laboratory sublethal toxicity testing is used for permit 
compliance purposes, and has been conducted concurrently with in situ deployments (when 
feasible) to facilitate validation of the in situ methodology. A comparison of the two methods was 
presented in the Combined Acute, Sublethal, and In Situ Report (Nautilus 2013).  
 
The Spring 2016 event falls under the new Permit and is now required to be conducted biannually 
in the fall and spring, corresponding to the spawning regimes of local salmonid species. In 
addition to the locations used during Phase 1 testing, an additional site representing Walker Creek 
has been added to the sampling program. Details of the location are described in Section 2.2 
below. 
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2.0 METHODS 
 
Guidance for conducting in situ ELS exposures with salmonids is available from a number of 
sources. For example, the British Columbia Ministry of Environment has a protocol for an in situ 
ELS salmonid test (BCMOE, 2003). In addition, Environment Canada has developed both laboratory 
and in situ test procedures for early life stages of rainbow trout (Environment Canada, 1998). In 
the U.S., there are two general laboratory protocols for conducting fish early life stage toxicity 
tests (EPA, 1996; ASTM, 2005). The procedures used in this study reflect refinements made to the 
general guidance provided in the documents above (Chalmers et al, 2014), and have been used 
successfully at a number of sites in both Canada and the United States. Additional refinements 
specific to applying the method to waterways present on Airport property are included in the 
descriptions below. 
 
2.1 Design 
 
The study design used for the Fall 2015 and Spring 2016 in situ testing involved exposure of eyed-
embryos at four sampling sites, using four replicates per site with 30 embryos per replicate. The 
locations of the sites are shown in Figure 1. The Study Design was consistent with the 
methodology used in the nine previous monitoring events in which the sites located on 
Miller and Des Moines Creeks downstream of all Airport discharges were augmented by an 
additional site on Des Moines Creek located upstream of any Airport discharges. The additional 
site (i.e., Des Moines Creek Upstream) was included to determine the extent to which sources 
upstream of any STIA inputs may contribute to adverse effects observed at the downstream site 
on Des Moines Creek. New in 2016 is a site located in the headwaters of Walker Creek.  
 
The exposure duration used in the in situ tests covers the major salmonid early life stage 
developmental milestones, beginning with the eyed egg stage, proceeding through hatching and 
alevin stages (yolk sac present and residing in the gravel), and ending with the early fry stage (also 
known as swim-up fry). At this point, the yolk sac is absorbed and, under natural conditions, the 
fish would leave the gravel to feed independently. The duration of the exposure period is expected 
to include multiple rain/runoff events, and corresponding fluctuations in flow, contaminant 
concentrations, temperature, water chemistry, etc. Collectively, these attributes of the in situ 
approach provide highly relevant information regarding the suitability of waterbodies to support 
salmonids (Chalmers et al, 2014).  
 
The eyed eggs for both in situ events were supplied locally by TroutLodge (Sumner, WA), which 
also supplied RBT eggs and sperm for the laboratory sublethal toxicity tests required in STIA’s 
expired NPDES stormwater permit. The status of the in situ organisms was routinely monitored 
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during the exposure, as well as at specific developmental stages and after significant storm events. 
Data were obtained on hatching, survival, development and growth. A subset of embryos was also 
reared in the laboratory to assess organism quality. Weekly temperature measurements from the 
field were used to adjust rearing temperatures for the laboratory controls so that development in 
the controls could be used to trigger field inspections at specific times (e.g., hatch, swim-up). 
 
2.2 Monitoring Locations and Site Preparation 
 
The Fall 2015 exposures were conducted in two streams within the STIA property boundaries: 
Miller Creek and Des Moines Creek (Figure 1). Two of the sites, Miller Creek and Des Moines Creek 
at S 200th, are located downstream of STIA inputs into their respective drainages. An additional 
site (Des Moines Creek Upstream) is located upstream of STIA stormwater outfalls into Des Moines 
Creek. This site is used to assess water quality in Des Moines Creek prior to receiving any STIA 
stormwater discharges; the Des Moines Creek basin upstream of STIA is heavily urbanized and 
potentially impacted by a variety of pollutant sources. For Spring 2016, a site in the headwaters 
of Walker Creek was added in addition to the three sites above. INSERT LOCATION info from Josh. 
 
Results from 2010 concluded that the chosen sampling sites generally do not have ideal substrate 
conditions and are subjected to heavy sediment flow during storm events. Consequently, all four 
exposure replicates at each site were placed above the substrate in gravel contained within PVC 
crates anchored to the substrate with steel stakes. The replicate crates at each site were placed in 
a row on the streambed, from upstream to downstream, at a sufficient distance apart so that flow 
patterns were re-established between each crate. This approach allows passage of water through 
the exposure chambers, but prevents smothering of embryos and fry by sediment. This approach 
was also applied to the new Walker Creek site, as it also lacks appropriate substrate conditions. 
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Figure 1. Map of STIA with receiving monitoring stations. 
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2.3 Field Exposure Apparatus 
 
The trout embryos were contained in modified Whitlock-Vibert hatchboxes (Federation of 
Flyfishers, MO), which are comprised of two rectangular chambers located one above the other; 
the upper chamber is for embryo development and the lower chamber for rearing of hatched fish. 
The external sides of the hatchbox are plastic mesh that allows passage of water through the box, 
but prevents loss of embryos. The divider between the embryo chamber and the rearing chamber 
is comprised of slots that are narrow enough to prevent transfer of unhatched embryos, but wide 
enough to permit migration of hatched fish into the lower rearing chamber. Thus, upon hatch, 
alevins are able to migrate through the slots from the embryo chamber into the larger rearing 
chamber. To prevent escape of the hatched fry into the streams upon swim-up, plastic screening 
material (Darice® size 7 mesh) was attached to the external faces of each rearing chamber and 
held in place using small plastic zip ties. 
 
The hatchboxes were contained within flexible plastic mesh bags surrounded by 1 – 2 inch 
diameter gravel, with the hatchbox placed centrally within the rocks in the bag. The gravel 
surrounding the hatchboxes acts to diffuse the current and prevent exposure of the embryos to 
sunlight. The bags were then placed within the PVC crates, which were held in place in the stream 
by stakes anchored in the substrate (Figure 2). Figure 3 shows the eyed eggs within the hatchbox, 
while Figure 4 is of fry within the hatchbox. 
 

Figure 2. Photograph of the crate set up, Des Moines Creek at S 200th.  
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mortalities, and dead organisms removed. Temperature was adjusted on a weekly basis, as 
needed, to correspond to temperatures measured in the field. Water renewals were conducted 
three times per week (Monday, Wednesday, Friday) using fresh MHSW. Dissolved oxygen (DO), 
pH, conductivity and temperature were measured before and after water renewals. Developmental 
milestones (e.g., hatch and swim-up) were also recorded. 
 
2.6 Monitoring of Field Exposures 
 
The sites were visited at approximately weekly intervals to assess the condition of the test 
organisms. During these checks, survival was recorded, as well as qualitative observations of 
organism health, site conditions and sedimentation within the boxes. All dead organisms observed 
were removed on each visit. These observations were recorded on standard field data sheets 
included in Appendix A. In addition, temperature, pH, DO and conductivity were measured during 
the site visits.  
 
Monitoring of the installations required removal of the substrate overlying the hatchboxes in the 
crates. The embryos or alevins in each hatchbox were then poured into a plastic dishpan 
containing site water where they were enumerated. They were then returned to the hatchbox, 
which was placed back into the mesh-net bag of gravel, the overlying gravel replaced, and the 
bag returned to its respective crate. Care was taken to minimize disturbance and damage to the 
test organisms. 
 
2.7 Test Termination 
 
The field exposures and laboratory controls were terminated when the field organisms reached 
the swim-up fry stage (i.e., yolk sac absorbed). This occurred on December 16, 2015 for the Fall 
exposure, and on April 19, 2016 for the Spring exposure. Surviving organisms were placed in their 
original plastic replicate containers filled with site water, transported back to the laboratory, and 
terminated. The fish were then wet-weighed (to the nearest 0.001 gram) on an analytical balance, 
and measured (total length, from tip of the snout to the end of the tail) to the nearest 0.5 mm. 
Obvious external malformations were noted, including the affected body part (e.g., head, eye, 
spine) and type of abnormality (e.g., edema). Abnormality data were recorded on standard data 
sheets (Appendix A). The laboratory control fish were evaluated similarly on the same day. 
 
2.8 Data Analysis 
 
All test data were entered in CETIS (Comprehensive Environmental Toxicity Information System, 
Tidepool Scientific, McKinleyville, CA). Differences among the exposure sites and laboratory 
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controls were evaluated using pair-wise multiple comparison tests according to the USEPA flow 
chart (USEPA 2002); significant differences were identified at p≤0.05.  
 
One interim and five terminal endpoints were evaluated; the endpoints are described below: 

1. Hatching success – an interim measure of the percentage of embryos hatched the day 
of the hatch inspection, or determined to have hatched based on the number of alevins 
present at the subsequent inspection, relative to the total number of embryos 
originally added;  

2. Post-hatch survival - the percentage of organisms surviving at test termination relative 
to the number of embryos that hatched (these data help determine whether the 
majority of mortalities occurred pre- or post-hatch, or were distributed throughout the 
exposure period); 

3. Cumulative survival - the percentage of surviving organisms at test termination relative 
to the number of embryos in each replicate at the beginning of the exposure;  

4. Abnormality – the percentage of abnormal organisms at test termination relative to 
the number of surviving organisms; 

5. Length – to the nearest 0.5 mm; 
6. Weight – to the nearest 0.001 g. 
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3.0 QA/QC 
 
The QA/QC program for the field exposure involved the following: 

• Consistent field staff leader throughout all visits;   
• Field documentation of all primary data; i.e., the names of individuals collecting the 

samples, sampling location, time of sampling, site conditions (e.g., degree of 
sedimentation), and other relevant observations, such as weather and any unusual 
conditions; 

• Calibrated field meters; 
• Use of pre-cleaned containers, with appropriate labels; 
• Storing and transporting organisms in sealed containers in a cold, dark 

environment; cooling sample containers using ice or gel packs; 
• Including transport controls to ascertain the extent of any transport-induced stress; 
• Checking field organisms every week to monitor developmental progress, 

mortality and abnormality. 
 
The QA/QC program for the laboratory portion of the study involved: 

• Checks and maintenance of control organisms at regular intervals, including 
recording primary observations and water quality data on standardized data 
sheets; 

• Review of datasheets by senior laboratory staff; 
• Test termination activities (measurements, health assessment) conducted by 

qualified staff members using standardized datasheets to ensure consistent 
assessment of abnormalities and growth across all test sites and controls; 

Use of standard laboratory water and environmental chambers to maintain test organisms. 
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4.0 RESULTS 
 
4.1 Water Quality Measurements 
 
Water quality measurements are summarized in Tables 1 and 2 for the Fall 2015 and Spring 2016 
monitoring events, respectively.  
 

Table 1. Summary of water quality measurements collected during site visits and 
control renewals (Fall 2015). 

Creek 

 
Temperature 

(°C) DO (mg/L) pH (units) 

Specific 
Conductance 

(uS/cm) 
Control X  (SD) 

[Min-Max] 

8.1 (2.4) 

[4.8 – 11.5] 

9.4 (0.5) 

[8.4 – 10.1] 

7.48 (0.22) 

[7.12 – 8.03] 

256.0(23.91) 

[212 - 322] 

Miller Creek  7.5 (2.1) 

[4.7 – 9.8] 

11.4 (0.6) 

[10.5 -12.1 ] 

7.18 (0.18) 

[6.98 – 7.48] 

160.5 (20.7) 

[135 - 191] 

Des Moines Creek 
at S 200th 

 7.8 (2.3) 

[5.4 – 10.5] 

9.3 (0.8) 

[7.7 – 9.8] 

6.82 (0.12) 

[6.68 – 7.04] 

148.5 (26.7) 

[106 - 174] 

Des Moines Creek 
Upstream 

 7.5 (2.1) 

[5.0 – 11.8] 

10.2 (0.9) 

[8.8 – 11.2] 

6.43 (0.44) 

[5.81 – 6.96] 

96.7 (10.2) 

[80 - 111] 
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Table 2. Summary of water quality measurements collected during site visits and 
control renewals (Spring 2016).  

Creek 

 
Temperature 

(°C) DO (mg/L) pH (units) 

Specific 
Conductance 

(uS/cm) 
Control X  (SD) 

[Min-Max] 

11.1 (0.3) 

[10.7 – 11.8] 

9.3 (0.4) 

[8.7 – 10.2] 

7.53 (0.28) 

[7.05 – 8.01] 

269.0 (26.1) 

[211 – 299] 

Miller Creek  11.3 (1.9) 

[8.7 – 13.7] 

10.9 (0.7) 

[9.9 – 11.6] 

7.58 (0.16) 

[7.44 – 7.85] 

225.4 (45.6) 

[178 – 271] 

Walker Creek  11.8 (0.4) 

[11.4 – 12.3] 

10.7 (0.2) 

[10.5 – 10.9] 

6.93 (0.13) 

[6.75 – 7.06] 

268.8 (14.2) 

[248 – 280] 

Des Moines Creek 
at S 200th 

 12.0 (1.7) 

[10.2 – 14.3] 

9.4 (0.4) 

[9.1 – 10.1] 

6.89 (0.15) 

[6.63 – 7.00] 

199.8 (33.8) 

[158 – 238] 

Des Moines Creek 
Upstream 

 11.7 (1.8) 

[10.5 – 13.8] 

10.0 (0.6) 

[9.4 – 10.5] 

6.85 (0.17) 

[6.67 – 7.01) 

105.7 (11.5) 

[99 – 119] 

 
In the Fall 2015, temperatures for the three field sites and the control ranged from 4.7 to 11.8⁰C. 
Almost all field measurements of DO and pH were within acceptable ranges for rainbow trout 
laboratory bioassays (60-100% saturation, and 6-9 pH units, respectively). One check at Des 
Moines Creek Upstream measured a pH of 5.81, which was confirmed by calibration recheck upon 
returning to the stormwater laboratory. All other pH values were between 6.68 and 8.03, and DO 
ranged from 7.7 to 12.1 mg/L. Although limited to weekly measurements, the field DO and pH 
data suggested overall good water quality conditions, with limited indication of potential for 
adverse effects on organism survival and development. The conductivity measurements for all 
three sites exhibited some variability throughout the exposure period, but the values remained 
well-within ranges tolerated by early life stages of salmonids. 
 
In the Spring 2016 in situ tests, temperatures among the three field sites and the control ranged 
from 8.7 to 14.3⁰C. The field measurements of DO and pH were within acceptable ranges for 
rainbow trout laboratory bioassays; specifically, the pH values were between 6.63 and 8.01, and 
DO ranged from 8.7 to 11.6 mg/L. These data suggested good water quality conditions, with no 
indication of potential for adverse effects on organism survival and development. As observed in 
the Fall event, the conductivity measurements remained well-within ranges tolerated by early life 
stages of salmonids. 
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4.2 Precipitation during the Monitoring Events 
 
Precipitation data were provided by STIA. Figure 5 shows the daily rainfall for the duration of the 
exposure for the Fall 2015 test. A total of 13.06 inches of total rainfall fell during the Fall event. 
There was no snow during this testing event. Figure 6 shows the daily rainfall for the duration of 
the Spring 2016 exposure. Much less rain (total 1.1 in) fell during this event compared with the 
Fall, and no snow occurred during the exposure period. 
 

Figure 5. Daily rainfall for the duration of Fall 2015 exposure.  
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Figure 6. Daily rainfall for the duration of the Spring 2016 exposure.  

 
 

4.3 In situ exposures 
 
4.3.1 Fall 2015 
 
The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 
summarized in Table 3. Table 4 presents the growth endpoints. These same data are presented 
graphically in Figures 7 through 9 to facilitate comparisons.  
 
Hatching success – Mean hatching success for the laboratory controls was 99.2%, compared with 
100% at Miller Creek, 98.3% at Des Moines Creek at S 200th, and 72.5% at Des Moines Creek 
Upstream. Hatching success was significantly reduced (Steel Many-One Rank Sum Test) relative 
to the controls at the Des Moines Creek Upstream site, and there were no differences in hatching 
success between the controls and Miller Creek or Des Moines Creek at S 200th.  
 
Post-hatch survival – Control survival of alevins post-hatch was 98.3%, compared with 96.7% at 
Miller Creek, 72.5% at Des Moines Creek at S 200th, and 33.1% Des Moines Creek Upstream. Post-
hatch survival at Des Moines Creek Upstream was significantly different (Steel Many-One Rank 
Sum Test) from the controls; however, there were no differences in post-hatch survival between 
the controls, Miller Creek and Des Moines Creek at S 200th.  
  



 
 

 
 Nautilus Environmental Company, Inc 17 

Cumulative survival – Control survival from the initiation of the test to termination averaged 
97.5%. For comparison, cumulative survival at the exposure sites averaged 96.7% at Miller Creek, 
71.7% at Des Moines Creek at S 200th, and 28.3% at the Des Moines Creek Upstream site. Survival 
was significantly reduced (Steel Many-One Rank Sum Test) relative to the controls at the Des 
Moines Creek Upstream site, and there were no differences in survival between the controls and 
Miller Creek or Des Moines Creek at S 200th.   
 
Abnormalities – There were few abnormalities observed across all treatments, with just two in the 
controls. Both control fish had edema.  
 
Growth – Average weight in the controls was 141.4 mg, and length averaged 26.4 mm. For 
comparison, Miller Creek fish averaged 140.0 mg and 25.6 mm, fish exposed at Des Moines Creek 
at S 200th averaged 138.7 mg and 25.7 mm, and Des Moines Creek Upstream fish averaged 127.0 
mg and 25.0 mm, for weight and length, respectively. While length was significantly different 
(Bonferroni Adjusted T test) between the field sites and the controls for all locations, the largest 
difference was only 5%. The WDOE guidance document (WDOE 2016) allows alpha to be changed 
to 0.01 in cases of small differences, which removed the significance for Des Moines Creek at S 
200th, but not for Miller Creek or Des Moines Creek Upstream. The Des Moines Creek Upstream 
site was the only site significantly different (Bonferroni Adjusted T test) from the control for weight, 
with a 10% effect.  
 

Table 3. Results for hatching success, survival, and abnormality in the control and field 
treatment groups (Fall 2015)1. 

Site Hatch (%) Post-Hatch 
Survival (%) 

Cumulative 
Survival (%) 

Abnormality 
(%) 

Control 99.2 (1.7) 98.3 (1.9) 97.5 (1.7) 1.7 (3.4) 

Miller Creek 100 (0) 96.7 (4.7) 96.7 (4.7) 0 (0) 

Des Moines Creek at S 
200th 98.3 (1.9) 72.5 (37.5) 71.7 (37.6) 0 (0) 

Des Moines Creek 
Upstream 72.5 (21.8) 33.1 (42.3) 28.3 (36.6) 0 (0) 

Notes: 
1. Results are presented as mean and standard deviation. 
2. Shaded values are significantly different from the control. 
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Table 4. Comparison of growth in the control and field treatment groups (Fall 2015)1. 

Site Length (mm) Weight (mg) 
Control 26.4 (0.41) 141.4 (1.69) 

Miller Creek 25.6 (0.28) 140.0 (1.86) 

Des Moines Creek at South 200th 25.7 (0.26) 138.7 (8.27) 

Des Moines Creek Upstream 25.0 (0.28) 127.0 (0.82) 

Notes:  
1. Results are presented as mean and standard deviation 
2. Shaded values are significantly different from the control 

 

Figure 7. Hatching success, post-hatch survival, and cumulative survival in the field and 
control treatment groups (Fall 2015). 

 
Error bars are standard deviations; asterisks denote significant difference from control. 
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Figure 8. Average lengths for the laboratory control and exposure sites (Fall 2015).  

 
Data point is the average; box represents range of minimum to maximum values. 
 

Figure 9. Average weights for the laboratory control and exposure site (Fall 2015).  

 
Data point is the average; box represents range of minimum to maximum values.  
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4.3.2 Spring 2016 
 
The results for hatching success, post-hatch survival, cumulative survival and abnormalities are 
summarized in Table 5. Table 6 presents the growth endpoints. These same data are also 
presented graphically in Figures 10 through 12.  
 
Hatching success – Mean hatching success for the controls was 100%, compared with 96.7% at 
Miller Creek, 89.2% at Walker Creek, 96.7% at Des Moines Creek at S 200th, and 21.7% at Des 
Moines Creek Upstream. Both Walker Creek and Des Moines Creek Upstream were significantly 
different (Dunnett Multiple Comparison Test) from the controls, while Miller Creek and Des 
Moines at S 200th were not. Changing alpha for the small difference in effect does not remove the 
significance.  
 
Post-hatch survival – Control survival of alevins post-hatch was 96.7%, compared with 98.2% at 
Miller Creek, 100% at Walker Creek, 98.2% at Des Moines Creek at S 200th, and 0% at Des Moines 
Upstream. Only Des Moines Creek Upstream was significantly different (Steel Many-One Rank 
Sum Test) from controls.  
  
Cumulative survival – Control survival from the initiation of the test to termination averaged 
96.7%, compared with 95.0% at Miller Creek, 89.2% at Walker Creek, 94.2% at Des Moines Creek 
at S 200th, and 0% at Des Moines Creek Upstream. Both Walker Creek and Des Moines Creek 
Upstream were significantly different (Dunnett Multiple Comparison Test) from controls. However, 
since the effect size was <10% at Walker Creek, and changing alpha removed the significance. 
 
Abnormalities -- There were few abnormalities observed in any of the treatments, with one control 
abnormality, and two abnormalities at Miller Creek. Both abnormalities at Miller Creek were 
misshapen heads, while the control fish exhibited edema.  
 
Growth – Average weight in the controls was 113.4 mg, and length averaged 25.2 mm. For 
comparison, Miller Creek fish averaged 115.0 mg and 25.1 mm, fish at Walker Creek averaged 
115.9 mg and 25.6 mm, fish exposed at Des Moines Creek at S 200th averaged 115.5 mg and 25.3 
mm. The lack of surviving fish at Des Moines Creek Upstream precluded growth assessments for 
this site. Neither weight nor length was significantly different (Dunnett Multiple Comparison Test) 
from controls in the sites with surviving fish. 
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Table 5. Hatching success, survival and abnormality in the control and field treatment 
groups (Spring 2016)1.  

Site Hatch (%) Post-Hatch 
Survival (%) 

Cumulative 
Survival (%) 

Abnormality 
(%) 

Control 100 (0) 96.7 (2.7) 96.7 (2.7) 0.8 (1.7) 

Miller Creek 96.7 (2.7) 98.2 (2.0) 95.0 (4.3) 1.8 (2.1) 

Walker Creek 89.2 (4.2) 100 (0) 89.2 (4.2) 0 (0) 

Des Moines Creek at S 200th 96.7 (4.7) 96.7 (4.7) 94.2 (5.7) 0 (0) 

Des Moines Upstream 21.7 (11.4) 0 (0) 0 (0) NC 

Notes: 
1. Results are presented as mean and standard deviation 
2. Shaded values are significantly lower than the control 
3. NC – not calculable as there was no survival 

 

Table 6. Comparison of growth in the control and field treatment groups (Spring 
2016)1. 

Site Length (mm) Weight (mg) 
Control 25.15 (0.26) 113.4 (3.1) 

Miller Creek 25.11 (0.39) 115.0 (1.5) 

Walker Creek 25.60 (0.14) 115.9 (2.5) 

Des Moines Creek at S 200th 25.32 (0.46) 115.5 (4.8) 

Des Moines Upstream NC NC 

Notes:  
1. Results are presented as mean and standard deviation 
2. Shaded values are significantly lower than the control 
3. NC – Not calculable, as there was no survival 
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Figure 10. Hatching success, post-hatch survival, and cumulative survival in the field and 
control treatment groups (Spring 2016). 

 
Error bars are standard deviations; asterisks denote significant differences from control.  
 

Figure 11. Average length for the controls and exposure group (Spring 2016).  

 
Data point is the average; box represents range of minimum to maximum values; NA – not applicable as there were not 
surviving fish.   
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Figure 12. Average weight for the control and exposure groups (Spring 2016).  

 
Data point is the average; box represents range of minimum to maximum values; NA – not applicable as there were no 
surviving fish.  
 
 
4.4 Field Observations 
 
Towards the end of the Fall event, biofilm was observed on crates and hatchboxes at Des Moines 
at S 200th, and some at Des Moines Upstream. There did not appear to be a link between the 
occurrence of biofilm and the onset of mortality. During both events, crayfish were often found 
within the crates at all sites, but not within the hatchboxes. Accumulation of sediments within the 
hatchboxes was observed during the Fall 2015 event at all three sites, with sediment volume 
reaching 80% and greater within the boxes. Effects of sedimentation have shown variable results 
to date. While high sedimentation has been seen during testing events with significant mortality, 
other events have shown no effect despite high sedimentation rates. A number of factors likely 
play a role in the effects of sedimentation, including the size of the particles, the age of the fish, 
the duration between accumulation and our check, as well as the amount of sediment. There were 
no notable field observations for the Spring event. 
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5.0 DISCUSSION 
 
There were limited adverse effects observed at Miller Creek and Des Moines Creek at S 200th 
compared with controls in both testing events. Only length during the Fall 2015 event was 
significantly different (p ≤ 0.01) with reductions in length of less than 5% relative to controls. 
 
The addition of Walker Creek in the Spring 2016 event went smoothly. The only adverse effect 
observed was on hatching success, which was significantly different but only a 10% effect relative 
to controls.  
 
Notably, significant adverse effects were observed at the Upstream Des Moines Creek site during 
both testing events, with reduced hatching success, increased mortality and reduced growth. With 
the exception of the Spring 2015 testing event (Nautilus Environmental 2015), this site has 
consistently exhibited evidence of adverse effects, suggesting an ongoing pattern of impaired 
water quality.  
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EXECUTIVE SUMMARY 

The Port of Seattle monitors the potential effects of stormwater discharges from the Seattle-
Tacoma International Airport (STIA) on the receiving environment as part of their National 
Pollutant Discharge Elimination System (NPDES) permit, which requires that in situ rainbow trout 
(RBT) early-life stage (ELS) tests be conducted biannually in the fall and spring. The testing 
program was initiated in Fall 2010; exposure sites include Miller Creek, Des Moines Creek Lower 
and Des Moines Creek Upstream, with Walker Creek being added to the study beginning Spring 
2016. The creeks flow through STIA property boundaries, with monitoring points generally 
located downstream of STIA inputs; however, one site (Des Moines Creek Upstream) is located 
upstream of STIA stormwater outfalls to monitor for potential impacts originating upstream of 
Airport property. Results are compared to a laboratory control conducted concurrently with the 
in-situ tests.  
 
During the Fall 2020 event, post-hatch and cumulative survival were both significantly reduced 
at all sites compared to the laboratory control, with the exception of Walker Creek. Des Moines 
Creek Upstream also had reduced hatching rates. During the Spring 2021 event, cumulative 
survival was significantly reduced at all sites except Walker Creek compared to the laboratory 
control; the hatching success was also significantly reduced at Miller Creek and Des Moines 
Creek Upstream; and the post-hatch success was significantly reduced at both Des Moines Creek 
Lower and Upstream. In terms of sublethal effects, adverse effects on length and weights were 
observed at Miller Creek and Des Moines Creek Lower during the Fall event; no adverse effects 
on growth were observed at any of the sites during the Spring event. Developmental 
abnormalities were minimal across all sites and controls during both events (i.e., ≤ 5%). Of note, 
with the exception of Spring 2015, Spring 2018 and Spring 2020 testing events, Des Moines 
Creek Upstream has historically exhibited adverse effects since the testing program began in 
2010, which may be related to results observed further downstream at Des Moines Lower. Thus, 
inputs upstream of the STIA boundaries could be impairing water quality in the Des Moines 
Creek basin. 
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1.0 INTRODUCTION 
 
This report presents the results of the rainbow trout (RBT) early life stages (ELS) in situ 
monitoring tests conducted in the Fall of 2020 and Spring of 2021. The objective of this program 
is to use salmonid ELS as an in situ monitoring tool to assess the quality of receiving waters 
potentially affected by stormwater discharges from the Seattle-Tacoma International Airport 
(STIA), as well as a multitude of other potential sources from the surrounding urban 
environment. Results for studies conducted in Fall 2010/Spring 2011, Fall 2011/Spring 2012, Fall 
2012/Spring 2013, Fall 2013/Spring 2014, Fall 2014/Spring 2015, Fall 2015/Spring 2016, Fall 
2016/Spring 2017, Fall 2017/Spring 2018, Fall 2018/Spring 2019, and Fall 2019/Spring 2020 have 
been presented previously (Nautilus Environmental 2011, 2012, 2013, 2014, 2015, 2016, 2017, 
2018, 2019 and 2020, respectively), and have demonstrated that the RBT in situ ELS bioassay is 
an effective biological monitoring tool for assessing the potential effects of stormwater 
discharges on the receiving environment. 
 
The sampling events presented herein were conducted under NPDES Permit No. WA-002465-1, 
which requires that in situ tests be conducted biannually in the fall and spring, corresponding to 
the spawning regimes of local salmonid species. Details of the locations tested are described in 
Section 2.2 below.  
 

2.0 METHODS 
 
Guidance for conducting in situ ELS exposures with salmonids is available from a number of 
sources. The British Columbia Ministry of Environment has a protocol for an in situ ELS salmonid 
test (BCMOE, 2003), and Environment Canada has developed laboratory test procedures for 
early life stages of rainbow trout (Environment Canada, 1998). In the USA, there are two general 
laboratory protocols for conducting fish early life stage toxicity tests (EPA, 1996; ASTM, 2005). 
The procedures used in this study reflect refinements made to the general guidance provided in 
the documents above (Chalmers et al., 2014), and have been used successfully at a number of 
sites in both Canada and the USA. Additional refinements specific to applying the method to 
waterways present on Airport property are included in the descriptions below. 
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2.1 Design 
 
The study design used for the Fall 2020 and Spring 2021 in situ testing involved exposure of 
eyed-stage embryos at four sampling sites, using four replicates per site with 30 embryos per 
replicate. The locations of the sites are shown in Figure 1. The original sites were located on 
Miller and Des Moines Creeks downstream of all Airport discharges, and were subsequently 
augmented by an additional site on Des Moines Creek located upstream of any Airport 
discharges to determine the extent to which sources upstream of STIA inputs may contribute to 
adverse effects observed at the downstream site on Des Moines Creek. A site located in Walker 
Creek was also included in the study design beginning with the Spring 2016 testing event. 
 
The exposure duration used in the in situ tests covers the major salmonid early life stage 
developmental milestones, beginning with the eyed egg stage, proceeding through hatching 
and alevin stages (yolk sac present, during which the fish reside in the gravel), and ending at the 
early fry stage (also known as swim-up fry). At this point, the yolk sac has been absorbed and, 
under natural conditions, the fish would leave the gravel to feed independently. The duration of 
the exposure period is expected to include multiple rain/runoff events, and corresponding 
fluctuations in flow, contaminant concentrations, temperature, water chemistry, etc. Collectively, 
these attributes of the in situ approach provide highly relevant information regarding the 
suitability of waterbodies to support salmonid development (Chalmers et al., 2014).  
 
Eyed eggs for both in situ events were supplied by TroutLodge (Sumner, WA), which also 
supplies rainbow trout eggs and sperm for the laboratory sublethal toxicity tests required in the 
STIA NPDES stormwater permit. Following deployment, the status of the in situ organisms was 
routinely monitored during the exposure, as well as at specific developmental stages and after 
significant storm events. Data were obtained on hatching, survival, development and growth. A 
subset of embryos was also reared in the laboratory (Rainier Environmental, Fife, WA) to assess 
organism quality. Weekly temperature measurements from the field were used to adjust rearing 
temperatures for the laboratory controls so that development in the controls could be used to 
trigger field inspections at specific times (e.g., hatch, swim-up). 
 
2.2 Monitoring Locations and Site Preparation 
 
The exposures were conducted in three streams within the STIA property boundaries: Miller 
Creek, Walker Creek, and Des Moines Creek (Figure 1). Two sites are located on Des Moines 
Creek; Des Moines Creek Upstream is located on Airport property upstream of STIA stormwater 
outfalls into Des Moines Creek, and is used to assess water quality in Des Moines Creek prior to 
receiving any STIA stormwater discharges (the Des Moines Creek basin upstream of STIA is 
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heavily urbanized and potentially impacted by a variety of pollutant sources). The remaining 
sites, Miller Creek, Walker Creek and Des Moines Creek Lower, are located downstream of STIA 
inputs into their respective drainages (Figure 1).  
 
Results from 2010 showed that the sampling sites generally do not have ideal substrate 
conditions for rearing salmonid ELS and are subjected to heavy sediment flow during storm 
events. Consequently, all four exposure replicates at each site were placed above the substrate 
in gravel contained within PVC crates which were anchored to the substrate with steel stakes. 
The replicate crates at each site were placed in a row on the streambed, from upstream to 
downstream, at a sufficient distance apart so that flow patterns were re-established between 
each crate. This approach allows passage of water through the exposure chambers, but prevents 
smothering of embryos and fry by sediment.  
 
  



 
  

 
 Nautilus Environmental Company Inc. 4 

 

Figure 1. Map of STIA with receiving monitoring stations. 
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2.4 Test Organisms 
 
Eyed-egg stage rainbow trout embryos were obtained from TroutLodge on October 13, 2020 for 
the Fall event and March 23, 2021 for the Spring event. According to TroutLodge staff, the eyed 
embryos had developed to approximately 245 degree-days1 for both testing events. On the day 
of test initiation, eggs were brought to Rainier Environmental Laboratory (REL; Fife, WA), and 
randomly counted into replicate units of 30 embryos each in individual opaque plastic food-
storage containers (i.e., 450-mL Ziploc plastic tubs). These containers were then placed in a 
cooler containing ice packs, and transported to the sites where the embryos were transferred 
into the hatchboxes in the creek on the same day. The embryos were transferred to the sites in 
laboratory control water, and all embryos were installed at the sites between 15:00 and 18:00 on 
October 14, 2020 for the Fall event, and between 13:00 and 16:00 on March 24, 2021 for the 
Spring event. 
 
2.5 Controls 
 
Controls were used to assess the influence of the following factors on test results: 
 

1. Quality (health and viability) of supplied organisms,  
2. Transport and handling of organisms, and 
3. Ambient stream temperatures, which affect the time to developmental milestones 

(e.g., hatch). 
 
The controls consisted of a laboratory exposure (four replicates of 30 organisms each) 
conducted concurrently with each field exposure in clean laboratory water (moderately hard 
synthetic water [MHSW]) using a subset of the same batch of embryos used to initiate the field 
exposures. These embryos were distributed at the same time as the organisms used on site, 
placed into individual plastic containers filled with MHSW and transported to the sites with the 
other replicates; thus, they also served as transport controls. Upon returning to the laboratory 
after deployment of the field organisms, the control replicates were transferred to 4-L plastic 

                                                 
 
 
1 Degree-days are used to standardize descriptions of fish development, regardless of rearing 

temperature, and reflects the sum of degrees during each day of development. For example, it takes 

rainbow trout approximately 340 degree-days to reach hatch (Quinn, 2005). Thus, at 8°C, it takes 

approximately 42 days to reach hatch. 
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containers in the laboratory containing 2 L of MHSW at ±1°C of the average site water 
temperature. The control chambers were held in the dark and gentle aeration was applied (100-
200 bubbles per minute). The controls were monitored daily for mortalities, which were 
removed. Temperature was adjusted on a weekly basis, as needed, to correspond to 
temperatures measured in the field. Water renewals were conducted three times per week 
(Monday, Wednesday, Friday) using fresh MHSW. Dissolved oxygen (DO), pH, conductivity and 
temperature were measured before and after water renewals. Developmental milestones (e.g., 
hatch and swim-up) were also recorded. 
 
2.6 Monitoring of Field Exposures 
 
The sites were visited at approximately weekly intervals to assess the condition of the test 
organisms. During these checks, survival was recorded, as well as qualitative observations of 
organism health, site conditions and sedimentation within the boxes. Any dead organisms were 
removed during each visit. These observations were recorded on standard field data sheets, 
which are included in Appendix A. In addition, temperature, pH, DO and conductivity were 
measured during the site visits.  
 
Monitoring of the installations required removal of the substrate overlying the hatchboxes in the 
crates. The embryos or alevins in each hatchbox were then poured into a plastic dishpan 
containing site water where they were enumerated. They were then returned to the hatchbox, 
which was placed back into the mesh-net bag of gravel, the overlying gravel replaced, and the 
bag returned to its respective crate. Care was taken to minimize disturbance and damage to the 
test organisms. 
 
2.7 Test Termination 
 
The field exposures and laboratory controls were terminated when the field organisms reached 
the swim-up fry stage (i.e., when the yolk sac was fully absorbed). This occurred on November 5, 
2020, for the Fall exposure, and on April 20, 2021, for the Spring exposure. Surviving organisms 
were placed in their original plastic replicate containers filled with site water, transported back to 
the laboratory, and terminated. The fish were then weighed (to the nearest 0.001 gram) on an 
analytical balance, and measured (total length, from tip of the snout to the end of the tail) to the 
nearest 0.5 mm. Obvious external malformations were noted, including the affected body part 
(e.g., head, eye, spine) and type of abnormality (e.g., edema). Abnormality data were recorded 
on standard data sheets (Appendix A). The laboratory control fish were evaluated similarly on 
the same day. 
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2.8 Data Analysis 
 
Test data were entered into CETIS (Comprehensive Environmental Toxicity Information System, 
Tidepool Scientific, McKinleyville, CA) for statistical analyses. Differences among the exposure 
sites and laboratory controls were evaluated using pair-wise multiple comparison tests 
according to the USEPA flow chart (USEPA 2002); significant differences were identified at 
p≤0.05.  
 
One interim and five terminal endpoints were evaluated; the endpoints are described below: 

1. Hatching success – an interim measure of the percentage of embryos hatched the 
day of the hatch inspection, or determined to have hatched based on the number of 
alevins present at the subsequent inspection, relative to the total number of embryos 
originally added;  

2. Post-hatch survival - the percentage of organisms surviving at test termination 
relative to the number of embryos that hatched (these data help determine whether 
the majority of mortalities occurred pre- or post-hatch, or were distributed 
throughout the exposure period); 

3. Cumulative survival - the percentage of surviving organisms at test termination 
relative to the number of embryos in each replicate at the beginning of the exposure;  

4. Abnormality – the percentage of abnormal organisms at test termination relative to 
the number of surviving organisms; 

5. Length – to the nearest 0.5 mm; 
6. Weight – to the nearest 0.001 g. 
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3.0 QA/QC 
 
The QA/QC program for the field exposure involved the following: 

• Consistent field staff leader throughout all visits;   
• Field documentation of all primary data; i.e., the names of individuals collecting 

the samples, sampling location, time of sampling, site conditions (e.g., degree of 
sedimentation), and other relevant observations, such as weather and any 
unusual conditions; 

• Calibrated field meters; 
• Use of pre-cleaned containers, with appropriate labels; 
• Storing and transporting organisms in sealed containers in a cold, dark 

environment; cooling sample containers using ice or gel packs; 
• Including transport controls to ascertain the extent of any transport-induced 

stress; 
• Checking field organisms every week to monitor developmental progress, 

mortality and abnormality. 
 
The QA/QC program for the laboratory portion of the study involved: 

• Checks and maintenance of control organisms at regular intervals, including 
recording primary observations and water quality data on standardized data 
sheets; 

• Review of datasheets by senior laboratory staff; 
• Test termination activities (measurements, health assessment) conducted by 

qualified staff members using standardized datasheets to ensure consistent 
assessment of abnormalities and growth across all test sites and controls; 

• Use of standard laboratory water and environmental chambers to maintain test 
organisms. 
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4.0 RESULTS 
 
4.1 Fall 2020 
 
4.1.1 Water Quality Measurements 
 
Water quality measurements for the Fall 2020 monitoring event are summarized Table 1.  

Table 1. Summary of mean, with (standard deviation) and [range], of water quality 
measurements collected during site visits and laboratory exposure (Fall 
2020). 

Creek Temperature (°C) 
Dissolved 

Oxygen (mg/L) 
pH (units) 

Specific 
Conductance 

(µS/cm) 
Control 12.8 (0.9) 

[11.7 –14.0] 
8.6 (0.4) 

[7.8 – 9.2] 
7.78 (0.16) 

[7.52 – 8.01] 
306.8 (9.9) 
[292 - 322] 

Miller Creek 11.1 (1.9) 
[9.5 – 13.2] 

10.4 (1.2) 
[9.2 – 12.0] 

7.60 (0.14) 
[7.45 – 7.74] 

226.8 (53.4) 
[173.8 – 290.0] 

Walker Creek 12.4 (0.6) 
[11.9 – 13.2] 

10.3 (1.1) 
[9.7 – 11.9] 

7.20 (0.09) 
[7.09 – 7.30] 

215.5 (19.2) 
[186.7 – 226.9] 

Des Moines Creek 
Lower 

11.4 (1.9) 
[9.6 – 13.8] 

9.5 (1.2) 
[8.8 – 11.3] 

6.81 (0.09) 
[6.72 – 6.93] 

135.8 (36.3) 
[97 - 175] 

Des Moines Creek 
Upstream 

12.8 (1.6) 
[11.3 – 15.0] 

9.0 (0.6) 
[8.4 – 9.5] 

6.95 (0.04) 
[6.90 – 7.00] 

100.8 (14.5) 
[79.8 – 112.4] 

 
In the Fall 2020 in situ tests, temperatures for the four field sites and the control ranged from 9.5 
to 15.0°C. Field measurements of pH were within acceptable ranges for rainbow trout laboratory 
bioassays (6-9 pH units); the pH values were between 6.72 and 8.01. Dissolved oxygen (DO) 
measurements were generally within acceptable ranges (60 – 100% saturation), although several 
readings during the test initiation and termination indicated super-saturation of between 102 
and 110%; DO ranged from 7.8 to 12.0 mg/L.   
 
Although limited to weekly measurements, the field temperature, DO and pH data suggested 
good water quality conditions overall, with limited indication of potential for adverse effects on 
organism survival and development. Supersaturation of dissolved oxygen recorded at Miller 
Creek on October 14 and 22 and at Walker Creek on October 22 are unusual but would not be 
expected to cause adverse effects unless total gas pressure was supersaturated.   
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The conductivity measurements for all four sites did not show much variability throughout the 
exposure period and remained within ranges tolerated by early life stages of salmonids; 
measurements ranged between 80 and 322 µS/cm. 
 
4.1.2 Precipitation and Field Observations During the Fall 2020 Event 
 
Field observations during each site visit are presented in Table 2. Precipitation data were 
provided by STIA. Figure 5 shows the daily precipitation over the duration of the exposure, in 
conjunction with monitoring milestones and associated observations. A total of 1.87 inches of 
rainfall fell during the Fall event, with no snow. Hatchboxes were installed on October 14 and the 
first site visit was on October 22, with weekly site visits thereafter. Conditions at all sites were 
good throughout the exposure. 
 
At Miller Creek, alevins were observed to be escaping from gaps in hatchbox 4 during the 
October 22, 2020 site visit and the container was replaced with a new hatchbox. On October 28, 
the remains of a dead alevin was noted in hatchbox 1; shrimp were also present in the hatchbox. 
There was a gap in hatchbox 2 and was fixed. Leaf litter was observed on the bank during each 
site visit.   
 
Algae was observed on all hatchboxes during each site visit at Walker Creek and leaf litter was 
on the bank. Amphipods were noted in hatchboxes 3 and 4 on October 28. All alevins appeared 
to have escaped hatchbox 2, despite the hatchbox being closed correctly. Consequently, this 
replicate was excluded from data analysis.  
 
At the Des Moines Creek Lower site, there was consistent leaf litter covering the banks during 
each site visit. During the first site visit, algae was observed on hatchbox 2. On the following site 
visit on October 28, 2020, a flap on hatchbox 2 was exposed with fish trapped; a small gap was 
also noted on hatchbox 3. Both hatchboxes were repaired.  
 
At the Des Moines Upstream site, snails, leeches or amphipods were observed in all hatchboxes 
on October 22 and 28, 2021. A small gap was noted in hatchbox 3 on October 28. Debris was 
caught around hatchbox 1 during the test termination. Leaf litter was observed on the bank 
during each site visit.  
 
No sedimentation was observed in any of the hatchboxes for the duration of the exposure.   
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Table 2. Observations made during the Fall 2020 exposure. 

Site 
Observations 

October 14, 2020 October 22, 2020 October 28, 2020 November 5, 2020 

Des Moines 
Upstream -- 

Leeches in hatchbox 1 and 3; 
snails in hatchbox 1; 

amphipods in hatchbox 4; 
leaf litter on bank  

Amphipods in hatchbox 2, 3 
and 4; leeches in hatchbox 3; 

leaf litter on bank 
Debris around hatchbox; leaf 

litter on bank 

Des Moines 
Lower -- Algae on hatchbox 2; leaf 

litter on bank 
Gaps in hatchbox 2 and 3 
fixed; leaf litter on bank  

Leaf litter on bank 
  

Miller Creek -- 

Leaf litter in crate 1; hatchbox 
4 switched out due to alevins 
escaping through holes; leaf 

litter on bank 

Gap in hatchbox 2 fixed; leaf 
litter on bank Leaf litter on bank 

Walker Creek -- Algae on all hatchboxes; leaf 
litter on bank 

Algae on all hatchboxes; 
amphipods in hatchbox 3 and 

4; all alevins escaped 
hatchbox 2; Leaf litter on 

bank 

Algae on all hatchboxes; leaf 
litter on bank 
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Figure 5. Daily rainfall during the Fall 2020 exposure.  
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4.1.3 Fall 2020 In situ exposure metrics 
 
Data for the Fall sampling event are summarized in Tables 3 and 4, and are presented 
graphically in Figures 7 through 9.  
 
Hatching success – Mean hatching success for the laboratory controls was 100%, compared with 
90.8% at Miller Creek, 93.3% at Walker Creek, 95.8% at Des Moines Creek Lower, and 80.0% at 
Des Moines Creek Upstream. There was no significant differences in hatching success at any 
sites in comparison to the control except at Des Moines Creek Upstream (Bonferroni Adj t Test). 
There was no significant difference in hatching success between Des Moines Creek Lower 
compared to Des Moines Creek Upstream. 
 
Post-hatch survival – Control survival of alevins post-hatch was 100%, compared with 82.3% at 
Miller Creek, 94.0% at Walker Creek, 87.8% at Des Moines Creek Lower, and 84.6% at Des 
Moines Creek Upstream. Post-hatch survival was significantly lower at Miller Creek, Des Moines 
Creek Lower and Des Moines Creek Upstream compared to the control (Bonferroni Adj t Test). 
There was no significant difference in post-hatch survival between Des Moines Creek Lower 
compared to Des Moines Creek Upstream.  
 
Cumulative survival – Control survival from initiation to termination of the test averaged 100%. 
Cumulative survival at the exposure sites averaged 75.0% at Miller Creek, 87.8% at Walker Creek, 
84.2% at Des Moines Creek Lower, and 68.3% at the Des Moines Creek Upstream site. Survival 
was significantly reduced relative to the controls at all sites (Bonferroni Adj t Test) except at 
Walker Creek. There was no significant difference in cumulative survival at Des Moines Creek 
Lower compared to Des Moines Creek Upstream.  
 
Abnormalities – There were few abnormalities observed across treatments: two in Miller Creek; 
one at Walker Creek; and one at Des Moines Creek Lower. The fish in the Miller Creek and Des 
Moines Creek Lower were missing fins; in Walker Creek, the deformity was observed in the eyes. 
 
Growth – Average weight and length in the controls was 103.5 mg and 23.2 mm, respectively. 
Miller Creek fish averaged 90.8 mg and 21.9 mm, fish exposed at Walker Creek averaged 107.9 
mg and 23.9 mm, Des Moines Creek Lower averaged 93.0 mg and 22.2 mm, and Des Moines 
Creek Upstream fish averaged 111.0 mg and 23.9 mm, for weight and length, respectively. The 
length and weight of the fish in both Miller and Des Moines Creek Lower was significantly 
different compared to the control (Bonferroni Adj t Test). There was a significant difference in 
both growth endpoints at Des Moines Creek Lower compared to Des Moines Creek Upstream.    
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Table 3. Hatching success, survival and abnormality in the control and field 
treatment groups (Fall 2020). 

Site Hatch (%) 
Post-Hatch 
Survival (%) 

Cumulative 
Survival (%) 

Abnormality 
(%) 

Control 100 (0.0) 100 (0.0) 100 (0.0) 0.0 (0.0) 
Miller Creek 90.8 (8.3) 82.3 (10.9) 75.0 (14.0) 2.3 (2.8) 

Walker Creek 93.3 (5.8) 94.0 (2.3) 87.8 (6.9) 1.2 (2.1) 
Des Moines Creek Lower 95.8 (4.2) 87.8 (8.3) 84.2 (9.2) 1.1 (2.3) 

Des Moines Creek Upstream 80.0 (13.6) 84.6 (11.5) 68.3 (18.2) 0.0 (0.0) 
Notes: 

1. Results are presented as mean and standard deviation 
2. Shaded values are significantly different from the control 

 

Table 4. Growth in the control and field treatment groups (Fall 2020). 

Site Length (mm) Weight (mg) 
Control 23.2 (0.2) 103.5 (2.7) 

Miller Creek 21.9 (0.4) 90.8 (3.3) 
Walker Creek 23.9 (0.6) 107.9 (9.3) 

Des Moines Creek Lower 22.2 (0.4) 93.0 (2.9) 
Des Moines Creek Upstream 23.9 (0.2) 111.0 (8.2) 

Notes:  
1. Results are presented as mean and standard deviation 
2. Shaded values are significantly different from the control 
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Figure 6. Hatching success, post-hatch survival, and cumulative survival in the field 
and control treatment groups (Fall 2020). 

  
Error bars are standard deviations; asterisks denote significant difference from control. 
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Figure 7. Average lengths for the laboratory control and exposure sites (Fall 2020).  

 
Data point is the average; box represents range of minimum to maximum values. Asterisks denote significant 
difference from control. 
 

Figure 8. Average weights for the laboratory control and exposure sites (Fall 2020).  

 
Data point is the average; box represents range of minimum to maximum values. Asterisks denote significant 
difference from control. 
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4.2 Spring 2021 
 
4.2.1 Water Quality Measurements 
 
Water quality measurements for the Spring 2021 monitoring event are summarized in Table 5.  

Table 5. Summary of mean, with (standard deviation) and [range], of water quality 
measurements collected during site visits and laboratory exposure (Spring 
2021).  

Creek Temperature (°C) 
Dissolved 

Oxygen (mg/L) 
pH (units) 

Specific 
Conductance 

(µS/cm) 
Control 10.2 (1.1) 

[8.4 – 11.7] 
8.6 (0.4) 

[8.0 – 9.5] 
7.64 (0.19) 
[7.3 – 8.0] 

301.9 (8.9) 
[291 – 324] 

Miller Creek 9.4 (1.2) 
[8.0 – 11.2] 

11.1 (0.4) 
[10.4 – 11.4] 

7.74 (0.09) 
[7.6 – 7.8] 

261.6 (43.1) 
[202 – 316] 

Walker Creek 11.4 (0.4) 
[10.7 – 11.7] 

10.4 (0.2) 
[10.1 – 10.6] 

7.12 (0.13) 
[7.0 – 7.3] 

257.8 (21.2) 
[236 – 286] 

Des Moines Creek 
Lower 

10.1 (2.0) 
[7.4 – 11.9] 

9.3 (0.8) 
[7.9 – 9.9] 

7.06 (0.15) 
[6.9 – 7.2) 

188.8 (23.6) 
[157 – 218] 

Des Moines Creek 
Upstream 

12.0 (2.1) 
[9.5 – 15.0] 

9.0 (0.9) 
[7.9 – 10.2] 

7.38 (0.11) 
[7.3 – 7.5] 

171.4 (17.3) 
[148 – 195] 

 
Temperatures among the four field sites and the control ranged from 7.4 to 15.0°C. The pH 
values were between 6.9 and 8.0, and DO ranged from 7.9 to 11.4 mg/L. All field measurements 
of pH and dissolved oxygen were within acceptable ranges for rainbow trout laboratory 
bioassays. Conductivity readings were similar at each site between each visit and ranged 
between 148 and 324 µS/cm.  
 
4.2.2 Precipitation and Field Observations During the Spring 2021 Event 
 
Field observations during each site visit are presented in Table 6. The daily rainfall for the 
duration of the Spring 2021 exposure is shown in Figure 9. The largest amount of rain (0.69 
inches) was observed on March 25, 2021. A total of 1.63 in of rain fell and no snow occurred 
during the exposure period.  Hatchboxes were installed on March 24, 2021, with weekly site 
visits thereafter.   
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At Miller Creek, woody debris was observed below crate 4 and recent plant trimmings were 
present nearby during the hatchbox installation; this debris was largely cleared prior to 
subsequent visits. Woody debris was observed on crates 2 and 3 on March 31, 2021; 
approximately 1 cm of sediment was also observed in hatchbox 3. Nymphs were observed in 
hatchboxes during the April 6 site visit and a brown biofilm was observed on hatchbox 1 on 
April 20, 2021.  
 
At Walker Creek, organic debris was observed on crates 1 and 2 during the March 31, 2021 site 
visit. Two alevins were stuck in the corner of hatchbox 3 on April 6; the alevins were removed 
and the hatchbox replaced. Biofilm was observed on hatchbox 4 and there was an increase in 
algal growth noted on the stream substrate. Algae was growing on crate 4 the following week 
and nymphs were observed inside hatchbox 4 during termination on April 20, with the nymphs 
observed to be holding onto the live alevins.  
 
At Des Moines Lower, amphipods were observed in hatchboxes 3 and 4 during the site visit on 
April 6, 2021. Alevins were noted to have escaped hatchbox 1 on April 14 with only 4 remaining 
compared to 26 the week prior; consequently, this replicate was removed from analysis for all 
endpoints except hatching success. Two alevins were also noted to have lacerations in hatchbox 
3. There was a brown tint observed in the water during the site visit on April 14 and during 
termination on April 20, 2021.  
 
Brown biofilm was observed on all hatchboxes on April 6, 2021 at Des Moines Upstream. During 
the test termination, algal growth was noted in the stream. No sedimentation was observed in 
the hatchboxes at any of the sites at test termination. 
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Table 6. Observations made during the Spring 2021 exposure. 

Site 
Observations 

March 24, 2021 March 31, 2021 April 6, 2021 April 14, 2021 April 20, 2021 
Des Moines 
Upstream -- Organic matter on 

rocks 
Brown biofilm on all 

hatchboxes -- Algae growth 

Des Moines Lower -- Small amount of 
biofilm on hatchbox 3 

Amphipods in 
hatchboxes 3 and 4 

Brownish tint to water; 
alevins escaped in 

hatchbox 1; 2 alevins 
with lacerations in 

hatchbox 2 

Brownish tint to water 

Miller Creek 

Large woody debris 
below hatchbox 4; 

recent plant trimming 
nearby 

Woody debris on crate 
2; 1 cm sediment in 

hatchbox 3 and debris 
on crate 

Nymphs in hatchboxes Amphipods in 
hatchboxes 

Brown biofilm on 
hatchbox 1 

Walker Creek -- Organic debris on 
crate 1 and 2 

Biofilm on hatchbox 4; 
increased algae on 
substrate in stream 

Algae on crate 4 

Nymph holding onto 
live alevins in hatchbox 

4; large amounts of 
green filamentous 
algae on stream 

substrate 
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Figure 9. Daily rainfall for the duration of the Spring 2021 exposure. 
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4.2.3 Spring 2021 In situ exposure metrics 
 
Data for the spring sampling event are summarized in Tables 7 and 8, and presented graphically 
in Figures 10 through 12.  
 
Hatching success – Mean hatching success for the controls was 99.2%, compared with 74.2% at 
Miller Creek, 94.2% at Walker Creek, 83.3% at Des Moines Creek Lower and 71.7% at Des Moines 
Creek Upstream. Hatching success at Miller and Des Moines Creek Upstream were significantly 
different from the control (Dunnett Multiple Comparison Test). There was no significant 
difference in hatching success at Des Moines Lower compared to Des Moines Creek Upstream. 
 
Post-hatch survival – Control survival of alevins post-hatch was 99.1%, compared with 94.3% at 
Miller Creek, 93.0% at Walker Creek, 80.5% at Des Moines Creek Lower, and 85.0% at Des 
Moines Upstream. Des Moines Creek Lower and Des Moines Upstream were significantly 
different from the control (Dunnett Multiple Comparison Test), however, there was no significant 
difference observed between the two sites.  
 
Cumulative survival – Control survival from initiation of the test to termination averaged 98.3%, 
compared with 70.0% at Miller Creek, 87.5% at Walker Creek, 67.8% at Des Moines Creek Lower, 
and 60.0% at Des Moines Creek Upstream. There was a significant difference at all of the sites 
compared to the control except at Walker Creek (Dunnett Multiple Comparison Test). There was 
no significant difference in cumulative survival between Des Moines Lower and Des Moines 
Creek Upstream.  
 
Abnormalities – There were few abnormalities observed across treatments, with one each in the 
control, Walker Creek and Des Moines Creek Lower and two in Miller Creek. The abnormality of 
the fish in the control, Walker Creek and Des Moines Creek Lower were located in the spine and 
the abnormalities observed at Miller Creek were in the fins and spine. 
 
Growth – Average weight in the controls was 104.5 mg, and length averaged 24.2 mm. In 
comparison, Miller Creek fish averaged 111.0 mg and 24.2 mm, fish from Walker Creek averaged 
121.7 mg and 26.0 mm, fish exposed at Des Moines Creek Lower averaged 102.7 mg and 23.3 
mm and fish from Des Moines Creek Upstream average 111.9 mg and 24.8 mm. Neither weight 
nor length were significantly different from the control at any sites (Dunnett Multiple 
Comparison Test). There was a significant difference in length between Des Moines Lower and 
Des Moines Creek Upstream.   
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Table 7. Hatching success, survival and abnormality in the control and field 
treatment groups (Spring 2021).  

Site Hatch (%) 
Post-Hatch 
Survival (%) 

Cumulative 
Survival (%) 

Abnormality 
(%) 

Control 99.2 (1.7) 99.1 (1.7) 98.3 (3.3) 0.8 (1.7) 
Miller Creek 74.2 (20.2) 94.3 (5.1) 70.0 (19.6) 1.7 (3.3) 

Walker Creek 94.2 (4.2) 93.0 (4.9) 87.5 (3.2) 0.9 (1.8) 
Des Moines Creek Lower 83.3 (20.7) 80.5 (10.6) 67.8 (26.9) 1.0 (2.0) 

Des Moines Upstream 71.7 (17.7) 85.0 (9.3) 60.0 (11.9) 0.0 (0.0) 
Notes: 

1. Results are presented as mean and standard deviation 
2. Shaded values are significantly different from the control 

 

Table 8. Growth in the control and field treatment groups (Spring 2021). 

Site Length (mm) Weight (mg) 
Control 24.2 (0.5) 104.5 (2.6) 

Miller Creek 24.2 (1.0) 111.0 (3.2) 
Walker Creek 26.0 (0.0) 121.7 (8.4) 

Des Moines Creek Lower 23.3 (0.6) 102.7 (9.5) 
Des Moines Upstream 24.8 (0.5) 111.9 (2.6) 
Notes:  

1. Results are presented as mean and standard deviation 
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Figure 10. Hatching success, post-hatch survival, and cumulative survival in the field 
and control treatment groups (Spring 2021). 

 
Error bars are standard deviations.  

Figure 11. Average lengths for the laboratory control and exposure sites (Spring 2021). 

 
Data point is the average; box represents range of minimum to maximum values.   
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Figure 12. Average weights for the laboratory control and exposure sites (Spring 
2021).  

 
Data point is the average; box represents range of minimum to maximum values.  
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5.0 DISCUSSION 
 
There were only adverse effects associated with sublethal measurements, such as growth and 
incidence of deformities, for growth of alevins exposed in Miller Creek and Des Moines Creek 
Lower during the Fall event; there was a 5.6 and 4.4% reduction in length and 12.4 and 10.2 
percent reduction in weight relative to the laboratory control at these two locations, 
respectively. In both cases, there was more residual yolk observed in these fish at test 
termination than at the other locations, indicating that the fish were developing more slowly at 
these sites.  The temperature was lower at these locations by more than 1°C relative to the other 
locations and control exposure.  Thus, the reduced growth at these locations may be reflective 
of the colder water temperatures causing slower growth, rather being indicative of a 
toxicological effect at these sites. 
 
Survival of rainbow trout was relatively high in both test events at all locations, with the lowest 
cumulative survival occurring in Des Moines Upstream in both test periods (60.0 and 68.3% in 
the Fall and Spring events, respectively). A statistically significant reduction in survival was 
observed in Miller Creek and both Lower Des Moines Creek and Des Moines Upstream in both 
test events; however, the very high survival in the laboratory control (i.e., 100.0 and 98.3% 
respectively) resulted in a relatively high statistical sensitivity to detect adverse effects in these 
exposures. 
 
Results for cumulative survival, incorporating both effects on hatch rate and survival post hatch, 
provided the best measure of adverse effects in the in situ exposures reported here. In the Fall 
2020 event, cumulative survival in the exposure sites ranged from 68.3 to 87.8%, and was 
significantly decreased at all sites compared to the control (100% survival), with the exception of 
Walker Creek. In the Spring 2021 event, cumulative survival ranged from 60.0 to 87.5% across 
the sites, compared with 98.3% in the control, and similar to the Fall event, all sites were 
significantly lower than the control except at Walker Creek.    
 
Of note, significant adverse effects were observed in both Fall 2020 and Spring 2021 events at 
the Des Moines Creek Lower and Des Moines Creek Upstream sites, with reduced post-hatch 
survival and cumulative survival at both locations; Des Moines Creek Upstream also had reduced 
hatching success during both events. During the Fall 2020 event, Des Moines Creek Lower had 
reduced growth, in both the length and weight endpoints. With the exception of the Spring 
2015 (Nautilus Environmental 2015), Spring 2018 (Nautilus Environmental 2018) and the Spring 
2020 (Nautilus Environmental 2020) testing events, Des Moines Upstream has generally 
exhibited evidence of adverse effects, suggesting an ongoing pattern of impaired water quality 
upstream of STIA inputs, which could also contribute to adverse effects observed further 
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downstream at Des Moines Creek Lower. In the present study, Des Moines Creek Lower 
produced results that were statistically significantly different from Des Moines Creek Upstream 
in length and weight of the exposed fish in Fall 2020 and in lengths in Spring 2021 suggesting 
the possibility of a localized impact at the downstream site, but there was no significant 
difference in cumulative survival between the upstream and downstream sites, and differences in 
growth may have resulted from different temperature profiles at these two locations. 
 
In general, creek conditions and water quality parameters remained within suitable ranges for 
the duration of the both testing events and were unlikely to have contributed to any adverse 
effects observed. However, some exceedances were notable, including dissolved oxygen 
measurements that exceeded saturation during the Fall 2020 event. Elevated levels of total 
dissolved gas (TDG), which includes dissolved oxygen, can be harmful to salmonids (Carter 
2008), and USEPA (1986) has set a criterion for TDG stating that levels should not exceed 110% 
of saturation. In all instances during the Fall event, dissolved oxygen was ≤110% saturation, and 
it is unknown if the supersaturated oxygen resulted in supersaturated TDG or not.  
 
No sedimentation was observed in either event that may have affected embryo survival.   
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EXECUTIVE SUMMARY 

The Port of Seattle monitors the potential effects of stormwater discharges from the Seattle-

Tacoma International Airport (STIA) on the receiving environment as part of their National 

Pollutant Discharge Elimination System (NPDES) permit, which requires that in situ rainbow trout 

(RBT) early-life stage (ELS) tests be conducted biannually in the fall and spring. The testing 

program was initiated in Fall 2010; exposure sites include Miller Creek, Des Moines Creek Lower 

and Des Moines Creek Upstream, with Walker Creek being added to the study beginning Spring 

2016. The creeks flow through STIA property boundaries, with monitoring points generally located 

downstream of STIA inputs; however, one site (Des Moines Creek Upstream) is located upstream 

of STIA stormwater outfalls to monitor for potential impacts originating upstream of Airport 

property. Results are compared to a laboratory control conducted concurrently with the in situ 

tests.  

 

During the Fall 2021 event, hatching success, post-hatch survival and cumulative survival were all 

significantly reduced at Miller Creek and Des Moines Creek Upstream compared to the laboratory 

control. During the Spring 2022 event, post-hatch and cumulative survival was significantly 

reduced at Des Moines Creek Upstream compared to the laboratory control. In terms of sublethal 

effects, no effects were observed on length or weights at any site during either the Fall or Spring 

events. Developmental abnormalities were minimal across all sites and controls during both 

events (i.e., ≤ 5%). Of note, with the exception of Spring 2015, Spring 2018 and Spring 2020 testing 

events, Des Moines Creek Upstream has historically exhibited adverse effects since the testing 

program began in 2010. 

   

 



 
  

 

 Nautilus Environmental Company Inc. 1 
 

1.0 INTRODUCTION 

 

This report presents the results of the rainbow trout (RBT) early life stages (ELS) in situ monitoring 

tests conducted in the Fall of 2021 and Spring of 2022. The objective of this program is to use 

salmonid ELS as an in situ monitoring tool to assess the quality of receiving waters potentially 

affected by stormwater discharges from the Seattle-Tacoma International Airport (STIA), as well 

as a multitude of other potential sources from the surrounding urban environment. Results for 

studies conducted in Fall 2010/Spring 2011, Fall 2011/Spring 2012, Fall 2012/Spring 2013, Fall 

2013/Spring 2014, Fall 2014/Spring 2015, Fall 2015/Spring 2016, Fall 2016/Spring 2017, Fall 

2017/Spring 2018, Fall 2018/Spring 2019, Fall 2019/Spring 2020 and Fall 2020/2021 have been 

presented previously (Nautilus Environmental 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 

2019, 2020 and 2021, respectively), and have demonstrated that the RBT in situ ELS bioassay is an 

effective biological monitoring tool for assessing the potential effects of stormwater discharges 

on the receiving environment. 

 

The sampling events presented herein were conducted under NPDES Permit No. WA-002465-1, 

which requires that in situ tests be conducted biannually in the fall and spring, corresponding to 

the spawning regimes of local salmonid species. 

 

2.0 METHODS 

 

Guidance for conducting in situ ELS exposures with salmonids is available from a number of 

sources. The British Columbia Ministry of Environment has a protocol for an in situ ELS salmonid 

test (BCMOE, 2003), and Environment Canada has developed laboratory test procedures for early 

life stages of rainbow trout (Environment Canada, 1998). In the USA, there are two general 

laboratory protocols for conducting fish early life stage toxicity tests (EPA, 1996; ASTM, 2005). The 

procedures used in this study reflect refinements made to the general guidance provided in the 

documents above (Chalmers et al., 2014), and have been used successfully at a number of sites in 

both Canada and the USA. Additional refinements specific to applying the method to waterways 

present on Airport property are included in the descriptions below. 
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2.1 Design 

 

The study design used for the Fall 2021 and Spring 2022 in situ testing involved exposure of eyed-

stage embryos at four sampling sites, using four replicates per site with 30 embryos per replicate. 

The locations of the sites are shown in Figure 1. The original sites were located on Miller and Des 

Moines Creeks downstream of all Airport discharges, and were subsequently augmented by an 

additional site on Des Moines Creek located upstream of any Airport discharges to determine the 

extent to which sources upstream of STIA inputs may contribute to adverse effects observed at 

the downstream site on Des Moines Creek. A site located in Walker Creek was also included in the 

study design beginning with the Spring 2016 testing event. 

 

The exposure duration used in the in situ tests covers the major salmonid early life stage 

developmental milestones, beginning with the eyed egg stage, proceeding through hatching and 

alevin stages (yolk sac present, during which the fish reside in the gravel), and ending at the early 

fry stage (also known as swim-up fry). At this point, the yolk sac has been absorbed and, under 

natural conditions, the fish would leave the gravel to feed independently. The duration of the 

exposure period is expected to include multiple rain/runoff events, and corresponding 

fluctuations in flow, contaminant concentrations, temperature, water chemistry, etc. Collectively, 

these attributes of the in situ approach provide highly relevant information regarding the 

suitability of waterbodies to support salmonid development (Chalmers et al., 2014).  

 

Eyed eggs for both in situ events were supplied by TroutLodge (Sumner, WA), which also supplies 

rainbow trout eggs and sperm for the laboratory sublethal toxicity tests required in the STIA 

NPDES stormwater permit. Following deployment, the status of the in situ organisms was routinely 

monitored during the exposure, as well as at specific developmental stages and after significant 

storm events. Data were obtained on hatching, survival, development and growth. A subset of 

embryos was also reared in the laboratory (Rainier Environmental, Fife, WA) to assess organism 

quality. Weekly temperature measurements from the field were used to adjust rearing 

temperatures for the laboratory controls so that development in the controls could be used to 

trigger field inspections at specific times (e.g., hatch, swim-up). 

 

2.2 Monitoring Locations and Site Preparation 

 

The exposures were conducted in three streams within the STIA property boundaries: Miller Creek, 

Walker Creek, and Des Moines Creek (Figure 1). Two sites are located on Des Moines Creek; Des 

Moines Creek Upstream is located on Airport property upstream of STIA stormwater outfalls into 

Des Moines Creek, and is used to assess water quality in Des Moines Creek prior to receiving any 

STIA stormwater discharges (the Des Moines Creek basin upstream of STIA is heavily urbanized 



 
  

 

 Nautilus Environmental Company Inc. 3 
 

and potentially impacted by a variety of pollutant sources). The remaining sites, Miller Creek, 

Walker Creek and Des Moines Creek Lower, are located downstream of STIA inputs into their 

respective drainages (Figure 1).  

 

Results from 2010 showed that the sampling sites generally do not have ideal substrate conditions 

for rearing salmonid ELS and are subjected to heavy sediment flow during storm events. 

Consequently, all four exposure replicates at each site were placed above the substrate in gravel 

contained within PVC crates which were anchored to the substrate with steel stakes. The replicate 

crates at each site were placed in a row on the streambed, from upstream to downstream, at a 

sufficient distance apart so that flow patterns were re-established between each crate. This 

approach allows passage of water through the exposure chambers, but prevents smothering of 

embryos and fry by sediment.  
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Figure 1. Map of STIA with receiving monitoring stations. 
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were held in the dark and gentle aeration was applied (100-200 bubbles per minute). The controls 

were monitored daily for mortalities, which were removed. Temperature was adjusted on a weekly 

basis, as needed, to correspond to temperatures measured in the field. Water renewals were 

conducted three times per week (Monday, Wednesday, Friday) using fresh MHSW. Dissolved 

oxygen (DO), pH, conductivity and temperature were measured before and after water renewals. 

Developmental milestones (e.g., hatch and swim-up) were also recorded. 

 

2.6 Monitoring of Field Exposures 

 

The sites were visited at approximately weekly intervals to assess the condition of the test 

organisms. During these checks, survival was recorded, as well as qualitative observations of 

organism health, site conditions and sedimentation within the boxes. Any dead organisms were 

removed during each visit. These observations were recorded on standard field data sheets, which 

are included in Appendix A. In addition, temperature, pH, DO and conductivity were measured 

during the site visits.  

 

Monitoring of the installations required removal of the substrate overlying the hatchboxes in the 

crates. The embryos or alevins in each hatchbox were then poured into a plastic dishpan 

containing site water where they were enumerated. They were then returned to the hatchbox, 

which was placed back into the mesh-net bag of gravel, the overlying gravel replaced, and the 

bag returned to its respective crate. Care was taken to minimize disturbance and damage to the 

test organisms. 

 

2.7 Test Termination 

 

The field exposures and laboratory controls were terminated when the field organisms reached 

the swim-up fry stage (i.e., when the yolk sac was fully absorbed). This occurred on November 19, 

2021, for the Fall exposure, and on May 4, 2022, for the Spring exposure. Surviving organisms 

were placed in their original plastic replicate containers filled with site water, transported back to 

the laboratory, and terminated. The fish were then weighed (to the nearest 0.001 gram) on an 

analytical balance, and measured (total length, from tip of the snout to the end of the tail) to the 

nearest 0.5 mm. Obvious external malformations were noted, including the affected body part 

(e.g., head, eye, spine) and type of abnormality (e.g., edema). Abnormality data were recorded on 

standard data sheets (Appendix A). The laboratory control fish were evaluated similarly on the 

same day. 
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2.8 Data Analysis 

 

Test data were entered into CETIS (Comprehensive Environmental Toxicity Information System, 

Tidepool Scientific, McKinleyville, CA) for statistical analyses. Differences among the exposure sites 

and laboratory controls were evaluated using pair-wise multiple comparison tests according to 

the USEPA flow chart (USEPA 2002); significant differences were identified at p≤0.05.  

 

One interim and five terminal endpoints were evaluated; the endpoints are described below: 

1. Hatching success – an interim measure of the percentage of embryos hatched the day 

of the hatch inspection, or determined to have hatched based on the number of alevins 

present at the subsequent inspection, relative to the total number of embryos 

originally added;  

2. Post-hatch survival - the percentage of organisms surviving at test termination relative 

to the number of embryos that hatched (these data help determine whether the 

majority of mortalities occurred pre- or post-hatch, or were distributed throughout the 

exposure period); 

3. Cumulative survival - the percentage of surviving organisms at test termination relative 

to the number of embryos in each replicate at the beginning of the exposure;  

4. Abnormality – the percentage of abnormal organisms at test termination relative to 

the number of surviving organisms; 

5. Length – to the nearest 0.5 mm; 

6. Weight – to the nearest 0.001 g. 
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3.0 QA/QC 

 

The QA/QC program for the field exposure involved the following: 

• Consistent field staff leader throughout all visits;   

• Field documentation of all primary data; i.e., the names of individuals collecting the 

samples, sampling location, time of sampling, site conditions (e.g., degree of 

sedimentation), and other relevant observations, such as weather and any unusual 

conditions; 

• Calibrated field meters; 

• Use of pre-cleaned containers, with appropriate labels; 

• Storing and transporting organisms in sealed containers in a cold, dark 

environment; cooling sample containers using ice or gel packs; 

• Including transport controls to ascertain the extent of any transport-induced stress; 

• Checking field organisms every week to monitor developmental progress, 

mortality and abnormality. 

 

The QA/QC program for the laboratory portion of the study involved: 

• Checks and maintenance of control organisms at regular intervals, including 

recording primary observations and water quality data on standardized data 

sheets; 

• Review of datasheets by senior laboratory staff; 

• Test termination activities (measurements, health assessment) conducted by 

qualified staff members using standardized datasheets to ensure consistent 

assessment of abnormalities and growth across all test sites and controls; 

• Use of standard laboratory water and environmental chambers to maintain test 

organisms. 
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Table 2. Observations made during the Fall 2021 exposure. 

Site 
Observations 

October 19, 2021 October 27, 2021 November 3, 2021 November 10, 2021 November 19, 2021 

Miller Creek 
Leaf litter and branches 

on bank and stream 

Algae present in water; 

all remaining eggs 

dead in hatchbox 1, 2 

and 3 

Sediment in crate and 

hatchbox 2; worm in 

hathbox 3; large 

amount of leaf litter on 

bank 

Leaf litter and sand I 

hatchbox 2; leaf litter 

on bank and sand 

covering all hatchboxes 

Sand on all crates and 

hatchboxes; stream is 

turbid, lots of down 

trees and branches 

Walker Creek 

Dense vegetation, leaf 

litter and plant debris 

on bank 

Flatworms in hatchbox 

4. Algae on alevins; 

algae in water 

Red worm in hatchbox 

2 and 3 Leaf litter on bank 

Leaves on hatchbox 1 

and 2; algae on 

hatchbox 2; heavy leaf 

litter on bank 

Des Moines 

Lower 

Lots of vegetation 

coverage on bank; 

minimal leaf litter 

Algae on hatchbox 4 

Biofilm and iron 

bacteria coating 

hatchbox; hatchbox 3; 

sand on/in hatchbox 3 

and 4; leaf litter on 

bank  

Brown biofilm on crate 

1 and 2; algae in 

hatchbox 4; biological 

foam in stream 

Algae on all 

hatchboxes; iron 

bacteria on hatchbox 

2,3 and 4; leaves on 

hatchbox 2 and 4; lots 

of leaf litter and 

branches on bank; less 

foam in stream than 

previous week, near 

hatchbox 1 

Des Moines 

Upstream 

Leaf litter in stream; 

anthropogenic waste 

around site 

Green algae present in 

water and on all 

hatchboxes; flatworm in 

hatchbox 1 

Sand in crate 1 and 4; 

leaf litter on crate 2; 

plastic insulation on 

crate 3; green algae 

present on all crates 

Algae coating hatchbox 

3 

Pine needles and sand 

in hatchbox 1; sand, 

leaf debris and 

branches covering 

hatchbox 2 and 4 and 

observed on bank    
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Figure 5. Daily rainfall during the Fall 2021 exposure.  
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Table 3. Hatching success, survival and abnormality in the control and field treatment 

groups (Fall 2021). 

Site Hatch (%) 
Post-Hatch 

Survival (%) 

Cumulative 

Survival (%) 

Abnormality 

(%) 

Control 100 (0.0) 100 (0.0) 100 (0.0) 0.0 (0.0) 

Miller Creek 39.2 (46.3) 57.0 (49.4) 32.5 (39.5) 2.2 (3.1) 

Walker Creek 92.5 (8.8) 88.5 (10.4) 82.5 (16.6) 0.0 (0.0) 

Des Moines Creek Lower 87.5 (14.5) 91.9 (7.6) 80.0 (12.5) 2.5 (2.8) 

Des Moines Creek 

Upstream 
71.7 (22.0) 36.3 (32.8) 26.7 (30.4) 0.0 (0.0) 

Notes: 

1. Results are presented as mean and standard deviation 

2. Shaded values are significantly different from the control 

 

Table 4. Growth in the control and field treatment groups (Fall 2021). 

Site Length (mm) Weight (mg) 

Control 24.1 (0.9) 89.3 (2.7) 

Miller Creek 24.6 (0.5) 110.2 (0.3) 

Walker Creek 25.7 (0.3) 108.8 (2.9) 

Des Moines Creek Lower 25.4 (0.4) 106.5 (2.6) 

Des Moines Creek Upstream 24.7 (0.8) 100.5 (10.0) 

Notes:  

1. Results are presented as mean and standard deviation 

2. Shaded values are significantly different from the control 
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Figure 6. Hatching success, post-hatch survival, and cumulative survival in the field and 

control treatment groups (Fall 2021). 

  

Error bars are standard deviations; asterisks denote significant difference from control. 
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Figure 7. Average lengths for the laboratory control and exposure sites (Fall 2021).  

 

Data point is the average; box represents range of minimum to maximum values. 

 

Figure 8. Average weights for the laboratory control and exposure sites (Fall 2021).  

 
Data point is the average; box represents range of minimum to maximum values. 
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Table 6. Observations made during the Spring 2022 exposure. 

Site 
Observations 

April 6, 2022 April 12, 2022 April 20, 2022 April 27, 2022 May 4, 2022 

Miller Creek 
Small amount of algal 

growth 

Earthworm in rocks in 

hatchbox 2; mayflies in 

hatchbox 4 
-- -- 

Some sedimentation in 

hatchboxes 

Walker Creek Small amount of algal 
growth 

Green algae growing 
on rocks and 

hatchboxes; shrimp in 
hatchbox 2; hatchbox 

3 not fully covered 
and replaced 

Algae in hatchbox 2 -- Water clear 

Des Moines Lower No algal growth Water very clear Water very clear 

Algae growth in 

hatchbox 1 and 2; a 

little sediment in 

hatchbox 2 

Foul odour at site for 

hatchbox 1 and 2 

Des Moines 

Upstream 
Small amount of algal 

growth 

Brown algae on 

hatchboxes and in 

water 

Plastic bag on crate 1; 
moderate amount of 
anthropogenic waste 
in stream including 

plastic bags and 
cigarette butts 

Algae in all hatchboxes Algae in all hatchboxes 
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Figure 9. Daily rainfall for the duration of the Spring 2022 exposure. 
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4.2.3 Spring 2022 In situ exposure metrics 

 

Data for the spring sampling event are summarized in Tables 7 and 8, and presented graphically 

in Figures 10 through 12.  

 

Hatching success – Mean hatching success for the controls was 97.5%, compared with 95.0% at 

Miller Creek, 93.3% at Walker Creek, 99.2% at Des Moines Creek Lower and 90.8% at Des Moines 

Creek Upstream. There was no significant difference in hatching success at any site compared to 

the control (Dunnett Multiple Comparison Test). There was no significant difference in hatching 

success at Des Moines Lower compared to Des Moines Creek Upstream. 

 

Post-hatch survival – Control survival of alevins post-hatch was 99.2%, compared with 96.5% at 

Miller Creek, 96.4% at Walker Creek, 95.8% at Des Moines Creek Lower, and 67.1% at Des Moines 

Upstream. A significant difference was observed at Des Moines Creek Upstream compared to the 

control (Dunnett Multiple Comparison Test); a significant difference was also observed between 

Des Moines Creek Lower and Upstream.  

 

Cumulative survival – Control survival from initiation of the test to termination averaged 96.7%, 

compared with 91.7% at Miller Creek, 90.0% at Walker Creek, 95.0% at Des Moines Creek Lower, 

and 60.8% at Des Moines Creek Upstream. There was a significant difference at Des Moines Creek 

Upstream compared to the control (Dunnett Multiple Comparison Test) and a significant 

difference in cumulative survival between Des Moines Lower and Des Moines Creek Upstream.  

 

Abnormalities – There were few abnormalities observed across treatments, with three in the 

control and one each in Miller Creek, Des Moines Creek Lower and Des Moines Creek Upstream. 

The abnormality of the fish in the control and Des Moines Creek Upstream were located in the 

spine, and the abnormality observed at Miller Creek was in the head.  

 

Growth – Average weight in the controls was 101.9 mg, and length averaged 23.7 mm. In 

comparison, Miller Creek fish averaged 131.6 mg and 26.1 mm, fish from Walker Creek averaged 

140.9 mg and 27.4 mm, fish exposed at Des Moines Creek Lower averaged 134.7 mg and 26.4 mm 

and fish from Des Moines Creek Upstream average 135.4 mg and 26.7 mm. Neither weight nor 

length were significantly lower than the control at any sites (Dunnett Multiple Comparison Test). 

There was also no significant difference in length or weight between Des Moines Lower and Des 

Moines Creek Upstream.   
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Table 7. Hatching success, survival and abnormality in the control and field treatment 

groups (Spring 2022).  

Site Hatch (%) 
Post-Hatch 

Survival (%) 

Cumulative 

Survival (%) 

Abnormality 

(%) 

Control 97.5 (3.2) 99.2 (1.7) 96.7 (2.7) 2.6 (3.2) 

Miller Creek 95.0 (1.9) 96.5 (2.9) 91.7 (4.3) 0.9 (1.8) 

Walker Creek 93.3 (6.1) 96.4 (2.7) 90.0 (6.1) 0.0 (0.0) 

Des Moines Creek Lower 99.2 (1.7) 95.8 (6.3) 95.0 (5.8) 0.9 (1.7) 

Des Moines Upstream 90.8 (7.4) 67.1 (23.6) 60.8 (20.4) 2.3 (4.6) 

Notes: 

1. Results are presented as mean and standard deviation 

2. Shaded values are significantly different from the control 

 

Table 8. Growth in the control and field treatment groups (Spring 2022). 

Site Length (mm) Weight (mg) 

Control 23.7 (0.7) 101.9 (6.6) 

Miller Creek 26.1 (0.4) 131.6 (0.9) 

Walker Creek 27.4 (0.4) 140.9 (7.6) 

Des Moines Creek Lower 26.4 (0.5) 134.7 (6.2) 

Des Moines Upstream 26.7 (0.4) 135.4 (5.1) 

Notes:  

1. Results are presented as mean and standard deviation 
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Figure 10. Hatching success, post-hatch survival, and cumulative survival in the field and 

control treatment groups (Spring 2022). 

 
Error bars are standard deviations.  

Figure 11. Average lengths for the laboratory control and exposure sites (Spring 2022). 

 

Data point is the average; box represents range of minimum to maximum values.   
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Figure 12. Average weights for the laboratory control and exposure sites (Spring 2022).  

 
Data point is the average; box represents range of minimum to maximum values.  
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5.0 DISCUSSION 

 

There were only adverse effects associated with lethal measurements, such as hatching success 

and survival for alevins exposed in Miller Creek and Des Moines Creek Upstream during the Fall 

event and at Des Moines Creek Upstream during the Spring event. A statistically significant 

reduction in survival was observed in Miller Creek during the Fall event and in Des Moines Creek 

Upstream in both test events. Respectively, during the fall period there was a 60.8 and 28.3% 

reduction in hatching success and a 43 and 63.7% reduction in post-hatch survival relative to the 

laboratory control. At the remaining sites during the Fall event, survival was high (≥80%). With the 

exception of Des Moines Creek Upstream, post-hatch survival was high during the Spring event 

(≥90%); there was a 32.9% reduction in post-hatch survival at Des Moines Upstream relative to 

the laboratory control. 

 

Results for cumulative survival, incorporating both effects on hatch rate and survival post hatch, 

provided the best measure of adverse effects in the in situ exposures reported here. In the Fall 

2021 event, cumulative survival in the exposure sites ranged from 26.7 to 82.5%, and was 

significantly decreased at Miller (32.5%) and Des Moines Creek Upstream (26.7%) compared to 

the control (100% survival).  

 

A high degree of egg and embryo mortality at Miller Creek and Des Moines was observed with 

the first site visit on October 27, 2021 during the Fall event, contributing to low cumulative survival 

numbers. Water quality measurements during the site visit were within acceptable ranges; 

therefore, the cause of mortality cannot be determined as water quality impairments, although 

observations are limited to the weekly site visits. No signs of predation or sedimentation were 

observed; however, a high degree of algae accumulation was observed within the hatchboxes at 

these locations during the initial visit and may have caused high mortality. Low overall cumulative 

survival through the remaining study period was likely impacted by a combination of high stream 

flows and sedimentation loads. Total rainfall through the 31 day fall study period was 12.82 inches, 

which is significantly higher than the Port’s recorded long term monthly rainfall averages for 

October (4.24 inches) and November (6.36 inches). Both the overall volume and the moderate-

high intensity of rainfall events throughout the study period lead to elevated streamflow 

conditions capable of carrying above average loads of late summer algae and sediment.       

 

In the Spring 2021 event, cumulative survival ranged from 60.8 to 95.0% across the sites, compared 

with 96.7% in the control, with only Des Moines Creek Upstream being significantly lower than 

the control.    
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Of note, significant adverse effects were observed in both Fall 2021 and Spring 2022 events at the 

Des Moines Creek Upstream site, with reduced post-hatch survival and cumulative survival during 

both Fall and Spring events, and reduced hatching success in the Fall. With the exception of the 

Spring 2015 (Nautilus Environmental 2015), Spring 2018 (Nautilus Environmental 2018) and the 

Spring 2020 (Nautilus Environmental 2020) testing events, Des Moines Upstream has generally 

exhibited evidence of adverse effects, suggesting an ongoing pattern of impaired water quality 

upstream of STIA inputs, including anthropogenic waste often being observed at the site or in the 

creek.  

 

In general, creek conditions and water quality parameters remained within suitable ranges for the 

duration of the both testing events and were unlikely to have contributed to any adverse effects 

observed. However, some exceedances were notable, including dissolved oxygen measurements 

that exceeded saturation during the Spring 2022 event. Elevated levels of total dissolved gas 

(TDG), which includes dissolved oxygen, can be harmful to salmonids (Carter 2008), and USEPA 

(1986) has set a criterion for TDG stating that levels should not exceed 110% of saturation. In most 

instances during the Spring event, dissolved oxygen was ≤110% saturation, and it is unknown if 

the supersaturated oxygen resulted in supersaturated TDG or not.  
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areas, stormwater ponds, and wetlands. These habitats are managed for tree height and wildlife 
control to maintain aircraft safety. Many vegetated habitats around the outer edge of the GSA 
were previously developed for residential and recreational uses (e.g., city park lands). These 
properties were subsequently purchased and cleared for airport noise mitigation and other 
purposes and have revegetated over time.  

2.2 Information Sources  
Confluence relied on the following information sources to determine potential ESA-listed 
species and critical habitat occurrence in the GSA: 

 The SAMP NTP GSA (Exhibit 1) 
 An October 9, 2019 reconnaissance survey of affected habitats within the study area 

guided by Port of Seattle staff 
 Knowledge of the Gilliam Creek drainage from a prior foot survey conducted by 

Confluence staff in 2009 
 The Washington Department of Fish and Wildlife (WDFW 2019a, 2021a, 2023a) Priority 

Habitats and Species (PHS) database 
 The WDFW SalmonScape database (WDFW 2019b, 2021b, 2023b) 
 The WDFW state sensitive species list (WDFW 2019c, 2021c, 2023c) 
 The U.S. Fish and Wildlife Service (USFWS 2019, 2021, 2023) iPac list of threatened and 

endangered species and designated critical habitat known or likely to occur in the GSA 
and vicinity 

 National Oceanographic and Atmospheric Administration (NOAA Fisheries 2019, 2021, 
2023) lists of threatened and endangered species and designated critical habitat known 
or likely to occur in the GSA and vicinity 

 A list of wildlife species observed within the GSA from periodic monitoring activities 
and studies conducted by the Port of Seattle (2019, 2023) 

 A 2014 review of potential ESA compliance concerns prepared for the Port of Seattle 
(Anchor QEA 2014) 

 The Miller and Walker Creeks Basin Plan (Miller and Walker Creek Executive 
Committee 2006) 

 Gray literature on the Miller Creek and Walker Creek drainages (Batcho 2009; King 
County 2011) 

 The City of Tukwila Surface Water Comprehensive Plan (CH2MHill 2013) 

3.0 RESULTS 
The results of this review include:  
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 Identification of ESA-listed and proposed species, and designated proposed critical 
habitat that the USFWS and NOAA Fisheries identify as known or potentially occurring 
in the project vicinity;  

 Identification of other federally protected species known or potentially occurring in the 
project vicinity;  

 Identification of state protected species known or potentially occurring in the project 
vicinity 

 Analysis of the likelihood of those species occurring in the GSA;  
 The potential effects of SAMP NTP implementation on those species and their habitats.  

3.1 ESA-Listed Species and Critical Habitat in GSA Vicinity 
The USFWS and NOAA Fisheries lists obtained for this review indicate that several ESA-listed 
animal species and designated critical habitat occur in the vicinity of the GSA. These species 
lists are broadly defined and consider species presence within approximately 50 miles of a 
designated point of interest or are simply maps of regional listed species distribution and 
critical habitat designations. As such, they include several species that are not likely to occur in 
the GSA for a variety of reasons, including unsuitable habitat conditions, regional extirpation, 
and/or documented lack of occurrence over several years. ESA-listed animal species and 
designated critical habitat occurrence in the general vicinity and documented or potential 
occurrence in the GSA are summarized in Table 1.  

One ESA-listed plant species have been documented in King County, the federally endangered 
swamp sandwort (Arenaria paludicola) (58 FR 41378). The swamp sandwort historically occurred 
in swamps and freshwater marshes in proximity to marine shorelines in Puget Sound. This 
species no longer occurs in King County and has most likely been extirpated from Washington 
State (Washington Natural Heritage Program 2021; WDNR 2021). Golden paintbrush, a 
previously ESA-listed species, was formally delisted on July 19, 2023. USFWS determined that 
delisting was warranted because all remaining populations are protected on appropriately 
managed public lands and the species has been successfully reintroduced at several sites within 
its native range (88 FR 46088). Golden paintbrush historically occurred in King County but is 
now exceedingly rare. This species is associated with open meadow and prairie habitats on 
glacial outwash plains in the Puget Sound Lowlands at 10 to 300 feet elevation (Washington 
Natural Heritage Program 2021; WDNR 2021). The GSA lacks suitable habitat for this species 
and it has not been documented in the vicinity.   
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Table 1. ESA-listed animal species and designated critical habitat occurring in the vicinity of the Airport and likelihood of 
occurrence in the GSA.  

Species Listing Status Critical Habitat 
Known or Likely to 

Occur in GSA Rationale 
Species Critical 

Habitat 

North American 
Wolverine 

Proposed Threatened 
10/08/2016 

81 FR 71670 
Not designated No No The developed Puget Sound lowlands do not provide suitable habitat for this 

species. 

Marbled murrelet – 
Washington, Oregon, 
and California 

Threatened 
10/01/1992 

57 FR 45328 

Designated 
08/04/2016 

81 FR 51348 
No No This species is primarily marine but nests in large coniferous trees in mature, 

predominantly old growth, forests. These habitats do not occur in the GSA. 

Yellow-billed cuckoo – 
Western U.S. 

Threatened 
11/03/2014 

79 FR 59991 

Designated 
12/02/2014 

79 FR 71373 
No No This species has been extirpated from Washington State and occurs only as 

a periodic migrant. The GSA does not provide suitable habitat.  

Bull trout – Coastal-
Puget Sound 

Threatened 
11/01/1999 

64 FR 58910 

Designated 
10/18/2010 

75 FR 63898 
No No 

Foraging adult and subadult bull trout may occur in the Green River and 
nearshore marine habitats of Puget Sound. The GSA is inaccessible to and 
does not contain suitable habitat for bull trout and is outside of designated 
critical habitat for this species.  

Chinook Salmon – 
Puget Sound 

Threatened 
06/28/2005 

70 FR 37160 

Designated 
09/02/2005 

70 FR 52685 
No No 

Chinook occur in proximity to the GSA in nearshore areas of Puget Sound 
and in migratory and rearing habitats the Green River. The GSA is 
inaccessible to and does not contain suitable habitat for Chinook salmon and 
is outside of designated critical habitat for this species.  

Steelhead – Puget 
Sound 

Threatened 
05/11/2006 

72 FR 26722 

Designated 
09/08/2008 

73 FR 55451 
No No 

Migrating adult and juvenile steelhead may occur in proximity to the GSA in 
migratory habitats in the Green River. The GSA is inaccessible to and does 
not contain suitable habitat for steelhead and is outside of designated critical 
habitat for this species.  

Yelloweye Rockfish – 
Puget Sound/Georgia 
Basin 

Endangered 
3/24/2017 

82 FR 7711 

Designated 
11/3/2014 

79 FR 68042 
No No 

The GSA is comprised entirely of terrestrial upland and freshwater habitats 
unsuitable for obligate marine species.  

Bocaccio Rockfish – 
Puget Sound/Georgia 
Basin 

Threatened 
4/28/2010 

75 FR 22276 

Designated 
11/3/2014 

79 FR 68042 
No No 
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Species Listing Status Critical Habitat 
Known or Likely to 

Occur in GSA Rationale 
Species Critical 

Habitat 

Southern Resident 
Killer Whale 

Endangered 
11/18/2005 

70 FR 69903 

Proposed 
10/19/2019 

84 FR 55530 
No No 

Humpback Whale – 
Mexico and Central 
America  

Mexico DPS 
Threatened 

Central America DPS 
Endangered 
12/21/2016 

81 FR 93639 

Proposed 
10/19/2019 

84 FR 55530 
No No 
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3.1.1 Likelihood of ESA-Listed Species Occurrence in the GSA 

The best available science and information indicates that no ESA-listed species or designated 
critical habitat are present within the SAMP NTP GSA. This conclusion is supported by the fact 
that the developed areas of the Seattle-Tacoma International Airport and immediate 
surroundings do not provide suitable habitat for any listed species, with the possible exception 
of the streaked horned lark. This species relies on short grass prairie habitats and is known to 
occur in managed grasslands between runways and taxiways at other airports elsewhere in the 
Puget Sound region. However, streaked horned lark has not been observed in annual wildlife 
surveys conducted by the Port of Seattle (2019, 2023) and the Seattle-Tacoma International 
Airport lies is outside the range of currently occupied habitat (USFWS 2019). This indicates that 
the streaked horned lark is unlikely to occur in the GSA in the near-term. While the species 
range could conceivably expand in the future, the North Puget Lowlands, including the GSA, 
are not included in current recovery objectives (USFWS 2019). Therefore, the GSA should not be 
considered potential habitat for the purpose of ESA consultation.  

The GSA does not overlap habitats known or potentially used by any ESA-listed fish species or 
designated critical habitats (NMFS 2021; USFWS 2021). While several listed species are known 
to occur in the general proximity, they have not been documented within the GSA boundary, 
cannot currently access the habitats therein, and would be unlikely to do so for the foreseeable 
future because these habitats are unsuitable. As stated, the Port of Seattle has identified and/or 
committed to sufficient stormwater and industrial wastewater controls to fully offset water 
quantity and water quality impacts from SAMP Near-Term Project development. No 
measurable stormwater impacts would occur within the Gilliam Creek, Miller/Walker Creek 
and Des Moines Creek systems, the only potentially suitable freshwater habitats for ESA-listed 
salmonids are located downstream of the GSA.  

3.1.2 Potential SAMP Near Term Project Effects on ESA-Listed Species and Habitats 

Based on the best available science and information and the conservative GSA boundary used 
in this assessment, the SAMP NTPs do not appear to trigger formal consultation requirements 
under Section 7 of the ESA. No ESA-listed species are documented or likely to occur within the 
GSA and no designated critical habitat occurs within this boundary. Therefore, no measurable 
effects on listed species or their habitats are likely to occur.  

3.2 Other Federally Protected Species Occurring in the GSA 
The other relevant federal regulations considered in this review are the MBTA and BGPA, 
which afford various protections to a broad range of native bird species. All bird species in 
Washington State, except for non-native European starlings, rock doves (pigeons) and English 
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house sparrows, are protected under the MBTA. Table 2 provides a list of MBTA-protected 
species observed on Seattle-Tacoma International Airport property in annual surveys 
conducted by Port of Seattle staff and their contractors. The Port of Seattle has documented bald 
eagle occurrences within the GSA. There are no bald eagle nesting or roosting sites documented 
in the GSA or surrounding proximity in the PHS database (WDFW 2023a). The golden eagle 
does not commonly occur west of the Cascades and has not been observed in the GSA (Port of 
Seattle 2019, 2023; WDFW 2023a).  

Table 2.  Federally protected bird species documented within the GSA. 

Species Observed in 2019 Observed 2020-2023 Federal Protection Status 

American bittern   ● ● MBTA 

American coot ● ● MBTA 

American crow ● ● MBTA 

American goldfinch ● ● MBTA 

American kestrel ● ● MBTA 

American pipet ● ● MBTA 

American robin ● ● MBTA 

American tree sparrow -- ● MBTA 

American wigeon     ● ● MBTA 

Anna’s hummingbird ● ● MBTA 

Bald eagle ● ● MBTA, BGPA 

Band-tailed pigeon -- ● MBTA 

Bank swallow -- ● MBTA 

Barn own ● ● MBTA 

Barn swallow ● ● MBTA 

Barred owl ● ● MBTA 

Barrow's goldeneye -- ● MBTA 

Belted kingfisher ● ● MBTA 

Bewick’s wren      ● ● MBTA 

Black swift -- ● MBTA 

Black-capped chickadee ● ● MBTA 
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Species Observed in 2019 Observed 2020-2023 Federal Protection Status 

Black-headed grosbeak ● -- MBTA 
Black-throated gray 
warbler ● -- MBTA 

Blue-winged teal   ● -- MBTA 

Broad-winged hawk -- ● MBTA 

Brown creeper ● -- MBTA 

Brown-headed cowbird   ● ● MBTA 

Bufflehead     ● ● MBTA 

Bushtit              ● ● MBTA 

Cackling goose ● ● MBTA 

California gull -- ● MBTA 

California quail ● ● MBTA 

Canada goose ● ● MBTA 

Canvasback -- ● MBTA 

Caspian tern -- ● MBTA 

Cedar waxwing ● ● MBTA 
Chestnut-backed 
chickadee ● -- MBTA 

Chipping sparrow -- ● MBTA 

Cliff swallow ● ● MBTA 

Common goldeneye ● -- MBTA 

Common merganser ● ● MBTA 

Common nighthawk -- ● MBTA 

Common raven ● ● MBTA 

Common yellowthroat ● ● MBTA 

Cooper’s hawk       ● ● MBTA 

Dark-eyed junco ● ● MBTA 

Dickcissel -- ● MBTA 
Double-crested 
cormorant ● ● MBTA 

Dowitcher ● -- MBTA 
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Species Observed in 2019 Observed 2020-2023 Federal Protection Status 

Downy woodpecker   ● ● MBTA 

Dunlin -- ● MBTA 

Eared grebe ● ● MBTA 

Evening grosbeak ● -- MBTA 

Fox sparrow -- ● MBTA 

Gadwall ● ● MBTA 

Glaucous-winged gull ● ● MBTA 

Golden-crowned kinglet ● ● MBTA 

Golden-crowned sparrow ● -- MBTA 

Gray-cheeked thrush -- ● MBTA 

Great blue heron     ● ● MBTA 

Great horned owl ● ● MBTA 

Greater scaup -- ● MBTA 
Greater white-fronted 
goose ● ● MBTA 

Greater yellowlegs -- ● MBTA 

Green heron ● ● MBTA 

Green-winged teal ● ● MBTA 

Hammond's flycatcher  ● MBTA 

Hairy woodpecker    ● -- MBTA 

Hermit thrush -- ● MBTA 

Herring gull -- ● MBTA 

Hooded merganser ● ● MBTA 

Horned grebe -- ● MBTA 

Horned lark ssp. ● ● MBTA 

House finch ● ● MBTA 

House wren          ● ● MBTA 

Killdeer  ● ● MBTA 

Lazuli bunting ● ● MBTA 
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Species Observed in 2019 Observed 2020-2023 Federal Protection Status 

Least sandpiper -- ● MBTA 

Lesser nighthawk -- ● MBTA 

Lesser scaup ● ● MBTA 

Lincoln's sparrow -- ● MBTA 

Long-eared owl -- ● MBTA 

Macgillivray's warbler -- ● MBTA 

Mallard ● ● MBTA 

Marsh wren          ● -- MBTA 

Merlin  ● ● MBTA 

Mountain bluebird -- ● MBTA 

Mourning dove ● ● MBTA 

Northern flicker ● ● MBTA 

Northern harrier   ● ● MBTA 

Northern pintail ● ● MBTA 

Northern shoveler ● ● MBTA 

Northern shrike ● ● MBTA 

Northwestern crow ● ● MBTA 

Orange-crowned warbler -- ● MBTA 

Osprey  ● ● MBTA 

Ovenbird -- ● MBTA 

Pacific golden plover -- ● MBTA 

Pacific slope flycatcher -- ● MBTA 

Palm warbler -- ● MBTA 

Pectoral sandpiper -- ● MBTA 

Peregrine falcon ● ● MBTA 

Pied-billed grebe    ● ● MBTA 

Pileated woodpecker ● ● MBTA 

Pine siskin ● ● MBTA 
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Species Observed in 2019 Observed 2020-2023 Federal Protection Status 

Purple martin -- ● MBTA 

Red-breasted merganser ● ● MBTA 

Red-breasted nuthatch ● -- MBTA 

Red-breasted sapsucker ● ● MBTA 

Red-necked grebe -- ● MBTA 

Red-necked phalarope -- ● MBTA 

Red-shouldered hawk ● -- MBTA 

Red-tailed hawk      ● ● MBTA 

Red-winged blackbird ● ● MBTA 

Ring-billed gull -- ● MBTA 

Ring-necked duck ● ● MBTA 

Rough-legged hawk  ● MBTA 

Ruby-crowned kinglet ● ● MBTA 

Ruddy duck ● ● MBTA 

Rufous hummingbird  ● ● MBTA 

Savannah sparrow ● ● MBTA 

Sharp-shinned hawk ● ● MBTA 

Short-eared owl ● ● MBTA 

Snow bunting ● ● MBTA 

Snow goose ● ● MBTA 

Snowy owl -- ● MBTA 

Song sparrow ● ● MBTA 

Sora -- ● MBTA 

Spotted sandpiper   ● -- MBTA 

Spotted towhee ● ● MBTA 

Swainson’s hawk ● ● MBTA 

Swainson’s thrush ● ● MBTA 

Townsend’s warbler ● ● MBTA 
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Species Observed in 2019 Observed 2020-2023 Federal Protection Status 

Tree swallow ● ● MBTA 

Tundra swan -- ● MBTA 

Turkey vulture ● ● MBTA 

Varied thrush ● ● MBTA 

Vaux swift -- ● MBTA 

Violet-green swallow ● ● MBTA 

Warbling vireo -- ● MBTA 

Western grebe -- ● MBTA 

Western gull -- ● MBTA 

Western meadowlark ● ● MBTA 

Western sandpiper   ● ● MBTA 

Western screech owl -- ● MBTA 

Western tanager -- ● MBTA 

Western wood pewee ● -- MBTA 

Whimbrel ● ● MBTA 

White-crowned sparrow ● ● MBTA 

White-throated sparrow -- ● MBTA 

White-throated swift -- ● MBTA 

Willow flycatcher ● -- MBTA 

Wilson's snipe -- ● MBTA 

Wilson’s warbler ● ● MBTA 

Winter wren         ● ● MBTA 

Wood duck ● ● MBTA 

Yellow warbler     ● ● MBTA 

Yellow-headed blackbird ● ● MBTA 

Yellow-rumped warbler ● ● MBTA 
Notes: -- = No, ● = Yes 
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Based on the documented presence, the bird species listed in Table 2 and their habitats are 
likely to be affected by SAMP NTPs development. These effects would include temporary 
disturbance and disruption during construction activities, and the permanent alteration and 
loss of suitable habitat in currently undeveloped areas within the proposed development 
footprint. These likely include nesting, foraging, mating, and juvenile rearing habitats.  

3.3 State Protected Species Occurring in the GSA 
The Washington Threatened, Endangered, and Sensitive Species list includes species listed 
under the federal ESA, and other species that are state listed as endangered, threatened, or 
sensitive that require additional protection and/or management to ensure their survival. ESA-
listed species known or likely to occur in the GSA are addressed in Section 3.1. This section 
addresses other state listed and sensitive species commonly found in terrestrial and freshwater 
habitats. These species and their likelihood of occurrence in the GSA are identified in Table 3. 
None of the state-protected species are likely to occur in the GSA based on their current known 
distribution and/or habitat associations.  

Table 3.  Washington state protected species not listed under the ESA and likelihood of occurrence 
in the GSA.  

Species State Status Likely to Occur in GSA Basisa 
Birds 
Sandhill crane Endangered No Seasonal distribution in Washington 

restricted to specific areas in Yakima 
and Klickitat counties 

Upland sandpiper Endangered No  Historical distribution limited to 
eastern Washington, likely extirpated 
from state 

Tufted puffin Endangered No Distribution limited to coastal marine 
habitats with rocky outcrops on 
Washington coast and Strait of Juan 
de Fuca 

Columbian sharp-tailed grouse Endangered No Distribution restricted to eastern 
Washington 

American white pelican Threatened No Distribution restricted to eastern 
Washington 

Ferruginous hawk Threatened No Distribution restricted to southeastern 
Washington 

Common loon Sensitive No Found in association with protected 
marine waters and large inland 
waterbodies. These habitats do not 
occur within the GSA.  

Oregon vesper sparrow Endangered No Status review in progress, ESA listing 
is probable. Two breeding populations 
are currently documented in 
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Species State Status Likely to Occur in GSA Basisa 
Washington State, one each in Pierce 
and Thurston Counties. 

Mammals 
Western gray squirrel Threatened No Current distribution limited to oak and 

mixed conifer woodlands in southern 
Puget Sound lowlands and eastern 
slopes of the Cascade Range. These 
habitats do not occur within the GSA. 

Fisher Endangered No Species distribution limited to 
mature/old growth coniferous forest. 
GSA does not provide suitable 
habitat.   

Reptiles 
Northwestern pond turtle Endangered No Current distribution in western 

Washington limited to two sites 
outside of the GSA (Hallock et al. 
2017) 

Amphibians 
Northern leopard frog Endangered No Distribution restricted to eastern 

Washington. 
Larch mountain salamander Sensitive No Distribution limited to alpine habitats 

in Cascade Range. 
Fish 
Pygmy whitefish Sensitive No Found only in cold alpine streams and 

deep cold lakes. Suitable habitat does 
not occur in GSA. 

Margined sculpin Sensitive No Current distribution in Washington 
restricted to cold water streams in 
southeast corner of state. 

Olympic mudminnow Sensitive No GSA is outside of known species 
range and documented observations. 

Invertebrates 
Mardon skipper Endangered No Distribution limited to native grass 

meadows in southern Washington 
Cascade Range. 

Plants 
Triangular-lobed moonwort Sensitive No Occurs in King County. Distribution 

limited to elevations above 2,100 feet.  
Western moonwort Sensitive No Occurs in King County. Distribution 

limited to elevations above 2,500 feet. 
Alaska harebell Sensitive No Occurs in King County. Distribution 

limited to elevations above 2,000 feet. 
Few-flowered sedge Sensitive No Occurs in King County. Suitable 

habitat present in GSA (Tub Lake) but 
species has not been documented. 

Long-styled sedge Sensitive No Occurs in King County. Distribution 
limited to elevations above 2,700 feet. 

Clubmoss cassiope Threatened No One documented occurrence in WA 
at elevations above 1,900 feet.  
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Species State Status Likely to Occur in GSA Basisa 
Golden chinquapin Sensitive No Rare in WA. Has not been 

documented in the GSA or vicinity. 
Spleenwort-leaved goldthread Sensitive No Old-growth forest obligate. Suitable 

habitat does not occur in GSA or 
vicinity. 

Treelike clubmoss Sensitive No Occurs in King County. Distribution 
limited to elevations above 800 feet. 

Black lily Threatened No Occurs in King County in moist, open 
meadow habitat. Suitable habitat 
does not occur in GSA or vicinity. 

Oregon golden aster Sensitive No Occurs in King County. Habitat limited 
to gravel bars adjacent to larger 
rivers. Suitable habitat does not occur 
in GSA or vicinity. 

Canadian St. John's-wort Sensitive Possible Occurs in King County. Wetland 
obligate species. Species has not 
been documented in GSA or vicinity 
but suitable habitat is present. 

Pacific pea Endangered No Occurs in King County. Associated 
with prairie habitat. Suitable habitat 
does not occur in GSA or vicinity. 

One-cone clubmoss Sensitive No Habitat in WA is limited to North 
Cascades. 

Choris' bog-orchid Threatened No Occurs in King County. Distribution in 
WA limited to elevations above 2,500 
feet. 

Flat-leaved bladderwort Sensitive Possible Occurs in King County. Wetland 
obligate species. Species has not 
been documented in GSA or vicinity 
but suitable habitat is present.  

a Information obtained from WDFW (2021b) and WDNR (2011, 2020) unless otherwise cited. 
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August 17, 2023

United States Department of the Interior
FISH AND WILDLIFE SERVICE

Washington Fish And Wildlife Office
510 Desmond Drive Se, Suite 102

Lacey, WA 98503-1263
Phone: (360) 753-9440 Fax: (360) 753-9405

In Reply Refer To: 
Project Code: 2023-0118376 
Project Name: Port of Seattle - Sustainable Airport Master Plan
 
Subject: List of threatened and endangered species that may occur in your proposed project 

location or may be affected by your proposed project

To Whom It May Concern:

The enclosed species list identifies threatened, endangered, proposed and candidate species, as 
well as proposed and final designated critical habitat, that may occur within the boundary of your 
proposed project and/or may be affected by your proposed project. The species list fulfills the 
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the 
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 et seq.).

New information based on updated surveys, changes in the abundance and distribution of 
species, changed habitat conditions, or other factors could change this list. Please feel free to 
contact us if you need more current information or assistance regarding the potential impacts to 
federally proposed, listed, and candidate species and federally designated and proposed critical 
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the 
Act, the accuracy of this species list should be verified after 90 days. This verification can be 
completed formally or informally as desired. The Service recommends that verification be 
completed by visiting the IPaC website at regular intervals during project planning and 
implementation for updates to species lists and information. An updated list may be requested 
through the IPaC system by completing the same process used to receive the enclosed list.

The purpose of the Act is to provide a means whereby threatened and endangered species and the 
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the 
Act and its implementing regulations (50 CFR 402 et seq.), Federal agencies are required to 
utilize their authorities to carry out programs for the conservation of threatened and endangered 
species and to determine whether projects may affect threatened and endangered species and/or 
designated critical habitat.

A Biological Assessment is required for construction projects (or other undertakings having 
similar physical impacts) that are major Federal actions significantly affecting the quality of the 
human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2) 
(c)). For projects other than major construction activities, the Service suggests that a biological 
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evaluation similar to a Biological Assessment be prepared to determine whether the project may 
affect listed or proposed species and/or designated or proposed critical habitat. Recommended 
contents of a Biological Assessment are described at 50 CFR 402.12.

If a Federal agency determines, based on the Biological Assessment or biological evaluation, that 
listed species and/or designated critical habitat may be affected by the proposed project, the 
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service 
recommends that candidate species, proposed species and proposed critical habitat be addressed 
within the consultation. More information on the regulations and procedures for section 7 
consultation, including the role of permit or license applicants, can be found in the "Endangered 
Species Consultation Handbook" at:

https://www.fws.gov/sites/default/files/documents/endangered-species-consultation- 
handbook.pdf

Migratory Birds: In addition to responsibilities to protect threatened and endangered species 
under the Endangered Species Act (ESA), there are additional responsibilities under the 
Migratory Bird Treaty Act (MBTA) and the Bald and Golden Eagle Protection Act (BGEPA) to 
protect native birds from project-related impacts. Any activity, intentional or unintentional, 
resulting in take of migratory birds, including eagles, is prohibited unless otherwise permitted by 
the U.S. Fish and Wildlife Service (50 C.F.R. Sec. 10.12 and 16 U.S.C. Sec. 668(a)). For more 
information regarding these Acts, see https://www.fws.gov/program/migratory-bird-permit/what- 
we-do.

The MBTA has no provision for allowing take of migratory birds that may be unintentionally 
killed or injured by otherwise lawful activities. It is the responsibility of the project proponent to 
comply with these Acts by identifying potential impacts to migratory birds and eagles within 
applicable NEPA documents (when there is a federal nexus) or a Bird/Eagle Conservation Plan 
(when there is no federal nexus). Proponents should implement conservation measures to avoid 
or minimize the production of project-related stressors or minimize the exposure of birds and 
their resources to the project-related stressors. For more information on avian stressors and 
recommended conservation measures, see https://www.fws.gov/library/collections/threats-birds.

In addition to MBTA and BGEPA, Executive Order 13186: Responsibilities of Federal Agencies 
to Protect Migratory Birds, obligates all Federal agencies that engage in or authorize activities 
that might affect migratory birds, to minimize those effects and encourage conservation measures 
that will improve bird populations. Executive Order 13186 provides for the protection of both 
migratory birds and migratory bird habitat. For information regarding the implementation of 
Executive Order 13186, please visit https://www.fws.gov/partner/council-conservation- 
migratory-birds.

We appreciate your concern for threatened and endangered species. The Service encourages 
Federal agencies to include conservation of threatened and endangered species into their project 
planning to further the purposes of the Act. Please include the Consultation Code in the header of 
this letter with any request for consultation or correspondence about your project that you submit 
to our office.



08/17/2023   3

   

▪

Attachment(s):

Official Species List

OFFICIAL SPECIES LIST
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the 
requirement for Federal agencies to "request of the Secretary of the Interior information whether 
any species which is listed or proposed to be listed may be present in the area of a proposed 
action".

This species list is provided by:

Washington Fish And Wildlife Office
510 Desmond Drive Se, Suite 102
Lacey, WA 98503-1263
(360) 753-9440
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IPAC USER CONTACT INFORMATION
Agency: Federal Aviation Administration
Name: Eric Doyle
Address: 146 N Canal St
Address Line 2: Suite 111
City: Seattle
State: WA
Zip: 98103
Email eric.doyle@confenv.com
Phone: 2063217314
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the 
requirement for Federal agencies to "request of the Secretary of the Interior information whether 
any species which is listed or proposed to be listed may be present in the area of a proposed 
action".

This species list is provided by:

Washington Fish And Wildlife Office
510 Desmond Drive Se, Suite 102
Lacey, WA 98503-1263
(360) 753-9440
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▪

Attachment(s):

Official Species List
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Official Species List
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the 
requirement for Federal agencies to "request of the Secretary of the Interior information whether 
any species which is listed or proposed to be listed may be present in the area of a proposed 
action".

This species list is provided by:

Washington Fish And Wildlife Office
510 Desmond Drive Se, Suite 102
Lacey, WA 98503-1263
(360) 753-9440















http://www.epa.gov/epawaste/nonhaz/index.htm
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