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1.0 INTRODUCTION 

A chronic site-specific selenium criterion (SSSC) is being developed for Hoopes Spring and 
South Fork Sage Creek (SFSC) and the downstream receiving waters including Sage Creek 
and Crow Creek upstream of the Idaho and Wyoming State Line.  Hoopes Spring is located in 
Sage Valley near the J.R. Simplot Company (Simplot) Smoky Canyon phosphate mine in 
Southeastern Idaho (Figure 1).  In accordance with the Administrative Order on Consent (AOC) 
entered into by Simplot, Idaho Department of Environmental Quality (IDEQ), the U.S. Forest 
Service (USFS), and the U.S. Environmental Protection Agency (USEPA), a Site Investigation 
(SI) was conducted at the mine site in 2003 and 2004.  Investigations to date have identified 
elevated concentrations of selenium in surface water being discharged via Hoopes Spring and 
South Fork Sage Creek Springs, which ultimately discharges to lower Sage Creek.  Selenium 
released from overburden disposal areas (ODAs) at the mine has the potential to migrate 
vertically downward into the Wells Formation aquifer.  Groundwater from the Wells Formation 
aquifer discharges at Hoopes Spring and South Fork Sage Creek Springs. 

Source control actions implemented at the ODAs will limit infiltration and reduce selenium 
transport to the Wells Formation, but they will not immediately reduce selenium concentrations 
in groundwater discharged at Hoopes Spring and South Fork Sage Creek springs.  In the 
interim, modification of the selenium surface water quality standard is being investigated.  
Source controls have already been implemented at the Pole Canyon ODA and at Panel E.  The 
effects of the Pole Canyon actions are anticipated to be observable at Hoopes Spring 
approximately 10 years after the diversion of Pole Canyon Creek diversion (NewFields 2007a).  
The effects of recent backfilling, covering, and reclamation at Panel E are anticipated to take 
place within a shorter time period; however, the time frame for observable reductions in the 
selenium concentrations in Hoopes Spring and South Fork Sage Creek springs due to these 
actions is not certain.  The groundwater investigation being conducted for the Remedial 
Investigation/Feasibility Study (RI/FS) will provide additional information needed to refine 
previous estimates of the selenium transport times from these different source areas to the 
springs.  The need for and types of additional source controls are also being evaluated through 
the RI/FS project.   

Field monitoring studies were conducted to characterize the exposure environment, the aquatic 
community, and the physical habitat of the site.  Methods for the field monitoring studies are 
documented in the April 2007 Work Plan - Field Monitoring Studies for Developing a Site-
Specific Selenium Criterion (NewFields 2007b).  Results of the field monitoring studies are 
documented in the May 2009 Final Data Report – Fall 2006 - Fall 2008 Field Monitoring Studies 
for Developing a Site-Specific Selenium Criterion (NewFields and HabiTech 2009).   
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This report, for the study of Yellowstone cutthroat trout (YCT) (Oncorhynchus clarki) 
reproduction, is presented as the second of two laboratory studies to evaluate the effects of 
bioaccumulated ambient selenium concentrations on reproductive success of trout from the 
Site.  The first study involved a similar scope, but used brown trout (Salmo trutta).  Results of 
the brown trout study were reported in the June 2009 Draft Final Brown Trout Report Laboratory 
Reproduction Studies Conducted in Support of Development of a Site-Specific Selenium 
Criterion (NewFields 2009)1.  The laboratory studies were developed to complement information 
available from literature and the extensive field monitoring program for the study area.  The 
laboratory studies were designed to assess potential effects of selenium accumulated in tissues 
of wild-caught, adult YCT on reproductive success, especially the development of young fish, 
from fertilization through swim-up stages of development.  The study design was presented in 
the May 2008 Revised Draft Work Plan – Laboratory Toxicity Tests for Developing a Site-
Specific Selenium Threshold for Trout (NewFields 2008a) (Appendix A).  

1.1 Background 

The approach for the YCT laboratory reproduction studies was based in part on the following 
published and unpublished works: 

 Kennedy et al. (2000).  The effect of bioaccumulated selenium on mortalities and 
deformities in the eggs, larvae, and fry of a wild population of cutthroat trout 
(Oncorhynchus clarki lewisi); 

 Holm et al. (2003).  An assessment of the development and survival of rainbow trout 
(Oncorhynchus mykiss) and brook trout (Salvelinus fontinalis) exposed to elevated 
selenium in an area of active coal mining;  

 Holm et al. (2005).  Developmental effects of bioaccumulated selenium in eggs and 
larvae of two salmonid species;  

 Hardy (2005).  Effects of dietary selenium on cutthroat trout (Oncorhynchus clarki) 
growth and reproductive performance; and,  

 Formation (2011).  Final Brown Trout Report Laboratory Reproduction Studies 
Conducted in Support of Development of a Site-Specific Selenium Criterion. 

                                                 
1 This report has been finalized and is presented in the 2012 Technical Support Document as Appendix D. 
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Based on these and other works, the reproductive success of fish exposed to selenium via diet 
and water was identified as a highly sensitive endpoint.  The approach also reflects the following 
understanding of the current state of the science regarding selenium toxicity: 

 Chronic effects of selenium exposure to fish are due primarily to diet.  Chronic toxicity is 
based on the magnitude and duration of exposure, as well as bio-uptake in the food 
web.  The USEPA (2004) draft criteria document for selenium did not consider or use 
tests in which aqueous only exposure was tested.  EPA states, “[b]ecause diet controls 
selenium chronic toxicity in the environment and water-only exposures require unrealistic 
aqueous concentrations in order to elicit a chronic response, only studies in which test 
organisms were exposed to selenium in their diet alone or in their diet and water were 
considered in the derivation of a chronic value.”  

 Fish appear to be the most sensitive aquatic biota in the area of interest to chronic 
exposure and toxicity from selenium (Coyle et al. 1993; Hamilton et al. 1990; Hermanutz 
et al. 1996) (as cited in USEPA 2004).  

 Reproductive success is the most sensitive biological end point for assessing selenium 
toxicity to fish (Lemly 1985a,b, 1992; Gillespie and Baumann 1986; SchuItz and 
Hermanutz 1990; Coyle et al. 1993) (as cited in Lemly 1993). 

 Selenium impacts on reproductive success in fish are strongly correlated to selenium 
content in eggs (Parametrix 2009)2.  Selenium in eggs is derived from maternal tissues, 
and is well correlated with whole body tissue selenium concentrations in maternal adults. 

 To date, three species of trout (i.e., brook, rainbow, and cutthroat) have been tested for 
bioaccumulation in adults and effects on development of young (Holm et al. 2003, 2005; 
Kennedy et al. 2000; Hardy 2005; Rudolph et al. 2008).  Two species of cutthroat trout 
(westslope cutthroats and Yellowstone cutthroats) have been tested based on published 
literature.   

Because of the site-specific nature of selenium exposure and toxicity, wild-caught, reproducing 
fish from the study and reference areas are the best measure of current and potential impacts 
within this watershed.  Yellowstone cutthroat trout (YCT) from this site have not previously been 
tested, and as the native trout species for these streams, as well as being a recreationally-
important species, YCT are being evaluated to assess their sensitivity to maternal transfer of 
selenium to eggs and the resulting effects. 

The YCT adult reproduction testing used gravid adult wild fish captured at various locations from 
the study area (Figure 2), as well as Henry’s Lake natural run hatchery fish for laboratory 
method controls.  Maternal transfer is believed to be one of the key factors influencing 
reproductive toxicity.  Wild, pre-spawn YCT were collected from locations that represent a range 

                                                 
2 Parametrix 2009 is a compilation document that reviews a number of important studies in the selenium literature.  The conclusions 
drawn are based on the scientific evidence from numerous studies suggesting ovary or egg concentrations are the best tissue to 
correlate to effects.  This position is also supported by USEPA in their revision of the National Selenium Criteria as relayed to the 
SSSC Workgroup by Dr. Charles Delos.  
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of observed surface water selenium concentrations (NewFields 2007c).  Aqueous and dietary 
selenium concentrations translate into a range of exposure conditions resulting in different body-
burden loadings for parental fish, specifically adult female trout.  It was anticipated that tissue 
concentrations in parental fish would confirm this.  Gametes from the adult wild fish were 
collected and fertilized to evaluate reproduction.  Although young were not exposed to aqueous 
selenium, they consumed any protein-bound organic selenium that was present in the yolk and 
passed on to the egg via parental exposure.  The range and gradient of the selenium 
exposures, well-defined source area, exceedence of water quality standards and observations 
of thriving fish populations present a unique situation to examine selenium exposure and 
effects. 

1.2 Objectives 

The objectives of the testing presented herein are as follows: 

 Document the range of selenium concentrations in wild parental fish due to in-situ 
integrated exposure of diet and water;   

 Document the selenium concentrations in eggs produced by adults from different 
locations in the study area; 

 Develop a relationship between selenium concentrations in maternal whole body tissues 
and egg tissues; and  

 Develop dose-response relationships between egg tissue concentrations and measures 
of reproductive success and viability of young.  
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2.0 METHODS 

The approach for testing adult YCT reproductive success, including the study design plan and 
analysis details for the assessment of selenium exposure, were presented in a SSSC 
Workgroup–reviewed Revised Draft Work Plan – Laboratory Toxicity Tests for Developing a 
Site-Specific Selenium Threshold for Trout (May 2008) (NewFields 2008a) (Appendix A).  Study 
methods and results are reported in the 2009 Data Report - Reproductive Success Study with 
Yellowstone Cutthroat Trout (Oncorhynchus clarki) (Appendix B).  

The methods for fish collection, egg collection and fertilization, and laboratory methods are 
briefly summarized below along with any deviations from the planned methods.  Laboratory 
portions of this testing were carried out at AECOM’s environmental toxicology laboratory in Ft. 
Collins, Colorado by Dr. Rami Naddy.  The deformities assessment was performed by Dr. Kevin 
Bestgen at Colorado State University’s Larval Fish Laboratory.  Columbia Analytical Services 
(CAS) (Kelso, Washington) conducted the analytical chemistry for selenium concentrations in 
tissues.   

2.1 Target Number of Wild Fish 

To address whether the number of fish used in the laboratory study would adequately cover the 
range of parental tissue concentrations expected in the system, YCT tissue data for selenium 
were compiled for the stream segments of interest to examine the range of variability (n=123).  
The mean and its confidence intervals suggest that the YCT data are less variable (mean [CI] = 
5.57± [0.631]) than the brown trout tissue data (mean = 13.27 ± 1.995), likely due to the larger 
sample size.  Using these summary statistics, the goal was to identify the number of fish for 
collection that would provide a reasonably high probability of spanning the tissue concentration 
range of interest.  The representativeness of the study is ultimately determined by capturing the 
range of effects and not the total number of fish.  Next, the sample size to capture the range of 
tissue variability was estimated.  How many samples are needed to cover the range of 
population of data (i.e., tissue concentrations), including at least one or more sample(s) that 
represent the upper 10th percentile?  The following formula from Gilbert (1987) was used:  

α = 1-(1-p)n 

When rearranged to solve for n, it looks as follows: 

n = ln(1-α)/ln(1-p) 
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where: 

α = Probability of at least one sample representing the upper pth percentile; 

p = target percent in number format; and 

n = number of samples. 

For this assessment, alpha was set at 0.05 and 0.1, while p was set at a range of percentile 
values.  The upper 10th percentile was chosen because there will naturally be extremes in any 
environmental data, thus attempting to capture the entire range is not practical.  Use of the 90th 
percentile (i.e., upper 10th percentile) captures a large proportion of the data. 

At a 95 percent confidence level (i.e., alpha = 0.05), 29 samples would be needed to confidently 
ensure that at least one or more samples would represent the upper 10th percentile (i.e., 90th). 

The 90th percentile (or upper 10th percentile) for YCT tissue data is 9.7 mg/kg dry weight (dw) 
with upper and lower confidence limits around this percentile of 12.4 and 8.5 mg/kg dw, 
respectively.  Thus, collection of approximately 30 female fish across the five exposure areas 
that include the approximate ranges of high, moderate, low, background and reference should 
provide a sample size that allows for at least one of the fish captured to have a tissue residue 
representative of the upper 10th percentile or higher.  Unlike the brown trout assessment of 
sample size, data evaluated in this assessment include tissue residue data from Deer Creek 
and South Fork Tincup Creek. 

Figure 3 further clarify that fish size, based on length, is not a predetermining factor of the body 
burden it carries, and the location of its exposure is more important. 

2.2 Field Collection of Wild YCT  

In mid-May 2008, the field crew completed its annual spring monitoring.  During that time, 
collected YCT were examined for spawning condition.  Only two ripe females were found, 
suggesting that the primary spawning period was still pending.  In late May, Dr. Tom Wesche 
coordinated with personnel on the ground in the vicinity of Crow Creek to closely monitor the 
river stage.  David Teuscher at IDFG was contacted to assess the status of YCT spawning runs 
at their traps on the Blackfoot River.  Collectively, sufficient information gathered during this time 
indicated that the predominant spawning period was in progress.  Therefore, from June 3 to 
June 10, 2008, sampling was conducted by the field crew to collect ripe and running YCT. 
Electrofishing was conducted at multiple locations (Table 1 and Appendix C), including Crow 
Creek upstream and downstream of Sage Creek, Sage Creek, Deer Creek and South Fork 
Tincup Creek.  Other areas within these locations where YCT might be expected to congregate 
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and spawn due to favorable conditions, such as water depth, velocity, and substrate were also 
included (see locations fished in Appendix C).  Capture locations of YCT that were ultimately 
used for the reproduction study included: Sage Creek (LSV-2C), Crow Creek (CC-150 and 350), 
Deer Creek (downstream of DC-600 near Crow Creek), and South Fork Tincup Creek (SFTC-1).   

Electrofishing was conducted during two separate periods, with the primary effort being done 
over a 7 day period from June 3 to June 10, 2008 at multiple locations.  A second event was 
conducted over two days from June 26 to June 27, 2008, where locations were re-sampled for 
evidence of spawning.  Throughout the effort, a total of 469 YCT were collected with 127 of 
those being considered under sized and under age (Table 1).  More than 300 YCT greater than 
230 mm were captured.  Of these, only 73 showed evidence of potential spawning condition, 
with 43 being identified as males and 30 being potentially ripe females.  Of the females, only 15 
were sufficiently ripe to produced eggs.  Most of these ripe females were captured either in Deer 
Creek (near its mouth) or in Crow Creek (just downstream of Deer Creek).  Several fish were 
also captured in Sage Creek (between South Fork Sage Creek and Hoopes Spring).  Only one 
ripe female was collected at the reference location on South Fork Tincup Creek.      

The target age of fish for use in this study was 3+ years old.  Fish of this age are typically larger 
than approximately 200 mm in length (Kruse et al. 1997).  Due to the large area sampled, fish 
were graded and sorted as the field crew progressed through a reach.  Initially, all fish were 
checked for ripeness, and adjustments to the size class were made based on the size of 
females that were most frequently ripe.  Preference was given to use of tagged fish over non-
tagged fish because data had previously been collected on that fish’s location of capture, 
weight, and length.  Lengths were checked using graduated marks on the handles of the dip 
nets.  Running counts of trout below target size ranges were made and those fish were returned 
immediately to the stream.  Running counts of unripe fish within the target size range were also 
maintained.  Appropriately sized fish were checked for ripeness immediately upon collection.  If 
the male or female was ripe, it was retained and held on-site in a holding pen while other 
locations were fished and until eggs (from adult female fish) and milt (from adult male fish) could 
be stripped from the adults.  Fish were typically held from 1 to 2 days in stream to minimize 
stress.  When sufficient numbers of males and females had been collected to make a shipment 
to the laboratory, electrofishing was suspended and the field crew began the process of 
stripping eggs and milt.   

2.3 Egg Collection and Fertilization 

Eggs (from adult female trout) and milt (from adult male trout) were collected in the field for 
conduct of the reproduction tests.  Fish were anesthetized using tricaine methanesulfonate (MS-
222) to loss of equilibrium.  Fish weight and length were measured to the nearest 0.1 g and 1 
mm, respectively.  Trout were blotted dry, particularly the area around the urogenital opening to 
remove excess water that might contribute to premature water hardening of the eggs.  The milt 
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from several males at each location was expressed using a downward squeezing force, 
ventrally.  Milt from several males was collected into a single plastic bag and stored on ice until 
added to individual egg batches from all females collected from that location.  Eggs from each 
female were stripped from the vent in a similar fashion as the milt was collected from the males.  
Eggs from a single female were stripped into a pre-cleaned stainless steel bowl.  Any blood, dirt 
or extraneous material was then removed from the bowl.   

Eggs were fertilized in the field to reduce egg loss due to incomplete fertilization by adding 
approximately 1 ml (depending on relative volume of eggs) of milt to the eggs from a single 
female in the bowl.  The egg / milt mixture was swirled gently to ensure adequate mixing of 
gametes.  The eggs and milt were allowed to sit undisturbed for ~1 minute.  Then ~100 ml of 
local stream water (enough to just cover the eggs) was added to the bowl.  The gametes were 
gently swirled for three minutes.  Afterward, an additional 500 ml of stream water was added to 
water harden the fertilized eggs.  The entire content of the bowl was then poured into a labeled 
plastic bag and sealed.  Each bag was labeled according to the female from which the eggs 
came, as well as the location.  Prior to transport to AECOM, the bag containing the fertilized 
gametes was partially inflated with oxygen, placed into a separate bag (double bagged), and 
returned to storage on ice (@ 4°C).  The fertilized gametes were placed in a cooler for storage 
and transfer to the laboratory to protect them from sunlight and to keep them cold.  A 
transponder that recorded temperature at 1 minute intervals was placed in each cooler prior to 
shipment to monitor the temperature during transport.  Transport of fertilized eggs from the site 
was completed via arranged transport directly to AECOM to reduce transport stress and delays 
using a commercial overnight carrier.  Eggs were collected from 15 females, but only 14 sets of 
eggs were included in the test, as one set of eggs (SFTC-1) arrived at AECOM dead.   

Adult fish were sacrificed for whole body selenium analysis.  The adult fish carcasses were 
packaged in double plastic Ziploc® bags and stored on ice or frozen prior to shipment to 
AECOM along with the final egg batches.  Because egg batches had to be delivered to AECOM 
within a narrow time window, and because AECOM had a large walk-in cooler/freezer, adult 
carcasses were initially shipped to AECOM.  Once all carcasses were at AECOM and 
thoroughly frozen, a single shipment which included a subsample of eggs and all the adult fish 
carcasses for selenium tissue concentration analysis was sent on dry ice to CAS.  Total 
selenium analysis and percent solids content were performed on all the submitted samples 
according to the methods described in the Work Plan (NewFields 2007b).   

The adult fish that were sacrificed for tissue analysis were packaged in double plastic Ziploc 
bags and stored on ice or frozen prior to shipment to the analytical laboratory for tissue residue 
analyses according to the methods in the Field Studies Work Plan (NewFields 2007b).  Adult 
fish carcasses and residual eggs not included in the study were shipped to CAS in Kelso, 
Washington following standard operating procedures identified in the Field Studies Work Plan 
(NewFields 2007b). 
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Water quality data were collected during the spring monitoring period approximately 2 weeks 
prior to the adult YCT collection effort.  In-situ field parameters, including water temperature, pH, 
conductivity, and dissolved oxygen were recorded.  A single water quality grab sample was also 
collected from each of the SSSC monitoring locations for analysis of dissolved and total 
selenium. 

2.4 Henry’s Lake YCT 

Hatchery fish were used as method controls.  Hatchery fish and gametes were obtained from 
Henry’s Lake Fish Hatchery, Henry’s Lake, Idaho (courtesy of Damon Keen, Idaho Fish and 
Game) on April 7, 2008.  Unlike traditional hatchery fish, those from Henry’s Lake comprise a 
natural run of cutthroat trout that move into the river from the lake to spawn.  The trap is setup 
near the lake outlet to the river and pre-spawn trout are captured from this location as a 
hatchery source for other areas.  ENSR staff was on site at Henry’s Lake to fertilize eggs 
consistent with the methods used in the field for wild-caught YCT.  Because hatchery fish were 
obtained when they were ripe, which occurred prior to when fish were spawning in the field, the 
hatchery fish were obtained approximately 2 months prior to the first field-collected fish.  In 
addition, hatchery fish were at the tail end of the spawning season so additional organisms were 
included in this batch of organisms to account for the possibility of low fertilization success.   

Aqueous water samples were also collected at the hatchery location for analysis of total and 
dissolved selenium so background levels of selenium at the hatchery could be compared with 
selenium levels from field locations.  The samples were collected in May 2008 and sent to ACZ 
for analysis.  Maternal fish were sacrificed to obtain whole body selenium tissue concentrations 
that corresponded to egg clutches from each female, consistent with the methods utilized for the 
wild fish. 

The Henry’s Lake fish obtained were large, wild fish that were older than the range of fish 
collected during the wild fish survey in Crow Creek and tributaries.  Unlike the brown trout 
hatchery fish used as method controls, Henry’s Lake method controls do experience 
environmental stressors, but in a lentic (still water) environment.  Comparisons of Henry’s Lake 
fish endpoints may be appropriate, but differences in adult size and resultant egg clutch sizes 
may skew comparisons, although they may be investigated.  

Henry’s Lake fish may be used to qualitatively assess effects endpoints, but data from these fish 
are more likely to illustrate the range of method variability that can and does occur in larval fish 
survival, growth, and deformities when no selenium exposure has occurred.  The data for these 
hatchery fish, and the measured response, are included alongside the field-collected fish to 
illustrate that variability. 
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2.5 Laboratory Test Methods 

The reproduction portions of this testing were carried out by AECOM’s environmental toxicology 
laboratory in Ft. Collins, Colorado.  The methods are presented in detail in Appendix B.  The 
study plan design was initially developed based on exposure areas and grouping of fish from 
the same collection areas.  However, the study design was modified to collect trout at several 
different locations (exposure areas) and raise eggs from each maternal fish as an independent 
unit (i.e., paired data).  The collection of paired data for individual fish is expected to provide 
better insight on the relationships between tissue concentrations and reproductive success.  

Adult reproduction tests began with a target egg number equal to 600 eggs per test chamber.  
The number of eggs placed into each study was counted manually.  For all of the treatments, 
the remaining number of eggs was estimated using a volume technique to develop a number of 
eggs/volume ratio for that particular female.  The technique consisted of counting the number of 
eggs that filled a graduated cylinder to a particular volume (e.g., 50 mL) to determine the 
number of eggs per mL for that female.  In the past, two separate counts were conducted by two 
different staff personnel.  Based on the agreement of these counted numbers for the particular 
volume, counts were only made once per female.  Using this ratio, the total number of remaining 
eggs for the total volume of eggs measured in a graduated cylinder were calculated.  The total 
number of eggs used to initiate the studies (e.g., 600) was then added to the estimated number 
of remaining eggs to determine the total number of eggs for that particular female trout. 

Adult trout carcasses and a subsample of eggs were sent to CAS for analysis of total selenium 
and percent solids.  Tissues for selenium were analyzed using Gaseous Hydride Atomic 
Absorption Spectroscopy (GH-AAS) Method 7742.  Percent solids were measured via freeze 
drying.  Appendix D includes the raw data for selenium concentrations in whole body and egg 
tissue.   

2.6 Deformity Assessment 

Dr. Kevin Bestgen, at Colorado State University’s Larval Fish Laboratory, was contracted to 
conduct the deformity assessment.  He evaluated over 10,000 individuals and each individual 
fish was evaluated for up to four different deformities and four possible levels of deformity.  Dr. 
Bestgen developed a process for assessing deformities which gives specific scores to each 
ranking, thereby allowing for some measure of repeatability and accuracy.  He received 
samples essentially as blinds because he did not know what the sample locations were or their 
locations relative to selenium concentrations.    

The general criteria were adopted from Holm et al. (2003), and included assessments of 
craniofacial deformities (mostly of the head, eyes, and jaw), vertebral deformities, fin 
deformities, and edema.  The original publication showed pictures of some deformities but 



Appendix E - Yellowstone Cutthroat Trout Adult Laboratory Reproduction Studies 
Technical Support Document: SSSC 
Sage and Crow Creeks, Idaho  January 2012 
 
 

 

 11 

others, particularly the intermediate categories, were not illustrated or were poorly described.  
More specific definitions for each of the assessment categories were developed to give better 
repeatability and consistency across studies, and to aid others in learning the range of 
deformities possible.   

Deformities in each of the categories described above were given a score from 0-3, with 0 being 
a normal condition and 3 being the most deformed.  Some range finding was conducted over 
the first several samples to find background and severe levels of deformities in each category.  
Initial samples were re-scored as necessary to bring them into compliance with the standards 
that were used throughout the assessment.   

The protocol for assessing damage was to place several fish, head to the left, in a Petri dish and 
examine them under a dissecting microscope and 10X magnification.  The lateral side was 
examined for spinal deformities (e.g., lordosis, kyphosis), appearance of the eye, head and 
snout shape, edema, and fin deformities.  The fish was turned ventrally to look for mouth 
deformities and further spinal deformities (scoliosis), turned laterally again for the same criteria 
as the other side, and then dorsally for issues associated with eyes, head size, spinal 
deformities.  

Craniofacial deformities included shortening of the jaw, snout, and missing or poorly developed 
eye or eyes, and head shape abnormalities.  A slightly shortened lower jaw (<= 1 lip width) 
received a 1, a shortened jaw = 2 lip widths or a slightly shortened and slightly disfigured jaw = 
2, and a flat lower jaw or much disfigured (non-functional) jaw = 3.  An assessment of fish 
independent of this study revealed that other brown trout of the same size and developmental 
state did not have the slight deformity that was assessed as CF =1 for the jaw (J).  Thus, the CF 
= 1 score where the J was concerned was deemed real.  A slightly blunted snout (about 50 
percent eye diameter, usually is > than that) = 1, very blunt or flat = 2, deformed or bulbous = 3.  
Eye deformities were scored as one eye blind or poorly pigmented or poorly developed =1, both 
poorly developed = 2, both blind = 3.  Skulls that were slightly bulbous (1/3 > normal) = 1, 
moderately bulbous (2/3 > normal) = 2, and bulbous (1x or > than normal) = 3. 

Skeletal deformities included any deformity of the vertebrae or spines.  A slight bend of less 
than 45 degrees (but > than body width off of straight) or a minor body constriction (e.g., a tight 
rubber band about the body effect) was given a score of 1, 2 slight bends or constrictions 
anywhere, or bend of > 45-90 degrees was scored a 2, and multi-directional bends > 90 
degrees were given a 3.   

Fin deformities included variation in fin or finfold morphology and a slightly smaller or missing fin 
(in thin fish, the adipose fin was often absent, indicating fat absorption, not uncommon and 
scored 1) or one with a bend or incomplete ray development (in older fish) was given a 1, 2 fins 
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damaged or malformed = 2, and > 2 fins malformed or if fins were missing (except adipose) was 
= 3.   

Edema was detected by an obvious swelling and fluid buildup, usually abdominally, and 
ventrally, which often displaced the gut, and was usually clear fluid that was slightly soft when 
touched with a blunt probe.  Slight edema = 1 was for a fish with up to 1X swelling of the normal 
body width or depth, up to 2x = 2, and > 2x = 3.   

2.6.1 Data Reduction of Deformity Rankings 

Individual files, representing scoring sheets, were received for each sample evaluated.  All files 
were combined in Excel to form a master file.  Data were summarized using the Pivot table 
function in Excel to produce counts and percentages of normal fish, deformed fish, and total 
number of fish evaluated.  Similar to the method of Holm et al. (2005), a Graduated Severity 
Index (GSI) was derived based on the deformity rankings and counts for progeny from each 
parent.  A total score was computed as follows:  

[(# fish for CF=1) x (1)] + [(# fish for CF=2) x (2)] + [(# fish for CF=3) x (3)]. 

This method differs slightly from Holm et al. (2005), as it weights each ranking with more weight 
given to more severe deformities.  Fish scored as 0 (normal) observations did not enter into this 
calculation of total score.  The final GSI score was computed as the sum score/total # fish 
including those ranked as "0".  The total scores were summed and divided by the number of 
categories of deformities assessed (usually 4) to derive a mean GSI score. 

Because the USEPA’s Toxicity Relationship Analysis Program (TRAP) version 1.2 (Erickson 
2008) logistic functions were designed to derive an inverse sigmoidal curve, commonly used to 
illustrate the dose-response curve of increasing exposure concentration and declining biological 
observation (e.g., survival, growth, etc.), deformities were evaluated as the sum fraction of 
normal fish (sum of normal fish/ total number of fish) for each deformity.  This approach did not 
take into account severity of deformity, simply the frequency of normal fish relative to the total 
number of fish which is consistent with USEPA’s (2004) approach to analysis of similar data.  
The percentage of normal fish (based on the total number) will be low if high numbers of fish are 
present with some level of deformity, and conversely, the percentage of normal fish will be high 
if low numbers of fish are present with some level of deformity.   

2.7 Statistical Analysis 

Multiple test-effects endpoints were measured at different times during the test including: 
fecundity, hatching success, deformities, length, weight, survival (at different times during the 
study), and tissue concentrations (egg and whole body).  These endpoints were consistent with 
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those of Holm et al. (2005), Hardy (2005), and Kennedy et al. (2000).  Feeding success was 
added as a test endpoint to evaluate the change from endogenous to exogenous feeding post 
swim up.   

Scatter plots and best-fit ordinary least squares (OLS) regressions were used as an exploratory 
tool to evaluate the potential for meaningful relationships.  Ordinary least squares regression 
analysis was used as a preliminary method to assess if relationships existed between individual 
exposure assessment endpoints (i.e., parental selenium body burdens or egg selenium 
concentrations) and test-effects endpoints measured in the study.  The dose-response 
relationships for exposure and effects endpoints were evaluated further using USEPA 
regression-analysis software (TRAP version 1.20; Erickson 2008) for the effects endpoints 
showing the strongest relationships to the exposure endpoints.  USEPA’s TRAP software 
provides a number of statistical analysis tools, including logistic regression3, to evaluate the 
presence of dose-response relationships.  The logistic regression approach is consistent with 
the methods utilized by the USEPA in their assessment of dose-response data for the 2004 
Draft Criterion.  USEPA’s TRAP software also allows for prediction of effect concentration (EC) 
values to estimate thresholds for potential effects for YCT.  Both EC10 and EC20 values were 
derived for each relevant relationship developed.  While logistic regression was the primary non-
linear analysis utilized, these data were also subjected to each of two additional analyses as 
well, including piecewise linear and threshold sigmoidal analyses to evaluate the best fit model 
fit to the data distribution.  Data transformations were also utilized to achieve the best model fit.   

                                                 
3 Unlike traditional linear regression models, which assume equality of variance and normal distributions, the logistic regression 
model does not require nor have the same assumptions which can lead to Type I and Type II errors.  Logistic regression has many 
analogies to OLS regression: logit coefficients correspond to b coefficients in the logistic regression equation, the standardized logit 
coefficients correspond to beta weights, and a pseudo R2 statistic is available to summarize the strength of the relationship.  Logistic 
regression does not assume linearity of relationship between the independent variables and the dependent, does not require 
normally distributed variables, does not assume homoscedasticity, and in general has less stringent requirements.  Logistic 
regression finds the equation that best predicts the value of the Y variable for each value of the X variable.  The Y variable is not 
directly measured; it is instead the probability of obtaining a particular value of a nominal variable.   



Appendix E - Yellowstone Cutthroat Trout Adult Laboratory Reproduction Studies 
Technical Support Document: SSSC 
Sage and Crow Creeks, Idaho  January 2012 
 
 

 

 14 

3.0 RESULTS 

3.1 Surface Water Quality 

Surface water quality data, collected in mid-May prior to the adult YCT collection effort, are 
displayed on Tables 2 through 4.  Spring flows in May 2008 were high with upstream Crow 
Creek location flows ranging from 15.3 to 36 cfs and downstream Crow Creek flows ranging 
from 61 to 65 cfs.  Deer Creek had a flow measured at 20 cfs, while Hoopes Spring ranged from 
1.6 at the spring to 6.8 cfs at the channel mouth.  Sage Creek downstream of Hoopes Spring 
had a flow of 12.4 cfs.  South Fork Tincup Creek was not wadable or fishable in May, thus flows 
were measured in June at 21 cfs.   

At all locations, pH was on the alkaline side of neutral with the lowest value for pH measured at 
Hoopes Spring (7.3 SU) at HS and the highest pH value measured at CC-150 (8.5 SU) 
upstream of Sage Creek.  Specific conductivity ranged from 208 umhos/cm at DC-600 to 631 
umhos/cm at SFTC-1.  Locations on Crow Creek and Deer Creek upstream of Sage Creek were 
more variable (ranging between 208 and 431 umhos/cm) than Hoopes Spring and Sage Creek 
locations, which ranged from 283 to 302 umhos/cm.  Water temperatures were variable due to 
the time of day when samples were collected.  Dissolved oxygen (DO) was generally higher at 
locations upstream of Sage Creek due to lower water temperatures and higher gradient (DO 
range was 9.05 at CC-350 to 13.31 mg/L at DC-600).  Dissolved oxygen in Hoopes Spring and 
Sage Creek ranged from 6.08 mg/L at HS to 9.01 mg/L at HS-3.  Crow Creek locations 
downstream of Sage Creek had DOs of 9.8 and 10.49 mg/L at CC-1A and CC-3A, respectively. 

The DO concentration measured at the reference location, SFTC-1, was 13.7 mg/L (the highest 
DO concentration measured for Spring 2008).  Turbidity ranged from 0.5 NTU at HS to 21.07 
NTU at SFTC-1.  Turbidity values for the Spring 2008 sampling event were higher than other 
sampling events due to higher flows experienced at the time of sampling.  Nitrate-nitrogen 
ranged from 0 mg/L (CC-350) to 0.04 (CC-150). 

Analytical data for conventional water quality parameters and limited nutrients are shown on 
Table 3.  These parameters included alkalinity, hardness, sulfate, nitrate, phosphorus, and 
DOC.  Generally, these data indicate that Site waters are hard, nutrient concentrations are 
relatively low, and sulfate concentrations are variable depending upon the locations sampled.  
Sulfate tends to be highest in Hoopes Spring and Sage Creek below Hoopes Spring, and 
decreases in Crow Creek downstream of Sage Creek.  The lowest sulfate levels are found in 
Deer Creek and South Fork Tincup Creek.  These data were collected as accompanying 
parameters; however, the primary focus is on selenium concentrations. 
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Total and dissolved selenium concentrations in surface water samples are shown on Table 4 for 
the Spring 2008 sampling effort.  Total selenium data are also illustrated on Figure 4.  
Concentrations of total selenium at upstream Crow Creek locations, as well as at the South Fork 
Tincup Creek reference location, were higher during Spring 2008 monitoring as compared to 
previous monitoring events.  Total selenium ranged from 0.00058 to 0.0018 mg/L.  Total 
selenium at the upstream Deer Creek location, DC-600, was 0.0015 mg/L.  The total selenium 
concentration at Hoopes Spring (HS) was 0.0296 mg/L, while at HS-3, the total selenium 
concentration was 0.0223 mg/L.  At the Sage Creek location downstream of Hoopes Spring 
(LSV-2C), the total selenium concentration was 0.0145 mg/L.  At Crow Creek locations 
downstream of Sage Creek, the total selenium concentrations were 0.0032 mg/L and 0.0036 
mg/L at CC-1A and CC-3A, respectively. 

3.2 Wild Pre-Spawn Adult YCT 

A total of 15 fertilized egg batches were sent to the laboratory for the adult reproduction study.  
Data for adult fish size, number of eggs produced, and selenium concentrations in whole body 
parental fish and eggs are presented in Table 5.  Transport of eggs occurred at three time 
periods, with the bulk of eggs shipped during the first two periods, about 3 days apart.  The last 
egg shipment was for a single egg batch from SFTC-1, which had to be fished later in the month 
due to high water. 

3.2.1 Adult Size and Selenium Concentrations -Whole Body and Eggs 

Eggs from fifteen adult wild females were collected, ranging in size from 263 mm to 491 mm 
and averaged 350 mm (Figure 5).  The two largest (based on length) fish caught were from 
Deer Creek and SFTC-1 (Table 5).  Fish weight ranged from 180 g to 1,131 g and averaged 402 
g.  Deer Creek parental fish were on average larger (mean weight = 452 g) than parents from 
Sage Creek (mean = 349 g) and Crow Creek upstream of Sage Creek (mean = 282 g) (Figure 
6).   

YCT adult female tissue selenium concentrations from within the study area ranged from 8.17 
(DC-001) to 25.7 mg/kg dw (CC-350) (Table 5, Figure 7).  Females captured in Sage Creek had 
selenium concentrations in whole body tissues that ranged from 18.6 to 22.5 mg/kg dw, while 
selenium concentrations in fish collected in lower Deer Creek ranged from 8.17 to 16.6 mg/kg 
dw.  Only one fish was retained for this study from Crow Creek upstream of Deer Creek and it 
had a whole body selenium concentration of 16.3 mg/kg dw, while Crow Creek females found 
downstream of Deer Creek had whole body selenium concentrations ranging from 16.7 to 25.7 
mg/kg dw.  The largest fish caught based on length was in South Fork Tincup Creek, where the 
female had a whole body tissue concentration of 2.56 mg/kg dw.   
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Selenium in egg tissues ranged from a low of 3.43 mg/kg at SFTC-1 to 47.6 mg/kg dw at CC-
350 (Table 5 and Figure 7).  Females captured in Sage Creek had selenium concentrations in 
egg tissues that ranged from 30 to 40.1 mg/kg dw, while fish collected in lower Deer Creek 
ranged from 11.4  to 22 mg/kg dw.  Only one female was retained for this study from Crow 
Creek upstream of Deer Creek and its eggs had a selenium concentration of 17.6 mg/kg dw, 
while Crow Creek females found downstream of Deer Creek had egg selenium concentrations 
ranging from 14.6 to 47.6 mg/kg dw.  Only one female was collected from South Fork Tincup 
Creek and its eggs had a selenium concentration of 3.43 mg/kg dw.   

Of the 15 females from which eggs were extracted, only 14 egg sets were utilized in the 
reproduction test.  Eggs from the female collected at SFTC-1 were noticeably different from 
eggs previously spawned from other females.  Many of the eggs were opaque when expressed 
prior to the addition of milt, suggesting that these eggs were non-viable.  However, the field 
crew completed the field fertilization of these eggs and transported them to the laboratory.  

3.3 Henry’s Lake Fish 

3.3.1 Adult Size and Selenium Concentrations – Whole Body and Eggs 

Sixteen Henry’s Lake females were selected for method controls in the adult reproduction study.  
Adult females ranged in size from 387 mm to 527 mm and averaged 455 mm (Figure 5).  
Weight ranged from 667 g to 1,945 g and averaged 1,274 g (Table 6, and Figure 6).  Compared 
to wild-collected females, Henry’s Lake fish were more robust and larger fish.  

Selenium in whole body YCT from Henry’s Lake ranged from 0.23 to 0.91 mg/kg dw (Figure 7).  
With selenium concentrations in whole body less than 1 mg/kg, it is clear that no selenium 
exposure was present in Henry’s Lake females.  Egg concentrations of selenium ranged from 
0.83 to 3.23 mg/kg dw.  By comparison, Henry’s Lake egg selenium concentrations averaged 
about 10x lower than the lowest egg selenium concentration measured in wild fish from Sage 
Creek, Deer Creek, and Crow Creek.     

3.4 Endpoints for Reproduction Testing 

Appendix B details all laboratory results of the reproduction study.  The following test endpoints 
were utilized at different times during the test: fecundity, hatch, deformities, length, weight, 
survival (at different times during the study), tissue concentrations (egg and whole body), and 
feeding success.    
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3.4.1 Fecundity 

Total egg production for each female was counted as a measure of fecundity.  The total number 
of eggs from field-collected organisms ranged from 242 (DC-004) to 1,539 (DC-002).  By 
contrast, egg abundance from the Henry’s Lake hatchery fish ranged from 1,597 (HL-002) to 
4,668 (HL-011) (Tables 5 and 6 and Figure 8).   

3.4.2 Egg Mortality 

Egg mortality was determined based on the number of surviving fish at hatch.  For wild-collected 
fish, only one group of the field-collected fish did not survive to hatch (SFTC1-FT0012).  The 
range of egg mortality for the remainder of egg batches ranged from 0.8 percent to 59.5 
percent.  Egg mortality appeared to be lower in wild-collected fish versus those from Henry’s 
Lake (Table 7 and Figure 9).       

There were several Henry’s Lake egg batches that suffered complete mortality prior to hatch, 
including HL-001, HL-005, HL-009, HL-014, and HL-016.  Only four eggs from the HL-010 
treatment hatched.  These organisms were maintained throughout the study and survived until 
test termination (day 64).  They were not saved for either deformity assessment or length and 
growth determinations.  Excluding those egg batches listed above, egg mortality ranged from 12 
percent to 90 percent.  One half (i.e., 8 samples) had egg mortality of 44 percent or less.     

3.4.3 Percent Hatch 

Percent hatch was determined as the number of live fish and alevins at day of first hatch 
compared to the number of eggs at test initiation.  Percent hatch and percent survival at hatch 
were synonymous endpoints for all treatments.  The day of first hatch for wild-collected fish 
ranged from 20 to 21 days (Table 7).  Percent hatch for the field-collected eggs (excluding 
SFTC-1) ranged from 40.5 – 99.2 percent (Figure 9).  Eggs collected from DC locations ranged 
from 54.2 – 97.6 percent, with an average of 75.2 percent.  Average hatch for the eggs collected 
from fish at CC-350 was 76.2 percent, while the average hatch for the eggs from LSV-2C 
locations was 92.0 percent.  The one batch from CC-150 had 78.3 percent hatch. 

The day of first hatch for the Henry’s Lake hatchery fish ranged from 24 to 28 days (Table 7). 
The percent hatch for the Henry’s Lake treatments (excluding the six treatments with complete 
mortality) ranged from 10.3 – 87.7 percent (average of 59.5%).  Percent hatch for two of these 
egg batches, HL-002 and HL-015, were low at 10.3 and 11.5 percent, respectively.  Without 
these two egg batches, the percent hatch for the remaining Henry’s Lake treatments ranged 
from 56.3 – 87.7 percent and averaged 71.7 percent. 
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3.4.4 Survival 

Survival was determined based on the number of surviving fish at hatch, swim-up, and at test 
termination compared to the number of eggs at test initiation.  Generally, there was a 1:1 
relationship of eggs that hatched that subsequently resulted in swim-up fry.  There was 
however, one wild egg batch that had a high hatch rate that resulted in zero percent survival at 
swim-up (Figure 10).  Survival was assessed at several different periods during the test, 
including: 

 at swim-up ([number of fish surviving to swim up / total number of eggs at beginning of 
test] * 100); 

 from hatch to test termination ([percent survival at hatch - percent survival at test end]); 

 at test termination as overall survival ([total number of fish at the end of the test / total 
number of eggs at beginning of test] *100);  

 at the end of the 15-day post-swim-up feeding success trial ([number of fish used to 
begin the post-swim-up feeding trial, usually n = 100 – number of fish at the end of the 
feeding trial at 15 days / total number of fish used to begin the test] * 100); and 

 At test termination as total survival ([number of fish surviving to the end of the test / total 
number of eggs at beginning of test] * 100).   

3.4.4.1 Survival at Swim-Up 

The day of swim-up for the Henry’s Lake hatchery fish was at 49 days (Table 7).  For the 
majority of the field treatments, the day of swim-up was between 40 to 41 days, regardless of 
the collection location.  The percentage of organisms that reached the swim-up stage and the 
percent survival at the swim-up stage (i.e., on the day of swim-up) were very similar endpoints.  
Because the fry on the day of swim-up had already absorbed their yolk sac, these values were 
the same for all treatments at this point in the study (Table 7).   

Fish from the study area hatched and swam up sooner than fish from Henry’s Lake.  There was 
one treatment (LSV-2C) where all the alevins died while in the swim-up stage (i.e., while 
absorbing their yolk sac) (Table 7).  Of the thirteen remaining treatments (recall that 15 egg 
batches were submitted, but eggs from SFTC-1 were dead within 24 hours of arrival at the 
laboratory), survival at swim up ranged from 35.8 percent to 95.3 percent (Figure 11).  For the 
locations where adults were collected, survival at swim-up ranged from 0 to 85.5 percent at 
LSV-2C, 50-95.3 percent at Deer Creek, and 35.8 to 85.2 percent at upstream Crow Creek 
locations. 
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For Henry’s Lake method controls, survival at swim-up was highly variable.  Excluding HL001, 
HL005, 009, 014, and 016, which experienced 100 percent egg mortality, survival at swim-up 
ranged from 0.7 to 83.8 percent.  Three egg batches (HL002, 010, and 015) experienced 
particularly low survival at swim up (i.e., <10%), while the remaining egg batches had swim-up 
survival ranging from 44 to 83.8 percent (Figure 11).   

3.4.4.2 Survival – Hatch to Test End 

Survival, as measured from egg hatch to test end, eliminates the early mortality that occurs due 
to eggs that don’t hatch.  Survival from hatch to test end ranged from 30 percent to 96.8 percent 
(Table 7).  Figure 10 shows the relationship for percent hatch and percent swim-up where for all 
but one treatment, if eggs hatched they generally had good swim-up survival.  Excluding the two 
wild fish egg batches that did not produce swim-up fry, survival ranged from 30 to 97 percent, 
with Sage Creek survival ranging from 79 to 87.5 percent, Deer Creek Survival ranging from 77 
to 96 percent, and Crow Creek upstream of Sage Creek survival ranging from 30 to 97 percent 
(Figure 11). 

For eggs from Henry’s Lake fish, survival from hatch to test end ranged from 71.9 percent to 
100 percent (excluding those egg batches that did not hatch) (Figure 11).  However, some egg 
batches had high mortality, resulting in a very low number of fish post-hatch.  Excluding those 
egg batches (e.g., HL002, HL010, and HL015), survival ranged from 71.9 to 95.9 percent.  Fifty 
percent of the 16 original egg batches from Henry’s Lake fish experienced either complete egg 
mortality or had high egg mortality resulting in low numbers of swim-up alevins.     

3.4.4.3 Survival - 15-Day Post-Swim-Up 

For this phase, each treatment was initiated with ~100 (± 5) fry per chamber and maintained for 
15-days to monitor growth and survival and assess whether there were any latent effects post-
swim-up.  The following treatments were initiated with fewer than 100 fry:  HL-002 (n=45), HL-
015 (n=37), and DC-004 (n=60).  Survival for most field-collected fish was greater than 75 
percent, except for the following treatments: CC-350-001, LSV2C-002, DC-003, and DC-004. 
Survival for the four mentioned treatments ranged from 1.9 percent (CC-350-001) to 70.4 
percent (DC-003). 

Survival during the 15-day post-swim-up stage for the Henry’s Lake treatments ranged from 98 
to 100 percent survival (Table 7).  Eliminating those treatments with poor hatch survival, did not 
alter the range shown above.   



Appendix E - Yellowstone Cutthroat Trout Adult Laboratory Reproduction Studies 
Technical Support Document: SSSC 
Sage and Crow Creeks, Idaho  January 2012 
 
 

 

 20 

3.4.4.4 Survival - Total 

Total survival throughout the study was also calculated and presented for all treatments (Table 
7).  The day of test termination for Henry’s Lake treatments was on day 64 and was either on 
day 55 or 56 for the field-collected organisms.  Test termination was determined as a period of 
15 days post-swim-up, during which time exogenous feeding began (Table 7).   

For field-collected fish, total survival ranged from 0 to 88.9 percent.  For all but the one sample 
that experienced complete mortality prior to swim-up, total survival ranged from 10.5 percent to 
88.9 percent.  Eggs from Sage Creek parents had total survival ranging from 0 to 82.7 percent, 
while eggs from Deer Creek parents ranged from 49 to 88.9 percent.  Eggs from Crow Creek 
upstream of Sage Creek ranged from 10.5 to 83 percent survival. 

Survival for the Henry’s Lake treatment ranged from 0.7 – 83.7 percent.  Eliminating those 
treatments with poor hatch survival changed the low end of the range to 43.8 percent.  

3.4.5 Growth 

Growth (dry weight) was measured in the post-swim-up feeding trial fish at the end of the 15-
day period.  These fish were carried through the test to the swim-up stage.  Twenty fish (or 
fewer if 20 were not available), for each sample, were fed for another 15 days to examine if 
there might be differences in the ability of swim-ups to transition from endogenous to exogenous 
feeding.  Morphological or physiological impairments could arise in young fish exposed to 
elevated selenium that may limit successful growth.   

As illustrated in Figure 12, Henry’s Lake alevins tended to be larger, both in terms of length and 
weight, when compared to wild YCT alevins.  Henry’s Lake 15-day post-swim-up fry weights 
ranged from 15.63 to 26.6 mg, whereas weights for wild fish ranged from 6.02 to 14.35 mg 
(Table 7).  For all Henry’s Lake fish, the average dry weight was 21.2 mg, whereas for all wild 
fish the average dry weight was 9.5 mg.  Fry from Deer Creek parents were overall larger than 
those from Sage Creek or Crow Creek upstream of Sage Creek.  Size and age of parents may 
lead to larger and stronger young, as evidenced by the Henry’s Lake and Deer Creek growth 
data.   

For both groups of fish (i.e., wild fish and Henry’s Lake fish) growth (dry weight) data show 
average (±SD) growth and that Henry’s Lake fish are larger post-swim-up and feeding than are 
wild-collected fish (Figure 13).   
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3.4.6 Deformities 

Table 8 and Appendix E provide summary data for each sample and a series of graphics 
illustrating the types of deformities.  Observations made during scoring that resulted in defining 
a level of severity for the fish being examined are reported below: 

 Cranio-Facial Deformities - Usually factors occurred together so a combination of two 
“1” conditions = 2, three “1” conditions = 3, or a 1 and a 2 = 3, and so on.  For example, 
a deformed jaw and a blind eye = 2, two blind eyes = 2, but a badly deformed jaw (= 2 
alone) plus a blind eye (= 1 alone), = 3. 

 Skeletal Deformities - Bends caused by skeletal deformities were usually detectable 
from normal bending of the body during preservation (these fish were usually well 
preserved, very straight) by presence of a slight or greater bump below the surface of 
the epidermis on the outside of the bend.  However, some fish with SD = 1 had just a 
very slight bend in the range the deformity described but could be due to preservation or 
the poor condition of the fish.  This was sometimes especially true in larger fish, which 
may be more muscular and undergo stronger contraction during preservation and thus, 
bend slightly.  A score “SD = 1” was a slight deformity, if at all.  The scores of SD = 1 
involving kyphosis or lordosis were deemed real because that is an unusual preservation 
deformity.   

 Fin and Finfold Deformities - Often fins were malformed associated with vertebral 
deformities that did not permit proper development.  Folded finfolds as a result of 
preservation were not counted. 

 Edema - Edema was not originally scheduled for assessment because it was thought 
sometimes not a teratogenic effect and may be transitory as fish develop.  However, it 
was assessed because it was common in one early sample and not others, and because 
it was thought a condition that could affect emergence, mobility, and other factors that 
may limit survival of fish in the wild.  The yolk, which was present in some quantity in 
some study specimens, also created some swelling but was typically yellowish, opaque, 
and small, and hard to the touch in preservation. 

For Henry’s Lake fish, over 3,000 alevins were examined for deformities (n=3,086).  Alevins 
from 10 separate egg batches were submitted, with 2 of the 8 having 40 or fewer organisms for 
analysis.  The remaining 8 samples averaged 376 organisms/sample.  For field-collected fish, 
over 4,700 alevins were examined for deformities (n=4,764).  Alevins from 14 different egg 
batches were submitted, with only one of the 14 having 40 or fewer organisms.  The remaining 
13 samples averaged 363 organisms/sample.  Resulting graphics displaying percentages of 
organisms within a sample (Appendix E) and within a location (Figure 14 through 17) with 
varying levels of deformities are, therefore, based on a large sample size.  The results of the 
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deformity assessment by location (i.e., all sample combined) are visually displayed in Figures 
14 through 17.  The results of the cranio-facial (CF), skeletal (SK), finfold (FD), and edematous 
tissue (ED) deformity frequency are depicted separately.  Each of these figures is similar for the 
remaining deformity assessment and presents the data on a percent basis for each of the 
rankings used in the assessment.   

3.4.6.1 Cranio-Facial Deformities 

On a location basis, the percentage of normal alevins from wild-collect adults was greater than 
80 percent.  The LSV-2C location had a higher percentage of Level 3 (severe/many) deformities 
and also had some of the higher egg selenium concentrations (40.1 mg/kg dw).  Henry’s Lake 
samples averaged nearly 90 percent normal (Figure 14).     

On average, the percentage of normal fish from eggs of parents from upper Crow Creek (CC-
150, CC-350, and Deer Creek) ranged from 76 to 96 percent for the craniofacial endpoint, 18.5 
to 95.7 percent for fish from Sage Creek, and 69.2 to 96 percent for Henry’s Lake fish (Figure 
14).     

3.4.6.2 Skeletal Deformities 

The percentage of YCT that scored normal for skeletal deformities from the upper Crow Creek 
locations averaged from 17.6 to 35 percent, while for Sage Creek normal fish averaged from 7 
to 35.7 percent of the sample.  Henry’s Lake fish that were normal averaged from 5.6 to 52 
percent of the sample.  While the percentage of normal fish was lower in all samples as 
compared to the craniofacial endpoint, the severity of skeletal deformities was not high.  A 
number of fish that were not ranked as normal were ranked as having only slight or few skeletal 
abnormalities (Figure 15).   

Skeletal deformities in both wild-collected fish and Henry’s Lake fish were high, although a large 
proportion of fish from both groups were categorized as level 1 (slight/few) deformities (Figure 
15).  As indicated above in the scoring criteria, many of the level 1 rankings may have been due 
to preservation.  For wild-collected fish, no more than 34 percent of fish were categorized as 
normal, while for Henry’s Lake fish, 41 percent of the fish were categorized as normal.  Level 3 
deformities were highest in the sample from CC-150 (~ 8%) and lowest in Deer Creek fish (1%). 

3.4.6.3 Fin or Finfold Deformities 

Finfold deformities were infrequent, resulting in high numbers of fish that ranked, on average as 
normal.  Upper Crow Creek fish ranked as 95 percent or greater normal.  Similarly, fish from 
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Sage Creek were ranked as having high numbers of normal fish in three of the four samples 
(>95%).  One sample however, only had 85 percent normal fish.  Henry’s Lake fish ranged from 
55.6 to 98 percent normal fish for finfold deformities (Figure 16).   

Fin or finfold deformities were low across all locations with normal fish accounting for 95 percent 
or more of each location’s samples.  Level 3 deformities were nearly absent from wild-collected 
fish and accounted for 2.5 percent of the total for Henry’s Lake fish (Figure 16).     

3.4.6.4 Edema Deformities 

Edema was variable across the board for all YCT evaluated.  In upper Crow Creek samples, fish 
ranked as normal ranged from 61.5 to 95.8 percent.  Sage Creek fish ranged from 50.5 to 95 
percent normal and Henry’s Lake fish ranged from 33.3 to 82.3 percent normal (Figure 17).   

Low levels of edema were present in fish from all locations.  For wild-collected fish, the lowest 
percentage of normal fish were found at LSV-2C at 60% normal, while the highest percentage of 
normal fish was from the CC-350 location samples (>80%).  For Henry’s Lake fish, edema was 
also present with normal fish comprising 72 percent of all fish samples evaluated.  Level 1 
(slight/few) edema accounted for most of the non-normal rankings from both wild-collected and 
Henry’s Lake fish samples (Figure 17).     

3.4.6.5 Graduated Severity Index (GSI) 

The GSI summed and weighted deformities based on their severity for each sample from each 
location.  Because four different deformities were evaluated for each fish, a total GSI score was 
derived by summing the individual GSI scores for each deformity for a sample.  The higher the 
GSI score, the higher the number and severity of the deformities.  Figures 18 through 21 show 
the GSI scores for each deformity by location arranged from lowest egg selenium concentration 
to highest egg selenium concentration.  Discernable trends of increasing GSI scores with 
increasing egg selenium concentrations are not evident.  
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4.0 ANALYSIS OF RESULTS 

This section presents analyses of the YCT study data.  A focus of these analyses is the 
relationship between maternal tissue concentrations and various reproductive effects identified 
in the literature.   

4.1 Surface Water Quality 

Total recoverable and dissolved selenium concentrations in the water from the Henry’s Lake 
Fish Hatchery were less than 0.1 µg/L.   

Total and dissolved selenium measured in May 2008 varied by location.  At Crow Creek 
locations upstream of Sage Creek as well as Deer Creek, total selenium was between 1 and 2 
µg/L, slightly higher than had been typically measured during previous events, particularly in 
Crow Creek upstream of Sage Creek where total selenium had always been measured at less 
than 1 µg/L.  At Hoopes Spring, total selenium concentrations were higher than previously 
reported measured selenium concentrations.  Selenium concentrations were diluted in Sage 
Creek downstream of Hoopes Spring to 14.5 µg/L, a concentration slightly higher than 
previously measured total selenium (range: 9.5 to 14.4 µg/L).  At the two Crow Creek locations 
downstream of Sage Creek, selenium concentrations ranged from 3.2 to 3.6 µg/L.  During 
Spring 2008, these concentrations were higher than concentrations previously measured at 
either location (typically 3 µg/L or less). 

Bioaccumulation into the maternal tissues is not a function of a single exposure, but integration 
of dietary and aqueous exposure over a period of time.  The surface water selenium 
concentrations provide an indicator of selenium trends in other environmental media.  However, 
the most direct measure is selenium concentrations in the fish tissues of interest. 

4.2 Relationship of Maternal Whole Body to Egg Selenium Concentrations 

Egg selenium concentrations in YCT showed a strong positive relationship to whole body 
maternal selenium concentrations (Figure 22).  Using a 1:1 line to estimate whole body to egg 
selenium indicates that egg selenium concentrations are typically higher than corresponding 
parental whole body selenium concentrations, not unlike the findings for brown trout and other 
species.  Henry’s Lake fish, with low whole body selenium, also had low egg selenium.  
Likewise, the single tissue reference location sample also had low whole body selenium and 
correspondingly low egg selenium.  As whole body concentrations increase, the relationship 
does not remain 1:1 whole body to egg.  It appears that at whole body concentrations greater 
than about 17 mg/kg dw, YCT egg concentrations increase relative to whole body selenium 
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concentrations.  A more quantitative evaluation of the strength of the relationship reveals that 
log-transformed whole body and egg selenium concentrations for wild fish are fit well by a linear 
equation (R2 = 0.76) (Figure 23).  Henry’s Lake fish tissue data were added to evaluate if the 
additional sample data improved the relationship.  While the egg and whole body tissue data 
from Henry’s Lake have much lower selenium concentrations, the data fit in terms of uptake and 
accumulation in whole body and what is found in eggs.  The improved relationship takes the 
form of a linear equation (R2 = 0.92) using log-transformed data.   

4.3 Relationship of Egg Selenium Concentrations to Specific Effect Endpoints 

4.3.1 Fecundity, Egg Mortality, and Percent Hatch 

Maternal fecundity was examined relative to egg selenium concentrations to evaluate if higher 
egg selenium concentrations (an indication of higher selenium exposure of the parent female) 
translated into lower egg production (Figure 24).  In wild-collected fish, no trend of reduced 
fecundity was observed, despite egg selenium concentrations greater than 45 mg/kg dw.   
Higher egg production was noted in Henry’s Lake fish, but spanned a large range between the 
lowest egg production and highest (a factor of 2.5x).  This range occurred despite less than a 3 
mg/kg difference in selenium concentration.    

For both wild-collected and Henry’s Lake fish, fecundity does appear to be influenced by adult 
size (as measured by total length).  Higher egg production occurred with increasing size of the 
adult female (Figure 25).  The relationship of adult size versus egg production was more 
pronounced with the Henry’s Lake fish versus the wild-caught fish.  Other factors, such as 
overall health of the female and availability and quality of food resources, likely play a role in 
fecundity; however, no apparent effects were noted for egg production relative to wild-collected 
fish despite the high range in egg selenium concentrations.  

Another endpoint investigated relative to egg selenium concentrations was egg mortality.  
Figure 26 shows the percentage of eggs that died for both wild-collected fish and Henry’s Lake 
fish.  Wild-collected fish had 60 percent or less egg mortality while Henry’s Lake fish had some 
egg batches that experienced complete mortality.  Egg mortality can be due to incomplete 
fertilization, fungus growth, genetic deficiencies that do not allow the egg to develop properly, 
and/or outside environmental factors that may physically or biologically affect egg development.  
Use of females from a no- or low-selenium environment, such as Henry’s Lake, clearly indicates 
that one or more factors are affecting egg mortality, but selenium content of the egg is not a 
likely factor.  Likewise, the range of egg mortality over a varied range of egg selenium 
concentrations for wild-collected fish does not appear to be related to egg mortality.  

Percent hatch, as shown in Figure 27, shows the inverse of egg mortality (i.e., survival of eggs) 
for both wild-collected fish and Henry’s Lake fish.  In addition, percent hatch from the Hardy 
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(2005) and Hardy et al. (2009) studies that used Henry’s Lake YCT are included for comparison.  
Comparing the three different YCT datasets indicates that percent hatch for wild-collected fish 
was within the range of percent hatch of Hardy’s YCT fish study, and about 50 percent of the 
Henry’s Lake method controls used for this YCT study.  Again, similar findings indicate that 
selenium concentrations in eggs do not result in lower hatch of eggs. 

4.3.2 Survival 

4.3.2.1 Survival – Swim-Up 

Survival at swim-up is simply the number of fish that swim-up relative to the total number of 
eggs that were used to begin the test.  This endpoint is clearly affected by egg mortality that 
may occur, but does differentiate between egg mortality or percent hatch and survival from 
hatch to swim-up.  A prime example is for eggs from the LSV-2C-001 sample which had a high 
hatch rate, but complete mortality (i.e., 0% survival) at swim-up.  Overall, for wild-collected fish 
there is a relationship between increasing egg selenium and decreasing percent survival at 
swim-up (Figure 28).  This relationship is improved by removal of a single data point where high 
egg selenium also resulted in high survival.   

As noted above, survival at swim-up is affected by egg survival, thus the results observed for 
Henry’s Lake fish survival at swim-up resemble the percent hatch data (i.e., if eggs hatched, 
then alevins generally survived to swim-up).      

4.3.2.2 Survival - Hatch to Test End 

Percent survival (hatch to test end) ranged from 0 to 96.8 percent in YCT from the study area.  
For one sample, egg hatch was high (92.7 percent), but all of these died prior to swim-up.  This 
particular treatment had an egg selenium concentration of 40.1 mg/kg dw.  The highest egg 
selenium concentration was measured in eggs from an adult fish collected near CC-350 (47.6 
mg/kg dw).  However, eggs from this treatment had a high survival rate at swim-up (70.3 
percent) and at hatch to test end (88.2 percent).  The lowest survival at hatch to test end was 
associated with high egg selenium (27.9 mg/kg dw). but higher egg selenium concentrations 
were measured which had higher survival rates (Figure 29).  In comparison, the lowest survival 
percentage for brown trout was associated with the highest egg selenium concentration (40.3 
mg/kg dw) and the next highest egg selenium concentration (38.8 mg/kg dw) had a survival rate 
of 24 percent (Table 7).   

Henry’s Lake YCT percent survival (hatch to test end) ranged from 71.9 to 95 percent.  In this 
range of survival, percent hatch for eggs from Henry’s Lake ranged from 10.3 to 87.8 percent.  
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Hatchery brown trout had survival ranging from 95.8 to 100 percent, but hatch ranged from 11.7 
to 100 percent. 

Examination of the YCT survival data showed two data points where egg selenium 
concentrations were high (>40 mg/kg dw) and corresponded to very different survival rates (i.e., 
high egg selenium low survival, and high egg selenium high survival).  No evidence suggested 
that either data point was wrong.  However, when the YCT data were plotted together with the 
brown trout data, the high egg selenium high survival data point was inconsistent with the two 
data sets and observed trends (Figure 30).  The high egg selenium high survival data point was 
removed and relationships were re-evaluated as a conservative measure (Figure 31).  Removal 
of this data point improved the relationship (R2 = 0.58) over the relationship where it was 
included (R2 = 0.36) (Figure 30 and 31).   

Percent survival measured from hatch to test end proves to be a valuable threshold as it 
eliminates the variability of egg mortality and focuses on eggs that actually hatched and 
produced swim-up fry.   

4.3.2.3 Survival - 15-Day Post-Swim-Up 

Survival during the 15-day post-swim-up feeding trial is a limited endpoint that measures 
survival for a short duration period.  For wild YCT, survival during this period ranged from 1.9 to 
99 percent, with all but one egg clutch having a survival rate during this trial of 66 percent or 
higher (Table 7).  The lowest survival rates for YCT were not necessarily associated with the 
highest egg selenium concentrations.  For example, the highest egg selenium concentration 
measured (47.6 mg/kg dw) had an associated survival rate during this post-swim-up period of 
89.6 percent.  Henry’s Lake fish had survival during this period ranging from 98 to 100 percent.  
However, for both wild and Henry’s Lake fish, this endpoint is somewhat misleading, because it 
only evaluates the survival from swim-up to the end of the test.  For example, one Henry’s Lake 
egg batch had a 9.8 percent survival at swim-up, yet a 100 percent survival at 15-days post-
swim-up.  The survival endpoint (hatch to test end) incorporates this short period and eliminates 
mortality due to eggs that do not hatch, and thus is deemed a more environmentally relevant 
endpoint.  This endpoint will not be evaluated further. 

4.3.2.4 Survival – Total 

Total survival incorporates egg mortality and subsequent mortalities through the duration of the 
test.  The relationship of total survival to egg selenium concentrations was poor, likely due to the 
high survival rate of alevins resulting from some of the higher egg selenium concentrations 
(Figure 32).  For wild-collected fish, total survival appeared very similar to total survival 
observed for Henry’s Lake fish.  Figure 32 illustrates total survival for both groups of fish, with 
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both having some level of low or no survival, despite egg selenium concentrations.  The wide 
range of survival found in both wild-collected fish and Henry’s Lake fish provides little insight on 
egg selenium effects.  This is likely due to the incorporation of egg mortality into the total 
survival term.  As indicated previously, egg mortality can result from a number of factors other 
than selenium exposure, creating high variability in the total survival estimates.    

4.3.3 Growth 

Growth (in terms of dry weight) was evaluated relative to total length of alevins following 15 
days of feeding after swim-up.  Henry’s Lake swim-ups post-feeding are clearly larger than 
swim-ups from wild fish.  Lower growth rates were observed in YCT where egg selenium 
concentrations were highest, but both low and high growth rates were exhibited where egg 
selenium concentrations were much lower.  The expected relationship of decreasing growth 
relative to increasing egg selenium concentration was present, but exploratory regression 
analysis yielded a weak relationship (R2 = 0.21), due to the variability of growth at the lower end 
of the egg selenium concentration range (Figure 33). 

4.3.4 Deformities 

The four deformities that were scored and ranked for those YCT examined were compared to 
egg selenium concentrations to evaluate if increasing rates of deformities were correlated to 
increasing egg selenium concentrations.  Figures 34 to 37 show the percentage of normal fish 
for each deformity using the percentage normal as the metric (i.e., decreased percentage of 
normal fish would indicate an increase in deformed fish).  Using the percent normal fish as a 
metric does not distinguish between the severities of deformity.  Except for edema, each of the 
deformities indicated a slight decreasing trend in normal fish as egg selenium concentrations 
increased.  Individually, however, none of the deformities appeared to provide a definitive 
decrease in percentage of normal fish with increasing egg selenium that suggested a dose 
response was evident.   

The fractions of each deformity (as percentage normal) were also summed and divided by four 
to derive a mean fraction normal value which was compared to egg selenium concentrations.  
Using this cumulative metric, the preliminary regression showed the expected response of 
decreasing percentage of normal fish with increasing egg selenium concentrations (R2 = 0.59) 
(Figure 38).  Given that this metric provided the best overall screening relationship, the mean 
fraction normal will be used in a more definitive dose-response analysis in the following section.   
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4.4 Dose-Response Analyses 

Based on the results of the preliminary regression analyses described above for each endpoint, 
a subset of effect endpoints was selected for additional dose-response analyses.  Logistic, 
threshold sigmoidal, and piecewise linear regression analyses were run to determine dose-
response relationships relative to egg selenium concentrations.  USEPA’s TRAP software was 
used to derive a best fit dose-response regression model for each effect endpoint distribution.  
Summary statistics for each regression run, a graphic of the curve plotting the actual data and 
predicted curve, and effect concentrations (ECx) for egg selenium residues based on the 
endpoint effect distribution are included in Appendix F for each of the models run.   

4.4.1 Survival 

Four survival metrics were preliminarily evaluated for potential relationships to egg selenium 
concentrations for YCT.  Screening of the YCT survival data found that percent survival (hatch 
to test end) provided the best relationship to egg selenium concentrations.  Survival (hatch to 
test end) was selected as the best effect endpoint to evaluate against egg selenium exposure 
because it eliminated the variability of pre-hatch egg mortality, included survival through the end 
of the test, and included the 15 day post-swim-up feeding trial.   

Initially, all of the fourteen usable data points for survival were utilized in the dose-response 
regression analysis.  Recall that for one data point, high egg selenium was accompanied by 
high survival (e.g., 47.6 mg/kg dw egg selenium and survival = 88.2 percent [hatch to test end]).  
Using all of these data, TRAP is unable to quantify parameter estimates.  None of the available 
dose-response modeling functions (i.e., logistic, sigmoidal, or piecewise linear) are capable of 
modeling the data.  

Using a piecewise linear regression model with no data transformations yielded estimated ECx 
values (Figure 39) with a model R2 of 0.64.  No errors were reported as part of the output.  The 
EC20 for YCT percent survival (hatch to test end) is 36.3 mg/kg dw egg selenium, while the EC10 
is 35.8 mg/kg dw egg selenium.  The slope of this response is steep due to the single response 
of zero survival at ~ 40 mg/kg dw egg selenium.  While this response is not unrealistic, there is 
adequate variability in the response at the upper egg selenium concentrations to consider that 
the ECx values predicted may be overestimating or underestimating effects at a certain level 
relative to background.  Note that in their assessment of Dolly Varden char, Golder Associates 
(2009) noted a high selenium threshold for this species with consistent no effects observed up 
until about 50 mg/kg dw egg selenium with an abrupt transition to effects at greater than 50 
mg/kg dw.     

Effect concentrations derived for these YCT data can only be derived at the cost of removing a 
data point that could be a real and probable response.  Each fish responds differently to 
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selenium exposure and some fish may tolerate higher exposure and resulting bioaccumulation 
better than others.  A “response” of zero survival is the primary driving variable that results in 
the model to force a sharp dose response, where one may not actually exist.   

It is important to examine the data and the model that results from the use of these data.   
Henry’s Lake percent survival (hatch to test end) response data were evaluated for those fish 
with greater than 50 percent hatch to assess the low egg selenium response for survival.  
Median survival of Henry’s Lake eggs was 94.5 percent.  Examination of the wild-collected YCT 
indicates a break in the survival data between 22.3 and 27.9 mg/kg dw egg selenium.  For those 
eggs at or below 22.3 mg/kg dw selenium (n=7 egg batches), median survival was 91.1 percent, 
a difference of less than 2 percent between wild-caught fish and Henry’s Lake eggs.  For eggs 
with selenium concentrations equal to or greater than 27.9 mg/kg dw (n=7 egg batches), median 
survival was 80.9 percent (Figure 40).  Compared to the wild fish with lower egg selenium 
concentration, the higher egg selenium fish survival rate was 11.9 percent lower.  A non-
parametric Kruskal Wallis one–way analysis of variance (Number Cruncher Statistical System 
[NCSS] 2007) verified that the medians are significantly different (p = 0.015, α = 0.05).  Median 
value were used here due to the extremes of the higher egg selenium survival rates (range = 0 
to 88.2 percent).  Using the mean or median value (equivalent for n = 2) of the egg selenium 
concentrations for these two groups of wild-collected fish indicates a value of 25.1 mg/kg dw 
egg selenium, suggesting that an EC10 for survival is greater than 25 mg/kg dw.      

4.4.2 Growth 

Growth, as measured by dry weight of 15-day post-swim-up larvae, proved to be variable.  
Henry’s Lake larvae were clearly larger than wild-collected fish, both as maternal fish, and as 
alevins from those maternal fish.  The growth data from these method controls provide a good 
estimate of the range of growth likely for healthy fish with abundant food and likely low 
competition.  Distribution of the growth data did not lend itself to useful dose response modeling.  
The dose response for growth of wild-collected fish provided a poor fit using a piecewise linear 
model with no data transformations (Figure 41) (R2 = -0.2).  Model runs using TRAP’s other 
non-linear routines together with and without transformations did not improve the model fit.  
Despite the poor model fit, the EC10 value was predicted to be 28.9 mg/kg dw, but the reliability 
of this estimate is uncertain.  

The data distribution illustrates a shift in the growth response at the egg selenium levels 
identified for the survival data.  As noted above for survival, there is a clear break in the egg 
selenium concentrations and a corresponding break in survival responses.  For growth, the 
median growth of alevins from eggs with less than 22.3 mg/kg dw selenium was 12.3 mg dw, 
while median growth of alevins from eggs with 27.9 mg/kg dw selenium or more was 8.1 mg dw.    
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A parametric one-way analysis of variance found that growth was significantly different between 
the low egg selenium group and the high egg selenium group (p = 0.03, α = 0.05).  Similar to 
the survival data, a growth EC10 likely lies between the “no effect” and “effect” concentration 
observed in these data which would result in a value likely >25 mg/kg dw egg selenium.   

4.4.3 Deformities 

A threshold sigmoidal regression performed using the TRAP software allowed for the best 
overall model fit with no errors in prediction of ECx values (Figure 42).  For this model run, the 
egg selenium data were log transformed, and the high egg selenium, high normal percentage 
data point was deleted (shown as open diamond on the figure).  The predicted dose-response 
model had a R2 of 0.57 and confidence intervals about the predicted ECx values that were fairly 
tight.  The EC20 for fraction normal fish was 37.6 mg/kg dw egg selenium, while the EC10 was 
32.7 mg/kg dw egg selenium.  The dose response was re-evaluated using a piecewise linear 
model using the same variable transformation listed previously, and revealed a model with a 
lower R2 (0.51).  Brown trout logistic regressions, described previously, found a significant 
relationship of increasing egg selenium concentrations and decreasing fraction of normal fish.   

Similar to the survival response data, there is a separation in the response data at egg selenium 
concentrations equal to 22.3 and 27.9 mg/kg dw.  For the seven egg batches equal to or less 
than 22.3 mg/kg dw, the mean percentage of normal fish was 75 percent.  To put these data in 
perspective, mean percent normal alevins for the eight egg batches from Henry’s Lake with 
>50% survival at hatch was 74 percent.  Thus, data for wild-caught YCT with egg selenium 
concentrations at or less than 22.3 have nearly identical percentages of normal fish as those 
from a reference lake.  For egg batches greater than 27.9 mg/kg dw, the mean percentage of 
normal fish is 68 percent (including all seven egg batches) and 66 percent excluding the single 
highest egg selenium egg batch.  This apparent difference was evaluated using a one-way 
analysis of variance.  Lack of normality prompted use of the Kruskal-Wallis non-parametric 
ANOVA that found the medians were not significantly different between the two wild-collected 
groups (p=0.074, α = 0.05).  Similarity of the response for data less than 22.3 and greater than 
27.9 mg/kg dw egg selenium suggests that the deformity EC10 value is higher than 27.9 mg/kg 
dw, however, by how much is not clear as the upper end potential threshold is not bounded. 
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5.0 DISCUSSION 

5.1 Effect Concentration for YCT 

USEPA (2004) opted to use logistic regression analysis to define the dose-response 
relationship to derive its Draft chronic tissue-based value.  The EC20 was used and defined as a 
reduction of 20 percent in the response observed at control.  As presented above, both EC20 
and EC10 values were derived using the TRAP software.  In its 2004 Draft criterion document, 
USEPA provides the rationale for selection of the EC20 as the chronic value.  USEPA states that 
the EC20 represents a low level of effect that is generally significantly different from the control 
(USEPA 1999).  Smaller reductions in growth, survival, or other endpoints only rarely can be 
detected statistically.  Effect concentrations associated with such small reductions have wide 
uncertainty bands, making them unreliable for criteria derivation (USEPA 2004).  In his work to 
develop a screening benchmark, Suter (1996) indicates that “the 20 percent figure was chosen 
because it is a little lower than the mean level of effect on individual response parameters 
observed at CVs, and it is a minimum detectable difference in population characteristics in the 
field.”  In its revision of the 2004 Draft Selenium Criterion, USEPA is contemplating the use of 
EC10s for long-term exposure criteria for tissues.  The rationale for this shift is that selenium is a 
bioaccumulative pollutant, and accumulates in fish tissues.  Tissue levels are more stable over 
time than water concentrations, and may be steady at levels that are just below the criterion for 
extended periods of time.  This is in converse to water concentrations, which tend to be more 
variable as they are highly influenced by both the discharge characteristics (i.e., water volume, 
concentration, and periodicity) and receiving waters characteristics (i.e., waterbody type and 
size), as well as climatological variables (i.e., rainfall and drought) (USEPA 2010).  Arguments 
can be made on the validity of an EC10 or an EC20 being an appropriate value for criterion 
development, but ultimately it becomes a policy decision.  For the purpose of the analyses 
presented as part of this Site-specific laboratory study, both the EC10 and EC20 values are 
reported.   

Initially, analyses consistent with the approach utilized by EPA for the 2004 draft criterion were 
utilized for this study.  For these analyses, “controls” are the response of fish from background 
locations.  Using wild-collected YCT egg selenium concentrations (dw) as the exposure 
endpoint, the three primary endpoints of survival: hatch to test end; growth; and 
percentage/fraction of normal fish were evaluated using the TRAP software logistic regression 
function.  Additional statistical routines, including piecewise linear and sigmoidal dose response 
models, were also evaluated.  Despite the use of multiple approaches and data transformations, 
clear dose response models using these effects endpoints were few.  YCT data showed highly 
variable responses to egg selenium concentrations.  Observations, however, were made for 
these data of no effects and some level of effects between 22.3 and 27.9 mg/kg dw egg 
selenium.  Averaging these two values results in a value of 25.1 mg/kg dw, which is expected to 
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be lower than a derived EC10.  Without a true ECx value derived from the dose-response 
modeling, effects for egg selenium exposure on survival and deformities are at some 
concentration > 25 mg/kg.     

5.2 Consistency with Literature 

The endpoint for survival, based on hatch to test end, is consistent with the findings of Rudolph 
et al. (2008), who found a significant relationship of alevin mortality to egg selenium 
concentration.  It has been suggested that selenium does not exert its toxic effects until a 
developing fish absorbs its yolk and accumulated selenium (Lemly 1997 and Holm et al. 2005, 
as cited in Rudolph et al. 2008).  Hatchability of eggs is not affected by elevated selenium even 
though there may be a high incidence of deformities in resultant larvae and fry, and many may 
fail to survive (Gillespie and Baumann 1986; Coyle et al. 1993).   

Data for YCT presented in this study showed a highly variable mortality rate prior to hatch, 
which may have been due to several factors, including incomplete fertilization, disease, or 
reduced egg viability due to elevated selenium concentrations.  However, the latter is not 
consistent with the review by Holm et al. (2005) who reports that although egg selenium is 
present in the yolk throughout development, it may affect larval development rather than egg 
development because it is mobilized to a greater degree after hatch.   

Deformity frequency, as measured in this study based on fraction normal fish relative to the total 
number of fish assessed for deformities, provides an endpoint that is consistent with the studies 
of Holm et al. (2005), Kennedy et al. (2000), Hardy (2005), Rudolph et al. (2008), Muscatello et 
al. (2006), and de Rosemond et al. (2005) in terms of cited developmental effects due to 
increased egg selenium concentrations.  Table 9 shows the range of effect concentrations for 
the varying endpoints evaluated.  

Hodson and Hilton (1983) and Lemly (1997) both suggest that developmental malformations are 
reliable indicators of chronic selenium toxicity to fish.  Lemly (1997) described the sequence of 
selenium toxicity to larval fish: parental exposure, maternal deposition of selenium into eggs 
during vitellogenesis, and subsequent exposure during yolk resorption in developing larvae.  
Both the literature and the results of this study indicate that survival and developmental 
malformations of larval fish are clear and supportable endpoints for developing effect 
concentrations for fish.   

5.3 Extrapolating Selenium Concentrations in Egg Tissue to Whole Body Tissue 

In Section 4.2, the relationship of maternal whole body selenium concentrations to egg selenium 
concentrations was derived using wild YCT collected for this study.  Henry’s Lake tissue data 
were added to the wild tissue data set to examine whether or not the relationship was improved.  
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The R2 for only the wild-collected fish was 0.76, while the R2 for the wild-collected fish plus the 
Henry’s Lake fish was 0.92.  A linear regression was used to relate whole body to egg selenium 
using both the Henry’s Lake data and the wild-collected fish data; however, the data were 
clustered at two ends of the distribution and the straight line connected the two populations of 
data.  Alternate relationships were also explored.  For both datasets, the relationship was best 
described via a linear regression equation using log-transformed data (Figure 43).   

Although the combined dataset allows for a greater range of whole body and egg selenium 
concentrations, which reduces the need to extrapolate beyond the confines of the data, the 
combined relationship appears to represent two data populations.  For the purpose of this 
report, the translation from eggs to whole body is best represented by the population of data 
from the field collected fish.   

The regression relationship has the form: 

Log (y) = 0.962(Log x) + 0.2007 

where y = egg selenium concentration (mg/kg dw) 

and x = whole body selenium concentration (mg/kg dw) 

Solving for x (which is the whole body concentration), the equation is rewritten as: 

Log(x) = (Log(y) – 0.2007) / 0.962 

Using the above equation, and an egg selenium threshold of 25 mg/kg dw egg selenium, the 
resulting whole body selenium concentration is 17.6 mg/kg dw.  As stated previously, this 
relationship becomes important in order to relate effect concentrations (ECx) derived for 
selenium concentrations in egg tissue back to selenium concentrations in whole body fish for 
past and future monitoring data.  Outside of this specific reproduction study, the larger body of 
data available for this site is for whole body tissues.  Furthermore, whole body tissue 
concentration is a more practical endpoint to measure throughout the year than is egg tissue. 

In another study using YCT, Hardy (2005) reported a whole body NOEC of greater than 11.4 
mg/kg dw based on an egg selenium NOEC of greater than 16 mg/kg dw.  Rudolph et al. (2008) 
cutthroat data indicate that the muscle selenium concentration would be 16.8 mg/kg dw based 
on the egg selenium relationship at an egg selenium concentration equal to the EC10 (24.1 
mg/kg dw).  The egg to whole body relationship for Dolly Varden char indicates a whole body 
concentration of greater than 40 mg/kg dw at an EC10 of 54 mg/kg dw selenium in eggs.  
Conversion of the Holm (2002) and Holm et al. (2003) ovary tissue selenium concentrations 
presented as chronic values from ovary to whole body using USEPA (2004) equations yields the 
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following values: 19.96 mg/kg dw (rainbow trout), 16.06 mg/kg dw (rainbow trout), and 12.24 
mg/kg dw (brook trout).  Currently, the Draft National criterion recommends a value of 7.91 
mg/kg dw.  Based on the literature reviewed, the YCT whole body value falls within the range of 
whole body tissue concentrations reported for other cold water species. 

5.4 Data Adequacy  

The critical question to be addressed for this study is whether or not the data adequately 
address the range of tissue concentrations in maternal parents which ultimately affects the 
offspring produced.  Four key points address the adequacy of the data utilized for this study: 

1. The goal was to capture adult YCT with tissue selenium concentrations greater than 9.7 
mg/kg dw, which represented the upper 90th percentile of the tissue selenium data for 
YCT available when this study commenced.  That goal was met as shown in the data 
presented earlier in this document (whole body tissues ranged from 8.17 to 25.17 mg/kg 
dw).   

2. Studies carried out with the collected YCT maternal females and eggs yielded results 
that spanned a range of effects, including no or low effects and high and adverse levels 
of effects.  In any toxicity study, being able to define the upper thresholds of effects is a 
critical component of the study.  While exact ECx values were derived, variability at the 
high end of the egg selenium range may have overestimated the derived effects values, 
although clear effects were observed in survival, growth, and deformities which are 
consistent endpoints defined in the literature for other trout species.   

3. The distribution of effects and exposure data indicates that at the upper egg selenium 
range, YCT responses are variable.  Examination of the data indicate there are no large 
gaps in the data in terms of egg selenium concentrations used as part of the exposure 
analysis, however, the relationships between effects and egg selenium concentrations 
were variable enough to suggest YCT effects values may be over-predicted via the 
dose-response models.   

4. As the second species utilized to define the effects of maternal selenium accumulation 
on resulting offspring, YCT indicate that they are less sensitive than the brown trout 
evaluated as part of the first maternal transfer study.  Despite not being able to identify 
an exact effect concentration, the data do provide a clear break between background 
and a level of egg selenium concentrations.  A more precise effects threshold may be 
desirable, however, as part of this study, being able to define that YCT are less sensitive 
than brown trout is adequate for the purpose of defining a site-specific criteria since the 
criterion will be based on the more sensitive species of the two evaluated. 
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6.0 SUMMARY AND CONCLUSIONS 

The effects of maternal selenium transfer in wild YCT were evaluated as part of this study.  
Eggs from wild female YCT collected from different locations with varying selenium exposure 
levels were used to assess a number of reproductive endpoints.  Initially, the data were plotted 
and reviewed for any obvious relationships and patterns.  Effects endpoints for survival, growth, 
and deformities appeared to be candidates for further dose-response modeling.  Both EC10 and 
EC20 egg selenium concentrations were derived relative to the survival endpoint with the 
exclusion of a single data point.  The EC20 for YCT percent survival (hatch to test end) is 36.3 
mg/kg dw egg selenium while the EC10 is 35.8 mg/kg dw egg selenium.  Derived effects 
concentrations may be over-estimated, due to the variability of the response at the higher egg 
selenium concentrations.  Visual examination of these data showed that obvious breaks were 
present between an egg selenium concentration of 22.3 and 27.9 mg/kg dw and analysis of 
variance further verified a significant difference in survival between data grouped as either less 
then or greater than these break points.  Averaging these values resulted in a value of 25 mg/kg 
dw and the EC10 is theorized to be greater than this value.  Growth data showed a similar trend 
to that observed for survival, while the deformity data did not (i.e., no significant difference 
between percentage normal fish <22.3 and >27.9 mg/kg dw).  Using the data available, a true 
EC10 likely lies between 25 and 35.8 mg/kg dw selenium in eggs. 
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TABLES  



Caught and 
Released

# YCT 
> 230 mm

# males # females

Deer Creek - lower (d/s CC road) 6/3/2008 0.18 1397 11 3 1 7 0
Crow Creek (CC-150 Nate) 6/3/2008 1.09 3825 45 15 22 7 1 0
Crow Creek (CC-150 Alleman) 6/3/2008 0.21 600 16 3 13 0
Crow Creek (CC-75) & upstream) 6/3/2008 0.32 23 15 7 1 0
Crow Creek (CC-350) 6/4/2008 Too high to sample
Sage Creek (LSV-2C) Upper 6/4/2008 2888 19 3 14 1 1 1
Hoopes (HS-3 and Upstream) 6/4/2008 0.26 7 2 3 1 1 0
Crow Creek (CC-150 upper) 6/4/2008 2318 24 15 9 0
Sage Creek (LSV-2C) lower 6/5/2008 4807 7 2 2 1 2 3
Crow Creek (CC-350) 6/5/2008 0.67 4092 48 12 24 8 4 3
Crow Creek (CC-350) (just upper section) 6/7/2008 minus CC-350 reach 2902 41 7 26 4 4 3
Deer Creek - lower (d/s CC road) 6/7/2008 0.18 1369 27 3 16 4 4 3
Crow Creek (CC-1A) 6/7/2008 671 2 0 2 0
Crow Creek (CC-150 upper Nate) 6/7/2008 0.41 3090 30 9 18 2 1 1
Deer Creek (DC-600 and US) 6/8/2008 1.55 4068 14 6 6 2 0
Sage Creek (LSV-2C) all 6/9/2008 4842 46 6 39 1 0
Sage Creek u/s of Hoopes 6/9/2008 557 12 0 12 0
SFTC-1 and Upstream 6/9/2008 1168 0 0 1 0
Deer Creek - lower (d/s CC road) 6/10/2008 724 4 0 2 1 1 0
SFTC-1 and Upstream 6/26/2009 0.73 4135 24 10 10 3 1 1
Deer Creek - lower (d/s CC road) 6/26/2009 1334 12 6 5 1 0
Crow Creek (CC-350) (just upper section) 6/26/2009 minus CC-350 reach 2230 37 9 28 0
Crow Creek (CC-3A) 6/27/2008 Too high to sample
Sage Creek (LSV-2C) lower and HS-3 6/27/2008 3439 20 1 18 1 0
Deer Creek (u/s of FS 102) 6/27/2008 1227 0 0

Total # YCT 
>230 mm Checked for 

Spawning
469 127 270 43 30 15

Total # 
Egg Sets 
Sent to 

Lab

Ripe YCT, 
Eggs Collected

Table 1

Checked 
Location Date

Reach Length 
(miles)

Shocking Time 
(s)

Total # 
YCT 

captured

#
YCT

<230 mm

Monitoring Locations and Counts for Spring 2008 Sampling in Support of the Yellowstone Cutthroat Trout Laboratory Toxicity Studies
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Stream Location Date
Flow 
(cfs)

pH 
(SU)

Specific 
Conductance 
(umhos/cm)

Temp. 
(°C)

Dissolved 
Oxygen 
(mg/L)

Turbidity 
(NTU)

Nitrate 
(measured w/ 
Colorimeter - 

mg/L) 

ORP 
(mV)

SF Tincup Creek SFTC-1 6/9/2008 21.0 8.07 631 5.01 13.70 21.07 NM 220.3

CC-75 5/12/2008 15.3 8.05 397 6.31 10.55 15.85 0.01 161.2
CC-150 5/12/2008 27.5 8.53 361 10.44 10.00 16.47 0.04 164.3
CC-350 5/13/2008 36.0 8.44 431 15.04 9.05 7.59 0 202.9

Deer Creek DC-600 5/18/2008 20.0 8.24 208 5.41 13.31 9.46 0.01 208.6

HS 5/17/2008 1.6 7.33 302 12.02 6.08 0.47 0.02 201.1
HS-3 5/17/2008 6.8 8.38 289 17.05 9.01 2.16 0.02 152.7

Sage Creek LSV-2C 5/17/2008 12.4 8.40 283 18.72 8.92 12.58 0.01 188.6

CC-1A 5/14/2008 61.0 8.09 358 7.39 9.80 16.82 0.02 161.2

CC-3A 5/15/2008 65.2 8.42 370 13.42 10.49 17.61 0.02 219.6

NM- Not Measured

Crow Creek

Downstream of Sage Creek

Hoopes Spring and Sage Creek

Table 2
Summary of Flow and Field-Measured Water Quality Parameters Collected in Spring 2008

in Support of the Yellowstone Cutthroat Trout Laboratory Toxicity Studies

Reference

Upstream of Sage Creek

Crow Creek

Hoopes Spring
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Summary of Laboratory-Measured Water Quality Parameters Collected in Spring 2008 
in Support of the Yellowstone Cutthroat Trout Laboratory Toxicity Studies

Stream Location Date
Alkalinity 

(mg/L)

Dissolved 
Organic 
Carbon 
(mg/L)

Hardness 
(mg/L as 
CaCO3)

Sulfate, 
SO4 

(mg/L)

Nitrate-N 
(mg/L)

Phosphorus-
Total 

(mg/L)

SF Tincup Creek SFTC-1 6/9/2008 221 2.97 211 10.2 0.05UJ 0.03

5/12/2008 196 4.70 208 24.7 0.05UJ 0.04
5/12/2008-dup 195 4.76 205 24.7 0.05UJ 0.05

CC-150 5/12/2008 192 3.42 199 17.8 0.05UJ 0.03
CC-350 5/13/2008 197 2.66 211 23.7 0.05UJ 0.02

Deer Creek DC-600 5/18/2008 158 1.79J 154 9.0 0.06J 0.05

HS 5/17/2008 196 1.00U 232 49.8 0.175J 0.01U
HS-3 5/17/2008 197 1.00U 223 43.2 0.05UJ 0.01U

Sage Creek LSV-2C 5/17/2008 199 2.14 218 38.7 0.05UJ 0.02

CC-1A 5/14/2008 202 2.37 221 31.4 0.05UJ 0.03

CC-3A 5/15/2008 197 2.27 216 32.1 0.05UJ 0.04

J - Estimated

U - Less than detection at the stated value

UJ - Estimated, Not detected

Table 3

Reference

Upstream of Sage Creek

Crow Creek

Hoopes Spring 

Crow Creek

CC-75

Downstream of Sage Creek

Hoopes Spring and Sage Creek
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Total 
Selenium 

(mg/L)

Dissolved 
Selenium 

(mg/L)

Selenium 
(mg/kg dw)

% Solids

Reference
SF Tincup Creek SFTC-1 6/9/2008 0.00058 0.00044 0.27 69.8

5/12/2008 0.0012 0.0012 0.54 57.9
5/12/2008-dup 0.0012 0.0011 NM NM

5/12/2008 0.0018 0.0014 0.63 56.4
5/12/2008-dup NM NM 0.63 58.5

CC-350 5/13/2008 0.001 0.00089 0.7 63.4
Deer Creek DC-600 5/18/2008 0.0015 0.0014 0.98J- 51.3

HS 5/17/2008 0.0296 0.0273 1.8J- 60.3
HS-3 5/17/2008 0.0223 0.026 2.1J- 66.9

Sage Creek LSV-2C 5/17/2008 0.0145 0.0141 1.1J- 62.9

CC-1A 5/14/2008 0.0032 0.0029 1.2 59.9

CC-3A 5/15/2008 0.0036 0.0026 0.66J- 70.2

Table 4

Summary of Selenium Concentrations Measured in Surface Waters and Sediment 
in Support of the Yellowstone Cutthroat Trout Laboratory Toxicity Studies

Stream Location Date

Surface Water Sediment

J - Estimated, NM-Not measured, Bold concentrations are those currently exceeding the state standard for total selenium (0.005 mg/L).

Downstream of Sage Creek

Hoopes Spring and Sage Creek

Upstream of Sage Creek

Crow Creek

Hoopes Spring

Crow Creek

CC-75

CC-150
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Location Treatment
# Eggs in 

Study 
Total # 
Eggs

Adult Fish 
Total Length 

(mm)

Adult 
Fish Wt 

(g)

Selenium
Whole-Body 
(mg/kg dw)

 Selenium
Egg 

(mg/kg dw)

SF Tincup Creek SFTC1-FT0012 300 1,472 491 1131 2.56 3.43
CC-150-Nates-001 300 600 263 180.2 16.3 17.6

CC-350-001 400 748 284 194.5 20.7 27.9
CC-350-002 750 1,209 325 343.6 19.4 29.7
CC-350-003 500 929 348 326 17.0 22.3
CC-350-004 600 1,294 345 357.7 16.7 14.6
CC-350-005 600 1,160 316 292.5 25.7 47.6

DC001 600 1,017 343 461.9 8.17 22
DC002 600 1,539 360 293 9.07 15.4
DC003 450 846 458 684.5 8.63 11.4
DC004 100 242 343 369 16.6 12.7

LSV2C-001 600 1,290 362 428.8 19.4 40.1
LSV2C-002 550 1,068 322 256.5 21.0 30.0
LSV2C-003 650 1,358 340 363.3 18.6 35.6
LSV2C-004 600 1,072 345 347.1 22.5 30.5

Sage Creek

Deer Creek

Crow Creek

Table 5

Number of Eggs, Length, Weight, and Selenium Concentrations in Eggs and Whole Body of Wild-
Collected Yellowstone Cutthroat Trout
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Treatment
# eggs in 

study 
Total # 
eggs

Adult Fish 
Total 

Length 
(mm)

Adult 
Fish Wt 

(g)

Selenium
Whole-Body 
(mg/kg dw)

 Selenium
Egg 

(mg/kg dw)

HL001 600 2,114 489 1,329 0.4 1.65
HL002 600 1,597 387 667 0.45 2.03
HL003 600 2,999 400 770 0.44 2.48
HL004 600 2,452 438 1,160 0.36 1.36
HL005 600 2,108 451 1,165 0.5 2.33
HL006 600 2,162 368 674 0.36 0.83
HL007 600 2,734 470 1,528 0.44 2.26
HL008 600 2,985 476 1,265 0.28 1.87
HL009 600 1,906 406 775 0.44 1.98
HL010 600 3,791 527 1,945 0.43 1.34
HL011 600 4,668 476 1,468 0.31 3.23
HL012 600 2,735 470 1,500 0.23 1.58
HL013 600 2,420 457 1,340 0.72 1.93
HL014 600 3,676 508 1,650 0.73 1.79
HL015 600 2,322 445 1,580 0.91 2.06
HL016 600 3,876 508 1,560 0.85 1.74

Highlighted treatments had egg clutches that did not hatch.

Table 6

Number of Eggs, Length, Weight, and Selenium Concentrations in Eggs and 
Whole Body of Henry's Lake Hatchery

Yellowstone Cutthroat Trout
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Location Treatment
 Se - Egg 

(mg/kg dwt)
% 

Hatch

% 
Egg 

Mortality

% 
Swim-up

Survival at 
swim- up 

(%)

Survival  in 
15-d PSU 
study (%)

Total 
Survival 

(%)

Survival 
(hatch-test 

end) 
(%)

Day of 
Test Term.

Day of 
1st hatch

Day of 
swim-up

Avg Std 
Length 
(mm)

Avg Dry wt 
(mg)

HL001 1.65 0 100 --- --- --- --- --- --- --- --- --- ---
HL002 2.03 11.5 88.5 9.8 9.8 100 9.8 85.5 64 28 49 24.65 19.31
HL003 2.48 56.8 43.2 54.0 54.0 97.9 53.7 94.4 64 24 49 25.70 20.74
HL004 1.36 76.0 24.0 72.8 72.8 99 72.7 95.6 64 26 49 27.85 26.62
HL005 2.33 0 100 --- --- --- --- --- --- --- --- --- ---
HL006 0.83 61.0 39.0 44.0 44.0 99 43.8 71.9 64 27 49 24.50 15.63
HL007 2.26 73.7 26.3 70.7 70.7 100 70.7 95.9 64 27 49 28.15 26.41
HL008 1.87 78.2 21.8 72.2 72.2 99 72.0 92.1 64 28 49 24.60 16.12
HL009 1.98 0 100 --- --- --- --- --- --- --- --- --- ---
HL010 1.34 0.7 99.3 0.7 0.7 100 0.7 100 64 27 49 --- ---
HL011 3.23 56.3 43.7 52.8 52.8 99 52.7 93.5 64 25 49 26.85 25.08
HL012 1.58 83.5 16.5 79.3 79.3 98 79.0 94.6 64 26 49 26.50 25.74
HL013 1.93 87.8 12.2 83.8 83.8 100 83.8 95.4 64 28 49 25.45 20.63
HL014 1.79 0 100 --- --- --- --- --- --- --- --- --- ---
HL015 2.06 10.3 89.7 9.3 9.3 100 9.3 90.3 64 27 49 22.60 15.79
HL016 1.74 0 100 --- --- --- --- --- --- --- --- --- ---

SF Tincup Creek SFTC1-FT0012 3.43 0 100 --- --- --- --- --- --- --- --- --- ---
CC-150-Nates-001 17.6 78.3 21.7 74.7 74.7 77.6 67.3 89 56 21 41 20.40 7.55

CC-350-001 27.9 40.5 59.5 35.8 35.8 1.9 10.5 30 55 21 40 20.50 6.03
CC-350-002 29.7 94.3 5.7 85.1 85.1 85.6 83.2 89 55 20 40 20.00 8.65
CC-350-003 22.3 77.2 22.8 73.8 73.8 80.4 70.0 92.8 56 20 41 22.00 12.27
CC-350-004 14.6 86.5 13.5 85.2 85.2 88.8 83.3 96.8 56 21 41 22.30 8.07
CC-350-005 47.6 80.5 19.5 70.3 70.3 89.6 68.7 88.2 56 20 41 19.35 8.43

DC001 22 54.2 45.8 50.2 50.2 93.9 49.2 95 56 20 41 23.85 14.36
DC002 15.4 85.2 14.8 81.0 81.0 99.0 80.8 95.6 56 22 41 23.75 12.65
DC003 11.4 97.6 2.4 95.3 95.3 70.4 88.9 91.3 56 20 41 21.10 7.39
DC004 12.7 64.0 36 60.0 60.0 68.3 41.0 77 56 20 41 23.15 14.28

LSV2C-001 40.1 92.7 7.3 0 0 --- 0 0 --- 21 --- --- ---
LSV2C-002 30.0 80.7 19.3 67.8 67.8 66.0 61.6 80.9 55 20 40 20.35 7.66
LSV2C-003 35.6 99.2 0.8 80.6 80.6 83.2 78.0 78.8 55 21 40 20.05 8.70

LSV2C-004 30.5 95.2 4.8 85.5 85.5 83.0 82.7 87.5 55 20 40 21.10 8.12

Highlighted treatments had egg clutches that did not hatch.

Table 7
Yellowstone Cutthroat Trout Endpoint Data from Laboratory Studies on Adult Reproduction and Egg Survival and Growth

Henry's

Sage Creek

Deer Creek

Crow Creek
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0 1 2 3 normal
not 

normal

% 
deform/ 

total
0 1 2 3 normal

not 
normal

% 
deform/ 

total
0 1 2 3 normal

not 
normal

% deform/ 
total

0 1 2 3 normal
not 

normal
% deform/ 

total

HL/002 39 27 8 2 2 27 12 30.77% 6 15 4 14 6 33 84.62% 27 1 2 9 27 12 30.77% 32 7 32 7 17.95%

HL/003 302 287 9 2 4 287 15 4.97% 157 120 20 5 157 145 48.01% 293 2 6 1 293 9 2.98% 218 78 5 1 218 84 27.81%

HL/004 416 394 13 3 6 394 22 5.29% 199 196 17 4 199 217 52.16% 409 4 3 409 7 1.68% 341 69 4 2 341 75 18.03%

HL/006 244 200 30 7 7 200 44 18.03% 52 107 34 51 52 192 78.69% 174 23 8 39 174 70 28.69% 152 56 23 13 152 92 37.70%

HL/007 404 349 48 5 2 349 55 13.61% 167 224 7 6 167 237 58.66% 396 6 1 1 396 8 1.98% 297 97 8 2 297 107 26.49%

HL/008 412 356 49 3 4 356 56 13.59% 195 191 21 5 195 217 52.67% 407 2 1 2 407 5 1.21% 339 66 5 2 339 73 17.72%

HL/011 296 255 15 7 19 255 41 13.85% 98 157 25 16 98 198 66.89% 280 4 4 8 280 16 5.41% 209 76 11 209 87 29.39%

HL/012 454 437 12 5 437 17 3.74% 163 259 22 10 163 291 64.10% 442 8 3 1 442 12 2.64% 274 154 23 3 274 180 39.65%

HL/013 483 416 62 1 4 416 67 13.87% 223 226 30 4 223 260 53.83% 480 1 2 480 3 0.62% 353 119 9 2 353 130 26.92%

HL/015 36 26 5 2 3 26 10 27.78% 2 9 6 19 2 34 94.44% 20 3 2 11 20 16 44.44% 12 14 7 3 12 24 66.67%

CC-150/001 182 162 20 162 20 10.99% 32 99 37 14 32 150 82.42% 182 182 0 0.00% 112 62 8 112 70 38.46%

CC-350/001 138 105 19 5 9 105 33 23.91% 24 48 34 32 24 114 82.61% 137 1 137 1 0.72% 88 33 7 10 88 50 36.23%

CC-350/002 602 548 52 2 548 54 8.97% 212 342 43 5 212 390 64.78% 575 25 1 1 575 27 4.49% 434 159 8 1 434 168 27.91%

CC-350/003 330 304 25 1 304 26 7.88% 105 204 20 1 105 225 68.18% 329 1 329 1 0.30% 263 66 1 263 67 20.30%

CC-350/004 480 462 18 462 18 3.75% 154 308 16 2 154 326 67.92% 472 8 472 8 1.67% 460 19 1 460 20 4.17%

CC-350/005 392 345 45 2 345 47 11.99% 108 212 56 16 108 284 72.45% 384 5 2 1 384 8 2.04% 343 43 5 1 343 49 12.50%

DC/001 275 252 11 12 252 23 8.36% 103 137 28 7 103 172 62.55% 264 7 3 1 264 11 4.00% 253 21 1 253 22 8.00%

DC/002 465 432 32 1 432 33 7.10% 193 229 41 2 193 272 58.49% 458 6 1 458 7 1.51% 358 98 9 358 107 23.01%

DC/003 380 354 25 1 354 26 6.84% 88 241 48 3 88 292 76.84% 373 5 1 1 373 7 1.84% 247 125 8 247 133 35.00%

DC/004 38 33 1 3 1 33 5 13.16% 9 17 12 9 29 76.32% 37 1 37 1 2.63% 30 6 1 1 30 8 21.05%

LSV2C/001 200 37 38 64 61 37 163 81.50% 14 69 76 41 14 186 93.00% 169 20 9 2 169 31 15.50% 190 9 1 190 10 5.00%

LSV2C/002 319 282 31 3 3 282 37 11.60% 71 165 69 14 71 248 77.74% 310 6 2 1 310 9 2.82% 207 102 7 3 207 112 35.11%

LSV2C/003 487 466 21 466 21 4.31% 174 239 68 6 174 313 64.27% 481 5 1 481 6 1.23% 246 182 52 7 246 241 49.49%
LSV2C/004 476 455 21 455 21 4.41% 167 266 42 1 167 309 64.92% 475 1 475 1 0.21% 249 173 44 10 249 227 47.69%

Severity Score:  0 = normal, 1 = slight or few, 2 = moderate or several, 3 = severe or many.

Cranio-Facial Skeletal Fin or Finfold Edematous Tissue

Table 8
Summary Data for the Severity and Number of Deformities for Yellowstone Cuthtroat Trout Larvae

Grand 
Total

Location/ 
Field 

Sample ID
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20 10
Growth 31.93 28.99

95% LCL 21.13 16.47
95% UCL 42.74 41.51

Survival Hatch -Test End 36.26 35.78
95% LCL 34.09 33.37
95% UCL 38.43 38.19

Fraction normal 37.60 32.68
95% LCL 32.62 27.52
95% UCL 43.34 38.80

-0.2

0.64

0.57

Table 9

Effect Concentration (ECx) Values for Egg Selenium Tissue Residues Versus 
Different Biological Endpoints for Yellowstone Cutthroat Trout 

Biological Endpoints R2
Effect Concentration

(ECx)
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Figure 3
Whole Body Selenium Concentration Versus Fish Length

REV: 1

J.R. Simplot Company
Site-Specific Selenium Criterion

PRJ: 0442-004-900.70
BY: SMC
DATE: January 2012

CHK: SMC
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Figure 4
Total Selenium Concentrations in Spring 2008 Surface Water 
Samples REV: 1

J.R. Simplot Company
Site-Specific Selenium Criterion

PRJ: 0442-004-900.70
BY: SMC
DATE: January 2012

CHK: SMC
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Figure 5
Adult Fish Length by Location

REV: 1

J.R. Simplot Company
Site-Specific Selenium Criterion

PRJ: 0442-004-900.70
BY: SMC
DATE: January 2012

CHK: SMC
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Figure 6
Adult Fish Weight by Location

REV: 1

J.R. Simplot Company
Site-Specific Selenium Criterion

PRJ: 0442-004-900.70
BY: SMC
DATE: January 2012

CHK: SMC
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Figure 7
Adult Whole Body and Egg Selenium Concentrations in 
Henry’s Lake and Wild-Caught YCT by Location REV: 1
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Figure 8
Number of Eggs Produced by Location

REV: 1
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Figure 9
Percent of Egg Mortality or Percent Hatch by Location

REV: 1
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Figure 10
Relationship Between the Percentage of Eggs that Hatched and 
the Percentage of Fish that Reached Swim-Up REV: 1

J.R. Simplot Company
Site-Specific Selenium Criterion

PRJ: 0442-004-900.70
BY: SMC
DATE: January 2012

CHK: SMC

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70 80 90 100

%
 S
w
im

 U
p

% Hatch

wild fish Henrys Lake

Note: the dashed line indicates a 1:1 agreement. 



Figure 11
Percent Survival at Swim-Up and 
Percent Survival at Hatch to Test End REV: 1
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Figure 12
YCT Growth based on Larval Fish Length and Weight for
Wild Fish and Henry’s Lake Fish REV: 1
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Figure 13
YCT Growth based on Larval Fish Dry Weight

REV: 1
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Figure 14
Percent Cranio-Facial Deformities for Larval YCT

REV: 1
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Figure 15
Percent Skeletal Deformities for Larval YCT

REV: 1
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Figure 16
Percent Fin or Finfold Deformities for Larval YCT

REV: 1
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Figure 17
Percent Edematous Tissue Frequency for Larval YCT

REV: 1
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Figure 18
GSI Scores for Cranio-Facial Deformities Evaluated by Location and Sample ID 
Ranked by Egg Selenium Concentration REV: 1
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Figure 19
GSI Scores for Skeletal Deformities Evaluated by Location and Sample ID 
Ranked by Egg Selenium Concentration REV: 1
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Figure 20
GSI Scores for Fin or Fin-Fold Deformities Evaluated by Location and Sample ID 
Ranked by Egg Selenium Concentration REV: 1
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Figure 21
GSI Scores for Edematous Tissue Frequency Evaluated by Location and Sample 
ID Ranked by Egg Selenium Concentration REV: 1
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Figure 22
Egg Selenium Concentration Versus
Adult Whole Body Selenium Concentration REV: 1
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Figure 23
Log Egg Selenium Concentration Versus 
Log Adult Whole Body Selenium Concentration REV: 1
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Figure 24
Total Egg Abundance Versus
Egg Selenium Concentration REV: 1
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Figure 25
Egg Abundance Versus
Adult Female Length REV: 1
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Figure 26
Percent Mortality of Eggs Versus
Egg Selenium Concentration REV: 1
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Figure 27
Percent of Fry that Hatched Versus
Egg Selenium Concentration REV: 1
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Figure 28
Percent Survival at Swim-Up Versus
Egg Selenium Concentration REV: 1
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Figure 29
Percent Survival (Hatch to Test End) Versus
Egg Selenium Concentration REV: 1

J.R. Simplot Company
Site-Specific Selenium Criterion

PRJ: 0442-004-900.70
BY: SMC
DATE: January 2012

CHK: SMC

y = 0.011x3 ‐ 0.9459x2 + 23.437x ‐ 81.026
R² = 0.3573

y = ‐0.0097x3 + 0.5879x2 ‐ 11.718x + 164.06
R² = 0.5757

0

20

40

60

80

100

120

0 5 10 15 20 25 30 35 40 45 50

Pe
rc
en

t S
ur
vi
va
l

Egg Selenium (mg/kg dw)

Egg Selenium Concentration vs. Percent  Survival (hatch to test end) 

All Wild YCT Wild YCT‐high egg Se, High survival Henry's Lake Fish
Poly. (All Wild YCT) Poly. (Wild YCT‐high egg Se, High survival)



Figure 30
Percent Survival (Hatch to Test End) Versus
Egg Selenium Concentration for Brown Trout and YCT (All Data) REV: 1
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Figure 31
Percent Survival (Hatch to Test End) Versus
Egg Selenium Concentration for Brown Trout and YCT 
(High Egg Selenium High Survival Data Point Removed)

REV: 1
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Figure 32
Percent Total Survival Versus
Egg Selenium Concentration REV: 1
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Figure 33
Growth Versus 
Egg Selenium Concentration REV: 1
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Figure 34
Percent Normal of Cranio-Facial Deformities Versus
Egg Selenium Concentration REV: 1
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Figure 35
Percent Normal of Skeletal Deformities Versus
Egg Selenium Concentration REV: 1
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Figure 36
Percent Normal of Fin or Finfold Deformities Versus
Egg Selenium Concentration REV: 1
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Figure 37
Percent Normal of Edematous Tissue Deformities 
Versus Egg Selenium Concentration REV: 1
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Figure 38
Mean Fraction Normal Versus
Egg Selenium Concentration REV: 1
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Figure 39
TRAP Model – Piece-wise Linear Regression
Percent Survival (Hatch to Test End) Versus
Egg Selenium Concentrations

REV: 1
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Figure 40
TRAP Model - Piece-wise Linear Regression
Percent Survival (Hatch to Test End) Versus
Grouped Egg Selenium Concentrations  (<22.3 and >27.9)

REV: 1
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Figure 41
TRAP Model - Piece-wise Linear Regression
Larval Growth 15 Days Post Swim-Up Versus
Egg Selenium Concentrations

REV: 1
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Figure 42
TRAP Model - Threshold Sigmoidal Regression
Mean Fraction Normal Versus
Log Egg Selenium Concentrations

REV: 1
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Figure 43
Relationship of Egg Selenium Concentrations to
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1.0 INTRODUCTION 

A toxicity studies Work Plan for trout is presented herein in support of the J.R. Simplot 
Company’s (Simplot) proposal to develop a site-specific chronic criterion for selenium for 
consideration by state and federal agencies.  It follows the Revised Draft Technical 
Memorandum: Methods for Testing Adult Brown Trout Reproductive Success (10/17/07) 
(Appendix A), which described studies that were implemented in November 2007.  This 
Technical Memorandum was submitted to the agencies participating in the collaborative Site-
Specific Selenium Criterion (SSSC) Workgroup for review and comment.  These agencies 
include: Idaho Department of Environmental Quality (IDEQ), US Forest Service (USFS), US 
Environmental Protection Agency (USEPA) Headquarters and Region 10, Idaho Department of 
Fish and Game (IDFG), and Wyoming Department of Environmental Quality (WDEQ).   

As of this draft, the adult brown trout reproduction studies that began in November are 
completed and the data are being compiled and analyzed.  Toxicity studies described in this 
Work Plan include (1) adult reproductive success for Yellowstone cutthroat trout (YCT), similar 
to those conducted for brown trout, and (2) early life stage (ELS) studies for YCT.  Based on the 
adult reproduction studies conducted for brown trout, some modifications to the approach are 
presented for adult reproduction studies for YCT.  

This Work Plan focuses on upcoming toxicity studies.  Background information and species 
selection rationale, the locations from which fish will be collected, and more detailed methods 
for field data collection are presented in the following documents: 

• Work Plan - Field Monitoring Studies for Developing a SSSC (April 2007); and 

• Summary of Approach for Developing a SSSC (February 2008). 

Both of these documents were reviewed by the SSSC Workgroup agencies as part of the 
collaborative effort.  

1.1 Purpose and Objectives 

Data collected to date for Hoopes Spring, Sage Creek, and Crow Creek indicate that Hoopes 
Spring and Lower Sage Creek exceed the water quality standard for selenium.  While 
concentrations of selenium exceed the surface water standard, there is no explicit indication that 
the aquatic community is impaired.  National surface water quality criteria adopted by states as 
standards, as is the case for the current State of Idaho water quality standard for selenium, do 
not always take into account site-specific conditions.  Many factors influence the in-stream 
toxicity of selenium, including the bioavailability of the dominant form of selenium present, 
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tolerance of resident species (e.g., acclimation), and/or other factors that may enhance or 
ameliorate toxicity.   

The purpose of this Work Plan is to provide details for the conduct of laboratory studies to 
produce data that can be used in developing a chronic selenium criterion that is protective of the 
aquatic community for consideration by the agencies.  Field monitoring studies will characterize 
the exposure environment, the aquatic community, and the physical habitat.  Activities for the 
field monitoring studies are documented in the Work Plan - Field Monitoring Studies for 
Developing a Site-Specific Selenium Criterion (April 2007).  

This Work Plan provides study design plans and analysis details for the assessment of 
statistically-based differences of effects due to selenium exposure.  The laboratory tests 
presented here examine two very important linkages in the life cycle of trout exposed to 
selenium: (1) adult reproduction and viability of the young produced, and (2) survival and growth 
of ELS trout.   

The objectives of laboratory testing presented herein are as follows: 

• Document the selenium concentrations in parental fish due to in-situ integrated exposure 
of diet and water that may adversely affect successful reproduction. 

• Document the selenium concentrations in parental fish due to in-situ integrated exposure 
of diet and water that may adversely affect the viability of young.   

• Document the selenium concentrations in eggs produced by adults from different 
locations in the study area. 

• Develop relationships between selenium concentrations in parental whole body tissues 
to egg tissues. 

• Document concentrations of selenium in dietary and aqueous media that affect growth 
and survival of young trout. 

Data derived from these laboratory studies will be used in conjunction with other site-specific 
data collected as part of the overall investigation, as well as relevant information from the 
literature, to address the following objectives:  

• Develop relationships between selenium concentrations in parental whole body tissues 
to ambient exposure media (i.e., water and diet). 

• Define a selenium concentration for each species evaluated where an acceptable level 
of effects to reproductive success and viability of young occur. 

• Define a selenium concentration for each species evaluated where an acceptable level 
of effects to ELS fish occurs based on aqueous and dietary intake. 
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2.0 OVERVIEW 

The adult reproduction study for brown trout provides the basis for the approach used to assess 
adult reproduction for YCT with some slight modifications, as described below in Section 2.1.  
Methods for the adult brown trout reproduction study are presented in Appendix A.  The majority 
of this section is focused on the ELS studies for YCT.  It is important to note that while this Work 
Plan provides detail on the ELS studies, and only references the brown trout methods as they 
are modified to fit the YCT studies, this does not indicate relative importance of these tests.   
Based on review of relevant literature, including those reports supporting the current federal 
criterion, adult reproductive success of young produced as a result of parental exposure to 
selenium from dietary and aqueous media is the priority study for this site-specific criterion 
effort.  The ELS studies provide an alternative exposure and life stage to evaluate species 
sensitivity, in this case YCT.   

2.1 Adult Reproduction  

The adult reproduction studies examine chronic toxicity through the long-term exposure of 
parents to aqueous selenium conditions as well as bioaccumulated selenium in prey items.  
Effects of maternal transfer of selenium to the eggs will depend upon the parental exposure 
concentrations in water and diet.  Adult reproduction testing will use adult wild fish ready to 
spawn captured at various locations from the study area that represent differing levels of 
selenium exposure as well as field and laboratory controls (Figure 1).  Figure 2 illustrates 
locations of different selenium exposure and their relationship within the drainage to one 
another.  Mean total selenium concentrations measured in surface waters from site-specific 
criterion monitoring locations, as well as from past monitoring at nearby locations, are shown in 
Figure 3.   

Eggs fertilized from adults from different exposure areas will be collected to evaluate 
reproduction.  Although young will not be exposed to aqueous selenium, they will have 
absorbed any protein-bound organic selenium that was present in the yolk and passed on to the 
egg via parental exposure.  Exposure history of the adults will be documented through selenium 
tissue residue analysis of the female adult fish from which eggs were collected.  Because the 
eggs from each fish are an experimental unit, eggs from each female will be reared separately.       

Fish collected from Hoopes Spring (HS, HS-3) or Sage Creek immediately downstream of 
Hoopes Spring (LSV-2C) are expected to represent the high exposure condition, fish from 
Lower Sage Creek (LSV-4) and Crow Creek downstream of Sage Creek (CC-1A, CC-3A) are 
expected to represent the moderate exposure condition, and fish from Crow Creek upstream of 
the Sage Creek and Deer Creek confluences (CC-75, CC-150) are expected to represent the 
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background exposure conditions (Figure 2).  Naturally elevated concentrations of selenium in 
Deer Creek (DC-600) represent a slightly elevated natural background of selenium for YCT.  No 
brown trout have been found in this drainage.  The other low exposure condition location will be 
on Crow Creek downstream of Deer Creek but upstream of the Sage Creek confluence (CC-
350).  The reference condition will include fish from South Fork Tincup Creek (SFTC-1) or other 
suitable locations defined as reference.  Similar to Deer Creek, South Fork Tincup Creek is 
dominated by YCT, so it is an appropriate reference location for that species.  As noted 
previously, the maternal fish tissue selenium concentration will ultimately be used to categorize 
exposure conditions.   

Fertilized eggs will be reared in the laboratory in clean water with no selenium exposure other 
than the parental exposure.  Hatch, survival, swimup, and transition to exogenous feeding are 
just a few of the endpoints to be measured.  Selenium in female parent carcasses (minus the 
eggs), eggs, and collection location ambient water are measured.  Data analysis consists of a 
regression of parent and/or egg selenium concentrations against the various endpoints.      

2.2 Early Life Stage Toxicity Testing  

For the ELS toxicity testing studies, two study design scenarios were initially presented based 
on the availability of eggs from two different sources (Figures 4 and 5).  Study Design A would 
utilize gametes from wild collected parents from moderate exposure conditions to include pre-
parental exposure, similar to the adult reproduction study.  Study Design B would utilize 
gametes from hatchery supplied fish (i.e., no pre-parental exposure).  Study Design A is the 
preferred alternative as it more closely mimics likely field conditions.   

The potential cumulative effects of maternal transfer, as well as continued aqueous exposure 
through the early pre- and post-hatch stages, combined with the post-swim-up exposure via the 
dietary pathway is a likely exposure scenario.  However, due to the size of the adult 
reproduction study, space limitations at the laboratory, combined with the uncertainty of 
collecting enough wild fish to fulfill both the adult reproduction study and the ELS study, the 
decision was made to commit all wild fish to the adult reproduction study.      

Although Design B does not include pre-exposed parents, it will provide information on potential 
toxicity to YCT due to diet and aqueous exposures for the sensitive early life stage.  Design B is 
the study that will be implemented during Spring 2008.  ELS toxicity testing studies are 
designed to evaluate the concentrations of selenium in diet and aqueous exposures that may 
adversely affect young developing trout.  Therefore, the reproduction studies identified above 
will be terminated at 15 days post swim up to evaluate the transition from endogenous to 
exogenous feeding.  The ELS studies extend into the post swim-up stage to 30 days post hatch.  
The objective of this testing approach will be to evaluate the combined effects of dietary and 
aqueous exposure concentrations of selenium that affect growth and survival of young trout. 
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2.3 Source of Test Organisms 

Both the adult reproduction study and the ELS toxicity testing study begin with fertilized eggs.  
Eggs for controls in both of these studies will be obtained from State, National or private 
hatcheries.  Adult fish for controls in both of these studies will come from several potential 
sources: 

• Brown Trout – Saratoga National Fish Hatchery, Wyoming; and Spring Creek Hatchery, 
Montana 

• YCT – Henry’s Lake Fish Hatchery, Idaho 

Adult pre-spawn trout will be collected during their respective spawning periods (spring for YCT 
and fall for brown trout).  The Field Monitoring Studies Work Plan (NewFields 2007) documents 
the methods used for fish collection and identification of locations where each species has been 
observed spawning.  The locations where wild pre-spawn trout are to be collected represent 
high, moderate, low, background and reference concentrations of aqueous selenium in the 
environment.  

2.4 Sample Size 

2.4.1 Adult Reproduction Study 

It is important to note that the estimated sample size is a target.  The recommended number of 
fish from each location may not be available for capture.  If more ripe females are captured from 
one location versus another, then those females/eggs will be included in the study.  The intent is 
to best represent the range of potential tissue concentrations, and the approach described 
below provides a target based on statistical principals. 

The Technical Memorandum for brown trout reproduction studies (Appendix A) identified a 
target sample size for field-collected fish based on a derivation of sample size needed to 
address the question: 

• How many fish samples are needed to cover the range of the population (i.e., fish tissue 
data), including at least one or more sample(s) that represent the upper 10th percentile 
of tissue residue selenium? 

The technical basis for this approach is presented in Appendix A.  To develop a similar goal for 
YCT, tissue data for selenium were compiled for the stream segments of interest to examine the 
range of variability (n=123 samples).  Summary statistics are shown in Tables 1 and 2.  For 
YCT, the mean and its confidence intervals suggest that the data are less variable (mean [CI] = 
5.57± [0.631]) than the brown trout tissue data (mean = 13.27 ± 1.995), likely due to the larger 
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sample size.  Next, the sample size required to capture an upper percentile (i.e., upper tissue 
residue concentration) with a confidence of alpha was estimated using the same approach 
identified for brown trout adult reproduction studies.  The upper 10th percentile was chosen 
because there will naturally be extremes in any environmental data, thus attempting to capture 
the entire range is not practical.  Use of the 90th percentile (i.e., upper 10th percentile) captures a 
large proportion of the data. 

At a 95 percent confidence level (i.e., alpha = 0.05), 29 samples would be needed to confidently 
ensure that at least one or more samples would represent the upper 10th percentile (i.e., 90th).  
The 90th percentile (or upper 10th percentile) for YCT tissue data is 9.7 mg/kg dry weight (dw) 
with upper and lower confidence limits around this percentile of 12.4 and 8.5 mg/kg dw, 
respectively.  Thus collection of approximately 30 female fish across the five exposure areas 
that include the approximate ranges of high, moderate, low, background and reference should 
provide a sample size that allows for at least one of the fish captured to have a tissue residue 
representative of the upper 10th percentile or higher.  Unlike the brown trout assessment of 
sample size, data evaluated in this assessment include tissue residue data from Deer Creek 
and South Fork Tincup Creek.   

Based on the data currently available, the range of concentrations is such that capturing the 90th 
percentile, or upper 10th percentile, yields a YCT tissue residue of 9.7 mg/kg dw selenium.  
Figures 6, 7, and 8 further clarify that fish size, based on length, is not a predetermining factor of 
the body burden it carries, and the location of its exposure is more important. 

In order to increase the probability of capturing fish that are representative of the upper tissue 
residue concentrations, up to eight wild female YCT will be targeted per exposure area.  Six will 
be considered the minimum number of adult female YCT to be collected from each location, if 
available (Table 3).  Six to eight fish times five locations equals 30-40 wild female fish for the 
YCT study.  Males are not included in this derivation of sample size since the unit for testing is 
eggs/female.   

2.4.2 Early Life Stage Testing 

Design B will include 6 treatments and a control, using four replicates of 20 organisms each per 
treatment.  Thus 560 organisms would be needed to fill the replicates for implementation of this 
test.  An additional batch replicate per treatment would be used to cull organisms at 
intermediate stages for tissue residue analysis.  The entire clutch of eggs from a female will be 
utilized initially for rearing as in the adult reproduction studies under either Design A or Design B 
described in Sections 4.2.1 and 4.2.2 below.  Eggs not used in the remainder of the 
investigation will be utilized for selenium tissue residue analysis.  Table 4 shows a matrix of the 
design layouts for Designs A and B. 
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Design A includes 3 treatments and a control for two exposure groups, wild parents from 
moderate exposure conditions at the Crow Creek drainage and parents from the Henry’s Lake 
Hatchery.  Under this scenario, 640 eggs would be required for the test.  An additional batch 
replicate per treatment would include extra eggs to be reared from which organisms could be 
culled for tissue residue analysis.  Because Design A will not be implemented this Spring 
(2008), adjustments to the number of treatments may be made for subsequent testing, if 
needed, in Spring 2009.  Table 4 shows a matrix of the design layouts for Designs A and B. 
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3.0 FIELD COLLECTION METHODS 

Appendix A includes field methods utilized to collect brown trout for the adult reproduction study.  
Based on experience in the field, the following modifications will be made to the field collection 
methods.   

• Gravid female and male trout in pre-spawn condition will be collected during their 
respective spawning periods, late October-early November for brown trout and late April 
–mid May for cutthroat trout.  The Field Monitoring Studies Work Plan (NewFields 2007) 
documents the methods used for fish collection.  Fish collection will be conducted via 
electrofishing methods.   

• Due to the large area to be sampled, fish will be graded and sorted as the field crew 
progresses through a reach.  Initially, all fish will be checked for ripeness, and as it 
becomes more apparent of the size of females that are most frequently ripe, that size 
class will then be targeted.  Fish collected for these studies will be of similar age and 
size.  Target age for testing is 3+ or 4+ year old trout based on fish sizes ranging from 
approximately 200 mm or greater (Kruse et al. 1997).  Preference will be given to use of 
tagged fish over non-tagged fish1.  Sizes are checked using graduated marks on the 
handles of the dip nets.   

• Running counts of trout below target size ranges will be maintained for each location 
fished.  Running counts of unripe fish within the target size range will also be 
maintained.   

• Appropriately sized fish will be checked for ripeness immediately upon collection.  If the 
male or female is ripe it will be retained; if it is not, it will be returned to the stream.  Ripe 
fish will be held at their collection locations in on-site holding pens while other locations 
are fished and until eggs (from adult female fish) and milt (from adult male fish) can be 
stripped from the adults.  

• The target number of females per exposure condition is between six and eight. If fewer 
than the proposed number of fish are collected at a target exposure location, the field 
team will move to a location either upstream or downstream and adjacent to the 
specified reach and continue fishing. 

• Eggs and milt will be collected in the field to conduct the reproduction test.  Eggs will be 
fertilized in the field to reduce egg loss due to incomplete fertilization. 

                                                 
1 Tagged fish have at least one additional season’s worth of information on weight and length. 
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• Egg fertilization is the same as described in Appendix A, with the following exception:  
An additional 500 ml of stream water will be added to water harden the fertilized eggs.  
These will be covered to avoid direct sunlight and left undisturbed for 1-hour to maximize 
water hardening. 

• Adult fish will be sacrificed for tissue analysis and packaged in double plastic Ziploc 
bags and stored on ice or frozen prior to shipment to the analytical laboratory for tissue 
residue analyses according to the methods in the Field Studies Work Plan (NewFields 
2007).  Adult fish carcasses and residual eggs not included in the study will be shipped 
to Columbia Analytical Services in Kelso, Washington following standard operating 
procedures identified in the Field Studies Work Plan (NewFields 2007). 

• Transport of fertilized eggs from the site will be completed via arranged transport directly 
to the laboratory, which should reduce transport stress and delays using a commercial 
overnight carrier. 
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4.0 LABORATORY TEST METHODS 

4.1 Adult Reproduction Tests  

The adult reproduction test is designed to include individual female trout representing a range of 
exposure conditions.  Because the female fish and its eggs are the experimental unit in this 
design, eggs from each fish will be reared separately.  In addition, a laboratory control using 
females and males from a hatchery will also be utilized.  The sources of control fish and eggs 
for each species are described in Section 2.3 above. 

Methods for the adult reproduction study are presented in Appendix A.  Appendix B shows 
photographs of the setup utilized for the brown trout studies.  Modifications to those methods for 
the purpose of testing YCT are included below.  Table 5 illustrates the exposure conditions to be 
utilized in the laboratory.  Figure 9 shows an example exposure scenario.  While the figure 
illustrates only 8 parental fish, the adult reproduction study will include eggs from a number of 
fish, from 6 to 8 per exposure area if available.   

Initially, eggs from each female will be divided into 10 replicates with 60 eggs per replicate.  
Eggs from each female are randomly selected and placed in the incubation trays.  The brown 
trout studies were planned to include a rocker arm that gently moved the eggs back and forth 
through the incubation chamber.  This method had been used for previous trout studies, using 
fewer numbers of eggs.  Laboratory communications with hatchery personnel indicated that the 
rocker arm assembly was not needed, and that the flow rates were adequate to keep the eggs 
aerated.  The rocker arm assembly was not used in the brown trout study and will not be used in 
the YCT study.  

At hatch, alevins become mobile and are able to swim out of the replicate chambers, thus the 
replication is terminated at hatch and the hatched fish are reared as a batch per female.  At 
swimup, the total number of fish surviving is thinned to 100 fry.  This is done to reduce biomass 
loading on the system.  If space and loading allows, more replicates will be continued to post 
swim up.  Fry will be randomly selected for this final stage of the test.  Fry from each female will 
be maintained separately. 

Eggs will be left undisturbed until the eyed stage.  Non-viable eggs will not be removed so that 
disturbance to developing eggs is minimized.  This was also the protocol for the brown trout 
study, however, due to fungus growth on some eggs and to prevent it from spreading, non 
viable eggs with fungus growth were removed prior to the egg stage.   For the adult YCT study, 
every effort will be made to leave eggs undisturbed until the eyed stage.  When eyed stages are 
observed, unfertilized or dead eggs will be removed and counted.  Again at hatching, dead eggs 
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will be removed.  At hatch and thereafter, dead fry are removed as they appear.  Survival will be 
determined based on the number of fish surviving to swim up.  After young hatch, any dead fry 
culled from the test chambers will be counted, and placed into Davidson’s solution to preserve 
the fish for deformities analysis.  At swimup, when fish are thinned for the 15-day post feeding 
trial, all remaining fish not selected will be preserved for deformities analysis.  

At test termination, following length and weight measurements, fish will be preserved for 
deformities analysis.  All fry samples preserved for a parental fish will be submitted to Dr. Kevin 
Bestgen at the CSU Larval fish Laboratory for a deformities analysis. 

4.2 Early Life Stage Toxicity Testing  

For ELS toxicity testing, two designs were presented, with Design B being the approach utilized 
for Spring 2008 ELS testing.  Figures 4 and 5 diagram these study designs.  Table 4 shows a 
matrix of the design layouts for Designs A and B.  The subsections below discuss in more detail 
how each of these designs will be implemented.   

4.2.1 Design B 

This design for ELS trout toxicity testing begins with fertilized eggs from Henry’s Lake hatchery.  
Figure 10 illustrates the design.  Henry’s Lake fish, with limited pre-parental exposure, will be 
used for controls as well as be subjected to 6 treatments of aqueous and dietary selenium 
exposure.  Aqueous and dietary selenium exposures will target nominal concentrations ranging 
from 40, 20, 15, 10, 5, 2.5 and control for water (ug/l) and diet (mg/kg).  The obvious limitation 
for this test is the lack of pre-parental exposure.  Nonetheless, this study design will still provide 
useful information relative to the effects of aqueous and dietary selenium exposure to early life 
stages of YCT.  

Eggs from adults will initially be reared in the laboratory in clean water.  During this portion of 
the study, rearing would be conducted as described above for the adult reproduction studies 
except replicates and batch eggs per treatment will be maintained for selenium tissue residue 
analysis.  Between the eyed stage and hatching, aqueous exposures will begin.  Fish eggs are 
relatively impermeable, while there appears to be some limited exchange between the egg and 
the outside environment after eggs eye up.  Kazlauskienë and Stasiûnaitë (1999) demonstrated 
that rainbow trout egg sensitivity to a heavy metal mixture was more pronounced between the 
eyed stage and hatch.  Newly hatched fish feed endogenously on yolk sac materials, thus there 
is no need for feeding at this stage.  Aqueous exposure to young trout would include three 
levels of treatments and controls as described below.   
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At swim-up, the period when young fish begin to feed, dietary exposures will begin.  Once the 
yolk is nearly completely absorbed, exongenous feeding begins.  Nominal dietary selenium 
concentration targets will be the same as for the aqueous targets (Figure 10).   

4.2.2 Design A 

Design A uses eggs from wild parent fish from the moderate exposure conditions for the ELS 
study.  Design A includes two parallel exposures with targeted treatments (Figure 4).  One egg 
group will include wild collected parents exposed to aqueous treatments of 5, 10, and 15 ug/l 
selenate.  This treatment range may be expanded as needed.  This group also includes a wild 
collected parent with previous exposure to serve as a laboratory control (i.e., no diet or water 
exposure).   

Similarly, Henry’s Lake control eggs will be subjected to similar treatments and also serve as a 
control.  This approach isolates the diet and water pathway in an attempt to understand if there 
are differences between pre-parental exposure and successive aqueous and dietary exposure 
versus no parental exposure and aqueous and dietary exposure.  

4.2.3 Allocation of Eggs 

Design B will be implemented, which includes eggs from hatchery parents.  Eggs will be 
randomly distributed to the treatments prior to the commencement of aqueous exposures.  
Because parental exposure and body burdens should be at control or background levels, eggs 
from these fish will be compiled and randomly distributed to the treatments such that eggs from 
a single fish do not make up all of the eggs utilized for a single treatment or its replicates. 

If Design A, which includes eggs from pre-exposed wild parents and eggs from Henry’s Lake 
control parents, is implemented in Spring 2009, eggs from each fish would be reared separately 
until the parental body burdens of selenium could be determined via tissue analysis.  Tissue 
selenium burdens would determine the allocation of eggs to the different treatment levels, with 
the eggs from the highest parental tissue burdens being allocated to the highest treatment 
levels, and likewise, the lowest tissue burdens being allocated to the lower treatment levels.  
Once the eggs are allocated to a treatment, they would be subject to the specified treatment of 
aqueous and dietary exposure for the treatment level. 

4.2.4 Aqueous Exposure 

For the ELS tests, aqueous exposure begins as described in the adult reproduction tests.  Table 
6 shows the test exposure conditions regardless of design implemented.  Fertilized eggs will be 
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held in incubation trays which are maintained at a constant temperature water bath with no 
selenium exposure.  Selenium exposure begins following the eyed stage of eggs.   

Nominal treatment concentrations for Design B will include the following: 2.5, 5, 10, 15, 20, 40 
ug/l and control ≤1 ug/l.  Selenium will be introduced to the aqueous system as sodium 
selenate, which will result in a predominantly selenate exposure, the form which is predominant 
in Site streams.  Laboratory staff will test the treatment delivery system prior to the beginning of 
the aqueous exposures to ensure that the expected nominal range of selenium is being 
achieved in the test chambers.  Aqueous exposure will continue throughout the life of the test.  
Water samples will be collected weekly from each treatment and the control for selenium 
analysis according to ASTM protocols.  

Horsetooth Reservoir water will be used in a flow through containment vessel where incubation 
trays are held.  The laboratory maintains a direct pipeline to the reservoir, thus water is brought 
into the facility unchlorinated with selenium concentrations <0.2 ug/l.  Source water is soft with 
low alkalinity and sulfate (Table 7).  Water chemistry of the incoming source water will be 
adjusted to more closely simulate Crow Creek drainage water.  Simulation of all of the site water 
characteristics is not possible.  Target parameters for simulation will be sulfate, sodium, pH, and 
chloride.  Using these parameters as targets, hardness, and to a lesser extent alkalinity, of the 
Horsetooth Reservoir source water will increase, but not to the levels observed for Crow or 
Sage Creek.  Typically, soluble salts are used to increase hardness and alkalinity; however, use 
of these salts would result in increasing sodium and sulfate levels beyond the range of the Crow 
Creek drainage water characteristics.  Use of less soluble salts such as calcium bicarbonate is 
also not practical due to low solubility and the high water usage requirements per day (~1800-
2000 gallons) for this test.  Water quality conditions of the exposure water will be reported. 

Daily pH and dissolved oxygen measurements will be made.  As stated previously, temperature 
is monitored automatically.  ASTM (2005) also requires that a suite of water quality 
characterization parameters be made twice a year on source waters.  The laboratory maintains 
records for these analyses.  Aqueous selenium concentrations in flow through water will be 
measured at the beginning and end of the test, and periodically in the interim.   

4.2.5 Dietary Exposure 

Dietary exposure to young trout will be from bioaccumulated selenium in invertebrate 
feedstocks.  Table 8 shows the exposure conditions for Lumbriculus exposure to develop the 
feedstock.  Lumbriculus will be fed selenized yeast similar to the methods developed by Besser 
et al. (2006) and McIntyre et al. (2007).  Using the methods of Besser et al. (2006), McIntyre et 
al. (2007) fed Lumbriculus 3.2 g selenized yeast per day diluted with a nutritional yeast 
supplement to obtain the nominal concentrations.  Selenized yeast was obtained in bulk from 
Selenosource AF 600; Diamond V Mills (Cedar Rapids, Iowa).  Nutritional yeast was obtained 
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from Red Star™.  Yeast cultures for each treatment were found to bioaccumulate yeast to 
equilibrium concentration of selenium body burden from between 30-45 days with 45 day 
exposures producing the most reproducible results.  In addition to being fed selenized yeast, 
Lumbriculus were also exposed to the nominal aqueous selenium concentrations targeted for 
the fish exposure.  Methods described above will be adopted for the dietary exposure for this 
study.  Aqueous selenium exposure for Lumbriculus will be in the form of sodium selenate, 
similar to the aqueous exposure for YCT.    

Concentrations of selenium introduced to the feedstock will be similar to the nominal 
concentrations described above for the aqueous exposure treatments.  These concentrations 
bracket the selenium residues in periphyton and benthic invertebrate tissues measured to date 
from field monitoring at various locations.  Exposed feedstock would then be fed live to young 
trout.  Exposures would continue for approximately 60 days post hatch. 

Overall, these ELS tests will be conducted according to ASTM standards.  Feeding regimes, 
water dosing, water exchange, and associated details of the exposure are illustrated in Tables 6 
and 8.  Selenium concentrations will be measured in fish tissue, diet feedstock, and water at the 
beginning, middle, and end of the test. 

4.3 Test Endpoints  

4.3.1 Adult Reproduction Studies 

Test endpoints for the adult reproduction study for YCT are the same as those identified for 
brown trout in Appendix A, including: fecundity, fertilization success, hatch, deformities, length, 
weight, survival, tissue concentrations, and feeding success.  These endpoints are consistent 
with those of Holm et al. (2003; 2005), Hardy (2005), and Kennedy et al. (2000) on which the 
test described herein is based.  

Total egg production for each female will be counted as a measure of fecundity.  Fertilization 
success will be measured at a point during the test when clear signs of fertilization have 
occurred.  Successfully fertilized eggs will be counted based on visual signs of cleavage.  Eggs 
will be left undisturbed until the eyed stage.  Non-viable eggs will not be removed so that 
disturbance of developing eggs is minimized.  When eyed stages are observed, unfertilized or 
dead eggs will be removed and counted.  Survival will be determined based on the number of 
fish surviving to swim up versus the number of eggs or fry that died.  Time to hatch will be 
recorded for each treatment group and individual. 

Dead or deformed fry will be removed and preserved for later microscopic examination of the 
type of deformity.  Colorado State University’s Larval Fish Laboratory has been contacted to 
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conduct the assessment of deformities.  Length, weight, and any deformities (craniofacial, 
finfold, skeletal and yolk sac malformations, among others) will be recorded for each fish at the 
swim up stage.  A graduated severity index (GSI) for ranking deformities will be used because 
this approach measures both the magnitude and the frequency of the deformity.  Holm et al. 
2003 and 2005 and Kennedy et al. 2000 describe the GSI deformities measured and ranking. 
Briefly, larval fish are rated as “0” for normal, “1” for slight defect of size or structure, “2” for 
moderate defect or multiple defects, and “3” for severe defect or multiple moderate defects. 
Although edema can be considered a teratogenic effect, it is reversible and thus is not 
considered a true teratogenic effect.  For the purpose of this investigation, edema will be 
measured and independently considered as a measure of potential deformity. 

Scoring Criteria for Deformities Assessment (GSI) 

The general criteria were adopted from Holm et al. (2003) and included assessments of 
craniofacial deformities, mostly of the head, eyes, and jaw, vertebral deformities, fin deformities, 
and edema.  The original publication showed pictures of some deformities, but others, 
particularly the intermediate categories, were not illustrated or were poorly described.  More 
specific definitions for each of the assessment categories were developed to give better 
repeatability and consistency across studies, and to aid others in learning the range of 
deformities possible.   

Deformities in each of the categories described above were given a score from 0-3, with “0” 
being a normal condition and “3” being the most deformed.  Some range finding was conducted 
over the first several samples to find background and severe levels of deformities in each 
category.  Initial samples were re-scored as necessary to bring them into compliance with the 
standards that were used throughout the assessment.    

The protocol for assessing damage was to place several fish, head to the left, in a Petri dish and 
examine them under a dissecting microscope and 10X magnification.  The lateral side was 
examined for spinal deformities (lordosis), appearance of the eye, head and snout shape, 
edema, and fin deformities.  The fish was turned ventrally to look for mouth deformities and 
further spinal deformities (scoliosis), turned laterally again for the same criteria as the other 
side, and then dorsally for issues associated with eyes, head size, spinal deformities.  

Craniofacial deformities included shortening of the jaw, snout, and missing or poorly developed 
eye or eyes, and head shape abnormalities.  A slightly shortened lower jaw (<= 1 lip width) = 1, 
a shortened jaw (<= 2 lip widths) or a slightly shortened and slightly disfigured jaw = 2, and a flat 
lower jaw or much disfigured (non-functional) jaw = 3.  A slightly blunted snout (about 50% eye 
diameter, usually is > than that) = 1, very blunt or flat = 2, deformed or bulbous = 3.  Eye 
deformities were scored as one eye blind or poorly pigmented or poorly developed =1, both 
poorly developed = 2, both blind = 3.  Skulls that were slightly bulbous (1/3 > normal) = 1, 
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moderately bulbous (2/3 > normal) = 2, and bulbous (1x or > than normal) = 3.  Usually factors 
occurred together so a combination of two “1” conditions = 2, three “1” conditions = 3, or a 1 and 
a 2 = 3, and so on.  For example, a deformed jaw and a blind eye = 2, two blind eyes = 2, but a 
badly deformed jaw (= 2 alone) plus a blind eye (= 1 alone), = 3. 

Skeletal deformities included any deformity of the vertebrae or spines.  A slight bend of less 
than 45 degrees or a minor body constriction (e.g., a tight rubberband effect) was given a score 
of 1, 2 slight bends or constrictions anywhere, or bend of > 45-90 degrees was scored a 2, and 
multi-directional bends > 90 degrees were given a 3.  Bends caused by skeletal deformities 
were detectable from normal bending of the body during preservation (these fish were very well 
preserved, very straight) by presence of a slight or greater bump below the surface of the 
epidermis on the outside of the bend.  

Fin deformities included variation in fin or finfold morphology and a slightly smaller fin or one 
with a bend or incomplete ray development (in older fish) was given a 1, 2 fins damaged or 
malformed = 2, and > 2 fins malformed or if fins were missing was = 3.  Often fins were 
malformed associated with vertebral deformities that did not permit proper development.  Folded 
finfolds as a result of preservation were not counted. 

Edema was not originally scheduled for assessment because it was thought sometimes not a 
teratogenic effect and may be transitory as fish develop.  However, it was assessed because it 
was common in one early sample and not others, and because it was thought a condition that 
could affect emergence, mobility, and other factors that may limit survival of fish in the wild.  
Edema was detected by an obvious swelling and fluid buildup, usually abdominally, and 
ventrally, which often displaced the gut, and was usually clear fluid that was slightly soft when 
touched with a blunt probe.  The yolk, which was usually present in some quantity in the study 
specimens, also created some swelling but was typically yellowish, opaque, and small, and hard 
to the touch in preservation.  Slight edema = 1 was for a fish with up to 1X swelling of the 
normal body width or depth, up to 2x = 2, and > 2x = 3.   

4.3.2 ELS Studies 

Multiple test endpoints will be measured at different times during the study.  Fertilization 
success, percent hatch, deformities, length, weight, survival, tissue concentrations, and feeding 
success are proposed test endpoints.  These endpoints are consistent with those of Holm et al. 
(2003; 2005), Hardy (2005), and Kennedy et al. (2000) on which the test described herein is 
based.  Methods described for the brown trout study (Appendix A) apply these measurement 
endpoints as well. 

Because the ELS study is primarily focused on diet, interim tissue residue samples will also be 
collected for each treatment.  Initially, a subset of eggs will be collected for selenium residue 
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analysis.  At hatch or prior to swimup before feeding begins, another subset of fry will be 
collected for analysis, and finally, at test termination the final subset of fry will be collected for 
selenium residue analysis.    

4.4 Data Analysis 

4.4.1 Adult Reproduction Studies 
 

Initially, the adult reproduction studies were conducted by dividing eggs from a single female in 
to replicate of 10 with 60 eggs per replicate.  As the study for brown trout progressed, the 
replication was lost as hatched fry began to swim out and then back into the egg cups.  While 
each parental fish eggs were maintained separately, it was clear that the replication could not 
be maintained.  Further, after considering that eggs from one fish were not independent, but 
rather interdependent since they all originated form one female, it was concluded that true 
replication was not achieved, but rather pseudo replication had occurred.  Thus, by rearing eggs 
from a single female as a batch of eggs, a mean and summary statistics generated for each 
testing unit (i.e., eggs from each fish) would not compromise the analysis of these data given 
the regression approach selected for these data. 

Using the reproduction endpoint data derived from these tests, and the parental tissue and egg 
tissue selenium residue data, several types of analyses will be investigated.  Logistic regression 
analysis will be used to develop relationships between individual parental selenium body 
burdens and effects endpoints.  It is expected that a dose response curve will be generated for 
one or more endpoints via this approach.  Individual parental selenium tissue residues will be 
paired with reproduction endpoint data to determine if significant relationships exist.  In this 
analysis, the exposure unit is parental tissue body burden (independent variable), while the 
dependent variables are reproduction endpoints, including:  

• fecundity;  

• percent fertilization;  

• survival at the swim-up stage;  

• incidence of deformities or other physical abnormalities using the GSI;  

• growth (based on weight and length); and  

• selenium tissue residues.  
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Total egg production for each female will be counted as a measure of fecundity.  Fertilization 
success will be measured at a point during the test when clear signs of fertilization have 
occurred, typically when signs of cleavage are visible.  Survival will be determined based on the 
number of fish surviving to swim up versus the number of eggs or fry that died.  Time to hatch 
will be recorded for each individual batch of fish eggs.  Typically, the test endpoints selected are 
those that are biologically relevant, such as survival, growth, or reproduction, and which indicate 
the most sensitive response.  For selenium, a key test endpoint is larval deformities, thus it may 
be found to be the most sensitive endpoint, as found in Holm et al. (2005).  Section 4.3.1 
describes the deformities analysis using a GSI approach.  Growth, particularly at the late stage 
of the test is being used here as a measure of feeding success.  This portion of the study is 
addressing whether or not young fish with parents having a varied history of exposure to 
selenium exhibit differences in their ability to successfully transition over from endogenous to 
exogenous feeding.   

For statistical analyses, a number of endpoints will be measured.  Sample size for the 
endpoints, despite the number of eggs, is based on the number of fish utilized in the test.  For 
example, if eggs from 25 fish are used in a regression analysis of endpoint y versus parental or 
egg tissue burden x, then n for this analysis is 25.  Because of the number of eggs included in 
the test per female could number in the hundreds, summary statistics will be derived for the 
response.  A mean and confidence intervals or other measures of central tendency and 
variability will be derived for the endpoints of interest for eggs or fry from each fish.  Regardless 
of the number of eggs used from each female, n for the regression analysis is the number of 
parent fish utilized.  

USEPA (2004) opted to use the logistic regression analysis to define the dose-response 
relationship to derive a chronic value.  The EC20 was used and defined as a reduction of 20 
percent in the response observed at control.  Rationale for use of the EC20 as the chronic 
value, rather than for example an EC10, was that it represents a low level of effect that is 
generally significantly different from the control (US EPA 1999).  Smaller reductions in growth, 
survival, or other endpoints only rarely can be detected statistically.  Effect concentrations 
associated with such small reductions have wide uncertainty bands, making them unreliable for 
criteria derivation (USEPA 2004).  This site-specific laboratory study will likewise develop 
EC20s for test endpoints. In its revision of the 2004 Draft Selenium Criterion, USEPA is 
contemplating the use of EC10s for long-term exposure criteria for tissues.  Merits of the 
different effects level endpoints will be evaluated in terms of the effects levels found in 
laboratory tests and how those levels relate to the site-specific conditions. 

Analysis of variance procedures and appropriate post hoc tests will be used to identify 
significant differences between individuals and exposure groups.  Analysis of groups can only 
be facilitated if parental selenium concentrations in tissues fall within the expected range of 
concentrations based on the exposure groups from where they were collected.  This holds true 
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because brown trout may be transient during spawning and move from one area to another in 
search of suitable spawning gravels.  Thus, a fish from a lower or higher exposure area may 
move into an area inconsistent with their current body burden.  

Based on this analysis approach, it is likely that several EC20s will be derived.  These EC20s 
will be considered as chronic values for the species tested.  In terms of developing a chronic 
criterion, the EC20s from the brown trout testing will be evaluated in terms of sensitivity relative 
to test results for other species.  Typically, the test endpoints selected are those that are 
biologically relevant, such as survival, growth, or reproduction, and which indicate the most 
sensitive response.  For selenium, a key test endpoint is larval deformities, thus it may be found 
to be the most sensitive endpoint, as found in Holm et al. (2005).  

4.4.2 ELS Studies 

Using the endpoint data derived from these tests, effects to fish due to aqueous exposure of 
eggs to selenium and fry hatched from those eggs fed bioaccumualted selenium should be 
discernable.  Fish used in this test will, however, have only limited background pre-parental 
exposure to selenium.   Sample size (n) for the ELS studies is four per treatment, since there 
are four replicates per treatment.  Mean and summary statistics will be derived from each 
replicate within a treatment allowing for derivation of sample variability within each treatment.   

Data analysis will focus on assessing significant differences of endpoints measured in 
treatments to those measured in controls.  Discerning the potential effect of diet from aqueous 
exposure may not be practical.  In this analysis, the exposure unit is the treatment (independent 
variable), while the dependent variables are reproduction endpoints, including: 

• number of eggs that hatch; 

• survival at the swim-up stage and overall survival ; 

• incidence of deformities or other physical abnormalities using the GSI; 

• growth (based on weight and length); and 

• selenium tissue residues.  

Analysis of variance procedures and appropriate post hoc tests will be used to identify 
significant differences between independent and dependent variables. The primary endpoints 
tested will include survival, incidence of deformities, and growth.  Differences in selenium tissue 
residue relative to the exposure treatment will also be evaluated. 
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USEPA (2004) applied the logistic regression analysis to define the dose-response relationship 
to derive a chronic value for fish tissue selenium concentration criteria.  The EC20 was used 
and defined as a reduction of 20 percent in the response observed at control.  Rationale for use 
of the EC20 as the chronic value, rather than for example an EC10, was that it represents a low 
level of effect that is generally significantly different from the control (USEPA 1999).  Smaller 
reductions in growth, survival, or other endpoints only rarely can be detected statistically.  Effect 
concentrations associated with such small reductions have wide uncertainty bands, making 
them unreliable for criteria derivation (USEPA 2004).  This site-specific laboratory study will 
likewise develop EC20s for test endpoints.  In its revision of the 2004 Draft Selenium Criterion, 
USEPA is contemplating the use of EC10s for long-term exposure criteria for tissues.  Merits of 
the different effects level endpoints will be evaluated in terms of the effects levels found in 
laboratory tests and how those levels relate to the site-specific conditions. 
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DRAFT

Table 1

Summary Statistics for Selenium in 
Whole Body Tissues of YCT 

(mg/kg dw)  

Parameter Value
Count 123.00
Mean 5.57
Median 5.30
Minimum 0.16
Maximum 18.00
Range 17.84
Standard Deviation 3.53
Standard Error 0.32
Distinct Values 92.00
Total Sum of Squares 5344.35
Adjusted Sum of Squares 1522.60
95% LCL 4.94
95% UCL 6.20
T-Value 17.50
Prob Level 0.00
Count 123.00

Table 2
Percentiles of Selenium in Whole Body Tissues of YCT (mg/kg dw)

Percentile Value 95% LCL 95% UCL Exact Conf. Level
99 17.952
95 12.28 9.7 17.8 96.58
90 9.7 8.5 12.4 96.67
85 8.6 8.2 9.82 95.80
80 8.302 7.4 9.1 95.83
75 7.7 6.9 8.35 95.27
70 7.18 6.5 8.2 95.06
65 6.8 6 7.4 95.01
60 6.34 5.5 6.9 95.73
55 5.92 4.8 6.7 95.42
50 5.3 4.3 6.2 95.31
45 4.78 4 5.9 95.42
40 4.26 3.26 5.1 95.73
35 3.736 3 4.7 95.34
30 3.242 2.5 4.1 95.06
25 2.8 2.1 3.44 95.27
20 2.18 1.9 3.1 95.83
15 1.96 1.3 2.5 95.80
10 1.5 0.57 2 96.67
5 0.584 0.18 1.3 96.58
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Table 3

Monitoring Locations, Coordinates, and Sampling Activity for Sampling in Support of Deriving a Site-Specific Selenium Criterion 

Location
Exposure 
Condition

Reach Reach Boundary Easting Northing
# Parental Fish 
to be Collected 

Downstream 486372 4758414
Upstream 486376 4758324
Downstream 486291 4710432
Upstream 486267 4710376
Downstream 487193 4712682
Upstream 487113 4712612
Downstream 489397 4715486
Upstream 489410 4715422
Downstream 487309 4715077
Upstream 487231 4715120
Downstream 491238 4720612
Upstream 491187 4720674
Downstream 491340 4720392
Upstream 491332 4720463
Downstream 491663 4718584
Upstream 491599 4718642
Downstream 493395 4719100
Upstream 493345 4719057
Downstream 494968 4720417
Upstream 494874 4720281

Coordinates are UTMs, NAD83, UTM zone 12T

d/s = downstream

u/s = upstream

6 to 8

6 to 8

6 to 8

Moderate 6 to 8Crow Creek d/s Sage Creek

CC-3A Crow Creek d/s Sage Creek and CC-1A

CC-1A

LSV-2C Lower Sage Creek d/s Hoopes Spring
High

HS-3 Hoopes Spring (Discharge Channel)

LSV-4 Lower Sage Sage Creek u/s Crow Creek

CC-350 Crow Creek d/s of Deer Creek

DC-600 Deer Creek u/s of Crow Creek
Low

CC-75 Crow Creek u/s of Wells Canyon
Background

CC-150 Crow Creek u/s of Deer Creek

SFTC-1
South Fork Tincup Creek u/s of confluence with 

Tincup Creek
Reference 6 to 8
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Egg Source

control 2.5 5 10 15 20 40

xxxxX xxxxX xxxxX xxxxX xxxxX xxxxX xxxxX

Egg Source

control 5 10 15

Henry's Lake xxxxX xxxxX xxxxX xxxxX

Moderate (Crow, Lower Sage, Deer Creek) xxxxX xxxxX xxxxX xxxxX

xxxxX - 4 replicates +batch for intermediate tissue samples

20 eggs/replicate (batch chamber to include more eggs)

100 set aside in a batch chamber for selenium residue analysis

Treatments - water (ug/L) and diet (mg/kg)

Table 4
Study Design Matrices for ELS Studies 

Study Design A 

Study Design B 

Treatments - water (ug/L) and diet (mg/kg)

Henry's Lake

Page 1 of 1
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Table 5
Exposure Conditions for Adult Trout Reproductive Success Study

Test Conditions

Test type: Flow Through

Test duration: 60 days to swimup, 75 to post swimup 

Temperature: 10 ± 1  C

Salinity: Freshwater

Light intensity during egg incubation: <215 lux or total darkness/ambient lighting following swimup

Photoperiod: 24 h dark or low light to swim up, 16 light 8 dark post swimup

Test chamber size: based on laboratory protocols and equipment

Test solution volume: based on laboratory protocols and equipment

Age of test organisms: fertilized embryo

Size of test organisms: eggs

Organisms per treatment: 8 parental fish, 60 eggs/replicate, density of 1-3 embryos/cm 2

Replicates per sample/dilution: 10 per parental fish

Feeding regime: None until swim up, standardized ASTM feeding regimen thereafter

Aeration: Renewal water >=60% DO saturation

Holding water: Horsetooth reservoir - simulated site conditions

Test concentrations: No aqueous exposure - Parental fish exposure is the experimental unit

Water quality: Daily temp, pH, DO

Observations: Fecundity, fertilization success, hatch, GSI, length, weight, survival, tissue concentrations, feeding success

Control validity: < 30 % mortality

Source of organisms: Wild collected parents, hatchery fish for controls
Effect calculated: EC10s and/or EC20s for survival, growth, hatch, GSI, feeding success

Parameter
Oncorhynchus clarki or Salmo trutta

Page 1 of 1
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Table 6
Exposure Conditions for ELS Trout Study

Test Conditions

Test type: Flow Through
Test Duration: ~60 days to swimup, 30 days to post swimup 
Temperature: 10 ± 2  C
Salinity: Freshwater
Light intensity: <215 lux or total darkness/ambient lighting following swimup
Photoperiod: 24 h dark or low light to swim up, 16 light 8 dark post swimup
Test chamber size: based on laboratory protocols and equipment
Test solution volume: based on laboratory protocols and equipment
Age of test organisms: fertilized embryo
Size of test organisms: egg
Organisms per test chamber: 20 per replicate
Replicates per sample/dilution: 4 replicates per treatment with 1 bulk replicate for tissue samples
Feeding regime: > 4% food wt/body wet wt/d 
Aeration: Renewal water >=60% DO saturation
Dilution water: Horsetooth Reservoir
Test concentrations: Dependent upon design implemented:  Design B - 2.5, 5, 10, 15, 20, 40 and control
Water quality: Daily temp, pH, DO
Observations: Mortality, growth, deformities
Control validity: < 30 % mortality
Sample requirements: Se analysis of stock solution and treatments, Se analysis of tissue residues for eggs, fish at intermediate steps, and lumbriculous
Source of organisms: Henry's Lake eggs 
Other information: Measure stock concentration
Effect calculated: EC10s and/or EC20s for survival, growth, hatch, GSI, feeding success

Parameter
Oncorhynchus clarki or Salmo trutta

Page 1 of 1
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Table 7
Horsetooth Reservoir and Crow Creek Drainage Water Quality Conditions

Average Range Average Range
Hardness (mg/l) 33 26.5 - 41.8 171 129 - 220
Sodium (mg/l) 3.5 2.7 - 5.5 3.3 1 - 6.5
Potassium (mg/l) <1 --- <1 ND - 1.8
Sulfate (mg/l) 5.6 3.4 - 10 27 7.5 - 48.7
Chloride (mg/l) 1.9 0.5 - 3.6 7.3 0.2 - 89
Alkalinity (mg/l) 28.8 25 - 33 197 140-231
DOC (mg/l) 2.4 2.1 - 2.9 1 0.34 - 2.18

(2) Crow Creek Drainage as characterized by surface water from Crow Creek, Sage Creek and Hoopes Spring 
surface water quality data.

Horsetooth Reservoir1 Crow Creek2
Parameter

(1) Horsetooth Reservoir (Ft Collins, CO) water quality characteristics at ENSR's Environmental Toxicology 
Laboratory (Ft. Collins) from 2000 to 2004.

Page 1 of 1
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Table 8
Exposure Conditions for Lumbriculus Used as Feedstock for Trout ELS Testing

Conditions

Parameter Lumbriculus variegatus

Temperature: 23 ± 1  C
Salinity: Freshwater
Light intensity: 500-1000 lux (wide spectrum fluorescent lights) 
Photoperiod: 16 h light, 8 h dark
Culture chamber size: 57- to 80-L aquaria with stainless steel screens or glass standpipes
Culture water volume: 45 to 50 L
Substrate: unbleached shredded paper towels
Renewal water rate: 1 volume addition/day
Age of test organisms: Adults
Organisms per culture: 500-1000
Feeding regime: 3.2 g day selenized yeast augmented with nutritional yeast to desired Se concentrations.
Aeration: None
Culture water: Horsetooth Reservoir water
Test concentrations: Control, 2.5, 5, 10, 15, 20, and 40 ug/L aqueous; control, 2.5, 5, 10, 15, 20, and 40 mg/kg dietary
Water quality: Daily temp, pH, DO
Observations: survival and growth
Control validity: < 30 % mortality
Sample requirements: Total and dissolved selenium in aqueous treatments, total Se in organisms, protein and lipid content in organisms
Source of organisms: In-house culture
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Swim-up Testing 
Scenario: Diet and Water 

Selenium Exposure 

Embryo Testing Scenario

Reproduction 
Endpoints

Terminate Test: 

ELS  Endpoints

Lab Water Exposure:

Trout Source

Growth, survival, deformities

Range of Se exposures - High to background

~75 days

Wild Parents (YCT or Browns) 
8 females and up to 3 males from each 

Exposure Area

Figure 1. Flow Diagram of Laboratory Testing Methods to Assess  
Reproduction of Wild-Collected Parents Exposed to a Range of Selenium Concentrations

Se exposures (based on aqueous concentrations)1
High – Hoopes Spring or Lower Sage Creek (LSV-2C)
Moderate  – Crow Creek d/s Sage Creek
Low – Crow Creek d/s of Deer Creek & Deer Creek 
(YCT)
Background  – Crow Creek u/s of Deer Creek
Reference- Montpelier Creek u/s of Reservoir or Stump 
Creek (brown trout) and South Fork Tincup Creek (YCT)

Random Selection of eggs for testing, remainder used 
for Se analysis
Eggs from each fish in each exposure group kept 
separate - 10 replicates per fish with 60 eggs per 
replicate

At swim-up stage,  thinning to 100 fish per chamber to 
reduce loading

Maternal fish sacrificed for tissue residue analysis

Control

Fertilized eggs reared to swim-up stage, approx. 60 
days

Eggs for all Parents raised in clean water – NO 
Selenium

Fecundity, fertilization success, hatch, GSI, length, 
weight, survival, tissue concentrations, feeding 

success

Clean water, No selenium in diet
Continue post swim-up (~15  days)

DRAFT

1 Objective is to capture trout from as many of the exposure areas as possible to provide a representative sample of different exposures.  Fish are not grouped by exposure area.
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Aqueous Exposures

Terminate Test: 

ELS  Endpoints

Trout Source

Figure 4. Study Design A - Flow Diagram of Laboratory Testing Methods to Assess 
Trout ELS Survival, Growth, and Deformities

Dietary Exposure 
(mg/kg dw)

10 15 10

~30 days from commencement of feeding

Lumbriculus Feed Stock with bioaccumulated Se dosed selenized yeast and 
aqueous Se exposure

Growth, survival, deformities assessment, Se tissue residue  

15

Between eyed stage and hatch – begin aqueous Se exposures (ug/l)

Wild Parents from Moderate Exposure Area –
begin test with fertilized eggs from each female 

plus controls

No initial aqueous egg 
Exposure in the lab

At swimup (feeding stage) – begin dietary Se exposures, continue aqueous 
exposures

15 10 10 Control

5 Control Control5

Henry’s Lake Hatchery Parents – begin test 
with fertilized eggs from each female plus 

controls

Control 15 55

4 replicates/treatment 
20 eggs/replicate + 
1 bulk egg exposure for Se 
residue analysis

Eggs begun as batch/fish
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Aqueous exposure covers the 
range of  field exposures

Terminate Test: 

ELS  Endpoints

Trout Source

Figure 5. Study Design B - Flow Diagram of Laboratory Testing Methods to Assess 
Trout ELS Survival, Growth, and Deformities

Dietary exposure 
begins - continue 
aqueous exposure

20 10 5 2.5 Control

~30 days from commencement of feeding

Lumbriculous Feed Stock with bioaccumulated Se dosed selenized yeast 
and aqueous Se exposure

Growth, survival, deformities assessment, Se tissue residue  

40

Between eyed stage and hatch – begin aqueous Se exposures (ug/l)

Egg Exposure No aqueous exposure for eggs

Henry’s Lake Parents  
begin test with fertilized eggs from each female

At swimup (feeding stage) – begin dietary Se exposures (mg/kg), continue 
aqueous exposures

40 20 10 5 2.5 Control

15

15

4 replicates/treatment 
20 eggs/replicate + 
1 bulk egg exposure for Se 
residue analysis
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Aqueous Exposure Range

Diet Feed Stock



Whole Body Se in YCT vs. Length: Summer/Fall (July-Sept)
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Figure 6. Selenium in YCT versus Size for Fish Collected During the Summer
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Whole Body Se in YCT vs. Length: Spring (May)
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Figure 7. Selenium in YCT versus Size for Fish Collected During the Spring
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Whole Body Se in YCT vs. Length: Winter (Jan)
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Figure 8. Selenium in YCT versus Size for Fish Collected During the Winter
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Feeding begins at swim-up –
No added  Se in diet

Selenium Exposure n = total 
number of parent fish 

Thin to 100 fish/chamber 
(n = 100 fry/per original 
parent egg clutch)

Test termination ~ 
75 days, 15 days 
post swim up

Eggs from 8 females
From each exposure 
group

Parent fish collected from several locations with 
differing Se exposure

Figure 9. Example Diagram of Laboratory Testing Regime per Exposure Group 
For Adult Reproduction 
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Diagram of incubation trays per female per exposure group

10 replicates/ 60 eggs/replicate

Parent fish
Individual 
Se Tissue 
Residue 
Analysis

Se Tissue 
Residue 
Analysis

~ 60 days to swim up stage Fecundity, fertilization success, hatch, deformities, length, weight, survival, tissue 
concentrations 

Residual Eggs sent for analysis

Growth, survival, deformities



Feeding begins at swim-up
Lumbriculous with 
bioaccumulated Se

Selenium Exposure Group 

Test termination ~ 
75 days, 15 days 
post swim up

Figure 10. Example Diagram of Laboratory Testing Regime For ELS Study – Design B
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40 20 10 5 2.5

4 replicates/ 20 eggs/replicate
1 bulk egg batch for interim
Se analysis

Parent fish

Residual 
Eggs -

Se Tissue 
Residue 
Analysis

Se Tissue 
Residue 
Analysis

~ 60 days to swim up stage

Hatch, survival, Se Tissue residues (aqueous exposure)

Growth, survival, deformities

C15

Henry’s Lake Fish – Fertilized Eggs 
Allocated to each treatment

Se Tissue 
Residue 
Analysis
At test 

Termination

Interim endpoints

Rear to Hatch At hatch send subsample for analysis

Between eyed stage and 
hatch aqueous Se exposure
begins
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REVISED  
ATTACHMENT 1 

TECHNICAL MEMORANDUM 
 
 

TO:  Don Essig –Idaho DEQ  
 
FROM:  Sean Covington and Steve Werner - NewFields 
 
CC:  Monty Johnson – J.R. Simplot Company  
 
DATE:  October 17, 2007 
 
SUBJECT: Methods for Testing Adult Brown Trout Reproductive Success  
____________________________________________________________________________ 

A study of brown trout reproduction is proposed as the first of a series of tests to evaluate the 
effects of ambient selenium concentrations in aqueous and dietary media to assess the 
potential developmental effects to offspring.  This Technical Memorandum outlines the study 
design plan and analysis details for the assessment of statistically-based differences of effects 
due to selenium exposure.  These studies are designed to assess potential effects of 
bioaccumulated selenium in adults on their reproductive success and the development effects 
to their offspring in a laboratory setting where egg incubation can be more controlled.  
Laboratory portions of this testing will be carried out by ENSR’s environmental toxicology 
laboratory in Ft. Collins, CO.  Dr. Rami Naddy will be the primary contact and project lead for 
these studies at ENSR.  A laboratory qualifications package was submitted under separate 
cover on October 3, 2007.  The investigative approach is similar to that presented in the 
following published works: 

• Kennedy et al. (2000).  The effect of bioaccumulated selenium on mortalities and 
deformities in the eggs, larvae, and fry of a wild population of cutthroat trout 
(Oncorhynchus clarki lewisi); 

• Holm et al. (2003).  An assessment of the development and survival of rainbow trout 
(Oncorhynchus mykiss) and brook trout (Salvelinus fontinalis) exposed to elevated 
selenium in an area of active coal mining;  

• Holm et al. (2005).  Developmental effects of bioaccumulated selenium in eggs and 
larvae of two salmonid species; and 



Mr. Don Essig 
Idaho DEQ 
October 17, 2007 
Page 2 of 11 
 
 

 
NEWFIELDS 

4720 Walnut Street, Suite 200, Boulder, Colorado 80301 
Tel: (303) 442-0267, Fax: (303) 442-3679 

• Hardy (2005).  Effects of dietary selenium on cutthroat trout (Oncorhynchus clarki) 
growth and reproductive performance.  

The approach described by these published works takes advantage of real world exposure 
conditions of the adult wild fish.  Integration of selenium concentrations in diet and water, as 
well as the various selenium species that may occur in natural diets will play a key role in 
exposure and ultimately in observations of potential effects. 

Reproductive success of fish exposed to selenium via diet and water is a highly sensitive 
endpoint.  The current state of the science regarding selenium toxicity indicates that: 

• Chronic effects of selenium exposure to fish are due primarily to diet.  Chronic toxicity is 
manifested slowly in fish, and is based on magnitude and duration of exposure, as well 
as biouptake in the food web.  The USEPA (2004) draft criteria document for selenium 
did not consider or use tests in which aqueous only exposures were tested in its 
consideration of acceptable data for developing a chronic criterion.  It states, “[b]ecause 
diet controls selenium chronic toxicity in the environment and water-only exposures 
require unrealistic aqueous concentrations in order to elicit a chronic response, only 
studies in which test organisms were exposed to selenium in their diet alone or in their 
diet and water were considered in the derivation of a chronic value.”  

• Of aquatic biota, fish appear to be the most sensitive to chronic exposure and toxicity 
from selenium (Coyle et al. 1993; Hamilton et al. 1990; Hermanutz et al. 1996) (as cited 
in USEPA 2004).  

• Reproductive success is the most sensitive biological end point for assessing selenium 
poisoning in fish (Lemly 1985a,b, 1992; Gillespie and Baumanti 1986; SchuItz and 
Hermanutz 1990; Coyle et al. 1993) (as cited in Lemly 1993). 

• To date, three species of trout (i.e., brook, rainbow, and cutthroats) have been tested for 
bioaccumulation in adults and effects on development of young (Holm et al. 2005; 2003: 
Kennedy et al. 2000; Hardy 2005).  No published literature has been found that indicates 
brown trout have undergone such testing to assess potential effects.   

Adult reproduction testing will use adult wild fish ready to spawn captured at various locations 
from the study area that represent differing levels of selenium exposure as well as field and 
laboratory controls (Figure 1).  Gametes from these adults will be collected and fertilized to 
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evaluate reproduction.  Although young will not be exposed to aqueous selenium, they will have 
absorbed any protein-bound organic selenium that was present in the yolk and passed on to the 
egg via parental exposure.   

The objectives of toxicity testing presented herein are as follows: 

• Document the selenium concentrations in parental fish due to in-situ integrated exposure 
of diet and water that may adversely affect successful reproduction; 

• Document the selenium concentrations in parental fish due to in-situ integrated exposure 
of diet and water that may adversely affect the viability of young;   

• Document the selenium concentrations in eggs produced by adults from different 
locations in the study area; 

• Characterize relationships between selenium concentrations in parental whole body 
tissues and egg tissues; 

• Characterize relationships between selenium concentrations in parental whole body 
tissues and ambient exposure media (i.e., water and diet); and 

• Define selenium concentrations for each endpoint evaluated where an acceptable level 
of effects to reproductive success and viability of young occur. 

FIELD METHODS 

Gravid female and male brown trout in pre-spawn condition will be collected during the 
spawning period (late October).  The Field Monitoring Studies Work Plan (NewFields 2007) 
documents the methods used for fish collection and identification of locations where brown trout 
have been observed spawning.  Fish collection will be conducted via electrofishing methods.  
Collected fish will be assessed for ripeness.  Ripe fish will be held at their collection locations in 
on-site holding pens while other sites are fished.     

Wild pre-spawn brown trout will be collected from locations that represent a range of surface 
water selenium concentrations that have been observed during field testing (Figure 2).  
Aqueous selenium concentrations are expected to translate into a range of exposure conditions.  
Tissue concentrations in parental fish will confirm this.  However, the study is being conducted 
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on individuals despite the location they are collected from, so the range will ultimately be 
determined based on the individual body burden concentrations. 

It is expected that fish collected, if available, from Hoopes Spring or Sage Creek immediately 
downstream of Hoopes Spring will represent the high exposure condition, fish from Crow Creek 
downstream of Sage Creek will represent the moderate exposure condition, and fish from Crow 
Creek downstream of the Deer Creek confluence will represent the low exposure condition 
(Note: Deer Creek has been shown to have a higher natural background of selenium, although 
the area is not affected by mining).  The background condition will include fish from Crow Creek 
locations upstream of Deer Creek.  The reference condition will include fish from Montpelier 
Creek upstream of Montpelier Reservoir.  Numbers of males and females used from each site 
will be dependent upon the number of fish collected from each site as well as the age and size 
of fish; however, the target number of females per exposure condition is eight. If less than the 
proposed number of fish are collected at a target exposure location, the field team will move to 
the next downstream site.  In the event a downstream site is unavailable within the exposure 
area, the field team will continue electrofishing in a reach immediately adjacent to the reach 
designated.  

Because milt is highly concentrated, only a single male is needed per site, but to simulate real 
world conditions, which indicate that more than one male may fertilize a nest, composite milt 
from 2-4 males will be collected.    

Fish collected for these studies will be of similar age and size.  Target age for testing is 3+ or 4+ 
year old trout based on fish sizes ranging from approximately 230 to 300 mm or 270 to 350 mm.  
Depending upon the majority of ripe fish collected from each site, a decision will be made in the 
field regarding what size range will be used for testing.  Because fish collected will be held in 
on-site holding pens, the length data can be examined prior to selection of the fish for testing.  
Preference will be given to use of tagged fish over non-tagged fish.     

Eggs (from adult female fish) and milt (from adult male fish) will be collected in the field for 
conduct of the reproduction tests.  Fish will be anesthetized using MS-222 to loss of equilibrium.  
Fish weight and length will be measured.  Fish will be blotted dry particularly the area around 
the urogenital opening.  Eggs from each female will be stripped using a downward pressure to 
extrude the eggs from the vent and placed into plastic bags.  Eggs will be labeled according to 
the female from which they came, as well as the location.  Males will be similarly expressed for 
milt which will be collected into plastic bags and identified based on location of capture since a 
composite milt sample will fertilize all eggs from all females from a given location.  
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Gametes will be shipped on ice in separate sealed bags filled with oxygen and protected from 
sunlight via same day carrier to the laboratory consistent with the methods of Holm et al. (2005) 
and Hardy (2005).  Gametes will be shielded from direct contact with ice to prevent freezing.  A 
spacer of ¼” foam or other suitable material will be used to prevent direct contact of ice with 
gametes.  To ensure the transport container will maintain a uniform temperature, either 
temperature blanks or temperature loggers will be utilized and sealed in transport containers.  
Transport from the site will be completed via arranged transport directly to the laboratory which 
should reduce transport stress and delays using a commercial overnight carrier.    

Adult fish will be sacrificed for tissue analysis and packaged in double plastic Ziploc bags and 
stored on ice or frozen prior to shipment to the analytical laboratory for tissue residue analyses 
according to the methods in the Field Studies Work Plan (NewFields 2007). 

ADULT REPRODUCTION TESTS  

The adult reproduction test is designed to include individual female trout from several aqueous 
exposure conditions, including high, moderate, low, and background concentrations.  In 
addition, a laboratory control using females and males from a hatchery will also be utilized.  The 
Saratoga National Fish hatchery, in Saratoga, WY is the expected source of brown trout for the 
controls in this study.  

Once received in the laboratory, eggs from each female will be fertilized using the methods 
described by Holm et al. (2005).  The method entails placing eggs into a stainless steel bowl.  
Milt from a composite of male fish from a location will be combined with the eggs at a rate of 
10ul/50ml.  The eggs and milt will be gently stirred and allowed to stand for 60 seconds.  The 
egg/milt mixture will be covered with dechlorinated water and allowed to water harden for 
approximately five minutes.  Following water hardening, eggs from each female will be randomly 
distributed into incubation trays or cups.  These will either be individual cups constructed of 
plastic (approximately 7 cm OD and 2 cm depth) with a nitex screen bottom or larger 
rectangular trays with ten compartments with similar depth and screened bottoms.  For each 
female, ten replicates, with an egg density of 60 eggs per replicate will be used.   

Egg trays are held in a water bath with the temperature of the water bath controlled by Remcor 
units.  Temperature is measured continuously (every 30 min) by on-line monitoring systems.  
Test chambers are ~4.5-L (nominal volume) aquaria constructed of plate glass and silicone 
adhesive covered with a glass plate to minimize possible contamination.  Each test chamber 
drain consists of a piece of 5-mm ID glass tubing inserted through a silicone stopper which is 
pressed into a small hole drilled in the side of the aquarium; the test solution volume is  
maintained at the level of the top of the drain. 
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Spent test solution overflows into glass standpipes and is discharged directly to a waste conduit 
within the water bath.  After swim-up occurs, the drain openings are covered with a small piece 
of nylon mesh.  With the test solution volume of 4 L and a flow rate of 20 ml/min, each test 
vessel receives ~ 7 volume additions per day, or approximately 1.5 turnovers (99% molecular 
replacement) per day. 

A 2 rpm rocker arm apparatus is used to gently oscillate eggs in the water bath.  Trays are 
oscillated 2.5 to 4.0 cm vertically in test water until all eggs hatch or are noted as dead.  When 
all eggs hatch, larvae are gently removed to the bottom of the surrounding test chamber.  The 
trays and rocker arms are removed after all living eggs hatch.  Exposure containers will be of 
sufficient size to maintain a loading rate of < 5 g of fish per L of water in each test chamber.  

Eggs from each female from each exposure condition will be reared separately to the swim-up 
stage (that point at which young fish would begin to feed ~60 days).  A laboratory control group 
will also be included using hatchery raised adults subjected to a similar egg extraction and 
fertilization sequence as described above.   

A subsample of eggs will be collected for tissue analysis.  All of the adult fish will be sacrificed 
for analysis of selenium residue in tissues.  Table 1 illustrates the exposure conditions to be 
utilized in the laboratory. 

At the swimup stage, incubation trays will be thinned to 20 fry per tray and reduced to a 
minimum of 5 replicates per female.  This is done to reduce biomass loading on the system.  If 
space and loading allows, more replicates will be continued to post swim up.  Fry will be 
randomly selected for this final stage of the test.  Fry from each female will be maintained 
separately. 

Horsetooth Reservoir water will be used in a flow through containment vessel where incubation 
trays are held.  The laboratory maintains a direct pipeline to the reservoir, thus water is brought 
into the facility unchlorinated with selenium concentrations <0.2 ug/l.  Source water is soft with 
low alkalinity and sulfate (Table 2).  Water chemistry of the incoming source water will be 
adjusted to more closely simulate Crow Creek drainage water.  Simulation of all of the site water 
characteristics is not possible. Target parameters for simulation will be sulfate, sodium, pH, and 
chloride. Using these parameters as targets, hardness, and to a lesser extent alkalinity of the 
Horsetooth Reservoir source water will be increased. Typically, soluble salts are used to 
increase hardness and alkalinity, however, use of these salts would result in increasing sodium 
and sulfate levels beyond the range of the Crow Creek drainage water characteristics.  Use of 
less soluble salts such as calcium bicarbonate is also not practical due to low solubility and the 
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high water usage requirements per day (~1800-2000 gallons) for this test.  Water quality 
conditions of the exposure water will be reported. 

Daily pH and dissolved oxygen measurement will be made.  As stated previously, temperature 
is monitored automatically.  ASTM (2005) also requires that a suite of water quality 
characterization parameters be made twice a year on source waters.  The laboratory maintains 
records for these analyses.  Aqueous selenium concentrations in flow through water will be 
measured at the beginning and end of the test, and periodically in the interim.   

Acceptability of toxicity tests is typically based on control mortalities.  If control mortality is high, 
tests are believed to be invalid due to one or more factors unrelated to the exposure condition.  
A review of control mortalities from a number of studies where wild fish reproduction was used 
to evaluate selenium exposure shows that the embryo mortality in selenium reproductive toxicity 
tests were variable, ranging from 2.8 to 55.8 % in Kennedy et al. (2000) and 18.1 to 37.3 % in 
Holm et al. (2005).  Hamilton and Palace (2001) concluded that embryo mortality rates of 
greater than 15% were unacceptably high; however, these estimates were based on embryo 
mortality rates in hatchery populations that are not exposed to the same types of environmental 
stressors.  Due to the variability and the environmental factors affecting wild collected parents, 
an absolute control mortality criterion will be set at ≤30% (ASTM 2005), however, this criterion 
will not be applied to the reference condition based on the data presented above.  The 
laboratory conducting these tests is accredited and proficient in conducting embryo toxicity 
testing.   

TEST ENDPOINTS AND DATA COLLECTION 

Multiple test endpoints will be utilized for this test.  Endpoints will be measured at different times 
during the test.  Fecundity, fertilization success, hatch, deformities, length, weight, survival, 
tissue concentrations, and feeding success are proposed test endpoints.  These endpoints are 
consistent with those of Holm et al. (2003; 2005), Hardy (2005), and Kennedy et al. (2000) on 
which the test described herein is based.   

Total egg production for each female will be counted as a measure of fecundity.  Fertilization 
success will be measured at a point during the test when clear signs of fertilization have 
occurred.  Successfully fertilized eggs will be counted based on visual signs of cleavage.  Eggs 
will be left undisturbed until the eyed stage.  Non-viable eggs will not be removed so that 
disturbance of developing eggs is minimized.  When eyed stages are observed, unfertilized or 
dead eggs will be removed and counted.  Again at hatching, dead eggs or fry, and deformed fry 
will be removed.  Survival will be determined based on the number of fish surviving to swim up 



Mr. Don Essig 
Idaho DEQ 
October 17, 2007 
Page 8 of 11 
 
 

 
NEWFIELDS 

4720 Walnut Street, Suite 200, Boulder, Colorado 80301 
Tel: (303) 442-0267, Fax: (303) 442-3679 

versus the number of eggs or fry that died.  Time to hatch will be recorded for each treatment 
group and individual.   

Dead or deformed fry will be removed and preserved for later microscopic examination of the 
type of deformity.  Colorado State University’s Larval Fish Laboratory has been contacted to 
conduct the assessment of deformities.  Length, weight, and any deformities (craniofacial, 
finfold, skeletal and yolk sac malformations, among others) will be recorded for each fish at the 
swim up stage.  A graduated severity index (GSI) for ranking deformities will be used because 
this approach measures both the magnitude and the frequency of the deformity.  Holm et al 
2003 and 2005 and Kennedy et al. 2000 describe the GSI deformities measured and ranking.  
Briefly, larval fish are rated as “0” for normal, “1” for slight defect of size or structure, “2” for 
moderate defect or multiple defects, and “3” for severe defect or multiple moderate defects.  
Although edema can be considered a teratogenic effect, it is reversible and thus is not 
considered a true teratogenic effect.  For the purpose of this investigation, edema will not be 
evaluated.     

Fry length and weight will be measured and counts of survival to this stage will be conducted.  
Again at this stage, any deformed fish will be preserved for later examination.  A subsample of 
swim ups will be collected for selenium tissue residue analysis.  

The test will continue for approximately another 15 days to further assess survival, feeding 
success, length, and weight.  Fry will be transferred to flow through aquaria and feeding will 
begin according to ASTM E 1241-05 Standard Guide for Conducting Early Life-Stage Toxicity 
Tests with Fishes (2005).  The test will be terminated at approximately 75 days and all fish will 
be weighed, measured for length, and preserved for a final assessment of deformities.  Feeding 
success will be based on growth and is included to evaluate the success of swim ups to switch 
from endogenous to exogenous feeding. 

DATA ANALYSIS 

Using the reproduction endpoint data derived from these tests, and the parental tissue body 
burden data, several types of analyses will be investigated.  Because eggs from parental fish 
will be reared separately, two types of analysis are possible.  Logistic regression analysis will be 
used to develop relationships between individual parental selenium body burdens and effects 
endpoints.  It is expected that a dose response curve will be generated for one or more 
endpoints via this approach.  Individual parental selenium tissue residues will be paired with 
reproduction endpoint data to determine if significant relationships exist.  In this analysis, the 
exposure unit is parental tissue body burden (independent variable) while the dependent 
variables are reproduction endpoints, including: 
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• fecundity (total eggs produced); 

• numbers of successfully fertilized eggs; 

• survival at the swim-up stage; 

• incidence of deformities or other physical abnormalities using the GSI; 

• growth (based on weight and length); and 

• selenium tissue residues.  

USEPA (2004) opted to use the logistic regression analysis to define the dose-response 
relationship to derive a chronic value.  The EC20 was used and defined as a reduction of 20 
percent in the response observed at control.  Rationale for use of the EC20 as the chronic 
value, rather than for example an EC10, was that it represents a low level of effect that is 
generally significantly different from the control (U.S. EPA 1999).  Smaller reductions in growth, 
survival, or other endpoints only rarely can be detected statistically.  Effect concentrations 
associated with such small reductions have wide uncertainty bands, making them unreliable for 
criteria derivation (USEPA 2004).  This Site-specific laboratory study will likewise develop 
EC20s for test endpoints. 

Analysis of variance procedures and appropriate post hoc tests will be used to identify 
significant differences between individuals and exposure groups.  Analysis of groups can only 
be facilitated if parental selenium concentrations in tissues fall within the expected range of 
concentrations based on the exposure groups from where they were collected.  This holds true 
because brown trout may be transient during spawning and move from one area to another in 
search of suitable spawning gravels.  Thus, a fish from a lower or higher exposure area may 
move into an area inconsistent with their current body burden.     

Based on this analysis approach, it is likely that several EC20s will be derived.  These EC20s 
will be considered as chronic values for the species tested.  In terms of developing a chronic 
criterion, the EC20s from the brown trout testing will be evaluated in terms of sensitivity relative 
to test results for other species.  Typically, the test endpoints selected are those that are 
biologically relevant such as survival, growth, or reproduction and which indicate the most 
sensitive response.  For selenium, a key test endpoint is larval deformities, thus it may be found 
to be the most sensitive endpoint, as found in Holm et al. (2005).  
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Photo 1:  Eggs cups used for initial rearing of eggs using 10 replicates and 60 eggs/replicate 
 

 
 

Photo 2:  Close up of egg cups   
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Photo 3: Water bath and test chambers setup to maintain temperature for rearing 
 

 
 

Photo 4:  Test chamber containing hatched brown trout 
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Photo 5: Diluter panel used to feed water to each testing chamber 
 

 
 

Photo 6: Water baths and black curtain used to keep eggs in the dark during initial rearing 
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Photo 7: Test chamber for brown trout in post swimup 15-day feeding trial 
 

 
 

Photo 8: Separation of feeding trial swim ups into light conditions and pre swimup yolk sac fry 
into dark conditions 
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1.0   Introduction 

A study of Yellowstone cutthroat trout (Oncorhynchus clarki) reproduction was conducted by 

Newfields for the JR Simplot Company to evaluate the parental transfer of selenium on the potential 

effects to offspring.  ENSR’s Fort Collins Environmental Toxicology Laboratory (FECTL), Fort 

Collins, CO was retained to conduct the laboratory biological exposure portions of this study 

according to the study design plan outlined in the Technical Memorandum – Laboratory Toxicity 

Tests for Developing a Site-Specific Selenium threshold for Trout (Newfields 2008).  An assessment 

of larval trout deformities was performed under the direction of Dr. Kevin Bestgen at Colorado State 

University’s Larval Fish Laboratory, which is described in a separate document.  This report 

presents the results / data from the laboratory portion of this work.   
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2.0   Methods 

Newfields’ field team (under the supervision of Sean Covington) collected and fertilized all the field 

fish for this project.  Because of the time sensitive nature of this project, a courier service was 

employed to deliver fertilized eggs from near the study sites in Idaho to the laboratory in Fort Collins, 

CO, USA.   

Hatchery fish and gametes were obtained from Henry’s Lake Fish Hatchery (Henry’s Lake, ID).   

Photographs taken at various points during the study are included in Appendix A. 

2.1 Spawning of Yellowstone Cutthroat Trout 

Fertilization techniques for hatchery fish were similar to those of the field collected fish, which were 

refined in the reproductive study conducted with brown trout in fall of 2008.  All eggs were fertilized 

in the field instead of bringing the individually collected gametes back to the laboratory and mixing 

them to achieve fertilization. 

Hatchery fish and gametes were obtained from Henry’s Lake Fish Hatchery, Henry’s Lake, ID 

(courtesy of Damon Keen, Idaho Fish and Game) on April 7, 2008.  Unlike traditional hatchery fish, 

those from Henry’s Lake comprise a natural run of cutthroat trout that move into the river from the 

lake to spawn. The trap is setup near the lake outlet to the river and prespawn trout are captured as 

a hatchery source for other areas from this location. Throughout this study, fish from this hatchery 

are identified as HL.  Because hatchery fish were obtained when they were ripe, which occurred 

prior to when fish were spawning in the field, the hatchery fish were obtained approximately 2 

months prior to the first field collected fish.  In addition, hatchery fish were at the tail end of the 

spawning season so additional organisms were included in this batch of organisms to account for 

the possibility of low fertilization success.  

Fertilization techniques for the hatchery fish (HL) and field fish were similar.  Sixteen adult female 

and male trout were anesthetized using tricaine methanesulfonate (MS-222) and stripped for 

gametes.  Eggs from a given female were collected directly into a cleaned plastic pan.  Milt from a 

single male was then added directly into the same plastic pan.  The eggs and milt were gently mixed 

by swirling the container and allowed to stand for ~60 seconds.  The egg/milt mixture was covered 

with ~200 ml of local water (i.e., water from either the hatchery or local stream), swirled for 

approximately three minutes, after which an additional amount of water was added to the chamber 

(~500 ml).  The eggs were then allowed to water harden for approximately five minutes to an hour 

prior to transferring them to a pre-labeled plastic bag.   

Bags were labeled with the individual identifications for each fish and the collection location and 

date.  Prior to transport to the laboratory, all bags with gametes were partially filled with oxygen, 

sealed, double bagged, and placed on ice (~4°C) in a cooler to keep gametes cold and out of direct 

sunlight.  A min-max thermometer (Taylor® Digital Wireless Temperature System) or transponder 

(field fish) was placed into the cooler with eggs to monitor temperature during transit to ENSR.  The 
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temperature range during transport of the hatchery (HL) and field eggs from the respective sites to 

the FCETL is provided in the table below.  

Table 2-1. Temperature measured in coolers holding fertilized Yellowstone cutthroat trout eggs in 

transport from field to ENSR. 

Egg batches 
Temperature range during 

transport (°C) 

HL 
001 – 008: 1 – 3°C 
009 – 016: 1 – 5°C 

Green 1 – 4°C 
Purple 4 – 5°C 
Orange 2 – 8°C 

 

All female fish from the hatchery and field were measured for determination of total length, weight, 

percent solids, and whole-body selenium analysis.  Sacrificed adult female trout were placed in large 

plastic bags, double bagged, and then stored on ice for transport to ENSR.   

2.2 Laboratory Reproduction Tests  

On the day eggs were received at ENSR’s FCETL, a target of 600 eggs per treatment were 

collected from each batch of eggs using egg pickers and placed in prepared egg cups under low 

light conditions.  Egg cups were then placed in individual test chambers in the water baths in the 

dark.  Remaining eggs not used for the test were then counted to determine the total number of 

eggs produced per female and frozen until they could be sent to Columbia Analytical Services 

(CAS), Inc. (Kelso, WA) for total selenium and percent solids analysis.   

Because the number of eggs for the hatchery fish was rather large the egg counts were estimated 

using an egg counting technique developed during the previous brown trout reproductive study.  

Briefly, we counted the number of eggs for a given female that would fill a graduated cylinder to a 

particular volume (50 ml).  Then we poured all the eggs into a graduated cylinder to measure the 

total egg volume for that female.  Using the number of eggs in 50 ml, we determined the number of 

eggs in the total volume of eggs for that female.  Since eggs from different females were of different 

size, this method was completed separately for each egg batch (Appendix B).  Eggs for field 

collected fish were not as numerous and therefore all eggs for these treatments were counted.   A 

list of the different locations from which fish were collected (i.e., treatments) and the individual 

identifications for each are provided in the table below (Table 2-2). 
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Table 2-2. Yellowstone cutthroat trout treatments and sample identifications for individual lots of fish 
eggs used in the reproductive study. 

Henry’s Lake 
Hatchery 

(HL) 
Deer Creek 

(DC) 

Background Se 
Field Location  

(CC-150) 

Low Se Field 
Location 
(CC-350) 

High Se Field 
Location 
(LSV2C) 

South Fork 
Tin Cup - 1 

(SFTC) 

HL-001 DC-001 
CC-150-Nates-

001 
CC-350-001 LSV2C-001 SFTC-FT0012 

HL-002 DC-002  CC-350-002 LSV2C-002  
HL-003 DC-003  CC-350-003 LSV2C-003  
HL-004 DC-004  CC-350-004 LSV2C-004  
HL-005   CC-350-005   
HL-006      
HL-007      
HL-008      
HL-009      
HL-010      
HL-011      
HL-012      
HL-013      
HL-014      
HL-015      
HL-016      

 Note: CC – Crow Creek; LSV – Lower Sage Creek 
 

Egg cups were constructed of polyvinyl chloride (PVC) schedule 40 pipe (approximately 5 cm ID 

and 3.8 cm depth) with a nitex screen bottom.  Ten individual units were attached in a 2 x 5 layout 

design using silicon, so that each egg cup consisted of 10 individual cells (Figure 2-1).  Eggs were 

evenly distributed into all 10 of the cells of the egg cups.  For instance, the treatments initiated with 

600 eggs had 60 eggs placed into each egg cup cell.  While the original intent was to maintain the 

ten replicates for a given fish throughout the study, this was not feasible due to the water demands 

and space limitations.  Therefore, organisms from all replicates were combined in the test chamber 

at hatch out.  

Egg cups were hung with clips and fishing line in Sterilite® plastic test chambers (11.4 L).  Each 

chamber was aerated for the duration of the test to maintain the dissolved oxygen concentration at 

sufficient levels (>60%).  The volume in each test chamber was approximately 5 L maintained at the 

level of the top of the drain pipe which consisted of a piece of 5-mm ID glass tubing inserted through 

a silicone stopper which is pressed into a small hole drilled in the side of the chamber.  Chambers 

and water volume were of sufficient size to maintain a loading rate of < 5 g of fish per L of water in 

each test chamber.  Spent water overflowed out of the glass standpipes and into the water bath 

before being discharged directly to a waste conduit.  This water was treated with an ultraviolet light 

disinfection unit prior to discharge into the laboratory waste water system.  After swim-up occurred, 

the drain openings were covered with a small piece of nylon mesh to prevent loss of organisms.  In 

general, methods employed for this study followed ASTM (2006) standard guidance for conducting 

early life stage tests with fish, although modifications were made to account for study-specific 

hypotheses and test design criteria (e.g., number of eggs). 



 

 

 2-4 December 2009 Document No. 12699-002-500 

 

Figure 2-1. Schematic diagram of the test chamber and egg cups for Yellowstone cutthroat trout reproductive 
study. Inset shows individual cells of egg cups (n = 10) within a chamber.  Aeration tube not shown. 

With the test solution volume of ~5 L and a flow rate of 20 ml/min, each test vessel received ~ 5.7 

volume additions per day.  Test chambers were held in one water bath with the temperature 

controlled by a chiller.  Since Yellowstone cutthroat trout treatments were received in batches of fish 

from different sites it was not possible to randomize the location of all treatments.  Instead, 

treatments were randomly placed into empty locations within the bath as they were received.  The 

second batch of eggs was initiated on the day the hatchery fish were terminated (June 11, 2008), 

therefore, not all treatments were up at the same time.    

Egg cups with 
Nitex 

Screen 

60 eggs / cup 

Solution Level 

Inflowing solution 

Outflow with Nitex 
E D C B A 

F G H I J 
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Table 2-3. Batch groupings for Yellowstone cutthroat trout treatments used in the reproductive 
study. 

Henry’s Lake 
Hatchery (HL) 

Batch 
(Received April 8) 

Green batch 
(Received 

June 7)  

Purple batch 
(Received  
June 11) 

Orange batch 
(Received 
June 29) 

HL-001 CC-350-001 CC-350-003 SFTC-FT0012 
HL-002 CC-350-002 CC-350-004  
HL-003 LSV2C-001 CC-350-005  
HL-004 LSV2C-002 DC-001  
HL-005 LSV2C-003 DC-002  
HL-006 LSV2C-004 DC-003  
HL-007  DC-004  
HL-008  CC-150-Nates-001  
HL-009    
HL-010    
HL-011    
HL-012    
HL-013    
HL-014    
HL-015    
HL-016    

  

The exposure chambers were housed in temperature-controlled water baths.  Target temperature in 

the test chambers was 10 ± 2°C.  Dissolved oxygen concentrations were maintained at ≥ 60 percent 

of saturation (5.6 mg/L at 5,200 feet elevation and 10 °C).  Embryos and fry were maintained under 

dim lighting (approximately 0.8 foot-candles) until swim-up occurred, after which they were held in 

ambient lighting (approximately 16 ft-c) with 16 hours of light per 24-hour period.   

Egg cups were maintained submerged in each test chamber until all eggs hatched or were noted as 

dead.  Dead eggs were removed 2-3 days after test initiation in order not to disturb them during their 

sensitive stage.  However, in some instances dead eggs or fungused eggs were removed to keep 

this from spreading.  Care was taken when removing the eggs from the egg cups prior to the eyed 

up stage.  The number of dead eggs removed each day was recorded for each test chamber.  Eggs 

or embryos were considered dead if they appeared opaque and/or developed visible fungal 

infections.  As hatching occurred, the number of dead alevins or eggs that were removed, were 

recorded on a daily basis.  When eggs hatched, alevins were gently removed to the bottom of the 

surrounding test chamber using a large bore glass pipette and the remaining egg shell was 

removed.  Organisms that died as eggs or while hatching were recorded and preserved in 

Stockard’s solution.  Eggs that had the amniotic fluid (e.g., yolk) leak out during the time of hatching 

or just prior were termed, ‘dead while hatching’ (DWH).  Any organisms that were not found during 

the test were considered dead, except during the 15-d swim-up study.  For the last phase of the 

study it was easier to keep up with the number of fish that died and therefore total counts were 

based on the number of fish preserved at the end of the study, number used for dry weights, and the 

number recorded dead during the study.  The number of missing / extra trout did not exceed five.  

Fish were considered dead if no gill movement or visible response was observed in response to 

gentle prodding.  Egg cups were removed after all living eggs hatched or all remaining eggs were 
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determined to be unfertilized or dead.  Test initiation and termination dates for each treatment are 

provided below (Table 2-4). 

Table 2-4. Test initiation dates and termination dates for Yellowstone cutthroat trout treatments in 

the reproduction study. 

Fish Treatment 
/ Batch 

Test Initiation Date 
Test Termination 

Date(s) 

HL April 8, 2008 June 11, 2008 

Batch 1  
(green) 

June 7, 2008 August 1, 2008 

Batch 2 
(purple) 

June 11, 2008 August 6, 2008 

SFTC 
(orange) 

June 29, 2008 ---
a
 

    
a
All eggs for this treatment died prior to eye-up stage. 

 

Eggs (primarily HL treatments) were treated using formalin in an attempt to reduce fungal growth.  

Days and type of treatment are located in Appendix C.  Fungus appeared to affect the HL 

treatments more than later field-collected (i.e., wild) eggs as there were typically more eggs and the 

success rate for some of these treatments were lower than anticipated.   

After the hatching phase, alevins (recently hatched young with yolk sacs) were monitored daily for 

mortality.  Dead organisms were removed and placed in Davidson’s solution.  As alevins 

approached swim-up, trout chow was offered to the organisms to determine if they were actively 

feeding.  The swim-up date was set based on when at least 80% of the alevins had absorbed their 

yolk sac and were actively feeding.  At the swimup stage, organisms were thinned down to a target 

of 100 organisms per test chamber, preserving all the extra organisms in Davidson’s solution for the 

deformities assessment.  If there were less than 100 organisms in the test chamber then organisms 

were counted and left in the test chamber; however, few to no organisms were preserved at this 

stage for deformities analysis.  All living larval fish were then maintained for the 15-d post swim-up 

stage of the study.  Dead organisms were counted and removed daily, saved by placing them in 

Davidson’s solution.  Swim-up trout were started on a 4% body weight ration of salmon starter #1 

(purchased from Aquatic Biosystems, Fort Collins, CO) over three feedings daily (i.e., morning, 

noon, evening).  Weight of a swim-up fry was based on wet weights of brown trout larvae from the 

previous study (i.e., 0.105 g; therefore, daily feeding was ~0.4 g trout chow assuming 100 fry).   

At initiation of the swim-up stage the flow rate into each chamber was altered to 40 ml/min and taller 

stand pipes were added to adjust the total volume to ~9 L to account for loading requirements based 

on the anticipated growth of the organisms.  Loading for the hatchery fish was < 2.5 g/L (assumes a 

wet wt of 0.2 g for 100 fish in 8 L of water).  Once feeding started, test chambers were siphoned 

daily (in p.m. prior to feeding) to remove remaining food and fecal material. 

At the end of the 15-d post swim-up study, all organisms were sacrificed via immersion in isopropyl 

alcohol.  A sub-set of 20 organisms was rinsed with deionized water, blotted dry and measured for 
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standard length (tip of snout to caudal peduncle).  All remaining organisms were preserved in 

Davidson’s solution and saved for deformities assessment.  For the organisms saved for length and 

weight determinations, two groups (CC350-003 and CC350-005) were monitored for total and 

standard length to determine the relationship between these two measures (Appendix D).  The 

standard and total lengths for CC350-003 were 22.0 ± 2.1 mm and 24.6 ± 2.2 mm, respectively.  

The standard and total lengths for CC350-005 were 19.4 ± 1.3 mm and 21.2 ± 1.3 mm, respectively.  

Length measurements were taken on the day of test termination. 

Following length measurements, organisms were preserved in isopropyl alcohol until dry weight 

determinations could be made.  The only exception to this was the DC-003 fish which were 

inadvertently not saved in isopropyl alcohol after length determinations.  This was determined on 

Nov. 15, 2008 when fish were placed on the pre tared pans for weight determination.  This deviation 

could have affected the dry weight measurements for this treatment.  For dry weight analysis, each 

fish was transferred to a tared weight boat and dried at 100 °C for at least 48 hours.  After removal 

from the drying oven, the weigh boats were placed in a dessicator to prevent absorption of moisture 

from the air, until weighed (dry weight) to the nearest 0.01 mg. 

2.3 Dilution Water 

The dilution/control water used in this study was FCETL process water obtained from Horsetooth 

Reservoir.  The ambient incoming water is coarse-filtered (through a sand filter and polypropylene 

core filters [10 and 1 micron]) to remove indigenous organisms, particulate matter, and 

contaminants.  Water then passes through an ultraviolet light disinfection system before being 

stored in large holding tanks.  This water is periodically analyzed for contaminants. Horsetooth 

Reservoir process water is very soft to soft water according to USEPA (2002), with both hardness 

and alkalinity typically 20 - 30 mg/L as CaCO3 (Table 2-5).  Background sulfate levels in unaltered 

Horsetooth water are ~5.0 mg/L.   

Ambient (unheated) laboratory Horsetooth reservoir water was passed through a 1 µm filter (to 

reduce the potential for fungal problems) into a head tank at a target rate of 1,000 ml/min.  A super 

hardness stock (described below) was metered from a 5-gallon Marriotte bottle into the head tank 

(Figure 2-2).  Our laboratory Horsetooth water was adjusted to increase the hardness and sulfate so 

that it would be higher than ambient levels and more similar to the field conditions (Table 2-3).  

Given the soft water conditions of the laboratory Horsetooth water and the volume of water used on 

a daily basis, it was impractical to match the water quality characteristics of the site. 
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Figure 2-2. Schematic diagram of the dilutor system used for the Yellowstone cutthroat trout reproductive 
study. 

Table 2-5. Water quality measurements for Horsetooth Reservoir process water (unamended) and 

Crow Creek Drainage. 

 Horsetooth Reservoir
1
 Crow Creek

2
 

Parameter Average Range Average Range 

Hardness (mg/L) 33 26.5 – 41.8 171 129 – 220 

Alkalinity (mg/L) 28.8 25 – 33 197 140 – 231 

Sodium (mg/L) 3.5 2.7 – 5.5 3.3 1.0 – 6.5 

Potassium (mg/L) <1 --- <1 <1 – 1.8 

Sulfate (mg/L) 5.6 3.4 – 10 27 7.5 – 48.7 

Chloride (mg/L) 1.9 0.5 – 3.6 7.3 0.2 – 89 

DOC (mg/L) 2.4 2.1 – 2.9 1.0 0.34 – 2.18 
1
Horsetooth Reservoir laboratory process water (Fort Collins, CO) from 2000 to 2004 measured at ENSR’s 

FCETL. 
2
Crow Creek drainage as characterized by surface water from Crow Creek, Sage Creek, and Hoopes Spring 

surface water quality data (Newfield 2008) 

 

Calcium sulfate (CaSO4.2H2O; Ben Franklin Aquacal, Plaster City, CA) and magnesium sulfate 

(MgSO4.7H2O; The PQ Corporation, Valley Forge, PA) were added at a ratio of 1.82:1 calcium: 

magnesium (molar basis) to deionized water to prepare a super hardness stock solution of ~2,000 

mg/L as CaSO3.  This super stock was metered into the head tank (~ 8 ml/min) to achieve a target 

Overflow (constant head) 
HT laboratory water (1,000 ml/min) 

Hardness stock (8 ml/min) 

Splitter Box – All jets calibrated for 20 ml/min until swim-up, then set at 40 ml/min 

Head tank – Flows initially set at ~110 ml/min, and then adjusted as needed to accommodate test chambers  

Overflow 
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hardness of ~50 mg/L as CaCO3 and sulfate concentration of ~20 mg/L.  Water hardness was 

measured daily during the study, while sulfate concentration was monitored periodically. 

Batches of the super hard stock solution were prepared as needed which was approximately every 

three days, while the Mariotte bottle was filled daily throughout the study.  Flows on the main dilution 

water (unadjusted Horsetooth water) and the hardness stock solution drip flowing from the head 

tank (Mariotte bottle fed this tank) were measured at least once daily throughout the study.   

The head tank flowed into diluter panels constructed out of glass, silicone adhesive, and silicone 

stoppers.  Adjusted Horsetooth process water was delivered to the test chambers through (3/8 I.D. x 

½ O.D. x 1/16 thickness, inch) polyethylene tubing.  The dilutor panel delivered modified Horsetooth 

water to up to a maximum of 24 test chambers.  Flow rate into each chamber was adjusted in the 

splitter box to deliver a target rate of 20 ml of test solution per minute to each chamber.  After swim-

up had occurred and the 15-d post swim-up study was underway, the flow rates were adjusted to a 

target of 40 ml of test solution per minute per chamber. 

2.4 Water Chemistry 

Temperature (°C), pH (s.u.), dissolved oxygen (mg/L) concentrations, and conductivity (µS/cm) were 

measured and recorded in one chamber for each test treatment daily.  Hardness (as mg/L CaCO3) 

was measured from the dilutor panel or from a test chamber daily during the study.  Total ammonia 

(mg/L as N) was measured in selected test chambers once feeding was initiated in the 15-d post 

swim-up study.  Sulfate concentration was measured from water collected from the dilutor panel or 

from test chambers.  Determinations of waterborne sulfate concentrations were made at Paragon 

Analytics, Inc. (Fort Collins, Colorado, USA) using ion chromatography (EPA Method 300.0).  

Water samples for total recoverable and “dissolved” selenium analyses were collected, prepared, 

and preserved from selected test chambers during the course of the study.  Briefly, approximately 

50 to 250 ml of test solution was collected for analysis of either dissolved or total selenium analysis.  

Aqueous analytical samples were analyzed at ACZ Laboratories (Steamboat Springs, CO).  

Dissolved selenium samples were filtered through 0.45 µm filters (GHP Acrodisc Syringe Filters, Pall 

Gelman Scientific, Ann Arbor, MI, USA) prior to placing in the polypropylene sample containers and 

preserved with 1% nitric acid.  Samples were analyzed using an ICP-MS (EPA Method 200.8).  

Aqueous water samples were also collected at the hatchery site (Henry’s Lake) for analysis of total 

and dissolved selenium so background levels of selenium at the hatchery could be compared with 

selenium levels from field sites.  The samples were collected in May 2008 and sent to ACZ for 

analysis.  Total recoverable and dissolved Se concentrations in the water from the Henry’s Lake 

Fish Hatchery was <0.1 µg/L (Appendix E).  

2.5 Deformities Assessment 

Extra fry (excluding the target of 100 fry kept for the post swim-up phase of the study) were removed 

and preserved in Davidson’s Solution at swim-up for deformity examination.  Any deformed fry were 

removed at this point and preserved as part of the extra fry.  Upon test termination (i.e., after the 15-

d post swim-up study), an additional batch of fish (per treatment) were preserved similarly and 
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saved for deformity assessment.  Of the 100 organisms included in the 15-d post swim-up phase of 

the study, the target was to save 80 of these fry for deformity assessment (the other 20 were 

assessed for length and dry weight analysis).   

Dead fish and alevins were removed during the study and preserved for deformity assessment as 

well.  However, many of these organisms did not preserve well because they were in various states 

of decay.  Because of the poor tissue condition of these dead organisms they were not originally 

evaluated (i.e., necrotic tissue conditions and/or presence of fungus made analysis and 

observations difficult).  A subsequent analysis was conducted on all or some of these fish (per 

batch) for three samples in which there was no or little data.  These additional samples were from 

LSV2C -001, DC-004, and CC-350-001.  See the results section for more detail on these samples.  

All samples for deformity analysis were sent to Dr. Kevin Bestgen at CSU.  Data from these samples 

were incorporated in the deformity assessment performed.   

2.6 Endpoints 

Multiple test endpoints were utilized for this test at different times during the test.  Fecundity, hatch, 

deformities, length, weight, survival (different times during the study), tissue concentrations (egg and 

whole body), and feeding success were proposed test endpoints.  These endpoints were similar with 

those from the brown trout reproductive study as well as those of Holm et al. 2005, Hardy 2005, and 

Kennedy et al. 2000 on which the test described herein was based.   

Total egg production for each female was counted as a measure of fecundity.  Survival was 

determined based on the number of surviving fish at hatch, swim-up, and at test termination 

compared to the number of eggs at test initiation.  Percent hatch was determined as the number of 

live fish and alevins at day of first hatch compared to the number of eggs at test initiation.  Other 

endpoints included day of swim-up, day of test termination, and measurements on survival larval fry 

at test termination (length and dry weight).  
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3.0   Results 

3.1 Egg Analyses 

The number of eggs used from a given female depended on the total number of eggs provided by 

that female.   While the target was 600 eggs per female, certain organisms did not provide that 

many total eggs, and for two groups (CC-350-002 and LSV2C-003), we accounted for more than the 

target.  The goal was to maximize the number of eggs used in the reproduction study while leaving a 

sufficient number for selenium analysis.  For treatments with fewer eggs (e.g., DC-004), eggs were 

added to each replicate of the egg cup in small numbers (10 at a time) to ensure equal numbers in 

each replicate.  Once that target number was added to each replicate egg cup cell, the number of 

eggs remaining was evaluated to see whether more eggs could be added to the egg cup.  This 

process was repeated until no fewer than 142 eggs remained for Se analysis.  The number of eggs 

used in the study from a particular female, the total number of eggs the female produced, and the 

percent egg mortality are presented (Table 3-1).   

The total number of eggs from field collected organisms ranged from 242 (DC-004) to 1,539 (DC-

002).  By contrast, the range of eggs collected from the HL hatchery fish ranged from 1,597 (HL-002 

to 4,668 (HL-011).     
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Table 3-1. Estimated number of total Yellowstone cutthroat trout eggs from adult female organisms 
used in the reproductive success study and percent egg mortality. 

Location Sample ID 
#Eggs placed in 

study 
Total # of eggs 

from fish 
Egg 

Mortality (%) 

 HL-001 600 2,114 100 
 HL-002 600 1,597 88.5 
 HL-003 600 2,999 43.0 
Hatchery  HL-004 600 2,452 23.8 
 HL-005 600 2,108 100 
 HL-006 600 2,162 39.0 
 HL-007 600 2,734 26.3 
 HL-008 600 2,985 21.8 
Fish HL-009 600 1,906 100 
 HL-010 600 3,791 99.3 
 HL-011 600 4,668 43.7 
 HL-012 600 2,735 16.5 
 HL-013 600 2,420 12.3 
 HL-014 600 3,676 100 
 HL-015 600 2,322 89.7 
 HL-016 600 3,876 100 
 CC-150-Nates-001 300 600 21.7 
 DC-001 600 1,017 45.8 
 DC-002 600 1,539 14.8 
 DC-003 450 846 2.4 
 DC-004 100 242 36.0 
Wild CC-350-001 400 748 59.5 
 CC-350-002 750 1,209 3.5 
 CC-350-003 500 929 22.8 
 CC-350-004 600 1,294 13.5 
 CC-350-005 600 1,160 19.5 
 LSV2C-001 600 1,290 7.3 
Fish LSV2C-002 550 1,068 19.3 
 LSV2C-003 650 1,358 0.8 
 LSV2C-004 600 1,072 4.8 
 SFTC1-FT0012 300 1,472 100 

 

3.2 Laboratory Study 

3.2.1 Water Chemistry 

The water quality parameters (pH, temperature and dissolved oxygen [DO]) monitored daily during 

the study were within acceptable ranges for the survival of Yellowstone cutthroat trout (Table 3-2). 
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Table 3-2.  Water hardness (avg ± SD), dissolved oxygen (low and % saturation), pH (range), 

temperature, and conductivity measured in each treatment or batch during the reproductive study 

using Yellowstone cutthroat trout (Oncorhynchus clarki). 

Fish Treatment 

Water 
Hardness 

(mg/L) 

Minimum 
Dissolved 
Oxygen 

(mg/L) & % 
Saturation pH (s.u.) 

Avg ± SD 

Temp (°C) 

Temp. 

Range (°C) 

Conductivity 

(µS/cm) 

HL 44.4 ± 3.4 7.0 /  7.4 – 8.1 10.5 ± 0.8 8.9 – 12.5 94 – 148 

Green Batch 45.6 ± 2.1  7.0 / 79 7.4 – 8.0 12.4 ± 1.4 9.0 – 15.0 102 – 135 

Purple Batch 45.4 ± 2.0 6.4 / 72 7.4 – 7.9 12.2 ± 1.1 10.0 – 14.7 101 – 138 

SFTC-001 45.2 ± 2.1 7.3 /  7.6 – 7.9 12.9 ± 1.3 9.7 – 14.9 105 – 124 

 Note: At 5,200 feet elevation and 10 °C, 60% dissolved oxygen saturation is 5.63 mg/L 
 

Alkalinity was measured at least weekly in the laboratory Horsetooth dilution water and it averaged 

28.3 ± 5.9 mg/L (as CaCO3) between April 8, 2008 and August 6, 2008.  Ammonia was measured in 

select treatments (LSV2C-001 [7/14/08], CC-350-001 and DC-004 [7/28/08], LSV2C-003 and 

CC150-Nates-001 [7/30/08], LSV2C-004 and CC-350-004 [8/1/08]) during the 15-d post-swim-up 

feeding portion of the study and was <1.0 mg/L in all test chambers.  Sulfate, measured three times 

over the course of the study, averaged 16 (range 15 – 17) mg/L (Appendix E).  Water temperature 

measured in the chambers for each batch is presented graphically over the course of the study 

(Appendix E). 

Aqueous selenium measured in the hardness adjusted Horsetooth water or in specific test 

chambers from May 8, 2008 to July 18, 2008 were ≤ 0.2 µg/L (12 total measurements; Appendix E).   

3.2.2 Biological Endpoints 

The day of first hatch for the HL hatchery fish ranged from 24 to 28 days (Table 3-3).  The field 

collected fish hatched slightly faster from 20 to 21 days.  The slightly lower temperatures for the HL 

hatchery fish likely explain the slightly longer day to first hatch.  Through hatch the temperature 

averaged 10.5 °C for the HL treatments but averaged 12.1 °C for both the green and purple 

batches. 

There were several HL egg batches that completely died prior to hatch, including HL-001, HL-005, 

HL-009, HL-014, and HL-016.  Only four eggs from the HL-010 treatment hatched.  These 

organisms were maintained throughout the study and survived until test termination (day 64).  They 

were not saved for either deformity assessment or length and growth determinations. 

Only one group of the field collected fish did not survive to hatchout, SFTC1-FT0012.   
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Table 3-3. Day of first hatch, percent hatch, day of swim-up, percent swim-up, and percent survival 
at swim-up for Yellowstone cutthroat trout fry from the reproductive success study.   

Location Sample ID 
Day of 1

st
 

hatch 
% hatch

a
 

Day of 
swim-up 

% Swim-
up 

Survival 
(%) at 

Swim-up 
Stage 

 HL-001 -- 0 -- -- -- 
 HL-002 28 11.5 49 9.8 9.8 
 HL-003 24 57.0 49 54.2 54.2 
Hatchery  HL-004 26 76.2 49 73.0 73.0 
 HL-005 -- 0 -- -- -- 
 HL-006 27 61.0 49 44.0 44.0 
 HL-007 27 73.7 49 70.7 70.7 
 HL-008 28 78.2 49 72.2 72.2 
Fish HL-009 -- 0 -- -- -- 
 HL-010

b
 27 0.7 49 0.7 0.7 

 HL-011 25 56.3 49 52.8 52.8 
 HL-012 26 83.5 49 79.3 79.3 
 HL-013 28 87.7 49 83.7 83.7 
 HL-014 -- 0 -- -- -- 
 HL-015 27 10.3 49 9.3 9.3 
 HL-016 -- 0 -- -- -- 
 CC-150-Nates-001 21 78.3 41 74.7 74.7 
 DC-001 20 54.2 41 50.2 50.2 
Wild DC-002 22 85.2 41 81.0 81.0 
 DC-003 20 97.6 41 95.3 95.3 
 DC-004 20 64.0 41 60.0 60.0 
 CC-350-001 21 40.5 40 35.8 35.8 
 CC-350-002 20 96.5 40 85.1 85.1 
 CC-350-003 20 77.2 41 73.8 73.8 
Fish CC-350-004 21 86.5 41 85.2 85.2 
 CC-350-005 20 80.5 41 70.3 70.3 
 LSV2C-001 21 92.7 -- 0 0 
 LSV2C-002 20 80.7 40 67.8 67.8 
 LSV2C-003 21 99.2 40 80.6 80.6 
 LSV2C-004 20 95.2 40 85.5 85.5 
 SFTC1-FT0012 -- 0 -- -- -- 

 a 
Percent hatch and percent survival at hatch were synonymous endpoints.  

b 
Only four organisms survived past hatch; these organisms were maintained for the duration of the study but no 

remaining endpoints were included given the low hatch-out success.  
 

Percent hatch and percent survival at hatch were synonymous endpoints for all treatments.  The 

percent hatch for the HL treatments (outside of the six treatments discussed above) ranged from 

10.3 – 87.7% (average of 59.5%).  Hatchout for two of these groups, HL-002 and HL-015 were 

rather low, 10.3 and 11.5%, respectively.  Without these two groups, the percent hatch for the 

remaining HL treatments ranged from 56.3 – 87.7% and averaged 71.7%.    

The percent hatch for the field collected eggs (excluding SFTC1) ranged from 40.5 – 99.2%.  Eggs 

collected from DC treatments ranged from 54.2 – 97.6%, with an average of 75.2%.  Average hatch 

out for the eggs collected from fish at CC-350 was 76.2%, while that for the eggs from LSV2C was 

92.0%.  The one batch from CC-150 had 78.3% hatch.     
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The day of swim-up for the HL hatchery fish was at 49 days (Table 3-3).  For the majority of the field 

treatments, the day of swim-up was between 40 to 41 days, regardless of the collection location.  As 

with hatch, the slightly higher temperature measured in the chambers with the field collected fish are 

the likely cause of this.  Through swim-up the water temperature averaged 10.4°C for the HL 

treatments; however it averaged12.7°C for the treatments in the green batch and averaged 12.5°C 

for treatments in the purple batch (Appendix E). 

There was one treatment where all the alevins died while in the swim-up stage (i.e., while absorbing 

their yolk sac) – LSV2C-001 (Table 3-3).  Organisms were observed on day 30 as being weak and 

all but 19 alevins were found dead on test day 31.  The dissolved oxygen in this chamber on days 

30 and 31 were 7.5 and 7.6 mg/L, respectively.  The remaining alevins died prior to swim-up.  A 

subsample of 20 alevins that had died were pulled and frozen for Se analysis.  The concentration of 

selenium in this batch of alveins was 42.9 mg/kg dwt – similar to the concentration measured in the 

eggs (40.1 mg/kg dwt). 

The next two endpoints were very similar, the percentage of organisms that reached the swim-up 

stage and percent survival at the swim-up stage (i.e., on the day of swim-up).  Because the fry on 

the day of swim-up had already absorbed their yolk sac, these values were the same for all 

treatments at this point in the study (Table 3-3).   

The last phase of the studies consisted of the 15-d post swim-up study.  The first three endpoints for 

this phase of the study consisted of survival in the 15-d study, total survival for the entire study, and 

day of test termination.  For this phase, each treatment was initiated with a target of 100 of the 

surviving fry and maintained for 15-d to monitor growth to assess whether there were any latent 

effects post swim-up.  All treatments were initiated with ~100 (± 5) fry per chamber except the 

following listed below. The number of organisms at initiation of this phase is listed in parenthesis:  

• HL-002 (45) & HL-015 (37) 

• DC-004 (60)  

For these treatments, there were fewer fish alive at this point in the study (HL-002 an HL-015) or 

there were fewer eggs when the study was initiated (DC-004).  Since these were below the target of 

100, either fewer organisms were preserved for deformities at this stage (HL-002 and HL-015) or 

none were saved (DC-004), and all the remaining live organisms were saved for the duration of the 

study (see deformity section below).   

Survival during the 15-d post swim-up stage was relatively high for the HL treatments, ranging from 

98 – 100% survival (Table 3-4).  Survival in most field collected fish was >75% except for the 

following treatments: CC-350-001, LSV2C-002, DC-003, and DC-004.  Survival for the four 

mentioned treatments ranged from 1.9% (CC-350-001) to 70.4% (DC-003) (Appendix F).   

Total survival throughout the study was also calculated and presented for all treatments (Table 3-4).  
Survival for the HL treatment ranged from 9.3 – 83.7%, and ranged from 0 – 88.9% for the field 
collected organisms.  
 



 

 

 3-6 December 2009 Document No. 12699-002-500 

Day of test termination for HL treatments was on day 64 and was either on day 55 or 56 for the field 

collected organisms (Table 3-4).   

Table 3-4. Percent survival in the 15-d post swim-up phase of the study, total survival for the entire 
study, percent survival from hatch until test termination, and day of test termination for the 
Yellowstone cutthroat trout reproductive study.  

Location Sample ID 

Survival (%) 
in 15-d Post 

swim-up 
stage 

Total 
Survival 

(%) 

Survival (%) 
from Hatch 
until test 

term. 

Day of test 
termination 

 HL-002 100 9.8 85.5 64 
 HL-003 98.0 53.8 94.4 64 
 HL-004 99.0 72.8 95.6 64 
Hatchery Fish HL-006 99.0 44.0 71.9 64 
 HL-007 100 70.7 95.9 64 
 HL-008 99.0 72.0 92.1 64 
 HL-011 99.0 52.7 93.5 64 
 HL-012 98.0 79.0 94.6 64 
 HL-013 100 83.7 95.4 64 
 HL-015 100 9.3 90.3 64 
 CC-150-Nates-001 77.6 67.3 86.0 56 
 DC-001 93.9 49.2 90.8 56 
 DC-002 99.0 80.8 94.9 56 
Wild DC-003 70.4 88.9 91.1 56 
 DC-004 68.3 41.0 64.1 56 
 CC-350-001 1.9 10.5 25.9 55 
 CC-350-002 85.6 83.2 88.3 55 
 CC-350-003 80.4 70.0 90.7 56 
Fish CC-350-004 88.8 83.3 96.3 56 
 CC-350-005 89.6 68.7 85.3 56 
 LSV2C-001 --

a
 0 0 -- 

 LSV2C-002 66.0 61.6 76.4 55 
 LSV2C-003 83.2 78.0 78.6 55 
 LSV2C-004 83.0 82.7 86.9 55 

 
a
all organisms had died prior to the swim-up stage of the test.  

Note: HL treatments (-001, -005, -009, -010, -014, and -016) and SFTC1 treatment were excluded from this table due 
to low hatch. 

 

For most of these treatments, there was not a substantial difference between the survival rate at 

swim-up and the number of organisms that hatched (Figure 3-1).  For most of the treatments, the 

number of organisms that hatched reached the swim-up stage.  One group had substantial hatch 

but did not reach swim-up (LSV2C-001).  Percent survival, from hatch until test termination was 

included in Table 3-4.  This technique allowed us to re-evaluate the data, accounting for poor 

hatching success that occurred for some treatments (e.g., HL-002 and HL-016). 
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Figure 3-1. Relationship between the percentage of organisms that hatched and the percentage of organisms 
that reached swim-up in the Yellowstone cutthroat trout reproductive study. Note, the dashed line indicates a 
1:1 agreement.   

 The results of length and dry weight analysis for the target of 20 organisms at the end of the 15-d 

post swim-up phase of the study are provided below (Table 3-5).  Raw data are in Appendix D. 
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Table 3-5. Standard length and dry weight (avg ± SD) of larval Yellowstone cutthroat trout at test 
termination.  The number of larval fish measured for each treatment is included (n). 

Location Sample ID n 
Average Standard 

Length (mm) 
Average Dry Weight 

(mg) 

 HL-002 20 24.6 ± 1.9 19.312 ± 4.2 
 HL-003 20 / 19

 a
 25.7 ± 1.9 20.737 ± 5.4 

 HL-004 20 27.8 ± 1.2 26.624 ± 4.1 
Hatchery Fish HL-006 20 24.5 ± 2.1 15.631 ± 6.0 
 HL-007 20 28.2 ± 1.3 26.408 ± 4.6 
 HL-008 20 24.6 ± 0.88 16.124 ± 3.0 
 HL-011 20 26.8 ± 1.3 25.082 ± 5.2 
 HL-012 20 26.5 ± 1.0 25.738 ± 3.7 
 HL-013 20 25.4 ± 1.7 20.631 ± 5.7 
 HL-015 20 22.6 ± 1.5 15.791 ± 5.0 
 CC-150-Nates-001 20 20.4 ± 1.7 7.548 ± 3.3 
 DC-001 20 23.8 ± 1.6 14.356 ± 4.7 
 DC-002 20 23.8 ± 1.9 12.650 ± 3.9 
Wild DC-003 20 21.1 ± 1.6 7.389 ± 2.4

c
 

 DC-004 20 23.2 ± 2.0 14.283 ± 5.3 
 CC-350-001 2 20.5 ± 0.71 6.025 ± 0.84 
 CC-350-002 20 20.0 ± 2.3 8.654 ± 3.5 
 CC-350-003 20 22.0 ± 2.1 

b
 12.269 ± 5.0 

Fish CC-350-004 20 22.3 ± 0.92 8.069 ± 1.5 
 CC-350-005 20 19.4 ± 1.3

 b
 8.430 ± 2.2  

 LSV2C-001 0 -- -- 
 LSV2C-002 20 / 19

 a
 20.4 ± 1.3 7.658 ± 2.4 

 LSV2C-003 20 20.0 ± 1.8 8.696 ± 2.8 
 LSV2C-004 20 21.1 ± 1.7 8.120 ± 3.2 

 
a
 One organism was lost prior to weight determination. 

 
b
 total lengths were measured for two sets of samples (CC-350-003 = 24.6 mm; CC-350-005 = 21.2 mm) 

 
c
 organisms were not preserved due to a technician error. 

 

3.2.3 Deformity Assessment 

Below is a list of the number of specimens preserved and analyzed at either swim-up or test 

termination for deformities (Table 3-6).  The majority of fish that had died during the test were 

preserved but were not evaluated because of the poor state that they were end by the time death 

had occurred.  As mentioned, a subset of these dead organisms were evaluated for deformities and 

included with the results of the assessment conducted on organisms that were alive when 

preserved.     
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Table 3-6. Number of Yellowstone cutthroat trout fry preserved and assessed for deformities.  
Samples were preserved at swim-up, at test termination, or upon death.  All organisms preserved at 
swim-up and test termination were assessed for deformities; however, only select samples from 
organisms that died during the study were evaluated.   

Location Field Sample ID 

Number of fish 
assessed that 

were preserved 
at swim-up 

Number of fish 
assessed that 

were preserved 
at test 

termination 

Number of fish 
assessed that 

had died during 
the study  

 HL-002 14 25  
 HL-003 227 75  
 HL-004 338 78  
Hatchery Fish HL-006 167 77  
 HL-007 327 77  
 HL-008 332 80  
 HL-011 212 84  
 HL-012 374 80  
 HL-013 402 81  
 HL-015 19 17  
 CC-150-Nates-001 126 56  
 DC-001 203 72  
 DC-002 386 79  
Wild DC-003 331 49  
 DC-004 0 21 21 
 CC-350-001 40 0 115 
 CC-350-002 541 63  
 CC-350-003 272 58  
Fish CC-350-004 413 67  
 CC-350-005 326 66  
 LSV2C-001 0 0 200

a
 

 LSV2C-002 273 46  
 LSV2C-003 423 64  

 LSV2C-004 413 63  
a
A subset of the organisms that died during the study were evaluated for deformity metrics (i.e., 200) because scoring 

criteria were not possible on all 536 organisms due to the poor physical state at preservation.  
 

For this assessment, the scoring criteria results of the fry preserved at swim-up, the fry preserved at 

test termination, and the fry (alveins) preserved upon death (select samples) were combined.  A 

summary of the raw data is reported in Appendix D of the main YCT report.       
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Appendix A 
 

Select photographs of different phases of the Yellowstone 
cutthroat trout reproductive study 
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Photo 1: Adding milt (sperm) to unfertilized Yellowstone cutthroat trout eggs (Henry’s Lake Hatchery, ID). 

 

 
Photo 2: Adding a little local water to add in fertilization step for Yellowstone cutthroat trout eggs after milt 
was added (Henry’s Lake Hatchery, ID). 
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Photo 3: Washing Yellowstone cutthroat trout eggs after fertilization (Henry’s Lake Hatchery, ID). 
 

 
Photo 4: Filling basin with local water to water harden Yellowstone cutthroat trout eggs after fertilization 
(Henry’s Lake Hatchery, ID). 
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Photo 5: Yellowstone cutthroat trout used for parental study (collected from Henry’s Lake Hatchery, ID). 
 

 
Photo 6: Yellowstone cutthroat trout eggs after fertilization. Some eggs already bad (i.e., white) during 
water hardening step (Henry’s Lake Hatchery, ID). 
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Photo 7: Egg cups used for hatching of Yellowstone cutthroat trout eggs; 10 replicates with 60 (target) eggs 
/ replicate. (600 per treatment) 
 
 

 
Photo 8: Egg cup with (Brown trout) eggs at test initiation. Photo includes egg pickers, container of 
remaining eggs for analytical, and counter.  Similar setup was used for Yellowstone cutthroat trout. 
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Photo 9: Yellowstone cutthroat trout larvae at swim-up stage in parental study. 
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Photo 10: Yellowstone cutthroat trout larvae at swim-up stage in parental study (pre-thinning). 
 

 
Photo 11: Yellowstone cutthroat trout larvae after thinning stage in parental study. 
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Photo 12: Yellowstone cutthroat trout larvae at test termination (preserved for lengths and weights).  
Remaining preserved fish for this treatment are in cup to right, while storage containers are above. 
 
 
 
 
 
 

 
Photo 13: Measuring length for Yellowstone cutthroat trout larvae at test end. 
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Appendix B 
 

Egg counts for hatchery and field collected fish 
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Appendix C 
 

Summary of fungal treatment methods for hatchery and field 
collected eggs 
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Appendix D 
 

Length and dry weight measurements for juvenile Yellowstone 
cutthroat trout from reproductive study 
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Appendix E 
 

Summary of water quality data selenium and sulfate analysis in 
water measured during reproductive study 
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Water hardness (mg/L) measurements in Yellowstone Cutthroat trout study (12699-002)

filename: temp.xls

Water hardness

Date Test Day (mg/L)

8-Apr-08 D0 38 HL Controls (April 8 - June 11)

9-Apr-08 D1 40 Avg StDev Min Max

10-Apr-08 D2 44 44.41 3.44 38 54

11-Apr-08 D3 44

12-Apr-08 D4 48 Green Tape (June 7 - Aug. 1)

13-Apr-08 D5 48 Avg StDev Min Max

14-Apr-08 D6 48 45.57 2.08 40 50

15-Apr-08 D7 42

16-Apr-08 D8 44 Purple Tape (June 11 - Aug. 6)

17-Apr-08 D9 50 Avg StDev Min Max

18-Apr-08 D10 42 45.44 1.99 40 50

19-Apr-08 D11 42

20-Apr-08 D12 44 Orange Tape (June 29 - July 18)

21-Apr-08 D13 48 Avg StDev Min Max

22-Apr-08 D14 48 45.20 2.09 42 48

23-Apr-08 D15 54

24-Apr-08 D16 48

25-Apr-08 D17 54

26-Apr-08 D18 46

27-Apr-08 D19 42

28-Apr-08 D20 46

29-Apr-08 D21 40

30-Apr-08 D22 40

1-May-08 D23 38

2-May-08 D24 44

3-May-08 D25 48

4-May-08 D26 44

5-May-08 D27 46

6-May-08 D28 42

7-May-08 D29 46

8-May-08 D30 44

9-May-08 D31

10-May-08 D32 40

11-May-08 D33 38

12-May-08 D34 42

13-May-08 D35 42

14-May-08 D36 40

15-May-08 D37 42

16-May-08 D38 44

17-May-08 D39 40

18-May-08 D40 42

19-May-08 D41 46

20-May-08 D42 44

21-May-08 D43 42

22-May-08 D44 42

23-May-08 D45 44

24-May-08 D46 44

25-May-08 D47 44

26-May-08 D48 46

27-May-08 D49 44

28-May-08 D50 40

29-May-08 D51 42

30-May-08 D52 44

31-May-08 D53 48

1-Jun-08 D54 46

2-Jun-08 D55 44

3-Jun-08 D56 48

4-Jun-08 D57 44

5-Jun-08 D58 46

6-Jun-08 D59 44

7-Jun-08 D60 46

8-Jun-08 D61 50

9-Jun-08 D62 48

10-Jun-08 D63 46
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Water hardness (mg/L) measurements in Yellowstone Cutthroat trout study (12699-002)

filename: temp.xls

Water hardness

Date Test Day (mg/L)

11-Jun-08 D64 48

12-Jun-08 D65 48

13-Jun-08 D66 44

14-Jun-08 D67 44

15-Jun-08 D68 46

16-Jun-08 D69 46

17-Jun-08 D70 48

18-Jun-08 D71 46

19-Jun-08 D72 44

20-Jun-08 D73 44

21-Jun-08 D74 40

22-Jun-08 D75 44

23-Jun-08 D76 50

24-Jun-08 D77 44

25-Jun-08 D78 46

26-Jun-08 D79 44

27-Jun-08 D80 46

28-Jun-08 D81 44

29-Jun-08 D82 46

30-Jun-08 D83 48

1-Jul-08 D84 42

2-Jul-08 D85 42

3-Jul-08 D86 46

4-Jul-08 D87 44

5-Jul-08 D88 46

6-Jul-08 D89 48

7-Jul-08 D90 44

8-Jul-08 D91 46

9-Jul-08 D92 46

10-Jul-08 D93 42

11-Jul-08 D94 44

12-Jul-08 D95 48

13-Jul-08 D96 46

14-Jul-08 D97 44

15-Jul-08 D98 46

16-Jul-08 D99 46

17-Jul-08 D100 42

18-Jul-08 D101 48

19-Jul-08 D102 48

20-Jul-08 D103 48

21-Jul-08 D104 46

22-Jul-08 D105 44

23-Jul-08 D106 46

24-Jul-08 D107 44

25-Jul-08 D108 46

26-Jul-08 D109 44

27-Jul-08 D110 44

28-Jul-08 D111 46

29-Jul-08 D112 48

30-Jul-08 D113 44

31-Jul-08 D114 46

1-Aug-08 D115 48

2-Aug-08 D116 44

3-Aug-08 D117 44

4-Aug-08 D118 46

5-Aug-08 D119 48

6-Aug-08 D120 46

Average (overall) 44.87

StDev 2.884

Min 38

Max 54
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Alkalinity (mg/L) measurements in HT water for Yellowstone Cutthroat trout study (12699-002)

filename: temp.xls

Alkalinity

Date Test Day (mg/L)

9-Apr-08 D1 18 HL Controls (April 8 - June 11)

15-Apr-08 D7 29 Avg StDev Min Max

22-Apr-08 D14 21 25.44 3.75 18 29

6-May-08 D28 25

13-May-08 D35 25 Green Tape (June 7 - Aug. 1)

20-May-08 D42 27 Avg StDev Min Max

27-May-08 D49 27 31.50 6.41 27 47

3-Jun-08 D56 28

10-Jun-08 D63 29 Purple Tape (June 11 - Aug. 6)

17-Jun-08 D70 28 Avg StDev Min Max

24-Jun-08 D77 47 31.50 6.41 27 47

4-Jul-08 D87 29

8-Jul-08 D91 31 Orange Tape (June 29 - July 18)

15-Jul-08 D98 31 Avg StDev Min Max

22-Jul-08 D110 27 30.33 1.15 29 31

29-Jul-08 D112 30

5-Aug-08 D119 29

Average (overall) 28.29

StDev 5.892

Min 18

Max 47
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Temperature measurement for YTC Parental Se transfer study (HL treatment)

12699-002-300

filename: temp.xls

Date Test Day Temp

8-Apr 0

9-Apr 1 11.9

10-Apr 2 11.2

11-Apr 3 11.1

12-Apr 4 10.3

13-Apr 5 11

14-Apr 6 11.8

15-Apr 7 10.8

16-Apr 8 9.5

17-Apr 9 10.8

18-Apr 10 8.9

19-Apr 11 10

20-Apr 12 10

21-Apr 13 10.6

22-Apr 14 10

23-Apr 15 11

24-Apr 16 9.8

25-Apr 17 9.7

26-Apr 18 9.5

27-Apr 19 10.1

28-Apr 20 9.1

29-Apr 21 11.1

30-Apr 22 10.7

1-May 23 10.9

2-May 24 10.1

3-May 25 10.7

4-May 26 9.7

5-May 27 10.7

6-May 28 12.3 thru hatch

7-May 29 10.8 Avg 10.475

8-May 30 9.6 std 0.8267

9-May 31 10.4

10-May 32 9.6

11-May 33 11.1

12-May 34 10.3

13-May 35 10

14-May 36 10.4

15-May 37 9.7

16-May 38 10.3

17-May 39 9.7

18-May 40 11

19-May 41 12.5

20-May 42 11.2

21-May 43 11.1

22-May 44 9.8

23-May 45 10.2

24-May 46 10

25-May 47 10

26-May 48 9

27-May 49 10.1 thru swim-up

28-May 50 9.9 Avg 10.410

29-May 51 10.2 std 0.7954

30-May 52 12.2

31-May 53 12.3

1-Jun 54 11.7

2-Jun 55 11

3-Jun 56 10.5

4-Jun 57 10.7

5-Jun 58 10.4

6-Jun 59 10.3

7-Jun 60 11

8-Jun 61 11

9-Jun 62 10.5

10-Jun 63 11.3

11-Jun 64 11.4 (measured in Batch #1 study)

Avg 10.54

std 0.81

Min 8.9

Max 12.5



Temperature measurement for YTC Parental Se transfer study (Purple group)

12699-002-300

filename: temp.xls

Date Test Day Temp

11-Jun-08 0

12-Jun-08 1 10.7

13-Jun-08 2 12.1 Purple treatments consisted of:

14-Jun-08 3 10.7 1)CC350-004

15-Jun-08 4 12 2) CC350-003

16-Jun-08 5 11 3) DC-004

17-Jun-08 6 10 4) DC-002

18-Jun-08 7 12 5) CC150-NATES-001

19-Jun-08 8 11.8 6) DC-001

20-Jun-08 9 13.1 7) CC350-005

21-Jun-08 10 11.2 8) DC-003

22-Jun-08 11 11.1

23-Jun-08 12 12.8

24-Jun-08 13 12.1

25-Jun-08 14 12.3

26-Jun-08 15 12.9

27-Jun-08 16 12.5

28-Jun-08 17 13

29-Jun-08 18 13.1

30-Jun-08 19 12.1

1-Jul-08 20 13.7

2-Jul-08 21 13.3 thru hatch

3-Jul-08 22 13.4 Avg 12.071

4-Jul-08 23 14.3 std 0.9895

5-Jul-08 24 14.3

6-Jul-08 25 14.4

7-Jul-08 26 13.9

8-Jul-08 27 13.1

9-Jul-08 28 12.3

10-Jul-08 29 12.9

11-Jul-08 30 13.5

12-Jul-08 31 13.2

13-Jul-08 32 13.3

14-Jul-08 33 14.7

15-Jul-08 34 12.8

16-Jul-08 35 10.8

17-Jul-08 36 12.6

18-Jul-08 37 11.7

19-Jul-08 38 12.7

20-Jul-08 39 11.8

21-Jul-08 40 12.5

22-Jul-08 41 12.7 thru swim-up

23-Jul-08 42 11.9 Avg 12.546

24-Jul-08 43 11 std 1.0948

25-Jul-08 44 11.1

26-Jul-08 45 11.4

27-Jul-08 46 11

28-Jul-08 47 10.2

29-Jul-08 48 11.5

30-Jul-08 49 11.9

31-Jul-08 50 11.8

1-Aug-08 51 11.5

2-Aug-08 52 12.6

3-Aug-08 53 11.9

4-Aug-08 54 12.1

5-Aug-08 55 11.3

6-Aug-08 56 10.6 (measured in Batch #3 study)

Avg 12.25

std 1.10

Min 10

Max 14.7



Temperature measurement for YTC Parental Se transfer study (Orange group)

12699-002-300

filename: temp.xls

Date Test Day Temp

29-Jun-08 0

30-Jun-08 1 11.6

1-Jul-08 2 12.6 Orange treatment consisted of:

2-Jul-08 3 13.7 1) SFTC-001

3-Jul-08 4 14.2

4-Jul-08 5 13.2

5-Jul-08 6 14.5

6-Jul-08 7 13.3

7-Jul-08 8 14.1

8-Jul-08 9 12.1

9-Jul-08 10 12.4

10-Jul-08 11 13.5

11-Jul-08 12 13.5

12-Jul-08 13 13.2

13-Jul-08 14 13.7

14-Jul-08 15 14.9

15-Jul-08 16 11.7

16-Jul-08 17 9.7

17-Jul-08 18 10.9

18-Jul-08 19 11.7 (measured in Batch #4 study)

Avg 12.87

std 1.33

Min 9.7

Max 14.9
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lm nopq rstq uvowpxr vpyztvp qupxt{| s{}~|t}� uvoxp~zvpq qzxs {q ��� uvoroxo|��m fvp rsp xzqro~� qp{|q o} rsp xoo|pv t}r{xr��m fvp rsp xzqro~� qp{|q o} rsp q{�u|p xo}r{t}pvq t}r{xr��m �q rspvp { �s{t} o� �zqro~� ov orspv ~tvpxrt�p qstuut}� u{upvq uvpqp}r��m �q rsp �s{t} o� �zqro~� xo�u|prp��m �q rsp �s{t} o� �zqro~� t} {�vpp�p}r �trs rsp q{�u|pq vpxpt�p~��m �q rspvp p}oz�s q{�u|p �ov {|| vpyzpqrp~ {}{|�qpq��m fvp {|| q{�u|pq �trst} so|~t}� rt�pq �ov vpyzpqrp~ {}{|�qpq��m �pvp {|| q{�u|p xo}r{t}pvq vpxpt�p~ t}r{xr�l�m fvp rsp rp�upv{rzvp �|{}�q uvpqp}r�llm fvp rsp rvtu �|{}�q ��gf {}~�ov ��{}t~pm uvpqp}r�l�m fvp q{�u|pq vpyztvt}� }o sp{~qu{xp� sp{~qu{xp �vpp�l�m no rsp q{�u|pq rs{r vpyztvp { �ovpt�} jot|q �pv�tr s{�p o}p�
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Number of organisms and survival rates at different stages during 
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Number of Organisms and Survival Rates at Different Stages During Yellowstone Cutthroat Trout Reproductive Study (12699-002)

filename: survival data.xls

#s prior to hatch #s at swimup #s at test termination    #s for whole test

Treatment Initial eggs

# dead alevins 

(hatch - su)

sub-

sampled Total % hatch

# preserved 

@ su

15d PSU 

target

15d PSU 

actual Total

% survival 

@ su

# preserved 

@ end

# for 

wts/lengths

Dead in 

15d PSU Missing TE Total

% survival 

@ term Total

% survival 

(total)

% mort 

(hatch-

term)

% surv 

(hatch-

term)

HL001 600 0%

HL002 600 10 0 69 11.5% 14 41 45 59 9.8% 25 20 0 45 100.0% 59 9.8% 14.5% 85.5% 100.0%

HL003 600 17 0 341 56.8% 227 100 97 324 54.0% 75 20 2 95 97.9% 322 53.7% 5.6% 94.4% 100.0%

HL004 600 19 0 456 76.0% 338 100 99 437 72.8% 78 20 1 98 99.0% 436 72.7% 4.4% 95.6% 100.0%

HL005 600 0%

HL006 600 102 0 367 61.2% 167 100 98 265 44.2% 77 20 1 97 99.0% 264 44.0% 28.1% 71.9% 100.0%

HL007 600 18 0 442 73.7% 327 100 97 424 70.7% 77 20 0 97 100.0% 424 70.7% 4.1% 95.9% 100.0%

HL008 600 36 0 469 78.2% 332 100 101 433 72.2% 80 20 1 100 99.0% 432 72.0% 7.9% 92.1% 100.0%

HL009 600 0%

HL010 600 0 0 4 0.7% 0 4 4 4 0.7% 0 0 0 4 100.0% 4 0.7% 0.0% 100.0% 100.0%

HL011 600 21 0 338 56.3% 212 100 105 317 52.8% 84 20 1 104 99.0% 316 52.7% 6.5% 93.5% 100.0%

HL012 600 25 0 501 83.5% 374 100 102 476 79.3% 80 20 2 100 98.0% 474 79.0% 5.4% 94.6% 100.0%

HL013 600 24 0 527 87.8% 402 100 101 503 83.8% 81 20 0 101 100.0% 503 83.8% 4.6% 95.4% 100.0%

HL014 600 0%

HL015 600 6 0 62 10.3% 19 36 37 56 9.3% 17 20 0 37 100.0% 56 9.3% 9.7% 90.3% 100.0%

HL016 600 0%

LSV2C-001 600 536 20 556 92.7% 0 0 0 0 0.0% 0 0 0 0 0% 0 0.0% 100.0% 0.0% 100.0%

LSV2C-002 550 71 0 444 80.7% 273 100 100 373 67.8% 46 20 34 66 66.0% 339 61.6% 23.6% 76.4% 100.0%

LSV2C-003 650 121 0 645 99.2% 423 100 101 524 80.6% 64 20 17 84 83.2% 507 78.0% 21.4% 78.6% 100.0%

LSV2C-004 600 58 0 571 95.2% 413 100 100 513 85.5% 63 20 17 83 83.0% 496 82.7% 13.1% 86.9% 100.0%

DC001 600 24 0 325 54.2% 203 100 98 301 50.2% 72 20 6 92 93.9% 295 49.2% 9.2% 90.8% 100.0%

DC002 600 25 0 511 85.2% 386 100 100 486 81.0% 79 20 1 99 99.0% 485 80.8% 5.1% 94.9% 100.0%

DC003 450 10 0 439 97.6% 331 100 98 429 95.3% 49 20 29 69 70.4% 400 88.9% 8.9% 91.1% 100.0%

DC004 100 4 0 64 64.0% 0 60 60 60 60.0% 21 20 19 41 68.3% 41 41.0% 35.9% 64.1% 100.0%

CC-150-Nates-001 300 11 0 235 78.3% 126 100 98 224 74.7% 56 20 22 76 77.6% 202 67.3% 14.0% 86.0% 100.0%

CC-350-001 400 19 0 162 40.5% 40 100 103 143 35.8% 0 2 101 2 1.9% 42 10.5% 74.1% 25.9% 100.0%

CC-350-002 750 69 0 707 94.3% 541 100 97 638 85.1% 63 20 14 83 85.6% 624 83.2% 11.7% 88.3% 100.0%

CC-350-003 500 17 0 386 77.2% 272 100 97 369 73.8% 58 20 19 78 80.4% 350 70.0% 9.3% 90.7% 100.0%

CC-350-004 600 8 0 519 86.5% 413 100 98 511 85.2% 67 20 11 87 88.8% 500 83.3% 3.7% 96.3% 100.0%

CC-350-005 600 61 0 483 80.5% 326 100 96 422 70.3% 66 20 10 86 89.6% 412 68.7% 14.7% 85.3% 100.0%

SFTC1-FT0012 300 0 0 0 0%

Note: treatments highlighted (by row) had poor or no egg survival and were typically excluded from any futher evaluation.

There may be slight rounding differences between values in the report and similar values in this table.
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Number of organisms and survival rates at different stages during 
the Yellowstone cutthroat trout reproduction study 
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Number of Organisms and Survival Rates at Different Stages During Yellowstone Cutthroat Trout Reproductive Study (12699-002)

filename: survival data.xls

#s prior to hatch #s at swimup #s at test termination    #s for whole test

Treatment Initial eggs

# dead alevins 

(hatch - su)

sub-

sampled Total % hatch

# preserved 

@ su

15d PSU 

target

15d PSU 

actual Total

% survival 

@ su

# preserved 

@ end

# for 

wts/lengths

Dead in 

15d PSU Missing TE Total

% survival 

@ term Total

% survival 

(total)

% mort 

(hatch-

term)

% surv 

(hatch-

term)

HL001 600 0%

HL002 600 10 0 69 11.5% 14 41 45 59 9.8% 25 20 0 45 100.0% 59 9.8% 14.5% 85.5% 100.0%

HL003 600 17 0 341 56.8% 227 100 97 324 54.0% 75 20 2 95 97.9% 322 53.7% 5.6% 94.4% 100.0%

HL004 600 19 0 456 76.0% 338 100 99 437 72.8% 78 20 1 98 99.0% 436 72.7% 4.4% 95.6% 100.0%

HL005 600 0%

HL006 600 102 0 367 61.2% 167 100 98 265 44.2% 77 20 1 97 99.0% 264 44.0% 28.1% 71.9% 100.0%

HL007 600 18 0 442 73.7% 327 100 97 424 70.7% 77 20 0 97 100.0% 424 70.7% 4.1% 95.9% 100.0%

HL008 600 36 0 469 78.2% 332 100 101 433 72.2% 80 20 1 100 99.0% 432 72.0% 7.9% 92.1% 100.0%

HL009 600 0%

HL010 600 0 0 4 0.7% 0 4 4 4 0.7% 0 0 0 4 100.0% 4 0.7% 0.0% 100.0% 100.0%

HL011 600 21 0 338 56.3% 212 100 105 317 52.8% 84 20 1 104 99.0% 316 52.7% 6.5% 93.5% 100.0%

HL012 600 25 0 501 83.5% 374 100 102 476 79.3% 80 20 2 100 98.0% 474 79.0% 5.4% 94.6% 100.0%

HL013 600 24 0 527 87.8% 402 100 101 503 83.8% 81 20 0 101 100.0% 503 83.8% 4.6% 95.4% 100.0%

HL014 600 0%

HL015 600 6 0 62 10.3% 19 36 37 56 9.3% 17 20 0 37 100.0% 56 9.3% 9.7% 90.3% 100.0%

HL016 600 0%

LSV2C-001 600 536 20 556 92.7% 0 0 0 0 0.0% 0 0 0 0 0% 0 0.0% 100.0% 0.0% 100.0%

LSV2C-002 550 71 0 444 80.7% 273 100 100 373 67.8% 46 20 34 66 66.0% 339 61.6% 23.6% 76.4% 100.0%

LSV2C-003 650 121 0 645 99.2% 423 100 101 524 80.6% 64 20 17 84 83.2% 507 78.0% 21.4% 78.6% 100.0%

LSV2C-004 600 58 0 571 95.2% 413 100 100 513 85.5% 63 20 17 83 83.0% 496 82.7% 13.1% 86.9% 100.0%

DC001 600 24 0 325 54.2% 203 100 98 301 50.2% 72 20 6 92 93.9% 295 49.2% 9.2% 90.8% 100.0%

DC002 600 25 0 511 85.2% 386 100 100 486 81.0% 79 20 1 99 99.0% 485 80.8% 5.1% 94.9% 100.0%

DC003 450 10 0 439 97.6% 331 100 98 429 95.3% 49 20 29 69 70.4% 400 88.9% 8.9% 91.1% 100.0%

DC004 100 4 0 64 64.0% 0 60 60 60 60.0% 21 20 19 41 68.3% 41 41.0% 35.9% 64.1% 100.0%

CC-150-Nates-001 300 11 0 235 78.3% 126 100 98 224 74.7% 56 20 22 76 77.6% 202 67.3% 14.0% 86.0% 100.0%

CC-350-001 400 19 0 162 40.5% 40 100 103 143 35.8% 0 2 101 2 1.9% 42 10.5% 74.1% 25.9% 100.0%

CC-350-002 750 69 0 707 94.3% 541 100 97 638 85.1% 63 20 14 83 85.6% 624 83.2% 11.7% 88.3% 100.0%

CC-350-003 500 17 0 386 77.2% 272 100 97 369 73.8% 58 20 19 78 80.4% 350 70.0% 9.3% 90.7% 100.0%

CC-350-004 600 8 0 519 86.5% 413 100 98 511 85.2% 67 20 11 87 88.8% 500 83.3% 3.7% 96.3% 100.0%

CC-350-005 600 61 0 483 80.5% 326 100 96 422 70.3% 66 20 10 86 89.6% 412 68.7% 14.7% 85.3% 100.0%

SFTC1-FT0012 300 0 0 0 0%

Note: treatments highlighted (by row) had poor or no egg survival and were typically excluded from any futher evaluation.

There may be slight rounding differences between values in the report and similar values in this table.
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INORGANIC ANALYSIS DATA PACKAGE

Columbia Analytical Services

Metals

C QAnalyte

New Fields EnvironmentalClient:

Project No.:

Service Request: K0803855

Matrix:

Lab Code: K0803855-004

Date Received:

Units:
TISSUE

mg/Kg

Project Name:

Sample Name:

Date Collected:

Basis: DRY

NA

Se in Tissue

04/07/08

05/06/08

SM0408-HL-FT0004

Analysis

Method
MRL

Dilution 

Factor

Date

Extracted

Date

Analyzed
ResultMDL

0.36Selenium 7742 0.08  5.0 06/02/08 06/04/080.04

Comments: 

Form I - IN

















































































































































































































































































































































































































































































































































































































































































































































































































































































 

 

APPENDIX E  



Deformity Assessment 

The general scoring criteria were adopted from Holm et al. (2003) and included 

assessments of craniofacial deformities, mostly of the head, eyes, and jaw, vertebral 

deformities, fin deformities, and edema.  The original publication showed pictures of some 

deformities but others, particularly the intermediate categories were not illustrated or were 

poorly described.  More specific definitions for each of the assessment categories were 

developed to give better repeatability and consistency across studies, and to aid others in 

learning the range of deformities possible.   

Deformities in each of the categories described above were given a score from 0-3, with 0 

being a normal condition and 3 being the most deformed. Some range finding was 

conducted over the first several samples to find background and severe levels of 

deformities in each category.  Initial samples were rescored as necessary to bring them 

into compliance with the standards that were used throughout the assessment.   

The protocol for assessing damage was to place several fish, head to the left, in a Petri 

dish and examine them under a dissecting microscope and 10X magnification.  The lateral 

side was examined for spinal deformities (lordosis, kyphosis), appearance of the eye, 

head and snout shape, edema, and fin deformities.  The fish was turned ventrally to look 

for mouth deformities and further spinal deformities (scoliosis), turned laterally again for 

the same criteria as the other side, and then dorsally for issues associated with eyes, head 

size, spinal deformities.  

Craniofacial deformities included shortening of the jaw, snout, and missing or poorly 

developed eye or eyes, and head shape abnormalities.  A slightly shortened lower jaw (<= 

1 lip width) received a 1, a shortened jaw = 2 lip widths or a slightly shortened and slightly 

disfigured jaw = 2, and a flat lower jaw or much disfigured (non-functional) jaw = 3.  An 

assessment of fish independent of this study revealed that other Yellowstone cutthroat 

trout of the same size and developmental state did not have the slight deformity that was 

assessed as CF =1 for the jaw (J).  Thus, the CF = 1 score where the J was concerned 

were deemed real.  A slightly blunted snout (about 50% eye diameter, usually is > than 

that) = 1, very blunt or flat = 2, deformed or bulbous = 3.  Eye deformities were scored as 

one eye blind or poorly pigmented or poorly developed =1, both poorly developed = 2, 

both blind = 3.  Skulls that were slightly bulbous (1/3 > normal) = 1, moderately bulbous 

(2/3 > normal) = 2, and bulbous (1x or > than normal) = 3.  Usually factors occurred 

together so a combination of two “1” conditions = 2, three “1” conditions = 3, or a 1 and a 2 

= 3, and so on.  For example, a deformed jaw and a blind eye = 2, two blind eyes = 2, but 

a badly deformed jaw (= 2 alone) plus a blind eye (= 1 alone), = 3. 

Skeletal deformities included any deformity of the vertebrae or spines.  A slight bend of 

less than 45 degrees (but > than body width off of straight) or a minor body constriction 

(e.g. a tight rubber band about the body effect) was given a score of 1, 2 slight bends or 

constrictions anywhere, or bend of > 45-90 degrees was scored a 2, and multi-directional 

bends > 90 degrees were given a 3.  Bends caused by skeletal deformities were usually 

detectable from normal bending of the body during preservation (these fish were usually 

well preserved, very straight) by presence of a slight or greater bump below the surface of 



the epidermis on the outside of the bend.  However, some fish with SD = 1 had just a very 

slight bend in the range the deformity described but could be due to preservation or the 

poor condition of the fish.  This was sometimes especially true in larger fish, which may be 

more muscular and undergo stronger contraction during preservation and thus, bend 

slightly.  A score “CF = 1” was a slight deformity, if at all.  The scores of SD = 1 involving 

kyphosis or lordosis were deemed real because that is an unusual preservation deformity.  

Thin fish difficult to score, and often looked like they were underfed or starving. 

Fin deformities included variation in fin or finfold morphology and a slightly smaller or 

missing fin (in thin fish, the adipose fin was often absent, indicating fat absorption, not 

uncommon and scored 1) or one with a bend or incomplete ray development (in older fish) 

was given a 1, 2 fins damaged or malformed = 2, and > 2 fins malformed or if fins were 

missing (except adipose) was = 3.  Often fins were malformed associated with vertebral 

deformities that did not permit proper development.  Folded finfolds as a result of 

preservation were not counted. 

Edema was assessed because it was evaluated in the brown trout study and because it 

was considered a condition that could affect emergence, mobility, and other factors that 

may limit survival of fish in the wild.  Edema was detected by an obvious swelling and fluid 

buildup, usually abdominally, and ventrally, which often displaced the gut, and was usually 

clear fluid that was slightly soft when touched with a blunt probe.  The yolk, which was 

present in some quantity in some study specimens, also created some swelling but was 

typically yellowish, opaque, and small, and hard to the touch in preservation.  Slight 

edema = 1 was for a fish with up to 1X swelling of the normal body width or depth, up to 2x 

= 2, and > 2x = 3.   

A sample of 50 fish and a sample of 30 fish were scored twice, the same fish for each 

batch but not necessarily the same order.  This sample was characterized by a low 

incidence of fin deformities (slow development) and a high incidence of jaw deformities.  

Those cranio-facial traits are difficult to score because they are additive, and subjective as 

to severity.  Thus, the results may be a conservative view of what score replicability should 

be like for other traits in other samples that are easier to score.   

Replicability of frequency of cranio-facial abnormalities was high among assessments.  

The cumulative sums of the scores were also quite close, but reflecting variability in 

scoring for all three categories of severity in each sample.  Replicability of fin ray 

development assessments for both frequency and the sum of the scores was similar. 

Below we have included photographs of each of the deformities assessed described 
above, demonstrating scoring values of 0 – 3 for each of the deformities. 



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Example of normal Yellowstone cutthroat trout eyes (left) and an example of a cranio-facial eye deformity with a score of 1 (right). 
 

    
 
 

Photos 3 and 4: Examples of cranio-facial eye deformities with a score of 3 (both). 
 

    



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Example of a normal Yellowstone cutthroat trout jaw (left) and an example of a cranio-facial jaw deformity with a score of 1 (right). 
 

    
 
 

Photos 3 and 4: Example of a cranio-facial jaw deformity with a score of 2 (left) and 3 (right). 
 

    



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Example of a healthy Yellowstone cutthroat trout (left) and an example of the spinal deformity constriction with a score of 1 (right). 
 

  
 
 

Photo 3: Example of the spinal deformity constriction with a score of 1. 
 

  



 

 

Document No. 12699-002-500 C August  2009 

Photos 1 and 2: Example of a healthy Yellowstone cutthroat trout (left) and an example of the skeletal deformity kyphosis with a score of 1 (right). 
 

  
 
 

Photos 3 and 4: Example of the skeletal deformity kyphosis with a score of 2 (left) and 3 (right). 
 

  



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Example of a healthy Yellowstone cutthroat trout (left) and an example of the skeletal deformity lordosis with a score of 1 (right). 
 

  
 
 

Photos 3 and 4: Example of the skeletal deformity lordosis with a score of 2 (left) and 3 (right). 
 

  



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Example of a healthy Yellowstone cutthroat trout (left) and an example of the spinal deformity scoliosis with a score of 1 (right). 
 

  
 

Photos 3 and 4: Example of the spinal deformity scoliosis with a score of 2 (left) and 3 (right). 
 

  



 

 

Document No. 12699-002-500 C  August 2009 

Photos 1 and 2: Example of a healthy Yellowstone cutthroat trout (left) and an example of a fin deformity with a score of 1 (right). 
 

  
 

Photos 3 and 4: Example of a fin deformity with a score of 2 (left) and 3 (right). 
 

  



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Example of a healthy Yellowstone cutthroat trout (left) and an example of abdominal edema with a score of 1 (right). 
 

     
 
 

Photos 3 and 4: Example of abdominal edema with a score of 2 (left) and 3 (right). 
 

  



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Example of a healthy Yellowstone cutthroat trout (left) and an example of cranial edema with a score of 1 (right). 
 

      
 

Photos 3 and 4: Example of cranial edema with a score of 2 (left) and 3 (right). 
 

      



 

 

Document No. 12699-002-500 C August 2009 

Photos 1 and 2: Examples of Yellowstone cutthroat trout with unusual deformities (both having two heads). 
 

    
 
 

Photos 3 and 4: Examples of unusual deformities. 
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Deformity assessment results for Yellowstone cutthroat trout in reproductive success study

Values represent the number of fish (at swim-up and test termination) in each scoring criterion (i.e., 0-3).

See below for a definition of scoring criteria.

filename: deform appendix.xls

Count of fish # Craniofacial Deformities (CF)

Location Field Sample ID 0 1 2 3 Grand Total

HL 002 27 8 2 2 39

003 287 9 2 4 302

004 394 13 3 6 416

006 200 30 7 7 244

007 349 48 5 2 404

008 356 49 3 4 412

011 255 15 7 19 296

012 437 12 5 454

013 416 62 1 4 483

015 26 5 2 3 36

Total 2747 251 32 56 3086

CC-150 001 162 20 0 0 182

Total 162 20 0 0 182

CC-350 001 105 19 5 9 138

002 548 52 2 0 602

003 304 25 0 1 330

004 462 18 0 0 480

005 345 45 2 0 392

Total 1764 159 9 10 1942

DC 001 252 11 0 12 275

002 432 32 1 0 465

003 354 25 1 0 380

004 33 1 3 1 38

Total 1071 69 5 13 1158

LSV2C 001 37 38 64 61 200

002 282 31 3 3 319

003 466 21 0 0 487

004 455 21 0 0 476

Total 1240 111 67 64 1482

Grand Total 6984 610 113 143 7850

Craniofacial deformities included shortening of the jaw, snout, and missing or poorly developed eye or eyes, and head shape

abnormailities. A slightly shortened lower jaw (<= 1 lip width) received a 1, a shortened jaw = 2 lip widths or a slightly shortened 

and slightly disfigured jaw = 2, and a flat lower jaw or much disfigured (non-functional) jaw = 3.  An assessment of fish

independent of this study revealed that other trout of the same size and developmental state did not have the slight deformity

that was assessed as CF =1 for the jaw (J).  Thus, the CF = 1 score where the J was concerned were deemed real.  A slightly 

blunted snout (about 50% eye diameter, usually is > than that) = 1, very blunt or flat = 2, deformed or bulbous = 3.  Eye deformities

were scored as one eye blind or poorly pigmented or poorly developed =1, both poorly developed = 2, both blind = 3.  Skulls that 

were slightly bulbous (1/3 > normal) = 1, moderately bulbous (2/3 > normal) = 2, and bulbous (1x or > than normal) = 3.  Usually

factors occurred together so a combination of two “1” conditions = 2, three “1” conditions = 3, or a 1 and a 2 = 3, and so on.  For

example, a deformed jaw and a blind eye = 2, two blind eyes = 2, but a badly deformed jaw (= 2 alone) plus a blind eye (= 1 alone), = 3.
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Deformity assessment results for Yellowstone cutthroat trout in reproductive success study

Values represent the number of fish (at swim-up and test termination) in each scoring criterion (i.e., 0-3).

See below for a definition of scoring criteria.

filename: deform appendix.xls

Count of fish # Skeletal Deformities (SD)

Location Field Sample ID 0 1 2 3 Grand Total

HL 002 6 15 4 14 39

003 157 120 20 5 302

004 199 196 17 4 416

006 52 107 34 51 244

007 167 224 7 6 404

008 195 191 21 5 412

011 98 157 25 16 296

012 163 259 22 10 454

013 223 226 30 4 483

015 2 9 6 19 36

Total 1262 1504 186 134 3086

CC-150 001 32 99 37 14 182

Total 32 99 37 14 182

CC-350 001 24 48 34 32 138

002 212 342 43 5 602

003 105 204 20 1 330

004 154 308 16 2 480

005 108 212 56 16 392

Total 603 1114 169 56 1942

DC 001 103 137 28 7 275

002 193 229 41 2 465

003 88 241 48 3 380

004 9 17 12 38

Total 393 624 129 12 1158

LSV2C 001 14 69 76 41 200

002 71 165 69 14 319

003 174 239 68 6 487

004 167 266 42 1 476

Total 426 739 255 62 1482

Grand Total 2716 4080 776 278 7850

Skeletal deformities included any deformity of the vertebrae or spines.  A slight bend of less than 45 degrees (but > than body width off

of straight) or a minor body constriction (e.g. a tight rubberband about the body effect) was given a score of 1, 2 slight bends or

constrictions anywhere, or bend of > 45-90 degrees was scored a 2, and multi-directional bends > 90 degrees were given a 3.  Bends

caused by skeletal deformities were usually detectable from normal bending of the body during preservation (these fish were usually

well preserved, very straight) by presence of a slight or greater bump below the surface of the epidermis on the outside of the bend.

However, some fish with SD = 1 had just a very slight bend in the range the deformity described but could be due to preservation or

the poor condition of the fish.  This was sometimes especially true in larger fish, which may be more muscular and undergo stronger

contraction during preservation and thus, bend slightly.  A score “CF = 1” was a slight deformity, if at all.  The scores of SD = 1

involving kyphosis or lordosis were deemed real because that is an unusual preservation deformity.  Some samples were re-examined; 

most fish were very straight so some samples with higher SD scores (e.g., PSU samples) were determined accurate.
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Deformity assessment results for Yellowstone cutthroat trout in reproductive success study

Values represent the number of fish (at swim-up and test termination) in each scoring criterion (i.e., 0-3).

See below for a definition of scoring criteria.

filename: deform appendix.xls

Count of fish # Fin Deformities (FD)

Location Field Sample ID 0 1 2 3 Grand Total

HL 002 27 1 2 9 39

003 293 2 6 1 302

004 409 4 0 3 416

006 174 23 8 39 244

007 396 6 1 1 404

008 407 2 1 2 412

011 280 4 4 8 296

012 442 8 3 1 454

013 480 1 0 2 483

015 20 3 2 11 36

Total 2928 54 27 77 3086

CC-150 001 182 0 0 0 182

Total 182 0 0 0 182

CC-350 001 137 1 0 0 138

002 575 25 1 1 602

003 329 1 0 0 330

004 472 8 0 0 480

005 384 5 2 1 392

Total 1897 40 3 2 1942

DC 001 264 7 3 1 275

002 458 6 1 0 465

003 373 5 1 1 380

004 37 1 0 0 38

Total 1132 19 5 2 1158

LSV2C 001 169 20 9 2 200

002 310 6 2 1 319

003 481 5 1 0 487

004 475 0 1 0 476

Total 1435 31 13 3 1482

Grand Total 7574 144 48 84 7850

Fin deformities included variation in fin or finfold morphology and a slightly smaller or missing fin (in thin fish, the adipose fin was often 

absent, indicating fat absorption, not uncommon and scored 1) or one with a bend or incomplete ray development (in older fish) was

given a 1, 2 fins damaged or malformed = 2, and > 2 fins malformed or if fins were missing (except adipose) was = 3.  Often fins were

malformed associated with vertebral deformities that did not permit proper development.  Folded finfolds as a result of preservation

were not counted.
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Deformity assessment results for Yellowstone cutthroat trout in reproductive success study

Values represent the number of fish (at swim-up and test termination) in each scoring criterion (i.e., 0-3).

See below for a definition of scoring criteria.

filename: deform appendix.xls

Count of fish # Edema Deformities (ED)

Location Field Sample ID 0 1 2 3 Grand Total

HL 002 32 7 0 0 39

003 218 78 5 1 302

004 341 69 4 2 416

006 152 56 23 13 244

007 297 97 8 2 404

008 339 66 5 2 412

011 209 76 11 0 296

012 274 154 23 3 454

013 353 119 9 2 483

015 12 14 7 3 36

Total 2227 736 95 28 3086

CC-150 001 112 62 8 0 182

Total 112 62 8 0 182

CC-350 001 88 33 7 10 138

002 434 159 8 1 602

003 263 66 1 0 330

004 460 19 1 0 480

005 343 43 5 1 392

Total 1588 320 22 12 1942

DC 001 253 21 1 0 275

002 358 98 9 0 465

003 247 125 8 0 380

004 30 6 1 1 38

Total 888 250 19 1 1158

LSV2C 001 190 9 1 0 200

002 207 102 7 3 319

003 246 182 52 7 487

004 249 173 44 10 476

Total 892 466 104 20 1482

Grand Total 5707 1834 248 61 7850

Edema was assessed because it was common in one early sample and not others, and because it was thought a condition that

could affect emergence, mobility, and other factors that may limit survival of fish in the wild.  Edema was detected by an obvious

swelling and fluid buildup, usually abdominally, and ventrally, which often displaced the gut, and was usually clear fluid that

was slightly soft when touched with a blunt probe.  The yolk, which was present in some quantity in some study specimens, also

created some swelling but was typically yellowish, opaque, and small, and hard to the touch in preservation.  Slight edema = 1 was

for a fish with up to 1X swelling of the normal body width or depth, up to 2x = 2, and > 2x = 3. 
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Figure 1. Craniofacial Deformity Frequency
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Figure 2. Skeletal Deformity Frequency
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Figure 3. Fin or Finfold Deformity Frequency
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Figure 4. Edmatous Tissue Deformity Frequency
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Param eter Sum m ary (Piecew ise L inear R egression A nalysis)

Parameter

X 50   

S     

Y 0    

    Guess  FinalEst  StdError    95%L CL    95%UCL

          36.90          37.70           0.78          35.95          39.45

        0.10645         0.2082         0.0722         0.0474         0.3690

          84.08          84.09           5.71          71.37          96.81

E ffect C oncentration Sum m ary

%Ef fect  X p Est  95%L CL  95%UCL

           50.0           37.70           35.95           39.45

           20.0           36.26           34.09           38.43

           10.0           35.78           33.37           38.19

            5.0           35.54           33.00           38.08



MED  Tox ic Response A nalysis Model , Version 1.0302/28/2011   14:32  

M E D  T oxic R esponse A nalysis M odel     02/28/2011   14:32  

R egression A nalysis of  V ariance

Source     df     SS     MS      F  A lpha

Total

Regression

Error

             12

              2

             10

         10070.

          6483.

          3587.

           839.

          3242.

           359.

           9.04          0.0057

D ata Sum m ary

    Exposure  Obs Ef f ects Pred Ef fects     Residual       W eight

         11.40           91.30           84.09           -7.21              1.

         12.70           77.00           84.09            7.09              1.

         14.60           96.80           84.09          -12.71              1.

         15.40           95.60           84.09          -11.51              1.

         17.60           89.00           84.09           -4.91              1.

         22.00           95.00           84.09          -10.91              1.

         22.30           92.80           84.09           -8.71              1.

         27.90           30.00           84.09           54.09              1.

         29.70           89.00           84.09           -4.91              1.

         30.00           80.90           84.09            3.19              1.

         30.50           87.50           84.09           -3.41              1.

         35.60           78.80           78.81            0.01              1.

         40.10            0.00            0.04            0.04              1.

E rror Sum m ary

N o Errors
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Y C T  -G row th, Piecew ise L inear

Exposure Variable
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Param eter Sum m ary (Piecew ise L inear R egression A nalysis)

Parameter

X 50   

S     

Y 0    

    Guess  FinalEst  StdError    95%L CL    95%UCL

          28.40          40.76           5.89          27.64          53.88

        0.10194        0.03398        0.01980       -0.01014        0.07810

         10.938         10.553          1.270          7.723         13.384

E ffect C oncentration Sum m ary

%Ef fect  X p Est  95%L CL  95%UCL

           50.0           40.76           27.64           53.88

           20.0           31.93           21.12           42.74

           10.0           28.99           16.47           41.51

            5.0           27.52           13.82           41.22
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Y C T  -G row th, Piecew ise L inear

R egression A nalysis of  V ariance

Source     df     SS     MS      F  A lpha

Total

Regression

Error

             12

              2

             10

           94.2

          -18.8

          113.0

           7.85

          -9.38

          11.30

          -0.83          1.0000

D ata Sum m ary

    Exposure  Obs Ef f ects Pred Ef fects     Residual       W eight

         11.40            7.39           10.55            3.16              1.

         12.70           14.28           10.55           -3.73              1.

         14.60            8.07           10.55            2.48              1.

         15.40           12.65           10.55           -2.10              1.

         17.60            7.55           10.55            3.01              1.

         22.00           14.36           10.55           -3.80              1.

         22.30           12.27           10.55           -1.72              1.

         27.90            6.03            9.89            3.86              1.

         29.70            8.65            9.24            0.59              1.

         30.00            7.66            9.14            1.48              1.

         30.50            8.12            8.96            0.84              1.

         35.60            8.70            7.13           -1.57              1.

         47.60            8.43            2.82           -5.61              1.

E rror Sum m ary

Maximum I terat ions Reached W i thout Convergence

Steepness A t Max imum or M inimum L imi t

L arge Standard Error f or Steepness
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Y C T -M ean Fraction N orm al, T hreshold Sigm oidal

L og(Exposure Variable)

E
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Param eter Sum m ary (T hreshold Sigm oid R egression A nalysis)

Parameter

L ogX 50

S     

Y 0    

    Guess  FinalEst  StdError    95%L CL    95%UCL

         1.7497         1.6962         0.0630         1.5558         1.8365

         1.7659          3.039          1.280          0.186          5.892

         0.7322         0.7419         0.0208         0.6955         0.7883

E ffect C oncentration Sum m ary

%Ef fect  X p Est  95%L CL  95%UCL

           50.0           49.68           35.96           68.63

           20.0           37.60           32.62           43.34

           10.0           32.68           27.52           38.80

            5.0           29.59           23.30           37.57
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Y C T -M ean Fraction N orm al, T hreshold Sigm oidal

R egression A nalysis of  V ariance

Source     df     SS     MS      F  A lpha

Total

Regression

Error

             12

              2

             10

         0.0705

         0.0399

         0.0306

        0.00587

        0.01995

        0.00306

           6.52          0.0154

D ata Sum m ary

    Exposure  Obs Ef f ects Pred Ef fects     Residual       W eight

       1.0569          0.7000          0.7419          0.0419              1.

       1.1038          0.7200          0.7419          0.0219              1.

       1.1644          0.8100          0.7419         -0.0681              1.

       1.1875          0.7700          0.7419         -0.0281              1.

       1.2455          0.6700          0.7419          0.0719              1.

       1.3424          0.7900          0.7419         -0.0481              1.

       1.3483          0.7600          0.7419         -0.0181              1.

       1.4456          0.6400          0.7208          0.0808              1.

       1.4728          0.7300          0.7037         -0.0263              1.

       1.4771          0.6800          0.7005          0.0205              1.

       1.4843          0.7100          0.6949         -0.0151              1.

       1.5515          0.7000          0.6255         -0.0745              1.

       1.6031          0.5100          0.5511          0.0411              1.

E rror Sum m ary

N o Errors
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