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Introduction 
The overall project goal is to characterize the fish habitat conditions of the Rock Creek subbasin to 
prioritize sites for future restoration projects. This report describes the preliminary results of the data 
collection for salmonid fish populations and habitat in the Rock Creek subbasin in south-eastern 
Washington.   The Rock Creek subbasin is of great significance to the Yakama Nation, and to the Rock 
Creek Band in particular. Oral history regarding historic runs of anadromous and resident fish and 
perennial flows in the subbasin indicate that fish populations and habitat conditions have been 
significantly altered between historic and present conditions. The subbasin has been identified as a unique 
watershed with high potential productivity for steelhead (as evidenced by spawner surveys) but with 
significant habitat limitations (low flow, high stream temperatures, and riparian, channel and floodplain 
degradation). NOAA-Fisheries identified Rock Creek as critical habitat for the threatened Middle 
Columbia River Steelhead DPS (NOAA 2005).  Though a potentially productive system, there are 
substantial gaps in knowledge about habitat conditions limiting fish populations in Rock Creek. For 
example, while steelhead (Oncorhynchus mykiss) spawner abundance was high in some reaches, prior to 
this project there was no information about where perennial fish habitat occurred in sufficient quantity 
and quality to produce the high spawner abundance.  The project includes monitoring and evaluation 
activities that develop, analyze, and report information pertaining to fish distribution, natural production, 
genetics, and disease profiling in order to prioritize restoration and protection actions.  
 
The project also addresses many of the information gaps identified in the NOAA-Fisheries Rock Creek 
Steelhead Recovery Plan and the Northwest Power & Conservation council’s (NPCC) Rock Creek 
Subbasin Plan, which state that there is a significant need for ongoing monitoring and evaluation within 
the Rock Creek watershed, and that it is considered a high priority.   
 
Environmental and biological attributes were collected for this project throughout the subbasin, ranging 
from the headwaters originating in the Simcoe Mountains to the confluence with the Columbia River.  
The collection, evaluation and input of data into the Ecosystem Diagnosis and Treatment (EDT) model 
are a continuous process.  The EDT model was used in the watershed analysis to assist in determining the 
appropriate sites for future restoration activities, while understanding that data collected through this 
project were needed to help further refine the EDT model for the basin. 
 
This report summarizes progress and results for the following major objectives under this contract: 
 

1. Monitoring and Evaluation- to assess current habitat conditions, limiting factors and status of 
salmonid populations in the subbasin, including juvenile fish abundance, distribution, 
movement, habitat use, life history, growth, survival to adulthood and adult distribution, 
relative abundance, and spawning behavior, e.g. kelting 
 

2. EDT modeling- to evaluate habitat quality and identify areas with high potential for habitat 
restoration  

 
3. Genetics- to determine the genetic composition of resident trout and steelhead (O. mykiss) 

population, and to compare genetic samples for heterogeneity within the subbasin 
 
4. Revegetation- Riparian re-vegetation along stream corridor to increase stream shading and 

lower stream temperatures 
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Description of Project Area – Rock Creek subbasin 
  
The Rock Creek subbasin encompasses an area of approximately 223 square miles of southeastern 
Washington.  Rock Creek joins the Columbia River at river mile (RM) 230 (river kilometer or (RKM) 
370), approximately 12 miles (19.2 kilometers) upstream of John Day Dam (Figure 1).  From its 
headwaters in the Simcoe Mountains, Rock Creek flows in a southerly to southeasterly direction to the 
Columbia River.  Elevations range from 200 feet at the confluence of Rock Creek and the Columbia River 
to over 3200 feet in the Simcoe Mountains.  Major tributaries to Rock Creek include Quartz Creek, 
Badger Creek, Luna Creek, Harrison Creek, and Squaw Creek.   
 
Rock Creek and its tributaries originate on a plateau which transitions from coniferous forest to shrub-
steppe; land use in the uplands is managed forest, grazing, and some rural residential.  The uplands are 
also seeing increased wind power development.  From the plateau, the stream enters steep-walled canyons 
where the channel becomes confined.  Land cover in the canyon ranges from coniferous forest to mixed 
conifer-deciduous forest.  Downstream of the canyons, streams enter alluvial valleys where channels 
transition from moderately confined to unconfined channels.  The predominant land use activity within 
the alluvial valley and on the adjacent terrace slopes is cattle grazing.   
 
Rock Creek currently supports fall Chinook (Oncorhynchus tshawytscha) and coho (O. kisutch) salmon, 
summer steelhead (O. mykiss), resident rainbow trout (O. mykiss), and other native and introduced fish 
species.  Non-native species are primarily found in the lower reaches of the subbasin. Rock Creek 
steelhead are part of the Middle Columbia River Steelhead Distinct Population Segment (DPS), listed as 
“threatened” under the Endangered Species Act (ESA), originally listed as part of the Middle Columbia 
River steelhead Evolutionarily Significant Unit (ESU) on March 25, 1999.  The lowest 2.5 river miles of 
Rock Creek contain essential spawning habitat for coho and fall Chinook populations during the fall and 
winter months.  Juvenile steelhead, coho, fall Chinook, and resident rainbow trout rear in Rock Creek and 
its tributaries throughout the year. 
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Figure 1.  Rock Creek subbasin in southeastern Washington. 
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1.  Monitoring & Evaluation 
 
Overall Objective:  Gather baseline environmental and biological data throughout the subbasin to 
understand the current conditions of native salmonids and associated habitat conditions.  This fish and 
habitat assessment is the first to be conducted throughout the entire Rock Creek subbasin.  Monitoring 
and evaluation allows for continuous assessment of fish and habitat conditions and for identification of 
possible restoration project opportunities. 
 
Task 1.a Spawning ground surveys (redd counts) and scale collection 
 
Objective:  Redd counts and spawner surveys were employed to monitor spatial and temporal redd 
distribution of fall Chinook, coho, and steelhead, and to collect biological data from carcasses.  Spawning 
ground surveys provide a means of monitoring annual adult escapement as well as spawner distribution.   
 
Methods:  Regular foot and one-man pontoon surveys were conducted within the known geographic 
range for each target species.  Individual redds were counted and their locations recorded using handheld 
Global Positioning System (GPS) units.  Counts of live fish and carcasses were also recorded.  Carcasses 
were examined to determine sex, egg/milt retention (percent spawned), and presence of Coded Wire Tags 
(CWT) or external experimental marks.  Attempts were made to cover the entire known spawning range 
of each species, although for steelhead some gaps in survey coverage exist.  Stream reaches were 
surveyed multiple times during the spawning seasons, with most reaches receiving at least 2-3 passes, 
conducted approximately two weeks apart in each reach.  Subsequent survey passes generally continued 
in each reach until no live spawners were observed.  Methods generally followed those of Gallagher et al. 
(2007).  Scale samples were also taken from carcasses using methods outlined in Crawford et al. (2007).   
 
Fall Chinook surveys were conducted from mid-October through mid-December; coho surveys were 
conducted from late October through late February; steelhead surveys began in January and continued 
through late May.  The lower reaches of Rock Creek have intermittent flow and no connectivity during 
the summer and early fall months: fall Chinook and coho spawning habitat availability is limited to years 
when there is actual instream flow during the spawning season.      
 
Results:  Spawner survey results are discussed below.  Figure 2 exhibits the observed 2010 redd 
distribution for fall Chinook and Figure 3 exhibits the 2011 steelhead redd distributions.  A tabular 
summary of spawning ground survey results by species is presented in Appendix A. 
 
Fall Chinook 
 
Fall Chinook surveys were conducted from early November through late December, covering  
approximately 2.5 river miles during the 2009 and 2010 spawning seasons.  Fall Chinook spawning 
activity was observed between RM 1 and RM 2.5.  The majority of observed spawning occurs adjacent to 
the Rock Creek Lake (Army Corps Park) near the mouth of Rock Creek.  For the 2009 fall and winter 
months there were no redds, live adults, or carcasses found in the 2.5 mile reach.  There was insufficient 
instream flow and connectivity to allow fish passage upstream of the mouth of Rock Creek.  For the 2010 
spawning season, 2 live adults, 2 carcasses and six redds were observed and recorded. 
 
Coho 
 
Coho surveys were conducted between November and January, covering nearly 2.5 river miles.  The 
majority of observed spawning occurs from RM 1 to RM 2.5.  For the 2009 - 2010 spawning season, no 
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coho redds, no carcasses and one live adult were located and recorded within the spawning reach.  During 
the 2010- 2011 spawning season there was a total of 3 live adults, 2 redds, and 1 carcass.    
 

 
 
Figure 2.  Rock Creek fall Chinook spawning vicinity map 2010.   
 

Observed fall 
chinook spawning 
only in lower Rock 
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Steelhead 
 
Steelhead surveys were conducted between January and May, covering approximately 26.77 miles with 
between 2–3 passes at each survey reach.  Survey reach lengths varied based on accessibility and consent 
to cross private land.  Spawning surveys were conducted in the mainstem Rock Creek (RM 1- RM 20.08), 
Squaw Creek (RM 0- RM 5), Luna Gulch (RM 0 –RM .5), and Badger Gulch (RM 0 – RM .5).  High 
spring flows and turbidity often limited the timing and safe access to survey reaches.  Steelhead spawning 
is widespread through the lower to mid reaches of Rock Creek and Squaw Creek.  A total of 127 redds, 
104 live adults, and 3 carcasses were enumerated during the 2010 spawning season.   A total of 287 redds, 
154 live adults, and 2 carcasses were enumerated during the 2011 spawning season.   The majority of 
steelhead redds were observed and documented in mainstem Rock Creek from RM 1- RM 13.5 and in 
Squaw Creek from RM 0 – RM 5.5.  We attempted to cover the entire steelhead spawning range (80% 
coverage) in the subbasin in the 2011 spawning season.   
 

   
 
Figure 3.  Rock Creek steelhead redd distribution map for 2010 and 2011.  
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Task 1.b Juvenile anadromous and resident salmonid population survey and scale collection 
 
Objective:  Gather baseline information to determine juvenile anadromous and resident salmonid spatial 
distribution and relative abundance throughout the basin. 
 
Methods:  Fish distribution, relative abundance, length frequency, weights, and population density were 
determined from backpack electrofishing data.  We used a stratified, randomized systematic sampling 
design. Habitat surveys were conducted prior to electrofishing to measure the length, width, and depth of 
pools and non-pools in all anadromous fish-bearing reaches for which we had landowner permission and 
access.  Electrofishing was stratified to pools only (most riffles were too shallow to sample in the fall 
when temperatures were appropriate for electrofishing). We randomly selected the starting pool and 
systematically electrofished every third subsequent pool greater than 70 cm in maximum depth.  Fish 
sampling consisted of single-pass electrofishing up and back within each pool. In future sampling in the 
fall, we will conduct mark-recapture population estimates in a randomly selected subset of these pools.  
Captured fish were transferred into a 5-gallon bucket holding stream water until processed.  Fish were 
anesthetized with Tricane Methane Sulphonate (MS-222) prior to data collection.  Fish identification, 
weight and length were recorded from sampled fish. All trout greater than 70 mm fork length were PIT-
tagged as described in Task 1.c.  All fish species’ presence and relative abundance were noted during the 
electrofishing surveys to get an understanding of fish biodiversity and distribution in the subbasin.  Staff 
from USGS Columbia River Research Laboratory assisted with this work. 
 
Results:  In the fall of 2009, a total of 36 pools were sampled over about 29 kilometers of stream to 
understand fish distribution, distribute PIT-tags in juvenile trout within the watershed, and assess habitat 
and access conditions for the following years population estimates.  In the spring of 2010, we 
electrofished randomly selected pools, and we began conducting mark-recapture population estimates in a 
subset of those pools.  Unfortunately, an unusually strong thunderstorm occurred overnight when we had 
blocknets installed for two-day mark recapture estimates, resulting in an expected increase in stream 
flows, and O. mykiss fry were impinged on the nets.  This event caused us to exceed our NOAA Section 
10 Take Permit for allowable take and all fish sampling ceased until the following year.  For juvenile 
salmonid sampling seasons in 2011 and out-year’s, we were covered under a new NOAA take permit 
which allowed for additional handling of O. mykiss fry since they were so abundant during our 2010 
spring sampling efforts.   In 2011, population estimates were not conducted in the spring to avoid any 
unintended fish mortalities, but electrofishing for fish distribution and PIT tag distribution occurred 
during June 2011 in pools scheduled for population estimates in the fall.  This was intended to evaluate 
over summer survival and growth in these selected pools.  Petersen mark-recapture population estimates 
were conducted in eight pools in Rock Creek and four pools in Squaw Creek during the fall 2011.   

We found a total of nine species of fish during our sampling in 2009 through 2011: steelhead/rainbow 
trout (O. mykiss), coho salmon (O. kisutch), shorthead sculpin (Cottus confusus), speckled dace 
(Rhinichthys osculus), redside shiner (Richardsonius balteatus), bridgelip suckers (Catostomus 
columbianus), northern pikeminnow (Ptychocheilus oregonensis), smallmouth bass (Micropterus 
dolomieu), and brown bullhead (Ameiurus nebulosus). 

In 2009, rainbow trout were rare in Rock Creek downstream of the Squaw Creek confluence (RKM 13), 
with only 4 individuals captured.  However, sampling during 2009 occurred only in the fall after much of 
Rock Creek had become intermittent. Rainbow trout were common and even abundant upstream of rkm 
13 and in Squaw Creek during 2009.  We found rainbow trout to be abundant throughout all areas 
sampled in Rock and Squaw creeks in the spring of 2010 and both spring and fall of 2011.  This indicates 
that additional years of study are needed to understand the extent of salmonid mortality in Rock Creek 
below RKM 8.  
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Age-0 and age 1+ rainbow trout/ steelhead were found in all pools sampled in Rock Creek (RKM 2 – 
RKM 21) and Squaw Creek (RKM 2 – RKM 8) in spring 2010.  We conducted no electrofishing surveys 
upstream of RKM 21, although we observed abundant rainbow trout in that area during visual surveys.    
Age-0 rainbow trout densities were more concentrated in mid to higher reaches of Rock Creek (Figure 4).  
There did not seem to be a particular pattern in Squaw Creek with a higher density only in RKM 4.  
 
In 2009, juvenile coho were present in only 2 (RKM 6.9 and RKM 15.3) of 36 pools sampled.  During the 
spring of 2010, coho were found in 7 of the 31 pools sampled, but were not abundant. We found only 12 
juvenile coho individuals compared to over 950 rainbow trout.  In 2011, we found coho in all but two of 
the 39 pools sampled throughout Rock and Squaw creeks.  They were also far more abundant than in 
previous years. We found 2,002 coho individuals compared to 3,325 rainbow trout.  In contrast to the 
previous years, coho were found in nearly every pool in 2011. The results for population estimates are 
displayed in the figures below (Figure 5). 
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Figure 4. Population estimates of Rainbow trout/steelhead during fall of 2011 in Rock and Squaw creeks,  
                 Washington
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Figure 5. Population estimates of coho salmon during the fall 2011 in Rock and Squaw creeks,                             
                Washington. 
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Task 1.c Juvenile steelhead PIT-tagging and United States Geological Survey (USGS)      
collaborative research 
 
Objective:  Monitor juvenile steelhead movement within Rock Creek and its tributary streams.  
Additional benefits include monitoring movements through Columbia River dams and estimation of 
outmigrant survival and smolt-to-adult returns.  Maintain two instream multiplexing PIT-tag units at two 
sites located in Rock Creek and Squaw Creek (Figure 6). 
 
Methods:  In order to track movements, growth, and other life history attributes of juvenile steelhead, we 
PIT-tagged O. mykiss over 70-mm fork length captured during our stream surveys as described in Task 
1.b, up to 1200 fish per year.  This project is the first to conduct in-depth fish population surveys in the 
Rock Creek subbasin.  The ISO FDX-B, 134.2 kHz (12 mm) PIT tags were used to detect fish movement 
at the remote instream PIT-tag readers in Rock Creek.   Fish tagged in 2009 through 2011 during our 
electrofishing surveys and recaptured provide growth and movement information.  Tagged fish that 
migrate downstream and exhibit a potadromous or anadromous life history can be detected at Columbia 
River mainstem dams as well as in the estuary. All PIT-tag data were entered in the PTAGIS database, 
which is maintained by Pacific States Marine Fisheries Commission. PIT-tagged fish returning as adults 
can be detected at mainstem dams.  The two remote instream PIT-tag readers installed in Rock Creek in 
fall of 2009 were able to detect the movement of adult steelhead into and out of Rock Creek including 
adult steelhead as strays, as pre-spawn adults, and as post-spawn kelts.  The PIT-tag interrogation systems 
(PTIS) installed by USGS and maintained by the Yakama Nation are able to detect the timing and 
movement of juvenile and adult PIT tagged steelhead into the Columbia River and Rock Creek watershed. 
 
Results:  We PIT tagged a total of 208 juvenile O. mykiss in the spring of 2011.  Most fish with fork 
lengths greater than 70-mm were collected from stratified reaches in Rock Creek between RKM 2 
through RKM 17, and Squaw Creek RKM 0 through RKM 8.  We did not meet our 1200 PIT tagged fish 
goal because of the juvenile mortality incident in 2010.  It took approximately ten months to reapply for a 
new NOAA Section 4(d) Endangered Species Act Take Permit to continue the fish population surveys 
and PIT-tagging.  Further PIT-tagging and analysis of PTIS detections will allow us to determine the 
primary areas of smolt productivity, which will aid in prioritizing areas for restoration and/or 
preservation. 
   

Adult steelhead detections August 2009 to June 2011  

From August 2009 to June 2011, a total of 23 adult steelhead PIT-tagged by other agencies were detected 
spending a portion of their life history or spawning in Rock Creek.  Eleven fish were tagged as juveniles 
at Lower Granite Dam and transported by barge, indicating that the highest proportion of stray steelhead 
using Rock Creek were barged.  Five fish were tagged and released from hatcheries in Idaho, one at the 
Hagerman Hatchery, one at the Irrigon Hatchery, one at Clearwater Hatchery, and two at the Magic 
Valley Hatchery.  One fish was tagged in Trout Creek, a tributary of the Deschutes River.  Six of the 23 
steelhead were tagged as adults at the Bonneville Dam adult fish facility and had unknown juvenile 
rearing locations.  Eight of the 23 fish were of hatchery origin; the other 15 fish were of wild origin. 
Nineteen of the 23 steelhead (83%) were detected about 100 km upriver of Rock Creek at the McNary 
Dam adult fish ladder prior to traveling into Rock Creek.  The adult steelhead entered Rock Creek 
beginning in January, with most entering in March and the last one entering on April 12, 2011.  Twelve of 
the 23 fish traveled and likely spawned, upstream of the Squaw Creek interrogation system.  Much more 
of this information will be available as the fish we tagged as juveniles begin to return as adults. 
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Figure 6.  Locations of PIT-tag interrogation systems (PTIS) in Rock Creek subbasin. 
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Task 1.d Sediment Monitoring   
 
Objective:  To monitor sediment and substrate conditions at selected sites in the Rock Creek subbasin.   
 
Methods:  Surface substrate was sampled at two spawning sites in mainstem Rock Creek and one in 
Squaw Creek in 2009 and 2010.  The first site is of particular interest for continuous monitoring due to 
the Klickitat County 2009 bridge replacement project at the Bickleton Bridge crossing.  The second site is 
near the Rock Creek confluence where there has been observed fall Chinook, coho, and steelhead 
spawning in recent years.  The third site is located in Squaw Creek within primary steelhead spawning 
habitat.  Data collected is represented in Appendix B.   
 
Wolman pebble count methodologies were used to conduct the sampling.  Each pebble count used a 
systematic method of sampling material on the surface of the streambed and was used to develop a 
particle size distribution.  Each measured particle represented a portion of the streambed covered by 
particles of a certain size, and not the percent by volume or weight.  The procedure required an observer 
with a metric ruler or gravelometer to wade the stream and a second person to take notes.  Particles were 
tallied using size classes that are either grouped or further refined using Wentworth size classes. 
Basically, size doubles with each class or smaller class; intervals are based on ½ phi values.  The latter 
classes were generally used when detailed particle size data were needed.   
  
To conduct the Wolman count, personnel selected a transect perpendicular to the stream in a scour pool 
tail-out or in a low-gradient riffle.  At a minimum, one transect per habitat unit and/ or ten transects per 
stream segment are required.  Starting at the bankfull stage mark, steps were made along the transect and 
the first particle encountered when placed in front of the sampler’s toe was sampled.  Each particle was 
measured at the intermediate axis with a metric ruler.  For each transect, the particle counts for each size 
class are recorded on the Substrate Field Data Form.   
 
The numbers generated from the Wolman pebble counts created a characterization of the composition of 
the streambed at one particular point in time at three observed spawning reaches.  The composition of the 
streambed represented characteristics of the stream such as effects of flooding, sedimentation, or other 
physical impacts to the stream.  The Wolman pebble count method is a tried and tested method for 
measuring sediment size on the bed surface.   
 
Results:  This year (2010) was the third year of monitoring, and future pebble counts will be conducted in 
additional reaches of Rock Creek to collect substrate attribute data to for the EDT model in 2011-2013.  
Summaries for each pebble count site are presented in Appendix B (Table B1 – Table B3).  The results of 
the pebble count data collected during the two-year comparison monitoring effort at three spawning 
locations in the subbasin indicate the average substrate type for the Army Corps Park site was the coarse 
gravel type.  The average substrate type found at both the Bickleton Bridge and the Squaw Creek sites, 
both located higher in the subbasin, was small cobble for both study years 2008 - 2010.  The Army Corps 
Park site had a higher evidence of sand and sediments in 2009 than in the 2010 sampling season.  The 
three-year comparisons for the Army Corps Park and Squaw Creek site indicate that there was a lower 
percentage of sands and fine sediments in 2009 than in 2010.  Contingency table p-values for all three 
particle size criteria are less than 0.05 indicating there is a significant difference in fine sediment between 
the 2009 reference site and the 2010 study at the Squaw Creek and Bickleton Bridge site. The Army 
Corps of Engineers Park site indicated that only the 4mm particle size criterion was at 0.05, thus 
indicating that there is no significant difference between 2009 and 2010.  
 
 
Task 1.e Temperature and water quality monitoring 
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Objective:  Monitor stream temperature and water quality at selected sites on a seasonal basis to 
characterize the chemical and physical conditions of the subbasin at key locations. 
 
Methods:  Water temperature was monitored at ten sites throughout mainstem Rock Creek and its 
tributaries (Squaw, Harrison, Luna, Badger, and Quartz creeks).  Water temperature measurements were 
taken at 30-minute increments using Onset Corporation Hobo temperature probes.  Air temperature was 
monitored at three locations in the subbasin with the Hobo temperature probes.  Basic water quality 
parameter measurements were recorded seasonally at eight sites (3 – 10 times per year).  Water quality 
measurements were taken using aYSI-85 water quality meter.  Parameters collected included dissolved 
oxygen, conductivity, turbidity and pH.  During the summer of 2010 (July – September), an additional 18 
Hobo temperature probes were placed into the electrofished pools where fish population surveys were 
conducted (Table 1). 
 
Results:  Summaries of water and air temperature data for each location are presented in Appendix C 
(Table C1).  These summaries include (for each month during the reporting period):  the number of days 
during which temperature was recorded; the number of times the daily minimum temperature was less 
than 0.5°C and 4.4°C; the number of times the daily average temperature was less than 0.5°C and 4.4°C; 
the number of times the daily maximum temperature was greater than 23°C and 24°C; the number of 
times the 7-day average daily maximum temperature was greater than 12°C, 16°C, 17.5°C, 18°C, and 
22°C (the 7-day average daily maximum was calculated by averaging the daily maximum temperatures 
across the time period that started 3 days prior to and ended 3 days after a given day); the monthly 1-day 
maximum temperature (the highest instantaneous temperature recorded in a given month); the monthly 1-
day maximum range (the largest daily range in temperature recorded during a given month); and the 
monthly average daily range (the average daily range in temperature recorded during a given month). 
 
Water quality and temperature data were incorporated into the EDT Stream Reach Editor.  Water quality 
measurements were conditional on the presence of actual instream flow.  Sections of Rock Creek and its 
tributaries turn intermittent during the warmer summer months; groundwater-fed pools are distributed 
throughout the subbasin.  Water quality was not recorded if there was no instream flow at the time of 
monthly site visit.    
  
Water temperature was collected at 18 additional locations in Rock and Squaw Creek during July-
September of 2010.  These are the same locations where population estimates of salmonids occurred.  
This additional temperature monitoring aided in understanding how temperature affects fish distribution 
and population abundance in individual pools.  A 16°C limit for surface water has been set by the 
Washington Department of Ecology as in indicator of stream health for salmonid habitat and a 20°C limit 
for non-salmonid habitat (Washington Department of Ecology, Chapter 173-201A, Water Quality 
Standards for the Surface Waters of the State of Washington).  We recorded water temperatures that 
exceeded 16°C at all of the sites in 2010.  Water temperature at 9 of 18 sites exceeded 20°C (Table 1).  
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Table 1.  Number of days per year when maximum water temperature exceeded 16° and 20°C, and 
maximum water temperature recorded at locations in Rock Creek, July-September 2010.  Data are from 
Onset Corporation’s Stow Away and Tidbit temperature loggers. Sites are listed from downstream to 
upstream.   
 

 
  

 Number of days 
> 16 

Number of days 
>20 Maximum 

  RKM 2010 2010 2010 
Rock 
Creek 

    

  11 81 45 23.8 
  13 85 0 18.9 
  14.2 86 18 21.2 
  16.9 92 0 18.2 
  18.7 59 2 21.0 
  18.8 46 1 21.5 
  25.7 29 0 19.8 
  27.1 36 0 18.2 
  27.5 38 0 18.1 
Squaw Creek     
  0.7 31 21 21.7 
  1.3 62 0 18.9 
  1.8 27 5 23.5 
  2.2 59 0 17.9 
  7.3 52 0 18.9 
  7.7 36 0 16.9 
Quartz Creek     
  0 45 1 20.2 
  0.5 50 6 20.8 
  0.6 53 11 20.9 
      

 
 
Task 1.f   Habitat assessment 
 
Objective: The purpose of assessing habitat is to characterize the present state and processes that create 
and maintain it so that appropriate restoration options and obstacles can be identified and prioritized.     
 
Methods: Rock Creek and its tributaries were stratified into reaches using a USGS topographical map 
(1:24,000) and stream geomorphologic features (e.g. gradient, channel confinement, and tributary 
confluences).  Habitat surveys were conducted on 15 stream reaches throughout the subbasin using EDT 
methodologies.  Each habitat survey reach assesses similar geomorphic characteristics throughout, such as 
pattern, slope, confinement, or sediment size.  The information collected for each survey section included 
width measurements at wetted channel and ordinary high watermark; habitat type frequency and length; 
large woody debris and log jam counts; confinement; riparian function; and embeddedness observations 
(Murphy & Willis, 1996); (Harrelson et al., 1994). 
 
Habitat types were divided into seven categories: primary pool, large cobble riffle, small cobble riffle, 
pool tailout, glide, off-channel habitat, or side channel.  Large woody debris information was also 
included in the habitat surveys such as enumeration of wood pieces in the stream channel and tally of logs 
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in log jams.  Riparian function attributes and condition were also documented for each surveyed stream 
reach.     
  
Results:  Habitat data were input into the Rock Creek EDT model.  Original habitat survey data (2008-
2010) are stored in the EDT Access database.  Habitat surveys will continue to be conducted for two more 
years (2011-2012) and the data incorporated into the EDT model.  Model results are discussed in 
Appendix D.   
 
   
Task 1.g  Pathogen Sampling 
 
Objective:  Document pathogen presence and severity within the watershed.  A sub-sample of fish 
captured during population studies and all fish incidentally killed during sampling for distribution and 
abundance will be put on ice and delivered to the U.S. Fish and Wildlife Service’s Lower Columbia River 
Fish Health Center (LCRFHC) which will provide a thorough disease profile as part of the U.S Fish and 
Wildlife Service’s National Wild Fish Health Survey.  An approximate total of 60 samples of steelhead 
and 20-60 samples of other resident species were collected from the mainstem Rock Creek and Squaw 
Creek site locations including three survey sites in lower, middle, and upper reaches of mainstem Rock 
Creek. A baseline data set describing existing levels of pathogens in the watershed’s salmonids will be 
uploaded to National Wild Fish Health Survey database http://www.fws.gov/wildfishsurvey to 
contribute to the development of a disease profile.  The USFWS  LCRFHC conduct pathogen analysis 
following the National Wild Fish Health Survey - Laboratory Procedures (Heil, 2009). 
 
Methods:  No samples were collected for pathogen analysis of Rock Creek juvenile steelhead/rainbow 
trout and other resident species.    
 
Results:  A USFWS pathogen analysis was not performed this year because during our spring juvenile 
population survey season we unexpectedly exceeded our NOAA Section 10 Take Permit for ESA-listed 
“threatened” Middle Columbia River Steelhead.  During the 2011 contract year we plan to continue 
sending a sub-sample of fish captured during our juvenile population surveys to the USFWS Fish Health 
Center.   
 
During fish surveys in 2009, 2010, and 2011, USGS and YN personnel detected  blackspot (Uvulifer 
ambloplitis) and copepods (Salmincola californiensis) on juvenile steelhead and juvenile coho in the 
field. 
 
 
2.  EDT Modeling 
 
Overall Objective: The Ecosystem Diagnosis and Treatment (EDT) model was utilized in this fish and 
habitat assessment to compare the historical and current habitat conditions of Rock Creek and its 
tributaries.  The EDT model was applied to understand the effects of environmental attributes on each life 
history stage of each species to guide protection strategies and restoration measures consistent with the   
Rock Creek Steelhead DPS Recovery Plan.  
 
Task 2.a EDT Database and modeling 
 
Objective: The project’s goals include establishing baseline data for watershed and habitat conditions in 
Rock Creek to prioritize sites for restoration.  Data were collected, compiled, analyzed, and put into the 
EDT model.  Historic watershed conditions were also researched and incorporated into the EDT model.  

http://www.fws.gov/wildfishsurvey�
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EDT modeling assessed the Rock Creek watershed and field investigations were conducted to assess the 
impact and magnitude of past land use activities, as well as identifying restoration opportunities and their 
potential benefits.    
 
Methods:  Stream reaches were delineated based on the geomorphic channel classification system 
according to characteristics such as stream gradient, confinement, channel morphology, bed material, and 
bedform pattern (Montgomery & Buffington, 1998).  Environmental and biological attribute data was 
collected in fifteen geomorphic reaches throughout the subbasin.  Data was compiled, analyzed, and put 
into the EDT model.  Historic watershed conditions were researched (e.g. GLO maps, air photos, flow 
data) and incorporated into the EDT model.  All data were evaluated and incorporated into the EDT 
Stream Reach Editor Access database.  Model iterations and baseline reports were received from the 
Jones and Stokes EDT website http://www.edt.icfi.com/edt/. 
 
Results:  Baseline reports were created from the online EDT website.  A baseline report for steelhead was 
generated and broken into four sections.  The first report gave a graphical view of the reach with percent 
potential change in abundance, productivity, and diversity index for both degradation and restoration of 
each reach.  The second report illustrated effects to compare each EDT stream reach with environmental 
attributes modeling various protection and restoration strategies (e.g. protection and restoration benefits).  
The third report illustrated effects on each life history stage by species under the current state of 
environmental attributes (e.g. channel stability, flow, food, harassment).  The fourth report represented a 
reach-by-reach analysis of overall restoration or preservation benefit for each life history trajectory and 
productivity change.  EDT model results for steelhead are included in Appendix D.  All baseline reports 
will be used in the evaluation process of future restoration projects in Rock Creek and its tributaries.  A 
list of potential key restoration and protection projects from the resultant EDT baseline reports was 
created for the Rock Creek subbasin.    
 
The NMFS Middle Columbia Steelhead Recovery Plan and NPCC Rock Creek Subbasin Plan goals and 
objectives were also considered in the process of creating the priority list.  Overall, EDT modeling 
assisted in subbasin and field investigations to further identify cumulative impacts and the magnitude of 
past land use activities.  The EDT model will continue to be updated as additional information is 
incorporated.  
 
A list of restoration and protection projects to benefit anadromous and resident fish species in the Rock 
Creek subbasin is shown in Table 2.  Locations identified by the EDT model for restoration efforts are 
listed.  In 2007 – 2008, the US Fish and Wildlife Service funded a riparian planting and cattle exclusion 
fence construction project in cooperation with Yakama Nation.  In 2008- 2010, additional riparian 
planting of native tree species and invasive weed removal was continued to expand the riparian re-
vegetation in Rock Creek between RM 4 – RM 6.   
 
Restoration of degraded upland processes and floodplain function and channel migration processes have 
not begun.  Additional assessment needs to be conducted and funding research pursued to locate specific 
sites for restoration projects.  During the 2012 – 2013 field season, a companion study is being led by 
Yakama Nation in cooperation with the Eastern Klickitat Conservation District to assess geomorphic 
conditions and refine future project development for identified restoration sites in the subbasin. 
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Table 2.  Implementation status of prioritized list of restoration and protection projects in Rock Creek. 
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3.  Genetics  
 
Overall objective:  Utilize genetic techniques to determine the genetic population structure of Rock 
Creek steelhead trout.  These analyses will be coupled with genetic sampling in adjacent subbasins and 
will aid in understanding genetic similarities and differences with other populations in the Columbia 
River Basin.  Genetic sampling and analysis will also determine the extent to which unmarked hatchery 
steelhead stray into the subbasin. 
 
Task 3.a Genetic sample collection, data synthesis and analysis 
 
Objective:  Compare genetic samples collected from fish population sampling sites for heterogeneity and 
population differences within the subbasin.   
 
Methods:  In 2009, samples were collected from a total of seven sampling sites in the Rock Creek 
mainstem and in Squaw Creek.  A total of 59 genetic samples were collected: 30 samples were collected 
in Squaw Creek and 29 samples were collected from mainstem Rock Creek.  In 2010 - 2011, a stratified 
approach was used during sampling and an additional 100 samples were submitted to the geneticists for 
analysis.  Samples were collected from a total of 20 sites in Rock Creek (RKM 1- RKM 35), Squaw 
Creek (RKM 0 – RKM 8), and one site in Luna Creek (RKM 0.1).  Tissue samples (fin clips) from a sub-
sample of juvenile steelhead captured during electrofishing were removed and preserved (95% ethanol) 
for genetic analysis.   
 
Results:  In this evaluation the geneticists characterized the juvenile steelhead trout by using two, 96-SNP 
panels developed by Columbia River Inter-Tribal Fish Commission (CRITFC).   A total of 155 samples 
were submitted to the CRITFC Hagerman (Idaho) Genetics Lab.   Genomic DNA was extracted from 
digested tissue samples using a standard Qiagen® DNeasy™ protocol and descriptive statistics including 
allele frequencies using the analysis program GenAlEx version 6.2.  A genetic stock identification (GSI) 
analysis was conducted in order to ascertain the probable orgin/s of the sampled Rock Creek and Squaw 
Creek population.   
 
The results of the genetic analysis indicated genetic similarity between collections of juvenile O. mykiss 
within the Rock Creek watershed (including Squaw Creek tributary) and Snake River stocks.  Other 
studies suggest a relatively high stray rate within middle Columbia River tributaries including the 
Klickitat River and Deschutes River (Matala 2012).  A detailed genetics report is included in Appendix E. 
 
 
4.  Revegetation 
 
Overall objective: Plant native trees in Rock Creek riparian zones.  Native trees and shrubs include alder 
(Alnus spp.), black cottonwood (Populus trichocarpa), ponderosa pine (Pinus ponderosa), red-osier 
dogwood (Cornus stolonifera), chokecherry (Prunus virginiana) and coyote willow (Salix exigua).  All of 
the chosen plant species are native to the Rock Creek watershed, and these plantings will increase the 
vegetative diversity of the area.  The riparian plantings will aid in protecting streambanks, reducing bank 
erosion, providing habitat complexity, and decreasing surface water temperatures through increased 
riparian cover.    
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Task 4.a Tree planting and weed removal  
 
Objective:  Identify key sites for revegetation from an evaluation of orthophotos, topographic maps and 
site visits.  Locate willow stands for future cutting collection.  Prepare planting sites prior to planting, and 
plant trees.  Manually remove invasive weeds within the tree-planting locations and dispose of weeds. 
 
Methods:  Site visits were conducted throughout the Rock Creek subbasin to identify native vegetation in 
various riparian zones.  Large and healthy willow bunches were identified for future willow-cutting sites. 
The Rock Creek subbasin turns intermittent through the summer months and sufficient soil moisture is 
essential for the survival and growth of the trees.  Topographic maps were used to identify where springs 
and groundwater may be available to support tree plantings, and revegetation sites were chosen based on 
their proximity to these sites and soil moisture.  Site preparation was conducted prior to tree planting with 
brush and debris clearing.  Trees were planted during the early spring months (late February and early 
March) when the soil was saturated to allow for root establishment and growth.  Weed mats were tacked 
onto the earth below the trees with pins.   Star thistle, bull thistle, and other invasive weeds were hand 
removed from tree planting sites and areas nearby to prevent encroachment. 
 
Results:  200 live-stake willow cuttings and 150 rooted trees were planted along 2.0 riparian acres of 
Rock Creek (between RM 3.5 and RM 4).  Hand watering each plant once a week during the summer 
sustained them until the fall rains.  Weeds were controlled over a total of 2 riparian acres including some 
hand removal in upland areas to discourage encroachment into planting sites. There was approximately 
50% survival of total trees and shrubs planted in the riparian area. 
 
Task 4.b Willow nursery   
 
Objective:  Create nursery of native willow cuttings (coyote willow, Salix exigua) collected from Rock 
Creek to plant in containers for future planting opportunities in Rock Creek.  The objective is to plant 
native willows, from Rock Creek, adapted to local conditions, from Rock Creek at sites throughout the 
subbasin.  From previous year’s experience, the coyote willow had higher survival in the nursery (from 
live cutting to root and stem development) than through live stake plantings. 
 
Methods:  Two hundred willow cuttings were collected from three sites for growing in containers.  
Coyote willow was collected from large, healthy bunches.  Willows were taken back to the nursery and 
soaked in water for two weeks.  A nursery was constructed to house the containerized willows.  Rooted 
willow cuttings were planted in the containers and watered 2-3 times per week. 
 
Results:  Two hundred willows were planted in the nursery with a 65% survival rate.  The willows that 
survived will be planted in the spring of 2011.  Willows are watered 2-3 times per week during the warm 
summer months.  During the spring of 2011, additional willow cutting will be collected and planted in the 
nursery for future revegetation purposes.       
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5.  Appendices 
 
Appenidix A.  Spawning ground survey results for fall Chinook, coho and steelhead 
 
Table A1. Fall Chinook spawning survey tabular data. 
 

 
 
Table A2. Coho spawning survey tabular data. 
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Table A3. Steelhead spawning survey tabular data. 
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Appendix B.  Sediment sampling data from 2009 -2010  
 
Table B1.  Army Corps of Engineers Park of lower Rock Creek (RM 2) tabular data. 
 

Reference (2009) and study (2010) particle size comparisons (2mm, 4mm, 8mm) 
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Table B2.  Bickleton Bridge (Bridge Replacement Site) of Rock Creek (RM 13) tabular data. 
 

Reference (2009) and study (2010) particle size comparisons (2mm, 4mm, 8mm) 
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Table B3.  Squaw Creek (RM 1) tabular data. 
 

Reference (2009) and study (2010) particle size comparisons (2mm, 4mm, 8mm) 
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Appendix C.  Temperature monitoring  
 

 
 
Figure C1.  Air/water temperature and water quality monitoring sites in Rock Creek  
                     subbasin 2010. 
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Table C1.  Monthly stream and air temperature summaries from 13 sites (10 stream sites, 3 air sites) in the Rock Creek subbasin for the reporting 
period (6/1/2010 – 5/31/2011).  All temperatures and ranges in degree Celsius.  “—“ indicates no data.  See description under Temperature 
monitoring section in the narrative for an explanation of metrics used.   

 
Monthly Temperature Summaries (degrees C)  
Army Corps Park Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 June 30 0 0 0 0 2 0 30 30 30 29 4 23.8 6.8 5.0 
 July 31 0 0 0 0 23 16 31 31 31 31 28 25.6 7.2 5.6 
 August 31 0 0 0 0 10 5 31 31 31 31 18 24.6 5.5 3.8 
 September 30 0 0 0 0 0 0 30 30 30 30 0 21.4 5.1 3.5 
 October 31 0 0 0 0 0 0 31 9 3 2 0 19.8 4.6 2.2 
 November 30 0 2 0 1 0 0 9 0 0 0 0 16.4 2.4 1.5 
 December 31 0 10 0 7 0 0 0 0 0 0 0 7.4 2.7 1.0 

 
 
Army Corps Park Water Temperature 

 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 January 5 2 5 0 5 1 1 0 0 0 0 0 24.5 26.7 7.8 
 February 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 March 31 0 4 0 0 1 1 0 0 0 0 0 25.4 20.0 3.3 
 April 30 0 0 0 0 0 0 8 0 0 0 0 14.1 6.5 4.3 
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Bickleton Bridge Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max     Monthly  1- Monthly - 1 Day Monthly Avg 
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range    Daily Range 
 June 30 0 0 0 0 0 0 30 10 4 1 0 18.9 4.2 2.9 
 July 31 0 0 0 0 0 0 31 31 26 25 0 21.3 4.4 3.5 
 August 31 0 0 0 0 0 0 31 31 29 28 0 21.1 3.6 2.9 
 September 30 0 0 0 0 0 0 30 29 3 0 0 18.6 3.1 2.3 
 October 31 0 0 0 0 0 0 14 3 0 0 0 17.2 2.7 1.8 
 November 30 0 9 0 8 0 0 0 0 0 0 0 12.3 2.4 1.5 
 December 31 1 30 0 26 0 0 0 0 0 0 0 5.9 1.8 0.9 
 
 
Bickleton Bridge Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 January 31 6 25 2 17 0 0 0 0 0 0 0 7.0 2.6 1.4 
 February 28 4 23 2 19 0 0 0 0 0 0 0 6.4 3.5 1.8 
 March 31 0 25 0 9 0 0 0 0 0 0 0 9.6 3.6 2.4 
 April 30 0 9 0 0 0 0 0 0 0 0 0 10.5 5.9 3.7 
 
 
Bickleton Bridge Air Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly   1- Monthly 1 - Day Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range     Daily Range 
 June 30 0 1 0 0 13 10 30 30 30 30 16 30.2 18.8 13.7 
 July 31 0 0 0 0 27 25 31 31 31 31 31 36.8 23.9 17.8 
 August 31 0 0 0 0 27 25 31 31 31 31 31 36.2 23.6 16.7 
 September 30 0 0 0 0 17 16 30 30 30 30 21 31.2 21.5 13.5 
 October 31 3 16 0 0 2 2 30 22 21 20 4 26.6 21.4 13.4 
 November 30 19 24 9 18 0 0 11 5 0 0 0 22.1 17.6 9.6 
 December 31 28 31 16 28 0 0 0 0 0 0 0 11.7 10.8 5.0 
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Bickleton Bridge Air Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly   1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 January 31 23 28 11 20 0 0 5 0 0 0 0 15.5 16.5 9.2 
 February 28 23 27 6 18 0 0 8 0 0 0 0 17.9 19.3 11.8 
 March 31 21 27 0 14 0 0 27 1 0 0 0 18.7 17.5 12.7 
 April 30 15 25 0 1 2 2 30 13 6 2 0 24.6 25.2 14.7 
 
 
Box Canyon Road Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max     Monthly    1- Monthly 1- Day Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range      Daily Range 
 June 30 0 0 0 0 0 0 27 4 0 0 0 17.3 6.4 4.7 
 July 2 0 0 0 0 0 0 2 0 0 0 0 14.5 4.1 3.0 
 August 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 September 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 October 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 November 22 3 11 0 9 1 1 1 0 0 0 0 29.7 25.3 3.1 
 December 31 2 31 1 31 0 0 0 0 0 0 0 4.7 2.3 1.1 
 
 
Box Canyon Road Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly   1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range    Daily Range 
 January 31 6 31 5 27 0 0 0 0 0 0 0 5.5 2.0 1.2 
 February 28 9 28 4 28 0 0 0 0 0 0 0 4.8 2.7 1.5 
 March 31 1 29 0 29 0 0 0 0 0 0 0 6.4 3.0 1.9 
 April 30 0 30 0 8 0 0 0 0 0 0 0 8.8 6.1 3.8 
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Box Canyon Road Air Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly  1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range  Daily Range 
 June 30 2 14 0 0 7 7 30 26 20 16 7 26.3 19.8 14.1 
 July 31 1 7 0 0 24 22 31 31 31 31 27 31.9 22.9 18.5 
 August 31 0 9 0 0 23 20 31 31 31 30 26 33.2 23.8 18.0 
 September 30 4 11 0 0 11 6 30 29 26 23 6 28.6 21.6 14.8 
 October 31 17 25 0 7 2 2 22 7 5 5 1 26.4 21.5 13.2 
 November 30 23 28 18 20 0 0 1 0 0 0 0 14.4 14.9 8.5 
 December 31 30 31 27 31 0 0 0 0 0 0 0 7.4 12.1 5.1 
 
 
Box Canyon Road Air Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly  1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range  Daily Range 
 January 31 26 30 15 27 0 0 0 0 0 0 0 13.4 15.3 8.3 
 February 28 25 28 20 27 0 0 0 0 0 0 0 12.6 17.9 9.7 
 March 31 28 29 11 29 0 0 0 0 0 0 0 13.3 13.0 8.7 
 April 30 23 29 1 24 0 0 0 0 0 0 0 17.3 17.4 11.2 
 
 
Longhouse Site Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 June 30 0 0 0 0 0 0 30 30 27 25 0 21.4 5.7 4.2 
 July 31 0 0 0 0 4 0 31 31 31 31 9 23.4 5.2 4.2 
 August 31 0 0 0 0 14 5 31 31 31 31 23 24.7 6.9 5.0 
 September 30 0 0 0 0 0 0 30 30 30 30 0 21.8 6.3 4.2 
 October 31 0 0 0 0 0 0 31 8 3 2 0 19.5 3.9 2.1 
 November 30 0 0 0 0 0 0 18 0 0 0 0 14.8 1.6 0.9 
 December 31 0 6 0 3 0 0 0 0 0 0 0 8.6 3.5 0.8 
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Longhouse Site Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly  1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range  Daily Range 
 January 31 0 16 0 11 1 1 7 0 0 0 0 48.1 43.5 2.7 
 February 28 1 17 0 7 0 0 0 0 0 0 0 7.9 3.5 2.3 
 March 31 0 7 0 0 0 0 0 0 0 0 0 11.3 3.9 2.6 
 April 30 0 0 0 0 0 0 7 0 0 0 0 13.7 6.2 4.1 
 
 
Luna Creek Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 June 30 0 0 0 0 0 0 30 0 0 0 0 15.7 5.0 2.6 
 July 31 0 0 0 0 0 0 31 0 0 0 0 16.1 2.8 1.9 
 August 31 0 0 0 0 0 0 31 0 0 0 0 15.6 2.0 1.3 
 September 30 0 0 0 0 0 0 30 0 0 0 0 14.7 2.1 1.3 
 October 31 0 0 0 0 0 0 9 0 0 0 0 14.1 2.7 1.6 
 November 30 0 0 0 0 0 0 0 0 0 0 0 10.6 1.6 1.0 
 December 31 1 26 0 21 0 0 0 0 0 0 0 6.2 2.6 1.3 
 
 
Luna Creek Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 January 31 3 28 0 22 0 0 0 0 0 0 0 7.5 3.0 1.8 
 February 28 3 26 0 21 0 0 0 0 0 0 0 7.0 3.6 2.5 
 March 31 0 24 0 7 0 0 0 0 0 0 0 12.9 6.8 4.1 
 April 30 0 6 0 0 0 0 12 0 0 0 0 14.4 9.5 6.2 
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Newell Spring Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 June 30 0 0 0 0 0 0 30 9 2 0 0 18.2 4.6 2.5 
 July 31 0 0 0 0 0 0 31 29 26 26 0 21.3 6.2 4.3 
 August 31 0 0 0 0 0 0 31 28 23 20 0 21.4 6.3 3.8 
 September 30 0 0 0 0 0 0 30 21 3 0 0 19.2 5.3 3.3 
 October 31 0 0 0 0 0 0 13 2 0 0 0 17.6 4.6 3.0 
 November 30 3 9 1 8 0 0 1 0 0 0 0 13.7 3.5 2.1 
 December 31 0 5 0 1 0 0 0 0 0 0 0 10.9 3.5 1.4 
 
 
Newell Spring Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 January 31 0 6 0 2 0 0 0 0 0 0 0 11.3 3.4 2.0 
 February 28 1 7 0 2 0 0 0 0 0 0 0 10.8 4.4 2.9 
 March 31 0 0 0 0 0 0 3 0 0 0 0 14.0 5.5 3.6 
 April 30 0 0 0 0 0 0 24 0 0 0 0 15.4 6.7 4.5 
 
 
Newell Road Air Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 June 30 0 0 0 0 21 16 30 30 30 30 30 33.0 21.3 15.1 
 July 31 0 0 0 0 31 31 31 31 31 31 31 40.0 24.6 19.0 
 August 31 0 0 0 0 30 29 31 31 31 31 31 41.1 30.0 19.2 
 September 30 0 0 0 0 28 28 30 30 30 30 30 39.1 28.4 18.3 
 October 31 3 13 0 0 18 16 31 30 26 26 22 36.4 29.4 18.2 
 November 30 18 22 9 15 1 1 18 13 6 6 0 26.5 20.5 11.7 
 December 31 25 31 12 26 0 0 0 0 0 0 0 15.1 13.5 7.0 
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Newell Road Air Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 January 31 22 28 9 17 0 0 13 3 0 0 0 20.5 20.8 11.5 
 February 28 19 26 6 16 0 0 16 6 3 0 0 22.7 23.6 15.1 
 March 31 20 26 0 3 3 0 30 27 22 16 0 23.8 23.4 17.0 
 April 30 13 23 0 0 4 4 30 30 30 30 0 30.7 25.9 18.0 
 
 
Quartz Creek Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 June 30 0 0 0 0 0 0 25 0 0 0 0 14.8 6.4 4.7 
 July 1 0 0 0 0 0 0 1 0 0 0 0 12.4 3.7 3.7 
 August 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 September 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 October 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 
 
Quartz Creek Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 January 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 February 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 March 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 April 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
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Site 2 Trees Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range   Daily Range 
 June 30 0 0 0 0 2 0 30 30 26 23 3 23.5 6.8 5.1 
 July 31 0 0 0 0 17 11 31 31 31 31 26 24.9 6.9 4.7 
 August 31 0 0 0 0 20 14 31 31 31 31 26 25.8 6.9 4.8 
 September 30 0 0 0 0 0 0 30 30 30 30 0 21.5 5.8 3.4 
 October 31 0 0 0 0 0 0 31 8 3 2 0 19.5 3.0 1.6 
 November 30 0 6 0 3 0 0 6 0 0 0 0 13.9 2.3 1.5 
 December 31 0 11 0 9 0 0 0 0 0 0 0 7.2 2.8 0.9 
 
 
Site 2 Trees Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max    Monthly  1- Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range    Daily Range 
 January 31 1 16 0 14 0 0 0 0 0 0 0 7.5 1.9 1.2 
 February 28 1 20 0 8 0 0 0 0 0 0 0 7.6 3.5 2.2 
 March 31 0 12 0 0 0 0 0 0 0 0 0 10.8 3.7 2.5 
 April 30 0 0 0 0 0 0 0 0 0 0 0 12.3 5.7 3.5 
 
 
Squaw Creek 1 Water Temperature 
 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly  1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18>22     Day Max Max Range    Daily Range 
 June 30 0 0 0 0 0 0 30 4 0 0 0 17.3 3.7 2.7 
 July 2 0 0 0 0 0 0 2 0 0 0 0 15.3 2.7 2.3 
 August 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 September 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 October 0 0 0 0 0 0 0 0 0 0 0 --  --  --  
 November 22 0 8 0 8 1 1 2 0 0 0 0 29.4 22.1 2.2 
 December 31 1 30 1 23 0 0 0 0 0 0 0 5.7 3.9 1.1 
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Squaw Creek 1 Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly  1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range Daily Range 
 January 31 7 31 4 27 1 1 0 0 0 0 0 48.5 47.6 3.0 
 February 28 3 28 1 23 0 0 0 0 0 0 0 5.9 3.0 2.0 
 March 31 0 28 0 19 0 0 0 0 0 0 0 9.7 4.6 2.7 
 April 30 0 7 0 0 0 0 0 0 0 0 0 11.0 6.3 4.2 
 
 
Squaw Confluence Water Temperature 

 2010 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly  1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range  Daily Range 
 June 30 0 0 0 0 2 1 30 30 21 18 5 25.3 10.1 5.7 
 July 31 0 0 0 0 0 0 31 31 31 31 0 22.3 7.3 4.5 
 August 31 0 0 0 0 3 0 31 31 31 31 17 23.6 6.1 4.2 
 September 30 0 0 0 0 0 0 30 30 25 22 0 21.3 5.8 3.4 
 October 31 0 0 0 0 2 2 31 14 8 4 0 26.4 20.5 5.3 
 November 30 9 19 7 10 1 0 18 6 5 5 0 23.8 17.5 8.6 
 December 31 4 19 0 11 0 0 0 0 0 0 0 10.2 9.1 1.8 
 
 
Squaw Confluence Water Temperature 
 2011 # Days  # 1Day Min # 1Day Avg # 1Day Max #7Day Avg Daily Max   Monthly  1-  Monthly 1- Day  Monthly Avg  
 Recorded < 0.5 < 4.4 <0.5 <4.4 >23 >24 >12 >16 >17.5 >18 >22 Day Max Max Range  Daily Range 
 January 31 9 20 5 15 0 0 0 0 0 0 0 10.0 5.6 2.1 
 February 28 1 20 0 9 0 0 0 0 0 0 0 7.6 3.4 2.3 
 March 31 0 12 0 0 0 0 0 0 0 0 0 11.3 4.2 2.6 
 April 30 0 0 0 0 0 0 1 0 0 0 0 12.7 
 

 
 

NOTE: All Temperatures and Ranges in degrees C,   -- Indicates No Available Data. 
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Appendix D.  EDT modeling results 
 
Table D1. Summary of relative importance of areas for protection and restoration of Rock Creek                  
                 steelhead. 
  

 
 
Table D2.  Rock Creek steelhead life stage summary across all geographic areas.  
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Figure D1. Rock Creek steelhead baseline stock - recruitment. 
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Appendix E.    Genetics 
 
Evaluation of steelhead trout (Oncorhynchus mykiss) in the Rock Creek 
watershed of the middle Columbia River Basin 
  
Drafted by: Andrew P. Matala, Columbia River Inter-Tribal Fish Commission 
Date submitted: February 02, 2012 
 
Objective/Background  
This report summarizes a genetic evaluation of steelhead trout in Rock Creek and Squaw Creek 
(a tributary of Rock Creek) in the Middle Columbia River Basin (Figure 1).  The watershed 
supports both anadromous steelhead and resident O. mykiss, and is part of the Mid-Columbia 
Evolutionarily Significant Unit (ESU) for steelhead, currently listed as “threatened” under the 
Endangered Species Act (Busby et al. 1996). However, status of Rock Creek steelhead is 
unknown (WDF and WDW, 1993).  Rock Creek summer steelhead are wild origin and 
presumably distinct from other mid-Columbia stocks based on geographic isolation of the 
spawning population (WDF and WDW, 1993).  Adult fish begin migrating up the Columbia 
River from May to November, and spawning occurs in the Rock Creek watershed from February 
through April.  Juvenile life history information specific to this watershed remains largely 
undocumented (Lautz 2000). Anadromous steelhead trout are known to occur in Rock Creek up 
to 1/4 mile above the confluence with Quartz Creek, and in Squaw Creek up to the confluence 
with Harrison Creek (Figure 1).   
 
Methods 
In this evaluation, juvenile fish were characterized using two 96-SNP panels developed by 
CRITFC.  The panels complement those used in development of a basin-wide genotypic baseline 
for steelhead and will aid in identifying distinctions (or similarities) between the Rock 
Creek/Squaw Creek (RSC) population and populations throughout the Columbia River Basin 
(see Ackerman et al. 2011; Hess et al. 2011 for SNP panel details).  Genotypes compiled for 
juvenile O. mykiss sampled in 2008 include: n=34 from a location in Rock Creek identified as 
Highway 8 Bridge, n=51 from a location in Rock Creek identified as “downstream of the 
Bickleton Rd. Crossing”, and n=72 from Squaw Creek.  The 2009-2010 juvenile O. mykiss 
collections include: n=43 from unknown locations in Rock Creek, and n=69 from unknown 
locations in Squaw Creek.  Due to small sample sizes, the temporal samples from 2009 and 2010 
were combined; collections for analysis are identified as “Rock09” and “Squaw09”.  Populations 
used to define the baseline for these analyses are described in appendix 1. 
 
Genomic DNA was extracted from digested tissue samples using a standard Qiagen DNeasy 
protocol. Samples were genotyped at 192  SNP markers with Taqman chemistry and Fluidigm 
96.96 dynamic array chips to generate high throughput genotyping.  For additional details on 
locus/primer specifications, locus optimizations, and detailed laboratory methods, see: Hess et al. 
2011, and Matala et al. 2011.  
  
Descriptive statistics including allele frequencies were generated using the analysis program 
GenAlEx version 6.2 (Peakall and Smouse 2006).  The program GENEPOP v. 3.3 (Raymond 
and Rousset 1995) was used to test for deviations from Hardy-Weinberg equilibrium (HWE) 
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expectations, evaluated across SNP loci and populations.  Deviations may be indicative of non-
random mating (e.g., population mixtures) or possible marker amplification problems (e.g., null 
alleles).  The significance level (α = 0.05) was corrected for multiple tests using a modified BY- 
FDR method (Benjamini and Yekutieli 2001) as implemented by Narum (2006). A matrix of 
pairwise FST (among-group variation) for all pairs of collections was generated in GENEPOP. A 
pairwise matrix of Nei’s standard genetic distance (Nei 1972) and an un-rooted neighbor-joining 
(NJ) tree were generated using PHYLIP version 3.68 (Felsenstein 2008).  The NJ tree displays 
the relationship among all populations as their respective proximities in the tree topology, where 
the sum of branch lengths represents the genetic distance between any two populations.  The 
SEQBOOT option was implemented to generate 1000 simulated data sets, and a consensus 
topology with bootstrap support was generated using the CONSENSE option in PHYLIP.  The 
analysis program GenAlEx version 6.2 (Peakall and Smouse 2006) was used to conduct 
multivariate principal coordinate analysis (PCA) to graphically display patterns or clusters of 
genetic similarity among 11 analysis populations. The method reduces redundant variables into a 
smaller subset of the most informative, where each successive PCA axis explains proportionately 
less of the total variation. Generally the first 2-3 axes will reveal most of the separation among 
distinct groups. We used both the option to convert the FST distance matrix to a covariance 
matrix, and the option to standardize (dividing the covariance input by √𝑛 − 1).  Eigen values by 
axis and sample Eigen vectors from PCA analysis (GenAlEx version 6.2) were displayed 
graphically using a free Microsoft Excel add-in available from W. A. Kamakura, and found at 
http://faculty.fuqua.duke.edu/~kamakura/bio/WagnerKamakuraDownloads.htm 
 
A maximum likelihood method described by Wang and Santure (2009) and implemented in the 
program COLONY version 2.0 (Jones and Wang 2009) was used to estimate relatedness among 
all sampled individuals from Rock Creek and Squaw Creek. Parameter settings for the likelihood 
computation were: model – 1 (inbreeding), mating system - monogamy, species - diploid, 
number of runs – 1, length of run – medium, analysis method – full likelihood, marker type – 
codominant, allelic dropout rate – 0.0001, and mutation rate – 0.0001.  Only full sibling groups 
identified with at least 80% probability were considered and no half-sib groups were considered. 
 
Genetic stock identification (GSI) analyses were conducted in order to ascertain the probable 
origin/s of the sampled Rock Creek and Squaw Creek population.  Although the RSC group may 
comprise a distinct population within the region (e.g., the Columbia River Basin), these tests help 
differentiate which populations or regions represented in the SNP baseline for steelhead are most 
similar to the RSC group.  Note that the baseline for GSI analysis did not include any lower 
Columbia River populations (coastal lineage).  The program ONCOR version 1.0 ( available at: 
http://www.montana.edu/kalinowski) was first used to conduct tests of 100% Simulations on the 
baseline to determine its resolving power (or accuracy) for differentiating all representative 
stocks in the baseline. This is achieved by simulating a “fishery mixture sample” for each 
baseline population, where 100% of the individuals in the sample are from the same population.  
ONCOR uses the method of Anderson et al. (2007) to simulate mixture genotypes (based the 
observed population allele frequencies), and estimate their probability of occurrence in the 
baseline population being evaluated. For the 100% simulations, the mixture sample size 
parameter was set at 200 and the number of iterations was set at 1000. In addition to 100% 
simulations, a ‘leave-one-out’ (LOO) individual assignment procedure was performed on the 
baseline using ONCOR. In this jackknife method each individual is sequentially removed from 
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the baseline, the allele frequencies in the population are recalculated in the absence of that 
individual, and the removed individual is assigned back to the most likely population of origin 
among all baseline populations.  Both the 100% simulation and LOO methods provide the 
assignment accuracy to population of origin, and to reporting group; population groups 
established on the basis of genetic similarity and geographic proximity.  Following the power 
analysis, the RSC groups were treated as an unknown fishery mixture and assigned origin (using 
the LOO method) among three reporting groups: the middle Columbia River, upper Columbia 
River, and Snake River. 
 
Results 
A total of ten significant HWE deviations were observed across 940 tests; 5 collections and 188 
SNPs (excluded sex marker and hybrid markers). Both the “Rock08-Hwy 8 Bridge” and 
“Rock09” collections had zero deviations.  There were 2 deviations in the “Squaw09” collection, 
3 deviations in the “Rock08-Bickleton” collection, and 5 deviations in the “Squaw08” collection.  
Results indicated no inherent population or marker related problems, although kinship may have 
contributed to some issues of genotypic disequilibrium (Table 1). Kinship analyses revealed 61 
total groups of full siblings, of which 20 were comprised of three or more individuals.  Some 
observed sibships spanned multiple years (i.e., individuals from the same family sampled at 
different ages), and a substantial number spanned multiple sampling locations, including those 
between Rock Creek and Squaw Creek (Table 1).  This latter result provides anecdotal evidence 
of movement throughout the watershed and a likely verification of gene flow among resident 
fish. 
 
Pairwise Fst, indicating the amount of variation attributable to differences between populations, 
did not show significant differentiation among RSC collections exclusively (mean Fst=0.006).  
The mean pairwise Fst across all collections evaluated in these analyses, including 36 baseline 
and 5 RSC, was 0.073 (Figure 2). Results of pairwise testing revealed a high degree of similarity 
between RSC and many collections from the middle Columbia River, upper Columbia River, and 
Snake River regions. Those populations within the lower Columbia River, representing the 
coastal lineage of O. mykiss, were genetically discrete and highly differentiated from all 
remaining populations. Therefore the RSC population can be confidently characterized as an 
inland lineage group, with no discernible influence from lower Columbia stocks (Figures 2, 3 
and 4). 
 
Neighbor joining tree topology and clusters of collections in PCA plots provide corroborating 
evidence of genetic similarity between RSC and Snake River stocks.  Those showing greatest 
similarity include Asotin Creek, the Clearwater River, and the Grande Ronde River.  Collections 
that are more highly differentiated from RSC include the south and middle forks of both The 
Salmon River and Clearwater River subbasins with the Snake River Basin.  With the exception 
of the Klickitat River and Yakima River, middle Columbia River collections also appear to share 
a relatively high degree of genetic similarity with RSC population (Figures 3 and 4). 
 
The GSI results show a high level of accuracy for baseline assignment to reporting group using 
the 100% simulation method.  Results are less definitive based on the LOO method, where Snake 
River collections are relatively discrete, but middle Columbia River collections exhibit a large 
degree of ambiguity.  Using LOO, the percent correct assignment to reporting group of origin is 
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marginal, with the exception of the Yakima and Klickitat rivers (Table 2). Evaluation of RSC 
using the “unknown” mixed stock fishery approach revealed a significant Snake River influence  
Nearly 80% of assignments across the 5 RSC collections were to the Snake River reporting 
group, and the mean assignment probability was ~87% (Figure 5). Ten percent of total 
assignments were to the middle Columbia River reporting group. 
 
Discussion 
These results indicate genetic similarity between collections of juvenile O. mykiss within the 
Rock Creek watershed (including the Squaw Creek Tributary) and Snake River stocks. The 
different analyses employed in this evaluation were generally complementary.  Other studies 
suggest a relatively high stray rate within middle Columbia River tributaries including the 
Klickitat River and Deschutes River, where as many as 1/3 of a hatchery sample in the latter was 
recently identified (using a parentage based tagging approach; PBT) as progeny of Snake River 
broodstocks (pers. comm. Maureen Hess, CRITFC; pers. comm. Matt Smith, USFWS).  Given 
that there may be a significant Snake River stray influence throughout the middle Columbia 
region, it stands to reason that there is likely to be difficulty in differentiating populations 
between the two regions.  In fact, high rates of mis-assignment between the two regions in GSI 
tests specifically points to such a conclusion.  If and when resources allow, characterization of 
the Rock Creek/Squaw Creek population is likely to benefit greatly from continued genetic 
monitoring and evaluations that include archival samples (if available) and adult sampling.  
Archival samples will allow a glimpse through time that may indicate significant temporal 
variation, where historically the population may have been well differentiated from, and/or less 
impacted by exogenous stocks.  If it is feasible to collect adult steelhead samples, our current 
genetic tools will allow highly confident identification of any individuals that are the progeny of 
Snake River hatcheries.  It is important to note that the samples analyzed to date are from 
juvenile fish. This indicates that if the observed genetic similarity in Rock Creek to stocks from 
the Snake River accurately reflects out of basin straying, those individuals represent effective 
migrants and a high level of gene flow (e.g., reproductive success in Rock Creek). 
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Table 1. A summary of estimated relatedness.  Groups are numbers of individual juvenile O. 
mykiss identified as full siblings using the program COLONY.  Results are: a.) 20 groups of 
three or more full-siblings, b.) 41 sibling pairs.  There were 93 individuals with no full siblings 
identified. 
 
a.) 

Sib-Group  
Rock 08 
 (Bickleton) 

Rock 08 
(Hwy. 8 Bridge) Rock 09 Squaw 08 Squaw 09 Total 

        1  --- --- --- 9 2 11 
2  6 3 --- --- --- 9 
3  2 5 --- --- --- 7 
4  2 2 1 1 --- 6 
5  2 2 --- --- --- 4 
6  2 1 --- 1 --- 4 
7  2 1 --- --- --- 3 
8  --- --- 1 2 --- 3 
9  --- --- --- 3 --- 3 
10  --- --- --- 3 --- 3 
11  --- --- --- 2 1 3 
12  --- --- --- --- 3 3 
13  --- --- --- --- 3 3 
14  --- 3 --- --- --- 3 
15  4 --- --- --- --- 4 
16  3 --- --- --- --- 3 
17  4 1 --- --- --- 5 
18  --- --- --- 2 3 5 
19  --- --- --- 3 2 5 
20  --- --- --- 4 --- 4 
        Total  27 18 2 30 14 91 
        

        b.) 

sibling pairs (n=2) 
Rock 08 

(Bickleton) 
Rock 08 (Hwy. 

8 Bridge) Rock 09 
Squaw 

08 
Squaw 

09 

      Rock 08 (Bickleton) 6 
    Rock 08 (Hwy. 8) 2 --- 

   Rock 09 1 --- 6 
  Squaw 08 --- 4 3 8 

 Squaw 09 --- --- --- 2 9 
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Table 2. Assignment tests and genetic stock ID. Values less than 0.75 appear in bold italics. Populations of the inland lineage were not 
included in GSI analyses.  Results were generated using two methods for assignment to reporting group implemented in ONCOR.  In 
the jackknife or leave-one-out (LOO) method results depict number of total individuals per collection that assigned to their reporting 
group (region) of origin.  The simulation results are the average rate of correct assignment to reporting group across tests.  
 

         
          

  

LOO  100% simulation test 

 Collection Reporting Group 
 

(N) % correct 
 

Average SD (95% C.I.) 

         Deschutes    Middle Columbia 
 

76 0.553 
 

0.982 0.014 (0.949 , 1.000) 
Fifteenmile  Middle Columbia 

 
35 0.657 

 
0.993 0.007 (0.974 , 1.000) 

John-Day     Middle Columbia 
 

123 0.585 
 

0.968 0.022 (0.911 , 0.999) 
Klickitat    Middle Columbia 

 
156 0.929 

 
1.000 0.001 (0.995 , 1.000) 

Umatilla     Middle Columbia 
 

12 0.583 
 

0.930 0.025 (0.883 , 0.971) 
Yakima       Middle Columbia 

 
108 0.852 

 
0.996 0.006 (0.980 , 1.000) 

Entiat       Upper Columbia 
 

123 0.626 
 

0.971 0.016 (0.935 , 0.996) 
Methow       Upper Columbia 

 
44 0.795 

 
0.937 0.029 (0.871 , 0.982) 

Wenatchee    Upper Columbia 
 

58 0.655 
 

0.970 0.017 (0.938 , 0.996) 
Asotin       Snake 

 
28 0.750 

 
0.802 0.050 (0.700 , 0.893) 

Clearwater   Snake 
 

75 0.907 
 

0.978 0.016 (0.945 , 1.000) 
Grande Ronde Snake 

 
177 0.814 

 
0.978 0.017 (0.940 , 1.000) 

Imnaha       Snake 
 

69 0.899 
 

0.986 0.013 (0.955 , 1.000) 
Salmon       Snake 

 
293 0.874 

 
0.989 0.009 (0.966 , 1.000) 

Tucannon     Snake 
 

43 0.651 
 

0.781 0.045 (0.694 , 0.886) 
                  

         



Rock Creek Fish and Habitat 2010 Annual Report 50 

Figure 1.  Map of the Columbia River Basin.  The Rock Creek watershed is highlighted by the yellow oval (inset).  Adjacent 
Columbia River tributaries are as follows: 3 – White Salmon River, 19 – Klickitat River, 13 & 14 – Hood River summer-run and 
winter-run, 10 – Fifteenmile Creek, 8 – Deschutes River, and 16 – John Day River.  
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Figure 2. Comparison of among-group genetic variation (pairwise Fst). Results are the mean of all pairwise comparisons for each of 
the 41 putative populations: 5 RSC collections and 36 collections from the Columbia River SNP baseline for O. mykiss (red text). 
Note that white circles represent the mean of pairwise comparisons between each collection and only the five RSC collections. 
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Figure 3. Neighbor-Joining (radial) tree topology identifying the genetic distance relationship (Nei 1987) between Rock and Squaw 
Creek collections and populations from the SNP baseline.  Significant consensus topology across 1000 replicate data sets is shown 
with bootstrap support at branch nodes (red text). 
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Figure 4.  Principle Coordinates Analysis (PCA) plot.  Results are presented in two perspectives 
(a. b.), with rotation on the x- and y-axes to show multi-dimensional clustering; see appendix 1 
for collection designation by number. 
 

 

 



Rock Creek Fish and Habitat 2010 Annual Report 54 

Figure 5.  Mixed stock assignment results.  The Rock Creek and Squaw Creek collections (n=266) were treated as a mixture of 
unknown origin, where each individual in the mixture was assigned to the most likely baseline population of origin using ONCOR 
(see Table 2). No lower Columbia (coastal lineage) populations were represented in the baseline.  Results of assignment to population 
were grouped by GSI reporting group (region), consisting of three options: Snake River, middle Columbia and upper Columbia. 
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Appendix 1.  Steelhead (O. mykiss) baseline groups used in these analyses. Collections in the 
Snake River that clustered closest with RSC in PCA and genetic distance analyses are identified 
with (*). 

ID# Location / Collection Region Lineage (n) 

1 Abernathy Creek lower Columbia coastal 165 
*2 Asotin Creek Snake Inland 49 
3 Big White Salmon River middle Columbia Inland 81 
4 Clackamas River lower Columbia coastal 245 
*5 Clearwater River mainstem Snake Inland 200 
6 Coweeman River lower Columbia coastal 47 
7 Cowlitz River lower Columbia coastal 94 
8 Deschutes River middle Columbia Inland 260 
9 Entiat River upper Columbia Inland 238 
10 Fifteenmile Creek middle Columbia Inland 91 
11 Germany Creek lower Columbia coastal 48 
*12 Grande Ronde River Snake Inland 426 
13 Hood River (winter) middle Columbia Inland 54 
14 Hood River (summer) middle Columbia Inland 35 
15 Imnaha River Snake Inland 186 
16 John Day River middle Columbia Inland 367 
17 Kalama River (summer) lower Columbia coastal 94 
18 Kalama River (winter) lower Columbia coastal 94 
19 Klickitat River middle Columbia Inland 438 
20 Lewis River lower Columbia coastal 173 
21 Methow River upper Columbia Inland 92 
22 Middle Fork Clearwater River Snake Inland 358 
23 Middle Fork Salmon River Snake Inland 322 
24 Mill Creek lower Columbia coastal 44 
25 Okanogan River upper Columbia Inland 294 
26 Quinault River Washington Coast coastal 92 
27 Rock Creek 08 (Bickleton) middle Columbia Inland 51 
28 Rock Creek 08 (Hwy. 8) middle Columbia Inland 33 
29 Rock Creek 09 middle Columbia Inland 43 
30 Salmon River mainstem Snake Inland 548 
31 Sandy River lower Columbia coastal 28 
32 South Fork Clearwater River Snake Inland 167 
33 South Fork Salmon River Snake Inland 137 
34 Squaw Creek 08 middle Columbia Inland 70 
35 Squaw Creek 09 middle Columbia Inland 69 
36 Touchet River middle Columbia Inland 89 
*37 Tucannon River Snake Inland 95 
38 Umatilla River middle Columbia Inland 34 
39 Wenatchee River upper Columbia Inland 147 
40 Willamette River lower Columbia coastal 267 
41 Yakima River upper Columbia Inland 262 
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