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Introduction 

The Oregon Department of Fish and Wildlife (ODFW) Umpqua Watershed 

District joined with the Partnership for the Umpqua Rivers (PUR) in an effort to continue 

ongoing fish population and habitat monitoring within the Umpqua Basin.  Since little is 

empirically known about stream specific limiting factors and fish production response to 

various habitat restoration treatments such as log or boulder placement, these long term 

data sets will help to understand fish response related to or resulting from habitat 

restoration projects. The goals of this partnership are to: 1) gather additional information 

regarding the anadromous salmonid response to various land management practices; 2) 

monitor coho salmon trends in response to habitat enhancement work.  To accomplish 

this, ODFW, BLM, and PUR have been conducting surveys that observe life history traits 

which include: smolt out-migration timing, size, age, condition of out-migrants, out-

migrant population estimates, summer parr densities, habitat surveys, and adult spawning 

salmonid surveys in various Umpqua River tributaries. 

Monitoring work is planned in various key streams throughout the basin for 

biological and physical data collection.  The installation of in-stream structures is made 

with the assumption that in streams lacking habitat, improving physical habitat will result 

in increased salmonid densities as long as enough of the correct type of habitat is 

modified.  Other work within the basin related to this project includes temperature 

monitoring in both Brush Creek and Big Tom Folley (BTF) Creek by industrial timber 

companies (Lone Rock Timber and Seneca Jones Timber) to monitor impacts of riparian 

conversions and habitat enhancement.  Wolf Creek is targeted for habitat enhancement 

projects, habitat surveys, summer seeding surveys, stream temperature data logging at log 

structures and adult spawning salmon surveys. Other work has also been conducted in 

Little Wolf Creek and monitored by Roseburg Bureau of Land Management (BLM). 

Brush Creek and BTF were originally chosen as monitoring sites in the mid 

1990’s since they are similar in characteristics, and Brush was originally the treatment 

stream for restoration projects while BTF was used as the control. Limiting factor 

analysis showed that both streams lacked adequate spawning gravels and winter habitat.  
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Later in the 1990’s, it was determined that summer deep pool habitats were lacking.  A 

1993 aquatic habitat survey (AQI 1993) found the middle reaches of BTF to be lacking in 

spawning gravels (<30% in riffles) and local fish biologists felt that it lacked adequate 

winter refugia, deep summer pools for rearing, and potentially macroinvertebrates.  

Restoration work in Brush Creek took place from 1995 to 2001 with the primary goal of 

addressing the lack of spawning gravel in the system and the secondary goal being 

addressing lack of winter habitat such as alcoves.  Since then, Brush Creek work has 

targeted over-winter habitat, riparian conversions (for future recruitment of LWD), and 

fish passage (culvert replacements).  Big Tom Folley projects (n=11) such as culvert 

replacements, log and boulder placements, and alder conversions were completed during 

2001-2004.  Brush and BTF were targeted in this long term monitoring project for habitat 

surveys, rotary screw traps and summer seeding surveys.  Mass spawning ground surveys 

were conducted in Brush Creek from 1994-2004 and in BTF from 1998-2004. 

During this habitat effectiveness monitoring project, it is important to note that 

another ODFW experimental project took place in Brush Creek looking at contributions 

of unfed fry to wild populations.  In 1999, 2000, and 2001, thermal marked unfed coho 

fry (197,767; 217,495; and 219,753) were released in mid to late March at 20 sites 

throughout the Brush Creek basin.  These fish affected the total population in Brush 

Creek, comprising 49-57% of the total outmigrating fish in 2000-2002 (ODFW 

unpublished data).  Whether these fish supplemented or displaced wild coho out-migrants 

is unknown but there were no significant differences between the control stream for the 

project (BTF Creek) and Brush Creek before, during, or after the study for total coho out-

migrants or adults. 

In-stream habitat restoration projects in the Little Wolf Creek and Wolf Creek 

Basins have been taking place off and on since 1992, with a recent surge of projects 

during 2008 and 2009 (Figure 9).   Both log and boulder structures have been placed by 

ODFW, PUR and the Roseburg BLM in both of the mainstems of Little Wolf and Wolf 

Creek and their tributaries. Further restoration is planned for the summer of 2011 by the 

Roseburg BLM.  PUR habitat enhancement projects (boulder and log structures) have 

been implemented within the Little Wolf Creek and Wolf Creek basins in 2008 and 2009.  

In order to gain more insight as to whether or not restoration efforts improve fish 
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populations and address limiting factors in this basin, baseline and post treatment surveys 

are needed.  These recent restoration projects provide a unique opportunity to examine 

stream and fish responses to log-only and boulder-only in-stream placements. Some pre-

treatment data exists on these streams for smolt outmigration, summer habitat, spawning 

adults, summer seeding, channel cross-sections and temperature.   

Spawn-timing of coho salmon (Oncorhynchus kisutch) for the entire Wolf Creek 

watershed was also monitored as part of this project.  During surveys, barriers to 

upstream migration were identified and monitored over the course of the winter.  These 

surveys were conducted as part of an ongoing attempt to monitor the response of coho 

salmon to major stream restoration projects being conducted throughout the basin.  This 

work started in 2001 and was designed to assess the overall affects of habitat 

enhancement on the basin.  

The ODFW has used smolt traps in the past to both establish a baseline record and 

to attempt to determine any response to habitat enhancement through long term 

monitoring of several sites (Brush and BTF Creeks).  Smolt trap data is very useful when 

combined with other fish survey methods.  ODFW has been collecting smolt out-

migration data at sites in the Upper Umpqua and Elk Creek watersheds almost 

continuously for 16 years to monitor yearly trends of coho and steelhead.  This Oregon 

Watershed Enhancement Board (OWEB) grant (#209-2048) added to baseline data and 

provided funding to continue past monitoring and add new monitoring components.  This 

continuous smolt trap data from Brush, BTF, and Hinkle Creek is important to future 

efforts to monitor watershed health.  Extensive habitat enhancement and fish inventories 

have been completed within the Hinkle Creek, Brush Creek, and BTF Creek basins.   

A stream habitat inventory was completed for two Elk Creek tributaries, BTF and 

Brush Creeks, during the summer and early fall of 2008.  The objective of the inventories 

was to provide baseline data on the condition of habitat available for anadromous salmon 

species, particularly coho salmon.  The results of the inventory (presented here) may help 

identify and prioritize areas for potential salmon habitat enhancement and restoration 

efforts.   

Oregon Coastal Coho Salmon Evolutionarily Significant Unit (ESU) Populations 

of coho salmon which inhabit coastal watersheds between Seaside and Cape Blanco, 
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Oregon, have been designated as a single ESU, and have received a great deal of 

attention by the State of Oregon, federal agencies, and local and private organizations. 

The formation of the Oregon Plan for Salmon and Watersheds in 1997 prompted 

extensive conservation efforts by government agencies and nongovernmental entities to 

restore fish populations throughout Oregon, including those coho salmon populations 

which constitute the Oregon Coastal Coho ESU.  Coho salmon populations in Wolf 

Creek, BTF Creek and Brush Creek are considered part of the Middle Umpqua 

Population Unit, a smaller monitoring area within the Oregon Coastal Coho ESU, and 

have been the focus of significant restoration efforts in recent years. 

 

Study Area 

Elk Creek Watershed 

The Elk Creek fifth-field watershed encompasses approximately 187,000 acres 

and is situated in the northwestern portion of the Umpqua River Basin.  Elk Creek flows 

north from its headwaters near Robinson Ridge to the confluence with Salt Creek, where 

it begins flowing west to the confluence of the Umpqua River near the town of Elkton. 

The upland portions of the watershed are fairly steep with higher gradient stream 

channels.  However, the Elk Creek Valley becomes significantly wider near Putnam 

Valley and Yoncalla Valley. About 76% of the Elk Creek watershed is privately owned 

and nearly one quarter (24%) are public lands, most of which are managed by the BLM.  

Privately owned timber land is prevalent in the western portion of the watershed, where 

BTF and Brush Creek are located.  However, this region also contains a large percentage 

of the aforementioned BLM lands.  The majority of land cover in the Elk Creek 

watershed is comprised of coniferous forest and forestry is the predominant land use type, 

accounting for approximately 81% of the watershed.  Approximately 9% of the 

watershed is apportioned for agriculture and an additional 9% consists of grass and shrub 

land, used primarily for livestock grazing (Umpqua Basin Explorer 2011).  Other land 

uses, such as industrial and residential, represent about 1% of the watershed.  Fish species 

that inhabit the Elk Creek watershed include chinook salmon (Oncorhynchus 

tshawytscha), coho salmon (O. kisutch), winter steelhead trout (O. mykiss), and cutthroat 
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trout (O. clarki).  Coho and winter steelhead spawn in nearly all of the watershed's major 

tributaries, including BTF Creek, Brush Creek, Pass Creek, Billy Creek, and Yoncalla 

Creek.  Fall chinook salmon spawn in Elk Creek and in the lower reaches of BTF and 

Brush Creeks.  The watershed contains approximately 248 miles of anadromous salmonid 

streams.  Some typical non-native fish species found in the watershed are smallmouth 

bass (Micropterus dolomieui), brown bullhead (Ameiurus nebulosus), and bluegill 

(Lepomis macrochirus). 

 

Wolf Creek Watershed 

Wolf Creek is a tributary to the Umpqua River, located approximately 14 miles 

south of the town of Elkton.  This 6th field watershed has a total drainage area of 

approximately 23,500 acres.  Salmonid fish species that inhabit the Wolf Creek 

watershed include fall chinook salmon, coho salmon, winter steelhead trout, and cutthroat 

trout.  Coho salmon and winter steelhead spawn in many of the watershed's major 

tributaries. 

 

Calapooya Watershed 

 Hinkle Creek is part of the fifth-field Calapooya Creek watershed that drains a 

total of 157,282 acres and contains 260 total stream miles.  Within the watershed, one 

hundred and seventy one miles of stream are home to anadromous salmonids.  Most of 

the watershed (98%) is contained in the Umpqua Interior Foothills, while a small portion 

is made up of the Western Cascades Lowlands and Valleys Ecoregion or the Mid-Coastal 

Sedimentary Ecoregion.  Within the watershed, 64% of the land is public/private forestry 

and 33% is agricultural (Umpqua Basin Explorer 2011).  Land ownership is 91% private 

with most public lands owned by BLM.  The middle portions of the Calapooya watershed 

consist of streams such as Hinkle Creek, Coon Creek, and Burke Creek that feed directly 

into the mainstem of the Calapooya. These stream channels have moderate gradients (3% 

to 12%) with moderately confined valleys and small floodplains (Geyer 2003).  The 2003 

watershed analysis (Geyer 2003) rated all sections of Hinkle Creek “poor” for large 
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woody debris and riffles.  Salmonid fish present in the Calapooya basin include cutthroat 

trout, fall chinook salmon, coho salmon, and winter steelhead. 

 

Methods 

Seeding Surveys 

Surveyors snorkeled standard seeding sites that have already been established (to 

include both control non-treated reaches and treatment reaches) during this study on 

mainstem and tributary reaches of BTF, Brush Creek, and Wolf Creek in 2008, 2009, and 

2010.  Most standard sites were initially set up as 1000 meter reaches.  Only pools that 

were greater than six square meters and at least 0.40 meters deep were surveyed.  For 

each pool surveyed, pool length in meters from tail out to pool head, mean width in 

meters, max depth in meters, and water temperature were recorded.  Each reach was 

sampled by the same surveyor to reduce between observer biases.  Surveyors snorkeled 

each pool from the tail out up to the head, targeting counts of coho salmon but also 

recording other species when reasonable.  During 2009, pools were calibrated using 

estimates derived from multiple passes with backpack electrofishing units.   

 

Spawning Surveys 

In the summer of 2007, PUR staff conducted habitat surveys through the entire 

Wolf Creek Basin following ODFW habitat typing protocols (AIP 2007).  During these 

field operations, Wolf Creek Basin was broken out into twenty seven individual stream 

reaches (approximately 18.1 mi) to conduct spawning surveys at, based on channel 

morphology and other guidelines described in the ODFW habitat typing protocol.     

 The intent of these initial set up surveys was to make sure that all coho salmon 

spawning habitat in the Wolf Creek basin was surveyed, while Little Wolf Creek basin 

was surveyed by BLM staff.  The twenty seven stream reaches delineated in 2007 were 

deemed to be suitable coho salmon habitat and were surveyed for spawning fish once 

every ten days throughout the entire 2007-08, 2008-09, 2009-2010 and 2010-11 coho 

salmon spawning seasons (October to February).  
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Corvallis ODFW’s Oregon Adult Salmonid Inventory & Sampling (OASIS) 

project was consulted annually to make sure that no survey was double sampled since 

they also conduct random surveys in Wolf Creek basin.  If one of the surveys from this 

project was being sampled by the OASIS staff, PUR would not survey that year and 

simply share the data from OASIS for AUC (Area Under the Curve) calculations.  

Surveys were conducted following the ODFW OASIS protocol (OASIS 2007), except 

for: no lengths or fish activity were recorded and no biological samples were taken. 

While the presence of chinook salmon and steelhead were recorded, primary data was 

only collected on coho salmon.  To determine the end of the coho salmon spawning 

season and ensure a representative sample throughout the duration of the run, surveys 

were conducted until two weeks after the last live fish was observed in each stream reach.  

To reduce individual surveyor bias, the two person team alternated surveying the reaches 

each week throughout the spawning season.  Prior to field investigations, landowners 

were contacted to gain permission to walk the streams that ran through their property.  

During this time, potential barriers to upstream migration were also identified.    

 All live coho salmon were tallied per reach each survey day.  Coho salmon were 

visually observed to either have an adipose fin or not and were recorded as unmarked 

(UnMA) or marked (MkA) respectively.  Wild fish were determined if the adipose fin 

was completely intact.  Fish that were observed and identified but the presence of an 

adipose fin was undetermined, were recorded as an unknown (UnKA).  Live jack coho 

salmon were also recorded.  All coho salmon carcasses encountered were sexed as either 

male or female and if this could not be determined, they were recorded as an unknown 

(UnK).  The caudal fins of all carcasses were completely removed by cutting the tail off 

for the purpose of identifying the fish as being previously counted.  Subsequent surveys 

identified carcasses as either fresh or previously handled (PHA or PHJ).   

For every survey in each reach, all redds were recorded.  Redds were recounted as 

long as they were still completely discernable.  At the request of a project partner, during 

the 2010-11 season, redds were marked with flags that contained the date in which the 

redd was first observed.  After the survey season was over, the location of each redd was 

recorded using GPS (NAD 83, accuracy<15 ft) by standing as close as possible to each 

actual redd location without damaging the redd. Several locations that had potential for 
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future habitat restoration projects were also recorded using GPS.  Stream surveys were 

broken down into three separate categories with regards to water clarity.  The 

classification of a “one” indicated that the entire water column was visible.  The 

classification of a “two” indicated that some or all of the pools were clouded to an extent 

beyond clear visual inspection but riffles and pool crest were clear.  The classification of 

a “three” meant that water quality prevented any visual inspection of the survey reaches. 

The weather was also recorded for each reach, being labeled as either clear (C), overcast 

(O), foggy (F), rain (R), snow (S) or partly cloudy (P).  For each reach during every 

survey, the streams flow was described as either low, moderate, high or flooding.  Only 

surveys that had a visibility ranking of a “one” or “two” were included in AUC estimates. 

The goal for frequency of sampling each reach is to keep every survey within a 

ten day rotation.  By surveying every 10 days, the goal is to be consistently counting fish 

throughout the season to ensure a peak count is recorded for each survey (barring any 

floods or visibility “three” surveys).  Since 11.3 days represents the average spawning 

life for coho salmon spawning in survey streams (Willis 1954, Beidler and Nickelson 

1980, and Perrin and Irvine 1990), surveying within a ten day rotation [in theory] avoids 

missing any fish in each reach as long as the surveyor had ideal viewing conditions.  

During the beginning of the 2010-11 season, survey start and end points were 

recorded using GPS (NAD 83, accuracy <15 ft).  These points were plotted into ARC 

GIS software in order to determine exact mileages for survey reaches.  The survey 

mileage for each reach was then calculated by selecting the survey reach on the stream 

layer and summing the shape length in meters, then converting to miles.  The BLM 

provided ARC GIS layer files marking the locations of previous in-stream restoration 

sites, 2011 planned restoration areas, snorkel survey endpoints, Little Wolf Creek 

spawning survey endpoints, and 2007-2010 Little Wolf Creek redds.  This data was used 

to make detailed maps of the entire Wolf Creek basin.   

 The AUC, which is a calculation estimating coho abundance, was calculated each 

year surveyed for every survey reach.  First, the estimated number of coho within each 

survey between survey dates was calculated by averaging the total number of coho 

observed (adults and jacks) in two successive surveys multiplied by the number of days 
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between the surveys.  The following equation represents the calculation for the estimated 

number of coho present during a time period: 

F = ((C1 + C2)/2)(D) 

where 

F = estimated number of coho salmon present in a survey reach during a time 

period, 

C1 = total number of coho salmon (adults and jacks) observed in one survey, 

C2 =  total number of coho salmon (adults and jacks) observed in the following 

survey, 

D = number of days between the two surveys. 

 

  For example, on November 29, 2010, 12 coho salmon (adults and jacks) were 

observed in Wolf Creek Reach 5, and 10 coho salmon (adults and jacks) were observed 

during the next successive survey on December 7, 2010.  The average daily number of 

coho salmon estimated to be present between both of those surveys was 11.  This number 

(11) was then multiplied by the total number of days between surveys (8) to determine 

that there were a total of 88 fish estimated present in Wolf Creek Reach 5 between 

November 29, 2010 and December 7, 2010.  For the last survey of the season, the number 

of days between surveys was always recorded as 7.  The estimated number of coho 

salmon present for each time frame was then summed to determine the total estimated 

number of coho salmon present for the season within each individual survey reach.   

The AUC was then calculated for each survey reach by dividing the season total 

estimated number of coho salmon present in each reach by 11.3 days and then dividing 

that total by the visibility factor of 0.75.  The 11.3 days represents the average spawning 

life for coho salmon spawning in survey streams (Willis 1954, Beidler and Nickelson 

1980, and Perrin and Irvine 1990).  The visibility factor 0.75 is explained by the Mario 

factor (Solazzi 1984).  This was a study that showed surveyors only see 75% of the coho 

actually present.  The estimated spawning density (total coho salmon per mile) was then 

calculated for each stream reach by dividing the AUC by the stream mileage for each 

survey reach as determined through ARC GIS.  The following equation represents the 

AUC calculation: 
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AUC = (T/L)/V 

where 

T = season total estimated number of coho salmon present within each survey 

reach, 

L = 11.3 = average spawning life in days for coho salmon spawning in survey 

streams, 

V = 0.75 = visibility factor. 

Basin AUC was calculated by summing AUC estimates for each reach.  Basin 

estimated spawning density (total coho salmon per mile) was also calculated by dividing 

the basin AUC by the total stream mileage of all the survey reaches.  The AUC 

calculations used in this project were similar to Corvallis OASIS protocol except that we 

included all surveys in the estimate where Corvallis discards surveys that have more than 

one gap of 12-15 days between surveys or have any gaps over 16 days. 

Rotary Screw Traps 

Site selection was based on access to streams to place traps, landowner 

permission, bedrock bottoms or chutes, pool depths greater than 2.5 feet, and stream 

gradients less than 2 percent (Table 1, Figure 1&2).   

 

Table 1.  2007-2010 Umpqua Fish District Rotary Screw Trap Locations and Operation 
Dates.  T is township, R is range, and S is section.  Trap locations are identified by 
quarter sections. 

Trap Site Location (T,R,S) Operation Dates 

Brush Creek T22S R7W Sec 13 SW/SE March-May 

Hinkle Creek T24S R3W Sec 31 SW/SW March-May 

Big Tom Folley T22S R7W Sec 16 SE/NW March-May 
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Figure 1.  Map of Big Tom Folley Creek, Brush Creek, and Hinkle Creek smolt trap 
sites. 
 

A five foot rotary trap that contains an Archimedes screw built into a screened 

cone suspended between two pontoons was placed at each site location (Figure 2).  The 

large opening of the cone was placed upstream into stream flows so that water pressure 

forces the cone to turn on a shaft.  Migrating fish enter the large end of the cone and are 

passed through the trap into a holding box at the back of the trap.  Traps were secured 

using a system of cables and pulleys to allow easy adjustment of traps during fluctuating 

flow conditions.  The traps were operated 24 hours a day, seven days a week and only 

were not operating if flows were high or debris was jamming the trap. 
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Figure 2.  Brush Creek smolt trap and site (pre-2010).  Site was relocated approximately 
75 yds downstream in 2010 due to sedimentation at the previous site due to a restoration 
project and log jam.  New site (2010-2011) is just below bedrock cascade above bridge 
30 yds. 

 

Fish were removed from the holding box and placed in five-gallon buckets.  A 

separate bucket was filled and MS-222 (Tricaine Methanesulfonate) or Alka-Seltzer was 

added to sedate captured fish.  All fish were sedated, to reduce stress and ease handling, 

then identified, and counted.  New salmonids captured were measured (fork length, mm; 

wet weight, g) each time the trap was operated.  During peak migration periods, only 25 

salmonids of each species were measured per day, 100 per week, while the remaining fish 

were enumerated.  Fish are only marked each week from Sunday thru Thursday (or until 

100 fish per species is reached) with the assumption that the marked fish will clear out of 

the system by allowing a two day window of no marking on Friday and Saturday each 

week.  All unmarked fish were released downstream of the trap.  Nongame fish were also 

identified to species, counted, and released downstream. 

Because the rotary trap does not sample 100 percent of the water column, only 

portions of the downstream juvenile migrants are captured.  A variety of factors such as 

changing stream flows, changing fish size, behavior, and species composition can 

influence the total migrant population.  To accurately estimate downstream juvenile 

migrants, trap efficiency must be measured on a regular basis.  Other smolt trap studies 

recommend up to 25 fish of each age class are marked and released each day (Jepsen et 

al. 2006).  Typically not enough fish are captured to be marked on a daily basis thus a 
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weekly estimate is calculated to estimate salmonid population.   

To estimate trap efficiency, coho salmon, chinook salmon, cutthroat, and 

steelhead were marked from Sunday through Thursday each week (or until 100 fish were 

marked for each species) using a upper or lower caudal fin clip.  Marked salmonids were 

released at a minimum of 100 meters upstream of the trap and allowed to pass by the trap 

a second time.  Recaptured salmonids were recorded and released downstream of the 

trap.  Weekly estimates were calculated by expanding trap catches using the following 

formula:   

Ni= (ni)/ (mr/mrl) 

where  

Ni = weekly total number of migrants passing the trap  

ni = number of unmarked fish caught in the trap in week (Sunday-Saturday) 

mr = number of marked fish recaptured in trap in week (Sunday-Saturday) 

mrl = number of marked fish released above the trap in week (Sunday-Thursday) 

 

The total number of fish migrating past the trap site (Ntotal) for the season is the estimate 

of summing Ni for the season.  

All marked fish were released within one hour after being marked and during 

daylight hours.  Salmonids were divided into age classes based on fork lengths of fish 

measured at the time of capture.  Criteria used to place fish into age classes were taken 

from data collected by ODFW on rotary traps in North Coast streams. 

Adult steelhead (mostly kelts) are occasionally caught in the traps and are 

included in the summary table but do not go into calculations for population estimate 

since only juvenile fish are used. 
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Table 2.  Size classes for salmonids caught in rotary screw traps. 

Species Fork Length (mm) 

Coho 0+ < 70 

Coho 1+ > 70 

CHF 0+ All fall Chinook are 0+ 

Trout fry < 60 

Stw & Ct 1+ 60-159 

Stw & Ct 2+ 160-199 

Stw & Ct 3+ > 200 

 

Additional life history information was collected during the 2008-2010 trap 

seasons.  It is hypothesized that out-migrating salmonids in good physical condition will 

survive at a higher rate to become adults compared to large numbers of poor conditioned 

out-migrating smolts.  Trap operators collected weight information using a portable scale.  

Weights were recorded in grams and combined with lengths to estimate an individual 

condition factor of coho smolts and out-migrating steelhead.  Condition factors were 

calculated using the following formula: 

K= (100 x W)/ (L/10) ^3 

K= Condition Factor 

W= Weight in grams 

L= Fork Length in millimeters 

A new method of calculating a 95 percent confidence interval was used for the 

2007+ smolt trap seasons.  The old method used one calculation to find variance using 

the equation:  V= ((X^2)*(Y-Z))/ ((Y+1)*(Z+1)).  Where X= the number of estimated 

migrants, Y= number of new fish captured in the trap, Z=the number of recaptured fish 

caught in the trap and V= Variance.  The confidence interval was determined by the 

equation: CI= 1.96*(V)(1/2).  The new method uses Bootstrap, a program that uses 

multiple calculations to arrive at a variance and 95% C.I. (Thedinga et al. 1994) by using 

marked fish, trap efficiency, and estimated population to find each value.  The program 

gives an option of the number of iterations and this study used 1000 iterations when using 
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the program.  The confidence interval is then determined using the same equation as 

above CI= 1.96*((V) (1/2)) except the Bootstrap variance is substituted into the equation. 

Habitat Surveys 

The habitat surveys conducted in BTF and Brush Creek follow the methodology 

presented in Aquatic Inventories Project: Methods for Stream Habitat Surveys (Moore et 

al. 2008).  The surveys were conducted during summer base flows, and surveyors were 

trained in standardized habitat survey methods by ODFW.  These surveys were 

conducted by a two-person team, beginning on June 30, 2008, and ending on September 

29, 2008. 

 
HABITAT INVENTORY COMPONENTS  
 
• Channel morphology and valley characteristics (Channel form, Valley form, and   
      Valley Width Index) 
• Water temperature (° C) 
• Stream flow (Empirical observation, based upon entire stream reach - i.e. moderate 

flow, low flow, etc.)   
• Habitat unit type (Refer to ODFW AIP Manual for complete list and descriptions of 

habitat unit types) 
• Habitat unit dimensions (Estimated and verified length/wetted width; measured 

depth) 
• Slope (Percent - maximum of 150% for vertical step unit) 
• Shade (Percent of 180 - maximum of 90% per bank) 
• Channel dimensions (Active channel, floodprone, and terrace heights/widths) 
• Substrate composition (Percent total substrate corresponding to silt/organic, sand, 

gravel, cobble, boulder, and bedrock substrate types - total of 100% per habitat unit) 
• Actively eroding and undercut banks (Combined percentage - maximum of 50% per 

bank and 100% for left and right banks combined) 
• Large woody debris (Diameter and length classes; excludes live woody material and 

dead woody material < 0.15 m dbh; length class < 3 m and meeting minimum dbh 
requirement constitutes a countable root wad; LWD jams consist of 5 or more pieces 
which meet the size requirements and are in contact with each other in an 
accumulation; placed wood, or "artificial" wood, is recorded with an "A" after 
diameter at breast height) 

• Riparian characteristics per zone (Zones 1-3) (Surface type and slope - maximum of 
150% slope for vertical hillslope; canopy closure, shrub cover, and grass cover - 
maximum of 100% for each category; tree count per diameter class - excludes 
riparian trees < 3 cm dbh) 
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 Data from the habitat inventory forms are entered into Microsoft Access 2003 

(Version 11.0.8166.0), a common data entry program utilized by ODFW, as well as other 

agencies and organizations.  This program processes the data, and summarizes it in the 

following reports/tables: 

 
• Reach report (Valley and Channel Summary, Riparian, Bank, and Wood Summary)  
• Detailed riparian report 
• Riparian summary 
• Habitat unit report (Habitat Detail, Habitat Summary, and Pool Summary) 

 
Graphics were produced from the reports using Microsoft Excel 2003 (Version 

11.0.8237.0).  Figures created for BTF and Brush Creeks include: 

 
• Habitat types by percent occurrence 
• Habitat types by percent total length 
• Summary of riparian zone 
• Mean depths of common habitat types 
• Substrate composition in scour pools and low gradient riffles 
• Average number of hardwoods and conifers in the riparian area (per riparian zone) 
 

Results 

Seeding Surveys 

Pools were surveyed during late August by field staff that were experienced and 

trained in conducting surveys and identification of juvenile fish.  Wolf Creek basin 

(Figure 3) is surveyed by ODFW, while BLM partners survey four standard reaches on 

Little Wolf Creek annually.  ODFW, in partnership with PUR, surveys BTF (Figure 4) 

and Brush Creek (Figure 5) when funding and staffing allow and all standard sites were 

surveyed in 2009 while in 2010 limitations only allowed partial surveys on Brush Creek 

and no surveys in BTF.  In lieu of seeding results, juvenile data is available from rotary 

screw traps operated in these two basins during 2010. 
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Figure 3.  Location of coho seeding surveys with start and end points on Wolf Creek and 
Little Wolf Creek. 
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Figure 4.  Location of coho seeding surveys with start and end points on Big Tom Folley 
Creek. 
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Figure 5.   Location of coho seeding surveys with start and end points on Brush Creek.
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Wolf Creek surveys have been completed during 2007-2010 on seven standard 

reaches (Figure 3).  Surveys in 2008 were conducted in late September on a total of 142 

pools.  2009 surveys were conducted in early September on a total of 142 pools.  2010 

surveys were conducted in early September on a total of 127 pools.  Differences in 

number of pools surveyed each year are due to how many pools meet the minimum 

survey criteria in each reach from year to year. 

During 2007-09, Wolf Creek reaches showed no significant difference [F(2, 18) = 

0.09, p = 0.91] in average coho density by reach using a one-way analysis of variance 

(ANOVA).  However, coho densities (Figure 6, Appendix 1) in all reaches except for 

Wolf Creek Reach 1 decreased in summer 2010.  Wolf Creek Reach 4 is consistently the 

highest seeded reach of those surveyed.  Four of the seven reaches have reached fully 

seeded levels (>0.7 coho/m2) in two or more years during the project. 
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Figure 6.  Density of juvenile coho from surveys conducted in Wolf Creek basin during 
2007-2010.  Reaches with in-stream restoration are denoted with an asterisk. 
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Figure 7 shows raw seeding densities for coho in various standard Little Wolf 

Creek basin reaches from surveys conducted by BLM.  Three of the four reaches have 

been fully seeded in two or more years with the exception of the lowest treatment reach. 

 

 
Figure 7.   Density of juvenile coho salmon from surveys conducted in Little Wolf Creek 
basin during 2007-2010.   

 
Brush and BTF snorkel surveys were completed from August 11-September 15, 

2009 (Appendix 2).  A total of 74 pools were surveyed in Brush Creek, 16 pools in 

Thistleburn (trib of Brush Creek), and 73 pools in BTF and North Fork Tom Folley (trib 

of BTF).  During 2010, the only full reach completed was Brush Creek Reach 3 in which 

19 pools were surveyed.  A partial survey was done on nine pools in Brush Creek Reach 

2 in which 9 pools were surveyed. 

 Big Tom Folley has been under-seeded for coho salmon (Table 3) in both 

enhancement reaches with the exception of Reach 3 in 2009 (0.877 coho/m2).  Control 

Reach 2 is under-seeded and control Reach 4 has been under-seeded except for 2007 

(0.807 coho/m2) and 2009 (0.914 coho/m2). 
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Table 3.  Big Tom Folley seeding data 2004-2010.   

Reach Type 2004 2005* 2006 2007 2008 2009 2010 
1 Enhanced 0.391 0.55 0.543 0.31 0.106 0.447 NS 
2 Control 0.342 0.56 0.43 0.483 0.368 0.363 NS 
3 Enhanced 0.413 - 0.28 0.269 0.452 0.877 NS 
4 Control 1.109 - 0.722 0.684 0.375 0.744 NS 
*Sites that were electrofished instead of snorkeled. 
 

Brush Creek is under-seeded for coho salmon (Table 4) in Reaches 1 & 2 for all 

years and in Reaches 3 & 4 for all years except 2007 and 2009. 

 

Table 4.  Brush Creek seeding data 2004-2010.  

Reach Type 2004 2005* 2006 2007 2008 2009 2010 
1 Enhanced 0.2 0.94 0.012 0.043 0.013 0.11 NS 
2 Enhanced 0.5 - 0.039 0.338 0.001 0.265 0.100** 
3 Control - 0.662 0.447 0.962 0.493 0.896 0.312 
4 Control - 0.64 0.676 0.807 0.398 0.914 NS 
*Sites that were electrofished instead of snorkeled. 
**Partial survey. 

 
A sub-sample of pools during 2009 on Brush (n=22), and BTF (n=25) were 

calibrated after snorkeling by using multiple pass backpack electrofishing.  Brush Creek 

snorkel counts were an average of 1.72 fish lower than electrofishing passes.  BTF 

snorkel counts had an average deficiency of 8.76 fish when compared to electrofishing 

passes.  Variability between snorkel counts and electrofishing passes ranged up to 81 fish 

in Brush Creek and up to 74 fish in BTF. 

Spawning Surveys 

Spawning surveys were conducted annually from fall 2007 through winter 2011.  

Reach locations and acronyms (Table 5) are visible in Figure 7, and varied year to year 

depending on what surveys Corvallis was sampling for each year.  PUR staff conducted 

the majority of the surveys in Wolf Creek basin while ODFW OASIS staff surveyed 

Wolf Creek Reach 3 in the 2008-09 and 2009-10 seasons and Wolf Creek Reaches 3 & 4 

and half of Reach 1 in the 2010-11 season.  BLM staff annually surveys six reaches in 

Little Wolf Creek basin.  Results are presented by year for each Wolf Creek reach for 

total number of coho salmon observed (Appendix 3-6), peak number of coho salmon 
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observed (Appendix 7), and for both Wolf Creek and Little Wolf Creek AUC estimates 

(Table 6 & 7).  

 

Table 5.  Acronyms from Figure 7 associated with spawning ground survey reach names.  
Reaches with restoration projects highlighted. 

Start/End 
point label Survey name 

W1 Wolf Creek Reach 1 
W2 Wolf Creek Reach 2 
W3 Wolf Creek Reach 3 
W4 Wolf Creek Reach 4 
W5 Wolf Creek Reach 5 
W6 Wolf Creek Reach 6 
M1 Miner Creek Reach 1 
M2 Miner Creek Reach 2 
M3 Miner Creek Reach 3 

WC1 Whiskey Camp Creek Reach 1 
WC2 Whiskey Camp Creek Reach 2 
CK1 Case Knife Creek Reach 1 
CK2 Case Knife Creek Reach 2 
R1 Rader Creek Reach 1 
R2 Rader Creek Reach 2 
R3 Rader Creek Reach 3 
R4 Rader Creek Reach 4 
R5 Rader Creek Reach 5 
R6 Rader Creek Reach 6 

WF1 West Fork Rader Creek Reach 1 
TA1 Rader Creek Tributary A Reach 1 
TA2 Rader Creek Tributary A Reach 2 
TA3 Rader Creek Tributary A Reach 3 
TA4 Rader Creek Tributary A Reach 4 
TA5 Rader Creek Tributary A Reach 5 
EF1 East Fork Rader Creek Reach 1 
EF2 East Fork Rader Creek Reach 2 
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Figure 7.  Location of spawning ground surveys in Wolf Creek basin.  See Table 5 for 
description of acronyms. 
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Table 6.  AUC summary for Wolf Creek Basin from 2007-2011.  Reaches with restoration are highlighted. 

 
 

Number of 
Coho 

Observed AUC
AUC 

Coho/Mile
Reach 

Mileage

Number of 
Coho 

Observed AUC
AUC 

Coho/Mile
Reach 

Mileage

Number of 
Coho 

Observed AUC
AUC 

Coho/Mile
Reach 

Mileage

Number of 
Coho 

Observed AUC
AUC 

Coho/Mile
Reach 

Mileage
Wolf Creek 1 2 2 1.49 1.34 79 74 55.22 1.34 10 9 6.72 1.34 20 19 14.18 1.34
Wolf Creek 2 0 0 0.00 1.49 6 6 4.03 1.49 27 28 18.79 1.49 12 35 23.49 1.49
Wolf Creek 3 0 0 0.00 0.99 3 5 5.05 0.99 13 15 15.15 0.99 6 6 6.06 0.99
Wolf Creek 4 0 0 0.00 0.83 42 39 46.99 0.83 24 22 26.51 0.83 7 7 8.43 0.83
Wolf Creek 5 0 0 0.00 0.73 1 2 2.74 0.73 63 63 86.30 0.73 42 41 56.16 0.73
Wolf Creek 6 0 0 0.00 0.99 2 2 2.02 0.99 81 83 83.84 0.99 63 66 66.67 0.99
Miner Creek 1 0 0 0.00 1.78 3 4 2.25 1.78 57 61 34.27 1.78 60 74 41.57 1.78
Miner Creek 2 5 7 16.28 0.43 1 2 4.65 0.43 41 46 106.98 0.43 48 46 106.98 0.43
Miner Creek 3 0 0 0.00 0.93 0 0 0.00 0.93 56 63 67.74 0.93 34 34 36.56 0.93

Case Knife Creek 1 7 11 15.94 0.69 14 22 31.88 0.69 155 121 175.36 0.69 150 127 184.06 0.69
Case Knife Creek 2 2 2 3.03 0.66 2 3 4.55 0.66 29 22 33.33 0.66 34 26 39.39 0.66

Whiskey Camp Creek 1 NS NS NS NS 0 0 0.00 0.55 0 0 0.00 0.55 3 3 5.45 0.55
Whiskey Camp Creek 2 NS NS NS NS 0 0 0.00 0.43 0 0 0.00 0.43 4 4 9.30 0.43

Rader Creek 1 1 3 50.00 0.06 3 2 33.33 0.06 8 7 116.67 0.06 1 1 16.67 0.06
Rader Creek 2 3 9 10.23 0.88 10 12 13.64 0.88 83 75 85.23 0.88 35 42 47.73 0.88
Rader Creek 3 0 0 0.00 0.65 5 8 12.31 0.65 119 106 163.08 0.65 38 40 61.54 0.65
Rader Creek 4 1 2 2.33 0.86 27 38 44.19 0.86 154 133 154.65 0.86 148 139 161.63 0.86
Rader Creek 5 8 8 13.79 0.58 5 8 13.79 0.58 50 44 75.86 0.58 19 18 31.03 0.58
Rader Creek 6 0 0 0.00 0.28 0 0 0.00 0.28 5 4 14.29 0.28 12 13 46.43 0.28

West Fork Rader Creek 0 0 0.00 0.22 7 12 54.55 0.22 9 8 36.36 0.22 4 4 18.18 0.22
Rader Creek Trib A 1 0 0 0.00 0.03 0* 0* 0.00* 0.03 ** ** ** ** 2 2 66.67 0.03
Rader Creek Trib A 2 0 0 0.00 0.66 3 6 9.09 0.66 14 17 25.76 0.69 45 42 63.64 0.66
Rader Creek Trib A 3 0 0 0.00 0.38 1 2 5.26 0.38 23 29 76.32 0.38 35 32 84.21 0.38
Rader Creek Trib A 4 0 0 0.00 0.16 0 0 0.00 0.16 1 1 6.25 0.16 0 0 0.00 0.16
Rader Creek Trib A 5 9 11 18.64 0.59 7 11 18.64 0.59 0 0 0.00 0.59 68 68 115.25 0.59

East Fork Rader Creek 1 5 11 18.03 0.61 6 5 8.20 0.61 44 40 65.57 0.61 36 38 62.30 0.61
East Fork Rader Creek 2 1 3 9.38 0.32 5 5 15.63 0.32 43 38 118.75 0.32 22 24 75.00 0.32

Totals 44 69 4.03 17.14 232 268 14.79 18.12 1109 1035 57.12 18.12 948 951 52.48 18.12

NS = Not surveyed
* Incomplete data set
** Rader Trib A1 data combined with Rader Trib A2

2010-11

Survey Reach

2007-08 2008-09 2009-10
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Table 7.  AUC Summary for Little Wolf Creek Basin from 2007-2011.  Reaches with restoration are highlighted. 
 

Survey 
Reach 

2007-08 2008-09 2009-10 2010-11 Reach 
Mileage 

Number 
of Coho 

Observed AUC 
AUC 

Coho/Mile 

Number 
of Coho 

Observed AUC 
AUC 

Coho/Mile 

Number 
of Coho 

Observed AUC 
AUC 

Coho/Mile 

Number 
of Coho 

Observed AUC 
AUC 

Coho/Mile 
Little 

Wolf Cr 
1 0 0 0.0 8 7 7.3 16 18 18.8 2 2 2.1 0.96 

Little 
Wolf Cr 

2 8 6 4.1 86 77 52.0 258 230 155.4 159 113 76.4 1.48 
Little 

Wolf Cr 
3 12 8 7.3 60 58 52.7 206 137 124.5 263 168 152.7 1.1 

Little 
Wolf Cr 

4 0 0 0.0 24 30 33.3 139 126 140.0 171 112 124.4 0.9 
Little 

Wolf Cr 
5 5 3 3.0 12 13 13.0 79 79 79.0 112 59 59.0 1 

Little 
Wolf Cr 

6 0 0 0.0 20 23 18.4 63 65 52.0 92 101 80.8 1.25 
Totals 25 17 2.4 210 208 29.5 761 655 95.0 799 555 82.6 6.69 
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 Coho salmon spawning surveys for the 2007-2008 season started on November 

13, 2007 and ran through January 18, 2008.  The first live coho salmon were observed in 

the basin on November 23, 2007.  However, the first freshet of the year was on October 

19, 2007 (Figure 8) and because surveys started late this year some fish may have been 

missed.  A total of 38 live adult coho salmon and 6 jacks were observed in the entire 

basin over the course of the season or roughly 2.6 fish per surveyed stream mile including 

jacks. There were no live hatchery fish observed in the Wolf Creek drainage; however, 15 

coho salmon were unknown as to having an adipose fin or not.  Reach specific details are 

illustrated in Table 6 (Appendix 3 & 7).   The last live coho salmon in the basin was 

observed January 3, 2008. 

 Over the course of the spawning season, a total of two coho salmon carcasses 

(adults and jacks) were recovered, for approximately 0.1 fish carcass per surveyed stream 

mile.  Of these carcasses, one was a male coho salmon and one coho salmon carcass sex 

was undetermined.  All of the carcasses recovered had complete adipose fins and were of 

wild origin.  Of the two carcasses sampled throughout the season none were encountered 

on subsequent surveys.  There were no previously handled jacks encountered.   

 The total peak count of redds for the basin through the season was 60 or roughly 

3.5 redds per mile.  Of the 27 identified (Figure 7) stream reaches, 17 contained redds, 8 

contained no redds observed and two (Whiskey Camp Reaches 1 and 2) were not 

surveyed due to an impassable barrier below.  The highest density of redds was found in 

Rader Trib A2 with a peak count of 8.  Winter steelhead were also observed during the 

2007-2008 survey season.  Four winter steelhead were recorded on Case Knife Creek 

Reach 2 on December 13, 2007 and 2 were recorded on Rader Creek Reach 4. 

Coho salmon spawning surveys for the 2008-2009 season started on October 28, 2008 

and ran through February 3, 2009.  The first two weeks of surveying were spent clearing 

trails up the streams, identifying and re-hanging flagging at segment breaks.  The first 

live coho salmon were observed in the basin on November 9, 2008 corresponding with 

the first freshet of the season (Figure 8).  A total of 204 live adult coho salmon and 28 

jacks were observed in the entire basin over the course of the season or roughly 12.8 fish 

per surveyed stream mile including jacks. There were no live hatchery fish observed in 

the Wolf Creek drainage; however, 51 coho salmon were unknown as to having an 
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adipose fin or not.  Reach specific details are illustrated in Table 6 (Appendix 4 & 7).   

The last live coho salmon in the basin was observed January 21, 2009. 

 Over the course of the spawning season, a total of 55 coho salmon carcasses 

(adults and jacks) were recovered, for approximately 3 fish per surveyed stream mile.  Of 

these carcasses, 25 were male coho salmon, 28 were female, 1 was a jack and for one 

coho salmon carcasses the sex was undetermined.  All of the carcasses recovered had 

complete adipose fins and were deemed to be of wild origin.  Of the 55 carcasses 

sampled throughout the season, only 16 were encountered as PHA on subsequent 

surveys.  There were no previously handled jacks encountered.   

 The total peak count of redds for the basin through the season was 169 or roughly 

9.33 redds per mile.  Of the 27 identified (Figure 7) stream reaches, 23 contained redds 

and in the other 4 there were no redds observed.  The highest density of redds was found 

in Radar Creek Reach 4 with a peak count of 26.    

Coho salmon spawning surveys for the 2009-2010 season started on October 5, 

2009 and ran through February 2, 2010.  The first live coho salmon were observed in the 

basin on November 2, 2009 on Wolf Creek Reach 1 but most surveys did not contain 

coho salmon until November 23, 2009 which corresponds with the first freshet of the 

season (Figure 8).  A total of 1,090 live adult coho salmon and 19 jacks were observed in 

the entire basin over the course of the season or roughly 61 fish per surveyed stream mile 

including jacks. There were no live hatchery fish observed in the Wolf Creek drainage; 

however, one coho salmon was unknown as to having an adipose fin or not.  Reach 

specific details are illustrated in Table 6 (Appendix 5 & 7).   The last live coho salmon in 

the basin was observed January 21, 2010. 
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Figure 8.  Little Wolf Creek Discharge (Survey Seasons 2007-08, 2008-09, 2009-10, 2010-11).  Data collected by USGS at the Little 
Wolf Creek gauging station.
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 Over the course of the spawning season, a total of 263 coho salmon carcasses 

(adults and jacks) were recovered, for approximately 14.5 fish carcasses per surveyed 

stream mile.  Of these carcasses, 121 were male coho salmon, 128 were female, 5 were 

jacks and for 9 coho salmon carcasses the sex was undetermined.  All of the carcasses 

recovered had complete adipose fins and were deemed to be of wild origin.  Of the 263 

carcasses sampled throughout the season 160 were encountered on subsequent surveys.  

There were no previously handled jacks encountered.   

 The total peak count of redds for the basin through the season was 658 or roughly 

36.3 redds per mile.  Of the 27 identified (Figure 7) stream reaches, 24 contained redds 

and in the other 3 there were no redds observed.  The highest density of redds was found 

in Case Knife Creek Reach 1 with a peak count of 87.  Fall chinook were also observed 

during the 2009-2010 survey season.  One live fall chinook was recorded in the Wolf 

Creek Reach 3 survey on December 30, 2009. 

 Coho salmon spawning surveys for the 2010-2011 season started on October 11, 

2010 and ran through January 27, 2011.  The first week of surveying was spent clearing 

trails up the streams, re-hanging survey signs, verifying site descriptions, and recording 

GPS points at reach breaks.   

The first live coho salmon were observed in the basin on October 29, 2010 on the 

lowest survey, however, most coho salmon were first seen in the majority of the surveys 

around November 25, 2010 corresponding with the first major freshet of the season 

(Figure 3).  A total of 899 live adult coho salmon and 49 jacks were observed in the 

entire basin over the course of the season or 52.3 fish per surveyed stream mile including 

jacks. There were two live hatchery fish observed in the Wolf Creek drainage and 344 

coho salmon were unknown as to having an adipose fin or not.  Reach specific details are 

noted in Table 6 (Appendix 6 & 7).   The last live coho salmon in the basin was observed 

January 10, 2011. 

 Over the course of the spawning season, a total of 361 coho salmon carcasses 

(adults and jacks) were recovered, for approximately 19.9 fish carcasses per surveyed 

stream mile.  Of these carcasses, 137 were male coho salmon, 195 were female, 20 were 
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jacks and for 9 coho salmon carcasses the sex was undetermined.  All of the carcasses 

recovered had complete adipose fins and were deemed to be of wild origin.  Previously 

handled adults were encountered 480 times and previously handled jacks were 

encountered 13 times on subsequent surveys.    

 The total peak count of redds for the basin through the season was 981 or roughly 

54.1 redds per mile.  Of the 27 identified (Figure 7) stream reaches all but one survey 

(Rader Creek Trib A4) contained redds.  The highest redd densities were found in Case 

Knife Creek Reach 1 with a peak count of 127 and Rader Creek Reach 4 with a peak of 

125.   

 Fall chinook and winter steelhead were also observed in the Wolf Creek Basin 

during the 2010-2011 survey year.  Four live fall chinook were recorded in the Wolf 

Creek Reach 1 survey on October 29, 2010.  Winter steelhead were observed on multiple 

surveys in January in the Wolf Creek basin.  Ten live winter steelhead were recorded on 

Miner Creek Reach 1 on January 21, 2011 and eight on January 27, 2011; two on Miner 

Creek Reach 3 on January 20, 2011; two on Rader Creek Reach 2 on January 24, 2011; 

five on Rader Creek Reach 3 on January 24, 2011; one on East Fork Rader Creek Reach 

1 on January 21, 2011; and one on East Fork Rader Creek Reach 2 on January 11, 2011.  

Restoration work completed by the BLM in Wolf Creek basin was mapped in 

ArcMap to show distribution of restoration projects within spawning ground survey 

reaches (Figure 9).  In addition to the BLM work in Figure 9, there are also boulder weirs 

both above and below the confluence of Little Wolf Creek (labeled W2 in Figure 9) in the 

mainstem Wolf Creek, completed by ODFW & PUR in 2008 and 2009.  Redds that were 

flagged in 2010-11 were mapped in ArcMap to show distribution and densities of redds 

in various spawning ground reaches (Figure 10). Both of these maps exclude Little Wolf 

basin. 

Table 6 shows the AUC for coho salmon during each year surveyed for every 

survey reach in Wolf Creek basin.  The AUC and estimated spawning density (coho 

salmon per mile) were calculated for each individual survey and for the entire basin.  The 

basin AUC for the 2007-08 survey season was 69 determining the estimated spawning 

density for that year 4.03 coho salmon per mile.  The basin AUC for the 2008-09 survey 

season was 268 determining the estimated spawning density for that year 14.8 coho 
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salmon per mile.  The basin AUC for the 2009-10 survey season was 1,035 coho salmon, 

and the estimated spawning density for that year 57.1 coho salmon per mile. The basin 

AUC for the 2010-11 survey season was 951, and the estimated spawning density for that 

season 52.48 coho salmon per mile. 

Table 7 shows the AUC for coho salmon in Little Wolf Creek.  The basin AUC 

for 2007-08 survey season was 17 determining the average estimated spawning density 

for that year as 2.4 coho salmon per mile.  The basin AUC for 2008-09 was 208 with a 

spawning density of 29.5 coho salmon per mile.  The basin AUC for 2009-10 was 655 

with a spawning density of 95 coho salmon per mile.  This year’s AUC was 555 with a 

spawner density of 82.6 coho salmon per mile. 
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Figure 9.  Locations of previous in-stream habitat restoration projects in Wolf Creek 
basin. 
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Figure 10.  2010-11 coho salmon redd distribution.  Redd locations were not recorded for 
surveys done by ODFW (half of Wolf Creek 1; Wolf Creek 3; Wolf Creek 4).  
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Rotary Screw Traps 

Big Tom Folley Creek 

Coho salmon smolts, winter steelhead (1+, 2+, 3+), and cutthroat (1+, 2+, 3+) 

were marked to determine trap efficiency, and to generate a population estimate for each 

species in BTF from 2008-2010.  Appendix 14 displays salmonid species totals by week, 

with mortality data.  Seasonal population estimates with mark/re-capture data for coho 

smolts, steelhead (1+, 2+, 3+), and cutthroat (1+, 2+, 3+) are presented by year and 

species in Appendix 8.  Non-game fish that were captured are presented by year in 

Appendix 11. 

In 2008, a rotary screw trap was placed in Big Tom Folley Creek on March 25th 

and removed on June 7th.  The total number of coho salmon fry captured during 2008 trap 

operation was 164.  Total coho salmon smolts captured were 1,232, with the peak 

(n=271) occurring in late-April/early-May.  There were 935 trout fry captured for the 

season.  Of the older aged steelhead captured, 1+ were the most abundant.  There were 

268 steelhead 1+ and one steelhead 2+ captured during trap operation.  A total of 66 

cutthroat trout of various age classes were captured. 

The 2008 season trap efficiency for coho salmon smolts was 0.127.  For the 

season, 1,232 coho salmon smolts were captured estimating the Big Tom Folley Creek 

basin population to be 13,585 with a 95% confidence interval of ± 3,044 fish, which 

gives an out-migrant estimate ranging from 10,541 to 16,629.  The season trap efficiency 

for steelhead (1+, 2+, 3+) was 0.095.  There were 269 steelhead (1+, 2+, 3+) captured 

and the population was estimated to be 4,248 with a 95% confidence interval of ± 2,260 

fish, which gives an out-migrant estimate ranging from 1,988 to 6,508.  The season trap 

efficiency for cutthroat (1+, 2+, 3+) was 0.195.  There were 66 cutthroat (1+, 2+, 3+) 

captured estimating the population to be 68 with a 95% confidence interval of ± 85 fish, 

which gives an out-migrant estimate ranging from 68 to 153.   

In 2009, a rotary screw trap was placed in Big Tom Folley Creek on March 7th 

and removed on June 6th.  The total number of coho salmon fry captured during 2009 trap 

operation was 699.  Total coho salmon smolts captured were 1,620, with the peak 

(n=648) occurring in late-April.  There were 2,513 trout fry captured for the season.  Of 
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the older aged steelhead captured, 2+ were the most abundant.  There were 126 steelhead 

1+, 189 steelhead 2+ and 37 steelhead 3+ captured during trap operation.  A total of 83 

cutthroat trout of various age classes were captured. 

The 2009 season trap efficiency for coho salmon smolts was 0.258.  For the 

season, 1,620 coho salmon smolts were captured estimating the BTF basin population to 

be 7,261 with a 95% confidence interval of ± 1,029 fish, which gives an out-migrant 

estimate ranging from 6,232 to 8,290.  The season trap efficiency for steelhead (1+, 2+, 

3+) was 0.114.  There were 354 steelhead (1+, 2+, 3+) captured estimating the population 

to be 3,636 with a 95% confidence interval of ± 1,389 fish, which gives an out-migrant 

estimate ranging from 2,247 to 5,025.  The season trap efficiency for cutthroat (1+, 2+, 

3+) was 0.068.  There were 83 cutthroat (1+, 2+, 3+) captured estimating the population 

to be 1,297 with a confidence 95% interval of ± 2,197 fish, which gives an out-migrant 

estimate ranging from 83 to 3,494.   

In 2010, a rotary screw trap was placed in Big Tom Folley Creek on March 2nd 

and removed on June 26th.  The total number of coho salmon fry captured during 2010 

trap operation was 569.  Total coho salmon smolts captured were 1,512, with the peak 

(n=319) occurring in late-April.  There were 195 trout fry captured for the season.  Of the 

older aged steelhead captured, 1+ were the most numerous.  There were 210 steelhead 1+ 

and eight steelhead 2+ captured during trap operation.  A total of 106 cutthroat trout of 

various age classes were captured. 

The 2010 season trap efficiency for coho salmon smolts was 0.131.  For the 

season, 1,512 coho salmon smolts were captured estimating the BTF basin population to 

be 23,289 with a 95% confidence interval of ± 4,387 fish, which gives an out-migrant 

estimate ranging from18,902 to 27,676.  The season trap efficiency for steelhead (1+, 2+, 

3+) was 0.144.  There were 218 steelhead (1+, 2+, 3+) captured estimating the population 

to be 1,394 with a 95% confidence interval of ± 656 fish, which gives an out-migrant 

estimate ranging from 738 to 2,050.  The season trap efficiency for cutthroat (1+, 2+, 3+) 

was 0.070.  There were 106 cutthroat (1+, 2+, 3+) captured estimating the population to 

be 1,271 with a 95% confidence interval of ± 1,933 fish, which gives an out-migrant 

estimate ranging from 106 to 3,204.   

Trap operations have been continuous in Big Tom Folley since 1997 and during 

this time ODFW has been calculating out-migrants per meter to monitor trends and 
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compare with Brush Creek.  To obtain migrants per meter, the total stream length of coho 

salmon distribution in BTF was divided by the estimated number of migrants.  Table 8 

shows both coho salmon and steelhead migrants per meter trends in BTF.  In 2008, coho 

salmon out-migrants per meter of stream were 0.380 while steelhead out-migrants per 

meter of stream were 0.119.  In 2009, coho salmon out-migrants per meter of stream were 

0.203 while steelhead out-migrants per meter of stream were 0.102.  In 2010, coho 

salmon out-migrants per meter of stream were 0.651 while steelhead out-migrants per 

meter of stream were 0.039.  The 12 year average (no data was recorded for 2003 and 

2004) is 0.212 coho salmon out-migrants per meter of stream, and the 11 year average 

(no data was recorded for 1997, 2003, and 2004) for steelhead is 0.050 out-migrants per 

meter of stream. 

Weights and lengths for condition factors were collected for coho salmon smolts, 

steelhead, and cutthroat during 2008-2010 trapping operations.  The 2008 BTF season 

average condition factor for coho salmon smolts was 1.021, ranging from 0.572 to 1.738.   

The 2009 season average condition factor for coho salmon smolts was 1.064, ranging 

from 0.722 to 1.405.   The 2010 season average condition factor for coho salmon smolts 

was 1.061, ranging from 0.901 to 1.478.   Even with a higher total estimated coho out-

migrant population in 2008 and 2010 (13,585 and 23,289) when compared to the average 

population size of 7,558, condition factors remained high at 1.021 and 1.061 when 

compared to average condition factor of 1.048. 

 

Brush Creek 

Coho salmon smolts, winter steelhead (1+, 2+, 3+), and cutthroat (1+, 2+, 3+) 

were marked to determine trap efficiency, and to generate a population estimate for each 

species in Brush Creek from 2008-2010.  Appendix 15 displays salmonid species totals 

by week, with mortality data.  Seasonal population estimates with mark/re-capture data 

for coho salmon smolts, steelhead (1+, 2+, 3+), and cutthroat (1+, 2+, 3+) are presented 

by year and species in Appendix 9.  Non-game fish that were captured are presented by 

year in Appendix 12. 

In 2008, a rotary screw trap was placed in Brush Creek on March 25th and 

removed on June 7th.  The total number of coho salmon fry captured during 2008 trap 
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operation was 38.  Total coho salmon smolts captured were 40, with the peak (n=11) 

occurring in late-March/early-April.  There were 151 trout fry captured for the season.  

Of the older aged steelhead captured, 1+ were the most numerous.  There were 286 

steelhead 1+ and 26 steelhead 2+ captured during trap operation.  A total of 69 cutthroat 

trout of various age classes were captured. 

The 2008 season trap efficiency for coho salmon smolts was 0.5168.  For the 

season, 1,948 coho salmon smolts were captured estimating the Brush Creek basin 

population to be 3,641 with a 95% confidence interval of ± 306 fish, which gives an out-

migrant estimate ranging from 3,335 to 3,947.  The season trap efficiency for steelhead 

(1+, 2+, 3+) was 0.554.  There were 354 steelhead (1+, 2+, 3+) captured estimating the 

population to be 758 with a 95% confidence interval of ± 104 fish, which gives an out-

migrant estimate ranging from 654 to 862.  The season trap efficiency for cutthroat (1+, 

2+, 3+) was 0.420.  There were 69 cutthroat (1+, 2+, 3+) captured estimating the 

population to be 179 with a 95% confidence interval of ± 72 fish, which gives an out-

migrant estimate ranging from 107 to 251. 

In 2009, the Brush Creek rotary screw trap was placed on March 7th and removed 

on June 6th.  The total number of coho salmon fry captured during 2009 trap operation 

was 884.  Total coho salmon smolts captured were 530, with the peak (n=157) occurring 

in mid-April.  There were 336 trout fry captured for the season.  Of the older aged 

steelhead captured, 2+ were the most numerous.  There were 52 steelhead 1+, 73 

steelhead 2+ and 19 steelhead 3+ captured during trap operation.  A total of 23 cutthroat 

trout of various age classes were captured. 

The 2009 season trap efficiency for coho salmon smolts was 0.2628.  For the 

season, 530 coho salmon smolts were captured estimating the Brush Creek basin 

population to be 2,905 with a 95% confidence interval of ± 561 fish, which gives an out-

migrant estimate ranging from 2,344 to 3,466.  The season trap efficiency for steelhead 

(1+, 2+, 3+) was 0.128.  There were 144 steelhead (1+, 2+, 3+) captured estimating the 

population to be 1,035 with a 95% confidence interval of ± 721 fish, which gives an out-

migrant estimate ranging from 314 to 1,756.  The season trap efficiency for cutthroat (1+, 

2+, 3+) was 0.063.  There were 23 cutthroat (1+, 2+, 3+) captured estimating the 

population to be 320 with a 95% confidence interval of ± 286 fish, which gives an out-

migrant estimate ranging from 34 to 606. 
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In 2010, a rotary screw trap was placed in Brush Creek on March 2nd and removed 

on June 26th.  The total number of coho salmon fry captured during 2010 trap operation 

was 1,441.  Total coho salmon smolts captured were 1,448, with the peak (n=221) 

occurring in early-March.  There were 145 trout fry captured for the season.  Of the older 

aged steelhead captured, 1+ were the most numerous.  There were 284 steelhead 1+, 17 

steelhead 2+ and one steelhead 3+ captured during trap operation.  A total of 108 

cutthroat trout of various age classes were captured. 

 The 2010 season trap efficiency for coho salmon smolts was 0.262.  For the 

season, 1,448 coho salmon smolts were captured estimating the Brush Creek basin 

population to be 7,177 with a 95% confidence interval of ± 862 fish, which gives an out-

migrant estimate ranging from 6,315 to 8,039.  The season trap efficiency for steelhead 

(1+, 2+, 3+) was 0.218.  There were 302 steelhead (1+, 2+, 3+) captured estimating the 

population to be 1,434 with a 95% confidence interval of ± 416 fish, which gives an out-

migrant estimate ranging from 1,132 to 1,850.  The season trap efficiency for cutthroat 

(1+, 2+, 3+) was 0.413.  There were 108 cutthroat (1+, 2+, 3+) captured estimating the 

population to be 371 with a 95% confidence interval of ± 116 fish, which gives an out-

migrant estimate ranging from 255 to 487. 

To gain a perspective of the smolt out-migration trends at a watershed level, 

migrants per stream meter has been calculated in the Brush Creek basin since 1995.  To 

obtain migrants per meter, the total stream length of coho distribution in Brush Creek is 

divided by the estimated number of out-migrants. Table 9 shows the migrants per meter 

for both coho and steelhead.  For 2008, coho salmon out-migrants per meter of stream 

were 0.129, while steelhead out-migrants per meter of stream were 0.027.  For 2009, 

coho salmon out-migrants per meter of stream were 0.103, while steelhead out-migrants 

per meter of stream were 0.037.  For 2010, coho salmon out-migrants per meter of stream 

were 0.255, while steelhead out-migrants per meter of stream were 0.051.  The 15 year 

average (no data was recorded for 2004) is 0.147 coho salmon out-migrants per meter of 

stream, and 0.053 steelhead out-migrants per meter of stream. 

Weights and lengths for condition factors were collected for coho salmon smolts, 

steelhead, and cutthroat during 2008-2010 trapping operations.  The 2008 Brush Creek 

season average condition factor for coho salmon smolts was 0.998, ranging from 0.524 to 

1.253.   The 2009 season average condition factor for coho salmon smolts was 1.047, 
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ranging from 0.844 to 1.753.   The 2010 season average condition factor for coho salmon 

smolts was 1.068, ranging from 0.885 to 1.391.    

 

Hinkle Creek 

Coho salmon smolts, winter steelhead (1+, 2+, 3+), and cutthroat (1+, 2+, 3+) 

were marked to determine trap efficiency, and to generate a population estimate for each 

species in Hinkle Creek from 2008-2009.  Appendix 16 displays salmonid species totals 

by week, with mortality data.  Seasonal population estimates with mark/re-capture data 

for coho salmon smolts, steelhead (1+, 2+, 3+), and cutthroat (1+, 2+, 3+) are presented 

by year and species in Appendix 10.  Non-game fish that were captured are presented by 

year in Appendix 13. 

In 2009, a rotary screw trap was placed in Hinkle Creek on March 7th and 

removed on June 6th.  The total number of coho salmon fry captured during 2009 trap 

operation was 681.  Total coho salmon smolts captured were 221, with the peak (n=43) 

occurring in early-May.  There were 506 trout fry captured for the season.  Of the older 

aged steelhead captured, 1+ were the most numerous.  There were 45 steelhead 1+, 17 

steelhead 2+ and 7 steelhead 3+ captured during trap operation.  A total of 13 cutthroat 

trout of various age classes were captured. 

The 2009 season trap efficiency for coho salmon smolts was 0.2028.  For the 

season, 221 coho salmon smolts were captured estimating the Brush Creek basin 

population to be 867 with a 95% confidence interval of ± 354 fish, which gives an out-

migrant estimate ranging from 513 to 1,221.  The season trap efficiency for steelhead 

(1+, 2+, 3+) was 0.075.  There were 69 steelhead (1+, 2+, 3+) captured estimating the 

population to be 750 with a 95% confidence interval of ± 1,228 fish, which gives an out-

migrant estimate ranging from 750 to 1,978.  The season trap efficiency for cutthroat (1+, 

2+, 3+) was 0.111.  There were 13 cutthroat (1+, 2+, 3+) captured estimating the 

population to be 89 with a 95% confidence interval of ± 84 fish, which gives an out-

migrant estimate ranging from 13 to 173.   

To gain a perspective of the smolt out-migration trends at a watershed level, 

migrants per stream meter has been calculated in the Hinkle Creek basin since 2002.  To 

obtain migrants per meter, the total stream length of coho salmon distribution in Hinkle 

Creek is divided by the estimated number of out-migrants. Table 10 shows the migrants 
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per meter for both coho salmon and steelhead.  For 2008, coho salmon out-migrants per 

meter of stream were 0.215, while steelhead out-migrants per meter of stream were 

0.084.  For 2009, coho salmon out-migrants per meter of stream were 0.148, while 

steelhead out-migrants per meter of stream were 0.128.  The 8 year average is 0.218 coho 

salmon out-migrants per meter of stream, and 0.121 steelhead out-migrants per meter of 

stream. 

Weights and lengths for condition factors were collected for coho salmon smolts, 

for steelhead and for cutthroat during 2009 trapping operations.  The 2009 season average 

condition factor for coho salmon smolts was 1.057, ranging from 0.807 to 1.301.
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Table 8.  Big Tom Folley Creek coho salmon and steelhead (1+, 2+, 3+) Smolt 

Population Estimates 1997 – 2010. 

Stream Year Species 
Age 

Class 

Seasonal 
Trap 

Efficiency 
Est. 

Number 
Captured 

Estimated 
Migrants 

Stream 
Length 

(m) 

Migrants 
per 

meter 
Average 
K factor 

BTF 1997 Coho Smolt 0.430 778 2,826 35,772 0.079 - 
BTF 1998 Coho Smolt 0.296 338 1,016 35,772 0.028 0.930 
BTF 1999 Coho Smolt 0.311 118 407 35,772 0.016 1.146 
BTF 2000 Coho Smolt 0.229 494 2,637 35,772 0.074 1.007 
BTF 20011 Coho Smolt 0.348 1,926 6,636 35,772 0.186 1.055 
BTF 20021,2 Coho Smolt 0.182 399 2,207 35,772 0.062 1.210 
BTF 20031 Coho Smolt            
BTF 20041,3 Coho Smolt            
BTF 20054 Coho Smolt 0.428 5,223 13,803 35,772 0.386 1.042 
BTF 20065 Coho Smolt 0.272 1,336 5,163 35,772 0.144 0.929 
BTF 2007 Coho Smolt 0.274 1,428 11,864 35,772 0.332 0.993 
BTF 2008 Coho Smolt 0.1274 1,232 13,585 35,772 0.380 1.021 
BTF 2009 Coho Smolt 0.2582 1,620 7,261 35,772 0.203 1.064 
BTF 2010 Coho Smolt 0.1311 1,512 23,289 35,772 0.651 1.061 

         

Stream Year Species 
Age 

Class 

Seasonal 
Trap 

Efficiency 
Est. 

Number 
Captured 

Estimated 
Migrants 

Stream 
Length 

(m) 

Migrants 
per 

meter 
BTF 1997 STW 1+,2+,3+           
BTF 1998 STW 1+,2+,3+ 0.242 47 150 35,772 0.004 
BTF 1999 STW 1+,2+,3+ 0.067 28 330 35,772 0.013 
BTF 2000 STW 1+,2+,3+ 0.122 254 1,868 35,772 0.052 
BTF 20011 STW 1+,2+,3+ 0.276 528 2,503 35,772 0.07 
BTF 20021,2 STW 1+,2+,3+ 0.118 96 697 35,772 0.019 
BTF 20031 STW 1+,2+,3+           
BTF 20041,3 STW 1+,2+,3+           
BTF 20054 STW 1+,2+,3+ 0.467 956 1,972 35,772 0.055 
BTF 20065 STW 1+,2+,3+ 0.0698 43 565 35,772 0.016 
BTF 2007 STW 1+,2+,3+ 0.15 281 2,170 35,772 0.061 
BTF 2008 STW 1+,2+,3+ 0.0947 269 4,248 35,772 0.119 
BTF 2009 STW 1+,2+,3+ 0.1137 354 3,636 35,772 0.102 
BTF 2010 STW 1+,2+,3+ 0.1438 218 1,394 35,772 0.039 

1 Stream Enhancement 
2 Low Flows caused trap operations to cease during 1st week of May 
3 Trap was not operational and wasn’t installed 
4 Drought winter, only a couple of two year flood events 
5 Trap not in until April 
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Table 9.  Brush Creek coho salmon and steelhead (1+, 2+, 3+) Smolt Population 
Estimates 1995 – 2010.  Highlighted cells indicate years of influence from otolith study 
outmigrating coho smolts. 

Stream Year Species 
Age 

Class 

Seasonal 
Trap 

Efficiency 
Est. 

Number 
Captured 

Estimated 
Migrants 

Stream 
Length 

(m) 

Migrants 
per 

meter 
Average 
K factor 

Brush 19951 Coho Smolt 0.299 1,959 6,236 28,200 0.221  
Brush 19961 Coho Smolt 0.429 902 2,344 28,200 0.083  
Brush 19971 Coho Smolt 0.361 239 3,220 28,200 0.114  
Brush 19981 Coho Smolt 0.292 1,231 15,512 28,200 0.550 0.980 
Brush 19991 Coho Smolt 0.471 296 816 28,200 0.029 1.280 
Brush 2000 Coho Smolt 0.518 1,324 4,980 28,200 0.177 1.049 
Brush 20011 Coho Smolt 0.593 1,451 2,760 28,200 0.098 1.057 
Brush 2002 Coho Smolt 0.528 1,818 3,495 28,200 0.124 1.208 
Brush 2003 Coho Smolt 0.39 1,171 3,236 28,200 0.115 1.150 
Brush 2004 Coho Smolt            
Brush 20052 Coho Smolt 0.582 5,515 9,508 28,200 0.337 1.085 
Brush 20061,3 Coho Smolt 0.458 1,306 4,937 28,200 0.175 1.081 
Brush 2007 Coho Smolt 0.837 1,732 2,086 28,200 0.074 1.087 
Brush 2008 Coho Smolt 0.517 1,948 3,641 28,200 0.129 0.998 
Brush 2009 Coho Smolt 0.263 530 2,905 28,200 0.103 1.047 
Brush 2010 Coho Smolt 0.262 1,448 7,177 28,200 0.255 1.068 

          

Stream Year Species 
Age 

Class 

Seasonal 
Trap 

Efficiency 
Est. 

Number 
Captured 

Estimated 
Migrants 

Stream 
Length 

(m) 

Migrants 
per 

meter 
Brush 19951 STW 1+,2+,3+  34  28,200  
Brush 19961 STW 1+,2+,3+  44  28,200  
Brush 19971 STW 1+,2+,3+  8  28,200  
Brush 19981 STW 1+,2+,3+ 0.293 403 2,249 28,200 0.080 
Brush 19991 STW 1+,2+,3+ 0.305 113 353 28,200 0.013 
Brush 2000 STW 1+,2+,3+ 0.447 132 356 28,200 0.013 
Brush 20011 STW 1+,2+,3+ 0.488 258 702 28,200 0.025 
Brush 2002 STW 1+,2+,3+ 0.37 99 255 28,200 0.009 
Brush 2003 STW 1+,2+,3+ 0.221 105 373 28,200 0.013 
Brush 2004 STW 1+,2+,3+           
Brush 20052 STW 1+,2+,3+ 0.603 493 818 28,200 0.029 
Brush 20061,3 STW 1+,2+,3+ 0.225 122 943 28,200 0.033 
Brush 2007 STW 1+,2+,3+ 0.535 456 852 28,200 0.030 
Brush 2008 STW 1+,2+,3+ 0.554 354 758 28,200 0.027 
Brush 2009 STW 1+,2+,3+ 0.128 144 1,035 28,200 0.037 
Brush 2010 STW 1+,2+,3+ 0.218 302 1,434 28,200 0.051 

1 Stream Enhancement 
2 Drought winter, only a couple of two year flood events 
3 Trap not installed until April 
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Table 10.  Hinkle Creek coho salmon and steelhead (1+, 2+, 3+) Smolt Population 
Estimates 2002 – 2010. 

Stream Year Species 
Age 

Class 

Seasonal 
Trap 

Efficiency 
Est. 

Number 
Captured 

Estimated 
Migrants 

Stream 
Length 

(m) 

Migrants 
per 

meter 
Hinkle 2002 Coho Smolt 0.4831 1,063 2,428 5,850 0.415 
Hinkle 2003 Coho Smolt 0.3959 500 1,799 5,850 0.308 
Hinkle 2004 Coho Smolt 0.554 521 1,019 5,850 0.174 
Hinkle 2005 Coho Smolt 0.5822 600 1,182 5,851 0.202 
Hinkle 2006 Coho Smolt 0.211 109 491 5,845 0.084 
Hinkle 2007 Coho Smolt 0.496 386 1,137 5,861 0.194 
Hinkle 2008 Coho Smolt 0.4502 503 1,254 5,833 0.215 
Hinkle 2009 Coho Smolt 0.2028 221 867 5,840 0.148 

         

Stream Year Species 
Age 

Class 

Seasonal 
Trap 

Efficiency 
Est. 

Number 
Captured 

Estimated 
Migrants 

Stream 
Length 

(m) 

Migrants 
per 

meter 
Hinkle 2002 STW 1+,2+,3+ 0.3718 173 597 5,850 0.102 
Hinkle 2003 STW 1+,2+,3+ 0.3146 130 399 5,850 0.068 
Hinkle 2004 STW 1+,2+,3+ 0.3965 397 1,152 5,850 0.197 
Hinkle 2005 STW 1+,2+,3+ 0.4308 307 838 5,851 0.143 
Hinkle 2006 STW 1+,2+,3+ 0.0667 32 386 5,845 0.066 
Hinkle 2007 STW 1+,2+,3+ 0.3028 257 1,068 5,861 0.182 
Hinkle 2008 STW 1+,2+,3+ 0.2612 134 492 5,833 0.084 
Hinkle 2009 STW 1+,2+,3+ 0.075 69 750 5,840 0.128 

 

Habitat Surveys 

Big Tom Folley Creek 

 The Big Tom Folley Creek sub-watershed is comprised of mainstem Big Tom 

Folley Creek and its tributaries.  Big Tom Folley Creek's legal description at the 

confluence with Elk Creek is T22S R07W Sec10.  In addition to Big Tom Folley Creek, 

three tributaries were surveyed: Saddle Butte Creek, North Fork Big Tom Folley Creek, 

and an unnamed tributary that will be referred to in this report as Tributary A.  Habitat 

inventories in the Big Tom Folley Creek sub-watershed were conducted from June 30, 

2008, through August 27, 2008. 

 Big Tom Folley Creek was primarily constrained by terraces, with a mean Valley 

Width Index (VWI) of 6.2 (VWI Range = 1.07-14.71).  The most frequently occurring 

habitat unit types were 43% scour pools, 29% riffles and 10% glides (Figure 9).  The 
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most prevalent habitat unit types by percent total length were scour pools at 40%, riffles 

32 %, glides 9%, and boulder cascades 7.6% (Figure 10).  Mean depths of predominant 

habitat unit types were 0.51 meters for scour pools, 0.08 meters for riffles, 0.19 meters 

for glides, and 0.07 meters for cascades (Figure 11).  Pool frequency (channel 

widths/pool) was 6.9 and mean residual pool depth (RPD) was 0.47 meters.  There were 

approximately 28 pools per mile, and 15 pools ≥ 1 meter depth.  Water temperatures in 

Big Tom Folley Creek ranged from 14.0 - 16.0 °C, and there was approximately 2,719 

meters of secondary channels.  
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Figure 9.  Habitat types by percent occurrence in Big Tom Folley Creek and Brush 
Creek.  Refer to ODFW AIP Manual for complete list and descriptions of habitat unit 
types. 
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Figure 10.  Habitat types by percent total stream channel length in Big Tom Folley Creek 
and Brush Creek. 
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Figure 11.  Mean depths (in meters) of common habitat types in Big Tom Folley Creek 
and Brush Creek. 
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 Average substrate composition in scour pools was 10% silt/organic, sand 19%, 

gravel 29.5%, cobble 10%, boulder 4%, and bedrock 27.5%.  Average substrate 

composition in riffles was 2.5% silt/organic, sand 6%, gravel 47%, cobble 24%, boulder 

5.5%, and bedrock 14% (Figure 12).  Average substrate composition in glides was 7% 

silt/organic, sand 12%, gravel 30%, cobble 15%, boulder 6%, and bedrock 30%. 
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Figure 12.  Substrate composition in scour pools (LP and SP habitat unit types) and low 
gradient riffles (RI and RP habitat unit types with an average slope of 1.0 - 3.0 %) in Big 
Tom Folley Creek. 

 

 The riparian zone (0-30 meters) was dominated by hardwoods, particularly in 

Zone 1 (0-10 meters) and Zone 2 (10-20 meters).  Some larger conifers (50-90 cm dbh) 

were present, but there were very few conifers greater than 90 cm dbh (Figure 13).  

Figures 14 and 15 summarize the hardwoods and conifers by diameter class within each 

distinct riparian zone along Big Tom Folley Creek.   
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Big Tom Folley Creek - Summary of riparian zone (0-30 m) 
extrapolated to 1000 feet along stream (Total / 1000 ft)

869
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Hardwoods
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Conifers > 35 in. dbh

 
Figure 13.  Summary of hardwoods and conifers in riparian Zones 1-3 (Distance of 0-30 
meters from the edge of the active channel on both the left and right bank, perpendicular 
to the stream channel) extrapolated to 1000 feet along Big Tom Folley Creek.   
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Figure 14.  Summary of hardwoods by diameter class within each distinct riparian zone 
of Big Tom Folley Creek.    
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Figure 15.  Summary of conifers by diameter class within each distinct riparian zone of 
Big Tom Folley Creek. 

 

Saddle Butte Creek 

 Saddle Butte Creek was primarily constrained by terraces, with a mean VWI of 

4.2 (VWI Range = 1.5-10.0).  The most frequently occurring habitat unit types were 39% 

scour pools, 25% riffles and 13% boulder cascades.  Mean depths of predominant habitat 

unit types were 0.44 meters for scour pools, 0.09 meters for riffles, and 0.12 meters for 

cascades.  Mean RPD was 0.4 meters and there was only one pool ≥ 1 meter depth.  

There were 30 step units in Saddle Butte Creek, 19 of which were steps over woody 

debris accumulations.  Water temperature was 15.5 °C.  

 Average substrate composition in scour pools was 9.5% silt/organic, sand 32%, 

gravel 19%, cobble 17.5%, boulder 19%, and bedrock 4%.  Average substrate 

composition in riffles was 6% silt/organic, sand 13%, gravel 42.5%, cobble 25.5%, 

boulder 6%, and bedrock 7%.  Average substrate composition in glides was 6% 

silt/organic, sand 11%, gravel 41%, cobble 28%, boulder 4%, and bedrock 10%.  

Riparian Zone 1 (0-10 meters) and Zone 3 (20-30 meters) were dominated by small 
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conifers (3-30 cm dbh).  There was a low occurrence of larger conifers (> 50 cm dbh) in 

riparian transects along Saddle Butte Creek.  

North Fork Big Tom Folley Creek 

 North Fork Big Tom Folley Creek was primarily constrained by alternating 

terraces and hillslope, with a mean VWI of 4.6 (VWI Range = 1.13-14.76).  The most 

frequently occurring habitat unit types were 40% scour pools, 27% riffles, 7.8% boulder 

cascades, 6.9% glides, and 6.6% dry units.  Mean depths of predominant habitat unit 

types were 0.48 meters for scour pools, 0.12 meters for riffles, 0.18 meters for cascades, 

and 0.18 meters for glides.  Mean RPD was 0.44 meters and there was only one pool ≥ 1 

meter depth.  Water temperatures in North Fork Big Tom Folley Creek ranged from 11.5 

- 15.5 °C.  

 Average substrate composition in scour pools was 6% silt/organic, sand 22.5%, 

gravel 32.5%, cobble 9.5%, boulder 12.5%, and bedrock 17%.  Average substrate 

composition in riffles was 3% silt/organic, sand 14%, gravel 48%, cobble 15.5%, boulder 

11%, and bedrock 8.5%.  Average substrate composition in glides was 3% silt/organic, 

sand 16%, gravel 44%, cobble 12%, boulder 9%, and bedrock 16%.  The riparian zone 

(0-30 meters) was dominated by hardwoods, and very few large conifers (> 50 cm dbh) 

occurred in riparian transects along North Fork Big Tom Folley Creek. 

Tributary A Big Tom Folley Creek 

 Tributary A Big Tom Folley Creek was primarily constrained by terraces and, 

with a mean VWI of 4.6 (VWI Range = 1.44-9.61).  The most frequently occurring 

habitat unit types were 46% scour pools, 26% riffles, 8.5% boulder cascades, and 8.5% 

glides.  Mean depths of predominant habitat unit types were 0.5 meters for scour pools, 

0.08 meters for riffles, 0.12 meters for cascades, and 0.15 meters for glides.  Mean RPD 

was 0.47 meters and there was only one pool ≥ 1 meter depth.  Water temperature in 

Tributary A was 15.0°C.  

 Average substrate composition in scour pools was 7% silt/organic, sand 16%, 

gravel 49%, cobble 16%, boulder 7%, and bedrock 6%.  Average substrate composition 

in riffles was 2% silt/organic, sand 10%, gravel 53%, cobble 26%, boulder 8%, and 

bedrock 1%.  Average substrate composition in glides was 5% silt/organic, sand 16%, 
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gravel 51%, cobble 17%, boulder 5%, and bedrock 7%.  The riparian zone was 

dominated by hardwoods, particularly in Zones 1 and 2 (0-20 meters), and there was a 

low occurrence of large conifers (> 50 cm dbh) in riparian transects along Tributary A. 

 

Brush Creek 

 The Brush Creek sub-watershed is comprised of mainstem Brush Creek and its 

tributaries.  In addition to Brush Creek, three tributaries were surveyed: Thistleburn 

Creek, Squaw Creek, and Blue Hole Creek.  Habitat inventories in the Brush Creek sub-

watershed were conducted from August 26, 2008, through September 29, 2008. 

 Brush Creek was predominantly constrained by alternating terraces and hillslope.  

However, terraces were the main source of channel constraint in two stream reaches and 

hillslope was the primary source of channel constraint in three other reaches.  Mean VWI 

for Brush Creek was 5.7, with values ranging from 1.18-23.81.  The most frequently 

occurring habitat unit types were 46% scour pools, 17% riffles, and 12% glides (Figure 

9).  The most prevalent habitat unit types by percent total length were scour pools at 43%, 

riffles 18%, glides 13%, puddled units 7.8%, boulder cascades 7%, and beaver dam pools 

6.5% (Figure 10).  Mean depths of predominant habitat unit types were 0.59 meters for 

scour pools, 0.79 meters for beaver dam pools, 0.1 meters for riffles, 0.2 meters for 

glides, 0.05 meters for cascades, and 0.15 meters for puddled units (Figure 11).  Pool 

frequency was 6.1 and mean residual pool depth (RPD) was 0.57 meters.  There were 

approximately 24.6 pools per mile, and 25 pools ≥ 1 meter depth.  Beaver activity in 

portions of Brush Creek had created large, deep pools, as well as off-channel habitat.  

Water temperatures ranged from 11.5 - 15.5°C, and there was approximately 918 meters 

of secondary channels.  

 Average substrate composition in scour pools was 18% silt/organic, sand 19.5%, 

gravel 23%, cobble 10%, boulder 10%, and bedrock 19.5%.  Average substrate 

composition in riffles was 6% silt/organic, sand 8.5%, gravel 41%, cobble 17%, boulder 

7.5%, and bedrock 20% (Figure 16).  Average substrate composition in glides was 7% 

silt/organic, sand 12%, gravel 30%, cobble 15%, boulder 6%, and bedrock 30%.  

Average substrate composition in beaver dam pools was 38% silt/organic, sand 24%, 

gravel 28%, cobble 5%, boulder 1%, and bedrock 5%. 
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Figure 16.  Substrate composition in scour pools (LP and SP habitat unit types) and low 
gradient riffles (RI and RP habitat unit types with an average slope of 1.0 - 3.0%) in 
Brush Creek.  

 

 Some larger conifers (50-90 cm dbh) were present, but there was a relatively low 

occurrence of conifers greater than 90 cm dbh in riparian transects along Brush Creek 

(Figure 17).  Figures 18 and 19 summarize the hardwoods and conifers by diameter class 

within each distinct riparian zone along Brush Creek.  The riparian zone (0-30 meters) 

was dominated by hardwoods, particularly in Zones 1 and 2 (0-20 meters).   
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Brush Creek - Summary of riparian zone (0-30 m) 
extrapolated to 1000 feet along stream

592

312

4311

Hardwoods
Conifers
Conifers > 20 in. dbh
Conifers > 35 in. dbh

  
Figure 17.  Summary of hardwoods and conifers in riparian Zones 1-3 (Distance of 0-30 
meters from the edge of the active channel on both the left and right bank, perpendicular 
to the stream channel) extrapolated to 1000 feet along Brush Creek. 
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Figure 18.  Summary of hardwoods by diameter class within each distinct riparian zone 
of Brush Creek. 
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Figure 19.  Summary of conifers by diameter class within each distinct riparian zone of 
Brush Creek. 

 

Thistleburn Creek 

 Thistleburn Creek was primarily constrained by alternating terraces and hillslope.  

However, hillslope was the main source of channel constraint in the upper portions of the 

stream.  Mean VWI for Thistleburn Creek was 3.7, with values ranging from 1.27-10.63.  

The most frequently occurring habitat unit types were 36 % scour pools, 27% riffles, and 

17% glides.  The most prevalent habitat unit types by percent total length were riffles at 

29%, scour pools 25%, boulder cascades 20%, glides 16%, and puddled units 5%.  Mean 

depths of predominant habitat unit types were 0.48 meters for scour pools, 0.08 meters 

for riffles, 0.17 meters for glides, 0.08 meters for cascades, and 0.16 meters for puddled 

units.  Pool frequency was 10.4 and mean RPD was 0.45 meters.  There were 

approximately 24.9 pools per mile, and no pools ≥ 1 meter depth were documented.  
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Water temperatures in Thistleburn Creek ranged from 12.5 - 13.5°C, and there was 

approximately 273 meters of secondary channels.  

 Average substrate composition in scour pools was 13.5% silt/organic, sand 33%, 

gravel 21%, cobble 7.5%, boulder 8%, and bedrock 17%.  Average substrate composition 

in riffles was 6% silt/organic, sand 10%, gravel 42%, cobble 24%, boulder 8%, and 

bedrock 10%.  Average substrate composition in glides was 9% silt/organic, sand 18%, 

gravel 33%, cobble 12%, boulder 6%, and bedrock 22%. 

 The riparian zone was dominated by hardwoods in Zones 1 and 2 (0-20 meters).  

There was a high occurrence of conifers in Zone 3, and the entire riparian zone (0-30 

meters) was dominated by conifers in the upper reaches of Thistleburn Creek.  Larger 

conifers (50-90 cm dbh) were present, as well as some conifers greater than 90 cm dbh. 

Squaw Creek 

 Squaw Creek was predominantly constrained by alternating terraces and hillslope.  

However, terraces were the main source of channel constraint in the lower reaches of 

Squaw Creek, and hillslope was the primary source of channel constraint in the upper 

reaches.  Mean VWI was 3.9, with values ranging from 1.4-8.14.  The most frequently 

occurring habitat unit types were 36% scour pools, 21% puddled units, and 19% riffles.  

The most prevalent habitat unit types by percent total length were puddled units at 43%, 

riffles 21%, scour pools 12%, dry units 12%, and boulder cascades 9%.  Mean depths of 

predominant habitat unit types were 0.41 meters for scour pools, 0.03 meters for riffles, 

0.03 meters for cascades, and 0.21 meters for puddled units.  Pool frequency was 18.5 

and mean RPD was 0.4 meters.  There were approximately 18.6 pools per mile, and one 

pool ≥ 1 meter depth.  Water temperature in Squaw Creek was 14.0°C, and there was 

approximately 42 meters of secondary channels.  

 Average substrate composition in scour pools was 17% silt/organic, sand 30%, 

gravel 35%, cobble 9%, boulder 5%, and bedrock 4%.  Average substrate composition in 

riffles was 1% silt/organic, sand 3%, gravel 62.5%, cobble 23.5%, boulder 1%, and 

bedrock 9%.  Average substrate composition in puddled units was 6% silt/organic, sand 

12%, gravel 58%, cobble 17%, boulder 7%, and bedrock 1%. 

 The riparian zone was dominated by small hardwoods (3-15 cm dbh) in Zone 3.  

There was a high occurrence of conifers in Zones 1 and 2 (0-20 meters) including some 
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larger conifers (50-90 cm dbh), which produced a fairly dense canopy.  Canopy closure 

values for Zones 1-3 were 90%, 84%, and 78%, respectively. 

Blue Hole Creek 

 Blue Hole Creek was primarily constrained by hillslope.  Mean VWI was 1.8, 

with values ranging from 1.09-2.35.  The most frequently occurring habitat unit types 

were 30 % boulder cascades, 26% scour pools, 18% riffles with pockets, steps 9%, and 

6.5% puddled units.  The most prevalent habitat unit types by percent total length were 

boulder cascades at 56%, riffles with pockets 29%, scour pools 9%, and puddled units 

3%.  Mean depths of predominant habitat unit types were 0.48 meters for scour pools, 

0.03 meters for riffles with pockets, 0.04 meters for cascades, and 0.03 meters for 

puddled units.  Pool frequency was 27.6 and mean RPD was 0.46 meters.  There were 

approximately 13 pools per mile, and one pool ≥ 1 meter depth.  Water temperature in 

Blue Hole Creek was 12.0 °C, and there was approximately 21 meters of secondary 

channels.  There were 7 step units in Blue Hole Creek, 5 of which were steps over 

boulders.  Average unit gradient was 7.8%. 

 Average substrate composition in scour pools was 15% silt/organic, sand 21%, 

gravel 25.5%, cobble 13.5%, boulder 14.5%, and bedrock 10.5%.  Average substrate 

composition in riffles with pockets was 6% silt/organic, sand 6%, gravel 50%, cobble 

25%, boulder 7%, and bedrock 6%.  Average substrate composition in puddled units was 

9% silt/organic, sand 14%, gravel 52%, cobble 17%, boulder 8%, and bedrock 0%.  

Average substrate composition in boulder cascades was 8% silt/organic, sand 6%, gravel 

35%, cobble 28%, boulder 22%, and bedrock 1%. 

 The riparian zone was dominated by small hardwoods (3-15 cm dbh), and vine 

maple was particularly dense in Zone 1.  Very few conifers greater than 30 cm dbh 

occurred in riparian transects along Blue Hole Creek.  However, it should be noted that 

only two riparian transects were conducted during the survey of Blue Hole Creek, and 

performing additional transects may yield different results.  
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Discussion 
 

Seeding Surveys 

Big Tom Folley sites were set up to do a comparison between habitat restoration 

sites and non enhanced or control reaches.  Brush Creek and Wolf basin sites were 

selected randomly on each creek to get seeding information for those basins.   

In general for seeding surveys, a value of 0.7 coho/m2 is used for fully seeded in 

pool only snorkeling projects based off observed coho salmon.  This number was based 

on work completed by ODFW (Nickelson 1992) where a value of 1.0 coho/m2 was 

determined as fully seeded for Oregon coastal coho salmon streams.  Then the 0.7 

coho/m2 value for fully seeded was derived from pool snorkeling by Rodgers et al. (1992) 

based off the number of fish visually seen by surveyors versus total fish present (Erik 

Suring, ODFW Corvallis-personal communication). 

Little Wolf Creek surveys completed by BLM show a similar trend to our Wolf 

Creek surveys in that 2010 was slightly decreased from recent years in densities of coho 

salmon per square meter.  Since restoration occurred in 2008 for their two “treated” 

reaches, we would not expect to see an impact for a few years in increasing juvenile 

salmonid densities. 

Wolf Creek seeding surveys have shown low coho salmon densities in the lower 

two mainstem sites (Wolf Reach 1 & 2).  The lower section of Wolf Creek Reach 1 

received boulder weirs during summer 2008 and summer 2009 which should start 

accumulating gravel in the next few years.  Wolf Creek Reach 3&4 and Rader Trib A are 

planned to undergo BLM/PUR helicopter log placements during 2011.  Wolf Creek 

Reach 4 has an average seeding level of 1.06 coho salmon per square meter and is 

exceeding target seeding levels of 0.7.  Rader Trib A is currently averaging 0.66 coho 

salmon per square meter and is almost fully seeded prior to planned restoration.  It is too 

early to detect changes in juvenile densities from in-stream restoration placed in Wolf 

Creek seeding reaches (Wolf 1, Miner 1, Rader 1), so continued monitoring of these 

reaches may show any changes in juvenile densities related to certain reaches or overall 

in the basin.  A meta-analysis of relationships between fish densitiy monitoring as 

affected by in-stream habitat restoration projects notes it may take up to five years post 
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installation to see the full effect on salmonids (Whiteway et al. 2010).  No pre-project 

data is available in these reaches, so we will be looking for overall fish densities in 

coming years to monitor the juvenile coho populations.  We do know that adult coho are 

using these areas with structures for spawning (Figure 10), and as time progresses expect 

these structures to raise the water level and provide some winter refuge.  Wolf Creek 

Reach 1 is the only seeding survey to increase in fish density from 2008-2010 (Figure 6), 

so although adult fish may not be using the habitat for spawning yet (Figure 37), boulder 

structures placed by ODFW not shown in Figure 9 but upstream and downstream from 

point “W2” in Figure 9 may by providing some additional summer rearing habitat for 

juvenile coho from the basin.  Whiteway et al. (2010) showed that boulder structures had 

a larger effect on salmonid densities than did LWD structures, so we expect to see 

changes in density here as the structure matures. 

In Brush Creek, habitat structures placed during the 90’s were designed to address 

the limiting factor of spawning gravel.  Pre and post-project surveys were conducted from 

1994-2001 to look at impacts of habitat structures to fish populations.  Most of the older 

data is not comparable with the more recent data due to lack of specific site locations 

where surveys were completed.  However, we do know that on June 19, 2001, a density 

of 0.688 coho/square meter was observed for Reach #2 when surveyed for 577m2 (about 

¼ of currently surveyed reach).  In addition, mass adult spawning surveys showed 2.45 

coho salmon per mile pre-1998 and 8.93 coho salmon per mile from 1998-2004.  Three 

of these years (2001-2003) included 35%-53% of returning adults being from the otolith 

mark study.   We also see an example of this same juvenile density trend in the 1999 

restoration site.  Therefore, we infer that six years post-treatment, in 2001, the habitat was 

more seeded than currently which means that some of the structures and substrate 

collected by those structures washed out.  Habitat types in the system may have changed, 

or overall the amount of available habitat may have changed since original restoration 

treatments were placed in the mid-90’s. 

It is also possible to infer that spawning gravel was not the major limiting factor 

of coho salmon production in Brush Creek.  Habitat restoration biology has evolved 

drastically in the last 10 years and moved from 1-3 cabled logs (cabled to bedrock on the 

stream floor) to multiple log jam structures that are more keyed into riparian trees.  Older 

cable structures were placed along stream margins to collect gravels and narrow the 
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channels, or occassionally creat scout.  However, these structures didn’t create much 

habitat complexity or over winter refuge for fish.  Multiple log structures also address 

another limiting factor in Brush Creek of rearing habitat (summer and/or winter).  

Placement of these larger, multilayered structures (which function at a higher range of 

water flows), we would expect these newer structures to better sustain higher long term 

densities of coho salmon.  The other potential explanation for the higher seeding in 2001 

is that another research project was releasing unfed fry during both 2000 and 2001 which 

would’ve been potentially counted in the 2001 seeding survey.  Since the fry were not 

externally marked there was no way to distinguish these fish from wild fish during 

snorkel surveys, but we know from mark-recapture data at smolt traps in the basin that 

these made up 52-57% of outmigrating smolts.  Based on this study, wild seeding levels 

would’ve been approximately 0.344 coho per meter square in 2001 which would be 

similar to results we saw in this study from 2004-2010.  Overall, seeding data in Brush 

has been highly variable with the control reaches remaining close to fully seeded and the 

enhanced reaches less so.  Every other year (in all surveyed reaches) shows a sharp 

decline in coho salmon seeding.   

In BTF the control reaches and one of the enhanced reaches have shown a slight 

downward trend, the one exception is the North Fork Tom Folley reach which is showing 

an upward trend.  The North Fork Tom Folley reach has increased from a low of 0.269 in 

2007 to a high of 0.877 in 2009 and seeding in this reach has exceeded the control reach 

since 2008.  A comparison of seeding levels between BTF and Brush Creek shows that 

while these two systems are virtually the same in geology, land management, water 

flows, water temperature, coho salmon populations are reacting differently.  In Brush 

Creek there is sharp variability in seeding levels from year to year while in BTF the 

variability is much less and the summer seeding seems fairly stable if not slightly 

increasing. 

Spawning Surveys 

Weather and water conditions play a big role in the success of gathering spawning 

survey data. The greatest movement of fish into their spawning grounds occurs during the 

raising of water levels and it is common for these events to render survey reaches 

unsurveyable due to poor visibility and dangerous wading conditions.  The optimal time 
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to observe live fish is after a high water event when the stream is receding and clearing. 

Some seasons have better surveying conditions than others and this is something to be 

taken into consideration when comparing data between reaches and seasons.  The Little 

Wolf Creek discharge data collected by the USGS (Figure 8) will be referred to when 

discussing water conditions.  

During all four seasons surveyed in Wolf Creek basin, most of the peak live fish 

counts occurred from December 20th through January 14th following high water events.  

For the 2007-08, 2009-10, and 2010-11 seasons, the majority of the peak fish counts 

occurred in the month of December (Appendix 7).  During 2008-09, most of the peak fish 

counts occurred during the first half of January.  Although the peaks were approximately 

during the same time period, the peak counts varied for each year mostly due to stream 

flows/conditions.  

The 2007-08 survey season was marked with many high water events.  The first 

major event of the season occurred in mid November with a second following in the first 

week of December.  On December 16, 2007 the water levels again rose and did not 

subside until the middle of January.  As a result, most surveys were not conducted for 

most of the season.  The 2007-08 season had the lowest number of surveys completed for 

each segment as well as the lowest number of coho salmon and redd counts.  This may 

have been due to the flows throughout the spawning season being too high to survey and 

thus causing the surveyors to miss peak fish.  Peak redd counts may have also been 

missed due to the high flows washing out redds before surveyors could get back into the 

creeks to survey.  Other adult traps run in the basin by ODFW such as Calapooya adult 

trap and Winchester Dam ladder that were run continually all season also had relatively 

low counts in 2007-08.  The Umpqua Basin OASIS spawning survey AUC estimates 

were also lower than normal this season. 

During the 2008-09 season, the water levels remained low throughout October, 

November and the first half of December which limited coho salmon passage throughout 

the Wolf Creek basin.  The flows started to rise on December 20, 2008 with a peak at 492 

cubic feet per second (cfs) on December 29, 2008 (the average cfs from the start of the 

season leading up to this event was 10.4) causing many of the surveys to be un-

surveyable from December 16, 2008 through January 14, 2009.  Following the initial 

high water event, it was 15 to 30 days before any of the surveys were surveyed again.  
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Although the fish and redd counts are higher than the previous year, it is likely that the 

peak counts were missed for both because of the unfavorable surveying conditions.  

The 2009-10 season, on the other hand, had relatively favorable water conditions 

and the reaches were surveyable throughout the majority of the season. The 2009-10 

season had the lowest average flows of all four survey seasons presented here and the 

high water events that did occur were moderate enough to allow the observance of peak 

coho salmon counts shortly after their occurrence. The survey reaches were all surveyed 

with the highest frequency during this season compared to the other three seasons, and 

only the lowest reaches in the watershed went over 12 days between surveys.   Highest 

counts for many surveys occurred during 2009 and 2010 field seasons due to good runs 

of fish and good visibility and conditions for surveying.  Rader Creek reaches had the 

highest numbers of coho observed during this season. 

Several high water events occurred during the 2010-11 season allowing for fish 

passage to occur throughout the coho spawning season.  The events were spaced apart 

enough to allow the upper reaches to drop into shape and become surveyable frequently.  

However, due to five major high water events that occurred in December, several of the 

lower reaches went 15 to 20 days between surveys.  Except for the lowest reaches, most 

reaches became surveyable within a day or two after a high water event allowing for 

good conditions in which to observe peak counts. 

During the 2008-09 season, the survey crew documented seven barriers to 

upstream migration that either caused delays or prevented the upstream migration of coho 

salmon altogether in Wolf Creek basin. Many of the barriers only became a problem 

during low water periods and were passable when flows were sufficient.  Each of the 

barriers continues to be an issue in subsequent seasons and changes that occurred to some 

of them were documented in the 2010-11 season.  

The first low flow barrier was noted on Case Knife Creek at the first left bank 

tributary in Reach 2.  The barrier was constructed of logs with a few small boulders and 

was in a wide valley location.  Flow moved around the barrier during large flow events 

allowing passage. This barrier was significantly altered in the 2010-11 season during a 

late December high water event that dislodged several logs causing gravel and sediment 

to wash downstream, making fish passage much easier. After the changes occurred, the 

first fish of the season were observed above the barrier.  
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The second and third barriers occurred in Miner Creek at the Reach 2-3 break and 

the other approximately 360 feet upstream. The first low flow barrier was constructed of 

wood and large boulders constrained within a narrow inner gorge. Sediment had built up 

behind this structure making the feature a 10 foot jump without any jump pool. This 

structure remained difficult for fish to navigate throughout the spawning season but 

during high flows, passage was possible. The third barrier just up stream prevented all 

upstream migration to coho throughout the year.  This structure was mostly composed of 

logs with a few small boulders. Juvenile coho were not observed above this structure 

indicating that this may have prevented upstream migration in previous years as well. The 

2007-08 survey crew did not survey both Whiskey Camp Creek reaches, which is 

upstream, because of this barrier.  During the summer of 2009, Roseburg BLM staff, 

while conducting restoration work in the basin, altered the log jam, providing access to 

several miles of good coho habitat.  During the 2009-10 season, 56 coho salmon and 99 

redds were observed above the recently manipulated log jam, in Miner Creek Reach 3.  

During the 2010-11 season, 34 fish and 36 redds were observed.  Further up in the 

watershed, where coho salmon had not been previously observed, there were three fish in 

Whiskey Camp Creek Reach 1 and four fish observed in Whiskey Camp Reach 2.  

The fourth low water barrier, located approximately 500 feet up Rader Creek 

Reach 2, is a bedrock cascade that delays fish.  This barrier becomes passable at higher 

flows.  The fifth barrier is in Rader Creek tributary A Reach 4 approximately 50 feet 

from the mouth of this tributary.  This structure is composed of wood and large boulders 

and prevents fish access throughout the entire year.  The sixth low flow barrier, located in 

the middle of East Fork Rader Creek Reach 2, was constructed of logs with a few small 

boulders.  This barrier was in a wide valley location and flow moved around the barrier 

during large flow events.  During a large flow event in mid December 2010 part of the 

log jam shifted, washing a large amount of gravel and sediment downstream allowing for 

easy fish passage.  

The seventh barrier is found at the Radar Creek Reach 5-6 break. This structure is 

composed mainly of large boulders with large logs mixed into the structure. The barrier is 

difficult for fish to navigate but is passable during high flows.   

Barriers in the basin did cause a significant amount of delays and in one case 

prevented upstream migration for coho altogether.  All but one of theses structures 
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became passable at some point during the spawning season.  With the exception of two 

structures (Rader Reach 2, and Rader trib. A Reach 4), these structures retained a 

significant amount of sediment upstream, providing excellent spawning opportunity for 

coho.    

 During both the 2008-09 and 2010-11 survey seasons, coho were observed past 

the end of surveys in Rader Creek, West Fork Rader Creek, East Fork Rader Creek, and 

Wolf Creek, suggesting that the corresponding surveys need to be extended further 

upstream to better reflect the complete coverage of the coho salmon spawning habitat in 

the Wolf Creek Basin.  Several areas were also noticed to have potential for coho usage 

including the upper reaches of Miner Creek (upstream of the Whiskey Camp Creek 

confluence). Extending Miner Creek Reach 3 into this stretch would add 0.5 miles to the 

total survey. New reaches should be established for the 2011-12 survey season (funding 

pending) to further extend the coverage of spawning habitat in the Wolf Creek Basin 

including the Rader Creek tributary that enters Rader Creek at the Rader Reach 2-3 

break. This tributary has been surveyed by ODFW in the past (named Rader Creek trib. 

B) and would add 0.35 miles to the total basin coverage.  

During the 2008-2009 spawning survey season two factors occurred that may 

have influenced the actual total number of coho salmon in the Wolf Creek basin during 

the season.  One of the factors acted to decrease the overall estimate and the other may 

have overestimated the total abundance of coho salmon in the basin.  During the time 

period of October 26, 2008 to December 16, 2008, flow conditions remained very low 

throughout the basin (Figure 8).  Surveys were conducted through this time period every 

7 to 8 days.  However from the peak redd count data in the upper portion of the basin 

(excluding Wolf Reaches 1-4) it is clear that fish were not observed.  For these reaches, 

the peak count of redds was 36 and there were only 14 live fish observed including jacks 

and 6 carcasses.  This may indicate an overestimation of spawner residence time (Jacobs 

2002) potentially due to increased predation during low flow conditions.   

 The second factor took place between December 1, 2008 and December 10, 2008.  

A large pod of coho salmon were observed in the lower portion of the Wolf Creek basin.  

A total of 97 coho salmon adults and jacks were observed during surveys conducted on 

December 1.  The majority of these fish were in one pool in Wolf Reach 1 (63 fish).  

Flow conditions dropped over the course of the next week by only a few cubic feet per 
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second but live fish numbers dropped dramatically with only 13 live fish, including 12 

holding adults and one jack, observed in the entire basin.  From December 8-10 there 

were no new carcasses observed.  The overall increase in number of peak redds only 

increased by 10 redds during the same time period.  On December 1, spawning ground 

surveyors reported that heavy river otter predation was observed.  It is likely that a 

significant number of coho salmon either perished or returned to the mainstem Umpqua 

River to escape predation until flow conditions increased, which may have resulted in the 

recounting of a significant number of fish or straying of these fish to other mainstem 

tributaries.   

 Another factor may have influenced the redd count for the 2010-11 season.  All 

redds were flagged in the 2010-11 season to document redd distribution and abundance. 

There may have been a bias to call an old redd, a redd later in the season due to a flag 

guiding surveyors towards redds that in previous years they may have missed and 

believed it was no longer a redd.  This may also have caused the 2010-11 surveyors to 

over count the number of redds later in the season. 

 Current restoration projects in the Wolf Creek basin are being preformed to 

increase the amount of spawning and summer/winter habitat in the basin.  Much of this 

work to date has been large wood and rock structure placement.  If future monitoring is 

funded, impacts of these projects to fish abundance can be observed. 

 Throughout the four survey seasons, the highest densities of both live fish and 

redds were observed most consistently in Case Knife Creek Reach 1 and Rader Creek 

Reach 4.  Both of these reaches were observed to have the most abundant and best 

spawning habitat of all the reaches surveyed.  Both of these reaches maintain ample 

stream flow for fish passage throughout the duration of the spawning season.  The large 

woody debris that is dispersed throughout both reaches, much of it placed during 

restoration projects, provides cover for fish and slows down the transport of substrate 

downstream creating ideal spawning habitat.  The lower portion of Case Knife Reach 1, 

in particular, exhibits several positive changes in response to log structures, including a 

meandering stream with split channels with an abundance of spawning gravel.  Due to its 

close proximity to the road and its general lack of habitat diversity, Rader Creek has been 

the focus of numerous habitat enhancement projects including log weirs and structures. 

Rader Creek Reach 4, being the highest up of the reaches on Rader Creek that have had 
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restoration done, is holding back gravel and cobble that fish are utilizing for spawning. 

Although there are still large stretches of [primarily] bedrock on Rader Creek Reaches 1, 

2 and 3, the areas that have good spawning habitat are well utilized.   

Miner Creek Reaches 1 and 2 have also been the focus of restoration projects 

including rock weirs and log structures.  The streambed in the proximity of the habitat 

structures on the lower portion of Miner Creek Reach 1, consists of mainly bedrock and 

loose fine particulates.  The habitat in this section is comprised largely of several long 

pools where few fish are spawning.  The middle and upper portions of Miner Creek 

Reach 1, however, exhibit more diverse habitat and the fish and redd densities reflect 

this. There are numerous log jams in this section several of which are placed, that are 

building up material at every high water.  

Wolf Creek Reaches 1-4, which are below the confluence of Rader Creek, consist 

primarily of bedrock and fine substrate with very little large woody debris or spawning 

gravel present. The habitat modifications on these reaches consist mostly of boulder 

structures and weirs, with a few log placements in Wolf Creek Reach 4.  To date, the long 

slow pools upstream of the boulder weir placements have not accumulated much gravel 

but are instead accumulating mostly fine substrate and organic material.  Gravel 

deposition behind the boulder weirs on the lower Wolf Creek reaches is expected to be 

slow since there is more gravel recruitment higher in the watershed and there are 

numerous log structures in both of the major tributaries to Wolf Creek (Miner Creek and 

Rader Creek).  However, areas that have accumulated suitable gravel are attracting 

spawning fish such as Miner Creek Reaches 1&2 along with Rader Creek Reaches 1, 2, 

and 4 (Figures 9 & 10). 

During the course of the 2008-09 and 2010-11 survey seasons, redd 

superimposition was quite common, particularly in lower reaches in the system.  This is 

often caused by high densities of spawners or low habitat quantity, quality, or both.  Redd 

superimposition can cause partial to full mortality to previously fertile eggs (Groot and 

Margolis, 1991).  In-stream restoration projects are attempting to solve these issues; 

however it may be years before the habitat quantity and quality improve enough to lower 

the occurrence of redd superimposition.  

The estimated coho salmon spawning densities calculated using the AUC 

estimates for each survey reach for all four seasons significantly changed each year 
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(Tables 6 & 7).  Wolf Creek basin results estimated a spawning density of 4.0 fish per 

mile for the 2007-08 season which increased to 14.8 fish per mile for the 2008-09 season 

and again dramatically increased to 57.1 fish per mile for the 2009-10.  The 2010-11 

season data estimated 52.5 fish per mile in Wolf Creek basin which is a slight decrease 

from the 2009-10 season.  The decrease in spawning densities from 2009-10 to 2010-11 

may be due to survey conditions in 2009-10 or may be due to the spawning coho 

populations in 2006-07.  The 2009-10 season overall had the best survey conditions with 

lower flows and clearer visibility.  Unfortunately, there is not enough data from surveys 

in 2006-07 to compare spawning coho salmon populations for Wolf Creek basin. 

Although the habitat restoration placements may have affected the increased spawning 

densities from 2007 to 2011, several other factors, such as survey conditions, ocean 

conditions, fishing pressures and other potential biases, may have also influenced these 

estimates. 

With the current data collected, the 2007-08 and 2010-11 seasons can be 

reasonably compared because the 2010-11 coho were returning from the 2007-08 season.  

The 2010-11 data shows a high return of spawning coho salmon from the 2007-08 

season, which had a very low spawning density, suggesting that the juvenile survival rate 

was high.  This may be partially due to the restoration structures placed in 2008.  

Although these structures did not have time to accumulate gravel, they may have created 

pools for summer rearing and also helped slow flows and create eddies in the fall and 

winter of 2008 creating winter refuge.  The effects of restoration structures on juvenile 

survival may be more evident in the next two seasons when the juveniles from 2008-09 

and 2010-11 return. 

Each survey reach from season 2007-08 through season 2010-11 also experienced 

considerable changes in spawning densities.  While in all reaches the spawning density 

estimates increased from 2007 to 2011, the most prominent increases occurred in nine of 

the survey reaches.  Some of the largest increases occurred in reaches that had habitat 

restoration sites completed within them (Figure 2).  From 2007 until 2011, Case Knife 

Creek Reach 1 had an average increase of 56.0 fish per mile per year; Rader Creek Reach 

4 had an average increase of 53.1 fish per mile per year; and Miner Creek Reach 2 had an 

average increase of 30.2 fish per mile per year.  Again, this may be due to the habitat 
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improvement projects increasing the amount of spawning, summer rearing and over-

wintering habitats, and also other factors previously mentioned. 

Rader Creek tributary A Reach 5 had an average increase in spawning density of 

32.2 fish per mile per year from 2007 until 2010 however has not had any habitat 

improvement projects placed in the entire stream.  This increase is most likely due to 

beaver activity.  There has been a network of beaver dams in the upper half of this reach 

since 2007 that may have slowed or prevented fish access.  Then in December of 2010, 

after a high water event, a majority of the larger dams dislodged allowing for much easier 

fish passage.  In 2010-11, there were much higher fish counts in this area than in previous 

years. 

Several survey reaches had an increase in coho salmon spawning density from 

2007 until 2010 but did not have any habitat improvement projects or other alterations 

within the stream.  Wolf Creek Reach 5 had an average increase in spawning density of 

18.7 fish per mile per year; Wolf Creek Reach 6 had an average increase of 22.2 fish per 

mile per year; Rader Creek Reach 3 had an average increase of 20.5 fish per mile per 

year; Rader Creek tributary A Reach 3 had an average increase of 28.0 fish per mile per 

year; and East Fork Rader Creek Reach 2 had an average increase of 21.9 fish per mile 

per year.  Even though there were not any habitat improvement structures within these 

streams, there were structures placed downstream on the main Wolf Creek tributary, 

Little Wolf Creek.  The juvenile survival rates (summer and winter) may have increased 

in Wolf Creek basin due to habitat improvement increasing the number of out-migrating 

smolts to return as adults.  The returning coho salmon may have then dispersed into more 

areas with spawning habitat as a result of increased spawning gravel due to restoration 

projects throughout the basin.  Again other factors previously mentioned may have also 

influenced the spawning densities.  It is difficult to conclude without more historical data 

on the entire Wolf Creek basin. 

The Umpqua ESU is separated into four monitoring areas within the Umpqua 

River basin. Wolf Creek is included in the Middle Umpqua monitoring area. This area 

includes the mainstem Umpqua and all of the tributaries from just above Elk Creek to the 

confluence of the North and South Forks of the Umpqua River. The AUC estimates for 

coho salmon abundance as calculated by OASIS (Figure 20) for the Middle Umpqua 
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River in the 2007-08, 2008-09, 2009-10 and (preliminary) 2010-11 spawning seasons are 

1,587, 4,594, 13,346, and 11,649 respectively.  

 

Figure 20.  Estimated abundance of wild adult coho salmon spawners (OASIS 2010) for 

Middle Umpqua and Umpqua Populations. 

 

This data concludes that between 5.4% and 12.9% of the spawning coho salmon 

in the Middle Umpqua monitoring area were estimated to be present in Wolf Creek basin 

between 2007 and 2010.  The estimated percentages of Wolf Creek basin coho abundance 

during the 2009-10 and 2010-11 seasons were higher (12.7% in 2009-10 and 12.9% in 

2010-11) and more accurate than the previous two seasons (5.4% in 2007-08 and 10.4% 

in 2008-09) possibly due to the stream flows for those years.  It is possible that the AUC 

estimates for the 2007-08 and 2008-09 seasons were underestimated because the 

surveyors missed surveys during the peak spawning periods (the last 2-3 weeks of 
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December) due to poor survey conditions.  It can not ultimately be determined that the 

last 2-3 weeks in December are the peak coho salmon spawning periods for Wolf Creek 

basin based on only four years of data.  However, the 2009-10 and 2010-11 survey 

seasons had favorable weather conditions and the data shows that this is the peak 

spawning time.  Further years of spawning survey data collected in Wolf Creek basin 

may prove this theory. 

The Wolf Creek and Middle Umpqua AUC estimate trends matches that of the 

other Oregon Coast monitoring areas during the same time period.  In the last decade 

there have been two peaks of coho salmon spawner abundance. From the previous 

decade, coho salmon abundance increased dramatically from 2001 through 2004, 

following favorable ocean conditions. Coho salmon abundance then declined in 2004-

2007, in a period of reduced ocean survival. The spawner abundance has rebounded in 

recent years as ocean conditions have once again become favorable. The AUC estimates 

for coho salmon abundance in the Middle Umpqua monitoring area for the 2009-10, and 

2010-11 seasons, are the highest on record since 1990 

(http://oregonstate.edu/dept/ODFW/spawn/pdf%20files/coho/AnnualEstESU1995-

2009.pdf).  The AUC estimates calculated for the Wolf Creek basin in all seasons do not 

take into account the areas that are used by coho salmon but are not surveyed. This issue 

will be corrected in future survey seasons (funding pending) as some reaches will be 

extended and new ones will be added.  The corrections will give an AUC estimate that 

better reflects the actual abundance of coho salmon in the Wolf Creek basin. The other 

streams that comprise the Middle Umpqua monitoring area are influenced by similar 

water conditions to that of Wolf Creek, therefore they exhibit similar trends in surveying 

conditions. 

 The AUC estimates calculated for the same four seasons in the Wolf Creek and 

Little Wolf Creek basins correspond with the Middle Umpqua estimates in terms of 

general abundance.  In chronological order from 2007 to 2010, the AUC estimated coho 

salmon abundance in Wolf Creek basin are: 69, 268, 1,035 and 951 and in Little Wolf 

Creek basin are: 17, 208, 655, and 555.  The goal is to survey all possible coho habitat 

and estimate total escapement.  However, in 2010 field season it was discovered that 

approximately 0.6 miles of coho habitat in Little Wolf (Jeff McEnroe, BLM- personal 

communication 4/13/11), and approximately 1 mile in Wolf Creek is not currently 

http://oregonstate.edu/dept/ODFW/spawn/pdf%20files/coho/AnnualEstESU1995-2009.pdf�
http://oregonstate.edu/dept/ODFW/spawn/pdf%20files/coho/AnnualEstESU1995-2009.pdf�
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included in surveys.  This means, total basin AUC is slightly underestimated in 2007-

2010.  If you combine Wolf Creek basin surveys completed by PUR staff with BLM 

surveys in Little Wolf to get the entire Wolf basin AUC for 2007-2010, estimates are 86, 

476, 1690, and 1506 respectively by year which comprises an average of 10.3% of the 

Middle Umpqua ESU population estimate 

(http://oregonstate.edu/dept/ODFW/spawn/pdf%20files/coho/AnnualEstESU1995-

2009.pdf) each year. 

Rotary Screw Traps 

This concludes the 15th year of trapping on Brush Creek.  The coho salmon smolt 

out-migration peaks varied for each year from early-March to mid-April while the winter 

steelhead and cutthroat trout out-migration peaks were usually in late March/early April 

except for in 2010 when cutthroat out-migration peaked in late May.  When compared to 

the three years prior to 2008, the number of steelhead out-migrants has remained stable.  

Coho salmon out-migrants, had shown a steady decline from 2005 to 2007, with 2007 

having the second lowest out-migrant per meter count in the history of Brush Creek trap 

operations.  However, the number of coho salmon out-migrants has increased since 2007, 

with 2010 having the third highest out-migrant per meter count in the history of Brush 

Creek trap operations.  The reason for the past decline and most recent increase is 

unknown at this time, especially with no basin scale spawning surveys having been 

completed in Brush Creek since 2005.  However, the downward trend tends to follow the 

AUC data for the middle Umpqua population (Figure 20).  The one anomaly within this 3 

year period would be 2005, which was a drought winter, so winter survival rates were 

very high.   Condition factors for 2008-2010 coho salmon smolts at Brush Creek remains 

good indicating that out-migrants who survive the winter freshets are in good condition 

as they start their migration to the ocean.  The three season average condition factor for 

coho salmon was 1.038.   

This was the 12th year of trap operation in BTF.  The trap operated from March 

25th through June 7th  in 2008; March 7th through June 6th in 2009; and March 3rd through 

June 26th in 2010.  The out-migrant peaks for salmonids in 2009 and 2010 were all during 

the same week in late April (the week of April 19, 2009 to April 25, 2009 and the week 

of April 18, 2010 to April 24, 2010).  In 2008, however, the out-migrant peaks for 

http://oregonstate.edu/dept/ODFW/spawn/pdf%20files/coho/AnnualEstESU1995-2009.pdf�
http://oregonstate.edu/dept/ODFW/spawn/pdf%20files/coho/AnnualEstESU1995-2009.pdf�
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salmonids varied for each species.  The coho salmon smolt out-migration peak was in late 

April/early May; the steelhead out-migration peak was in mid-April; and the cutthroat 

out-migration peak was in mid-May. Coho salmon smolts in BTF had shown a decline 

from the 2005 season (drought winter with high survival and a record number of coho 

salmon smolts) to 2007, but still remained above estimated counts calculated prior to 

restoration work beginning in the basin (2001).  In 2008, the number of coho salmon out-

migrants per meter more than doubled from 2007, declined slightly in 2009 and had the 

highest estimate of coho salmon out-migrants per meter in 2010 in the history of the BTF 

trap operations.  Condition factors for 2008-2010 coho salmon smolts in BTF remains 

good.  The three season average condition factor for coho salmon was 1.049.  The 

number of steelhead out-migrants increased in 2008 and 2009 when compared to the 

previous 3 years, however drastically declined in 2010 to the lowest out-migrants per 

meter count since 2006. 

A comparison between Brush Creek and BTF shows that prior to restoration work 

in BTF the average number of coho salmon out-migrants in Brush Creek was double 

what out-migrated from BTF (4,920 versus 2,621) from 1997 to 2002.  Since restoration 

work was completed in 2003 on BTF, the average number of coho salmon out-migrants 

from BTF has quadrupled (12,494) while Brush Creek has remained the same (4,784).  

Steelhead out migrants in BTF have shown little increase pre and post stream habitat 

enhancement.   A one-way ANOVA was used to test for differences between streams, by 

year, and pre/post restoration in BTF and Brush Creek.  There was no significant 

difference in number of migrants by stream across the project F (1,22)=1.159, p = 0.293 

or by year F (11,12) = 1.114, p = 0.425.  There was a significant difference between pre 

and post restoration F (1,22) = 5.369, p = 0.030, meaning that combined results from 

BTF and Brush Creek showed a difference pre and post restoration. 

Non-game fish species in all the smolt traps have remained constant over the past 

three years.  Speckled dace and red-sided shiner are the dominant nongame fish.  Pacific 

lamprey juveniles (ammocetes) were also numerous, with some brook lamprey and 

Pacific lamprey adults being caught at Brush Creek and Big Tom Folley.  Not much is 

known about the lamprey juveniles’ downstream migration patterns. 
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Hinkle Creek smolt trap had been operated previously on it’s own project.  

Funding from this project simply paid to finish up the last year of running the trap with 

the intent to write up a large report on the project at a later time.  Funding was never 

secured for analysis of this data, but the results from 2002-2009 are presented in the 

results section (Table 10).   

Habitat Surveys 

 A major limiting factor in the production of juvenile coho in streams is the 

availability of suitable summer and winter rearing habitat.  Habitat selection by juvenile 

coho is primarily based on water velocity and, although to a lesser degree, depth and light 

intensity also influence habitat selection (Shirvell 1990).  Low velocity habitats preferred 

by juvenile coho include pools, beaver ponds, and off channel habitats.  Although there 

were a sufficient number of pools in BTF and Brush Creek, the amount of off channel 

habitats such as secondary channels, beaver dam pools, and backwater areas may be 

inadequate.  For example, in recent summer habitat surveys there were approximately 

918 meters of secondary channels in mainstem Brush Creek, accounting for only about 

4.7% of the total length surveyed.  Also, the percent occurrence of backwater (BW) 

habitat units was very low and totaled 0.34% of habitat surveyed for Brush Creek and 

0.53% in BTF.          

 Large woody debris (LWD) creates pool habitats by influencing channel 

morphology and provides areas of reduced velocity during high stream flows.  In coastal 

streams, the majority of juvenile coho overwinter in deeper pools with adequate cover in 

the form of woody debris (Scarlett and Cederholm 1984).  In addition to creating habitat 

complexity, LWD also traps fine sediments and facilitates the sorting of stream 

substrates, which can increase both percent survival to emergence and the availability of 

spawning gravels for adult coho salmon.  LWD is an integral component of stream 

ecosystems.   

 Riparian areas are the link between aquatic and terrestrial ecosystems, and 

facilitate bank stability, water temperature regulation, nutrient cycling, and biological 

production.  Riparian transects conducted as part of the habitat inventory of BTF and 

Brush Creek showed that the riparian zone was often dominated by small hardwoods, and 

that the density of larger conifers was significantly low.   
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 LWD in forested streams has been lost primarily by activities such as splash 

damming, stream cleaning, streamside logging, agricultural conversion, and fire.  Studies 

have indicated that many tributaries in the Elk Creek Watershed, including Big Tom 

Folley Creek, are lacking LWD.  A decrease in recruitment of LWD into streams may 

have potential adverse effects on the hydrology and ecology of lotic systems and the 

production of coho in streams.  In the last fifteen years, in both the Big Tom Folley Creek 

and Brush Creek sub-watersheds, the placement of numerous in-stream log structures was 

intended to augment the natural input of LWD into the streams.   

 Pre-treatment habitat surveys conducted in 1993 in both BTF and Brush Creeks 

allow comparison on what effects boulder or log placements can have on habitat suitable 

to fish production.  For example, Brush Creek increased average gravel in riffles 

(spawning habitat) from 1993 (26%) to 2008 (41%), and Thistleburn Creek decreased 

average fines in riffles (aeration for eggs in redds) from 21.6% in 1993 to 6% in 2008.  

Even with double the spawning gravel, we did not see a substantial increase in coho out-

migrants which tells us that gravel was not the limiting factor for fish production.   In 

BTF, NF BTF, and Saddle Butte Creek which had minimal enhancement, stayed stable 

for average gravel in riffles (45-47% between pre/post surveys), but decreased average 

fines in riffles by about 6% from 1993.  Spawning gravel remained stable, which 

indicated that LWD structures in lower NF BTF and boulder structures on Seneca Lands 

may have addressed another limiting factor since number of outmigrating coho increased 

since restoration.  Large woody debris increased an average of 30 pieces/100m in Brush 

Creek and 18 pieces/100m in Thistleburn Creek.  LWD decreased 2.5 pieces/100m in 

BTF, increased 6 pieces/100m in NF BTF, remained the same in Saddle Butte Creek, and 

increased 4 pieces/100m in BTF Trib A.  Overall, the treated stream (Brush Creek) had 

higher amounts and quality of spawning habitat as well as more substantial increases in 

LWD which creates rearing habitat for juvenile fish.  Whiteway et al. (2010) also showed 

similar increases in a compilation of data from 211 restoration projects monitoring habitat 

and fish changes and found that overall, there was significant increased in the number of 

LWD pieces in rivers but also increased in pool area, channel depth and percent cover. 
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Overall Summary  
 The effectiveness of habitat restoration projects for salmonids can be shown by 

increases in fish production or increases in fish fitness.  Also, once the habitat reaches its 

carrying capacity there will be a limitation of “x” number of adults can only produce “x” 

number of juvenile fish at which increased adult fish may not mean increased juvenile 

fish since it could be limited by rearing or spawning habitat.  Many peer reviewed articles 

and studies conclude that salmonid abundance typically increases post restoration 

projects, even if some case studies are not successful due to other environmental 

variables (Stewart et al. 2009; Whiteway et al. 2010).  In addition, it is difficult to 

distinguish between changes in fish densities resulting from other variables such as ocean 

survival, recruitment, and redistribution within a basin. 

 Juvenile coho data provides index data at standard sites that hopefully in future 

years can be an effective way to compare trends in the basin.  Seeding surveys are an 

effective survey technique to cover a lot of ground in different stretches of creek and 

habitats.  However, as we have shown here, the seeding surveys do not detect changes in 

short periods of time and are prone to surveyor bias.  Selecting good pre and post 

monitoring sites that are not later influenced by new habitat projects or other factors is 

important in detecting trends. 

The BTF and Brush Creek project was a long term effectiveness monitoring 

project designed to look at smolt production and habitats specifically related to 

restoration work as a control and treatment set up.  Results from this study show that 

enhanced reaches in Brush Creek remained under-seeded 10-15 years post treatment and 

that overall it remains less seeded than the control stream (BTF).  We believe that this is 

due to lack of summer and winter habitat for juveniles.  In addition, due to the small total 

mileage affected by installation of habitat projects in Brush Creek, we may not see a 

measurable change in coho (Minns et al. 1996).  Brush Creek is also still heavily 

dominated by bedrock as shown in habitat surveys so could still benefit from more large 

wood jam projects.  The average number of smolt out-migrants in Brush Creek (pre 

restoration) was 4,920 and 4,784 post restoration.  Although this is an overall increase for 

the system, the overall returns of coho have increased since pre-restoration, so to directly 

relate this to increased spawning gravel is difficult.   BTF which was set up to be the 

control stream showed pre-project averages of 2,621 coho and post-project averages of 
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12,494 coho.  Less miles of restoration but more recent (eg. multiple log jams vs. single 

log placements) stream habitat improvements to improve over-winter survival have been 

done in the basin and coho salmon populations have increased in average number but not 

statistically different from pre-restoration populations.  Small increases in coho numbers 

post treatment in both control and treatment reaches (BTF and Brush), while not 

statistically different pre/post treatment, make it difficult to make direct correlations to 

habitat improvements.  Many others note this difficulty in showing direct correlations 

with increases in fish related to habitat restoration projects (Stewart et al. 2009).   

Spawning surveys and juvenile fish trap data were run as a more long term study 

to get a better idea of specific basin populations.  However, they are expensive to 

complete due to the number of days and months required to operate the traps.  With 

current budgets, more juvenile information will be collected via seeding surveys rather 

than smolt traps. 

Additional Data 
Appendix 17 of this report is the details from in kind match funding provided by 

the related project in the North Umpqua funded by PacifiCorp.  This report includes data 

and results used as match for this project to give a more full set of data for the Umpqua.  

Specific to this project are results from 2008-2009 rotary screw traps, seeding, and 

spawning ground surveys in Calf, Copeland, Soda Springs, and Boulder Creeks. 

 As part of the OWEB grant agreement, information from this project is posted to 

the NRIMP Data Clearinghouse.  Raw data is housed at the ODFW Southwest Regional 

office. 
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Appendices 
 
Appendix 1.  Coho seeding densities (coho/m2) observed in Wolf Creek basin juvenile snorkel 
surveys from 2007-2010. 

 2007 2008 2009 2010 
Miner 0.462 0.573 0.642 0.234 
Rader 0.557 0.858 0.816 0.397 

Rader Trib 
A 0.807 0.802 0.690 0.231 

Wolf 1 0.132 0.035 0.155 0.177 
Wolf 2 0.458 0.038 0.215 0.104 
Wolf 3 0.812 0.664 1.244 0.457 
Wolf 4 1.253 1.294 1.164 0.516 
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Appendix 2.   Seeding densities for coho in Big Tom Folley and Brush Creek during 2009. 

Reach Date 
Pool       
(n) 

m2 
sampled Coho Coho/m2 

BTF 1 8/11/2009 19 2038.1 714 0.447 
BTF 2 8/12/2009 13 1097.02 345 0.363 
BTF 3 8/19/2009 23 1051.4 861 0.877 
BTF 4 8/24/2009 18 643.29 414 0.744 

Brush 1 9/9/2009 28 6730.79 656 0.110 
Brush 2 8/26/2009 20 2204.85 520 0.265 
Brush 3 9/10/2009 26 1424.45 1200 0.896 

Thistleburn 9/15/2009 16 616.83 525 0.914 
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Appendix 3.   Summary of total fish observed by reach of 2007-08 spawning ground surveys conducted in Wolf Creek basin. 

2007-2008 
  Live Coho Carcasses   

Reach 
Total 
UnMA 

Total 
MkA 

Total 
UnKA 

Total 
Jacks 

Total 
live 

coho 
Total 
Male 

Total 
Female 

Total 
Jack 

Total 
UnK 

Total 
PHA 

Total 
PHJ 

Total 
Redds 

Wolf Creek 1 1 0 1 0 2 0 0 0 0 0 0 1 
Wolf Creek 2 0 0 0 0 0 0 0 0 0 0 0 4 
Wolf Creek 3 0 0 0 0 0 0 0 0 0 0 0 0 
Wolf Creek 4 0 0 0 0 0 1 0 0 0 0 0 3 
Wolf Creek 5 0 0 0 0 0 0 0 0 0 0 0 0 
Wolf Creek 6 0 0 0 0 0 0 0 0 0 0 0 2 
Miner Creek 1 0 0 0 0 0 0 0 0 1 0 0 4 
Miner Creek 2 0 0 4 1 5 0 0 0 0 0 0 4 
Miner Creek 3 0 0 0 0 0 0 0 0 0 0 0 5 

Case Knife Creek 1 2 0 5 0 7 0 0 0 0 0 0 4 
Case Knife Creek 2 1 0 1 0 2 0 0 0 0 0 0 6 

Rader Creek 1 1 0 0 0 1 0 0 0 0 0 0 0 
Rader Creek 2 2 0 1 0 3 0 0 0 0 0 0 0 
Rader Creek 3 0 0 0 0 0 0 0 0 0 0 0 1 
Rader Creek 4 0 0 0 1 1 0 0 0 0 0 0 2 
Rader Creek 5 6 0 0 2 8 0 0 0 0 0 0 0 
Rader Creek 6 0 0 0 0 0 0 0 0 0 0 0 0 

West Fork Rader Creek 0 0 0 0 0 0 0 0 0 0 0 7 
Radar Creek Trib A 1 0 0 0 0 0 0 0 0 0 0 0 7 
Radar Creek Trib A 2 0 0 0 0 0 0 0 0 0 0 0 8 
Radar Creek Trib A 3 0 0 0 0 0 0 0 0 0 0 0 5 
Radar Creek Trib A 4 0 0 0 0 0 0 0 0 0 0 0 3 
Radar Creek Trib A 5 6 0 3 0 9 0 0 0 0 0 0 2 

East Fork Rader Creek 1 4 0 0 1 5 0 0 0 0 0 0 3 
East Fork Rader Creek 2 0 0 0 1 1 0 0 0 0 0 0 0 

Totals 23 0 15 6 44 1 0 0 1 0 0 71 
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Appendix 4.  Summary of total fish observed by reach of 2008-09 spawning ground surveys conducted in Wolf Creek basin. 

2008-2009 
  Live Coho Carcasses   

Reach 
Total 
UnMA 

Total 
MkA 

Total 
UnKA 

Total 
Jacks 

Total 
live 

coho 
Total 
Male 

Total 
Female 

Total 
Jack 

Total 
UnK 

Total 
PHA 

Total 
PHJ 

Total 
Redds 

Wolf Creek 1 31 0 37 11 79 4 2 0 0 1 0 41 
Wolf Creek 2 3 0 3 0 6 2 5 0 1 1 0 66 
Wolf Creek 3 2 0 1 0 3 0 1 0 0 3 0 26 
Wolf Creek 4 29 0 6 7 42 1 1 0 0 3 0 49 
Wolf Creek 5 1 0 0 0 1 2 1 0 0 0 0 35 
Wolf Creek 6 2 0 0 0 2 0 2 0 0 0 0 42 
Miner Creek 1 2 0 0 1 3 2 3 0 0 0 0 65 
Miner Creek 2 1 0 0 0 1 0 0 0 0 0 0 24 
Miner Creek 3 0 0 0 0 0 0 0 0 0 0 0 3 

Case Knife Creek 1 12 0 0 2 14 3 0 0 0 0 0 45 
Case Knife Creek 2 1 0 0 1 2 1 0 0 0 0 0 9 

Whiskey Camp Creek 1 0 0 0 0 0 0 0 0 0 0 0 0 
Whiskey Camp Creek 2 0 0 0 0 0 0 0 0 0 0 0 0 

Rader Creek 1 3 0 0 0 3 1 0 1 0 1 0 18 
Rader Creek 2 5 0 4 1 10 0 2 0 0 0 0 28 
Rader Creek 3 4 0 0 1 5 3 4 0 0 1 0 36 
Rader Creek 4 26 0 0 1 27 5 4 0 0 5 0 124 
Rader Creek 5 3 0 0 2 5 0 0 0 0 0 0 17 
Rader Creek 6 0 0 0 0 0 0 0 0 0 0 0 2 

West Fork Rader Creek 7 0 0 0 7 0 1 0 0 1 0 13 
Radar Creek Trib A 1 0 0 0 0 0 0 0 0 0 0 0 0 
Rader Creek Trib A 2 3 0 0 0 3 0 0 0 0 0 0 12 
Radar Creek Trib A 3 1 0 0 0 1 0 0 0 0 0 0 6 
Radar Creek Trib A 4 0 0 0 0 0 0 0 0 0 0 0 0 
Radar Creek Trib A 5 7 0 0 0 7 0 0 0 0 0 0 14 

East Fork Rader Creek 1 6 0 0 0 6 0 1 0 0 0 0 14 
East Fork Rader Creek 2 4 0 0 1 5 1 1 0 0 0 0 15 

Totals 153 0 51 28 232 25 28 1 1 16 0 704 
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Appendix 5. Summary of total fish observed by reach of 2009-10 spawning ground surveys conducted in Wolf Creek basin. 

2009-2010 
  Live Coho Carcasses   

Reach 
Total 
UnMA 

Total 
MkA 

Total 
UnKA 

Total 
Jacks 

Total 
live 

coho 
Total 
Male 

Total 
Female 

Total 
Jack 

Total 
UnK 

Total 
PHA 

Total 
PHJ 

Total 
Redds 

Wolf Creek 1 10 0 0 0 10 0 2 0 0 0 0 78 
Wolf Creek 2 27 0 0 0 27 4 3 1 0 1 0 185 
Wolf Creek 3 12 0 1 0 13 6 2 1 0 0 0 54 
Wolf Creek 4 24 0 0 0 24 7 4 2 0 2 0 204 
Wolf Creek 5 62 0 0 1 63 6 8 0 0 9 0 169 
Wolf Creek 6 80 0 0 1 81 5 11 1 9 17 0 264 
Miner Creek 1 56 0 0 1 57 20 22 0 0 29 0 138 
Miner Creek 2 41 0 0 0 41 2 5 0 0 0 0 64 
Miner Creek 3 56 0 0 0 56 0 3 0 0 1 0 99 

Case Knife Creek 1 150 0 0 5 155 3 7 0 0 7 0 266 
Case Knife Creek 2 29 0 0 0 29 1 1 0 0 0 0 100 

Whiskey Camp Creek 1 0 0 0 0 0 0 0 0 0 0 0 0 
Whiskey Camp Creek 2 0 0 0 0 0 0 0 0 0 0 0 0 

Rader Creek 1 8 0 0 0 8 0 0 0 0 0 0 38 
Rader Creek 2 82 0 0 1 83 20 18 0 0 23 0 270 
Rader Creek 3 117 0 0 2 119 14 12 0 0 21 0 212 
Rader Creek 4 154 0 0 0 154 19 12 0 0 23 0 348 
Rader Creek 5 48 0 0 2 50 4 3 0 0 3 0 88 
Rader Creek 6 5 0 0 0 5 0 0 0 0 0 0 11 

West Fork Rader Creek 9 0 0 0 9 2 5 0 0 14 0 40 
Radar Creek Trib A 1&2 14 0 0 0 14 0 1 0 0 0 0 55 

Radar Creek Trib A 3 20 0 0 3 23 0 0 0 0 0 0 32 
Radar Creek Trib A 4 1 0 0 0 1 0 0 0 0 0 0 0 
Radar Creek Trib A 5 0 0 0 0 0 0 0 0 0 0 0 16 

East Fork Rader Creek 1 42 0 0 2 44 2 3 0 0 9 0 122 
East Fork Rader Creek 2 42 0 0 1 43 6 6 0 0 1 0 116 

Totals 1089 0 1 19 1109 121 128 5 9 160 0 2969 
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Appendix 6.  Summary of total fish observed by reach of 2010-2011 spawning ground surveys conducted in Wolf Creek basin. 

2010-2011 
  Live Coho Carcasses   

Reach 
Total 
UnMA 

Total 
MkA 

Total 
UnKA 

Total 
Jacks 

Total 
live 

coho 
Total 
Male 

Total 
Female 

Total 
Jack 

Total 
UnK 

Total 
PHA 

Total 
PHJ 

Total 
Redds 

Wolf Creek 1 2 1 17 0 20 3 4 0 0 6 0 50 
Wolf Creek 2 0 0 11 1 12 2 3 0 0 3 0 77 
Wolf Creek 3 5 1 0 0 6 5 6 0 0 5 0 74 
Wolf Creek 4 5 0 1 1 7 8 15 4 0 15 0 80 
Wolf Creek 5 19 0 20 3 42 5 10 1 0 30 2 321 
Wolf Creek 6 41 0 21 1 63 9 11 1 1 24 0 367 
Miner Creek 1 27 0 32 1 60 15 15 1 0 42 0 259 
Miner Creek 2 27 0 18 3 48 3 3 0 0 9 0 161 
Miner Creek 3 28 0 5 1 34 4 1 0 0 4 0 187 

Case Knife Creek 1 105 0 37 8 150 17 25 1 0 73 0 643 
Case Knife Creek 2 27 0 6 1 34 0 2 0 0 0 0 229 

Whiskey Camp Creek 1 3 0 0 0 3 1 1 0 0 1 0 27 
Whiskey Camp Creek 2 3 0 1 0 4 0 0 0 0 0 0 24 

Rader Creek 1 1 0 0 0 1 1 1 0 0 3 0 23 
Rader Creek 2 9 0 21 5 35 8 12 0 1 38 0 192 
Rader Creek 3 18 0 20 0 38 9 13 1 0 22 0 216 
Rader Creek 4 92 0 52 4 148 24 31 4 0 111 3 652 
Rader Creek 5 14 0 4 1 19 5 8 2 3 12 6 144 
Rader Creek 6 11 0 1 0 12 3 4 0 0 12 0 77 

West Fork Rader Creek 3 0 1 0 4 1 5 0 1 5 0 74 
Radar Creek Trib A 1 0 0 2 0 2 0 0 0 1 0 0 7 
Radar Creek Trib A 2 23 0 18 4 45 4 5 1 2 11 0 166 
Radar Creek Trib A 3 22 0 11 2 35 1 3 2 0 10 0 78 
Radar Creek Trib A 4 0 0 0 0 0 0 0 0 0 0 0 0 
Radar Creek Trib A 5 39 0 21 8 68 1 7 1 0 9 0 192 

East Fork Rader Creek 1 25 0 8 3 36 2 6 1 0 20 0 208 
East Fork Rader Creek 2 14 0 6 2 22 6 4 0 0 15 2 112 

Totals 563 2 334 49 948 137 195 20 9 480 13 4640 
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Appendix 7.  Wolf Creek Basin PUR Coho spawning ground peak summaries 2007-11. 

Number 
of Times 
Surveyed

Peak 
Fish Date Peak 

Redds Date
Number 
of Times 
Surveyed

Peak 
Fish Date Peak 

Redds Date
Number 
of Times 
Surveyed

Peak 
Fish Date Peak 

Redds Date
Number 
of Times 
Surveyed

Peak 
Fish Date Peak 

Redds Date

Wolf Creek 1 6 2 11/29/2007 1 11/25/2007 12 63 12/1/2008 10 12/15/2008 15 3 11/30/2009 13 12/14/2009 11 14 11/21/2010 12 11/9/2010
Wolf Creek 2 4 0 4 11/29/2007 12 3 11/16/2008 11 1/14/2009 15 12 12/28/2009 31 12/7/2009 11 12 12/6/2010 25 1/5/2011
Wolf Creek 3 4 0 0 11 3 11/18/2008 6 1/27/2009 10 4 12/21/2009 16 12/6/2009 11 3 12/17/2010 16 1/26/2011
Wolf Creek 4 4 0 3 12/12/2007 12 31 12/1/2008 8 12/15/2008 16 12 12/19/2009 35 12/14/2009 10 4 12/23/2010 23 12/23/2010
Wolf Creek 5 4 0 0 12 1 1/12/2009 8 1/12/2009 16 30 12/20/2009 34 12/27/2009 15 12 11/29/2010 77 12/24/2010
Wolf Creek 6 4 0 1 11/24/2007 12 2 1/20/2009 13 1/20/2009 17 37 12/20/2009 47 12/20/2009 15 41 12/7/2010 70 12/27/2010
Miner Creek 1 5 0 3 11/28/2007 11 1 11/18/2008 13 1/22/2009 15 29 12/28/2009 40 12/28/2009 14 40 12/6/2010 60 12/18/2010
Miner Creek 2 6 3 12/10/2007 4 12/10/2007 11 1 1/14/2009 5 12/3/2008 15 30 12/19/2009 26 12/28/2009 15 15 12/7/2010 31 12/23/2010
Miner Creek 3 6 0 4 12/10/2007 11 0 1 1/14/2009 15 32 12/19/2009 33 12/28/2009 15 13 12/23/2010 36 1/24/2011
Case Knife 1 6 5 12/10/2007 3 12/10/2007 11 12 1/4/2009 11 1/22/2009 17 76 12/19/2009 87 12/28/2009 16 53 12/7/2010 127 12/27/2010
Case Knife 2 7 1 11/28/2007 3 11/28/2007 11 2 1/4/2009 4 1/14/2009 18 18 12/19/2009 32 12/28/2009 16 22 12/16/2010 46 1/10/2011

Whiskey Camp 1 NS NS NS NS NS 11 0 0 15 0 0 15 2 12/16/2010 8 1/24/2011
Whiskey Camp 2 NS NS NS NS NS 11 0 0 15 0 0 15 4 12/16/2010 6 1/3/2011
Rader Creek 1 4 1 12/11/2007 0 12 2 11/16/2008 5 1/20/2009 17 2 11/23/2009 7 12/8/2009 13 1 12/6/2010 6 12/6/2010
Rader Creek 2 4 3 12/11/2007 0 12 4 12/8/2008 5 12/8/2008 16 20 11/30/2009 49 12/14/2009 13 22 12/6/2010 52 12/18/2010
Rader Creek 3 4 0 1 12/11/2007 12 3 1/12/2009 7 12/8/2008 17 37 12/20/2009 34 12/20/2009 14 27 12/6/2010 43 12/18/2010
Rader Creek 4 7 1 12/13/2007 2 1/2/2008 12 18 1/5/2009 26 1/13/2009 17 62 12/20/2009 53 12/20/2009 15 58 12/8/2010 125 12/27/2010
Rader Creek 5 6 7 12/7/2007 0 11 4 1/5/2009 8 1/27/2009 17 27 12/20/2009 18 1/4/2010 15 6 12/8/2010 29 1/11/2011
Rader Creek 6 4 0 0 11 0 1 1/21/2009 16 5 1/4/2010 4 1/12/2010 15 7 12/18/2010 18 12/18/2010

West Fork Rader Creek 7 0 6 12/7/2007 11 7 1/5/2009 4 1/13/2009 16 3 12/20/2009 10 12/29/2009 15 4 12/18/2010 19 12/18/2010
Rader Trib A 1 6 0 5 12/9/2007 4* 0* * 0* * ** ** ** ** ** 15 1 11/30/2010 2 12/17/2010
Rader Trib A 2 7 0 8 12/9/2007 10 3 1/13/2009 5 1/21/2009 14 10 12/21/2009 20 12/27/2009 15 12 12/7/2010 29 12/24/2010
Rader Trib A 3 7 0 5 1/2/2008 10 1 1/13/2009 3 1/21/2009 14 15 12/21/2009 14 12/27/2009 15 13 12/7/2010 20 12/24/2010
Rader Trib A 4 6 0 3 1/2/2008 10 0 0 14 1 12/21/2009 0 15 0 0
Rader Trib A 5 6 5 12/17/2007 2 11/24/2007 11 6 1/7/2009 6 1/14/2009 14 0 8 1/20/2010 15 31 12/7/2010 39 12/24/2010

East Fork Rader Creek 1 5 5 12/10/2007 2 11/27/2007 12 4 1/14/2009 4 1/5/2009 16 28 12/21/2009 23 12/29/2009 15 17 12/8/2010 37 1/4/2011
East Fork Rader Creek 2 4 1 12/10/2007 0 12 4 1/5/2009 5 1/26/2009 17 16 12/21/2009 24 12/29/2009 15 15 12/8/2010 25 12/27/2010

NS = Not surveyed
* Incomplete data set
** Rader Trib A1 data combined with Rader Trib A2

2010-11 
Survey Name

2009-10 2008-09 2007-08 
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Appendix 8.  Population estimates for Big Tom Folley Creek during 2008-2010 for coho smolts (A), steelhead (1+, 2+, 3+) (B), and 
cutthroat (1+, 2+, 3+) (C).  

Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated
2008 captured fish marked of trap number of Old Bootstrap 2008 captured fish marked of trap number of Old Bootstrap 2008 captured fish marked of trap number of Old Bootstrap

in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method
3/26-3/29 9 9 1 0.1111 81 3/26-3/29 1 0 0 0.0000 0 3/26-3/29 0 0 0 0.0000 0
3/30-4/5 26 13 2 0.1538 169 3/30-4/5 8 1 0 0.0947 0 3/30-4/5 5 5 0 0.1951 0
4/6-4/12 107 40 9 0.2250 476 4/6-4/12 71 49 3 0.0612 1160 4/6-4/12 8 3 0 0.1951 0
4/13-4/19 108 63 13 0.2063 523 4/13-4/19 75 42 8 0.1905 394 4/13-4/19 9 9 0 0.1951 0
4/20-4/26 193 114 12 0.1053 1834 4/20-4/26 42 37 1 0.0270 1554 4/20-4/26 5 5 0 0.1951 0
4/27-5/3 271 98 4 0.0408 6640 4/27-5/3 29 18 4 0.2222 131 4/27-5/3 8 2 1 0.5000 16
5/4-5/10 245 64 9 0.1406 1742 5/4-5/10 29 29 1 0.0345 841 5/4-5/10 10 9 2 0.2222 45
5/11-5/17 180 98 18 0.1837 980 5/11-5/17 13 13 1 0.0769 169 5/11-5/17 12 4 0 0.1951 0
5/18-5/24 83 64 5 0.0781 1062 5/18-5/24 1 1 0 0.0947 0 5/18-5/24 4 3 4 1.3333 3
5/25-5/31 10 10 0 0.1274 78 5/25-5/31 0 0 0 0.0000 0 5/25-5/31 4 1 1 1.0000 4
6/1-6/7 0 0 0 0.0000 0 6/1-6/7 0 0 0 0.0000 0 6/1-6/7 1 0 0 0.0000 0
Total 1232 573 73 0.1274 13585 Total 269 190 18 0.0947 4248 Total 66 41 8 0.1951 68

Variance 171545 2411451 Variance 27499 1329416 Variance 40 1863
95% CI 812 3044 95% CI 325 2260 95% CI 12 85

2009
Number 
captured 
in trap (a)

Number of 
fish 

marked (b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

2009
Number 
captured 
in trap (a)

Number of 
fish 

marked (b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

2009
Number 
captured 
in trap (a)

Number of 
fish 

marked (b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

3/8 - 3/14 29 8 3 0.3750 77 3/8 - 3/14 4 3 0 0.1137 35 3/8 - 3/14 5 1 0 0.0678 74
3/15 - 3/21 34 13 0 0.2582 132 3/15 - 3/21 21 3 0 0.1137 185 3/15 - 3/21 0 0 0 0.0000 0
3/22 - 3/28 135 59 25 0.4237 319 3/22 - 3/28 32 25 4 0.1600 200 3/22 - 3/28 2 1 0 0.0678 30
3/29 - 4/4 133 83 30 0.3614 368 3/29 - 4/4 19 11 2 0.1818 105 3/29 - 4/4 1 1 0 0.0678 15
4/5 - 4/11 83 57 18 0.3158 263 4/5 - 4/11 48 35 5 0.1429 336 4/5 - 4/11 4 4 3 0.7500 5
4/12 - 4/18 346 144 18 0.1250 2768 4/12 - 4/18 95 66 7 0.1061 896 4/12 - 4/18 12 8 0 0.0678 177
4/19 - 4/25 648 100 27 0.2700 2400 4/19 - 4/25 100 83 5 0.0602 1660 4/19 - 4/25 24 20 1 0.0500 480
4/26 - 5/2 92 77 24 0.3117 295 4/26 - 5/2 13 9 4 0.4444 29 4/26 - 5/2 7 6 0 0.0678 103
5/3 - 5/9 41 40 5 0.1250 328 5/3 - 5/9 6 6 1 0.1667 36 5/3 - 5/9 3 3 0 0.0678 44

5/10 - 5/16 59 42 12 0.2857 207 5/10 - 5/16 12 10 1 0.1000 120 5/10 - 5/16 15 8 0 0.0678 221
5/17 - 5/23 13 13 3 0.2308 56 5/17 - 5/23 0 0 0 0.0000 0 5/17 - 5/23 4 1 0 0.0678 59
5/24 - 5/30 7 7 1 0.1429 49 5/24 - 5/30 4 4 0 0.1137 35 5/24 - 5/30 6 6 0 0.0678 89
5/31 - 6/6 0 0 0 0.0000 0 5/31 - 6/6 0 0 0 0.0000 0 5/31 - 6/6 0 0 0 0.0000 0

Total 1620 643 166 0.2582 7261 Total 354 255 29 0.1137 3636 Total 83 59 4 0.0678 1297
Variance 49272 275572 Variance 14349 502047 Variance 7874 1256750

95% CI 435 1029 95% CI 235 1389 95% CI 174 2197

Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated
2010 captured fish marked of trap number of Old Bootstrap 2010 captured fish marked of trap number of Old Bootstrap 2010 captured fish marked of trap number of Old Bootstrap

in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method
3/3-3/6 6 6 1 0.1311 46 3/3-3/6 1 1 0 0.1438 7 3/3-3/6 2 2 0 0.0698 29

3/7-3/13 14 9 0 0.1311 0 3/7-3/13 1 0 0 0.1438 7 3/7-3/13 4 3 0 0.0698 57
3/14-3/20 25 20 3 0.1500 167 3/14-3/20 7 5 0 0.1438 49 3/14-3/20 1 1 0 0.0698 14
3/21-3/27 50 38 12 0.3158 158 3/21-3/27 42 38 7 0.1842 228 3/21-3/27 7 5 0 0.0698 100
3/28-4/3 27 27 0 0.1311 0 3/28-4/3 9 9 0 0.1438 63 3/28-4/3 1 1 0 0.0698 14
4/4-4/10 126 74 13 0.1757 717 4/4-4/10 13 4 1 0.2500 52 4/4-4/10 2 1 0 0.0698 29
4/11-4/17 250 99 8 0.0808 3094 4/11-4/17 26 19 3 0.1579 165 4/11-4/17 12 7 0 0.0698 172
4/18-4/24 319 100 3 0.0300 10633 4/18-4/24 50 22 3 0.1364 367 4/18-4/24 18 13 0 0.0698 258
4/25-5/1 114 101 7 0.0693 1645 4/25-5/1 28 27 4 0.1481 189 4/25-5/1 21 21 1 0.0698 301
5/2-5/8 171 100 15 0.1500 1140 5/2-5/8 11 6 1 0.1667 66 5/2-5/8 16 13 2 0.1538 104

5/9-5/15 198 99 4 0.0404 4901 5/9-5/15 11 4 0 0.1438 76 5/9-5/15 5 5 0 0.0698 72
5/16-5/22 151 98 24 0.2449 617 5/16-5/22 6 0 0 0.1438 42 5/16-5/22 2 2 0 0.0698 29
5/23-5/29 52 44 15 0.3409 153 5/23-5/29 8 7 1 0.1429 56 5/23-5/29 8 8 2 0.2500 32
5/30-6/5 6 6 2 0.3333 18 5/30-6/5 2 2 0 0.1438 14 5/30-6/5 2 2 0 0.0698 29
6/6-6/12 2 2 0 0.1311 0 6/6-6/12 1 0 0 0.1438 7 6/6-6/12 3 1 1 1.0000 3
6/13-6/19 1 1 1 1.0000 1 6/13-6/19 1 1 0 0.1438 7 6/13-6/19 1 0 0 0.0698 14
6/20-6/26 0 0 0 0.0000 0 6/20-6/26 1 1 1 1.0000 1 6/20-6/26 1 1 0 0.0698 14

Total 1512 824 108 0.1311 23289 Total 218 146 21 0.1438 1394 Total 106 86 6 0.0698 1271
Variance 298576 5010631 Variance 4320 112026 Variance 3433 972174

95% CI 1071 4387 95% CI 129 656 95% CI 115 1933

A B C
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Appendix 9.  Population estimates for Brush Creek during 2008-2010 for coho smolts (A), steelhead (1+, 2+, 3+) (B), and cutthroat 
(1+, 2+, 3+) (C).  

Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated
2008 captured fish marked of trap number of Old Bootstrap 2008 captured fish marked of trap number of Old Bootstrap 2008 captured fish marked of trap number of Old Bootstrap

in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method
3/26-3/29 11 4 0 0.5168 21 3/26-3/29 3 2 0 0.5536 5 3/26-3/29 0 0 0 0.0000 0
3/30-4/5 48 38 19 0.5000 96 3/30-4/5 10 3 1 0.3333 30 3/30-4/5 7 4 0 0.4200 17
4/6-4/12 156 70 22 0.3143 496 4/6-4/12 65 26 8 0.3077 211 4/6-4/12 2 0 0 0.4200 5

4/13-4/19 103 75 42 0.5600 184 4/13-4/19 81 60 41 0.6833 119 4/13-4/19 10 8 6 0.7500 13
4/20-4/26 575 95 71 0.7474 769 4/20-4/26 107 72 46 0.6389 167 4/20-4/26 21 12 4 0.3333 63
4/27-5/3 518 100 60 0.6000 863 4/27-5/3 49 29 19 0.6552 75 4/27-5/3 17 14 9 0.6429 26
5/4-5/10 330 100 47 0.4700 702 5/4-5/10 19 18 6 0.3333 57 5/4-5/10 5 5 1 0.2000 25
5/11-5/17 184 99 40 0.4040 455 5/11-5/17 20 14 3 0.2143 93 5/11-5/17 5 5 1 0.2000 25
5/18-5/24 19 10 4 0.4000 48 5/18-5/24 0 0 0 0.0000 0 5/18-5/24 1 1 0 0.4200 2
5/25-5/31 1 0 0 0.5108 1 5/25-5/31 0 0 0 0.0000 0 5/25-5/31 0 0 0 0.0000 0

6/1-6/7 3 3 2 0.6667 5 6/1-6/7 0 0 0 0.0000 0 6/1-6/7 1 1 0 0.4200 2
Total 1948 594 307 0.5168 3641 Total 354 224 124 0.5536 758 Total 69 50 21 0.4200 179

Variance 15451 24362 Variance 931 2816 Variance 167 1354
95% CI 244 306 95% CI 60 104 95% CI 25 72

2009
Number 
captured 
in trap (a)

Number of 
fish marked 

(b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

2009
Number 
captured 
in trap (a)

Number of 
fish marked 

(b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

2009
Number 
captured 
in trap (a)

Number of 
fish marked 

(b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

3/8 - 3/14 31 22 5 0.2273 136 3/8 - 3/14 7 6 1 0.1667 42 3/8 - 3/14 0 0 0 0.0000 0
3/15 - 3/21 27 17 1 0.0588 459 3/15 - 3/21 9 5 0 0.1275 71 3/15 - 3/21 1 1 0 0.0625 16
3/22 - 3/28 103 31 7 0.2258 456 3/22 - 3/28 18 4 2 0.5000 36 3/22 - 3/28 1 0 0 0.0625 16
3/29 - 4/4 78 56 16 0.2857 273 3/29 - 4/4 24 13 2 0.1538 156 3/29 - 4/4 3 0 0 0.0625 48
4/5 - 4/11 23 17 5 0.2941 78 4/5 - 4/11 19 13 0 0.1275 149 4/5 - 4/11 4 3 0 0.0625 64
4/12 - 4/18 157 84 45 0.5357 293 4/12 - 4/18 34 30 6 0.2000 170 4/12 - 4/18 4 4 1 0.2500 16
4/19 - 4/25 96 96 8 0.0833 1152 4/19 - 4/25 27 27 2 0.0741 365 4/19 - 4/25 3 3 0 0.0625 48
4/26 - 5/2 0 0 0 0.0000 0 4/26 - 5/2 0 0 0 0.0000 0 4/26 - 5/2 0 0 0 0.0000 0
5/3 - 5/9 6 6 0 0.2628 23 5/3 - 5/9 4 4 0 0.1275 31 5/3 - 5/9 3 2 0 0.0625 48

5/10 - 5/16 6 0 0 0.2628 23 5/10 - 5/16 0 0 0 0.0000 0 5/10 - 5/16 4 3 0 0.0625 64
5/17 - 5/23 3 2 0 0.2628 11 5/17 - 5/23 2 0 0 0.1275 16 5/17 - 5/23 0 0 0 0.0000 0
5/24 - 5/30 0 0 0 0.0000 0 5/24 - 5/30 0 0 0 0.0000 0 5/24 - 5/30 0 0 0 0.0000 0
5/31 - 6/6 0 0 0 0.0000 0 5/31 - 6/6 0 0 0 0.0000 0 5/31 - 6/6 0 0 0 0.0000 0

Total 530 331 87 0.2628 2905 Total 144 102 13 0.1275 1035 Total 23 16 1 0.0625 320
Variance 9497 81847 Variance 2985 135313 Variance 1659 21305
95% CI 191 561 95% CI 107 721 95% CI 80 286

Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated Number Number of Number of Estimate Estimated
2010 captured fish marked of trap number of Old Bootstrap 2010 captured fish marked of trap number of Old Bootstrap 2010 captured fish marked of trap number of Old Bootstrap

in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method in trap (a) marked (b) fish recap efficiency migrants Method
3/3-3/6 69 69 2 0.2620 263 3/3-3/6 10 5 0 0.2183 46 3/3-3/6 1 1 0 0.4133 2

3/7-3/13 221 109 30 0.2752 803 3/7-3/13 19 13 4 0.3077 62 3/7-3/13 4 4 0 0.4133 0
3/14-3/20 103 103 13 0.1262 816 3/14-3/20 32 25 0 0.2183 0 3/14-3/20 4 3 1 0.3333 12
3/21-3/27 137 100 18 0.1800 761 3/21-3/27 62 41 16 0.3902 159 3/21-3/27 5 5 3 0.6000 8
3/28-4/3 30 27 1 0.0370 810 3/28-4/3 9 9 0 0.2183 0 3/28-4/3 0 0 0 0.0000 0
4/4-4/10 61 40 3 0.0750 813 4/4-4/10 6 1 0 0.2183 0 4/4-4/10 1 0 0 0.0000 0

4/11-4/17 124 43 11 0.2558 485 4/11-4/17 12 3 0 0.2183 0 4/11-4/17 9 2 2 1.0000 9
4/18-4/24 152 105 19 0.1810 840 4/18-4/24 36 26 6 0.2308 156 4/18-4/24 5 2 0 0.4133 0
4/25-5/1 51 30 5 0.1667 306 4/25-5/1 9 8 1 0.1250 72 4/25-5/1 3 2 0 0.4133 0
5/2-5/8 150 81 40 0.4938 304 5/2-5/8 17 7 1 0.1429 119 5/2-5/8 12 9 4 0.4444 27

5/9-5/15 201 100 27 0.2700 744 5/9-5/15 44 31 2 0.0645 682 5/9-5/15 14 10 1 0.1000 140
5/16-5/22 133 100 60 0.6000 222 5/16-5/22 24 15 3 0.2000 120 5/16-5/22 14 7 1 0.1429 98
5/23-5/29 11 5 9 1.8000 6 5/23-5/29 16 7 8 1.1429 14 5/23-5/29 17 11 12 1.0909 16
5/30-6/5 1 1 1 1.0000 1 5/30-6/5 2 2 0 0.2183 0 5/30-6/5 1 1 0 0.4133 0
6/6-6/12 2 1 1 1.0000 2 6/6-6/12 1 1 1 1.0000 1 6/6-6/12 3 3 4 1.3333 2

6/13-6/19 2 2 0 0.2620 0 6/13-6/19 2 2 1 0.5000 4 6/13-6/19 13 13 3 0.2308 56
6/20-6/26 0 0 0 0.0000 0 6/20-6/26 1 1 0 0.2183 0 6/20-6/26 2 2 0 0.4133 0

Total 1448 916 240 0.2620 7177 Total 302 197 43 0.2183 1434 Total 108 75 31 0.4133 371
Variance 20598 193282 Variance 3583 45097 Variance 541 3521
95% CI 281 862 95% CI 117 416 95% CI 46 116

CBA
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Appendix 10.  Population estimates for Hinkle Creek during 2009 for coho smolts (A), steelhead 
(1+, 2+, 3+) (B), and cutthroat (1+, 2+, 3+) (C). 

2009
Number 
captured 
in trap (a)

Number of 
fish marked 

(b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

3/8 - 3/14 21 11 4 0.3636 58
3/15 - 3/21 39 29 0 0.2028 192
3/22 - 3/28 22 8 4 0.5000 44
3/29 - 4/4 13 11 2 0.1818 72
4/5 - 4/11 22 12 4 0.3333 66
4/12 - 4/18 16 11 0 0.2028 79
4/19 - 4/25 12 11 2 0.1818 66
4/26 - 5/2 5 4 0 0.2028 25
5/3 - 5/9 43 29 9 0.3103 139

5/10 - 5/16 13 4 1 0.2500 52
5/17 - 5/23 13 11 2 0.1818 72
5/24 - 5/30 2 2 1 0.5000 4
5/31 - 6/6 0 0 0 0.0000 0

Total 221 143 29 0.2028 867
Variance 1822 32571
95% CI 84 354

2009
Number 
captured 
in trap (a)

Number of 
fish marked 

(b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

3/8 - 3/14 4 1 0 0.0750 53
3/15 - 3/21 9 2 0 0.0750 120
3/22 - 3/28 16 11 2 0.1818 88
3/29 - 4/4 6 2 0 0.0750 80
4/5 - 4/11 12 9 0 0.0750 160
4/12 - 4/18 4 2 0 0.0750 53
4/19 - 4/25 7 7 1 0.1429 49
4/26 - 5/2 0 0 0 0.0000 0
5/3 - 5/9 3 2 0 0.0750 40

5/10 - 5/16 4 1 0 0.0750 53
5/17 - 5/23 3 3 0 0.0750 40
5/24 - 5/30 1 0 0 0.0750 13
5/31 - 6/6 0 0 0 0.0000 0

Total 69 40 3 0.0750 750
Variance 5553 392784
95% CI 146 1228

2009
Number 
captured 
in trap (a)

Number of 
fish marked 

(b)

Number of 
marked 

fish recap

Estimate 
of trap 

efficiency

Estimated 
number of 
migrants

Old 
Method Bootstrap

3/8 - 3/14 0 0 0 0.0000 0
3/15 - 3/21 1 1 0 0.1111 9
3/22 - 3/28 1 0 0 0.1111 9
3/29 - 4/4 0 0 0 0.0000 0
4/5 - 4/11 0 0 0 0.0000 0
4/12 - 4/18 2 1 0 0.1111 18
4/19 - 4/25 0 0 0 0.0000 0
4/26 - 5/2 1 1 0 0.1111 9
5/3 - 5/9 4 2 1 0.5000 8

5/10 - 5/16 1 1 0 0.1111 9
5/17 - 5/23 2 2 0 0.1111 18
5/24 - 5/30 1 1 0 0.1111 9
5/31 - 6/6 0 0 0 0.0000 0

Total 13 9 1 0.1111 89
Variance 206 1830
95% CI 28 84

A

C

B
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Appendix 11.  Non-Game summary for Big Tom Folley Creek rotary screw traps 2008-2010. 

2008 Ammocete
Brook 

Lamprey LN Dace
Pacific 

Lamprey
Speckled 

Dace
Umpqua 

Dace
Unknown 

Dace
Redside 
Shiner Sculpin Sucker Other 

3/26-3/29 3 0 0 0 0 0 0 0 0 0 0
3/30-4/5 0 0 0 0 1 0 0 0 1 0 0
4/6-4/12 6 1 1 0 1 0 0 0 0 0 0
4/13-4/19 1 0 2 0 28 0 0 1 2 0 0
4/20-4/26 3 0 0 0 2 0 0 2 2 0 0
4/27-5/3 1 1 0 0 36 0 0 4 2 0 7
5/4-5/10 1 0 0 0 136 0 0 11 2 0 0
5/11-5/17 2 6 0 0 208 0 0 58 1 0 1
5/18-5/24 1 5 0 0 78 0 0 41 11 0 4
5/25-5/31 0 3 0 0 29 0 0 21 6 0 1
6/1-6/7 0 0 0 0 5 0 0 12 2 0 0

BTF Season Totals 18 16 3 0 524 0 0 150 29 0 13

2009 Ammocete
Brook 

Lamprey LN Dace
Pacific 

Lamprey
Speckled 

Dace
Umpqua 

Dace
Unknown 

Dace
Redside 
Shiner Sculpin Sucker Other 

3/8 - 3/14 0 0 0 0 0 0 1 3 3 0 0
3/15 - 3/21 0 1 0 0 2 0 1 26 1 0 0
3/22 - 3/28 0 9 0 0 0 0 19 10 4 0 0
3/29 - 4/4 0 13 0 0 0 0 1 3 5 0 0
4/5 - 4/11 0 7 0 0 0 0 10 5 5 0 0
4/12 - 4/18 0 15 0 0 0 0 8 3 5 0 0
4/19 - 4/25 15 32 0 0 0 0 218 31 11 0 0
4/26 - 5/2 1 31 0 0 0 0 18 3 7 0 0
5/3 - 5/9 1 3 0 0 0 0 1 8 2 0 0

5/10 - 5/16 3 26 0 0 0 0 147 20 1 0 0
5/17 - 5/23 9 51 0 0 0 0 332 149 5 0 0
5/24 - 5/30 9 23 0 0 0 0 325 368 2 0 0
5/31 - 6/6 0 1 0 0 0 0 35 7 0 0 0

BTF Season Totals 38 212 0 0 2 0 1116 636 51 0 0

2010 Ammocete
Brook 

Lamprey LN Dace
Pacific 

Lamprey
Speckled 

Dace
Umpqua 

Dace
Unknown 

Dace
Redside 
Shiner Sculpin Sucker Other 

3/3-3/6 0 0 0 0 0 0 0 0 0 0 0
3/7-3/13 12 0 0 0 0 0 1 0 2 0 0
3/14-3/20 6 0 0 0 0 0 0 1 4 0 0
3/21-3/27 3 0 0 0 0 0 0 0 1 0 0
3/28-4/3 4 0 0 0 0 0 0 1 0 0 0
4/4-4/10 8 0 0 0 0 0 0 1 1 0 0
4/11-4/17 13 0 0 0 0 0 3 3 1 0 0
4/18-4/24 20 1 0 0 0 0 134 3 2 0 0
4/25-5/1 7 0 0 0 0 0 122 6 0 0 0
5/2-5/8 12 0 0 0 0 0 87 8 1 0 0
5/9-5/15 0 0 0 0 0 0 274 0 4 0 0
5/16-5/22 8 0 0 0 0 0 190 40 4 0 0
5/23-5/29 0 0 0 0 0 0 18 11 2 0 0
5/30-6/5 0 0 0 0 0 0 23 20 0 0 0
6/6-6/12 0 0 0 0 0 0 141 33 0 0 0
6/13-6/19 1 0 0 0 0 0 326 185 2 0 0
6/20-6/26 0 0 0 0 0 0 65 59 0 0 0

BTF Season Totals 94 1 0 0 0 0 1384 371 24 0 0  
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Appendix 12.  Non-Game summary for Brush Creek rotary screw traps 2008-2010. 

2008 Ammocete
Brook 

Lamprey LN Dace
Pacific 

Lamprey
Speckled 

Dace
Umpqua 

Dace
Unknown 

Dace
Redside 
Shiner Sculpin Sucker Other 

3/26-3/29 3 0 0 0 0 0 1 0 2 6 0
3/30-4/5 3 0 1 0 0 0 7 0 0 22 0
4/6-4/12 7 3 0 0 0 0 3 6 1 50 1
4/13-4/19 17 2 0 0 0 0 14 5 1 51 15
4/20-4/26 46 0 0 0 0 0 4 7 3 25 2
4/27-5/3 23 0 0 0 0 0 50 9 10 51 3
5/4-5/10 8 0 0 0 0 0 22 4 2 23 2
5/11-5/17 15 4 0 0 0 0 31 10 1 25 4
5/18-5/24 4 1 0 0 0 0 2 2 0 0 3
5/25-5/31 1 0 0 0 0 0 0 0 0 1 2
6/1-6/7 4 0 0 0 0 0 0 0 1 0 0

Brush Season Totals 131 10 1 0 0 0 134 43 21 254 32

2009 Ammocete
Brook 

Lamprey LN Dace
Pacific 

Lamprey
Speckled 

Dace
Umpqua 

Dace
Unknown 

Dace
Redside 
Shiner Sculpin Sucker Other 

3/8 - 3/14 0 2 0 0 0 0 5 0 4 0 0
3/15 - 3/21 0 3 0 0 1 0 3 2 1 0 0
3/22 - 3/28 0 2 0 0 0 0 2 1 0 0 0
3/29 - 4/4 0 0 0 0 0 0 3 0 0 0 0
4/5 - 4/11 0 0 0 0 0 0 4 1 0 0 0
4/12 - 4/18 0 1 0 1 0 0 13 3 2 0 0
4/19 - 4/25 0 0 0 0 0 0 29 12 0 0 0
4/26 - 5/2 0 1 0 0 0 0 0 0 1 0 0
5/3 - 5/9 1 2 0 0 0 0 4 1 0 0 0

5/10 - 5/16 0 0 0 0 0 0 0 0 0 0 0
5/17 - 5/23 0 0 0 0 0 0 0 2 0 1 0
5/24 - 5/30 0 0 0 0 0 0 0 0 0 0 0
5/31 - 6/6 0 0 0 0 0 0 0 0 0 0 0

Brush Season Totals 1 11 0 1 1 0 63 22 8 1 0

2010 Ammocete
Brook 

Lamprey LN Dace
Pacific 

Lamprey
Speckled 

Dace
Umpqua 

Dace
Unknown 

Dace
Redside 
Shiner Sculpin Sucker Other 

3/3-3/6 0 0 0 0 0 0 0 0 0 0 0
3/7-3/13 6 0 0 0 0 0 2 1 1 0 0
3/14-3/20 2 0 0 0 0 0 2 0 1 0 0
3/21-3/27 1 0 0 0 0 0 1 0 0 0 0
3/28-4/3 4 0 0 0 0 0 1 0 0 1 0
4/4-4/10 6 0 0 0 0 0 2 2 1 0 0
4/11-4/17 1 0 0 0 0 0 3 5 2 1 0
4/18-4/24 2 0 0 1 0 0 1 5 1 1 0
4/25-5/1 0 0 0 0 0 0 1 4 3 0 0
5/2-5/8 1 1 0 0 0 0 7 5 2 1 0
5/9-5/15 0 0 0 0 0 0 14 38 4 2 0
5/16-5/22 1 4 0 0 0 0 33 23 11 2 0
5/23-5/29 4 0 0 0 0 0 0 1 2 2 0
5/30-6/5 2 0 0 0 0 0 0 2 2 3 0
6/6-6/12 10 4 0 0 0 0 1 5 4 0 0
6/13-6/19 1 0 0 0 0 0 12 29 5 1 0
6/20-6/26 1 0 0 0 0 0 1 5 0 0 0

Brush Season Totals 42 9 0 1 0 0 81 125 39 14 0  
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Appendix 13.  Non-Game summary for Hinkle Creek rotary screw trap 2009. 

2009 Ammocete
Brook 
Lamprey

Redside 
Shiner

Pacific 
Lamprey Sucker Sculpin

Speckled 
Dace

Unknown 
Dace Comments

3/8 - 3/14 0 0 0 0 0 0 0 2
3/15 - 3/21 0 0 1 0 0 0 1 7
3/22 - 3/28 0 0 1 0 0 0 0 41
3/29 - 4/4 0 1 1 0 0 1 0 16
4/5 - 4/11 0 0 3 0 0 0 0 76
4/12 - 4/18 0 0 1 0 0 1 0 14
4/19 - 4/25 2 0 8 0 0 0 0 105 1 Unknown Dace Mort
4/26 - 5/2 1 1 0 0 0 3 0 114
5/3 - 5/9 0 1 0 0 0 4 0 53

5/10 - 5/16 0 0 3 0 0 1 0 52
5/17 - 5/23 1 0 7 0 0 4 0 32
5/24 - 5/30 0 0 1 0 0 0 0 23
5/31 - 6/6 0 0 0 0 0 0 0 0

Hinkle Season 
Totals 4 3 26 0 0 14 1 535  
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Appendix 14.  Weekly salmonid summaries for Big Tom Folly Creek rotary screw traps for 2008-2010. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2008 Coho Fry Coho Smolt Trout Fry St 1+ St 2+ St 3+
Steelhead 

Smolt
Steelhead 

Kelt Ct 1+ Ct 2+ Ct 3+
Chinook 

fry Morts % Mort
3/26-3/29 48 9 24 1 0 0 1 0 0 0 0 0 1
3/30-4/5 25 26 5 8 0 0 0 0 1 1 3 0 0
4/6-4/12 44 107 10 71 0 0 10 0 3 2 3 0 1
4/13-4/19 2 108 1 74 1 0 2 2 1 6 2 0 1
4/20-4/26 38 193 11 42 0 0 1 0 4 1 0 0 0
4/27-5/3 6 271 49 29 0 0 1 0 5 1 2 0 0
5/4-5/10 0 245 2 29 0 0 1 0 2 4 4 0 0
5/11-5/17 1 180 215 13 0 0 0 0 3 6 3 0 0
5/18-5/24 0 83 117 1 0 0 0 0 0 1 3 0 0
5/25-5/31 0 10 431 0 0 0 0 0 2 1 1 0 9
6/1-6/7 0 0 70 0 0 0 0 0 0 1 0 0 0

BTF Season Totals 164 1232 935 268 1 0 16 2 21 24 21 0 12 0.004

2009 Coho Fry Coho Smolt Trout Fry St 1+ St 2+ St 3+
Steelhead 

Smolt
Steelhead 

Kelt Ct 1+ Ct 2+ Ct 3+ Cutthroat Morts % Mort
3/8 - 3/14 1 29 0 3 1 0 1 0 2 2 1 0 0
3/15 - 3/21 6 34 0 13 8 0 6 0 0 0 0 0 0
3/22 - 3/28 21 135 0 19 11 2 6 0 2 0 0 0 0
3/29 - 4/4 71 133 0 7 8 3 4 0 0 0 0 1 1
4/5 - 4/11 103 83 0 12 29 7 8 1 0 4 0 0 1
4/12 - 4/18 273 346 0 24 60 11 15 0 7 3 2 0 5
4/19 - 4/25 114 648 0 39 52 9 10 0 8 7 9 0 1
4/26 - 5/2 43 92 5 5 8 0 2 0 5 2 0 0 19
5/3 - 5/9 14 41 9 1 3 2 1 0 2 1 0 0 0

5/10 - 5/16 20 59 26 3 7 2 2 0 9 3 3 0 0
5/17 - 5/23 21 13 855 0 0 0 0 0 3 1 0 0 7
5/24 - 5/30 12 7 1548 0 2 1 0 0 3 2 0 1 10
5/31 - 6/6 0 0 70 0 0 0 0 0 0 0 0 0 0

BTF Season Totals 699 1620 2513 126 189 37 55 1 41 25 15 2 44 0.008

2010 Coho Fry Coho Smolt Trout Fry St 1+ St 2+ St 3+
Steelhead 

Smolt
Steelhead 

Kelt Ct 1+ Ct 2+ Ct 3+
Chinook 

fry Morts % Mort
3/3-3/6 0 6 0 1 0 0 0 0 0 1 1 0 0
3/7-3/13 21 14 0 1 0 0 0 0 2 1 1 0 1
3/14-3/20 13 25 0 6 1 0 1 0 0 0 1 0 0
3/21-3/27 37 50 0 37 5 0 3 0 4 0 3 0 2
3/28-4/3 73 27 0 9 0 0 0 0 0 1 0 0 0
4/4-4/10 160 126 0 12 1 0 1 0 1 1 0 0 0
4/11-4/17 136 250 0 26 0 0 4 0 7 5 0 0 0
4/18-4/24 23 319 0 50 0 0 10 0 5 11 2 0 2
4/25-5/1 17 114 0 28 0 0 8 0 14 4 3 0 0
5/2-5/8 33 171 0 10 1 0 1 0 10 5 1 0 0
5/9-5/15 28 198 16 11 0 0 0 0 4 1 0 0 0
5/16-5/22 5 151 109 6 0 0 1 0 2 0 0 0 1
5/23-5/29 11 52 15 8 0 0 2 0 4 3 1 0 0
5/30-6/5 2 6 2 2 0 0 0 0 1 0 1 0 0
6/6-6/12 2 2 30 1 0 0 0 0 3 0 0 0 0
6/13-6/19 3 1 20 1 0 0 1 0 1 0 0 0 0
6/20-6/26 5 0 3 1 0 0 2 0 0 1 0 0 0

BTF Season Totals 569 1512 195 210 8 0 34 0 58 34 14 0 6 0.002
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Appendix 15.  Weekly salmonid summaries for Brush Creek rotary screw traps 2008-2010. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2008
Coho 
Fry

Coho 
Smolt 

Trout 
Fry St 1+ St 2+ St 3+

Steelhead 
Smolt

Steelhead 
Kelt Ct 1+ Ct 2+ Ct 3+ Chinook fry Morts

3/26-3/29 1 1 1 3 0 0 2 0 0 0 0 0 0
3/30-4/5 1 11 0 3 0 0 1 1 0 1 8 0 0
4/6-4/12 1 1 15 1 5 0 1 0 1 49 0 8 1
4/13-4/19 2 8 2 5 19 0 1 0 0 2 1 6 0
4/20-4/26 17 2 1 262 1 0 8 2 14 8 2 9 4
4/27-5/3 3 1 86 4 1 0 9 0 23 3 10 8 1
5/4-5/10 2 1 30 3 0 0 3 0 2 27 0 1 0
5/11-5/17 2 7 8 5 0 0 2 0 12 3 0 3 5
5/18-5/24 3 3 4 0 0 0 0 0 2 0 0 0 0
5/25-5/31 1 4 3 0 0 0 0 0 0 0 0 0 0
6/1-6/7 5 1 1 0 0 0 0 0 0 0 36 0 0

Brush Season Totals 38 40 151 286 26 0 27 3 54 93 57 35 11

2009
Coho 
Fry

Coho 
Smolt 

Trout 
Fry St 1+ St 2+ St 3+

Steelhead 
Smolt

Steelhead 
Kelt Ct 1+ Ct 2+ Ct 3+ Chinook fry Morts

3/8 - 3/14 9 31 0 5 1 1 2 0 0 0 0 0 1
3/15 - 3/21 6 27 0 4 4 1 0 0 1 0 0 0 0
3/22 - 3/28 0 103 0 9 7 2 6 0 0 1 0 0 0
3/29 - 4/4 3 78 0 8 10 6 6 0 0 2 1 0 1
4/5 - 4/11 1 23 0 4 13 2 1 0 2 2 0 0 0
4/12 - 4/18 290 157 0 14 18 2 8 0 1 2 1 0 2
4/19 - 4/25 340 96 0 7 17 3 5 0 3 0 0 0 0
4/26 - 5/2 32 0 0 0 0 0 0 0 0 0 0 0 0
5/3 - 5/9 68 6 0 1 1 2 0 0 1 2 0 10 1

5/10 - 5/16 93 6 13 0 0 0 0 0 3 1 0 15 0
5/17 - 5/23 36 3 293 0 2 0 0 0 0 0 0 5 0
5/24 - 5/30 4 0 30 0 0 0 0 0 0 0 0 0 0
5/31 - 6/6 2 0 0 0 0 0 0 0 0 0 0 0 0

Brush Season Totals 884 530 336 52 73 19 28 0 11 10 2 30 5

2010
Coho 
Fry

Coho 
Smolt 

Trout 
Fry St 1+ St 2+ St 3+

Steelhead 
Smolt

Steelhead 
Kelt Ct 1+ Ct 2+ Ct 3+ Chinook fry Morts

3/3-3/6 0 69 0 9 1 0 2 0 1 0 0 0 0
3/7-3/13 154 221 0 18 1 0 3 0 1 1 2 0 0
3/14-3/20 4 103 0 31 1 0 3 0 1 3 0 0 1
3/21-3/27 100 137 0 58 3 1 23 1 1 4 0 0 1
3/28-4/3 277 30 0 9 0 0 1 0 0 0 0 0 3
4/4-4/10 179 61 0 6 0 0 2 0 0 0 1 0 0
4/11-4/17 205 124 0 11 1 0 7 0 1 8 0 0 1
4/18-4/24 31 152 0 34 2 0 8 0 2 3 0 0 0
4/25-5/1 28 51 5 6 3 0 3 0 1 1 1 0 0
5/2-5/8 7 150 1 15 2 0 6 0 7 5 0 0 0
5/9-5/15 42 201 4 43 1 0 12 0 11 2 1 0 0
5/16-5/22 76 133 44 23 1 0 10 0 13 0 1 0 1
5/23-5/29 15 11 10 15 1 0 9 0 17 0 0 0 0
5/30-6/5 24 1 5 2 0 0 0 0 1 0 0 0 0
6/6-6/12 174 2 69 1 0 0 2 0 2 1 0 0 0

6/13-6/19 91 2 7 2 0 0 2 0 5 5 3 0 0
6/20-6/26 34 0 0 1 0 0 0 0 1 1 0 0 0

Brush Season Totals 1441 1448 145 284 17 1 93 1 65 34 9 0 7
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Appendix 16.  Weekly salmonid summaries for Hinkle Creek rotary screw traps 2009. 

2009
Coho 
Fry

Coho 
Smolt 

Trout 
Fry St 1+ St 2+ St 3+

Steelhead 
smolts Ct 1+ Ct 2+ Ct 3+

Chinook 
fry Morts % Mort

3/8 - 3/14 2 21 0 3 1 0 0 0 0 0 0 0
3/15 - 3/21 1 39 0 7 2 0 2 1 0 0 0 0
3/22 - 3/28 26 22 0 11 3 2 4 1 0 0 0 0
3/29 - 4/4 65 13 0 5 0 1 0 0 0 0 0 0
4/5 - 4/11 75 22 0 9 2 1 2 0 0 0 0 0
4/12 - 4/18 8 16 0 4 0 0 0 1 0 1 0 0
4/19 - 4/25 66 12 3 3 2 2 1 0 0 0 0 0
4/26 - 5/2 120 5 6 0 0 0 0 0 1 0 0 0
5/3 - 5/9 111 43 0 0 3 0 0 3 0 1 0 6

5/10 - 5/16 140 13 0 2 2 0 0 1 0 0 0 0
5/17 - 5/23 47 13 36 1 1 1 0 1 1 0 0 0
5/24 - 5/30 20 2 416 0 1 0 0 1 0 0 0 0
5/31 - 6/6 0 0 45 0 0 0 0 0 0 0 0 0

Hinkle Season Totals 681 221 506 45 17 7 9 9 2 2 0 6 0.004  
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Appendix 17.  PacifiCorp Monitoring Match Report 
 



SA 19.2 Long-Term Monitoring and Predator Control Study:  

Annual Report 2009 

Produced by the FHS TWG for the RCC 

Feb 17, 2011 

  

  

  



 

Executive Summary 

The Settlement Agreement (SA) for the North Umpqua Hydroelectric Project requires PacifiCorp to fund 
a Long Term Monitoring and Predator Control study and program (SA Section 19.2). The purposes of this 
measure are: 1) to monitor and evaluate the success of the anadromous fish reintroduction in the North 
Umpqua River upstream of Soda Springs Dam; and (2) to formulate and implement a study plan, 
implementation plan, and monitoring and adaptive management plan concerning the potential predation 
of anadromous salmonid juveniles by nonnative predator species in Soda Springs Reservoir.  The fund is 
administered by PacifiCorp and managed by the Resource Coordination Committee (RCC) based on 
recommendations from a Technical Work Group (TWG).  This program of work is guided by a Study 
Plan approved by the RCC in September 2006. The plan specifies that a written annual report be provided 
to the RCC each March.   
 
Per the Study Plan, the 2009 program was overseen by ODFW, who selected and managed three 
personnel (2 ODFW and 1 PUR) dedicated to this program for most of the year.  ODFW continues to 
provide smolt traps, nets, other equipment, and additional personnel as needed.  ODFW conducted all 
redd surveys except for Copeland Creek which was surveyed by USFS staff.  PacifiCorp provided 
technical assistance, in-kind services such as heavy equipment for smolt trap placement and retrieval, and 
coordination during river and reservoir sampling. 
 
Overall Conditions and Noteworthy Events 
Flows were average for the spring and early summer in 2009.  The average snow pack and normal spring 
temperatures caused flows to drop quickly in Copeland and Calf Creeks.  In the Soda Springs bypass, 
during the month of May, high flows dislodged wood debris which floated into the Soda Springs trap.  
This wood was short enough to float into the cone and become jammed in the live well causing the cone 
to stop spinning and the trap to become partially submerged.  With the help of Weekly Construction, 
ODFW personnel were able to pull the trap out of the thalwag and remove the wood.  This was the first 
true test of the new anchor, installed by Weekly Construction during the last week of February,  no 
damage was done to the new anchor even though the boulder anchors on the left bank shifted forward two 
feet.  The cessation of the cone put extra pressure on one of the collars which caused the set screw to slide 
allowing the cone to begin grinding into the walls of the live well.  Efforts were made to shift the cone 
forward and tighten the set screw but the cone slipped back and by late July enough damage had been 
done to the live well to threaten its structural integrity.  The trap was pulled and sent to Koffler for 
repairs. 
 
Counts at Winchester Dam of adult, unclipped fish indicated that the number of returning spring Chinook 
salmon to the North Umpqua River doubled the 2008 run.  The number of returning coho salmon doubled 
the 2008 returns, while the number of returning summer and winter steelhead decreased slightly (Table 
1). 
 
Table1.  Counts of Unmarked Adult Salmonids at Winchester Dam, North Umpqua River, OR. 
Species 2009 2008 2007  2006 10-Year 

Average  
Spring Chinook 5,310 2,626 2,430 2,575 4,739 
Summer Steelhead 3,701 4,385 2,733 4,347 4,044 
Coho 8,233 4,027 1,798 3,338 3,704 
Winter Steelhead 7,640 9,041 8,377 6,307 8,629 



 
Long-term Monitoring Program 
Smolt trapping began in early March and concluded during the first week of July at Copeland and Calf 
Creeks (low flows) and late July at the Soda Springs bypass.    Resident fish population estimates were 
completed from Medicine Creek Bridge to Slide Creek dam and in lower Fish Creek.  Three different 
sampling methods were used to estimate the resident trout populations.  Daytime snorkeling was used in 
Fish Creek, angling was used from Slide Creek power house to Slide Creek dam, and night snorkeling 
was used in the Slide Creek full flow reach.  Coho abundance surveys were completed in Boulder using 
daytime snorkel surveys.  
 
Soda Springs Bypass Reach (juvenile trapping, and adult spawning surveys) 
Smolt trap weekly efficiencies ranged from 5 to 19% for various species and life stages.  The smolt trap 
catch was dominated by spring Chinook fry followed by trout and coho salmon fry (Table 2).  Smolts and 
older age classes of four species were also captured.  Notable to the predator study is that 75 brown trout 
were captured in the smolt trap, many were observed with trout and salmon fry in their mouths and 
stomachs.  One lavaged brown had a spring Chinook yearling in its stomach contents. 
 
Spring Chinook salmon, coho salmon, and steelhead redd counts were conducted through the bypass 
reach for the sixth year.  The peak redd density for spring Chinook salmon (166 redds/mile) is the highest 
observed in the last six years, while that for coho was similar to past years, and steelhead was lower than 
past years (Table 3). 
 
North Umpqua River Main stem (Soda Springs powerhouse to Calf Cr - spawning surveys only) 
Redd counts were conducted by float surveys for spring Chinook salmon, coho salmon and steelhead.  
The peak redd density for spring Chinook salmon was 59.9 redds/mile, which is similar to last years high 
of 56.9 redds/mile (Table 3).  Three of the four surveyed reaches increased in peak redds per mile with 
the Boulder to Copeland reach showing a decrease from 196 redds/mile to 165 redds/mile.  Coho salmon 
and steelhead live fish and redds are less observable than spring Chinook salmon due to higher flows and 
sparser distribution.  Coho salmon and steelhead redds were observed in all four reaches, with a peak redd 
density of 13.5 redds/mile for coho salmon and 5.9 redds/mile for steelhead (Table 3).  Boulder Creek to 
Copeland Creek reach had the highest coho salmon redd density at 27.6 redds/mile..  The highest 
steelhead redd density (6.9 redds/mile) was observed in the Copeland Creek to Deception Creek reach. 
 
Boulder Creek (juvenile density and spawning surveys) 
Summer surveys of juvenile coho density were completed this year.   A summer coho salmon density of 
0.125 was calculated for the snorkeled portion of Boulder Creek (mouth to 200 yards above Rattlesnake 
Creek).  Above Rattlesnake Creek  juvenile coho salmon were observed in 29 of the 40 pools snorkeled 
but densities were lower than in the downstream reach.  Spring Chinook juveniles were observed in low 
densities from the mouth upstream 0.5 miles to a large log jam.  These are the first spring Chinook 
juveniles observed while snorkeling in Boulder Creek.  One 3+ cutthroat trout was also observed in the 
survey.  
 
Spring Chinook salmon, coho salmon, and steelhead redd counts were made for the ninth year.  One 
Chinook redd was observed at the confluence with the North Umpqua but low flows apparently precluded 
Chinook to access and spawn further upstream.  The total number of observed coho redds (49) was the 
highest since 2002, and the peak redd density 8.7 redds/mile (Table 3).  Coho salmon peak redd densities, 
since 2001, have ranged from 4.8 to 30.4 redds/mile.  Steelhead peak redd densities increased to 6.7 
redds/mile up from last years low of 2.7 redds/mile.  One survey was completed from Rattlesnake Creek 
to the barrier below Onion Creek.  Steelhead redds (15) were observed as far up as the large trench pool 
0.3 miles downstream of Onion Creek. 
 



Copeland Creek (juvenile trapping, juvenile density and adult spawning surveys) 
Weekly smolt trap efficiencies ranged from 9 to 54% for various species and life stages.  The smolt trap 
catch was dominated by trout fry, followed by coho salmon fry and steelhead 1+ (Table 2).  Steelhead 
smolts of varying sizes were captured as well as fifty-one coho salmon smolts, twelve resident rainbow 
trout, nine cutthroat trout and four brown trout. 
 
No summer fish density surveys were conducted in Copeland Creek this year due to higher priority efforts 
for resident trout population estimates above Soda Springs dam. 
 
Redd counts for spring Chinook salmon, coho salmon and steelhead were conducted in Copeland Creek 
for the sixth, eighth, and ninth years, respectively, by the USFS.  No spring Chinook redds were observed 
in Copeland creek this year, low fall flows did not allow access for spawning adults.   Coho salmon 
improved dramatically from the previous four years, in 2007 the peak density was 2.7 redds per mile 
compared to 14 redds/mile for 2009. (Table 3).  Coho salmon peak redd densities, since 2001, have 
ranged from 2.7 to 17.3 redds/mile.  Steelhead peak redd densities (2.5 redds/mile) were up slightly from 
last years low count (2.1 redds/mile), this was the second lowest total steelhead redd count. 
 
Calf Creek (juvenile trapping, juvenile density and adult spawning surveys) 
During 2009, weekly smolt trap efficiencies ranged from 33 to 71% depending on species and life stage.  
The smolt trap catch was dominated by steelhead 1+ followed by coho salmon fry and cutthroat trout.  
Thirty-one coho salmon smolts were captured as well as seven resident rainbow trout and one brown 
trout. 
 
No summer density surveys were conducted in Calf Creek this year due to resident trout population 
estimates above Soda Springs dam. 
 
Coho salmon and steelhead redd counts surveys were conducted for the fourth year and third years 
respectively.  Peak redd density for coho salmon was 8.0 redds/mile and steelhead was 1.8 redds/mile. 
(Table 3).  Coho salmon peak redd densities, since 2006, have ranged from 3.6 to 8.0.   
 
Resident population estimates 
Resident population estimates were completed through the following reaches: (1) Slide Creek full flow 
reach (2) Slide Creek bypass reach and (3) 3.2 miles of lower Fish Creek.  The total length of streams 
surveyed was 7.3 miles.  
 
Slide Creek bypass and full flow reaches 
To estimate the resident trout population for the Slide Creek bypass reach it was decide to conduct a hook 
and line (angling) modified Peterson-Chapman mark/recapture sampling effort.  Trout were captured 
using a variety of tackle from Aug 25th through October 5th.  A total of 354 trout ranging from 3 inches to 
13 inches were captured during the sampling, with most in the 5 to 10 inch range.  This gives a population 
estimate for the Slide Creek bypass reach that ranges from 1,652 to 2,630 depending on how the estimate 
is calculated.  Stillwater Sciences also reviewed and analyzed the data for this reach and produced a 
population estimate of about 1,500 rainbow trout and 160 brown trout (Appendix 1).  The Slide Creek 
full-flow reach was not  effectively sampled by hook and line(only 4 fish captured in 2 days of effort), so  
a one-pass night snorkel survey was done on October 5th covering a 3-9 meter band along each bank.  
Sixty four rainbow and five brown trout, between 14 and 27 cm long, were counted.   
Fish Creek 
Two attempts were made to conduct a resident fish population estimate on Fish Creek using removal 
estimates and a modified Peterson-Chapman mark/recapture estimate.  These two methods require a 
random sample of habitat units to be isolated from the rest of the stream using block nets and to be 
electrofished.  Both attempts failed due to the inability to effectively isolate the sample unit and the 



inability to effectively capture fish.  A third attempt, using day time snorkeling, was made to conduct the 
resident population estimate.  Using ODFW juvenile snorkeling protocols resident population densities 
were calculated for a random sample of available habitat types (pools, riffles, rapids, cascades, etc.).  
From these densities and the total area of each habitat type a population estimate of 5,889 (936 0+, 2,463 
1+, 2,252 2+, 238 3+) resident rainbow trout was calculated.  No brown trout were observed during the 
snorkeling although two 1+ brown trout were captured during the electrofishing attempts. 
 
Table 2.  Comparison of Estimated out-migration (or catch) of Fry and Smolts 

Species and life 
stage (wild only 
unless otherwise 
indicated) 

Soda Springs Bypass Copeland Cr Calf Cr 
2009  
(3/4-7/25) 
 

2008  
(3/4-9/6) 
 

2007  
(3/2-6/13) 
 

2009 
(3/3-6/30) 
 

2008  
(3/4-7/5) 
 

2007  
(3/2-6/17) 
 

2009 
(3/3-6/7) 
 

2008  
(3/4-7/5) 
 

2007  
(3/2-6/17) 
 

Chinook fry 182,011 22,121 41,566 0 13,269 0 0 0 0 
Chinook smolts   456 436 35 1 0 0 0 0 0 
Trout fry  10,024* 8,809* 285* 9,530* 182* 335* 6* 921* 604* 
Steelhead juvenile 
(includes smolts) 

1,515 74* 1,451** 7,516 4,248 2,274 2,692 4,309 2,971 

Coho salmon fry  5,734* 733* 523* 3,175* 277* 266* 238* 774* 3,204* 
Coho salmon smolts 172 22 184 122 88 17 43 420 70 
Cutthroat trout  0 0 0 19 1* 0 330 114 6* 
Brown trout  1,233 970 269 7 4* 2* 1* 1* 3* 

*catch only, no estimate  
** includes unmarked hatchery fish released as part of predation study  

 
Table 3.  Comparison of Peak Redds per Mile for All Spawning Surveys 

Species  Soda Springs Bypass NUR main stem Boulder Cr Copeland Cr** Calf Cr 
 2009 2008 2007 2009 2008 2007 2009 2008 2007 2009 2008 2007 2009 2008 2007
Steelhead 14 44.0 36.0 5.9 2.9 4.6 6.7 2.7 13.3 2.9 2.1 5.0 1.8 3.3 9.8 
Chinook 166 144.0 48.0 76.8 56.9 34.0 0.7 2.0 2.7 0 1.3 12.7 NA NA NA 
Coho 28.0 24.0 24.0* 13.5 4.8 NA 8.7 8.0 4.0 14.0 8.0 2.7 8.0 3.6 5.5 

*may include an unknown number of brown trout redds 
 
Predator Study 
 
Soda Springs reservoir was electrofished three times in 2009 – once in July, August, and September.  The 
August event was from dusk to midnight and the other two were from 0145 to dawn.  A total of 358 trout 
were captured, including 31 that were previously tagged and 233 that were implanted with new PIT tags.  
Catch rates tended to be higher during the morning sessions but the percentage of empty stomachs was 
similar between night and morning catches.  Only one brown trout was observed to have a fish (trout fry) 
in its stomach (captured during the July morning session), although the lavage equipment may have 
limited our ability to flush fish from stomachs.  Stillwater Sciences updated their predator study report, 
largely strengthening previous findings and the conclusion that predation has th potential to substantially 
reduce survival of smolts through te reservoir (Appendix 2), 
 
Anticipated Work and Recommendations for 2010 
 
The program will continue to be overseen by ODFW, with housing support from USFS (if needed) and 
technical and logistical support from PacifiCorp.  This will be the last year of pre-passage baseline 
condition monitoring, since construction of fish passage and protection facilities throughout 2011 will 
force access limitations and cause abnormal flow conditions in Slide and Soda Springs bypass reaches. 
 
Access to Soda Springs will be very limited during most of 2010 due to road closure, safety issues, and 
traffic congestion related to initiation of construction of the new fish passage facilities.  Monitoring crews 
will coordinate closely with PacifiCorp and construction contractors to ensure safety and minimize 



disturbance of construction work.  Monitoring in this area may be limited from past years.  PacifiCorp 
(TCC) and ODFW (smolt trap crew) will continue to coordinate closely regarding flow changes in Soda 
Springs bypass reach to ensure safety and trap efficiency. all three smolt traps will be operated until low 
flows or ladder construction stop operations 
 
Redd surveys will continue as in 2009, with ODFW and USFS coordinating closely to ensure that all 
reaches get surveyed appropriately for all fish species.  Float surveys of the NUR main stem for steelhead 
and coho redds will be continued in 2010.  During steelhead redd surveys observers will also document 
any observations of lamprey and lamprey redds, with additional lamprey surveys added during June and 
July if flows and workload allow.   
 
A second season of resident fish abundance estimates will be made during late summer from Soda 
Springs reservoir to Slide Creek dam and in the lower 3 miles of Fish Creek.  Sampling will include 
snorkeling and angling in an attempt to repeat and improve the methods used in 2009.  This work will 
take priority over the surveys of summer coho salmon seeding levels in Boulder, Copeland and Calf 
creeks.  If there is time for summer density surveys, Boulder Creek will be the highest priority since it has 
the least amount of effort thus far. 
 
Predator study work will again utilize the electrofishing boat on Soda Springs reservoir to recapture 
marked fish and also to capture, mark, measure, and examine stomach contents of new fish.  Sampling 
will include at least one night and one morning during May and June (contingent on boat ramp and ladder 
construction). 
 
Data management and analyses will proceed throughout the year to facilitate data quality control and 
annual reporting.  Annual report drafting (ODFW) and review (TWG) will attempt to meet the schedule 
in the Study Plan for March delivery to the RCC. 
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1. INTRODUCTION 
The Settlement Agreement (SA) for Relicensing of the North Umpqua Hydroelectric Project requires PacifiCorp to 
fund a Long Term Monitoring and Predator Control study (SA Section 19.2).  The purposes of this measure are:  (1) 
to monitor and evaluate the success of anadromous fish reintroduction in the North Umpqua River upstream of Soda 
Springs Dam; and (2) to formulate and implement a study plan, implementation plan, and monitoring and adaptive 
management plan concerning the potential predation of anadromous salmonid juveniles by nonnative predator species 
in Soda Springs Reservoir. The fund is administered by PacifiCorp and managed by the Resource Coordination 
Committee (RCC) based on recommendations from the Fish Habitat and Studies (FHS) Technical Work Group 
(TWG).  This program of work is guided by a study plan approved by the RCC in September 2006, which requires 
written annual reporting to the RCC each March.   
 
The Oregon Department of Fish and Wildlife (ODFW), in partnership with Partnership for the Umpqua Rivers (PUR), 
the United States Forest Service (USFS), and PacifiCorp, implemented the program of long-term monitoring work 
outlined in the study plan.  Oversight and technical support was provided by ODFW.  Rotary screw trapping, 
spawning surveys, resident trout population estimates and one summer juvenile density survey was completed in 
2009.  Predator control study work continued at Soda Springs reservoir in 2009 using ODFW and PacifiCorp staff.  
For the 2009 season, two seasonal biologists were hired by ODFW and one seasonal biologist was hired by PUR to 
operate rotary screw traps, conduct summer snorkeling in Boulder creeks and complete baseline surveys above Soda 
Springs Dam.  Spawning surveys and routine data management and analyses were conducted by ODFW seasonal 
biologists. The USFS continued spawning surveys in Copeland Creek.  

 
2. STUDY AREA  
Soda Springs Dam is located at river mile (RM) 70 on the North Umpqua River.  Construction of the dam occurred 
during 1950-52.  Soda Springs Dam is a 23.5 meter (77-ft) high arch concrete dam, and the resulting reservoir is 31.5 
surface acres and 1.9 kilometers (1.2 miles) long when filled to capacity.  The maximum depth is 15 m (50 ft), with 
water levels fluctuating up to 3 m/day (9 ft/day), and typically 0.6–2 m/day (4–8 ft/day).  Upstream fish passage and 
screens will be constructed at Soda Springs Dam by 2012.    Upstream fish passage will provide access to at least 6.6 
miles of anadromous spawning and rearing habitat in the North Umpqua River and Fish Creek. 
 
To evaluate the need to control brown trout populations after fish passage is provided, predation studies are focused 
on Soda Springs Reservoir, where most predation is predicted to occur.  Brown and rainbow trout will also be 
monitored in: (1) Soda Springs bypass reaches (upper and lower) (2) Slide Creek full flow reach (3) Slide Creek 
bypass reaches (upper and lower) and (4) 3.2 miles of lower Fish Creek (Figure 1, Table 1). 
 
To determine baseline conditions and changes to anadromous fish abundance and species composition over time, 
long-term monitoring efforts will include the same study area, but will also include the upper portion of the North 
Umpqua River downstream from Soda Springs Dam (Table 1, Figure 1), and Boulder, Copeland, and Calf creeks. 
 

2.1 Rotary Screw Traps 
For 2008 smolt traps were fished at the same sites as in 2007 (Table 2). 
 
Table 2:  Traps Locations and Operation Months (2008). Trap Locations Identified by Quarter Sections. 

Trap Site Location (T,R,Sec) Trap Diameter Operation Dates 
Soda Bypass T26S R3E Sec 18 NW/SE 8 feet March-August 
Calf Creek T26S R2E Sec 19 NE/SE 5 feet March-June 
Copeland Creek T26S R2E Sec 23 NW/SE 5 feet March-July 
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Table 1.  Study Reaches Where Monitoring is Occurring or Planned (see Figure 1).  
Study reach 

code 
Study Reach 
Length (mi) 

Study Reach Description 

NURM 
7.4 

Upper wild and scenic reach of the North Umpqua River (from Calf Creek upstream to Soda Springs 
powerhouse) 

COCR 
3.3 

Copeland Creek (reach accessible to coho salmon, spring Chinook salmon, and/or steelhead) (The area 
above Halfway Creek, ~1.5 from confluence is not accessible to chinook and coho) 

CACR   2.0+ Calf Creek (reach accessible to coho salmon, spring Chinook salmon, and/or steelhead) 
BOCR 1.5 Boulder Creek (reach accessible to coho and Chinook salmon and steelhead) 
SSBRL 0.3 Soda Spring bypass lower reach (downstream of gage pool) 
SSBRU 0.2 Soda Springs bypass upper reach (gage pool tailout to dam) 

SSR 1.2 Soda Springs reservoir (from dam face upstream to Medicine Creek bridge) 
SCFF 0.4 Slide Creek full-flow reach (from Medicine Creek bridge to Slide Creek powerhouse) 

SCBRL 0.5 Slide Creek bypass lower reach (powerhouse to Fish Creek confluence) 
SCBRU 1.5 Slide Creek bypass upper reach (Fish Creek confluence to Slide Creek Dam) 
FCBRL 3.2 Fish Creek bypass lower reach (mouth to major obstacle at RM 3.2) 

 
 
 
 

 
Figure 1.  Vicinity and Reaches Where Most SA 19.2 Monitoring Activity Occurs 
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2.2 Resident and Anadromous Juvenile Summer Surveys 
Summer resident population estimates were conducted in the Slide Creek bypass reach, Slide Creek full flow reach 
and the lower 3.2 miles of Fish Creek (Table 1).  Summer density surveys in Boulder were completed when resident 
surveys were finished.  The summer population estimates in Slide Creek, Fish Creek and Soda bypass followed 
general ODFW population estimate protocols.  Boulder, Copeland and Calf Creeks were originally set up following 
ODFW Corvallis Research 1000-meter protocols.  When the reaches were first established each was selected 
randomly throughout coho spawning reaches.  Copeland Creek was modified in 2006 (at the request of the Forest 
Service) from 1000-meter reaches to “extent of anadromy”.  Reach descriptions are described as follows. 
 
Boulder Creek (BOCR) 
Reach 1 – From the mouth of Boulder Creek at its confluence with the North Umpqua upstream 1000 meters. 
 
Reach 2 – 1000 meters downstream of Rattlesnake Creek to confluence of Rattlesnake Creek and Boulder Creek. 
 
Copeland Creek (COCR) 
Reach 1 – From the mouth of Copeland Creek at its confluence with the North Umpqua upstream 0.7 miles to a small 
tributary entering on the right bank (ODFW Hab. Method, upstream). 
 
Reach 2 – From the mouth of the small tributary (entering on right) upstream to 2800 Road bridge crossing. 
 
Reach 3 – From 2800 Road bridge crossing upstream to end of anadromy at river mile 3.3. 
 
Calf Creek (CACR) 
Reach 1 – From the mouth of Calf Creek at its confluence with the North Umpqua upstream 1000 meters. 
 
Reach 2 – From large dome falls upstream 1000 meters 
 
Reach 3 – From second bridge upstream to coho anadromous barrier.  This reach is longer than 1000 meters 
 
2.3 Adult Spawning Surveys 
Spawning surveys for steelhead and coho were conducted on Boulder Creek, Copeland Creek, and Calf Creek.  
Spawning surveys for Spring Chinook salmon were conducted in the Soda Bypass and main-stem North Umpqua 
River (Soda Springs powerhouse to Calf Creek), Copeland Creek and the lower ¼ mile of Boulder Creek.  Boulder 
and Copeland Creeks have been examined for evidence of lamprey (redds and live or dead fish) since salmon and 
steelhead surveys have been conducted. Reach descriptions follow.   
 
Soda Springs Bypass (SSBRL, SSBRU) 
From the Soda Springs power house upstream to the pool located at the base of Soda Springs dam.  This survey is a 
walking survey. 
 
Soda Powerhouse Tailrace Barrier 
This is the area directly impacted by the construction of the tailrace barrier, and extends from about 40 ft downstream 
to 20 feet upstream of the 220-ft-long tailrace barrier.  Because this barrier was built in 2007, and the long-term 
stability of the resulting new gravel patches is unknown, the site is treated separately from other sites so as to not bias 
numbers from adjacent reaches. 
 
North Umpqua River ( NURM) 
The North Umpqua River spawning surveys are float surveys using small catarafts.   
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Reach 1 – From Soda Springs powerhouse downstream to Boulder Creek.  Stream distance is 1.41 miles. 
 
Reach 2 – Boulder Creek to Copeland Creek.  Stream distance is 1.23 miles. 
 
Reach 3 – Copeland Creek to Deception Creek.  Stream distance is 2.62 miles. 
 
Reach 4 – Deception Creek to Calf Creek.  Stream distance is 2.23 miles. 
 
BOCR 
Reach 1 – From the mouth of Boulder Creek at its confluence with the North Umpqua River to Rattlesnake Creek.  
Approximate map distance is 1.5 miles. 
 
Reach 2 – From the mouth of Rattlesnake Creek to the anadromous fish barrier at the forty-foot falls located 
approximately 330 meters below Onion Creek.  Approximate map distance is 1.25 miles.  The stream channel above 
Rattlesnake Creek is high gradient and dominated by large boulders and logs.  The creek beyond Reach 2 is 
impassable due to sheer rock sidewalls and deep water.  Egress is by land via a knob on the right bank, northeast 
cross-country to Onion Creek, then south on the Pine Bench Trail to the trailhead (point of beginning). 
 
COCR 
Reach 1 – From the mouth of Copeland Creek, at its confluence with the North Umpqua River, to the 15 foot falls 
located approximately 200 meters upstream of the confluence of Halfway Creek and Copeland Creek.  Approximate 
map distance is 1.5 miles. 
 
Reach 2 - From the 15 foot falls, noted above, to a 25 foot falls that appears to be the anadromous fish barrier, located 
northeast of the 2801-100 Road junction.  Surveys above this falls will occur periodically to confirm whether this is a 
complete anadromous barrier.  Approximate map distance is 1.25 miles. 
 
CACR 
Reach 1 – From the mouth of Calf Creek, at its confluence with the North Umpqua River, upstream to large dome 
falls.  Approximate map distance is 1 mile. 
 
Reach 2 – From the dome falls to a large falls that appears to be a spring Chinook and coho salmon barrier.  
Approximate map distance is 1.5 miles. 
 
Reach 3 – From large fall upstream to 200 meters below Twin Lakes Creek.  Approximate map distance is 2 miles.  
This reach is accessible only to steelhead 
 
2.4 Predator Control Study 
Predator control study efforts are concentrated on Soda Springs Reservoir on the North Umpqua River, but extend 
upstream as far as spawning brown trout can go, and downstream to the Soda Springs smolt trap.  The reservoir is 
approximately 1.2 miles long and extends upstream of the dam.  The upper limit is generally considered to be 
Medicine Creek Bridge, although the actual transition varies with water level and the upper portion of the reservoir 
resembles a river during low water surface levels 

 
3. METHODS 
 
3.1 Rotary Screw Traps 
Smolt traps were operated in COCR and CACR from March-June and in SSBRL from March-August. During each 
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daily check, captured fish were removed from the trap holding box and placed in five-gallon buckets.  A separate 
bucket was 1/3 filled and sodium bicarbonate tablets added to sedate captured fish.  All fish captured were sedated, to 
reduce stress and ease the handling, identification, and enumeration.  All salmonids were measured (fork length) 
except during peak out migration periods, when sub-samples of 25 salmonids of each species were measured while 
the remaining fish were only enumerated.  All unmarked fish were released downstream of the trap.  Non-game fishes 
were also counted and released downstream. 
 
To estimate the total downstream juvenile out-migration, trap efficiency was calculated weekly.  A variety of factors 
such as changing stream flows and levels, increasing fish size, behavior and species composition can influence the 
capture efficiency of the trap.  ODFW research biologists recommend using up to 25 fish of each age class and 
species per day to be marked and released for trap efficiencies. 
 
To estimate the trap efficiency, captured coho and Chinook salmon, steelhead, rainbow, and brown trout were marked 
using a top or bottom caudal fin clip.  Coho salmon, steelhead, rainbow and brown trout fry are enumerated only as 
these fish are generally being washed downstream in high flow events and not actually migrating Spring Chinook 
salmon fry are marked because a portion of these fish do migrate as 0+ fish.  Caudal clips were designated by week 
prior to operation of the traps.  Marked salmonids were released at least 100 meters upstream of the trap and allowed 
to pass by the trap a second time.  Recaptured salmonids of each marked species were recorded and released 
downstream of the trap.  Weekly estimates were calculated using the following formula. 
 
NI= (ni)/ (mrecap/mreli) 
Where NI = total # of estimated migrants passing the trap during week  
ni = # of unmarked fish caught in the trap during week (Sunday-Saturday) 
mrecap = # of marked fish recaptured in trap during week (Sunday-Saturday) 
mreli = # of marked fish released above the trap during week (Sunday-Thursday) 
The total # of fish migrating past the trap site for the season is the estimate by N tot = season sum of NI 

 
For weeks in which no marked fish were recaptured, the season trap efficiency was used to calculate the estimated 
migrants for the week. 
 
All marked fish were released within one hour after being marked and during daylight hours.  Salmonids were divided 
into age classes based on fork lengths at the time of capture.  Criteria used to place fish into age classes were taken 
from data collected by ODFW biologists at North Umpqua trap sites, a summary of this data is shown in Table 3. 
 
Trap operators measured lengths and weights of 100 fish (or all captured, if fewer) of each species and size class per 
week.  This information was then used to calculate condition factors for each fish using the following formula: 

K= (100 x W)/ (l/10)3 

K= Condition Factor  

W= Weight in grams 

l= Length in millimeters 

A condition factor of 1.0 is considered optimal.  A condition factor below 1.0 indicates a fish’s body condition is long 
and light.  A condition factor above 1.0 indicates a fish body condition is short and heavy. 
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Table 3. Identified Salmonid Size Classes for North Umpqua Rotary Screw Traps. 

Species Fork Length (mm) 
Coho 0+ < 70 
Coho 1+ > 70 

Chinook 0+ < 70 
Chinook 1+ > 70 
Stw & Ct 0+ < 90 
Stw & Ct 1+ 90-159 
Stw & Ct 2+ 160-199 
Stw & Ct 3+ ≥ 200 

 

3.2 Summer Estimates of Salmonid Abundance 

The initial year of resident trout abundance was calculated for SCBRL, SCBRU, SCFF and FCBRL.  Five different 
sampling methods were attempted due to the reach widths, water flows and water temperatures.  The original surveys, 
completed by Harza Northwest in 1992, were completed using day time snorkeling (FCBRL) and one pass 
electrofishing (SCBRL, SCBRU, SCFF).   
 
For the 2009 season, ODFW attempted to sample FCBRL using electrofishers and conducting two pass removal 
estimates.  All established sampling protocols for this were followed.  Protocols require setting block nets at the head 
and tail of the selected habitat unit (habitat units are selected randomly) to isolate the fish population.  Electrofishing 
began at the bottom of the unit and a pass is completed shocking upstream to the head of the unit, block nets are 
checked after each pass and electroshocked fish are placed into capture buckets and held for identification and size 
classification upon completion of all passes.  In order for a population estimate to be completed at each unit there 
must be a 50% reduction in all size classes and species.  If 50% reduction is not attained another pass (of equal effort) 
must be made.  This continues until the proper reduction is met. 
 
Due to the stream size in FCBRL and water flows, an attempt was made to conduct a Peterson mark/recapture while 
doing the two pass reduction estimates.  All established sampling protocols were used during this sampling except for 
allowing marked and released fish to recovery for 24 hours before resampling.  After consultation with ODFW 
researchers, it was decided that the recapture event could occur after allowing the fish to recover for one hour. 
 
In addition to the two methods above, daytime snorkeling of FCBRL, using ODFW Corvallis Research Lab survey 
methodology was completed.  The exception to the protocol is that ODFW snorkelers also snorkeled randomly 
selected rifles, rapids and cascades.  This was done to calculate the resident trout population estimate for the entire 
stream length rather than just pool densities. 
 
Pre-passage trout population estimates for the SCBRL and SCBRU reaches were made using multi trip hook and line 
angling during late August and September.  Within the SCBRU reach, two hook and line reaches were broke out (Fish 
Creek confluence to green bridge and green bridge to Slide Creek dam).  SCBRL reach was kept at one reach only for 
sampling.  Each reach was angled using a variety of lures and baits; start and stop time, habitat the fish was captured 
in, lure or bait being used, species and lengths were recorded for each sampling session.  Captured fish were broken 
out into size categories (<130 mm fork length, 130-230 fork length, >230 fork length) and marked with a small fin 
clip on the caudal.  During recapture events fish were identified by species and broken into the same size categories.  
Population estimates were calculated by 1) size categories and individual reach, 2) individual reach with all fish 
lumped into one group, capture (Aug 25th – Sept 2nd) and recapture events (Sept 14th – Oct 5th) broken into separate 
events, or 3) individual reaches and all fish lumped into one group but any fish recaptured during capture events used 
to help calculate the population estimate. 
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Snorkel surveys for juvenile salmon and resident trout were conducted in BOCR and FCBRL during August and 
September.  ODFW Corvallis Research Lab survey methodology was used for both reaches.  To ensure the accuracy 
of the two person crew, a third snorkeler (calibrator) resurveys all the snorkeled pools during the next 48 hours.  The 
calibrator’s counts are compared to the original snorkeler counts and if there is a 10% or greater difference in the two 
juvenile coho salmon counts then the calibrators count is used.  Start and end points for the established reaches have 
been GPS and tagged in order to be used as standard surveys. 
 
To reduce problems associated with snorkeling in shallow or fast water habitats, only pools  ≥ 6 m2 in surface area 
and at least 40 centimeters deep were snorkeled in BOCR.  In FCBRL, because we were attempting to get a complete 
population estimate for the reach length a sub-sample of fast water units was snorkeled.  A single upstream pass is 
made when snorkeling, and surveyors either alternate turns snorkeling or one surveyor snorkels an entire segment 
depending on the number of pools to be snorkeled.  In rare cases both surveyors would snorkel a pool, usually because 
the pool was too large for one surveyor to effectively count juvenile fish.  Once a pool was snorkeled, surveyors 
estimated or measured the maximum depth, average width, and length of the pool in meters.  In BOCR and FCBRL 
every third pool was measured all other snorkeled pools in the reaches had the dimensions estimated.  In FCBRL 
every third snorkeled fast water unit was measured.  All salmonids were identified and counted by species and age 
class for each pool surveyed.  Other resident fish, beaver activity, habitat enhancement, tributary junctions, and all 
other information relevant to the pool snorkeled was recorded. 
 
Juvenile salmonid numbers and habitat unit lengths and widths are used to calculate densities of fish by species for 
each snorkeled unit.  Juvenile densities are calculated for each reach using the total fish numbers (by species) and the 
total pool area and fast water area (FCBRL only).  Steelhead, rainbow trout, cutthroat trout and brown trout seeding 
levels are very inaccurate due to the habitats that these fish generally inhabit (riffles, rapids and margin areas of 
pools).  In addition, according to ODFW Corvallis Research, snorkelers observe only 10-20% of juvenile trout; most 
snorkelers observe 70% of coho and spring Chinook salmon juveniles.  Riffles, glides and pools less than 0.4 meters 
in depth have no densities calculated due to the inability to accurately snorkel these unit types.  Due to the stream size 
and water flows electrofishing was not feasible or efficient in FCBRL so all habitat unit types were snorkeled. 

 

3.3 Adult Spawning Surveys 
Survey timing varied by species: spring Chinook salmon surveys (late September - late October), coho salmon 
surveys (November - January), and steelhead surveys (January - May).  During these periods, the target survey 
interval was 10 days, except when high flows created a safety hazard or impaired visibility.  When high water 
prevented scheduled surveys, they were conducted as soon as possible thereafter.  Flows are expressed in relation to 
survey wadeability, e.g., flows higher than approximately 200 cubic feet per second (cfs) in Boulder, Copeland and 
Calf Creeks were considered “high” and normally create hazardous and unproductive surveying.  Visibility refers to 
water clarity and is subjectively rated from poor to excellent.  Surveyors are expected to wear polarized glasses when 
useful to improve visibility into the water. 
 
Surveyors recorded the number of redds, live adults (male, female, unknown) and carcasses (male, female, wild, 
hatchery) observed on each survey.  All carcasses were examined for fin clips and if reachable had their tails severed 
to prevent double-counting on subsequent surveys. 
 
On tributaries, USFS surveyors mark all new redds and locations (USFS protocols) for all species, while ODFW 
surveyors mark all new redds and locations for steelhead and coho salmon, but for spring Chinook salmon all redds 
are counted during each survey until such time that the redds can no longer be distinguished.  Soda Springs bypass 
reach and the tributaries were waded by crews of one-two people.  In the tributaries, coho salmon and steelhead redds 
were flagged to prevent double counting on subsequent surveys (USFS does this for all surveys, ODFW only for 
tributary coho salmon and steelhead surveys), but this is not done on the main stem reaches.  Surveys completed 
during 2009 are described below for each reach and species. 
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SSBRL and SSBRU 
ODFW surveyed on foot from the powerhouse upstream to the pool at the base of Soda Springs dam for spring 
Chinook salmon, coho salmon and steelhead.  Counts were segregated for SSBRL and SSBRU (the vicinity of the SA 
8.3 spawning habitat). 
 
Soda Powerhouse Tailrace Barrier 
Survey is conducted by visual observation from both ends of the tailrace barrier, on the tailrace barrier and by cataraft. 
 
NURM 
The main-stem of the North Umpqua River was floated by crews of two to four people on one-man catarafts, with at 
least one boat observing each margin of the river to the centerline and remaining in close contact to avoid confusion.  
ODFW surveyed for spring Chinook salmon by the above methods, and recorded the information specific to four sub-
reaches (powerhouse to Boulder Creek, Boulder Creek to Copeland Creek, Copeland Creek to Deception Creek, 
Deception Creek to Calf Creek).  The annual one-time “peak spawning float survey” from the powerhouse to Rock 
Creek was not completed by the USFS this year.  
 
BOCR, COCR and CACR 
ODFW and USFS staff completed surveys for coho salmon and steelhead in BOCR, COCR, and CACR in 2009.  
From 2005 through 2006 the USFS has conducted annual peak Chinook spawning surveys in BOCR.  From 2003 
through 2009, the USFS has conducted a peak-spawning survey for spring Chinook salmon in COCR.  Since 2001, 
coho salmon and steelhead were surveyed by USFS on COCR, with redds marked by orange (coho) or pink 
(steelhead) flagging hung on the bank of the stream directly opposite the downstream end of the redd.  The flags 
contain fish redd species, surveyor’s initials, date and distance to/or location of redd.  Superimposition of redds is also 
recorded.  Red flagging was used for the Chinook salmon spawning survey.  Where more than one redd is located in 
close proximity to one another, the appropriate number of flags are hung, i.e., three redds = three hung flags.  
“Marked” or “unmarked” refers to the absence or presence of an adipose fin, respectively.  All stream banks are 
expressed looking downstream.   
 
For the BOCR and CACR surveys, ODFW protocols dictate that for spring Chinook salmon, all visible redds will be 
counted during each survey trip.  This provides for a peak count of cumulative redds.  For coho salmon and steelhead, 
new redds are marked with ribbons in the same manner as the USFS surveys. 
 

3.4 Soda Springs Predation Study 
Boat electrofishing was performed from a Smith-Root 18-ft aluminum flat-bottomed boat.  The crew consisted of one 
captain, two forward deck dip netters and one fish transfer person. The crew consisted of ODFW 19.2 and PUR 
seasonals and an ODFW or PacifiCorp captain.  Electrofishing began after dark and was conducted between either 
2100 and 2400 or 0145 and 0745 with 1.5 hours of electrofishing in the reservoir’s upstream reach (Medicine Creek 
bridge downstream approximately 0.6 miles), and 1.5 hours of electrofishing in the reservoir’s downstream reach 
(from dam upstream 0.6 miles).  Electrofishing efforts focused on shallow areas (e.g., <12 ft) and along the banks.  
All captured fish were placed within an on-board live well and held until processing. Upon completion of each reach, 
the captured fish were brought to a land based processing station.  When processing was completed, all captured fish 
were released to the reservoir reach where they were originally captured.  
 
In addition to the work being completed within the reservoir, the predation study has been extended up and 
downstream of the reservoir.  At the SSBRL smolt trap, brown trout captured in the smolt trap are checked for PIT 
tags and to enumerate the smaller fish consumed.  Above the reservoir spawning ground surveys are being conducted 
to estimate German brown spawning escapement. 
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4. RESULTS 
 
4.1 Rotary Screw Traps 
All three smolt traps began operating on March 3.  Low flows in CACR caused this trap to be pulled on June 7th; no 
attempt was made to motorize the trap this year.  At COCR, a large cobble barb was built that allowed the trap to 
continue operation until June 30th when summer low flows and other 19.2 work caused this trap to be pulled.  The 
SSBRL trap was to be operated until the end of October but damage to the live well (caused by the cone sliding back 
and grinding into the aluminum) caused the trap to be pulled August 1st.  The number of each species and size classes 
for each smolt trap are available from ODFW upon request.  Summarized in the tables are the total number of fish 
trapped on a daily and weekly basis, and the total number of salmonids marked and recaptured. 
 
To gain a perspective of the smolt out-migration trends among different trapped streams, migrants per stream meter 
were calculated as estimated number of migrants divided by the total stream length of coho salmon anadromy. 
 
SSBRL: 
Steelhead 1+, 2+, 3+, coho 1+, coho and spring Chinook salmon fry, spring Chinook salmon 1+, brown trout, and 
rainbow trout were marked and recaptured to obtain an estimated population size(Tables 5-9).  Table 4 displays the 
total capture of salmonids by week. 
 
For the season, 52 spring Chinook salmon yearlings and 12,498 spring Chinook salmon fry were captured (34 were 
classified as smolting).  Coho salmon captures totaled 5,734 coho salmon fry and 41 coho salmon 1+ smolts.  The 
number of trout fry captured was 10,024.  Of the older aged steelhead captured, aged 1+ were the most numerous (61 
aged 1+, 47 aged 2+, 10 aged 3+).  A total of 33 steelhead smolts were identified. Seventy-five brown trout and two 
rainbow trout were captured.  Total mortality on salmonids species was 2.6%, with the majority being spring Chinook 
fry 
 
Tables 5-9 summarize the mark/recapture results for the season.  The season trap efficiency for older aged steelhead 
was 6.5% which provided an estimate of 1,515.  The season trap efficiency for coho salmon smolts was 19.4% and the 
estimated number of coho salmon smolt out-migrants was 172.  For the trapping season 12,498 spring Chinook 
salmon fry were captured with a trap efficiency of 14.4%.  The estimated number of spring Chinook fry moving 
downstream past the trap was 182,011.  The seasonal trap efficiency for spring Chinook salmon smolts was 14.6% 
with an estimated out-migrant number of 456.  A trap efficiency of 5.3% was calculated for marked brown trout, 
which results in an estimate of 1,233 brown trout moving past the trap. 
 
Tables 10-12 show the migrants per meter for steelhead, coho salmon and spring Chinook salmon fry.  Coho salmon 
smolts per meter of stream were 0.2137, spring Chinook salmon fry were 225.82 fish per meter of stream and 
steelhead out-migrants per meter of stream were 1.882. 
 
Weights for condition factors were collected 95 times for steelhead, 44 times for brown trout, 47 times for spring 
Chinook salmon yearlings, and 37 times for coho salmon smolts.  Age classes of steelhead and Chinook salmon were 
not separated when calculating condition factors.  The overall condition factor for all steelhead was 1.042.  The 
season condition factor for non-clipped spring Chinook salmon and coho salmon were 1.066 and 1.044, respectively.  
 
Gastric lavage was performed on randomly selected brown trout, steelhead and rainbow trout (size>130 mm) captured 
in the trap.  In the lavaged fish, eighty-nine percent of brown trout  were observed with salmonid fry in their stomach 
contents, seventy-six percent of the steelhead had salmonid fry in their stomach contents.  Ingested fry numbers 
ranged from 1 to 71 (in a 303 mm steelhead).  Insects (terrestrial and aquatic) were observed in 58% of the lavaged 
fish.  The predominate prey species seen in these lavage samples was salmonid fry (Chinook salmon, coho salmon, 
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trout fry) although one Chinook yearling was observed in a 264 mm brown trout and one steelhead 1+ was observed 
in a 235 mm steelhead.  Ingested fry size ranged from 22 mm to 50 mm. 
 
Non-game species captured in Soda Springs bypass were sculpin, lamprey ammocetes, and Pacific giant salamanders.  
Thirty five Pacific lamprey ammocetes were captured this year with sizes ranging from 95-160 mm in length.  In 
addition, one adult Pacific lamprey and one bluegill were also captured.  Figures 2 through 5 show timing of out-
migration for all salmonid species caught in 2009. 
 
Table 4:  SSBRL Weekly Salmonid Captures (2009) 

Week 
Trout 

fry ST 1+ ST 2+ ST 3+ CO Fry CO Smolt CHS Fry CHS Smolt RB Brown Tr 

3/1 to 3/7 0 0 0 0 0 0 14 0 0 1 

3/8-3/14 1 4 2 0 0 3 30 0 1 0 

3/15-3/21 0 1 5 0 0 3 133 1 0 2 

3/22-3/28 0 4 9 0 0 7 120 5 0 2 

3/29-4/4 0 0 3 0 0 2 288 0 0 0 

4/5-4/11 0 3 4 1 0 4 305 2 0 2 

4/12-4/18 0 3 13 0 0 1 796 3 1 6 

4/19-4/25 0 13 6 2 3 10 1777 0 0 16 

4/26-5/2 1 2 1 2 137 4 1450 0 0 5 

5/3-5/9 0 1 0 0 15 1 825 0 0 1 

5/10-5-16 0 7 0 0 76 5 1386 1 0 5 

5/17-5/23 0 8 0 0 27 0 295 0 0 13 

5/24-5/30 6 4 0 0 2341 1 1847 0 0 4 

5/31-6/6 222 2 0 1 1735 0 1061 0 0 12 

6/7-6/13 193 0 0 0 700 0 346 0 0 1 

6/14-6/20 72 2 2 0 197 0 248 2 0 0 

6/21-6/27 1370 3 1 0 135 0 446 2 0 1 

6/28-7/4 1250 3 0 3 97 0 393 2 0 4 

7/5-7/11 1987 0 1 1 52 0 210 3 0 0 

7/12-7/18 3243 0 0 0 117 0 308 11 0 0 

7/19-7/25 1679 1 0 0 102 0 220 20 0 0 

7/26-8/1 0 0 0 0 0 0 0 0 0 0 

Totals 10,024 61 47 10 5,734 41 12,498 52 2 75 

 (Coho salmon (CO), Steelhead (ST), Spring Chinook salmon (CHS), Trout (TR), Rainbow (RB)) 
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Table 5:  2009 SSBRL Steelhead (1+, 2+, 3+) Out-Migrant Estimates 

Week 
Number 

captured in 
trap  

Number of 
fish marked   

Number of 
marked fish 

recap  

Estimate of 
trap efficiency  

Estimated 
number of 
migrants 

V(Ns) 
Bootstrap 
95% CI 

3/1-3/7 0 0 0 0.000 0     

3/8-3/14 6 3 0 0.065 92     

3/15-3/21 6 4 0 0.065 92     

3/22-3/28 13 5 0 0.065 199     

3/29-4/4 3 3 0 0.065 46     

4/5-4/11 8 8 2 0.250 32     

4/12-4/18 16 14 1 0.071 224     

4/19-4/25 21 20 3 0.150 140     

4/26-5/2 5 5 0 0.065 77     

5/3-5/9 1 0 0 0.065 15     

5/10-5-16 7 5 0 0.065 107     

5/17-5/23 8 2 0 0.065 123     

5/24-5/30 4 3 0 0.065 61     

5/31-6/6 3 3 0 0.065 46     

6/7-6/13 0 0 0 0.000 0     

6/14-6/20 4 4 0 0.065 61     

6/21-6/27 4 4 0 0.065 61     

6/28-7/4 6 6 0 0.065 92     

7/5-7/11 2 2 0 0.065 31     

7/12-7/18 0 0 0 0.000 0     

7/19-7/25 1 1 0 0.065 15     

Totals 118 92 6 0.065 1515 1428337 ±2342 
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Table 6:  2009 SSBRL Coho Salmon Smolt Migrant Estimates 

Week 
Number 

captured in 
trap  

Number of 
fish marked   

Number of 
marked fish 

recap  

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) 
Bootstrap 

95%CI 

3/1-3/7 0 0 0 0.000 0     

3/8-3/14 3 0 0 0.194 15     

3/15-3/21 3 3 1 0.333 9     

3/22-3/28 7 5 1 0.200 35     

3/29-4/4 2 2 0 0.194 10     

4/5-4/11 4 4 0 0.194 21     

4/12-4/18 1 1 0 0.194 5     

4/19-4/25 10 10 4 0.400 25     

4/26-5/2 4 4 1 0.250 16     

5/3-5/9 1 1 0 0.194 5     

5/10-5-16 5 5 0 0.194 26     

5/17-5/23 0 0 0 0.194 0     

5/24-5/30 1 1 0 0.194 5     

5/31-6/6 0 0 0 0.194 0     

6/7-6/13 0 0 0 0.194 0     

6/14-6/20 0 0 0 0.000 0     

6/21-6/27 0 0 0 0.000 0     

6/28-7/4 0 0 0 0.000 0     

7/5-7/11 0 0 0 0.000 0     

7/12-7/18 0 0 0 0.000 0     

7/19-7/25 0 0 0 0.000 0     

Totals 41 36 7 0.194 172 14953 ±240 
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Table 7:  2009 SSBRL Spring Chinook Salmon Smolt (non-clipped) Migrant Estimates 

Week 
Number 

captured in 
trap  

Number of 
fish marked  

Number of 
marked fish 

recap 

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) 
Bootstrap 
95% CI 

3/1-3/7 0 0 0 0.146 0     

3/8-3/14 0 0 0 0.146 0     

3/15-3/21 1 1 0 0.146 7     

3/22-3/28 5 4 2 0.500 10     

3/29-4/4 0 0 0 0.146 0     

4/5-4/11 2 1 0 0.146 14     

4/12-4/18 3 3 0 0.146 21     

4/19-4/25 0 0 0 0.000 0     

4/26-5/2 0 0 0 0.000 0     

5/3-5/9 0 0 0 0.000 0     

5/10-5-16 1 1 0 0.146 7     

5/17-5/23 0 0 0 0.000 0     

5/24-5/30 0 0 0 0.000 0     

5/31-6/6 0 0 0 0.000 0     

6/7-6/13 0 0 0 0.000 0     

6/14-6/20 2 0 0 0.146 14     

6/21-6/27 2 2 0 0.146 14     

6/28-7/4 2 2 0 0.146 14     

7/5-7/11 3* 2 0 0.146 21     

7/12-7/18 11* 10 3 0.300 37     

7/19-7/25 20* 15 1 0.067 300     

Totals 52 41 6 0.146 456 137821 ±728 
*smolting spring chinook 0+ 
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Table 8:  2009 SSBRL Spring Chinook Salmon Fry Migrant Estimates 

Week 
Number 

captured in 
trap  

Number of 
fish marked   

Number of 
marked fish 

recap 

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) 
Bootstrap 
95% CI 

3/1-3/7 14 8 0 0.144 97     

3/8-3/14 30 2 0 0.144 208     

3/15-3/21 133 38 1 0.026 5054     

3/22-3/28 120 22 1 0.045 2640     

3/29-4/4 288 109 4 0.037 7848     

4/5-4/11 305 113 11 0.097 3133     

4/12-4/18 796 107 13 0.121 6552     

4/19-4/25 1777 150 11 0.073 24232     

4/26-5/2 1450 185 16 0.086 16766     

5/3-5/9 825 80 8 0.100 8250     

5/10-5-16 1386 200 7 0.035 39600     

5/17-5/23 295 40 3 0.075 3933     

5/24-5/30 1847 198 12 0.061 30476     

5/31-6/6 1061 198 9 0.045 23342     

6/7-6/13 346 212 33 0.156 2223     

6/14-6/20 248 136 38 0.279 888     

6/21-6/27 446 201 41 0.204 2186     

6/28-7/4 393 238 56 0.235 1670     

7/5-7/11 210 184 41 0.223 942     

7/12-7/18 308 199 62 0.312 989     

7/19-7/25 220 125 28 0.224 982     

Totals 12498 2745 395 0.144 182011 71889030 ±16618 
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Table 9:  2009 SSBRL Brown Trout Migrant Estimates 

Week 
Number 

captured in 
trap  

Number of 
fish marked   

Number of 
marked fish 

recap  

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) 
Bootstrap 
95% CI 

3/1-3/7 1 0 0 0.053 19     

3/8-3/14 0 0 0 0.000 0     

3/15-3/21 2 2 0 0.053 38     

3/22-3/28 2 1 0 0.053 38     

3/29-4/4 0 0 0 0.000 0     

4/5-4/11 2 2 0 0.053 38     

4/12-4/18 6 6 1 0.167 36     

4/19-4/25 16 13 1 0.077 208     

4/26-5/2 5 4 0 0.053 95     

5/3-5/9 1 0 0 0.053 19     

5/10-5-16 5 5 0 0.053 95     

5/17-5/23 13 6 0 0.053 247     

5/24-5/30 4 3 0 0.053 76     

5/31-6/6 12 9 0 0.053 228     

6/7-6/13 1 1 0 0.053 19     

6/14-6/20 0 0 0 0.000 0     

6/21-6/27 1 1 1 1.000 1     

6/28-7/4 4 4 0 0.053 76     

7/5-7/11 0 0 0 0.000 0     

7/12-7/18 0 0 0 0.000 0     

7/19-7/25 0 0 0 0.000 0     

Totals 75 57 3 0.053 1233 1287748 ±2224 
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Table 10: Steelhead Migrants per Meter in SSBRL and SSBRU 

Date Operated Year  Species  

Number 
Captured 
in Trap 

Number of 
Fish 

Marked 
Number of 
Fish Recap 

Overall Trap 
Efficiency 

Estimated 
Number of 
Migrants 

 Stream 
Length 

(m) 

Migrants 
per 

Meter  

April-October 2006 STW(1+,2+,3+) 130 102 12 0.118 1140 805 1.417 

March-June 2007 STW(1+,2+,3+) 134 116 9 0.0776 1,453 805 1.804 

March-August 2008 STW(1+,2+,3+) 74 52 0 0 74 805 .0919 

March-July 2009 STW(1+,2+,3+) 118 92 6 0.065 1,515 805 1.882 
 

Table 11: Coho Salmon Smolt Migrants per Meter in SSBRL and SSBRU 

Date Operated Year  Species  

Number 
Captured 
in Trap 

Number of 
Fish 

Marked 
Number of 
Fish Recap 

Overall Trap 
Efficiency 

Estimated 
Number of 
Migrants 

 Stream 
Length 

(m) 

Migrants 
per 

Meter  

April-October 2006 Coho smolts 105 84 8 0.095 924 805 1.148 

March-June 2007 Coho smolts 42 33 8 0.2424 184 805 0.2286 

March-August 2008 Coho smolts 9 5 2 0.4000 20 805 0.0248 

March-July 2009 Coho smolts 41 36 7 0.1940 172 805 0.2137 
 

Table 12: Spring Chinook Salmon Fry Migrants per Meter in SSBRL and SSBRU 

Date Operated Year  Species  

Number 
Captured 
in Trap 

Number of 
Fish 

Marked 
Number of 
Fish Recap 

Overall Trap 
Efficiency 

Estimated 
Number of 
Migrants 

 Stream 
Length 

(m) 

Migrants 
per 

Meter  

April-October 2006 CHS fry 1731* 907* 238 0.2624 21,142 805 26.3 

March-June 2007 CHS fry 2023 991 101 0.1019 41,566 805 51.6 

March-August 2008 CHS fry 2605 1134 277 0.2443 22,121 805 27.5 

March-July 2009 CHS fry 12498 2745 395 0.1440 182,011 805 225.82 
*includes 2 spring chinook yearlings 
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 Figure 2: 2009 SSBRL Coho  and Spring Chinook Salmon Fry Timing 
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 Figure 3: 2009 SSBRL Steelhead 1+, 2+, 3+ Timing 
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 Figure 4: 2009 SSBRL Coho and Spring Chinook Yearling Timing  
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Figure 5: 2009 SSBRL Brown Trout Timing 

 
COCR: 
Steelhead 1+, 2+, 3+, coho salmon smolts and spring Chinook salmon fry were marked to estimate out-migrant 
population size.  Table 13 shows the total salmonid species captured by week with the marked recapture and 
mortality data excluded.  The total number of coho salmon fry captured was 3,175.  Fifty-one coho salmon smolts 
were captured during trap operation.  The total number of trout fry captured was 9,530.  Of the older aged steelhead 
captured age 1+ were the most abundant (1,821 aged 1+ and 14 aged 2+, 1 aged 3+).  Twenty-two steelhead were 
identified as smolts during trap operation.  One spring Chinook smolt, four brown trout (lengths >141mm), twelve 
resident rainbow trout and nine cutthroat trout were observed in the trap this year.  The mortality rate for all salmonids 
decreased significantly from 12.4% (2008) to 1% for 2009 
  
Tables 14-16 summarize the mark/recaptures for the 2009 season.  The season trap efficiency for steelhead (1+, 2+, 
and 3+) was 31.6%.  Based on this efficiency the estimated number of steelhead out-migrants was 7,516 with a 95% 
confidence interval of ±750.  The overall trap efficiency for coho salmon smolts was 54.5% which gives an estimated 
out-migration of 122(± 34).  Table 17-18 show the migrants per meter for coho salmon smolts and older aged classes 
of steelhead.  Steelhead out-migrants per meter were 1.292 and coho salmon out-migrants per meter were 0.032. 
 
Lengths and weights for condition factor estimates were collected on 1022 steelhead, 44 coho salmon 4 brown trout, 
11 resident rainbow trout and 9 cutthroat trout.  No trout fry or coho salmon fry were included in the condition factor 
analysis.  The season condition factor for older age class steelhead was 1.027; coho salmon was 1.055, brown trout 
1.086, rainbow trout 1.069 and cutthroat trout 0.932.  Dace were the most abundant non-game species captured in 
COCR during 2009 trap operation.  Other non-game species captured in the trap included sculpin, pacific giant 
salamanders and one pacific lamprey ammocete.  This is the first lamprey ammocete to be captured in Copeland 
Creek.  Figures 6 through 8 shows timing of out migration for juvenile salmonids caught in 2009. 
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Table 13: COCR Weekly Salmonid Captures 

Week 
Trout 

fry ST 1+ ST 2+ ST 3+ CO Fry 
CO 

Smolt 
CH 

Smolt Cutthroat Res Rainbow 
Brown 
Trout 

3/1 to 3/7 0 15 3 0 0 0 0 0 0 0 

3/8-3/14 0 7 0 0 0 1 0 0 3 0 

3/15-3/21 0 54 2 0 0 1 0 0 0 0 

3/22-3/28 0 52 0 0 0 3 1 0 0 0 

3/29-4/4 0 22 0 0 0 2 0 0 0 0 

4/5-4/11 0 26 1 0 0 2 0 0 0 0 

4/12-4/18 0 47 1 0 0 1 0 0 1 0 

4/19-4/25 0 110 1 0 0 3 0 0 0 0 

4/26-5/2 0 113 1 0 0 6 0 0 3 0 

5/3-5/9 0 150 0 0 3 5 0 1 2 0 

5/10-5-16 0 89 1 1 5 2 0 2 0 0 

5/17-5/23 0 148 0 0 12 6 0 0 0 2 

5/24-5/30 1 469 1 0 1274 14 0 2 0 0 

5/31-6/6 15 139 0 0 282 5 0 0 0 0 

6/7-6/13 80 137 0 0 343 0 0 0 1 1 

6/14-6/20 1215 135 1 0 797 0 0 1 0 1 

6/21-6/27 5694 89 2 0 349 0 0 0 1 0 

6/28-7/4 2525 19 0 0 110 0 0 3 1 0 

Totals 9530 1821 14 1 3175 51 1 9 12 4 
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Table 14: 2009 COCR Steelhead (1+, 2+, 3+) Migrant Estimate 

Week 
Number 

captured in 
trap  

Number of 
fish marked   

Number of 
marked fish 

recap  

Estimate of 
trap 

efficiency  

Estimated 
number of 
migrants  

V(Ns) Bootstrap 
95% CI 

3/1-3/7 18 16 1 0.063 288     

3/8-3/14 7 5 0 0.316 22    

3/15-3/21 56 30 6 0.200 280    

3/22-3/28 52 27 4 0.148 351    

3/29-4/4 22 16 1 0.063 352    

4/5-4/11 27 8 2 0.250 108    

4/12-4/18 48 25 4 0.160 300    

4/19-4/25 111 92 21 0.228 486    

4/26-5/2 114 96 10 0.104 1094    

5/3-5/9 150 75 11 0.147 1023    

5/10-5-16 91 69 42 0.609 150    

5/17-5/23 148 95 40 0.421 352    

5/24-5/30 470 134 59 0.440 1067    

5/31-6/6 139 98 54 0.551 252    

6/7-6/13 137 92 35 0.380 360    

6/14-6/20 136 63 16 0.254 536    

6/21-6/27 91 80 17 0.213 428    

6/28-6/30 19 14 4 0.286 67     

Totals 1836 1035 327 0.316 7516 146259 ±750 
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Table 15: 2009 COCR Coho Salmon Smolt Migrant Estimates 

Week 
Number 
captured 
in trap  

Number of fish 
marked   

Number of 
marked fish 

recap  

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) Bootstrap 
95% CI 

3/1-3/7 0 0 0 0.000 0     

3/8-3/14 1 1 1 1.000 1    

3/15-3/21 1 1 0 0.545 2    

3/22-3/28 3 0 0 0.545 6    

3/29-4/4 2 2 1 0.500 4    

4/5-4/11 2 1 0 0.545 4    

4/12-4/18 1 1 0 0.545 2    

4/19-4/25 3 3 1 0.333 9    

4/26-5/2 6 6 1 0.167 36    

5/3-5/9 5 5 1 0.200 25    

5/10-5-16 2 1 1 1.000 2    

5/17-5/23 6 6 5 0.833 7    

5/24-5/30 14 12 9 0.750 19    

5/31-6/6 5 5 4 0.800 6    

6/7-6/13 0 0 0 0.000 0    

6/14-6/20 0 0 0 0.000 0    

6/21-6/27 0 0 0 0.000 0    

6/28-6/30 0 0 0 0.000 0     

Totals 51 44 24 0.545 122 300 ±34 
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Table 16:  2009 COCR Cutthroat Trout Migrant Estimate 

Week 
Number 

captured in 
trap  

Number of 
fish marked   

Number of 
marked fish 

recap  

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) Bootstrap 
95% CI 

3/1-3/7 0 0 0 0.000 0     

3/8-3/14 0 0 0 0.000 0    

3/15-3/21 0 0 0 0.000 0    

3/22-3/28 0 0 0 0.000 0    

3/29-4/4 0 0 0 0.000 0    

4/5-4/11 0 0 0 0.000 0    

4/12-4/18 0 0 0 0.000 0    

4/19-4/25 0 0 0 0.000 0    

4/26-5/2 0 0 0 0.000 0    

5/3-5/9 1 1 0 0.375 3    

5/10-5-16 2 2 0 0.375 5    

5/17-5/23 0 0 0 0.000 0    

5/24-5/30 2 2 1 0.500 4    

5/31-6/6 0 0 0 0.000 0    

6/7-6/13 0 0 0 0.000 0    

6/14-6/20 1 1 1 1.000 1    

6/21-6/27 0 0 0 0.000 0    

6/28-6/30 3 2 1 0.500 6     

Totals 9 8 3 0.375 19 223 ±29 
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Table 17:  2009 COCR Brown Trout Migrant Estimate 

Week Number captured 
in trap  

Number of 
fish marked  

Number of marked 
fish recap  

Estimate of 
trap efficiency  

Estimated number of 
migrants  

3/1-3/7 0 0 0 0.000 0 

3/8-3/14 0 0 0 0.000 0 

3/15-3/21 0 0 0 0.000 0 

3/22-3/28 0 0 0 0.000 0 

3/29-4/4 0 0 0 0.000 0 

4/5-4/11 0 0 0 0.000 0 

4/12-4/18 0 0 0 0.000 0 

4/19-4/25 0 0 0 0.000 0 

4/26-5/2 0 0 0 0.000 0 

5/3-5/9 0 0 0 0.000 0 

5/10-5-16 0 0 0 0.000 0 

5/17-5/23 2 2 1 0.500 4 

5/24-5/30 0 0 0 0.000 0 

5/31-6/6 0 0 0 0.000 0 

6/7-6/13 1 1 0 0.500 2 

6/14-6/20 1 1 1 1.000 1 

6/21-6/27 0 0 0 0.000 0 

6/28-6/30 0 0 0 0.000 0 

Totals 4 4 2 0.500 7 

 

Table 18:  Steelhead Migrants per Meter in COCR 

Date 
Operated Year  Species  

Number 
Captured in 

Trap 

Number of 
Fish 

Marked 

Number 
of Fish 
Recap 

Overall 
Trap 

Efficiency 

Estimated 
Number of 
Migrants 

 Stream 
Length 

(m) 

Migrants 
per 

Meter  

April-June 2006 STW (1+,2+,3+) 366 258 33 0.1336 2701 5,817 0.464 

March-June 2007 STW (1+,2+,3+) 260 247 38 0.1538 2274 5,817 0.391 

March-July 2008 STW (1+,2+,3+) 1048 509 125 0.2456 4248 5,817 0.730 

March-June 2009 STW (1+,2+,3+) 1836 1035 327 0.316 7516 5,817 1.292 

 

Table 19:  Coho Salmon Smolt Migrants per Meter in COCR 

Date 
Operated Year  Species  

Number 
Captured in 

Trap 

Number of 
Fish 

Marked 

Number 
of Fish 
Recap 

Overall 
Trap 

Efficiency 

Estimated 
Number of 
Migrants 

 Stream 
Length 

(m) 

Migrants 
per 

Meter  

March-June 2007* Coho smolt 7 6 2 0.3333 17 2,908 0.006 

March-July 2008 Coho smolt 35 30 10 0.3333 88 2,908 0.030 

March-June 2009 Coho smolt 51 44 24 0.545 122 2,908 0.042 
* only 1 coho smolt was captured in  2006 
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 Figure 6: 2009 COCR Coho Salmon Timing 
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 Figure 7: 2009 COCR Steelhead (1+, 2+, 3+) Timing 
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 Figure 8: 2009 COCR Cutthroat and Rainbow trout Timing 

 
CACR: 
Table 20 shows the total salmonid by species captured by week with the marked recapture and mortality data 
excluded.  Fish marked to estimate the population for each size class included: Steelhead 1+, 2+, 3+, cutthroat trout 
and coho salmon 1+. 
 
Tables 21-23 summarize the mark and recaptures for all salmonid species captured in the trap for 2009.  The overall 
season trap efficiency for steelhead (1+, 2+, 3+) was 44.7%, which resulted in an estimate of 2,692 steelhead out-
migrants. 
 
The overall season trap efficiency for coho salmon smolts was 71.4% which resulted in an estimate of 43 coho salmon 
smolts moving out of CACR.  The season trap efficiency for cutthroat trout was 33.0%, based on this an estimate of 
330 out-migrating fish was calculated.  Trap efficiencies for trout and coho salmon fry were not calculated for 2009 
 
Smolt out-migration trends were calculated for CACR for future comparisons with other streams within the study 
area.  To obtain migrants per meter, the total stream length of anadromous distribution was divided by the estimated 
number of migrants. Tables 24 and 25 show the migrants per meter for steelhead and coho smolts.  Steelhead 
migrants per meter were 0.344, coho salmon out-migrants per meter were 0.0089. 
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Table 20:  2009 Calf Creek Weekly Salmonid Captures 

Week 
Trout 

fry ST 1+ ST 2+ ST 3+ CO Fry CO Smolt Cutthroat 
Res 

Rainbow 
Brown 
Trout 

3/1 to 3/7 0 15 4 0 0 1 0 0 0 

3/8-3/14 0 6 0 0 0 0 1 2 0 

3/15-3/21 0 30 5 0 0 0 0 0 0 

3/22-3/28 0 26 3 0 0 4 0 0 0 

3/29-4/4 0 28 4 2 0 0 3 0 0 

4/5-4/11 0 18 3 0 2 0 3 0 0 

4/12-4/18 0 24 0 0 0 2 2 1 0 

4/19-4/25 0 145 2 0 2 8 3 2 0 

4/26-5/2 0 61 3 0 1 4 3 0 0 

5/3-5/9 0 80 2 0 4 3 2 1 0 

5/10-5-16 0 89 4 0 1 5 6 0 0 

5/17-5/23 0 174 0 0 29 2 21 0 0 

5/24-5/30 0 293 1 0 144 2 41 1 0 

5/31-6/6 6 137 0 0 55 0 24 0 1 

Totals 6 1126 31 2 238 31 109 7 1 

 
Condition factors were calculated for older age classed steelhead, cutthroat trout and coho salmon smolts.  For the 
season, twenty eight coho salmon smolts, seven hundred fifty-two steelhead, one hundred two cutthroat trout, seven 
rainbow trout and one brown trout were sampled for condition factor analysis.  The overall condition factor for the 
coho salmon was 1.031.  The older age classes of steelhead were not separated during data collection.    The seasonal 
condition factor for steelhead (ages 1+, 2+, and 3+) was 1.017.  Cutthroat trout were also not separated by age class 
during data collection.  The cutthroat trout seasonal condition factor was 00.963.  Trout and coho salmon fry had no 
condition factor information collected due to their small size.  
 
The most prevalent non-game species captured were speckled dace followed by sculpin and Pacific Giant 
salamanders.  Figures 9 through 11 shows timing of out migration for coho salmon, steelhead and cutthroat trout 
caught in 2009. 
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Table 21: 2009 CACR Steelhead (+1, +2, +3) Out-Migrant Estimate 

Week 
Number 

captured in 
trap  

Number of 
fish marked 

Number of 
marked fish recap 

Estimate of 
trap 

efficiency  

Estimated 
number of 
migrants  

V(Ns) Bootstrap 
95% CI 

3/1-3/7 19 16 5 0.313 61     

3/8-3/14 6 3 0 0.447 13     

3/15-3/21 35 8 2 0.250 140     

3/22-3/28 29 19 7 0.368 79     

3/29-4/4 34 28 10 0.357 95     

4/5-4/11 21 13 8 0.615 34     

4/12-4/18 24 14 5 0.357 67     

4/19-4/25 147 138 69 0.500 294     

4/26-5/2 64 22 13 0.591 108     

5/3-5/9 82 74 25 0.338 243     

5/10-5-16 93 52 27 0.519 179     

5/17-5/23 174 129 66 0.512 340     

5/24-5/30 294 126 52 0.413 712     

5/31-6/6 138 92 39 0.424 326     

Totals 1160 734 328 0.447 2692 15888 ±247 

 

Table 22: 2009 CACR Coho Salmon Smolt Out-Migrant Estimate 

Week 
Number 

captured in 
trap  

Number of 
fish marked   

Number of 
marked fish recap 

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) 
Bootstrap 
95% CI 

3/1-3/7 1 1 0 0.714 1     

3/8-3/14 0 0 0 0.714 0     

3/15-3/21 0 0 0 0.714 0     

3/22-3/28 4 2 0 0.714 6     

3/29-4/4 0 0 0 0.714 0     

4/5-4/11 0 0 0 0.714 0     

4/12-4/18 2 2 0 0.714 3     

4/19-4/25 8 8 6 0.750 11     

4/26-5/2 4 3 2 0.667 6     

5/3-5/9 3 3 3 1.000 3     

5/10-5-16 5 5 5 1.000 5     

5/17-5/23 2 2 2 1.000 2     

5/24-5/30 2 2 2 1.000 2     

5/31-6/6 0 0 0 0.000 0     

Totals 31 28 20 0.714 43 51 ±14 
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Table 23: 2009 CACR Cutthroat Out-Migrant Estimate 

Week 
Number 

captured in 
trap  

Number of 
fish marked  

Number of 
marked fish recap 

Estimate of 
trap efficiency  

Estimated 
number of 
migrants  

V(Ns) Bootstrap 
95% CI 

3/1-3/7 0 0 0 0.330 0     

3/8-3/14 1 0 0 0.330 3     

3/15-3/21 0 0 0 0.330 0     

3/22-3/28 0 0 0 0.330 0     

3/29-4/4 3 3 1 0.333 9     

4/5-4/11 3 3 0 0.330 9     

4/12-4/18 2 2 1 0.500 4     

4/19-4/25 3 3 1 0.333 9     

4/26-5/2 3 3 0 0.330 9     

5/3-5/9 2 2 1 0.500 4     

5/10-5-16 6 6 3 0.500 12     

5/17-5/23 21 21 8 0.381 55     

5/24-5/30 41 33 9 0.273 150     

5/31-6/6 24 24 9 0.375 64     

Totals 109 100 33 0.330 330 3499 ±116 

 
Table 24: Steelhead Migrants per Meter in CACR 

Date 
Operated Year  Species  

Number 
Captured in 

Trap 

Number of 
Fish 

Marked 

Number 
of Fish 
Recap 

Overall 
Trap 

Efficiency 

Estimated 
Number of 
Migrants 

 Stream 
Length (m) 

Migrants 
per 

Meter  

April-June 2006 STW(1+,2+,3+) 460 285 77 0.270 1851 7,830 0.236 

March-June 2007 STW(1+,2+,3+) 1087 806 294 0.3648 2971 7,830 0.379 

March-July 2008 STW(1+,2+,3+) 1037 602 172 0.3261 4309 7,830 0.550 

March-June 2009 STW(1+,2+,3+) 1160 734 328 0.447 2692 7,830 0.344 

 
Table 25: Coho Salmon Smolt Migrants per Meter in CACR 

Date 
Operated Year  Species  

Number 
Captured in 

Trap 

Number of 
Fish 

Marked 

Number 
of Fish 
Recap 

Overall 
Trap 

Efficiency 

Estimated 
Number of 
Migrants 

 Stream 
Length (m) 

Migrants 
per 

Meter  

March-June 2007 Coho smolts 42 39 25 0.641 70 4,830 0.014 

March-July 2008 Coho smolts 124 92 30 0.326 420 4,830 0.086 

March-June 2009 Coho smolts 31 28 20 0.714 43 4,830 0.009 
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  Figure 9: 2009 CACR Coho Smolt Timing  
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 Figure 10:  2009 CACR Steelhead Timing 
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 Figure 11:  2009 CACR Cutthroat and Coho salmon FryTiming 

 

4.2Resident and Anadromous Juvenile Summer Surveys  
 
SCFF 
Hook and line sampling was attempted on the SCFF reach, two days were spent fishing and only 4 fish were captured.  
With the small number of fish captured, night snorkeling, using two snorkelers, was conducted on October 5th.  The 
survey was conducted downstream as the water velocity and depth were too great to allow an upstream snorkel 
survey.  A total of 64 rainbow and 5 brown trout were counted, with the majority of the fish in the 140-270 mm size 
range.  Most of these fish were found on the margins, although with only two people snorkeling, the middle portion of 
the river was not covered. 
 
SCBRL, SCBRU 
Hook and line sampling began Aug 25th and ran intermittently through October 5th.  From Aug. 25th through Sept 2nd 
all fish were marked with an upper caudal clip.  Six days were fished during this period which allowed for all three 
reaches to be fished twice.  Beginning on Sept 14th through Sept 21 all unmarked fish were marked with a lower 
caudal clip to differentiate between the two marking periods.  Four days of sampling occurred during this time period 
with each reach being sampled once and the SCFF reach sampled twice.  From Sept 23 through Oct 5th, 3 days of 
sampling occurred with only the SCBRL and SCBRU being angled, no fish were caudal clipped as we were trying for 
maximum recapture effort. 

 
Two population estimates were calculated using different groupings for the marking and recapture events.  The first 
estimate calculated in the table below is derived from: counting the times we marked upper caudal as the capture 
events (M).  The lower caudal marking and no marking efforts were used as the recapture events (C).  Only fish with 
upper caudal marks captured during the lower caudal marking and maximum recapture effort counted towards the R.  
Any fish recaptured during the capture events were not counted into the total of the number tagged (R).  Recaptured 
fish caught during the lower caudal marking were not included in the number tagged (M).  This gives a population 
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estimate of 1,652 total trout if summed by individual reach or a population estimate of 1,921 if the estimate is 
calculated as one lumped reach (Table 26, 27). 

 
Table 26:  Slide Creek Bypass Population Estimates by Reach (upper caudal mark/recapture events only) 

  
Slide Dam 
to Bridge 

Bridge to 
Fish Cr. 

Fish Cr. to 
Slide Power 

House 

Slide Power 
House to 

Medicine Cr. 
Bridge Total  

Number Tagged = M 125 60 40 4 229  

Number Caught During 
Recapture = C 64 64 11 2 141  

Number Marked Caught 
During Recapture = R 10 5 1 0 16  

Chapman Peterson 
Population Estimate 745 661 246   1652 1921 

 
If this estimate is calculated by size class and reach, the breakdown can be seen in  Table 27.  The majority of the 
captured fish were between 130-230 mm in fork length, species composition was 99% rainbow trout, and very few 
fish < 130mm fork length were captured. 
 
Table 27:  Slide Creek Bypass Population Estimates by Size Class (upper caudal mark/recapture events only) 

Slide Dam to Bridge <130 130-230 >230 
Number Tagged = M 12 107 6 

Number Caught During Recapture = C 3 47 14 

Number Marked Caught During Recapture = R 0 6 4 

Chapman Peterson Population Estimate   741 21 

Bridge to Fish Cr. <130 130-230 >230 
Number Tagged = M 2 54 4 

Number Caught During Recapture = C 1 58 5 

Number Marked Caught During Recapture = R  3 2 

Chapman Peterson Population Estimate   811 10 

Fish Cr. to Slide Powerhouse <130 130-230 >230 
Number Tagged = M 0 38 2 

Number Caught During Recapture = C 0 8 3 
Number Marked Caught During Recapture = R 0 0 1 

Chapman Peterson Population Estimate   6 

Total For All Three Reaches 0 1552 37 

 
The second estimate was calculated pooling the upper and lower caudal marking events into the number tagged (M).  
After the initial marking events for each reach (Aug 25th and 26th) the upper and lower caudal marking events and the 
maximum effort recapture events were lumped into the number caught during recapture (C).  Any recaptured fish 
(with the exception of those caught on Aug 25 and 26) were counted as recaptures (R).  Fish that were previously 
marked, regardless of the mark, were not double counted into M.  This gives a population estimate of 1,807 total trout 
if summed by individual reach or a population estimate of 1,956 if the estimate is calculated as one lumped reach 
(Table 28, 29). 
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Table 28:  Slide Creek Bypass Population Estimates by Reach (Lumped marking events) 

  
Slide Dam 
to Bridge 

Bridge to 
Fish Cr. 

Fish Cr. to 
Slide Power 

House 

Slide Power 
House to 

Medicine Cr. 
Bridge Total  

Number Tagged = M 100 82 42 2 226  

Number Caught During 
Recapture = C 119 84 19 1 223  

Number Marked Caught 
During Recapture = R 14 8 3 0 25  

Chapman Peterson 
Population Estimate 808 784 215   1807 1956 

 
 

If this estimate is calculated by size class and reach, the breakdown can be seen in Table 29.  The total population 
estimate if calculated by size class is 2,630.  
 
Table 29:Slide Creek Bypass Population Estimate by Size Class (Lumped recapture events) 

Slide Dam to Bridge <130 130-230 >230 
Number Tagged = M 12 124 9 

Number Caught During Recapture = C 11 114 15 
Number Marked Caught During Recapture = R 0 10 4 

Chapman Peterson Population Estimate  1307 32 

Bridge to Fish Cr. <130 130-230 >230 
Number Tagged = M 3 84 6 

Number Caught During Recapture = C 2 82 7 
Number Marked Caught During Recapture = R 0 7 2 

Chapman Peterson Population Estimate  882 19 

Fish Cr. to Slide Powerhouse <130 130-230 >230 
Number Tagged = M 0 44 3 

Number Caught During Recapture = C 0 16 5 
Number Marked Caught During Recapture = R 0 1 2 

Chapman Peterson Population Estimate  383 8 
Total For All Three Reaches 0 2571 59 

 
FCBRL 
Snorkel surveys were performed in Fish Creek on August 10 and 18th and the calibration snorkeling was done on 
August 20th.  Seventy-eight pools, two riffles, ten rapids and eleven cascades were snorkeled through the 3.2 miles of 
lower Fish Creek.  The total population estimate for all age classes was 5,889 resident rainbow or 1,840 fish per mile.  
In comparison, the Harza Northwest (1992) snorkel surveys calculated a population estimate of 8,200 1+ and 2,100 
2+/3+ rainbow trout or 2,191 fish per mile.  0+ trout were observed in the Harza Northwest surveys but not 
enumerated.  The Harza Northwest snorkel survey covered from the mouth up to Camas Creek which is 4.7 miles.  
The density levels, by age class, for each habitat type can be seen in Table 30.  No brown trout were observed during 
the snorkel surveys completed in 1992 or 2009. 
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Table 30.  FCBRL Resident Population Estimate by Size Class 

    

Total 
Area 
(m2) 

Trout 
0+ / m2 

Estimate 
0+ trout 

Trout 
1+ / m2 

Estimate 
1+ trout 

Trout 
2+ / m2 

Estimated 
2+ trout 

Trout 
3+ / m2 

Estimated 
3+ trout 

Pools snorkeled 72% of hab 29277 0.018 513 0.038 1103 0.041 1204 0.008 225 
Riffle snorkeled 48% of hab 2940 0.010 29 0.041 121 0.004 10 0 0 
Rapid snorkeled 18% of hab 41483 0.006 249 0.018 747 0.018 747 0 0 

Cascade snorkeled 15% of hab 28992 0.005 145 0.017 493 0.01 290 0.0005 13 

    936   2463   2252   238 

 
A removal estimate and a modified Peterson-Chapman mark/recapture estimate were attempted prior to conducting 
the snorkel survey in FCBRL.  Both attempts failed, due to the inability to keep the block nets from washing out 
which allowed fish to both escape and enter the sampling area, the inability to successfully recapture trout that had 
been marked and water depths that did not allow for effective backpack electrofishing..  Two small 1+ brown trout 
were captured during electrofishing. 

 
Anadromous surveys 
 
BOCR 
Snorkel surveys were performed in Boulder Creek on September 9 and 10.  Eighty five pools were snorkeled through 
two reaches and the average seeding level was 0.125 coho/m2 (Table 31).Trout fry (<90mm), steelhead 1+, 2+, 3+  
were also counted with trout fry having the highest average seeding level of all counted fish at 0.16 fish/ m2 through 
the two snorkeled reaches.  Spring Chinook summer parr were observed for the first time in Boulder Creek as was one 
cutthroat trout. 
 Table 31: Total Pools Sampled and Average Coho Salmon Densities in BOCR (2009) 

Reach # of Pools Sampled Coho per m2 
1 45 0.165 
2 40 0.070 

Total 85 0.125 

 
Table 32 compares the 2007 coho densities to those completed in 2009.  For the 2009 season all reaches were below 
minimum seeding levels but reach 1 had higher densities than those observed in 2007. 
 
Table 32: BOCR  Coho Salmon Densities by Year and Reach 

Reach 2007 2009 
1 0.11 m2 0.165 m2 
2 0.119 m2 0.070m2 

 
COCR No summer density surveys were completed in Copeland Creek due to time constraints 
CACR No summer density surveys were completed in Calf Creek due to time constraints 

 

4.3 Adult Spawning Surveys 
Peak counts generally occurred during April for steelhead, mid-October for Chinook salmon, and late December for 
coho salmon.  Although surveys were not made specifically for them, as in all past years, no evidence of lamprey 
spawning (live fish, redds, or carcasses) was observed in any reach during the course of these surveys for other 
species. 
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SSBRL and SSBRU 
SA 8.3 spawning surveys have been conducted for all salmonid fish species since 2004.  ODFW began surveying the 
bypass as part of 19.2 in 2005.  The peak fish count for spring Chinook salmon in 2009 was 210 (live and dead), 44 
carcasses were recovered in the bypass reach this year (Table 33). ODFW fish counts through the bypass reach have 
ranged from a peak counts of 210 (6 fin clipped) during 2009 to a low of 4 (1 fin clipped) in 2006 (Figure 12). 
 
The peak redd per mile count for spring Chinook salmon increased to 166 (redds per mile) from the previous years of 
144 in 2008(Figure 13).  Steelhead redds have only been counted since 2005 and had remained fairly constant during 
the previous four years.  The 2009 steelhead redd count was down sharply with a peak redd per mile of 14 compared 
to a peak of 44 redds per mile in 2008.  For the 2009 spawning season, there were more coho salmon spawning than 
has been observed during previous 8.3 surveys.  A peak of 3 brown trout redds (6 redds/mile) and 4 live brown trout 
were counted in early December.  A peak count of 17 coho salmon (live and dead) and 30 redds per mile were 
observed in 2009. 
 
Spawning surveys specifically for pacific lamprey have not been conducted in the bypass reach.  Spawning surveyors 
are aware of the possibility and have been instructed to count any lamprey or redds observed during steelhead 
spawning season.   At this time no pacific lamprey adults or redds have been observed in the reach. 
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Table 33:  Summary of SSBRL and SSBRU Spawning Surveys (2009) 
      Live Fish and Carcasses 

Species 
Survey 
Date 

Redd 
Count 

Non-
Clipped Fin Clipped Unknown 

Steelhead1 1/28 0 0 0 0 
 2/5 0 0 0 0 
 2/10 0 0 0 0 
 2/13 0 0 0 0 
 2/19 0 0 0 0 
 3/5 0 0 0 0 
 3/14 0 0 0 0 
 3/19 0 0 0 0 
 3/31 1 0 0 0 
 4/8 0 0 0 0 
 4/19 2 0 0 0 
 4/30 7 0 0 4 
 5/10 7 0 0 2 
 5/21 1 0 0 0 
 6/9 2 0 0 0 
 6/21 0 0 0 0 
 6/30 0 0 0 0 
Spring Chinook salmon1 9/11 15 0 0 38 
  9/16 25 0 0 65 
  9/25 83 2 1 210 
 10/5 62 9 3 112 
 10/14 64 15 1 109 
 10/22 52 10 1 33 
 11/2 38 1 0 0 
 11/11 28 1 0 0 
Coho salmon1 11/20 8 0 0 2 
 11/24 14 0 0 0 
 12/1 12 0 0 4 
 12/4 12 0 0 3 
 12/7 9 0 0 2 
 12/15 14 0 0 8 
 12/18 12 0 0 8 
 12/23 10 0 0 7 
 12/29 11 0 0 3 
 1/4 15 0 0 17 
 1/13 13 0 0 4 
 1/21 7 0 0 2 
 1/27 6 0 0 0 

1spring Chinook and coho salmon redd counts are total, steelhead are new redds counted in the survey 
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 Figure 12: North Umpqua Spring Chinook Salmon Peak (Fish per Mile) 2004-2009 
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 Figure 13:  North Umpqua Spring Chinook Salmon Peak (Redds per Mile) 2005-2009 
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Soda Power House Tailrace Barrier 
ODFW and PacifiCorp have been surveying the tailrace barrier area as a separate survey since construction was 
completed.  For the 2009 season the spring Chinook salmon peak redd count was 44 and 88 fish were observed 
holding/spawning in the vicinity of the barrier.  The peak redd count for coho salmon was 18. 
 
NURM 
The USFS conducted spring Chinook salmon spawning surveys in 1993, 1995, 1998-2002, and 2005-2008; the last 
four years in conjunction with ODFW and others. The USFS surveys are completed once per year during the peak of 
Chinook salmon spawning.  In 2004, ODFW began conducting surveys (following ODFW spawning survey 
protocols) from the Soda Springs powerhouse to Calf Creek to monitor hatchery stray rates.  All fish (live or dead) 
and redds are counted during the survey.  Peak fish counts (live and dead) have varied greatly by year and by reach 
(Figure 14). 
 
During the spring of 2007 PacifiCorp (Rich Grost) initiated the first steelhead redd count float and in 2009 four floats 
were conducted for steelhead (monthly from March –May).  Coho floats were initiated during the fall of 2008, for 
2009 floats were conducted maximum of every ten days.  Seven coho float surveys were conducted between 
November 24th and January 22nd.   
 
Spawning survey data from the USFS, through the study area, is broken into four reaches (Soda to Boulder, Boulder 
to Copeland, Copeland to Deception, and Deception to Calf).  From 2004 through 2006 ODFW survey data (in the 
study area) is broken into 2 reaches (Boulder to Copeland, Copeland to Calf).In 2007 the surveys were broken into the 
four USFS reaches for ease of comparison.  Spring Chinook salmon peak redds per mile have continued to increase 
through the four float reaches (Figure 14).  The peak redd count for 2009 was 449 and recorded on October 5th (Table 
34).  Coho salmon floats observed increased numbers of redds over 2008, with a peak coho salmon redd count of 101 
(13.5 redds per mile) compared to 2008’s peak of 36 (4.8 redds per mile).  Steelhead redd numbers also increased 
from the 2008 counts with a peak steelhead redd count of 44 (5.9 redds per mile) compared to 29 redds (3.9 redds per 
mile).  Challenges to surveying for these species in the main stem include broad spawning periods, high and variable 
flows, high water velocities, poor water visibility, and limited daylight for floating. 
 
During the final steelhead redd count float, surveyors were asked to watch for pacific lamprey redds, live fish and 
carcasses.  No pacific lamprey activity was observed during the float. 
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 Figure 14:  North Umpqua Spring Chinook Salmon Peak Redds per Mile (by Floated Reach) 
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Table 34:  Summary of NURM Spawning Surveys during 2009 
          Carcasses 

Species Float Reach Organization Survey Date 
Total Redd 

Count Non-Clipped Fin Clipped Unknown 

CHS Power House to Boulder Creek ODFW/PC 9/16 30 0 0 0 

  Power House to Boulder Creek ODFW/PC  9/25 51 0 0 0 

  Power House to Boulder Creek ODFW 10/5 57 7 4 4 

  Power House to Boulder Creek ODFW 10/14 62 10 0 0 

 Power House to Boulder Creek ODFW 10/22 38 9 1 2 

  Power House to Boulder Creek ODFW 11/2 46 3 1 2 

 Power House to Boulder Creek ODFW 11/11 54 3 0 1 

        

CHS Boulder Creek to Copeland Creek ODFW/PC 9/16 60 0 1 0 

  Boulder Creek to Copeland Creek ODFW/PC 9/25 134 6 2 0 

  Boulder Creek to Copeland Creek ODFW 10/5 165 18 3 12 

  Boulder Creek to Copeland Creek ODFW 10/14 150 25 4 4 

 Boulder Creek to Copeland Creek ODFW 10/22 91 28 0 9 

 Boulder Creek to Copeland Creek ODFW 11/2 55 9 0 5 

 Boulder Creek to Copeland Creek ODFW 11/11 34 2 0 0 

        

CHS 
Copeland Creek to Deception 
Creek ODFW/PC 9/16 29 0 0 0 

 
Copeland Creek to Deception 
Creek ODFW/PC 9/25 104 3 1 0 

 
Copeland Creek to Deception 
Creek ODFW 10/5 140 39 4 9 

 
Copeland Creek to Deception 
Creek ODFW 10/14 97 74 6 0 

 
Copeland Creek to Deception 
Creek ODFW 10/22 82 36 2 8 

 
Copeland Creek to Deception 
Creek ODFW 11/2 70 13 0 5 

 
Copeland Creek to Deception 
Creek ODFW 11/11 38 8 0 5 

        

CHS Deception Creek to Calf Creek ODFW/PC 9/16 13 0 0 0 

 Deception Creek to Calf Creek ODFW/PC 9/25 41 1 0 0 

 Deception Creek to Calf Creek ODFW 10/5 82 10 0 1 

 Deception Creek to Calf Creek ODFW 10/14 59 13 2 0 

 Deception Creek to Calf Creek ODFW 10/22 51 16 0 3 

 Deception Creek to Calf Creek ODFW 11/2 24 2 0 3 

 Deception Creek to Calf Creek ODFW 11/11 25 16 0 7 
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Table 34:  Summary of NURM Spawning Surveys during 2009 

          Carcasses  Live Fish 

Species Float Reach Organization 
Survey 
Date Total Redd Count Non-Clipped Fin Clipped Unknown 

Coho Power House to Boulder Creek ODFW  11/24 10 0 0 1 

 Power House to Boulder Creek  ODFW 12/4 16 0 0 4 

 Power House to Boulder Creek ODFW 12/15 12 1 0 1 

 Power House to Boulder Creek ODFW 12/23 10 0 0 1 

 Power House to Boulder Creek ODFW 1/4 18 0 0 3 

 Power House to Boulder Creek ODFW 1/14 10 0 0 3 

 Power House to Boulder Creek ODFW 1/22 7 0 0 0 

        

 Boulder Creek to Copeland Creek ODFW 11/24 11 0 0 2 

 Boulder Creek to Copeland Creek ODFW 12/4 29 0 0 15 

 Boulder Creek to Copeland Creek ODFW 12/15 31 2 0 19 

 Boulder Creek to Copeland Creek ODFW 12/23 34 2 0 12 

 Boulder Creek to Copeland Creek ODFW 1/4 9 0 0 9 

 Boulder Creek to Copeland Creek ODFW 1/14 9 2 0 4 

 Boulder Creek to Copeland Creek ODFW 1/22 11 3 0 0 

        

 Copeland Creek to Deception Creek ODFW 11/24 6 0 0 5 

 Copeland Creek to Deception Creek ODFW 12/4 21 1 0 8 

 Copeland Creek to Deception Creek ODFW 12/15 23 0 0 1 

 Copeland Creek to Deception Creek ODFW 12/23 34 2 0 6 

 Copeland Creek to Deception Creek ODFW 1/4 10 2 0 5 

 Copeland Creek to Deception Creek ODFW 1/14 10 3 0 3 

 Copeland Creek to Deception Creek ODFW 1/22 11 0 0 0 

        

 Deception Creek to Calf Creek ODFW 11/24 10 0 0 0 

 Deception Creek to Calf Creek ODFW 12/4 22 0 0 23 

 Deception Creek to Calf Creek ODFW 12/15 21 0 0 1 

 Deception Creek to Calf Creek ODFW 12/23 23 1 0 4 

 Deception Creek to Calf Creek ODFW 1/4 9 0 0 4 

 Deception Creek to Calf Creek ODFW 1/14 10 0 0 0 

 Deception Creek to Calf Creek ODFW 1/22 11 0 0 0 
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Table 34: Summary of NURM Spawning Surveys during 2009 

          Carcasses   

Species Float Reach Organization Survey Date 
Total Redd 

Count Non-Clipped Fin Clipped Unknown 

ST 
Power House to 
Boulder Creek ODFW 3/10 0 0 0 0 

 
Power House to 
Boulder Creek ODFW 4/1 0 0 0 0 

 
Power House to 
Boulder Creek ODFW 4/21 0 0 0 0 

 
Power House to 
Boulder Creek ODFW/NOAA/PC 5/11 8 0 0 1 

        

 
Boulder Creek to 
Copeland Creek ODFW 3/10 0 0 0 0 

 
Boulder Creek to 
Copeland Creek ODFW 4/1 0 0 0 0 

 
Boulder Creek to 
Copeland Creek ODFW 4/21 0 0 0 2 

 
Boulder Creek to 
Copeland Creek ODFW/NOAA/PC 5/11 0 0 0 2 

        

 
Copeland Creek to 
Deception Creek ODFW 3/10 1 0 0 0 

 
Copeland Creek to 
Deception Creek ODFW 4/1 0 0 0 0 

 
Copeland Creek to 
Deception Creek ODFW 4/21 0 0 0 2 

 
Copeland Creek to 
Deception Creek ODFW/NOAA/PC 5/11 18 0 0 3 

        

 
Deception Creek to 
Calf Creek ODFW 3/10 0 0 0 0 

 
Deception Creek to 
Calf Creek ODFW 4/1 1 0 0 2 

 
Deception Creek to 
Calf Creek ODFW 4/21 1 0 0 1 

 
Deception Creek to 
Calf Creek ODFW/NOAA/PC 5/11 16 0 0 5 

*brown trout redd 

 
BOCR  
Spawning surveys have been conducted in BOCR, by the Forest Service from 2001-2006 and ODFW since March 21, 
2007 (Table 35).  Coho salmon redds seem to have stabilized during the last three years of surveys.  In 2001 the total 
redd count was 71 (56.8 redds per mile) with a peak of 38, this count dropped to a low of 15 total redds (12 redds per 
mile) in 2005.  The total redd number has shown a gradual increase from this low up to a total count of 49 redds (39.2 
redds per mile) with a peak of 13 redds for the 2009 season.  Steelhead redds in BOCR had remained fairly consistent 
from 2002 through 2007 (5.3 redds/mile to 14 redds per mile), the 2008 redd count was the lowest recorded in the last 
8 years (2.7 redds per mile).  For the 2009 season steelhead redd counts improved to 6.7 redds per mile.  Table 36 and 
Figures 15-17 show the survey dates, redds for each species for 2009, and total redds by year.  Virtually all redds 
were located in Reach 1, Reach 2 is gravel limited and only a peak steelhead redd count on April 30 was conducted in 
this reach (8 steelhead redds and 5 live fish were observed). 
 
Due to the length of the steelhead spawning surveys and the timing of pacific lamprey spawning, there have been 
ample opportunities to observe lamprey spawning if it occurs in BOCR.  To date, no pacific lamprey spawning has 
been observed in BOCR. 
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Table 35:  BOCR Total Redds per Mile (2001-2009) 
 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Chinook 0 0 0 0 0 0.8 3.2 3.2 0.7 
Coho 56.8 39.2 30.4 16 12 24 27.2 28.0 39.2 

Steelhead 51.2 53.6 36 43.2 21.6 24.8 36 9.6 31.2 
 

Table 36:  Summary of BOCR Spawning Surveys (2009-10) 

Species Survey Date Redds  
Steelhead 1/28 0* 

  2/5 1* 
  2/10 2* 
  2/19 0* 
  3/5 3* 
  3/13 1* 
  3/19 1* 
  3/31 1* 
  4/9 8* 
  4/19 5* 
 4/30 10* 
 5/10 2* 
 5/19 4* 
 5/31 1* 
 6/19 0* 

Total  39 
Spring Chinook 9/16 0 

  9/25 1 
 10/5 0 
 10/14 0 
 10/19 0 
 11/2 0 
 11/11 0 

Total  1 
Coho 11/11 2* 

  11/20 8* 
  12/1 13* 
  12/7 4* 
  12/18 8* 
 12/29 12* 
 1/13 2* 
 1/21 0* 
 1/27 0* 
Total  49

* surveys count only new redds during each trip 
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Figure 15: BOCR Daily Steelhead Redd Counts for 2009 
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Figure 16: BOCR Daily Spring Chinook and Coho Salmon Redd Counts 2009-10 
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Figure 17: BOCR Peak Total Redds (2001–2009) 

 

COCR  
Spawning surveys have been conducted in COCR, by the Forest Service since 2001 (Table 37).  No spring Chinook 
salmon were observed during the 2009 surveys.  The peak count for coho salmon redds was 21 with a total count of 
62 during the 09-10 survey season (Table 38) 

 Table 37:  Copeland Creek Total Redds per Mile from 2001-2009. 
 2001 2002 2003 2004 2005 2006 2007 2008 2009 

Chinook 0 0 2 5.3 1.3 0 12.7 3.3 0 
Coho 22.6 25.3 22.6 22.6 18.6 24.7 10.7 22.0 41.3 

Steelhead 37.5 18.2 28 17.1 15.3 28.7 28.7 18 20.0 
 

Steelhead redd numbers in COCR have remained fairly stable since survey’s began in 2001.  Total redds per mile 
have ranged from a high of 37.5 redds per mile in 2001 to a low of 15.3 redds per mile in 2005.  The 2009 survey had 
the third lowest number of steelhead redds recorded but was up slightly from 2008 (30 redds vs 26 redds).  Figures 
18-20 show the daily redds and total redds for COCR by species for years 2001-2009. 
 
Due to the length of the steelhead spawning surveys and the timing of pacific lamprey spawning, there have been 
ample opportunities to observe lamprey spawning if it occurs in COCR.  To date no pacific lamprey spawning has 
been observed in COCR. 
   
 

 



 

 45

Table 38:  Summary of Copeland Creek Spawning Surveys during 09-10 

Species Survey Date New Redds  
Steelhead 2/9 1* 

 2/19 0 
 2/26 0 
 3/5 3* 
 3/12 0 
 3/19 0 
 3/26 1* 
 4/2 0 
 4/8 5* 
 4/16 1* 
 4/22 1* 
  4/30 2* 
  5/7 2* 
  5/14 0 
  5/20 7* 
  5/28 7* 
 6/4 0 

Total  30
Spring Chinook  9/25 0 

 10/7 0 
 10/14 0 
 10/19 0 
 10/30 0 

Total  0
Coho 12/2 8* 

 12/8 0 
 12/14 7* 

   12/21 8* 
   12/28 21* 
  1/6 1* 
   1/11 14* 
 1/19 3* 

Total  62
        * surveys count only new redds during each trip 
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Figure 18: COCR Daily Steelhead Redd Counts for 2009 
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Figure 19: COCR Daily Coho Salmon Redd Counts for 2009-10 
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Figure 20: COCR Total Redds (2001-2009) 

 
CACR   
This is the second year spawning surveys were completed for steelhead and coho salmon.  The peak redd count for 
coho salmon was 22 with a total count of 58 redds this is up from the 2008 total redd count of 46.  Steelhead 
decreased from a total of 51 redds during the 08-09 season to 22 redds in 09-10.(Table 39, Figures 21-23). 
 
Due to the length of the steelhead spawning surveys and the timing of pacific lamprey spawning, there has been ample 
opportunities to observe lamprey spawning if it occurs in CACR.  To date no pacific lamprey spawning has been 
observed in CACR. 
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Table 39:  Summary of CACR Spawning Surveys during 2009-10 

Species Survey Date New Redds  
Steelhead 1/30 5* 

 2/4 1* 
 2/12 0* 
 2/18 1* 
 3/4 1* 
 3/10 0 
 3/20 1* 
 3/28 5* 
 4/7 2* 
 4/17 3* 
 4/27 1* 
 5/9 0* 
 5/19 2* 
 5/28 0* 
 6/9 0* 
 Total 22 

Coho 11/18 5* 
 11/25 16* 
 12/3 22* 
 12/17 4* 
 12/22 4* 

  12/30 5* 
  1/7 0* 
  1/12 1* 
  1/20 1* 
 1/26 0 
 Total 58 

        * surveys count only new redds during each trip 
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Figure 21: CACR Daily Steelhead Redd Counts 2009 
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Figure 22:  CACR Daily Coho Salmon Redd Counts (2009-10). 
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Figure 23.  CACR Total Redds (2006-2009) 

 
4.4 Soda Springs Predation Study 
Soda Springs reservoir was electrofished three times during summer 2009: twice between 0145 and dawn (July 24 and 
September 30), and once from dusk to midnight (August 27).  Catch rates tended to be higher for the morning events 
than the evening one. although there was an observed decline in catch as the sky lightened in July.  A total of 358 
trout were captured, including 31 fish that been previously PIT tagged and 233 that were newly implanted with PIT 
tags (Table 40).  Most trout longer than 15 cm fl were measured and tagged, except in July when 50 trout 15-23 cm 
long were released without being tagged.  One fish was observed with a healed PIT tag scar but without an active PIT 
tag, indicating either evulsion or failure of the tag.  A number of trout were observed with spinal hemorrhaging, the 
percentage with hemorrhaging differed by species and by electrofishing session.   

Table 40.  Summary of predator sampling on Soda Springs reservoir, 2009. 

 July (morning) August (night) 
September 
(morning) 

total 

# of fish captured 131 83 144 358 

# fish exhibiting spinal hemorrhage 22 17 50 89 

# mortalities from sampling or marking 5 0 0 5 

# of recaptured fish (brown/rainbow) 3 / 0 9 / 2 13 / 4 25 / 6 

# fish newly PIT tagged (brown/rainbow) 38 / 7 52 / 15 83 / 38 173 / 58 

   

All fish with lengths greater than 150mm (fork length) were gastric lavaged.  The proportion of empty stomachs was 
about equal for each electrofishing session.  Aquatic macroinvertebrates made up the majority of the stomach contents 
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for all trout lavaged.  One brown trout fry (45mm) was observed in the stomach contents of a 232 mm (fork length) 
adult brown trout collected during the July 24, 2009 early morning sampling effort.  This was the only fish observed 
in the stomach contents of any lavaged trout from reservoir sampling in 2009.  However, the lavage method (straws 
and plastic squeeze or pump bottles) did not seem adequate for evacuating larger contents from larger fish, so some 
stomach contents may have been missed.  The composition of stomach contents varied between the upper and lower 
reaches of Soda Springs Reservoir with annelids consumed by trout at a greater rate in the upper reach compared to 
the lower reach. 

 

5. Discussion and Recommendations for 2010 
This season’s work was completed in a safe and efficient manner.  There has been some turnover with the seasonal 
staff but all efforts are being made to maintain the consistency and continuity of the project.  This has also led to 
improved cooperation between the multiple cooperators.  For 2010, continuing to communicate remains a high 
priority to ensure that data collection is consistent and accurate.  Further efforts will made to make sure all data is 
collected in the same way as previous years, especially in light of the high seasonal turnover.  This includes using the 
correct reach breaks for spawning and snorkeling surveys, as well as marking all new redds for coho and steelhead on 
all the walking surveys. 
 

5.1 Rotary Screw Traps 
All three traps began operation on March 3rd.  The CACR trap was fished until the first week of June when low flows 
caused the trap to be pulled; the COCR trap was fished until June 30th due to the large cobble barb and putting the legs 
on the trap, which kept the cone from grounding out and kept water velocities high enough to keep the cone spinning 
at over 4 rpm through June; and the SSBRL trap operated until July 25th when it was pulled due to mechanical 
reasons.  Two high flow events in May affected the SSBRL trap, one of which floated woody debris into the trap 
jamming the cone and partially sinking the trap and placed enough force on the cone to shift it downstream into the 
livewell causing trap operations to cease July 25th.  The cone shifted approximately 2 inches making it impossible to 
raise completely out of the water, wearing a groove into the 3 inch tube aluminum of the livewell and grinding ½ inch 
of aluminum off the rear of the cone.  The trap was taken to Eugene to repair this damage and to try and prevent this 
shifting in the future.  The same high flow events caused large amounts of woody debris to enter the CACR and 
COCR traps, some of the fish mortalities in these two traps can be attributed to this.  No attempts were made to 
motorize either the CACR or COCR traps this year due to a need to shift the seasonals to other priorities.  Low flow 
modifications (a large cobble barb and legs) at COCR, allowed the trap to continue operation for a month longer than 
CACR   

 
Mortality rates at all three traps decreased significantly from the 2008 trapping season.  All three traps had mortality 
rates on all salmonid species less than 1% compared to the 12% and 9% mortality rates observed at COCR and 
SSBRL traps in 2008.  Large fish exclusion devices (fry protectors) were experimented with in SSBRL to try and 
reduce fry predation in the livewell.  Buckets with holes large enough for fry to swim through, hardware clothe 
screens and clumps of fir bows tied to the livewell were all tried with varied results.  Predation was still observed 
(gastric lavage) but did seem lower with the exclusion devices in the livewell. 
 
Trap efficiencies at each site are affected by stream width, depth, flow, and water velocities they are located in.  Trap 
operation on large waterways (5th and 6th order) is always difficult and typically produces trap efficiencies below 20%.  
Trap efficiencies for all species, except steelhead, were down at SSBRL this year, 19.4% for coho salmon smolts in 
09 versus 40% in 08, 14% for 09 all Chinook salmon (fry and smolts) versus 24% in 08 and 5% for 09 brown trout 
versus 9.4% in 08.  Steelhead trap efficiencies did improve from no recaptures in 08 to 6.5% in 09.  In CACR and 
COCR trap efficiencies continue to improve for all species.  Steelhead and coho salmon trap efficiencies were over 
25% for both traps.  For the second year at COCR and CACR the upstream release sites were changed for all fish to 
examine the effects on trap efficiencies.  In 2008 the release sites were moved upstream approximately 1 mile from 
May through the end of trapping season, this was reversed for 2009 (fish released 1 mile upstream March and April, 
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.1 miles above trap May through June).  This was done to see if differences in the 2008 salmonid trap efficiencies 
were a factor of stream flows rather than the shift in release sites.  An examination of the data seems to show that 
flows were not a major factor in the improvement of older age class steelhead recaptures in CACR.  Recapture rates 
for the 1+,2+,3+ steelhead were much higher for 2008 and 2009 when released 1 mile upstream of the trap: 50% 
(2008) and 72% (2009) versus recapture rates of 16% (2008) and 57% (2009) 0.1 miles upstream of the trap.  This 
does not hold true for coho salmon smolts in CACR or for any salmonid juveniles in COCR, recapture rates decreased 
when the release site was moved upstream. 
 
Migrants per meter are often used to summarize how many fish out-migrated from the available habitat.  These 
numbers can be compared from year to year to monitor trends and changes in out-migrants.  The stream lengths vary 
by fish species in each stream.  In COCR, spring Chinook salmon distribution ends approximately 1,900 meters from 
the mouth; coho salmon are only found in the first 2,220 meters and end at the first falls.  Steelhead can be found up 
to the second falls in COCR approximately 5,800 meters.  In CACR, coho salmon and steelhead can be found 
throughout the first 4,800 meters and distribution ends at a large falls.   In order to make a comparison between the 
three smolt traps older age (1+, 2+, 3+) steelhead were used (Tables 10, 18, 24).  Steelhead migrants per meter in 
decreased in CACR and SSBRL but doubled in COCR.  Coho salmon smolts migrants per meter showed little change 
in CACR and COCR but increase in SSBRL (Tables 11, 19, 25) and spring Chinook fry migrants per meter were 8 
times greater than previous years (Table 12). 
 
The 2010 trapping season will be shortened at SSBRL due to construction of the new fishway and may be shortened 
at CACR and COCR in order to conduct a more intensive resident trout population estimate above Soda Springs dam.    
For the 2010 trapping season work will continue on large fish exclusion device for the SSBRL trap Gastric lavage will 
continue to be performed at all traps on all brown trout and large “rainbows” to monitor fry predation and timing of 
predation.  All large rainbow and brown trout will be scanned for PIT tags to monitor downstream movement from 
Soda Springs reservoir.  
 

5.2 Resident and Anadromous Juvenile Summer Surveys  
 
The 2009 resident trout population efforts in the Slide Creek full flow, bypass and Fish Creek reaches were initially 
modeled after the 1992 efforts by Harza Northwest.  During the 1992 surveys, one pass backpack electrofishing and 
snorkeling (night and day) sampling was completed.  In Fish Creek snorkel surveys calculated a population estimate 
of 10,300 resident trout (8,200 1+ and 2,100 2+/3+ rainbow trout), 0+ trout were observed but not enumerated.  For 
2009 efforts were made to conduct Peterson-Chapman mark recapture and removal estimates using ODFW protocols 
(block netting each unit, 50% reduction in fish of each size class, etc.) to make a better comparison between the 1992 
and 2009 estimates.  Stream flows have increased in Fish Creek since the surveys were completed in 1992 and hydro 
staff and volunteers were not able to effectively electrofish any habitat units.  Two electrofishers were used and 
multiple passes were made but our results showed that the efforts were inefficient, time consuming and labor 
intensive.  In addition staff were unable to secure the block nets allowing fish to move freely in and out of the sample 
habitat unit.  Water depths over 0.6 meters made habitat unit selection difficult, water this deep allows fish to avoid 
the electrical field.  Given the two month window in which we had to complete the population estimates it was 
decided to snorkel all pools deeper than 0.4 meters and snorkel 25% of the fastwater units.  This gave an estimate of 
5,889 (936 0+, 2,463 1+, 2,252 2+. 238 3+) resident trout, this estimate is half of what was estimated in 1992.  The 
major difference between the surveys was the estimated 1+ trout.  Some of this discrepancy may be in 1.6 miles of 
stream not surveyed in 2009; the 2009 survey was only completed up to the potential anadromous barrier located at 
mile 3.1 on Fish Creek.  Another difference would be in the snorkelers, the 2009 snorkel crew and 1992 snorkel crews 
have different criteria for breaking fish into different size classes.  Snorkelers did not observe any brown trout in 2009 
or 1992 but two were electrofished out of one habitat unit.  In order to observe brown trout and perhaps higher 
numbers of rainbow trout it may be best to night snorkel.  This will lead to a new set of safety hazards so a decision 
will need to be made on whether to continue daytime snorkeling or change to nights. 
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Similarly, higher flows in the Slide Creek bypass reaches (SCBRL and SCBRU) made it impossible to repeat the 
methods used in 1992.  It was decided (after consulting ODFW Corvallis Research) to conduct a Peterson Chapman 
mark/recapture survey using hook and line to capture fish.  All captured fish were measured and marked with a small 
upper caudal fin clip.  After the initial marking had occurred, through the bypass reach, each reach was fished 
multiple times with all captured fish being examined for recaptures.  Recaptures were measured and released all new 
unmarked fish were marked with a lower caudal fin clip.  After completing the mark/recapture efforts population 
estimates were calculated by grouping the fish four different ways.  This gives a population estimate that ranges from 
1,569 to 2,630 resident trout.  The majority of the fish were four to nine inches long, very few fish less than four 
inches and greater than 9 inches were captured or recaptured during sampling.  Smaller hook sizes, use of bait and 
flies were all used in an attempt to catch fish smaller than 4 inches.  In an attempt to catch larger fish, fishing times 
were altered to late afternoon and evenings again with little success.  The number of brown trout captured was very 
low and no changes in brown trout catch rates were observed by fishing in the evening.  For the coming season (if 
hook and line sampling is used again) sampling times will be shifted towards early mornings and late evenings in an 
attempt to mark more fish of all sizes and to capture more brown trout.  During calculation of the population estimate 
I was unsure how to group the mark and recapture groups to provide the most accurate estimate.  This is why four 
estimates were made calculating by smaller reaches, size classes, lumped reaches and splitting marking trips out from 
recapture trips.  No standard error or confidence interval was calculated it is uncertain which estimate is the best.  
Completing a population estimate using these methods will become more difficult as the minimum flows increase.  It 
may be best to try night snorkeling (cold water temperatures) for the 2010 sampling season. 
 
To better account for uncertainty in the 2009 population estimates within Slide Creek bypass reach, Stillwater 
Sciences was contracted to review and analyze the same hook-and-line data referred to in this report.  They concluded 
that the low number of recaptures produced high uncertainty in all estimates (especially for brown trout, with no 
recaptures).  Their best estimates for the entire reach were 1500 rainbow trout (95% interval = 887-2676) and 160 
brown trout (95% intervals = 88-311).  Their methods and results are described in Appendix 1. 
 
For the Slide Creek full flow reach attempts were made to complete a hook and line sampling but due to the size of 
the river, lack of good access and the inability to catch numbers of fish, it was decided to night snorkel the reach.  
This night snorkel was completed on October 5th, using two snorkelers and one person in a cataraft for support.  Low 
numbers of fish, all of which were rainbow, were counted during the one pass.  Only the stream margins were covered 
by the two snorkelers so any fish outside the 3-4 meter margin were not counted.   
 
Summer density surveys for anadromous fish are not a component of the Long-term Monitoring Plan. Summer 
density surveys are being used as a quick gauge of summer coho parr density levels.  A snorkel survey was completed 
through the extent of coho salmon in BOCR.  The 2009 snorkel survey examined 85 pools, 19 of which were above 
Rattlesnake Creek.  Coho salmon summer densities in reach 1, although still less than 0.3 fish per m2, were higher 
than those observed in 2007 (0.165 fish per m2 in 2009 versus 0.11 fish per m2 in 2007).  Coho salmon densities in 
reach 2 were lower 0.07 fish per m2 than the 2007 densities of 0.119 fish per m2, but the number of snorkeled pools 
increased from 27 pools (stopped at Rattlesnake Creek) to 40 pools.  Spring Chinook salmon summer parr and 
cutthroat trout were observed for the first time above the North Umpqua trail in Boulder Creek.  The upper most 
observed spring Chinook salmon parr was seen approximately ½ miles above the North Umpqua trail. 
 
Snorkeling surveys are very effective for coho and spring Chinook salmon but don’t work well for steelhead or 
cutthroat.  The reason is that the majority of these fish are found in faster water units which are shallow and nearly 
impossible to snorkel. ODFW’s Corvallis Research team has determined that when snorkeling for coho, a stream is 
considered fully seeded at 0.7 coho/m2 and under seeded at 0.3 coho/m2. 
 
In 2010 resident population estimates will be completed again for SCBRU and FCBRL.  In an effort to better estimate 
the trout populations this years data will be sent to Stillwater Sciences who will assist ODFW in coming up with the 
best available method to complete the sampling with a minimum amount of bias.  Additional personnel may have to 
be hired in order to complete these surveys in a timely manner.  Summer coho seeding surveys may continue 
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periodically as time and money allow, but not at the expense of higher priority Long-term Monitoring Plan work.  For 
the 2010 survey season all established reaches (including the 1000 meter reaches) for COCR, BOCR and CACR will 
be surveyed if time allows.   
 

5.3 Spawning Ground Surveys 
All spawning surveys were completed following ODFW spring Chinook salmon, coho salmon, and steelhead 
protocols.  Ten day intervals were maintained except when high flows reduced visibility and increased safety 
concerns.  In addition, due to the rough nature and safety concerns, reach 2 of Boulder Creek and reach 3 of Calf 
Creek were only surveyed once during peak steelhead spawning.  
 
Float surveys for spring Chinook salmon had the largest increase in observed redds, in all reaches, since 2001.  The 
peak redd count (449) for the float survey was the highest ever recorded, the previous high was in 2008 (427).  
Looking at the data presented in Figure 14, it seems the spring Chinook salmon in the NURM are running on four 
year cycles.  If this is trend continues it would seem that redd counts for spring Chinook salmon will drop off for the 
2010 spawning season.  The three other reaches that spring Chinook salmon surveys are conducted in (Soda bypass, 
Boulder Creek, Copeland Creek) had varied results.  No spring Chinook salmon redds or fish were observed in COCR 
this year and only one Chinook salmon redd was observed in BOCR.  Low water and no significant rain events 
throughout Chinook salmon spawning kept fish from both streams. 
 
In the bypass reach, the peak spring Chinook salmon redd count of 83 was higher than in 2008.  The peak count at the 
tailrace barrier was 44 redds.   
 
During 2010, construction work for the Soda Springs fish ladder will impact Chinook salmon spawning in the bypass 
reach.  Decreased water flows and the work place isolation below Soda Springs dam will reduce the area available for 
fish to spawn.   
 
Coho salmon redd numbers increased through all surveyed reaches when compared with the 2008 spawning surveys.  
Copeland and Calf Creeks peak redd counts increased significantly from the 2008 peaks (CACR - 10 redds in 2008 to 
22 redds in 2009, COCR- 12 redds in 2008 to 21 redds in 2009).  The peak redd count of 101 for the North Umpqua 
float was triple the peak redd count (36)observed in 2008  Steelhead peak redd numbers remained stable in COCR but 
decreased in CACR (9 redds in 2008 to 5 redds in 2009) and the Soda Bypass reach (peak of 22 in 2008 to 7 redds in 
2009).  The North Umpqua floats (22 redds in 2008 to 44 redds in 2009) and BOCR (4 redds in 2008 to 10 redds in 
2009) saw large increases in peak redd counts with both surveys doubling the previous years peak redd counts. 

 

5.4 Soda Springs Predation Study 
Limited work was completed for the predation study due to monitoring commitments required by the Long Term 
Monitoring Plan.  Three electrofishing trips were conducted in Soda Springs reservoir in an effort to place additional 
pit-tags into reservoir fish, gather additional growth data from previously pit-tagged fish and to see if there were 
differences in stomach contents of fish captured prior to sun-rise versus those capture after dusk.   

The three electrofishing trips did produce some interesting results as far as gastric lavage and spinal hemorrhage rates.  
The percentage of fish with spinal hemorrhages ranged from 60% to 11% with a higher percentage of spinal 
hemorrhages occurring during the morning sessions.  In addition, more rainbow (25%) were observed (during all 
electrofishing trips) with spinal hemorrhages than brown trout (18%).  The settings on the boat for all three trips were 
the same as those used in 2008 (3% hemorrhage in brown trout and 0% rainbow), so I am not sure if the water was 
more conductive, the reservoir was lower, larger numbers of fish being shocked or if we were not observing fish as 
quickly.   

Gastic lavage only recovered one trout fry from only one adult trout and may be due to the difficulty lavaging fish 
over 30 cm -- it is possible that we are not able to fully evacuate the stomach contents of the larger fish with the 
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equipment we are currently using.  A one-gallon pump sprayer was employed in 2009 but efforts were still limited by 
an inadequate tube for delivering water and loosening contents.  We have been able to get macroinvertebrates from 
the larger fish but this may be because they are lighter, smaller, and easier to remove.  Larger trout fry and small 1+ 
fish may not come out of the stomachs as easily, therefore for the future we plan to use heavier-duty gastric lavage 
equipment that was previously used during smallmouth bass studies in the Umpqua River.  This system uses a small 
electric pump and metal wand to force higher pressure water into the fish’s stomach. 

In addition to the analyses described in this report, Stillwater Sciences was contracted to update their 2007 study of 
predator population characteristics by including the predator data collected by this program in 2008 and 2009.  The 
larger updated data set produced similar results to those for the 2007 study (Appendix 2): 

Parameter Based on 2007 Based on 2007-2009 

Population of trout >15 cm long 2,027 2,129 

Population of trout >30 cm long 452 288 

Bioenergentics indicates piscivory? yes yes 

smolt survival through reservoir 
based on bioenergetics model 
(assuming piscivory at >30 cm long) 

0-23% 8-32% 

Length range of trout with fish in 
stomachs 

37 cm, 45 cm 23cm 

 

The updated report concludes that predation continues to have a high potential to substantially reduce the survival of 
smolts through the reservoir, but indicates that conditions may change after anadromous fish access the area.  It 
recommends that survival of smolts through the reservoir be directly measured by mark-recapture methods after 
anadromous fish are present, and that predator control be implemented as warranted based on monitoring results 
(Appendix 2). 

For the 2010 season, if access allows it, we plan to continue sampling fish in both morning and evening periods.  
These fish will be gastric lavaged using the new lavaging system in a continued effort to examine for piscivorous 
activity and to see if there are differences in stomach contents depending on when they were captured.   
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APPENDIX 1.  STILLWATER SCIENCES, ANALYSIS OF 2009 ANGLING SURVEY DATA 
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DATE:  29 July 2010 

TO:  TWG of the RCC 

FROM:  Peter Baker and  Dirk Pedersen 

SUBJECT:  Analysis of 2009 Angling Survey Data 

  

1 INTRODUCTION 

Rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo trutta) in the reach from Slide 
Creek Dam to the Slide Creek Powerhouse were sampled in a series of angling surveys from late 
August through early October 2009.  As fish were caught, existing fin clips were recorded and 
new clips optionally added, with the intention of obtaining data from which population estimates 
could be made using mark-recapture estimators.  Four or five distinct sampling efforts were 
conducted, with each of the three main segments of the survey reach visited four times.  Two 
different clips were used. 
 
The original analysis consisted of interpreting the data as a simple mark-recapture experiment, 
and applying the classical Peterson estimator.  The model for this estimator requires that the 
population is closed (no births, deaths, immigration, or emigration), that two randomly drawn 
subsets are taken, and that the sizes of these subsets and of their intersection are known. 
 
There are a number of different ways of interpreting and grouping the angling recoveries into 
“mark”, “capture”, and “recapture” classes suitable for application of this estimator.  The original 
analysis used two different groupings resulting in two different population estimates, raising 
problem of deciding which one is most appropriate.  Another limitation of the original analysis 
was that no information about the uncertainty of the population estimates (i.e., variances or 
confidence intervals) was developed. 
 
A potential limiation with using the Peterson method to evaluate this data set compared with 
other estimators is that it discards information that was present in the original data—for example, 
the fact that two different marks were used, and that more than two capture events can be 
distinguished.  
 
Because the number of fish recovered with marks was very small, any population estimates made 
from these data will be highly uncertain, so this loss of information is potentially especially 
relevant.  We therefore revisited the data using models within Program MARK and other sources 
to see if it was possible to make fuller use of the data with an alternate estimator.  An additional 
goal was to assess variance and develop confidence intervals for the population estimates.  
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2 METHODS 

The protocol as actually developed and implemented over the course of the surveys was rather 
complex.  For the purposes of this report, it can be roughly summarized as a multiple mark-
recapture experiment as follows. 
 
The study reach was divided into three segments.  The survey effort can be divided into four 
passes: 

Segment Survey 1 Survey 2 Survey 3 Survey 4 
Slide Creek Dam to 
Slide Creek Bridge 8/25 8/31 9/14, 9/15 9/23 

Slide Creek Bridge to 
Fish Creek 8/26 9/1 9/16 9/24 

Fish Creek to  
Slide Creek Powerhouse 8/26, 8/27 9/2 9/21 10/5 

 
 
On survey 1, captured fish were measured, given an upper caudal fin clip and released.  On 
survey 2, captured fish were measured and examined for upper caudal clips, given an upper 
caudal fin clip if not already present, and released.  On survey 3, captured fish were measured and 
examined for clips, given a lower caudal fin clip, and released.  On survey 4, captured fish were 
examined for clips only (and released). 
 
There were a few departures from these survey protocols.  On survey 2, in the Slide Creek Dam 
to Slide Creek Bridge segment, two rainbow trout found with upper caudal clips were given lower 
caudal clips before release, and one rainbow trout found without a clip was released without 
being clipped (because it was hooked in the gill and bleeding).  
 
These departures were not considered directly in the revised estimates.  Since the number of fish 
seen was only a small fraction of the total number of fish present, the difference between a single 
fish which dies after release and a fish that was marked but never captured again is unlikely to 
affect the results in a meaningful way, so we treated the gill-caught fish as if it had in fact been 
given a mark and released in good health.  Similarly, no fish were actually encountered with both 
upper caudal and lower caudal marks, so the two fish prematurely given lower caudal marks were 
treated as if they had been marked as expected. 
 
With four passes, sixteen distinct capture histories are possible.  An unusual aspect of these data, 
however, is that not all of these are distinguishable.  In particular, when a fish is caught in the 
third or fourth survey bearing an upper caudal clip, one can be sure it had previously been caught 
also in one of the first two surveys, but there is no way to determine which. 
 
The MARK software provides for very many contingencies.  However, this ambiguity of capture 
history is not one of them.  We identified two ways of collapsing the data which are analyzable in 
MARK while still retaining more data than the simple Peterson model: 
 

2.1 Model A 

This consists of treating the data from the first two surveys and from the last two surveys as two 
independent two-sample mark recapture experiments, with distinct capture probabilities but a 
common value for the true population. 
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2.2 Model B 

This consists of treating the data as a three-sample experiment, combining the first and second 
surveys. 
 
Because the sample sizes are so small, all the MARK analyses with the added assumption that the 
probability of capture is independent of prior capture history (in MARK jargon, “c=p”).  In this 
situation, however, it is known that the numbers of individuals seen in each pass, together with 
the total number of distinct individuals seen in all passes, are “sufficient statistics” for estimation.  
That is, it is actually possible to fit the full four-sample model: 
 

2.3 Model C 

This is the four-sample model, under the conditions described.  There are several limitations on 
the use of Model C.  The first is simply that it cannot be formulated directly in MARK.  We 
carried out the analysis (using the R program) using the methods of J.N. Darroch, as described in 
Section 4.1.2 of (Seber 1982).  The second is that, since the sufficient statistics determine the 
likelihood function only up to an additive constant, there is no way to calculate goodness-of-fit 
measures by which it could be compared with the other models.  We will discuss this briefly in 
the Discussion section below. 
 

3 RESULTS 

3.1 Model A (Program MARK: c=p, p~time, common N) 

 
Table 1.  Rainbow only. 

AIC=-2145.0554  BIC=-2122.7637 

Parameter Estimate Standard error 
95% confidence interval 
Lower Upper 

pr. of capture survey 1 0.0692 0.0212 0.0375 0.1242 
pr. of capture survey 2 0.0712 0.0217 0.0386 0.1276 
pr. of capture survey 3 0.0417 0.0139 0.0215 0.0794 
pr. of capture survey 4 0.0459 0.0153 0.0237 0.0870 
Rainbow population 1503 438 887 2676 

 
 
There were no recoveries of marked brown trout; consequently, it was not possible to estimate the 
brown trout population without making some assumptions about the capture probabilities.  Under 
the (rather dubious) assumption that the capture probability is the same for browns as for 
rainbows, we can form the following estimate: 
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Table 2.  Rainbow and Brown, capture probability independent of species. 
AIC=-2213.9043  BIC=-2186.5807 

Parameter Estimate Standard error 
95% confidence interval 
Lower Upper 

pr. of capture survey 1 0.0654 0.0201 0.0354 0.1175 
pr. of capture survey 2 0.0637 0.0196 0.0345 0.1146 
pr. of capture survey 3 0.0404 0.0134 0.0209 0.0764 
pr. of capture survey 4 0.0421 0.0139 0.0219 0.0796 
Rainbow population 1614 473 947 2880 
Brown trout population 161 54 88 311 

 

3.2 Model B (Program MARK: c=p, p~time) 

 
Table 3.  Rainbow only. 

AIC=-1711.3162  BIC=-1692.7306 

Parameter Estimate Standard error 
95% confidence interval 

Lower Upper 
pr. of capture surveys 1 or 2 0.1458 0.0301 0.0961 0.2150 
pr. of capture survey 3 0.0548 0.0126 0.0347 0.0855 
pr. of capture survey 4 0.0604 0.0137 0.0385 0.0935 
Rainbow population 1077 207 761 1593 

 
 

Table 4.  Rainbow and Brown, capture probability independent of species. 
AIC=-1769.2721  BIC=-1745.5518 

Parameter Estimate Standard error 
95% confidence interval 

Lower Upper 
pr. of capture surveys 1 or 2 0.1295 0.0269 0.0852 0.1919 
pr. of capture survey 3 0.0521 0.0119 0.0332 0.0809 
pr. of capture survey 4 0.0544 0.0123 0.0347 0.0843 
Rainbow population 1183 231 829 1757 
Brown trout population 122 31 78 205 

 
 

3.3 Model C (Darroch) 

 
Table 5.  Rainbow only. 

Parameter Estimate Standard error 
95% confidence interval 

Lower Upper 
Rainbow population 1527 272 1128 2333 

 
The formulation of Model C we are using does not naturally permit the simultaneous estimation 
of rainbow and brown trout populations as was done under Models A and B. 
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4 REACH-SPECIFIC POPULATION ESTIMATES 

The same models can be applied on a reach-by-reach basis.  Suppressing the capture probabilities, 
we have: 
 

Table 6.  Model A (rainbow and brown trout). 

Parameter Population Estimate Std. err. 
95% conf. interval 

Lower Upper 
Slide Creek Dam to 
Slide Creek Bridge 

Rainbow 1,040 486 467 2,552 
Brown 88 48 35 242 

Slide Creek Bridge to 
Fish Creek 

Rainbow 382 179 174 943 
Brown 60 30 27 158 

Fish Creek to  
Slide Creek Powerhouse 

Rainbow 139 83 63 450 
Brown 5 5 2 26 

 
 

Table 7.  Model B (rainbow and brown trout). 

Parameter Population Estimate Std. err. 
95% conf. interval 
Lower Upper 

Slide Creek Dam to 
Slide Creek Bridge 

Rainbow 518 130 335 868 
Brown 38 14 21 80 

Slide Creek Bridge to 
Fish Creek 

Rainbow 335 106 196 637 
Brown 64 24 35 138 

Fish Creek to  
Slide Creek Powerhouse 

Rainbow 376 353 105 1,873 
Brown 16 19 4 104 

 
 

Table 8.  Model C (rainbow trout only). 

Parameter Population Estimate Std. err. 
95% conf. interval 

Lower Upper 
Slide Creek Dam to 
Slide Creek Bridge 

Rainbow 740 178 500 1,382 
Brown — — — — 

Slide Creek Bridge to 
Fish Creek 

Rainbow 475 144 295 1,128 
Brown — — — — 

Fish Creek to  
Slide Creek Powerhouse 

Rainbow 242 127 118 n/a 1 
Brown — — — — 

1 Insufficient data  
 

5 DISCUSSION 

With three estimates of trout abundance, which should be accepted? 
 
Models A and B both use full likelihoods and it is therefore possible to calculate and compare 
goodness-of-fit measures such as Akaike’s Information Criterion (AIC) and the Bayesian 
Information Criterion (BIC).  Based on these criterion, Model A is unambiguously “better” (that 
is, yields smaller criterion values) than Model B under either criterion, for both the one-species 
and two-species models. 
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It is not possible to calculate AIC or BIC values for Model C.  However, Model C is the only one 
of the models considered which makes full use of the data (that is, Models A and B both 
aggregate the data in ways which discard some information).  Since the Model C estimate is close 
to that of Model A, with a tighter confidence interval, it is considered the best estimate for the 
rainbow population.  Since the Model C cannot provide an estimate for brown trout, Model A 
provides the best estimate for brown trout and the best estimate overall.  
 
Although reasonable estimates were be developed from the available data, the confidence 
intervals on the estimates are relatively wide and indicate that a larger sample size with a greater 
number of recaptures would be required to improve the estimates to level that would be useful for 
detecting changes to the population over time.  The consequences of having a small sample size 
are even more pronounced at the reach scale.  
 
Despite the apparent accuracy of the estimates (with lots of significant digits, standard errors, and 
confidence bounds), they should be treated with caution.  All of the estimates rely on the 
assumption that all fish were equally likely to be captured in any particular sampling period.  This 
assumption is certainly false.  It is well known that individual fish vary significantly in 
catchability, and that prior experience of being caught can affect the probability of being caught 
again.  One of the advantages of using the MARK software is that it is possible to explore the 
consequences of relaxing this assumption in various ways; unfortunately, the 2009 data set is too 
small to pursue this.  The caution in interpreting the rainbow estimates should be increased in 
interpreting the brown trout estimates, since these rely on the added assumption that brown and 
rainbow trout are equally catchable. 
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SUBJECT:  
SA 19.2 Soda Springs Reservoir Predation Study,  
Updated results based on addition of 2008 and 2009 data 

  
 

1 INTRODUCTION AND PURPOSE 

This document provides an update on studies conducted in 2006 and 2007 and reported in SA 
19.2 Soda Springs Reservoir Predation Study (Stillwater Sciences 2008).  The Soda Springs 
Reservoir predation study was implemented under pre-passage conditions to examine conditions 
that may occur after fish passage provisions have been implemented at Soda Springs Dam.  The 
purpose of this pre-passage reservoir predation study was to estimate the existing predator 
population and assess whether the existing predator populations could consume a substantial 
proportion of juvenile anadromous fish that would likely be produced upstream of the reservoir, 
once fish passage provisions are implemented.  The results of this study will help inform the 
potential need for and merit of predator control measures.  
 
This intent of this document is to incorporate data collected during 2008 and 2009 with previous 
data from 2006 and 2007 and assess whether any of the results, conclusions, or recommendations 
may change based on this information.  Details regarding the purpose, approach, methods and 
previous results from this study are reported in Stillwater Sciences (2008), and are not repeated 
here.  Rather, new data from 2008 and 2009 are summarized; analyses relevant to this update is 
briefly described; and a summary of results, including a comparison with previous results and 
conclusions, is provided. 
 

2 SUMMARY OF DATA AND ANALYSES 

Methods used during fish capture and processing efforts in 2008 and 2009 were similar to those 
conducted previously (Stillwater Sciences 2008) although fish were exclusively captured using 
boat electrofishing.  Fish greater than 150 mm were tagged with a full-duplex or half-duplex 
passive integrated transponder (PIT) tag.  Lavage samples of stomach contents were collected to 
document food items and piscivory, but predator consumption was not estimated directly via 
releases of fry and smolt.  Scales were not collected so ages could not be determined for fish 
captured during 2008 and 2009.   
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The size of the brown and rainbow trout population in Soda Springs Reservoir was estimated 
using mark-recapture methods, and Program MARK was used to estimate population abundance.  
Within Program MARK, the Huggins’ closed captures population model was used to estimate 
population size, following the methods reported previously (Stillwater Sciences 2008).  As in the 
previous analysis, a set of nested models was explored and the “best” of these four models was 
then selected based on the Akaike Information Criterion (AIC) scores.  The encounter histories of 
PIT-tagged fish from July 2009 through September 2009 provided model input.  The number of 
encounters (i.e., recaptures) during 2008 was too small to develop a useful estimate of population 
size.  The following four sampling periods were used to develop the 2009 population estimate:  

• 24 July, 

• 2 August (a single fish reported by an angler), 

• 27 August, and 

• 30 September. 
 
Relative growth rate was estimated based on size data from fish tagged and recaptured in 2006–
2009.  Relative growth rates for individual fish (h) were expressed as percent change in weight 
per day, calculated based on Pitcher and Hart (1982).  The relative growth rate is equivalent to the 
absolute growth rate divided by the initial size. 
 
The bioenergetics model was fit using growth data from our study and run under two different 
scenarios.  The first scenario was run using a diet composition of 100 percent invertebrates, 
whereas the second scenario was run using a diet composition of 100 percent fish.  The daily 
consumption rate was estimated using the end weight of the fish at simulation, based on the 
study-specific relative growth rate.  These scenarios were intended to depict the two extremes 
regarding feeding habits, and the associated consumption rates that would be expected.  
 
The P-value, an estimate of the proportion of the maximum possible consumption at which fish 
are feeding, was also calculated as an alternate way to evaluate consumption (Hanson et al. 1997). 
Age-specific estimates were not recalculated since the lengths of recaptured fish did not fit well 
into sizes classes based on previous scale analyses.  
 
Output from the bioenergetics model runs included daily values for specific consumption rate 
(g/g/d, grams of prey consumed per gram of predator mass per day) and predator weight (g). 
 

2.1 Model Inputs 

Bioenergetics model inputs were similar to those used previously and included both default 
species-specific model values and site-specific values.  Species-specific values for adult steelhead 
(Hanson et al. 1997) were assumed for respiration, consumption, egestion, and excretion 
relationships, and predator energy density.  Site-specific input values included fish size and 
growth, and water temperature.   
 
Water temperature data in Soda Springs Reservoir were collected from 28 April to 14 October 
2008, and from 1 May to 9 October 2009.  These data were supplemented with water temperature 
data from the USGS gage above Copeland Creek (14316500) to develop a continuous record of 
water temperature as input to the bioenergetics model.   
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3 SUMMARY OF RESULTS 

3.1 Summary of Fish Capture and Tagging Efforts 

During five electrofishing field efforts in 2008 and 2009, a total of 1,378 fish were captured and 
138 were recaptured (Table 3-1).  For captured fish, approximately 73 percent were brown trout, 
and 33 percent were ≥300 mm fork length.  For recaptured fish, approximately 86 percent were 
brown trout, and 78 percent were ≥300 mm.   
 
Table 3-1.  Summary of the number of fish captured and recaptured in 2008 and 2009. 

Sample 
date 

Captured Recaptured 
Brown trout Rainbow trout Brown trout Rainbow trout 

<300mm ≥300mm <300mm ≥300mm <300mm ≥300mm <300mm ≥300mm 
9/2/08 14 9 20 7 1 2 0 0 
9/23/08 35 0 1 0 0 0 0 0 
7/24/09 69 22 37 3 0 3 0 0 
8/2/09 a n/a n/a n/a 1 n/a n/a n/a 1 
8/27/09 45 21 12 5 1 7 0 1 
9/30/09 58 44 32 10 3 10 2 2 
Total 618 388 293 71 23 96 7 12 

a   represents a single fish reported by an angler. 

3.2 Population Estimates 

Within Program MARK, the Huggins’ closed captures model type was selected for estimating 
population sizes for rainbow trout and brown trout adults and subadults.  Huggins’ model bases 
estimates of population size on estimates of capture probability.  Of the four models of capture 
probability that were fit to the mark-recapture data, the model with size class and time was the 
best of the four models, based on the AIC scores (Table 3-2); lowest scores reflect the best 
statistical fit of the model to the data.  Therefore, the model (p~size, time) was used to estimate 
population size.  The implication of this result is that capture probability is influenced by size and 
time, but the data are not sufficient to identify an influence of species.   
 
Table 3-2.  AIC values for model fit to the mark-recapture dataset, using Huggins’ closed 

population model type; p is the probability of capture. 

Model AIC Score # Parameters 
p~size, time 604.7 6 
p~size, species, time 608.5 12 
p~time (base model) 610.6 3 
p~species, time 611.5 6 

 
 
The population estimate for brown and rainbow trout ≥ 150 mm in Soda Springs Reservoir in 
2009 was 2,129, with approximately 73 percent being brown trout (Table 3-3).  This is a slight 
increase although very similar to the previous estimate of 2,027.  The population of piscivorous-
sized fish (>300 mm) was estimated at 288, including 241 brown trout and 47 rainbow trout 
(Table 3-3).  This is 36 percent lower than the previous estimate of 452 piscivorous-sized fish, 
although the difference between the 2007 and 2009 estimates is not statistically significant at the 
95% confidence level. 
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Table 3-3.  Population estimates based on the model (p~size, time), using Huggins’ closed 
captures population model type for adult (≥ 300 mm) and subadult (150–299 mm) 
brown and rainbow trout. 

Species Size 
class Captured Tagged Recaptured Population 

Estimate 
Standard 

Error 

95% Confidence 
Interval 

Lower 
bound 

Upper 
bound 

Brown adult 77 40 8 241 62 157 411 
subadult 109 59 2 1,304 630 562 3,261 

Rainbow adult 15 7 2 47 15 28 91 
subadult 45 16 2 538 266 228 1,375 

Totals 246 122 14 2,129 687 1,320 4,266 

 
 

3.3 Fish Growth 

Relative growth rate was estimated based on field measurements of fish recaptured since the 
beginning of the study.  Growth rates did not change substantially from previous estimates, 
although minor differences are evident (Figure 3-1).  The estimated relative growth rate increased 
slightly for sub-adults and decreased slightly for adult compared with previous estimates.   
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Figure 3-1.  Distribution of relative growth rates [g/(g·d)] for brown trout sub-adults and 
rainbow and brown trout adults based on mark-recapture.  Tic marks on the x-axis 
represent observed relative growth rates. 

 
 

3.4 Water Temperature 

Annual trends in water temperature in Soda Springs Reservoir and at the USGS gage above 
Copeland Creek were generally similar between years, although minor variations in magnitude 
and duration of maximum summer water temperatures are evident (Figure 3-2). 

Relative growth rate [g/(g·d)] 

0
1

2
3

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

P
ro

ba
bi

lit
y 

de
ns

ity
 

-1 0 1 2

0.
0

0.
2

0.
4

0.
6

0.
8

Relative growth rate [g/(g·d)] 

P
ro

ba
bi

lit
y 

de
ns

ity
 

 

0
.0

0
.2

0
.4

0
.6

0
.8

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.

-1.0 -0.5 0.0 0.5 1.0

0
.0

0
.5

1
.0

1
.5

2
.0

Sub-adult 2009 
n = 21 

Adult 2009 
n = 68 

Adult 2007 
n = 24 

Sub-adult 2007 
n = 6 



Technical Memorandum  SA 19.2 Soda Springs Reservoir Predation Study,  
  Updated results based on addition of 2008 and 2009 data 
 
 

Stillwater Sciences 
6 

 
 

0

2

4

6

8

10

12

14

4
/1

/0
6

6/
1/

0
6

8/
1/

0
6

1
0/

1
/0

6

12
/1

/0
6

2/
1

/0
7

4/
1

/0
7

6
/1

/0
7

8/
1/

07

1
0/

1/
07

1
2/

1
/0

7

2/
1/

0
8

4
/1

/0
8

6/
1/

0
8

8/
1

/0
8

10
/1

/0
8

12
/1

/0
8

2/
1

/0
9

4/
1

/0
9

6
/1

/0
9

8/
1/

0
9

10
/1

/0
9

 
Figure 3-2.  Continuous record of daily average water temperature for Soda Springs 

Reservoir used in the bioenergetics model for the 2006–2009 study period.  The 
series includes data collected in Soda Springs Reservoir (site SSRIN) 
supplemented with data from the USGS gage above Copeland Creek (14316500). 

 
 

3.5 Bioenergetics Model Results 

 
Based on the observed growth, the bioenergetics model estimates that the daily consumption of 
invertebrates, assuming 100 percent invertebrate diet, would average 16.2 g/d (range 6.5–
42.2 g/d) (Table 3-4).  This is similar to the previous estimate average of 17.4 g/d (range 13.0–
19.0 g/d) and greater than the amounts measured from lavage samples.  When the bioenergetics 
model was run with 100 percent fish diet, the estimated daily consumption rate averaged 9.1 g/d 
(range 3.7–23.7 g/d) (Table 3-4).  The mean daily consumption rate of 9.1 g/d translates into 
0.68 fish/d, assuming the average wet weight of fish is 13.3 g (as assumed in 2007), and is 
slightly lower than the 0.74 fish/predator/day estimated previously.  The prey size estimate of 
13.3 g was the average weight of consumed fish (n=2) found in lavage samples in 2007 and 
represents a mixture of fry and smolt-sized prey.  
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Table 3-4.  Results from model runs using study-specific relative growth rates (including annual 
growth), and combined adult age classes for growth and consumption. 

Trout 
species Age 

Diet 
(invert/ 

fish) 

IDC 1 FDC 2 TDC 3 
(mean) 

P 
value (mean) (min) (max) (mean) (min) (max) 

2006–2009 
Rainbow, 
Brown  

All 1/0 16.2 6.5 42.2 0 0 0 16.2 0.410 

Rainbow, 
Brown 

All 0/1 0 0 0 9.1 3.7 23.7 9.1 0.232 

2006–2007 
Rainbow, 
Brown  

All 1/0 17.4 13.0 19.0 0 0 0 17.4 0.385 

Rainbow, 
Brown 

All 0/1 0 0 0 9.9 7.4 10.8 9.9 0.219 

1 Invertebrate daily consumption (IDC) expressed in grams/day (g/d). 
2 Fish daily consumption (FDC) expressed in grams/day (g/d). 
3 Total daily consumption (TDC) expressed in grams/day (g/d). 

 
Supplemental model results assuming an invertebrate-only diet indicate that the specific 
consumption rate (g/g/d) is relatively uniform for fish >300 mm at initial capture, and that smaller 
fish (<300 mm) consume at a much higher level (Figures 3-3 and 3-4).  The proportion of the 
maximum possible consumption (g/g), or P-value, also suggests that P is a function of size and 
that larger fish are not just eating more fish but disproportionately more.  These results are 
consistent with previous results and the idea that as fish >300 mm grow larger, they are likely 
relying on a diet composed of a greater proportion of fish. 
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Figure 3-3.  Modeled specific consumption rates (g/g/d) based on observed growth for 

individual fish (assuming invertebrate-only diet). 
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Figure 3-4.  Modeled fraction of maximum consumption (g/g) based on observed growth for 

individual fish (assuming invertebrate-only diet). 
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3.6 Direct Estimation of Consumption Rate 

Direct consumption rate estimates based on lavage data were not recalculated since a prey base 
from anadromous salmonids was not available in 2008 and 2009 as it was in the 2007 study.  The 
previous estimate of consumption based on lavage samples was 0.18 fish/predator/day.  During 
2008 and 2009, lavage techniques were not as consistent or reliable as during 2007; however, one 
small (45-mm) prey fish was observed in the lavage sample of a 232-mm brown trout.  This 
observation supports that piscivory occurs at a sizes less than 300 mm, the size threshold for 
piscivory used for this study.  The predation by smaller (<300 mm) brown trout is not accounted 
for explicitly in this study, but would tend to increase the overall predation rate and decrease 
survival of fish through the reservoir.  The consumption of small (fry-sized) prey is accounted for 
in the modeling with the average weight of consumed fish found in lavage samples in 2007, 
which included a mixture of fry and smolt-size fish. 
 

3.7 Spreadsheet Model Results 

Smolt survival through Soda Springs Reservoir was estimated using a spreadsheet model 
parameterized with a range of smolt production upstream of Soda Springs Reservoir, outmigrant 
timing data from Soda Springs Bypass Reach, the 2009 predator population estimate (288; Table 
3-3), and various predator consumption rate estimates.  Results of the spreadsheet model given an 
average daily consumption rate of 0.68 fish per predator per day based on observed growth rates 
and assuming a fish-only diet, yielded smolt survival estimates ranging from 8 to 32 percent, 
corresponding to varying smolt abundance from 5,000 to 20,000 (Table 3-5).  Estimated survival 
for Chinook salmon smolts through the reservoir ranges from 50 percent based on direct estimate 
of consumption from 2007 (0.18 fish per predator per day) to 18 percent based on observed 
growth rates (0.68 fish per predator per day) and assuming 10,000 smolts produced upstream.  
These survival estimates are slightly higher than reported previously, but still indicate that 
substantial levels of predation may occur.  
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Table 3-5.  Estimates of percent smolt survival, based on the spreadsheet model.  
Assumptions: 288 predacious trout; outmigrant timing based on steelhead 1+, coho 
smolts, and Chinook out-migrant >55 mm FL. 

Abundance 
(# smolts) 

Consumption (# smolts eaten per predator) 
0.04a 0.1 0.18b 0.3 0.47c 0.49d 0.63e 0.67f 0.68g 0.74h 0.86i 1.0a 1.5a 2.0a 

5,000 70 47 31 22 14 13 10 9 8 7 5 3 0 0 
6,000 74 52 36 26 17 16 12 11 11 10 8 6 0 0 
8,000 80 60 43 30 23 22 17 16 16 14 12 10 4 0 
10,000 84 66 50 36 27 26 21 20 20 18 15 13 7 3 
12,000 86 70 55 40 30 69 25 24 23 22 19 16 10 6 
14,000 88 73 59 45 33 32 27 26 26 25 22 19 12 8 
16,000 89 76 63 49 36 35 30 29 28 27 24 21 14 10 
18,000 91 78 66 52 39 38 32 31 30 29 26 24 16 11 
20,000 91 80 68 55 42 41 34 33 32 31 28 26 18 13 
a (0.04) based on direct estimate of consumption in 2007 (lower bound of posterior 95% CI)  
b (0.18) direct estimate of consumption in 2007 

c (0.47) based on direct estimate of consumption in 2007 (upper bound of posterior 95% CI) 

d  (0.49) based on mean daily consumption rate from 2007 bioenergetics model run for age 3+ brown trout assuming 
invertebrate-only diet 

e (0.63) based on mean daily consumption rate from 2007 bioenergetics model run for age 3+ and older rainbow trout and age 
3+ brown trout assuming fish-only diet 

f (0.67) based on mean daily consumption rate from 2007 bioenergetics model run for age 4+ brown trout assuming 
invertebrate-only diet 

g (0.68) based on mean daily consumption rate from 2009 bioenergetics model run for fish >300 mm assuming fish-only diet 
h (0.74) based on mean daily consumption rate from 2007 bioenergetics model run assuming fish-only diet 
i (0.86) based on mean daily consumption rate from 2007 bioenergetics model run for age 4+ brown trout assuming fish-only 

diet 

 
 

4 DISCUSSION 

Results from this updated analysis were consistent with results reported previously (Stillwater 
Sciences 2008) and support the conclusion that a substantial portion of the juvenile anadromous 
salmonids produced upstream of Soda Springs Reservoir as a result of providing fish passage at 
Soda Springs dam could be consumed, thereby reducing the benefits of providing fish passage.  
Implementing a predator control program may, therefore, be warranted.   
 
Results from bioenergetics modeling indicate that the predator population in Soda Springs 
Reservoir is currently consuming fish as part of their diet, and larger predators consume more fish 
than smaller predators.   
 
Although modeling assumes that fish <300 mm are generally not piscivorous, piscivory by a 232-
mm brown trout was documented from lavage samples, and brown trout between 230 and 300 
mm comprised about 40 percent of brown trout (30 percent of all trout) captured in 2009.  
Assuming that brown trout in the 230–300 mm size range are piscivorous could, therefore, have a 
substantial effect on survival estimates through the reservoir.  However, bioenergetics modeling 
suggests these smaller fish are likely transitioning to a more piscivorous diet and prey mostly on 
invertebrates.  The degree that rainbow trout <300 mm are piscivorous is uncertain.  Fish <300 
mm should be considered in any future predator control program.   
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Although estimates of smolt survival through Soda Springs Reservoir range substantially 
depending on the method and assumptions used, virtually all indicate that predation may be 
substantial.  Results from this updated analysis support that smolt survival through the reservoir 
could be less than 50 percent, and possibly closer to 20 percent.  These estimates assume the 
predator population remains at current levels (288).  It is possible that the predator population 
would increase in response to a substantial increase in the prey base provided by fry and smolts 
anadromous salmonids produced upstream of Soda Springs Reservoir.   
 

4.1 Recommendations 

Based on the results of this study, we recommend developing a predator control program that 
relies on monitoring predation of fry and smolts through Soda Springs Reservoir using mark-
recapture methods (e.g., PIT tags).  The program would define acceptable levels of predation (or 
smolt production) and outline predator control measures that would be implemented if these 
levels are exceeded.  The predator population would be monitored to evaluate the effectiveness of 
predator control measures and assess the response of the population to these measures over time.  
 
Adaptive management is recommended to refine the predator control program to increase 
efficiency and effectiveness over time, including the methods used and the periodicity in which 
monitoring is required to meet program objectives. 
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