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Executive Summary 

The Snake River Salmon Recovery Board (SRSRB) has received funds to develop and implement 
an Intensively Monitored Watershed (IMW) in the Snake River Salmon Recovery Region of the 
state of Washington. A primary goal of IMW projects is to determine the effectiveness of 
specific restoration actions on increasing salmonid production. The following document 
describes the process used to develop an IMW project in the Snake River Salmon Recovery 
Region (SRSRR) of southeast Washington. The document also details the proposed experimental 
and monitoring designs for fish and habitat, restoration treatments, and the IMW work plan 
through 2009.  

Eco Logical Research Inc. (ELR) was hired to develop the IMW experimental and monitoring 
design with the support and input of the Snake River Regional Technical Team (RTT), and 
coordinated by the Snake River Salmon Recovery Board (SRSRB). ELR was contracted to provide 
the following:  

• coordinate the selection of an IMW location in southeast Washington,  
• develop an IMW experimental design and work plan for the selected IMW basin(s),  
• estimate the future annual costs of monitoring and restoration,  
• coordinate a peer review of the draft experimental design and work plan,  
• develop a data management and analysis system,    
• collect initial baseline (pre-treatment) fish and habitat data, and 
• document all data sources used in the development of the IMW.  

 
In addition, ELR has worked extensively to develop a draft restoration design, and used left over 
funds to purchase the collection of light detection and ranging (LiDAR) and aerial photography 
imagery for the IMW study area.  

A series of meetings between ELR and the RTT were used to rank candidate watersheds based 
on their suitability for an IMW. A set of criteria were developed to rank the watersheds and an 
extensive review of physical and biological data was used to assess how well each watershed 
met the criteria. Based on this process, the Asotin Watershed was selected as the best candidate 
to implement an IMW. Within the Asotin Creek watershed, Charley Creek and the North Fork 
and South Fork of Asotin Creek were selected as candidate streams. The IMW will focus on 
summer run steelhead (Oncorhynchus mykiss) because steelhead are the dominant Endangered 
Species Act (ESA) listed species in the watershed and they are a mostly wild population of 
regional importance.  

Asotin Creek and its tributaries are desirable as an IMW location in the SRSRR, in part, for the 
following reasons: 

• There is strong agency and land owner support, 
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• Asotin Creek represents an area of significant concern for the region, 
• Asotin Creek has a wild steelhead population, and steelhead population seeding levels 

are relatively high compared to other candidate IMW watersheds in the region, 
• A model watershed plan, subbasin plan, and recovery plan have been developed, 
• Extensive restoration activities consistent with these plans have been implemented that 

eliminate many imminent  threats, 
• Low incidence of hatchery fish introgression (< 13%), 
• The Asotin Creek subbasin is a single MSA and as such has criteria and benchmarks 

against which to monitor progress, 
• WDFW has operated an adult weir since 2005 and smolt trap since 2004, and collects an 

extensive suite of biological and trap efficiency data, 
• WDFW has a long-term adult escapement and juvenile density/distribution abundance 

data set (1983 – present), 
• Several stream habitat surveys have been conducted by the USFS and Natural Resources 

Conservation Service (NRCS) throughout the study area,  
• There are three active stream flow gauges in the Asotin Creek MSA, and 
• Several years of water temperature data is also available. 
 

A limiting factors analysis indicated that riparian function was the most significant limiting factor 
in the IMW study area. The limiting factors analysis also indicated that there is less LWD and 
pools than were likely present during pre-settlement times, although the amount and 
distribution of these habitat elements are still unclear. The proposed treatment area of Charley 
Creek is 12 km long starting at the confluence with the mainstem of Asotin Creek. The proposed 
restoration treatment is riparian fencing to exclude cattle, riparian planting to reestablish 
riparian vegetation, and addition of large woody debris (LWD) to increase pool habitat. Riparian 
fencing and planting are expected to take several decades to have a significant effect; therefore, 
the addition of LWD is the main treatment that will be assessed.  
 
The specific hypotheses this IMW will test are: 
 

• Additions of LWD that simulate natural LWD inputs will lead to a doubling of pool 
abundance (i.e. mean of five pools/100 m to ten pools/100 m) in the lower 12 km of 
Charley Creek within a year after addition of LWD relative to change in pool abundance 
in control watersheds.   

• A doubling of pool abundance as a result of the LWD manipulations will lead to an 
increase in juvenile steelhead seasonal survival within the treatment sections after a 
year of treatment relative to the control sections after controlling for the number of 
spawners, and other changes in habitat not accounted for by using the control 
watersheds. 

• A doubling of pool abundance as a result of the LWD manipulations will lead to at least a 
50% increase in juvenile steelhead density and abundance within the treatment sections 
relative to the control sections after controlling for the number of spawners and other 
changes in habitat not accounted for by using the control watersheds. 

• A doubling of pool abundance as a result of the LWD manipulations will lead to an 
increase in juvenile steelhead growth within the treatment sections relative to the 
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control sections after controlling for the number of spawners and other changes in 
habitat not accounted for by using the control watersheds. 

• A doubling of pool abundance as a result of the LWD manipulations will lead to a 50% 
increase in juvenile steelhead production within the treatment sections relative to the 
control sections after controlling for the number of spawners and other changes in 
habitat not accounted for by using the control watersheds. 

 
A BACI-like experimental design in a nested hierarchy is proposed to compare treated and 
control sections within and between watersheds. Treatments will be implemented every 2-3 
years in a “staircase” design after a minimum of 3 years pre-treatment monitoring. Charley 
Creek will be used as a treatment section and the North Fork and South Fork will be used as 
control streams. Three treatment sections, each approximately 4 km in stream length, will be 
restored in Charley Creek. Stream habitat and floodplain features will be monitored using LiDAR 
and regionally accepted stream habitat protocols (i.e. PIBO). Juvenile steelhead will be 
monitored by a combination of electrofishnig and seining to measure abundance and PIT 
tagging and mark-recapture to assess survival. The IMW will also use ongoing WDFW redd 
surveys, smolt trapping, and an adult weir to monitor fish throughout the Asotin watershed. The 
key response variables that will be monitored are:  LWD abundance, pool abundance, residual 
pool depth, juvenile abundance, growth, seasonal survival, and freshwater production (smolts 
per spawner).  

The expected results of the IMW are the restoration of 12 km of riparian habitat on Charley 
Creek, a doubling of LWD and pool habitat, an increase in overall residual pool depths, a 50% 
increase in average juvenile steelhead abundance, and a 50% increase in overall juvenile 
overwinter survival. It is anticipated that this could lead to an overall increase in the production 
of wild steelhead from Asotin Creek. Other benefits of the IMW will include a greater 
understanding of the effects of LWD treatments on growth and survival of juvenile steelhead, 
the specific mechanisms for how LWD treatments influences geomorphic process and fish 
habitat, which in-turn  impacts fish population performance, and the movement of juvenile 
steelhead within and between subwatersheds. 

Pre-project habitat monitoring was conducted in the treatment and control watersheds in the 
summer of 2008 following the protocols described above. Habitat information was collected 
using PIBO protocols in 11 reaches (5 in the Charley Creek and 3 each in the South Fork and 
North Fork Asotin). This protocol captures geomorphic, LWD, substrate, and invertebrate 
information. In addition, we deployed 17 temperature loggers throughout the study area to 
collect water temperature over the year. Also as part of this contract LiDAR and high digital 
aerial photography will be collected across the valley from the headwaters of the study streams 
to part of the mainstem Asotin. This information will provide the baseline habitat information 
for the design of the IMW restoration strategy, a basis for comparison in other potential 
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reference watersheds, and assessment of the proposed experimental and monitoring design 
(e.g. the selection of treatment and control basins, sample size estimates). 

 Pre-treatment fish monitoring consisted of fish surveys at 9 sites (3 in each tributary) 
approximately 300-500 m in length per site. We capture 1485 juvenile O. mykiss and PIT tagged 
1355 using a mark-recapture approach, where fish were tagged in 1 day and recaptured the 
following day. These PIT tagged fish will be used to assess survival, immigration/emigration 
rates, and density using a Barker Robust design model. These fish will also be used to evaluate 
growth rates and movement patterns throughout the study site. This and prior information is 
being used to determine the adequacy of the North Fork and South Fork watersheds to provide 
suitable controls to Charley Creek.   
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Introduction 

The Snake River Salmon Recovery Board (SRSRB) has received funds to develop and implement a habitat 
restoration program as well as a monitoring program to detect the effectiveness of the habitat actions in 
the Snake River Salmon Recovery Region of the state of Washington. This program is part of a larger 
effort to recover endangered salmon and steelhead populations in the Columbia River Basin (SRSRB 
2006). A primary goal of this project is to determine the effectiveness of specific restoration actions on 
increasing salmonid populations. Restoration efforts are rarely coupled with effectiveness monitoring 
(Bernhardt et al. 2005), and those that are often cannot demonstrate a benefit to the target population 
(Roni et al. 2002, Roni et al. 2005). Other studies that have found an effect of restoration actions have 
been criticized because the monitoring was not designed properly and did not account for other factors 
that may have been responsible for the observed response (Riley and Fausch 1995, Thompson 2006). 
Evaluating salmonid population responses to watershed scale restoration actions in an experimental 
fashion has been suggested as a means to overcome these problems (Roni et al. 2002, Bilby et al. 2004, 
Roni et al. 2005, Reeve et al. 2006). In the Pacific Northwest watershed scale coordinated restoration 
efforts with associated effectiveness monitoring programs are being referred to as Intensively Monitored 
Watershed studies (IMW; Bilby et al. 2004, PNAMP 2005).   

The following document describes the process used to develop an IMW in the Snake River Salmon 
Recovery Region (SRSRR) of southeast Washington. The document also details the proposed 
experimental and monitoring designs for fish and habitat, restoration treatments, and the IMW work 
plan through 2009. A summary of the pre-treatment juvenile abundance and habitat surveys conducted 
in July and August, 2008 is provided as well (Appendix I). The process of determining the location of the 
IMW and the experimental and monitoring design was conducted by Eco Logical Research Inc. (ELR) in 
conjunction with the Snake River Regional Technical Team (RTT) and coordinated by the Snake River 
Salmon Recovery Board (SRSRB).  

Background  
Pacific salmon (Oncorhynchus spp.) and steelhead (O. mykiss) have declined dramatically in the Pacific 
Northwest and many populations in the Snake River and upper Columbia River have a 55-100% 
probability of extinction in the next 100 years if current trends continue (NMFS 2000). These declines 
have continued despite extensive restoration efforts directed at improving spawning and rearing habitat 
in tributary streams (Roni et al. 2002, Katz et al. 2007). Implicit in tributary restoration projects is the 
assumption that improvements to spawning and rearing habitat will lead to increases in freshwater 
survival that will in turn lead to increases in overall population growth (Budy and Schaller 2007). 
However, recent reviews of the responses of salmonids to habitat restoration projects have found that 
either 1) a population response was not detected or 2) a population response was detected but there 
was no clear understanding of the mechanistic relationship between the fish response and the habitat 
restoration (Bayley 2002, Katz et al. 2007, Roni et al. 2008). Many of the past restoration projects have 
been directed at a relatively small scale (i.e. stream reach) and have not specifically focused on restoring 
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natural processes that create diverse and productive salmonid habitats (Beechie and Bolton 1999, Roni 
et al. 2002, Roni et al. 2008). Past restoration projects have also lacked proper experimental designs to 
determine cause and effect mechanisms and have failed to meet objectives because of a poor 
assessment of factors limiting fish production, a limited understanding of critical watershed scale 
processes, and either a lack of monitoring, or monitoring at the wrong spatial and temporal scales (Roni 
et al. 2008) .  There is now a growing awareness that restoration actions must aim to restore natural 
ecosystem processes, be of sufficient size to cause a population response, and be designed in an 
experimental fashion that will allow for detailed effectiveness monitoring (Roni et al. 2002, Bilby et al. 
2004).  

Understanding and predicting the fish population response to large scale management actions is best 
done by well planned and controlled ecosystem experiments (Carpenter et al. 1995). Ecosystem scale 
experiments have contributed greatly to our understanding of ecological processes within watersheds 
(Likens et al. 1970, Wright et al. 1993, Hartman et al. 1996), and results from many of these studies have 
led to changes in management strategies (Likens et al. 1978, Wright et al. 1993, Hartman et al. 1996).  
However, generalization beyond a single system requires knowledge of mechanistic interactions or 
multiple ecosystem studies (Carpenter et. al. 1995).  

Network of IMWs are being developed in the Pacific Northwest to evaluate the effectiveness of different 
restoration actions on fish populations and habitat across a range of watershed types (Bilby et al. 2004). 
Financial and logistical constraints make the IMW approach impractical for all restoration actions.  
Therefore, the IMW approach is being implemented in an experimental framework so that the result can 
be extrapolated to similar stream types (Walters 1986). Through the lessons learned from this network 
of IMWs, the region will be able to implement further restoration with greater confidence without the 
rigorous effectiveness monitoring of the IMW approach.   

The following draft experimental and monitoring designs are based on a process began in November 
2007 to select and implement an IMW in southeast Washington. The Asotin Watershed was selected as 
the best candidate to implement an IMW through a series of meetings between ELR and the RTT. Within 
the Asotin Creek watershed, Charley Creek and the North Fork and South Fork of Asotin Creek were 
selected as candidate streams. This IMW will focus on summer run steelhead (Oncorhynchus mykiss) 
because steelhead are the dominant Endangered Species Act (ESA) listed species in the watershed and 
they are a mostly wild population of regional importance (ACCD 2004, Mayer et al. 2008).  

Snake River Salmon Recovery Region 
A location for the IMW was selected within the Snake River Salmon Recovery Region (Figure 1). The 
region is comprised of all of the Asotin, Garfield, and Walla Walla counties and a portion of the Franklin 
and Whitman Counties. The major river drainages in the region are the Asotin Creek, Tucannon River, 
Walla Walla River and a small portion of the Grande Ronde River.  The Tucannon and Walla Walla Rivers 
flow directly into the mid Columbia River and the Asotin and Grande Ronde flow into the Snake River. 
The southeastern portion of the SRSRR is dominated by the forested Blue Mountains which rise to over 
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1940 m elevation. The remainder of the study area is a series of semi-arid rolling hills and ridge tops and 
deeply incised watersheds (Bretz 1929). The majority of the land use in the region is dry land crops 
(55%), rangeland (21%), forest land (16%), and over 87% of all land in the region is privately owned 
(SRSRP 2006). The two main lithologies of the region are the productive loess deposits of the (i.e. 
Palouse grassland), which are remnants of the Lake Missoula flood deposits, and basalt (Beechie et al. 
2007). Precipitation ranges from 30 cm per year in the lowlands to over 178 cm per year in the Blue 
Mountains.  

 
 

 
Figure 1. Location of the different Salmon Recovery Region in Washington State (SRSRB 2006).  
 
The development history of southeast Washington was somewhat different than other areas (e.g. 
northeast Oregon) due to the relative isolation of the area from the traditional migration routes of early 
settlers (McIntosh et al. 1994). Grazing was the predominant form of landscape disturbance in the late 
1800’s and in many cases caused terraced hillslopes and high rates of erosion. After World War I the 
amount of grazing began to decline and forest harvesting and agriculture became the predominant 
forms of land use and causes of stream degradation. The combined effects of agriculture, forest 
harvesting, and grazing have contributed to further degradation of stream habitat, especially in the 
lower stream reaches (SCS 1984). A review of managed and unmanaged watersheds conducted using 
data collected by the Fisheries Bureau of Fisheries between 1934 to 1946 and data collected by the USFS 
from 1987-1992 indicates that there has been a 30% decrease in the number of pools and a 50% 
decrease in the abundance of LWD in the region over the past 50 yrs (McIntosh et al. 1994). 
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Development of the Asotin Creek Intensively Monitored Watershed  

The following section outlines how we a location for an IMW in southeast Washington was selected and 
the steps used to develop an experimental, monitoring, and restoration design. These steps reflect a 
synthesis of recommendations from early IMW literature (Bilby et al. 2004, PNAMP 2004) and our own 
assessment of the process required to develop a scientifically defensible IMW project. Each of these 
steps was conducted either directly during meetings with the RTT, or performed by ELR and then 
submitted to the RTT for review and approval. The SRSRB coordinated all IMW activities and made 
decisions about the direction of IMW based on our recommendations and input from the RTT.  

Coordination with Agencies and Local Groups 
We became familiar with the state and federal fisheries and land management agencies, tribes, and soil 
and water conservation districts that are involved in salmon and steelhead conservation in southeast 
Washington. We used monthly RTT meetings coordinated by the SRSRB to develop the IMW and 
coordinate with ongoing programs. An important aspect of this coordination process was determining 
the types of ongoing fish and habitat monitoring efforts and how these efforts could be used as part of 
the IMW monitoring design to reduce overall project costs and increase the overall efficiency of data 
collection in the study area.  In addition, RTT and SRSRB members provided valuable institutional 
knowledge of the potential IMW areas that greatly aided in our understanding watershed conditions 
and potential difficulties in conducting a large scale stream restoration program.   

Defining Goals 
ELR worked with the RTT to articulate goals as an initial step to the IMW development process. We used 
the existing literature and local knowledge to create goals that could be used to help develop more 
specific hypotheses and questions that will drive the experimental and monitoring design. We selected 
two goals of the Asotin Creek IMW, i) to understand the response of steelhead to specific restoration 
actions, and ii) to be able to extrapolate the results to similar stream types in southeast Washington 
streams.  

Watershed Selection  
A set of candidate streams were selected for consideration as an IMW location based on two minimum 
criteria: the stream had to contain ESA listed species of salmonid and there was a minimum level of 
landowner support. ELR then compiled existing information for each stream (i.e. average annual flow, 
average number of redds, etc.) to assess their potential as an IMW location. The raw data was split into 
low, medium, and high categories based on the distribution of the data within all candidate streams and 
a set of decision rules. We then compiled a set of selection criteria to screen candidate streams based 
on past experience and published IMW literature (Table 1; Bilby et al. 2004, PNAMP 2005). ELR 
presented these criteria to the RTT and through a series of discussions and debate the criteria were 
refined. The criteria were then ranked by each RTT member based on which was considered the most 
important for selecting an IMW location. The average rank for each criterion was then multiplied against 
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the scores of the raw data and summed for each stream and criteria to give an overall rank of the 
stream. These values were used to decide which streams best met the criteria for an IMW location.  
 
Table 1. Criteria used to evaluate the best location for an Intensively Monitored Watershed in 
southeast Washington.  
Criteria Description  

Potential for Response EDT analysis of "restoration potential" (i.e. how likely is fish 
abundance to respond to restoration directed at limiting factors) 

Seeding (# redds and 
redds/mile) 

The number of redds/mile and total number of redds per subbasins; 
minimum criteria of 20 redds required to be considered for IMW 

Controls The number of subbasins with similar characteristics 

Culture/ Social Significance Did the basin have significant cultural and/or social significance (i.e. 
ESA listed species, recreational use, traditional use, etc.)? 

Southeast Washington Were the limiting factors representative of issues in southeast WA? 

% Hatchery Assumed that a lower % of hatchery fish would lead to fewer 
confounding factors 

Fish Data The number of years for all fish data collection summed by basin 

Habitat/Water Quality Data The number of years for all habitat or water quality data collection 
summed by year 

Ongoing Monitoring Summed all ongoing monitoring programs  

PNW  Were the limiting factors representative of issues in southeast WA 
and across the Pacific Northwest 

Past Restoration Summed the number of restoration projects and divided them by 
the area (ha) of stream habitat in that reach/basin  

Size Used mean annual stream flow (cfs) to estimate size of basin and 
ability to restore function 

 

Based on our IMW assessment and selection process outlined above, Asotin Creek watershed was 
selected as the location of the IMW. Specifically Charley Creek was chosen as the treatment stream and 
the North and South Forks of Asotin Creek were chosen as control streams (see Appendix II for results of 
the ranking process). The proposed treatment section of Charley Creek extends from the mouth 
approximately 12 km upstream. The lower 8 km are almost entirely on private land while the upper 4 
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km are managed by WDFW (Asotin County Wildlife Area) and the USFS (Umatilla National Forest). The 
treatment section of Charley Creek has been heavily grazed and much of the riparian vegetation has 
been removed or degraded, especially on the private land section. Where riparian vegetation is present 
it tends to be dominated by alder (Alnus sp.) and willow (Salix sp.) that are much smaller than the 
mature ponderosa pine (Pinus ponderosa), Douglas-fir (Psuedotsuga menzezii), and cottonwood 
(Populus sp.) that likely occurred in the riparian areas pre-European settlement (ACCD 2004, McAllister 
2008). The North Fork and South Fork control sections extend from the mouth of each stream upstream 
approximately 12 km and both streams are on WDFW and USFS land. Cattle grazing has been excluded 
on the North Fork and South Fork for several years but both streams have been degraded by forest 
harvesting and cattle grazing in the past (see Asotin Creek Study Area below for a more detailed site 
description).  

Asotin Creek and its tributaries are desirable as an IMW location in the SRSRR, in part, for the following 
reasons: 

• There is strong agency and land owner support, 
• Asotin Creek represents an area of significant concern for the region, 
• Asotin Creek has a wild steelhead population, and steelhead population seeding levels are 

relatively high compared to other candidate IMW watersheds in the region, 
• A model watershed plan (ACCD 1995), subbasin plan (ACCD 2004), and recovery plan (SRSRB 

2006) have been developed, 
• Extensive restoration activities consistent with these plans have been implemented that 

eliminate many imminent  threats, 
• Low incidence of hatchery fish introgression (< 13%; Mayer et al. 2008), 
• The Asotin Creek subbasin is a single MSA and as such has criteria and benchmarks against 

which to monitor progress, 
• WDFW has operated an adult weir since 2005 and smolt trap since 2004, and collects an 

extensive suite of biological and trap efficiency data, 
• WDFW has a long-term adult escapement and juvenile density/distribution abundance data set 

(1983 – present), 
• Several stream habitat surveys have been conducted by the USFS and Natural Resources 

Conservation Service (NRCS) throughout the study area (e.g. Herbert 1996, NRCS 2001),  
• There are three active stream flow gauges in the Asotin Creek MSA, and 
• Several years of water temperature data is also available (WSU 2000, Bumgarner et al. 2003). 

 

Asotin Creek Study Area 
Below we briefly describe the Asotin Creek study area. For more detail please refer to ACCD (1995) and 
ACCD (2004). Asotin Creek is a tributary of the Snake River, flowing through the town of Asotin, in the 
southeast portion of Washington and the SRSRR (Figure 2). The Asotin Creek watershed is within the 
Columbia Plateau and Blue Mountains level III ecoregions. These ecoregions are dominated by deep 
narrow canyons cut into basalt geology and surrounded by semi-arid sagebrush steppe and grasslands at 
lower elevations and open conifer dominated forests at higher elevations (Omerik 1987, Clarke 1995, 
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Omerik 1995). The Asotin watershed is approximately 84,240 ha and the average annual precipitation 
ranges from 115 cm at higher elevations in the Blue Mountains to less than 30 cm at lower elevations 
(240 m) along the Snake River. The most common land use is pasture/rangeland (43%), followed by 
forestland (30%), and cropland (27%; ACCD 2004).   

 

Figure 2. Location of Asotin Creek within Washington and the potential location of the IMW within 
Asotin Creek (area within circle; Figure modified from Mayer et al. 2008).  

Asotin Creek Model Watershed Plan 
In 1995 a model watershed plan was developed for Asotin Creek by a land owner steering committee 
with support from state agencies (ACCD 1995). The plan was one of the first attempts in Washington 
State to develop a watershed scale plan to restore stream function and salmonid populations. The plan 
highlighted four key issues in the watershed: i) high stream temperature, ii) lack of resting and rearing 
pools containing large woody debris (LWD), iii) sediment deposition in spawning gravels, and iv) high 
fecal coliform counts. The model watershed plan called for a series of restoration efforts to improve fish 
habitat and water quality including riparian fencing (26,400 linear feet), riparian planting (36,000 linear 
feet), instream habitat structures (144), tree planting (30 acres), and changes to upland framing 
practices including over 1,400 ha reserved in permanent grass cover. Since 1996, 581 fish habitat related 
projects have been implemented in the Asotin Creek watershed with the majority of projects focused on 
upland issue (60%) and riparian restoration (23.9%). Most of these projects were implemented in 
George Creek and its tributaries and in upper Asotin Creek between Headgate dam and the confluence 
of North Fork and South Fork Creeks. Implementation of the plan has resulted in reductions of sediment 
from upland sources, stabilization of stream banks, and increased habitat complexity (NRCS 2001). 
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However, riparian function, incision, and bank erosion are still impaired in many areas, especially the 
lower reaches of Charley Creek on private land (NRCS 2001). 

Stream Morphology 
Asotin Creek watershed has two main drainages: the mainstem and George Creek. The IMW will focus 
on the mainstem upstream of the confluence with George Creek. Three tributaries to upper Asotin 
Creek will be used as part of the IMW: Charley Creek, North Fork Creek, and South Fork Creek. Most of 
the lower sections of the South Fork and North Fork are managed by the Washington State Department 
of Fish and Wildlife (WDFW) and the upper watersheds are managed by the United States Forest Service 
(USFS). The lower section of Charley Creek is on private land. The Asotin Creek watershed lithology is 
similar to the rest of the SRSRR and the Asotin has had similar alterations to its stream morphology and 
riparian habitat as other streams in the region (NRCS 2001). In general, Asotin Creek and its tributaries 
are more channelized, have a higher gradient, fewer pools and LWD, higher water temperatures, and 
reduced and degraded riparian habitats compared to pre-European settlement (NRCS 2001, ACCD 
2004). These changes were brought about primarily by over-grazing, increased sediment due to upland 
farming practices, channel straightening, forest harvest, and flooding (NRCS 2001).  
 
The impact of flooding has been identified as a significant contributor to the degradation of stream 
habitat in Asotin Creek and its tributaries (NRCS 2001, B. Johnson, Pers. Comm.). The NRCS conducted 
two stream surveys of Asotin Creek including Charley Creek, North Fork, and South Fork in 1992 and 
again in 2000 in support of the Asotin Creek Model Watershed Plan and to determine the impacts of 
two very large floods in late 1996 and early 1997 (Figure 3). The floods were the highest recorded in 
Asotin Creek since the 1960’s. There was an overall increase in the number of large pools (> 1 m deep) 
and pieces of LWD between 1992 and 2000 in Asotin Creek and its tributaries (NRCS 2001). 
Implementation of stream restoration using instream structures as outlined it the Asotin Model 
Watershed Plan were attributed to these improvements. However, the percentage of riparian cover 
decreased by almost half (60-80% down to 20-40%) during the same period due to erosion of stream 
banks. The general degradation of riparian vegetation and lack of mature riparian trees has resulted in 
poor recruitment of large LWD required to maintain and create habitat complexity and channel stability. 
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Figure 3. Size of maximum discharge events in Asotin Creek from 1960 to 2007. Data based on USGS 
stream gauges # 13335050 and 13334700. 
 
Another large flood in 1964 is believed to have been responsible for the failure of two ponds that were 
created on Charley Creek by the WDFW (Figure 3). The ponds were created to provide recreational 
fishing opportunities by pushing floodplain material to create 2-3 m high dams on the mainstem of 
Charley Creek. These dams failed during the high water of 1964 and the resulting floods caused 
significant damage to the stream channel downstream of the Asotin County Wildlife Area. The floods 
also destroyed a private residence at the mouth of Charley Creek. The flooding likely removed many 
LWD pieces, caused extensive bank erosion, and changed the bed load composition (i.e. reduced gravel 
deposits).  

The lower reaches of the treatment and control streams (hereafter referred to as “study streams”) have 
a relatively steep gradient (2.5 – 3.5% gradient) and flow through narrow, v-shaped valleys (Table 2). 
The channel morphologies range from plane-bed to step-pool as described by Montgomery and 
Buffington (1997). Plane-bed streams typically form in confined steep channels (1.5-3.0%) and are 
straight, cobble dominated channels with few features. The NRCS (2001) classified these types of 
streams as Rosgen “G” type streams. Step-pool streams are steeper (3.0-6.5%) and typically have pools 
spaced 1-4 bankfull widths apart. The NRCS (2001) classified these types of streams as Rosgen “B” type 
streams. The dominant sediment sources under natural conditions in both these stream types are 
hillslope failures and debris flows (Montgomery and Buffington 1997).  
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Table 2. Summary statistics for Charley Creek, North Fork, and South Fork in the Asotin Creek IMW 
project. 

Stream Reach
Elevation 

(m)
Ave. annual 
precip (cm)

Gradient 
(%) D50

Bankfull 
width (m)

Fish Habitat Flow 
(m3/sec)*

Basin area 
(ha)

Charley Creek 1 531 372 2.7 300
2 595 388 3.3 44.0 5.6 375 164
3 662 417 2.8 67.5 5.2 563 162
4 724 449 2.9 300
5 800 496 3.2 53.5 3.8 390 168 0.2 58

North Fork 1 570 385 2.3 95.0 10.0 350 187
4 704 466 2.9 81.5 7.7 330 186
6 808 560 2.7 70.0 8.9 364 187 0.34 104

South Fork 2 632 393 2.4 50.0 6.2 532 165
3 685 415 2.3 66.0 4.8 495 166
5 802 447 3.0 89.0 6.2 315 168 0.14 57

Reach Length (m)

 

*Flow is average mean annual discharge based on extrapolations from discharge gauges below the North and 
South Forks and limited field measurements in Charley Creek. 

Focal Species 
Asotin Creek supports three species currently listed as threatened under the Endangered Species Act 
(ESA): bull trout (Salvelinus confluentus), spring Chinook salmon (O. thshawytcha), and summer 
steelhead (ACCD 2004). Chinook salmon are present in very low numbers and little is known about their 
population status. Bull trout are mostly limited to the upper watershed apart from migrating adults. 
Summer steelhead were selected as the target species for this IMW study by the local Snake River 
Regional Technical Team. The Asotin steelhead are summer “A” run fish that generally migrate past 
Bonneville Dam before August 25 (ACCD 2004). Approximately 500 adults return to spawn upstream of 
the WDFW adult weir trap on the mainstem of Asotin Creek each year based on 2005-2007 data (Mayer 
et al. 2008). Adults begin to pass the weir in late December and peak spawning takes place in April and 
May. Asotin Creek was designated as a natural production steelhead reserve area after the 
discontinuation of a hatchery supplementation program in 1987 (ACCD 2004). A detailed study of the 
run began in 2003 with the deployment of a 5 m rotary screw trap (smolt trap) and construction of an 
adult weir in 2004 (Mayer et al. 2008).   

Review of Technical Evaluations 
A great deal of data already exists for salmonid populations in southeast Washington. We reviewed 
several sources of information to assess candidate IMW streams. Two primary sources of information 
were the Snake River Salmon Recovery Plan (SRSRP 2006) and individual Watershed Plans (e.g. ACCD 
2004, WWC 2004). Both of these sources relied heavily on existing WDFW historic fish survey data, 
expert opinion, and the Ecosystem Diagnosis and Treatment (EDT) method (Lichatowich et al. 1995). A 
review of existing evaluations was conducted to i) assess the amount and quality of the existing 
information and ii) to determine the status and likely limiting factors of summer steelhead populations 
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in candidate IMW streams. A database of relevant data sources is being compiled as part of the IMW 
process (Appendix III).  

Identification of Limiting Factors  
We reviewed the existing limiting factors analysis to determine the completeness and limitations of the 
data and its interpretation. We also conducted several field reviews of the candidate IMW watersheds 
and compiled information on current and reference conditions of key habitat variables to assess the 
existing limiting factors analysis. Common limiting factors that were identified in numerous watersheds 
in the SRSRR included high sedimentation, high water temperature, decreased riparian function, low 
habitat diversity, and low LWD and pool abundance (ACCD 2004, SRSRB 2006). 

Prior to the initiation of the IMW study in Asotin Creek, ecosystem diagnostic and treatment (EDT) 
analysis was used to initially identify limiting factors for steelhead in Asotin Creek. The EDT analysis 
identified sediment, LWD, pool habitat, riparian function, stream confinement, summer water 
temperatures, bedscour, and flow as limiting factors for steelhead (SRSRB 2006). These limiting factors 
were believed to be caused by over-grazing, channel modification, flooding, road building, agriculture, 
and forest harvesting. Other regional and watershed assessments also identified similar limiting factors 
(Table 3).  

Table 3. Limiting factors to steelhead production identified by a variety of regional watershed 
assessments.  

  
Limiting Factors 

Assessments Citation LWD Pools Riparian Sediment Temp 
Model Watershed Plan ACCD 1995 X X  X X 
Asotin Subbasin Plan ACCD 2004 X X X X  
Salmon Recovery Plan SRSRP 2006 X X X X X 
Mid Snake Watershed Plan HDR 2006   X   X X 

 
Limiting factors IMW will focus on 
Based on the existing limiting factors analysis, reconnaissance level field surveys (January to May, 2008), 
and pre-treatment fish and habitat surveys, we determined that some riparian functions were impaired 
and may be the most prevalent limiting factor in the study streams. In order to repair riparian function it 
will take several decades of riparian restoration (e.g. fencing, cattle exclusion, planting). The current 
riparian forests are dominated by young alder and some willow. This woody vegetation likely provides 
adequate shading as a review of stream temperature suggest that lethal or even stressful temperatures 
are rarely experienced by O. mykiss. In addition, organic and terrestrial invertebrate inputs tend to be 
higher in alder dominated systems relative to conifer dominated riparian areas (Wipfli 1997). However, 
the riparian forests in these tributaries seemed to provide little LWD (i.e.> 30 cm diameter) inputs (see 
below). Smaller diameter LWD tend to decay faster than large pieces and be transported from the reach 
by fluvial processes causing overall LWD abundance to remain low until mature conifers develop 
(Beechie et al. 2000). If the current riparian forests are not contributing sufficient amounts and sizes of 
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LWD to the stream we would expect to observe fewer LWD pieces and pools in Asotin Creek than is 
predicted for similar streams in reference conditions (i.e. natural conditions unaltered by development). 
Below we summarize our findings for the limiting factors identified in Table 3.  

Riparian Function  
All of the limiting factors identified in Asotin Creek are directly or indirectly related to degraded riparian 
function. Riparian ecosystems link terrestrial and aquatic ecosystems through the flow of energy, 
nutrients, and water and their importance is far greater than the actual area they occupy on the 
landscape (Gregory et al. 1991). Riparian habitats interact with streams to provide many important 
functions including shading, organic inputs, bank stabilization, and filtration of sediments (Naiman et al. 
2005). Historically riparian habitat has been degraded by forest harvesting, road construction, cattle 
grazing, and channel straightening and dyking (Beschta 1997).  

Much of the riparian habitat along the mainstem of Asotin Creek has been fenced to prevent further 
degradation by cattle and large areas have been planted and or converted to CREP land in an effort to 
restore riparian function (ACCD 2004).  In North Fork and South Fork Creeks, cattle grazing has been 
removed for several years as part of the WDFW and USFS management plans and planting of riparian 
areas has also been conducted. Riparian cover is well established along most of the North Fork and 
South Fork dominated by alder and willow in the lower reaches and becoming more conifer dominated 
in the upper reach of the proposed control sections. The lower portion of Charley Creek is only fenced in 
some small sections and the fencing appears to be poorly maintained. Cattle are kept on the private 
land section of Charley Creek during the winter and have degraded riparian habitat considerably (Photo 
1-2). NRCS (2001) noted almost 2 km of channel incision and bank erosion along the lower section of 
Charley Creek due to cattle trampling the banks, flooding, and limited riparian vegetation. The amount 
of damage was the highest noted in the Asotin watershed. Despite the lack of fencing, alder, willows, 
and a few scattered ponderosa pine and Douglas fir are growing in a narrow (5-50 m) band along 40-
50% of the lower 8 km of Charley Creek (Photo 3-4). On WDFW land and USFS land the extent of riparian 
cover is greater due in part to cattle exclusion. The percent cover of riparian habitat will be more 
precisely determined with the use of Light Detection and Ranging (LiDAR) and 3-band digital aerial 
photography remote sensing that will be collected as part of this design effort.  
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Photo 1. Example of degraded riparian habitat along Charley Creek (February 18, 2008).   

 

Photo 2. Example of degraded riparian habitat along Charley Creek (April 15, 2008). 
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Photo 3. Riparian area with thin band of young mixed forest along Charley Creek (April 15, 2008). 

 

Photo 4. Band of conifer trees along Charley Creek approximately 12 km upstream of the mouth (April 
15, 2008). 

Determining what the condition of riparian habitat was prior to European settlement is an important 
and active area of current research (Fullerton et al. 2006, McAllister 2008). Understanding the species 
composition, stand densities, disturbance dynamics, and range of conditions in pre-settlement riparian 
habitats will allow managers to implement restoration actions that will have a greater chance of 
restoring degraded systems to more reference like conditions. However, assessing pre-settlement 
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conditions is often difficult because of a lack of rigorous data. Two recent approaches to reconstructing 
riparian conditions are historical reconstructions (McAllister 2008) and vegetation modeling (LANDFIRE 
2007). McAllister (2008) recently used an historical reconstruction technique to determine pre-
settlement riparian conditions in the John Day and Deschutes watersheds in Oregon. These watersheds 
occur in the Columbia Plateau and Blue Mountains ecoregions and have similar biophysical conditions to 
the Asotin watershed. McAllister (2008) used a combination of General Land Office surveys (GLO), 
historical photographs, and written accounts from settlers and explorers to collect data on the types of 
historic riparian habitat conditions. McAllister found that streams with gradients between 1.9 and 4.5% 
flowing through v-shaped valleys in semi-arid areas with sage brush dominated uplands often had 
riparian areas dominated by large cottonwoods in the overstory, as well as alder, willow, aspen and 
birch. Ponderosa pine, Douglas-fir and juniper were also common on the hillsides and along stream 
margins. These trees were often between 50 and 90 cm diameter. Some of habitat these types are still 
visible along portions of Charley Creek, North Fork, and South Fork (Photo 4).  

Another approach to assessing historic riparian areas is under way via a multi agency modeling approach 
known as the Landscape Fire and Resource Management Planning Tool Project (LANDFIRE 2007). 
LANDFIRE uses satellite imagery to produce 30 m resolution raster data on vegetation cover, canopy 
height, and type. The LANDFIRE vegetation layers are classified using the Natureserve classification 
system developed for the United States and Canada (Comer et al. 2003). One potentially powerful data 
source in LANDFIRE is the Biophysical Setting layer (BsP) which attempts to model the “vegetation that 
may have been dominant on the landscape prior to Euro-American settlement”. We reviewed the BsP 
layer for the Asotin watershed and the proposed IMW location and found that most of the riparian 
corridor was classified as Rocky Mountain Montane Riparian Ecosystem which is characterized by tree 
dominated mosaics of multiple communities found in flood zones and along stream banks (Natureserve 
2008; Figure 4). Cottonwood is the dominant overstory tree species in this zone of the Columbia Plateau 
region, and aspen, ponderosa pine, Douglas fir, juniper, willow, and birch are all common tree species in 
this vegetation type.     
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Figure 4. Potential extent of riparian forest types based on LANDFIRE modeling (www.LANDFIRE.gov) 
in Asotin Creek upstream of Headgate dam.  
 
The historical reconstruction and modeling approaches both have similar findings and suggest that the 
riparian habitat along Asotin Creek and its tributaries was likely more forested than it is at present. 
However, both of these tools are more suited for regional assessments and have only limited use for site 
specific locations. We recommend that this information be used along with other assessments (see 
below) to determine what the ultimate restoration goals should be. Due to limitations in any 
reconstruction approach it may be necessary to chose restoration goals that are directed at creating a 
certain response in salmonid habitat irrespective of the historic conditions as an enhancement strategy. 

Large Woody Debris and Pools 
Large woody debris from riparian zones can enter the stream at infrequent intervals as a result of 
riparian tree mortality or undercutting of trees on the bank (Bilby and Bisson 1998). Large natural 
disturbance events like fire, flooding, or windthrow can add large amounts of LWD to stream channels in 
a short period of time (Bilby and Bisson 1998). Large woody debris has the potential to alter both the 
structure and function of stream ecosystems (Harmon et al. 1986). The effects of LWD on stream 
ecosystems are far-reaching as it can alter sediment storage and routing (Montgomery et al. 2003), 
stream channel morphology and dynamics (Keller and Swanson 1979, Montgomery et al. 1995, 
Montgomery et al. 2003), invertebrate habitat and abundance (Wallace et al. 1995) and fish habitat 
(Dolloff 1986, Fausch and Northcote 1992). These effects can occur across multiple spatial scales. At the 
channel and reach scale the influence of LWD typically increases with decreasing stream width and LWD 
accumulates at a faster rate in smaller streams due to lower turnover rate via fluvial transport (Beechie 

http://www.landfire.gov/
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et al. 2000). In streams where riparian vegetation has been removed, recovery of pool habitat as new 
LWD enters the stream is more rapid in smaller steeper streams (Beechie et al. 2000, Montgomery et al. 
2003) and pools spacing is inversely related to LWD frequency (Montgomery et al. 1995, Beechie and 
Sibley 1997). At the valley bottom and landscape scale it is now recognized that LWD can create a forced 
“step-pool” morphology in small steep (1.5-4% gradient) streams, and that removal of LWD can cause 
the channel to revert to a cascade or bedrock channel depending on the stream type (Montgomery et al. 
2003). 

We compared the historic and current abundance of LWD and pools in the study streams to estimates of 
reference conditions from stream surveys in similar stream types. We used stream survey data in Asotin 
Creek and its tributaries from the USFS collected in the early 1990’s to compare to recent surveys we 
conducted in 2008. In late July and early August, we conducted 11 PIBO habitat surveys (5 in Charley 
Creek, and 3 each in the North Fork and South Fork; Appendix I). The USFS used different protocols in 
the 1990’s for measuring stream habitat (e.g. Herbert 1996) compared to the protocols we used (Heitke 
et al. 2008). The main difference was that LWD was only counted in the 1990’s if the pieces were > 6.0 m 
long and > 10 cm diameter and pools had to be > 1 m deep. The PIBO protocol we used counted LWD if 
it was > 1 m long and > 10 cm diameter and pools had to have a maximum depth > 1.5 times the residual 
pool depth. These differences will bias the estimates low for the earlier USFS surveys. We also used 
surveys of LWD and pool from managed and reference conditions within the Umatilla National Forest 
(UNF) determined by the USFS Fish and Aquatic Ecology Unit (2001-2006), and sites assessed east of the 
Cascade Mountains for streams in semi-arid regions of Washington, Oregon, and Idaho (McIntosh et al. 
1994, Carlson et al. 1990, Fox ad Bolton 2007). We used reference sites in the UNF with similar gradients 
(2-3.5%), elevation (< 1000 m), and geology (volcanic) as our study streams. The reference sites from 
semi-arid regions of Washington, Oregon, and Idaho had a wider range of stream characteristics and 
only matched our study streams at the ecoregion level.  

The mean number of LWD per 100 m was higher in semi-arid reference sites compared to the mean 
number from the Asotin in semi-arid reference sites the 1990s or current Asotin levels (Figure 5).  The 
mean number of pools was also higher in semi-arid reference sites compared to the pooled results from 
the 2008 sampling in the Asotin (Figure 6). Although it appears that the amount of LWD has increased in 
Asotin Creek since the 1990’s, this is likely due in part to the difference in LWD definitions between the 
1990’s and now. The definitions of pools changed enough between the 1990s and present to preclude 
comparisons. 
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Figure 5. Comparison of the number of LWD/100 m in the Asotin Creek watershed for historic (1990’s), 
current (2005 and 2008), and semi-arid reference conditions. Box plot edges represent 25th and 75th 
percentiles, the horizontal line is the median, and the star is the mean. 
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Figure 6. Comparison of the number of pools/100 m in the Asotin Creek watershed from current (2005 
and 2008) and semi-arid reference conditions. Box plot edges represent 25th and 75th percentiles, the 
horizontal line is the median, and the star is the mean. 

It appears that not only is there less LWD and pool habitat lower in Asotin Creek compared to reference 
conditions, but the size distributions are different (Figure 7 and 8). A comparison of the distribution of 
diameter classes suggests that there are more pieces of LWD > 40 cm diameter in reference streams 
compared to the pooled results of Asotin Creek sampling in 2008. The same trend exists for residual 
pool depths with more pools with residual pool depths > 60 cm in reference conditions. Although these 
results are based on small sample sizes and comparisons are between reference streams that may differ 
in some characteristics; they do suggest that the abundance of pools and LWD have likely decreased in 
Asotin Creek and its tributaries.    
 

 
Figure 7. The size class distribution of LWD in Asotin Creek (Charley Creek, North Fork, and South Fork 
combined) based on sampling 3,714 m of stream habitat in July and August 2008 (n = 314) versus 
Umatilla National Forest reference sites (First ,Second, and Third Creek; n = 125) .  
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Figure 8. The size class distribution of resudual pool depths in Charley Creek, North Fork, and South 
Fork (combined) based on sampling 3,714 m of stream habitat in July and August 2008 (n =68) versus 
Umatilla National Forest reference sites (First ,Second, and Third Creek; n = 33) .  
 
The mean amounts of LWD and pools were similar between streams (Figure 9 and 10); however, there 
were differences between reaches (Figure 11 and 12). Stream reach 2 and 4 in Charley Creek and reach 
4 of North Fork had the lowest amount of LWD and pools of all the reaches assessed. The amount of 
dominant LWD (i.e. LWD > 30 cm diameter that is most likely to influence the stream channel 
morphology) was rare in most reaches except reach 1 in Charley Creek. This was mostly due to barb wire 
fencing that spanned the creek and tree cutting on private property in reach 1 that artificially increased 
LWD abundance.  
 

 
Figure 9. The mean number of pieces of LWD per 100 m (> 0.1 m diameter and > 1 m length within 
bankfull width) in Charley Creek, North Fork, and South Fork based on 2008 PIBO surveys.  
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Figure 10. The mean number of pools per 100 m (ratio of max depth to residual pool depth > 1.5) in 
Charley Creek, North Fork, and South Fork based on 2008 PIBO surveys.  
 

 
 
Figure 11. Number of LWD pieces per 100 m by stream reach. 
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Figure 12. Percent of pools stream reach. 
 

 
 
Figure 13. The amount of LWD > 30 cm diameter in Charley Creek (CC),  
 
These analyses indicate that there is less LWD and pools than were likely present during pre-settlement 
times although the amount and distribution of these habitat elements are still unclear. We propose to 
continue to assess and refine these analyses during the pre-treatment monitoring period to develop a 
more detailed restoration plan (see below).  
 
Sediment and Temperature 
The substrate of Charley Creek, North Fork Creek, and South Fork Creek is dominated by gravels and 
cobbles. D50 measurements for all three streams ranged from 44 mm to 95 mm with North Fork having 
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the largest median substrate and Charley Creek having the lowest (Table 2). The percent pool tail fines 
ranged between 0.0 and 5.6% particles < 2 mm. These ranges of percent fines are low compared to 
other assessments of percent fines in managed streams (Kershner et al. 2004) and suggest that fine 
sediment is not a limiting factor in the study streams. The NRCS (2001) found less cobble embeddedness 
in a repeat survey in 2000 compared to a 1992 survey and it is thought that changes in upland 
agricultural practices have significantly reduced the erosion rates of the early 1990’s which were 
estimated at approximately 4 tons/acre/year from cropland.  

Figure 14 shows the average maximum daily temperatures in Asotin Creek based on data from 
temperature probes deployed between 2000 and 2004 (Bumgarner et al. 2003, WDFW unpublished 
data). All the study streams exceeded the Washington Department of Ecology (WDOE) standard of 18 ˚C 
during a portion of the summer. The mainstem of Asotin Creek near Headgate dam exceeded the WDOE 
temperature limit for the greatest length of time. South Fork had the highest recorded temperatures of 
the three proposed IMW study streams and Charley Creek had the lowest. South Fork may have the 
highest temperatures because of low flows (Table 2) and Charley Creek may have cooler temperatures 
because of higher flows and the presence of springs (B. Johnson, Pers. Comm.). Charley Creek had 
higher stream temperatures than either the North Fork or South Fork in the spring and cooler 
temperatures in the summer months which may be due to ground water springs producing more 
consistent water temperatures. However, Bumgarner et al. (2003) noted that Charley Creek had the 
greatest rate of stream temperature increase when measuring the change in temperature per km 
(Figure 15). The more rapid increase in stream temperature in Charley Creek may be attributed to the 
reduced riparian cover in Charley Creek. Despite the temperatures exceeding WDOE limits, the observed 
maximum temperatures are not likely to be a major limiting factor for adult or juvenile steelhead as 
steelhead have a higher tolerance for water temperatures than bull trout, which the limits were 
designed to protect (Railsback and Rose 1999, Selong et al. 2001). It is anticipated that restoration 
activities to restore riparian function will further reduce sediment inputs and decrease water 
temperatures in all study streams.  
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Figure 14. The mean maximum daily temperature in Asotin Creek and tributaries based on 
temperature probe data from 2000 to 2004.  

 

Figure 15. Mean temperature increase/river km between various locations in the Asotin Creek from 
15 July to 15 August, 2003 (reproduced from Bumgarner et al. 2003).  
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Refine Questions into Testable Hypotheses 
We used a series of questions to help refine broad management goals into specific hypotheses which 
will dictate the experimental and monitoring designs (Marmorek  et al. 2006). The responses to these 
questions help to determine what, where, when, how, and the duration different comparisons will be 
made and how the sampling design will allow for such comparisons. Examples of questions we used 
include:   

• What are the species, including life-history type and gender, of interest?  
• What is the spatial boundary of the population for which inferences will be made?  
• What is the population response variable(s) that will be evaluated to determine whether a 

change has occurred?  
• What is the reference or final condition that the restoration is trying to achieve?  
• What is the size of change in population response that can be detected?  
• Over what time period(s) do you want to describe the population response?  
• Are there surrogate measures of population response?  
• Are there other factors that can be attributed to the observed population response?  
• What tradeoffs between uncertainty, errors, and costs are acceptable (i.e. Type I and Type II 

statistical errors)?  
 
Based on the question clarification approach above we have proposed the following scope and 
hypotheses to test using the Asotin Creek IMW.  
 
Focal species – summer steelhead 
Life history group – focus on juvenile survival, but will also look at the number of adult spawners. 
Scope (boundary of  inference) – the upper Asotin Creek Watershed above Headgate dam. 
Final restoration condition – increase in LWD and pool abundance in Charley Creek to within range of 
reference conditions found in similar streams  (i.e. target 75th percentile of reference condition 
distributions for LWD and pools as per Fox and Bolton 2007). 
Effect size – want to detect a minimum of 50% increase in population and habitat attributes. 
Factors to attribute population response – increase in habitat complexity (pool abundance, residual 
pool depth, and cover) which results in increased winter survival of juvenile steelhead due to increased 
winter habitat capacity. 
Type I and II errors – will use α = 0.1 (10% probability of a Type I error) and β = 0.8 (20% probability of 
Type II error) for all analyses. 
 
The hypotheses that we generated using this process are as follows:  

• Additions of LWD that simulate natural LWD inputs will lead to a doubling of pool abundance 
(i.e. mean of five pools/100 m to ten pools/100 m) in the lower 12 km of Charley Creek within 
one year after addition of LWD relative to change in pool abundance in control watersheds.   

• A doubling of pool abundance as a result of the LWD manipulations will lead to an increase in 
juvenile steelhead seasonal survival within the treatment sections after one year of treatment 
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relative to the control sections after controlling for the number of spawners, and other changes 
in habitat not accounted for by using the control watersheds. 

• A doubling of pool abundance as a result of the LWD manipulations will lead to at least a 50% 
increase in juvenile steelhead density and abundance within the treatment sections relative to 
the control sections after controlling for the number of spawners and other changes in habitat 
not accounted for by using the control watersheds. 

• A doubling of pool abundance as a result of the LWD manipulations will lead to an increase in 
juvenile steelhead growth within the treatment sections relative to the control sections after 
controlling for the number of spawners and other changes in habitat not accounted for by using 
the control watersheds. 

• A doubling of pool abundance as a result of the LWD manipulations will lead to a 50% increase 
in juvenile steelhead production within the treatment sections relative to the control sections 
after controlling for the number of spawners and other changes in habitat not accounted for by 
using the control watersheds. 

• Another possible hypothesis we may investigate is whether changes in habitat quality and 
quantity will affect the age structure (life history diversity) of out-migrating fish. An average of 
33% of out-migrating steelhead juveniles were age 1 fish between 2004 and 2007 (Mayer et al. 
2008). The age 1 fish appear to have very low survival as only ~ 3% are detected downstream as 
they pass mainstem dams compared to 40-50% of age 2 and 3’s. Improvements in freshwater 
rearing habitat may induce more age 1 fish to stay in the Asotin and rear for an extra year or 
more, potentially increasing their survival through the dams.  

Experimental Design 
We used a review of experimental design literature, experience from ongoing IMW projects, and 
discussions with the RTT to develop an experimental design. A common design to evaluate the impact of 
restoration actions is the Before and After (BA) treatment comparison (Downes et al. 2002). In BA 
design, samples are taken at various locations before and after a treatment (Green 1979).  This occurs in 
the same reach or reaches impacted by restoration action, but in some situations are also measured in 
control areas, referred to as a before-after-treatment-control or BACI design.  In most cases, the use of 
control(s) greatly increases the power of detecting impacts; however, poorly chosen controls sites can 
decrease the power of detecting an impact (Korman and Higgins 1997, Roni et al. 2002). A key factor in 
determining a location for the IMW was the availability of suitable controls. For a control to be suitable 
it had to have similar stream morphology, have limited restoration or management actions planned, and 
have similar summer steelhead population trends as the proposed treatment stream.  

We propose that a BACI-like design in a nested hierarchy be implemented to compare treatment and 
control sections within and between watersheds. This type of design is referred to as a “staircase” 
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design which has been recommended as an alternative to standard BACI designs (Walters et al. 1988, 
Loughin 2006, Loughin et al. 2007). A staircase design involves a modification to the typical BACI design 
whereby treatments are staggered in time within the treatment area. Instead of a single treatment 
being initiated and compared to a control through time, the treatments are staggered so that treatment 
replicates are established in different time periods (Loughin 2006). There are several advantages to 
using a staircase design. First, the staggering of the treatments over time allows for the distinction 
between the random effects of year and year x treatment interactions. This prevents random initial 
environmental condition (e.g. drought or high water year) from having an overriding affect on the ability 
of the experiment to detect true treatment effects. Loughin et al. (2007) demonstrated that standard 
long-term experiments “fail to model both random environmental effects and their interactions with the 
treatments” which can lead to misleading results. Second, by staggering treatments within the 
treatment area, treatment sections can be used as controls until they are treated, guarding against loss 
of other control areas. Third, it is uncertain to the degree restoration may impact downstream reaches. 
A comparison of multiple reaches within a single watershed may be more powerful because of a greater 
number of replicates and the ability to accurately describe a reach versus a watershed or subbasin; 
however, these sites may not be independent from each other. The independence of our controls will 
depend on how far steelhead move within and between streams, and on the degree to which physical 
impacts from treated reaches propagate into the next study reach.  

Underwood (1994) suggests a nested hierarchical approach when the scale of impact is unclear. Our 
monitoring design will directly address the issue of fish movement at the reach, section, and watershed 
scale. We will also be evaluating the degree of variability and statistical power associated with each 
scale (Underwood 1994). The latter two points will provide insight into the scale at which future 
restoration actions should be monitored. This hierarchical design will also lend itself to the testing and 
development of causal relationships. These relationships include fish-habitat relationships, relationships 
between instream characteristics, and relationships between landscapes, habitat, and fish, and thus 
require multi-scale information. Finally, implementing the full suite of treatments over an extended 
period can be a benefit logistically and economically because large areas do not have to be treated all 
within one year. This multi-scale approach will be robust and flexible enough to account for range of 
responses we are likely to observe. 

The most general staircase statistical model can be written as (Walters et al. 1988):  

itittiit Ry ετµ +++=   (equation 1) 
where 
 
yit  is the tth observation at site i  
μi is the mean response for unit i in the absence of treatment 
τi… is the time-averaged effect shared by all units independent of whether they are  treated 
Rit is the effect of treatment on unit i at time t  
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εit  is the residual value after accounting for all the above effects (and estimable only when 
multiple subsamples are taken within each location at each time).  

 
However, assumptions about time-treatment interactions must explicitly be stated.  We are still 
developing the final statistical model that will be used to assess treatment effects.  

 

For this IMW we propose Charley Creek be used as a treatment section and the North Fork and South 
Fork be used as control streams (Figure 16). We proposed that Charley Creek be used as a treatment 
stream because it is on private property and the riparian and stream habitat is unlikely to improve 
without active restoration; whereas the North Fork and South Fork are managed by WDFW and mostly 
protected from further degradation. We propose Charley Creek be delineated into three treatment 
sections each approximately 4 km in stream length starting at the mouth (i.e. total treatment area 12 
km). Each restoration treatment will be implemented on one section every 2-3 years starting in year 
four (Figure 16). By year 10 all the treatment sections in Charley Creek will be completed and the only 
controls will be in North Fork and South Fork Creeks. At the watershed scale, Charley Creek will be 
compared to nearby North Fork and South Fork Asotin. We suggest a minimum of 3 yrs pre-project 
monitoring to establish relationships of steelhead abundance and stream habitat variables between the 
three study streams.   

 

Figure 16. Experimental design with treatment and control sections proposed for the Asotin Creek 
IMW project based on implementing treatments every three years.  
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Correlation Between Treatment and Controls  
For the IMW experimental design to be able to detect changes in fish population abundance and survival 
as a result of restoration activities it is critical to have suitable control streams (Downes et al. 2002). We 
have proposed using three control streams: Charley Creek (i.e. untreated sections during years 1-10), 
North Fork, and South Fork. We used time series data and Pearson’s correlation coefficients from redd 
counts and juvenile abundance estimates to assess how the study streams are correlated. This analysis is 
a preliminary assessment of the control streams and requires more assessment to better understand 
how steelhead populations in the treatment and control stream respond to varying environmental 
conditions.  

Redd counts 
Redd counts have been conducted by the WDFW in the study area since 1983 (Bumgarner and Dedloff 
2007). All streams showed a marked decline in redds following the cessation of hatchery stocking in 
1987 (Figure 17). The abundance of red counts appears to be strongly correlated between the mainstem 
Asotin Creek and the three study streams, Charley Creek, North Fork, and South Fork. Correlations 
between Charley Creek and the control streams (NF and SF) appear to be stronger (r2 0.67-0.86) than 
between Charley Creek and mainstem (r2 0.29-0.67). This may be due in part to the difficulty of 
conducting red counts in the mainstem due to higher stream flows than the tributaries.  
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Figure 17. Annual redd counts and correlation coefficients for Charley Creek (CC), North Fork (NF), 
South Fork (SF), and Asotin Creek (Main). Data are based WDFW annual surveys adjusted for sample 
size variations from 1986 to 2008 (Pers. Comm., J. Bumgarner).   
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Juvenile Abundance 
Correlations between juvenile abundance were less conclusive (Figure 18a, 18b). Although abundance 
estimates have been conducted since 1983, there are many years when not all streams were surveyed. 
We used WDFW abundance estimates from 1998 to 2005 to assess correlations between streams as the 
lower reaches of Charley Creek, North Fork, and South Fork were all sampled during this period. The age 
0 juvenile abundance between the treatment (CC) and control streams (NF and SF) were more 
correlated (r2 0.40-0.63) than the abundances of Age 1 steelhead (r2 0.09-0.27; Figure 18 a, 18b). These 
lower correlations between juvenile abundances in the control and treatment streams could be due to 
difficulties in estimating juvenile abundance, or it could reflect differences in survival and/or movement 
of juveniles within and between streams. This will be further assessed during the pre-treatment phase 
of the IMW.  
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Figure 18. The annual abundance and correlation coefficients for a) age 0 and b) age 1+ juvenile 
steelhead in Charley Creek, North Fork, and South Fork based on WDFW electrofishing surveys of 
reference reaches. Abundance estimates are two pass depletion estimates adjusted using an 
adjustment factor based on mark-recapture estimates in the same reaches (Bumgarner and Dedloff 
2007, Pers. Comm., J. Bumgarner). 

Restoration Design 
The type and scope of restoration actions considered was based on the limiting factors identified.  An 
obvious constraint to this approach was the logistical and financial support required to implement the 
identified actions and thus a balance between these constraints and expected effect size needed to be 
considered. We assessed restoration actions that were specifically focused on restoring ecological 
processes as these actions will be more cost effective and self-sustaining than restoration focused only 
on the symptom (Roni et al. 2005). A pre-treatment period of at least three years is recommended to 
allow for development of a pre-treatment data set that could be used to understand the relationship 
between treatment and control streams and to allow for a more powerful experimental design.  

We are proposing that riparian fencing, riparian planting, and LWD additions be used to restore the 
lower portion of Charley Creek. Riparian fencing is a passive restoration technique designed to remove a 
stressor, in this case cattle grazing. This may lead to the recovery of riparian function over time without 
further intervention. Reach scale studies have generally found that water temperatures decrease and 
fish abundance increases in ungrazed sites compared to grazed sites (Bayley and Li 2008), but there is a 
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lack of watershed scale evaluations of the effects of fencing (Roni et al. 2008). There are reasons why 
fencing may be insufficient to restore riparian function within a reasonable time frame. First, the rate of 
recovery may be slow, especially if the productivity of the riparian area has been reduced by past 
disturbances. Also, if LWD is a major limiting factor in Charley Creek, as we believe it is, natural 
production of LWD could take many decades to recover. Second, there is evidence that plant 
successional trajectories can be altered or impeded by severe disturbances. For example, removal of 
overstory vegetation can allow early successional deciduous trees and shrubs to colonize and area which 
in turn can prevent shade intolerant conifer species from reestablishing (Bisson et al. 1987). Therefore, 
we are also proposing riparian planting of native conifer and deciduous trees and shrubs, and the 
addition of LWD to the stream channel. The addition of LWD will be the treatment that the IMW will 
focus on assessing.  

Large woody debris has been recognized as an important component of many stream ecosystems and 
numerous reach scale studies have demonstrated increases of pool habitat and fish abundance of 50% 
or more after LWD additions (Cederholm et al. 1997, Reeves et al. 1997, Roni and Quinn 2001). A global 
review of LWD additions found that most studies found a positive response of fish to LWD additions but 
few studies found statistically significant results due to poor study designs and the authors stress the 
need to focus future studies on watershed scale assessments of changes in juvenile survival after wood 
additions (Roni et al. 2008).  

The treatments proposed for Charley Creek include riparian fencing and planting for approximately 8 km 
of the lower section of the stream which is located mostly on private land owned by two landowners. 
The upper third of the treatment area is within the Asotin Wildlife Management Area managed by the 
WDFW and portions of the Umatilla National Forest managed by the USFS. The WDFW and USFS 
portions of Charley Creek have already been fenced. Fencing and planting on the private land are 
proposed to treat the damage caused by current and historic cattle grazing, channelization, flooding, 
and riparian harvest (ACCD 1995, NRCS 2001, ACCD 2004). Because the riparian habitat will take several 
decades to reach reference conditions after fencing and planting, we propose to add LWD to Charley 
Creek as a stop gap measure until the riparian forest has recovered and is able to generate LWD of 
sufficient size (Kershner 1997). We propose to simulate natural LWD accumulation rates based on an 
analysis of the disturbance regimes of the area (i.e. frequency of landslides, fire, insect/disease tree 
mortality, etc.). We are still assessing how much LWD will be added, and what the distribution and range 
of size classes and species will be. However, based on the limiting factors analysis it appears that there is 
between 3 and 5 times less LWD in portions of the treatment sections of Charley Creek compared to 
reference conditions. We anticipate using the approach of Fox and Bolton (2007) and attempting to 
introduce LWD to at least the 75th percentile of reference conditions.  

Although most research has focused on the function of LWD in streams, there have been several 
attempts to build computer models to estimate the potential recruitment of LWD to streams (see 
review in Bragg et al. 2000). These models can be useful in designing stream restoration approaches that 
are aimed at restoring ecosystem processes.  Models of LWD recruitment typically require information 
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on the tree species, slope surrounding the stream, distance of each tree to the bank edge, tree height, 
tree diameter, tree volume, angle of tree lean, and other site conditions (wind direction, climate, 
disturbance regimes, etc.). We propose to use available LWD simulation programs (i.e. CWD, Bragg et al. 
2000) to explore the potential and historic loadings in Charley Creek once data have been collected on 
local forest characteristics. We expect that LiDAR, on-the-ground monitoring, and climatic monitoring 
stations to provide the relevant information to describe these characteristics.    

The restoration actions should lower summer temperatures, decrease sediment loads and create 
greater habitat complexity such as more off-channel habitat, more riparian vegetation, and more 
frequent and deeper pools. These increases in habitat quality and quantity will increase the carrying 
capacity of the system for juvenile O. mykiss.  Greater habitat complexity provides refuge from 
predation, interference competition, and high velocity current. Decreased temperatures will also 
provide a thermal environment closer to the energetic optima of O. mykiss, resulting in an increase in 
growth rates. In addition, allocthonous inputs will increase with an increase in floodplain connectivity 
and riparian vegetation, boosting primary and secondary production, and increasing growth rates of 
fishes. Decreases in energetic expenditures (e.g. temperature and refuge, increases in energetic inputs 
(e.g. production), and decreases in mortality (e.g. predation) are expected to increase survival and 
production. Decreased sedimentation will lead to a decrease in gravel and cobble embeddedness, 
providing increases in suitable spawning gravels, and habitat complexity for periphyton, benthic 
invertebrates, and parr. Egg survival is also expected to increase as entombment of eggs by sediments is 
decreased.  

Monitoring Design  
We propose to use regionally accepted sampling protocols for fish and habitat sampling (Johnson et al. 
2007, Heitke et al. 2008) to allow for data collected during this IMW to be shared with ongoing 
assessments of stream condition and population viability (Larsen et al. 2007). To reduce variability we 
suggest revisiting permanent fish and habitat sites. Permanent sites can detect changes in an attribute 
with fewer sample sites as long as there is strong correlation between sample units between time 
periods and sites can be accurately relocated (Urquhart and Kincaid 1999; Roper et al. 2003).  

Basic Design and Terminology 
Each stream is divided into three equal length areas which we will refer to as lower, mid, and upper 
“sections.” The lower section of each stream starts at the mouth with each section approximately 4 km 
long. Fish and habitat sample sites will be located in randomly selected reaches within each section (see 
below).  

Juveniles 
Comparisons of juvenile responses to changes in habitat will be made between treatment and control 
reaches within and between streams. The juvenile responses to be evaluated are: distribution (as 
measured by change in density), growth, survival, changes in life history, and abundance adjusted for 
the number of spawners (smolts/spawner or freshwater production). These proposed measures match 
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with the NOAA Fisheries Viable Salmonid Population (VSP) parameters: abundance, population growth 
rate, spatial structure, and diversity (McElhany et al. 2000). The VSP parameters are necessary for 
determining the long-term viability of salmonid populations.  

We will sample 12 reaches for fish twice a year (Figure 19). Six reaches will be sampled in Charley Creek 
(two in each section) and three sites in both the North and South Forks. We will use a mark-recapture 
method to estimate juvenile fish abundance. Mark-recapture methods give more precise and less bias 
estimates than traditional depletion estimates (Rosenburger and Dunham 2005). Fish will be sampled 
over two consecutive days to allow for equal capture probabilities per sample event. We will use low 
voltage electroshocking to herd fish into seine or dip nets to reduce stress and possible mortality from 
electrofishing. Captured fish will be anesthetized, tagged with 12 mm passive integrated transponder 
(PIT) tags, weighed and measured, revived and released near the site of capture. This technique has 
been used successfully in the John Day Basin and applied this summer to the study area and appears to 
have a lower level of mortality than traditional electroshocking (i.e. <1% mortality).  

 

Figure 19. Location of fish survey reaches in the Asotin Creek IMW.  

Ongoing assessments in the Asotin watershed (Bumgarner and Dedloff 2007) suggest that 600-1000 
steelhead juveniles are present per km throughout the upper Asotin Creek watershed. Based on our pre-
treatment sampling this summer (Appendix I) we estimate we will capture 150-200 fish per reach for a 
total of 2,400 fish per session (Table 4). We will conduct these juvenile surveys two times a year 
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(summer and fall) in order to estimate survival, abundance, and growth rates, and distribution. 
Therefore, the total number of fish we expect will be captured per year is 4,800.  

Table 4. Estimated sample sizes required for fish and habitat surveys each year. Fish samples will be 
collected in the summer low flow period and fall. Habitat samples will be collected during summer 
low flow period. 

Stream Sections Habitat Sample 
Sites (visits) 

Fish Sample 
Sites (visits) 

Number of 
Fish Captured* 

Charley 
Creek 

3 12 (1) 6 (2)  2400 

South Fork  3 6 (1)  3 (2)  1200 

North Fork 3 6 (1)  3 (2)  1200 

Total 9 22 22 4800 

* Based on high estimate of 200 captured per reach over two days of mark-recapture sampling.  

In addition to the juvenile site surveys, PIT tag antennas will be installed at the mouth of Charley, North 
Fork, and South Fork (Figure 20). With a multiplexer PIT tag reader, six antennas can be installed in one 
location. This will allow us to have a paired detector on the mainstem Asotin downstream and upstream 
of each of the three study tributaries and within the tributary as well. Paired antennas can detect 
direction of fish movement in or out of tributaries and mainstem at the confluence of each study 
stream. We will also install paired antenna between each sample reach in order to increase our 
detection rate of marked fish and to better understand movement within streams (see power analysis 
below). These data will allow us to calculate survival rates, migration timing, in-season fish movement, 
and immigration and emigration rates. These systems could be deployed in 2008 depending on 
availability of funding.  
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Figure 20. Approximate locations of PIT tag detectors for detecting tagged juvenile and adult 
steelhead.  

There is also a screw trap operated by the WDFW on the mainstem of Asotin Creek downstream of 
Charley Creek that we propose to use for capturing and PIT tagging juveniles (Mayer et al. 2007). All fish 
will be scanned for PIT tags that are captured at the smolt trap and this data will allow us to compare 
the smolt production of Charley Creek, North Fork, and South Fork to the mainstem of the Asotin above 
the trap.  

Adults 
Adults will be sampled first at the floating, resistance board weir operated by WDFW on the mainstem 
near the confluence with George Creek. Currently all adults are tagged with floy tags as they pass 
through the weir. We plan to PIT tag all adults captured at the weir. Once adult fish are PIT tagged the 
number of adults entering treatment and control watersheds can be estimated through PIT tag antenna 
at the mouths of Charley, North Fork, and South Fork Creeks. We will test the effectiveness of the PIT 
tag antennas during different flow rates in order to determine the detection rate of the antennas. In 
addition, steelhead detected to be leaving shortly after arriving in a watershed will allow some 
correction of emigrating pre-spawn adults. Steelhead detected to be leaving the end of the spawning 
seasons will give information on the proportion of kelts leaving each stream.  

Currently red surveys are conducted by WDFW in most of the study area as part of an ongoing 
monitoring program (Mayer et al. 2008). We will use this data to map the distribution of redds relative 
to restoration actions. This will help assess relationships between processes that influence substrate 
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type and spawner preference. Redd counts will also be used to assess density dependent interactions 
(superimposition) and verification of adult abundance. We recognize that due the timing of steelhead 
spawning there will be years when redd counts are not practical due to high flows and turbid water 
conditions. Over time relationships can be developed between the known number of redds and 
steelhead present to estimate redds present during years when redd counts are not feasible based on 
the PIT tag data for adults.  

Habitat 
The key variables to measure are indicators of habitat structure, sediment supply and quality, riparian 
forest connectivity and health, and in-stream habitat complexity. We will use Light Detection and 
Ranging (LiDAR) combined with Geographic Positioning System (GPS) technologies and 3-band digital 
aerial photography remote sensing to measure the extent of riparian vegetation, canopy cover, stream 
geomorphology, including cross-section geometry, planform sinuosity, and longitudinal gradient profile 
(Jones et al. 2007, McKean et al. 2008). LiDAR uses a laser light to measure distances and create a 3D 
map of the terrain with high accuracy (i.e. sub-meter). The key advantage of LiDAR is that data can be 
collected on an entire stream much faster and more accurately than ground based techniques (Marcus 
and Fonstad 2008). This information can also be useful to relate upland activities to sediment and water 
transport. Our goal is to repeat these remote sensing surveys over the study area every 5 yrs.  

Because LiDAR does not easily penetrate water, we recommend that ground based habitat surveys be 
conducted using standardized habitat sampling protocols (Heitke et al. 2008). We propose to set up 
sentinel habitat survey sites within each fish survey reach in order to associate changes in habitat with 
changes in fish abundance (Figure 21). Therefore, there will be a total of 12 sentinel habitat survey sites 
(6 in Charley and 3 each in the control streams). Each sentinel habitat site will be randomly located 
within each fish reach. Each fish reach will be divided into thirds so there will be three possible locations 
for each sentinel reach. All habitat sites will be 150-200 m long depending on site characteristics. These 
surveys will provide information on channel cross section, substrate type, pool depth, LWD, etc.  In 
addition, we will pick another sample reach to measure in year 1 (randomly located in the fish reach as 
above). In year two we would sample the same sentinel site and different random site.  The random 
sites would be revisited every 2 yrs in a rotating panel design (Thorton and Hyatt 1994). The variables 
we recommend are monitored using PIBO protocols are listed in Table 5.  

In addition to conducting standard habitat survey protocols, we recommend mapping and tagging LWD 
to monitor movement patterns and resident times and how this relates to habitat formation. Wood 
movement can also potentially be detected in PIT tag arrays.  Similar approaches for mark-recapture 
estimates for fish could be used for wood to describe the “life-cycle” from recruitment to movement 
outside the study area. We would do the same approach in NF and SF in the defined sites.  
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Table 5. Habitat variables to be monitored by PIBO protocols in sentinel and random habitat surveys 
within treatment and control sections. 

Habitat Group Variable

Channel cross-section Average bank angle

Average bankfull width

Average bankfull width:depth ratio

Average residual pool depth

Average transect bankfull width

Average undercut depth

Average wetted width:depth ratio

Undercut banks (%)

Channel roughness Bedrock – Particles >4096mm

Riffle D50 (2001-2003)

Riffle D84 (2001-2003) 

Riffle fines <6 mm (%)

Transect D50 (2004)

Transect D84 (2004)

Transect fines <6 mm (%)

Habitat composition Large wood: category 1 & 2 pieces / 100 m (>1m * 0.1m

Large wood: category 1 & 2 volume / 100 m (>1m * 0.1m)

Large wood: category 1 pieces / 100 m (>1m * 0.1m)

Large wood: category 1 pieces / 100 m (>3m * 0.1m)

Large wood: category 1 volume / 100 m (>1m * 0.1m)

Pools (%)

Pools/mile

Pool-tail fines <2 mm and <6 mm (%)

Reach Entrenchment ratio

Gradient

Sinuosity  
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Power Analysis  
One of the main purposes of a monitoring program is to detect changes in a particular variable of 
interest over time. Serious concerns have been raised about the ability of many fish and stream habitat 
monitoring programs to detect biologically meaningful changes due to confounding factors such as high 
natural variability in many ecological variables, poorly designed monitoring programs, inconsistent 
monitoring protocols, and low statistical power (Larsen et al. 2004, Roni et al. 2008). An increasing 
amount of interest has been paid to issues regarding statistical power since Peterman (1990) identified 
the lack of consistent reporting of power in fisheries research.  

Power refers to the probability of being able to detect an effect (i.e. reject the null hypothesis) if indeed 
there is an effect. If it is concluded that there was no effect of a treatment when there in fact was (i.e. 
the addition of LWD increased the number of pools at a site, but we failed to detect it), that is termed a 
Type II statistical error. Most scientific experiments are designed to avoid a Type I statistical error, which 
is the situation where an effect is detected when there was no effect. Power is affected by four 
variables: α, effect size, sample size, and standard deviation. Many researchers use 80% power as a 
minimum level. For more detailed discussions on power see Peterman (1990), Bryant et al. (2004), and 
Morrison (2007). 

We developed power curves based on our experimental design and measures of variability that we 
calculated from our preliminary sampling and that are available in the literature (Gibbs et al. 1998, 
Roper et al. unpublished data). The power curves provide an estimate of the range of statistical power 
we can expect based on different levels of variability and the mean effect size we wish to detect. Below 
we provide an explanation of the expected power for the fish and habitat portions of the monitoring 
design.  

Fish  
We estimated the power of our experimental design for two measures of fish response: changes in 
mean abundance per 100 m2 and changes in survival rate. The mean abundance of juvenile steelhead in 
Charley Creek, North Fork, and South Fork was estimated to be 26/100 m2(SD = 8.9; Table 6). We used 
PROC POWER in SAS version 9.1 to produce power curves based on a range of mean differences 
between the treatment mean and the control mean using a two-tailed t-test (Figure 22). We plotted 
power curves for three scenarios that relate to years each treatment (i.e. replicate) is applied to Charley 
Creek.  The power curves suggest that to achieve 80% power after one treatment a mean difference of 
approximately 25 fish /100 m2 is required (i.e. a doubling of the density based on a mean of 26 fish 
/100m2 based on 2008 sampling results). However, once all three treatments have been applied, a 50-
60% increase in the population should be able to be detected with the same level of power. These 
power curves are worst case scenarios and do not take into account increases in capture efficiency that 
are possible with our mark recapture technique (i.e. increase recaptures by more intensive recapture 
effort and improvement of capture methods). In addition, the BACI/staircase design will likely increase 
the power of treatment control comparisons (these power calculations are still being conducted).  
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Table 6. Measures of variability for fish abundance, LWD and pool density, and residual pool depth 
from a variety of sources. Values are presented in absolute and natural log (Log) scale.  

Source Variable Mean SD CV Mean SD CV
ELR 2008 Fish/100m2 26.3 8.9 0.34 3.21 0.38 0.12
ELR 2008 LWD/100m 14.5 8.7 0.60 2.47 0.73 0.29
ELR 2008 Pools/100m 3.2 1.52 0.48 1.07 0.51 0.48
ELR 2008 RPD 26.27 11.31 0.43 3.18 0.41 0.13
Gibbs et al. (1998) abundance 0.40
Roper et al. (2008) LWD/100m 18.6 0.36
Roper et al. (2008) Pools/km 61.42 0.44
Roper et al. (2008) RPD 20.98 0.13

Absolute Log

 

 
Figure 22. Power curves for two-sample t-test of the mean difference between treatment and control 
means for a variety of treatment options. Groups refer to the number of treatments (first number) 
and the number of controls (second number). We plotted power curves for three scenarios that relate 
to the years each treatment (i.e. replicate) is applied to Charley Creek. To achieve 80% power after 
one treatment a mean difference of approximately 25 fish /100 m2 is required (i.e. a doubling of the 
density based on a mean of 26 fish /100m2 based on 2008 sampling results). Power curves based on a 
SD = 9 and α = 0.1. 



Asotin Creek Intensively Monitored Watershed: Final Draft Design and Work Plan  October 31, 2008 

 

41 

 

 
To estimate changes in juvenile survival we will be using capture histories generated by PIT tag antenna, 
smolt traps, and our electroshocking surveys. The capture histories will be analyzed using Program 
MARK (Cooch and White 2002). MARK has numerous models for assessing mark-recapture data. 
Cormack-Jolly-Seber (CJS) models have been well tested and used for survival estimation of PIT tagged 
fish in small and large freshwater streams. However, CJS models require captures and recaptures (active 
sampling period) to occur during discrete and short time periods, relative to the period between active 
sampling occasions. Passive instream antennae (PIA) data, which is continuously collected on PIT 
marked individuals, does not naturally fit within the CJS sampling framework. More recently, mark-
recapture models, such as the Barker model, have been developed to accommodate continuously 
collected re-sight and recovery data between sampling occasions.   

The Integrated Status and Effectiveness Monitoring Program (ISEMP 2008) has been conducting 
analyses to evaluate the precision and accuracy of estimating season survival of O. mykiss using either 
the Barker or the CJS models. Information collected on PIT tag O. mykiss in Murderers Creek of the John 
Day Basin was used to develop a simulated data set where season survival was defined (i.e. the data was 
created that produce survival values similar to that observed in Murderers Creek). Both the CJS and the 
Barker models estimates of seasonal survival using this simulated data set was compared to the define 
survival rates. Based on these simulations, bias existed for CJS estimates of survival, where apparent 
survival (survival*site fidelity) showed a -25% relative bias. The Barker model performed better than CJS 
even at low re-sight probabilities (10% of the marked population was detected by antennas during the 
season); CVs were almost 50% lower over a range of sampling inputs, and essentially had no bias. Also, 
with as few as 75-100 O. mykiss tagged per site, we saw very low CV (<10%) of summer and fall survival 
estimates (Figure 23). This information will be used to estimate samples size requirements for statistical 
evaluation associated with the Asotin Creek IMW.  We recommend Barker model for survival estimation 
when any PIA data are available. However, the placement of PIAs is important to ensure correct 
estimation of survival (S) and site fidelity (F).  There should be one PIA close to the capture site where 
fish are marked, and other PIAs (≥1) placed such that they would re-sight fish over the population’s 
seasonal (e.g., summer) range.  Based on this summer’s field work, we expect that the 150-200 PIT 
tagged O. mykiss  per reach will provide very precise estimates of seasonal survival for statistical 
comparisons in this experimental design.   
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Figure 23. Coefficient of variation (CV) of survival (S) and site fidelity (F) versus number of fish marked 
for the Barker model.   

 
Habitat  
We developed power curves for generic habitat variables using a similar approach to fish abundances. 
For habitat variables we used a range of expected CV values to compare the differences in the mean 
ratio between treatment and control sections (Figure 24). The results are similar to the fish power 
curves (and these are interchangeable) and suggest that a 50% change in habitat attributes can be 
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detected when CV values are at or below 20% with 80% power. Gains in statistical power can also be 
expected when tests for differences are calculated using the log values of fish and habitat variables 
which will be likely be necessary due to the typical distribution of these data (Limpert et al. 2001).  

 

 

Figure 24. Power curves using a range of CV values to simulate the likely variance in habitat variables 
that will be used to monitor changes in the Asotin Creek IMW. The groups are the same groups as 
Figure 22 and α = 0.1. Based on these curves a 50% change in habitat attributes can be detected when 
CV values are at or below 20% with 80% power.  

Expected Changes and Response Variables 
To evaluate whether fish are responding to changes in habitat as expected we recommend monitoring 
the following list of response variables. We recognize that the data for some of these variables may be 
of insufficient precision to be useful in modeling fish response to treatments; however, all these 
response variables will be assessed to determine which variables will provide the most robust 
assessment of treatment effects. We are currently conducting power analysis using historic data and 
data collected in the summer of 2008 to determine the optimum designs and variables to assess.  

Possible response variables include:  
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• Spatial distribution as measured by changes in relative density (juvenile O. mykiss) 
• population abundance (O. mykiss parr, smolts);  
• seasonal survival (juvenile O. mykiss)  
• parr-to-smolt survival (O. mykiss);  
• smolt-to-adult ratio (SAR- O. mykiss);  
• recruiting adults (R/S- O. mykiss);  
• smolts per redd or per spawner (O. mykiss);  
• migratory timing, size, and growth rates (O. mykiss parr and smolts). 

  

Data Management System 
Unlike most centralized database programs, ISEMP provides data management tools and guidance to 
encourage best data management practices within local agencies. Therefore, we propose that the Asotin 
IMW will work with ISEMP to develop database tools that will allow for seamless integration with 
regional databases. ISEMP has created data management tools, called automated template modules 
(ATMs), are MS Access based databases residing on agency computers, providing users with database 
structures that  ensure that newly collected data and historic data are structured in formats consistent 
with regional databases.  These databases also ensure metadata is directly linked to raw data, and that a 
minimum level of data quality is assured at the time of data entry. ATMs have an easy to understand 
database structure, including tables for tracking projects, sites, data collection events, and observations. 
Smolt trapping, spawning ground surveys, water quality, snorkel and electrofishing surveys, and 
protocol entry are currently supported through ATM interfaces. Templates have data entry forms and 
perform standard metric calculations and also allow users to create new tables, create data entry forms, 
or develop new metric calculations. For example, through the use of these templates, ISEMP has 
compiled, cleaned, and summarized approximately 4 million temperature records from nearly 3000 
spreadsheets into a single, consistent database. To date, local agencies have expressed an 
overwhelming interest in ISEMP tools and guidance because these tools assist agencies in meeting both 
their analysis and reporting objectives.  

IMW Timeline and Work Plan 
Based on our preliminary results we developed a timeline and work plan for the Asotin Creek IMW 
(Table 7, Appendix IV). The timeline gives a general overview of the activities by year through 2019 and 
the work plan details when specific actions that are required, as well as the timing of monitoring and 
restoration activities through 2009. Integral to the IMW work plan is a series of steps that are suggested 
for prioritizing restoration activities (Roni et al. 2002): i) protect high quality habitats, ii) reconnect high 
quality habitats (i.e. barrier removal), iii) restore hydrologic and riparian processes (i.e. fencing, road 
removal), iv) instream habitat enhancement (i.e. LWD addition), and v) rigorous evaluation.  
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Table 7. Proposed time line of IMW activities in Asotin Creek through 2019.  

Year Activity Description
2008 Monitoring  Implement pre-treatment fish and habitat monitoring

LiDAR  Collect LiDAR and aerial photography (pre-treatment)
Equipment Install PIT tag antennas

2009 Monitoring  Continue fish and habitat monitoring (pre-treatment data) 
Equipment Purchase equipment (primarily PIT tag antennas)

2010 Monitoring Continue fish and habitat monitoring (pre-treatment data) 
Resotration Fence and plant the treatment portion of Charley Creek

2011 Restoration Add LWD to first 4 km section of Charley Creek 
Monitoring Begin monitoring of treatment and control sections (post treatment data)

2012 Monitoring Continue fish and habitat monitoring (post-treatment data)
LiDAR Collect LiDAR and aerial photography (post-treatment)

2013 Monitoring Continue fish and habitat monitoring (post-treatment data)
2014 Resotration Add LWD to second 4 km section of Charley Creek 

Monitoring Continue fish and habitat monitoring (post-treatment data)
2015 Monitoring Continue fish and habitat monitoring (post-treatment data)
2016 Monitoring Continue fish and habitat monitoring (post-treatment data)

LiDAR Collect LiDAR and aerial photography (post-treatment)
2017 Resotration Add LWD to third section of Charley Creek 

Monitoring Continue fish and habitat monitoring (post-treatment data)
2018 Monitoring Continue fish and habitat monitoring (post-treatment data)
2019 Monitoring Continue fish and habitat monitoring (post-treatment data)  
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Appendix I.  Preliminary survey results for juvenile abundance and 
stream habitat characteristics: Asotin Creek summer 2008. 
 

Introduction  

The Asotin Creek Watershed was chosen as the location of a proposed Intensively Monitored Watershed 
(IMW) in southeast Washington. As part of the Asotin Creek IMW an experimental and monitoring 
design was developed to assess the response of summer steelhead to the addition of large woody debris 
(LWD). The experimental design calls for 3-5 years of pretreatment monitoring of juvenile abundance, 
adult escapement, redd counts, and stream habitat surveys. The following report briefly summaries the 
first year’s preliminary juvenile abundance and stream habitat surveys conducted between July 26 and 
August 6, 2008. 

The primary goals of the preliminary field sampling was to field test the proposed IMW experimental 
and monitoring design, the logistics of the sampling design, the effectiveness of the sampling methods, 
and the appropriateness of the control streams. Secondary objectives were also to mark fish in the 
treatment and control streams to begin to assess movement and survival, assess locations of PIT tag 
arrays, and collect baseline information of fish abundance and habitat conditions.   

Methods 

Site Selection  

The lower 12 km of each study stream was divided into three equal sections of approximately 4 km long. 
These sections will be referred to as the lower, middle, and upper sections of each stream. Within each 
section one reach was randomly selected to monitor juvenile abundance. Juvenile fish abundance 
reaches were between 300 and 600 m long. Within the fish reach a 160 to 200 m habitat survey was 
randomly located. Therefore, a total of three fish reaches and three habitat reaches were surveyed in 
each stream.  

Juvenile Abundance 

Fish were captured using an electrofisher set at low power to scare fish in a downstream direction into a 
bag seine or series of large dip nets depending on the width and depth of the stream. All juvenile 
summer steelhead > 70 mm were anesthetized with MS-222, weighed to the nearest 0.1 g, measured to 
the nearest mm, and tagged with a 12 mm passive integrated transponder (PIT) tag. Scale samples were 
collected from 20 fish per reach. Each reach was re-sampled the next day using the same method and all 
unmarked fish were PIT tagged and measured as above. The minimum time between re-sampling was 
14 hours for all sites except the lower North Fork reach that was sampled twice in the same day (5 hours 
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between re-sampling). Recaptures of marked individuals (i.e. marked during the first pass) were used to 
calculate a modified Peterson mark recapture population estimates (Table 1; Seber 1982).   

Stream Habitat  

The PACFISH/INFISH Biological Opinion Effectiveness Monitoring Program protocol (PIBO; Heitke et al. 
2008) was used to survey stream habitat. For this summary we will only present the LWD and pool 
habitat summaries as the remaining data are still being entered. We also collected benthic invertebrate 
and drift samples at each habitat sample site as per PIBO protocol. The invertebrate data is summarized 
in Table 3 (see attached Excel spreadsheet).  

Results and Discussion 

Juvenile Abundance 

We captured a total of 1485 juvenile summer steelhead over 3714 m of sampling in Charley Creek, 
North Fork, South Fork (Table 1). We captured 1485 O. mykiss and recaptured a total of 130 fish for an 
overall recapture rate of 8.8%. One fish died as a result of sampling. We PIT tagged a total of 1355 
juvenile O. mykiss. 

Table 1. Summary of juvenile mark-recapture data collected in Asotin Creek July 26-August 6, 2008.  

Stream Reach Rch Start End
Pass 1 

Mark (M)
Pass 2   
Cap (C)

Pass 2 
Recap 

(R)
Pop 
Est1 var2 Low Up R/C

Dist 
(m)

Width 
(m)

RBT/ 
km

RBT/ 
m2 Low Up

Charley 2 1 7/28 7/29 74 71 14 359 5130 219 499 0.20 375 3.1 957 0.314 0.191 0.437
Charley 3 2 7/29 7/30 83 93 8 876 62144 388 1365 0.09 563 4.8 1557 0.326 0.144 0.507
Charley 5 3 7/30 7/31 73 63 9 473 14880 234 712 0.14 390 3.1 1212 0.396 0.196 0.597

S. Fork 2 1 8/1 8/2 106 84 12 699 26016 382 1015 0.14 532 4.6 1313 0.288 0.158 0.418
S. Fork 3 2 8/2 8/3 90 156 33 419 2476 322 517 0.21 495 3.5 847 0.244 0.188 0.301
S. Fork 5 3 8/2 8/3 87 95 17 468 7493 299 638 0.18 315 4.6 1487 0.321 0.205 0.437

N. Fork 1 1 8/6 8/6 80 50 12 317 4512 185 448 0.24 350 6.9 905 0.132 0.077 0.187
N. Fork 4 2 8/4 8/5 68 57 9 399 10303 200 598 0.16 330 6.0 1210 0.202 0.101 0.302
N. Fork 6 3 8/4 8/5 71 84 16 359 4400 229 489 0.19 364 6.8 986 0.144 0.092 0.197
TOTAL 732 753 130 3714

Date
Pop Est - 95% 
Binomial CI

RBT/m2 - 95% 
Binomial CI

 
1 More conservative population estimate:((C+1)*(M+1)/(R+1))-1 

2 - Variance formula = ((M+1)*(C+1)*(M-R)*(C-R))/(((C+1)^2)*(C+2)); (Williams et al. 2001)  

Stream Habitat  

We conducted nine complete PIBO habitat and two partial surveys (LWD and pools only – Reach 1 and 4 
of Charley Creek) and are in the process of summarizing that data. Table 2 shows the summary data for 
the length of stream surveyed and the amount of LWD and pools by reach and stream.  
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Table 2. Summary of large woody debris and pool data from PIBO habitat surveys in Asotin Creek July 
26 to August 6, 2008.  

Stream 
Rea
ch* 

Reach 
Lgth (m) 

Width 
(m) 

LWD 
count 

LWD/ 
100m 

Pool 
count 

Pools/ 
100m 

Charley 1 300 3.1 83 27.7 10 3.33 

 

2 164 3.1 10 6.1 4 2.44 

 

3 162 4.8 35 21.6 9 5.56 

 

4 300 3.1 12 4.0 7 2.33 

 

5 168 3.1 42 25.0 6 3.57 

North Fork 1 187 6.9 24 12.8 3 1.60 

 

4 186 6 8 4.3 2 1.08 

 

6 187 6.8 35 18.7 7 3.74 

South Fork 2 165 4.6 34 20.6 6 3.64 

 

3 166 3.5 10 6.0 10 6.02 

 

5 168 4.6 22 13.1 4 2.38 

* Reach 1 and 4 of Charley Creek were only surveyed for LWD and pools.  

 

Table 3. Invertebrate benthic summary results (see attached excel spreadsheet).  
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Appendix II.  Results of the data collection and ranking process for all 
candidate watersheds considered potential sites for an IMW in southeast 
Washington (see attached Excel spreadsheet).  
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Appendix III.  Database of historical data sources and reports for the 
Asotin Creek watershed (see attached Access database). 
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Appendix IV.  Asotin Creek IMW work plan through 2009. 
Start 
Year 

Start 
Month 

Action 
Category  

Budget 
Category Action Type Description Rationale  Cost   Unit  

 No. 
Units  

 Estimated 
Costs*  

2008 Sep Monitoring Equipment PIT tag antennas 
(multiplexers) 

purchase and installation 
of three multiplexer PIT 
tag antennas as per the 
experimental design to 
assess BETWEEN basin  
movements of PIT tagged 
juveniles and adults 

 

To detect adult and juvenile PIT 
tagged fish moving into, out of, 
and BETWEEN 1) the mainstem 
Asotin Creek, 2) Charley Creek, 
3) North Fork and South Fork. 
As of August 15th, 2008 
anticipated to have additional 
2000-3000 juvenile fish PIT 
tagged in the treatment and 
control streams and would 
benefit from having antennas in 
place. 

          20,000  multiplexer 
antenna 

(with three 
paired 

antennas 
each)  

                 
3  

           
60,000  

2008 Sep Monitoring Equipment PIT tag antennas 
(paired 
antennas) 

purchase and installation 
of five PIT tag antennas as 
per the experimental 
design to assess WITHIN 
basin movement and 
survival of PIT tagged 
juveniles and adults 

To detect movement of adult 
and juvenile PIT tagged fish 
WITHIN Charley, North Fork, 
South Fork, and mainstem 
above adult weir. Will provide 
important life history, habitat 
use, and survival information 
within study streams. 

            5,000   paired 
antenna  

                 
5  

           
25,000  

2008 Sep Project 
Management 

Administration Funding 
Allocation and 
management  

The Walla Walla 
Community College will 
be responsible for 
managing all funding for 
Phase II of the IMW 

The College is best suited to 
provide funding management 
duties (a 12% overhead charge 
of the total budget) 

          45,360   year                   
1  

           
45,360  
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project 

2008 Nov Project 
Management 

Contractual Data 
management 
and storage  

all data management, 
storage, and quality 
control/assurance tasks 

One entity should be 
responsible for all aspects of 
data collection, storage, and 
QA/QC to maintain consistency. 
Contract to start at end of 
existing IMW contract. 

          15,000   year                   
1  

           
15,000  

2008 Nov Project 
Management 

Contractual Project 
coordinator 

coordination and 
management of all IMW 
related activities between 
different federal, state, 
county, and private 
agencies 

One entity should be 
responsible for project 
coordination to maintain 
consistency in implementation 
of IMW experimental design 
and restoration actions. 
Contract to start at end of 
existing IMW contract. 

          15,000   year                   
1  

           
15,000  

2008 Nov Project 
Management 

Government Asotin Creek 
Assessment 
Project 

Coordination and project 
management between 
the ongoing Asotin Creek 
Assessment Project and 
the IMW monitoring 

WDFW will require time and 
budget to provide continuity 
between the ongoing Asotin 
Creek Assessment Project and 
the IMW project 

                250   day                 
25  

             
6,250  

2009 Jan Monitoring  Contractual Annual Fish 
Monitoring 

costs to conduct juvenile 
fish and habitat field 
sampling for treatment 
and control sites as per 
the study design (11 sites 
per session) 

Yearly sampling of treatment 
and control streams required as 
per experimental design and 
implementation plan. Proposing 
two sessions per year (i.e. 
spring and summer) to estimate 
seasonal growth rates and 
survival. Therefore, a total of 22 
sites sampled per year. 

            2,000   wages per 
day for two 

person 
crew, 

equipment, 
per diem  

               
22  

           
44,000  
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2009 Jan Monitoring  Contractual Annual Habitat 
Monitoring 

costs to conduct PIBO 
habitat field sampling for 
treatment and control 
sites as per the study 
design (22 sites per year) 

yearly sampling of treatment 
and control sites required to 
maintain experimental design 
consistency and 
implementation 

            2,000   wages per 
day for two 

person 
crew, 

equipment, 
per diem  

               
12  

           
24,000  

an Jan Monitoring  Contractual Annual Habitat 
Monitoring 

costs to conduct total 
station geomorphic 
surveys treatment and 
control sites as per the 
study design (11 stream 
sections) 

yearly sampling of treatment 
and control sites required to 
maintain experimental design 
consistency and 
implementation 

            2,000   wages per 
day for two 

person 
crew, 

equipment, 
per diem  

                 
8  

           
16,000  
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2009 Jan Monitoring 
(Government) 

Government Asotin Creek 
Assessment 
Project 

cooperative 
partnership between 
IMW and the Asotin 
Creek Assessment 
Project. Monitoring of 
adult weir, smolt 
trap, and redd 
surveys to be partially 
funded by IMW  

Ongoing WDFW surveys 
are an integral part of the 
IMW experimental and 
monitoring design and 
both projects will benefit 
for the data collected.  

          
65,000  

 wages                   1             65,000  

2009 Feb Monitoring 
(Government) 

Government Annual Fish 
Monitoring 

cooperative 
partnership between 
IMW and the Asotin 
Creek Assessment 
Project. IMW fish and 
habitat sampling to 
be jointly conducted 
by contract and 
WDFW staff. Two 
WDFW staff will be 
available to work with 
IMW crews during 
annual sampling (11 
sites twice per year).  

contract and WDFW staff 
working on fish and 
habitat sampling will 
allow training of multiple 
staff to conduct yearly 
IMW sampling, increase 
knowledge transfer, and 
provide for greater 
consistency in meeting 
project objectives. 

                
500  

 wages per 
day for two 

person crew  

               
22  

           11,000  

2009 Feb Monitoring 
(Government) 

Government Annual Habitat 
Monitoring 

cooperative 
partnership between 
IMW and the Asotin 
Creek Assessment 
Project. IMW habitat 
sampling to be jointly 
conducted by 

contract and WDFW staff 
working on fish and 
habitat sampling will 
allow training of multiple 
staff to conduct yearly 
IMW sampling, increase 
knowledge transfer, and 

                
500  

 wages per 
day for two 

person crew  

               
11  

             5,500  
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contract and WDFW 
staff. WDFW staff will 
be available to work 
with IMW crews 
during annual habitat 
sampling (22 sites 
twice per year).  

provide for greater 
consistency in meeting 
project objectives. 

2009 Feb Monitoring 
(Government) 

Government PIT tag antenna 
maintenance 

maintenance of PIT 
tag arrays and 
estimation of PIT tag 
detection rates  

antennas will need to be 
checked regularly (bi-
weekly or monthly) to 
ensure proper function 
and to test for detection 
rates of PIT tags under 
different flow conditions. 

                
250  

 wages per 
day  

               
36  

             9,000  

2009 Feb Monitoring Equipment PIT tags ~ 4000 12 mm PIT 
tags /year for adult 
and juvenile tagging 
program 

PIT tags will allow us to 
determine numerous life 
history metrics for adult 
and juvenile life stages 

                     
2  

 PIT tag           8,000             14,800  

2009 Jul Monitoring Equipment Manual stage 
height stations 

establish a manual 
stage height station 
to estimate discharge 
in Charley Creek and 
South Fork 

measuring water 
discharge is important to 
assess how it influences 
habitat and fish sampling 

                
500  

Manual stage 
height station 

                 2               1,000  

2009 Jul Monitoring Government Manual stage 
height stations 

Maintenance, 
calibration, and data 
acquisition of stream 
flow data 

Flow and discharge data 
are required to be able to 
understand the 
relationship between fish 
abundance and flow, 
habitat measurements 
and flow, and restoration 

            
3,000  

 year                   1               3,000  
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impacts on flow. 

2009 Sep Project 
Management 

Contractual Annual data 
analysis and 
reporting 

data analysis and 
reporting on an 
annual or biannual 
basis to assess IMW 
progress and findings 

data analysis and 
reporting required each 
year to identify potential 
issues, resolve technical 
aspects of experimental 
design, and summarize 
findings 

          
18,000  

 year                   1             18,000  

TOTAL $377,910 

 

* All cost estimates are rounded to the nearest dollar value. If funds exceed the amount required, the additional money will be used for unexpected cost over-
runs, replacing damaged equipment, or other activities, as approved by the SRSRB, the Administrator, and/or the Pacific State Marine Fisheries Commission. 
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