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a. Abstract

The ability to detect trends in fish populations depends upon obtaining reliable estimates of abundance in an efficient manner. Simply relying on a relative count that has not been adjusted for undetected individuals, may lead to misleading conclusions about population trends, spatial distribution, and habitat associations because of the unknown magnitude of the sampling bias. Redd counts in index areas are commonly used to monitor annual trends in chinook salmon (Oncorhynchus tshawytscha) populations where total adult escapements are unknown. The assumption is that uncorrected redd counts represent a constant proportion of true numbers of redds across time, which is unlikely given the myriad of environmental and other factors affecting redd sightability or redd distribution. Further, an index count provides a single number with no measure of precision, i.e., it does not include sampling variation. Despite the widespread use of redd counts to calculate measures of population performance, little is known regarding the accuracy of chinook salmon redd counts or the factors that decrease precision and introduce bias. Therefore, we propose new research to evaluate factors influencing bias and precision of chinook salmon redd counts. We will determine the true number of redds within a series of study reaches; apply the true counts to determine the accuracy of aerial and ground-based redd counts; measure environmental and habitat factors and model which variables most influence redd sightability; assess inter- and intra- year sources of variation in redd counts; quantify inter- observer variation in ground-based surveys; compare accuracy of single versus multiple pass counts; and evaluate and compare the effectiveness of a modified two-sample, Lincoln-Petersen mark-resight estimator and Huggins mark-resight estimator (including covariates) for obtaining unbiased and precise abundance estimates of redds. Results from this proposed research will have important implications for improving chinook salmon redd surveys conducted across the Snake River basin. 

b. Technical and/or scientific background
Severe declines in Snake River spring/summer chinook salmon (Oncorhynchus tshawytscha) prompted their listing as a threatened species under the Endangered Species Act in 1992 and their emergency listing as an endangered species in 1994. In 1994, an estimated 1,880 naturally produced spring/summer chinook salmon reached Lower Granite Dam (NMFS 1995) compared to an estimated production of 1.5 million chinook salmon in the late 1880’s (Bevan et al. 1994). The distribution and abundance of chinook salmon has declined from historical levels as a result of blocked access to historic habitat, passage mortality at dams and obstructions, habitat degradation, overharvest, and interactions with hatchery-reared and exotic fishes. (Nehlsen et al. 1991; NRC 1996; Lee et al. 1997).  

Efforts are being undertaken by various federal, state, and tribal agencies to stem declines and restore populations of anadromous salmonids within the Columbia River Basin (Lee and Grant 1995, NMFS 2000a). As an integral part of this effort, the Council’s Fish and Wildlife Program (NWPPC 1994) and the Idaho Department of Fish and Game (IDFG) (2001) have called for long-term monitoring, indexing, and acquisition of life history information for Snake River chinook salmon stocks. Further, a large variety of analytical efforts are underway to support decision-making for restoration of threatened and endangered anadromous fish stocks in the Columbia River Basin. As described by Bisson et al. (2001), these efforts include a process referred to as PATH (Plan for Analyzing and Testing Hypotheses) (Marmorek and Peters 1998); the NMFS’ Cumulative Risk Initiative (CRI); and the NWPPC’ use of the Ecosystem Diagnosis and Treatment Protocol (EDT). Each of these efforts require reliable data on population numbers for both long-term monitoring and short-term assessments of management actions implemented to improve their population status. However, because of costs and difficulties associated with sampling mobile individuals, relative indices often are used to assess population status and trends. The fundamental assumption is that these index counts represent a constant proportion of the true counts across time. In general, the usefulness of any population survey depends upon obtaining unbiased, or nearly unbiased, and precise parameter estimates in a cost-efficient, logistically feasible manner (Thompson et al. 1998).

Where data to estimate total population abundance are unavailable or infeasible, redd counts are often the primary method to monitor trends in fish populations. Within the Columbia River basin, biologists commonly use annual counts of salmonid redds in index areas to monitor trends in spring/summer chinook salmon (Hassemer 1993, Emlen 1995), fall chinook salmon (Dauble and Watson 1997), and migratory bull trout (Salvelinus confluentus) (Rieman and Myers 1997, Dunham et al. 2001). The assumption is that trends in redd counts are representative of trends in population abundance. Despite the widespread use of redd counts, and their relevance to many measures of population performance, little information is available to quantify the factors that introduce bias and decrease precision of redd counts. As examples, IDFG has been conducting annual counts of spring/summer chinook salmon redds during the peak spawning period in selected index areas of Idaho since 1957 (Hassemer 1993). Since 1995, U.S. Forest Service Rocky Mountain Research Station (RMRS) biologists have been conducting aerial surveys of chinook salmon redds across a large wilderness basin (Thurow 2000). Unfortunately, both of these studies lack measures of bias and precision for their estimates. That is, the number of observed redds is treated as if it was the true number, i.e., the total number of redds is assumed to be known without error. Without a correction for missed redds or erroneously included redds, the bias must be assumed to be constant across space and time. This is assumption is untenable given the variety of factors potentially affecting detectability of redds. Further, failure to include a measure of precision, or sampling variance, for each estimate makes it impossible to determine a level of confidence in a dataset. Inadequately accounting for bias and/or precision may lead to misleading conclusions about population trends (Thompson et al. 1998).

Although biologists have long recognized the need to assess bias and precision of chinook salmon redd counts, most previous redd count evaluations have simply compared instantaneous ground and aerial counts; with the approach providing the maximum count selected as the preferred method. Comparing ground and aerial redd counts provides no measure of bias if the true number of redds remains unknown. Past research has evaluated the bias and precision in counts of adult chinook salmon (Neilson and Geen 1981, Shardlow et al. 1987) and other salmon species (Jones et al. 1998). Recent research has evaluated the potential bias in bull trout redd counts by comparing ground counts to an estimate of the true population of redds (Dunham et al. 2001, Hemmingsen et al. 2001a, 2001b). The authors reported high variation among observers in the accuracy of bull trout redd counts. The only research we are aware of that assessed bias and precision of chinook salmon redd counts was conducted in the Yakima River basin in the 1980s (Personal Communication by Phil Rogers, CRITFC, Portland 503/731-1301). We were unable to obtain a copy of this report prior to the deadline for proposal submission.  
We propose new research that will begin to fill the void in knowledge about chinook salmon redd count accuracy and precision. Our study has four objectives: 1) Determine the true number of chinook salmon redds within study reaches; 2) Evaluate the effectiveness of a mark-resight approach for measuring the accuracy and precision of chinook salmon redd counts; 3) Quantify sources of error in ground-based chinook salmon redd counts; and 4) Evaluate the influence of environmental and habitat characteristics on sightability of chinook salmon redds. We propose to assess the bias and precision of salmon redd count by measuring the true number of redds; applying the true counts to compare the accuracy of aerial and ground-based redd counts; measuring environmental and habitat factors during redd counts and modeling which variables most influence sightability; assessing inter- and intra- year sources of variation in redd counts; quantifying inter- observer variation in surveys; and comparing accuracy of single versus multiple redd counts. A method that shows promise for providing valid estimates of bias and precision for chinook salmon redds is a combination ground/aerial survey based on a modification of the two-sample, Lincoln-Petersen estimator (Seber 1982). Another promising approach is the Huggins’ estimator (Huggins 1989, 1991).  This approach allows inclusion of variables thought to influence detection of redds into the mark-resight models, thereby potentially reducing bias in the resulting abundance estimates especially if the assumptions of the Lincoln-Petersen estimator are not met.  The Lincoln-Petersen formulation does not allow modeling covariates with the mark-resight data.

The Middle Fork Salmon River (MFSR) drainage has been selected as the study area (Figure 1; see Thurow 2000 and Servheen et al. 2001 for a detailed study area description). This area was selected based on several considerations. First, opportunities exist for extensive collaboration with other agencies and tribes. Second, as part of BPA project #199902000 RMRS biologists plan to conduct annual aerial redd counts in the entire MFSR through 2004. The aerial surveys funded in the existing research can be applied at no extra cost to facilitate the mark-resight approach described in this new proposal. Third, one of the principal investigators has more than 20 years of experience working in this drainage and an intimate knowledge of the MFSR and the spawning ecology of its chinook salmon. 

Studies will result in publishable contributions to the fields of fish biology and management, ecology, population biology, and conservation biology. Information will be distributed via contract reports; peer-reviewed publications in professional journals; oral papers presented at professional meetings, technical conferences, and workshops; in response to information requests; and at informal meetings with state and federal agencies, tribes, and university scientists involved in management of Snake River chinook salmon.
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Figure 1. Middle Fork Salmon River drainage, Idaho

c. Rationale and significance to Regional Programs

The Fish and Wildlife Program (NWPPC 1994) has previously issued calls for “efforts to gather data on wild and naturally occurring spawning stocks…” Additionally, IDFG (2001) and the National Marine Fisheries Service (NMFS) have noted the importance of the acquisition of long-term monitoring and life history information for wild stocks (NMFS 2000b). The Biological Opinion (NMFS 2000b) calls for a comprehensive monitoring and evaluation program to assess current status and the effectiveness of restoration actions. Our objectives in this proposal are very consistent with guidelines outlined by NMFS (2001) that call for “critical monitoring/evaluation components” which will be integral to measuring recovery performance standards. The Columbia Basin Fish and Wildlife Authority (CBFWA) notes that a primary function of species monitoring and evaluation components is to measure progress toward achieving conservation and recovery objectives (NWPPC 2000). In response to these regional monitoring priorities, part of the response by management agencies has been to continue existing redd counts and to implement additional redd counts in order to monitor trends in chinook salmon populations. Further, agencies have proposed stock assessments using estimates of extinction risk based on population trend data developed from index sites. Yet, little effort has been directed toward validation of redd counting approaches to ensure that such data are reliable. 

This project seeks to enhance monitoring efforts focused on Snake River chinook salmon populations by evaluating and attempting to improve current methodologies used for enumerating redds. Population monitoring efforts are only as good as the data they are based upon; valid, precise, and cost-efficient sampling methods are vital to our ability to detect a population trend. However, current methodologies for counting redds lack a firm statistical foundation and an adequate measure of precision. The research we propose seeks to address this need in a more rigorous fashion. Importantly, this research also addresses research priorities identified in several Regional Program Documents. The recent Salmon Subbasin summary, specifically calls for research to provide validation of broadscale population sampling and inventory methods (Serhveen et al. 2001). The Biological Opinion (NMFS 2000b) calls for monitoring population status by assessing population abundance, trends, distribution, and variation. Except in cases where weirs make adult escapement estimates feasible, redd counts will be the primary approach for population status monitoring. Action 180 specifically calls for funding at Tier 1 and Tier 2 levels to develop protocols for the data to be collected during population status monitoring (NMFS 2000b). The CBFWA similarly notes that monitoring programs need to be expanded as necessary to reduce critical uncertainties (NWPPC 2000). Finally, by quantifying the bias and precision of redd counts, this project could also assist other projects in developing better estimates of adult escapements that are extrapolated from redd surveys—one of IDFG’s explicit objectives for the MFSR (IDFG 2001). ). This project would also assist research efforts that are attempting to quantify habitat relationships and identify factors for population decline. The insights derived from this research could have important applications for improving redd counts currently conducted by other entities across the Snake River basin. In addition, promising methods might be applicable to other anadromous and resident salmonids.

d. Relationships to other projects 
This project will be directly linked with BPA Project #199902000, “Analyze the Persistence and Spatial Dynamics of Snake River Chinook Salmon”. The aerial counts of chinook salmon redds being conducted by the RMRS as part of Project #199902000 will be applied at no additional cost to facilitate the mark-resight approach described in this new proposal. 

As noted above, numerous entities currently participate in redd surveys within the MFSR study area. IDFG conducts annual redd counts at several index reaches as part of BPA Projects #89098000 “Idaho Supplementation Studies” and #199107300 “Idaho Natural Production Monitoring and Evaluation”. The Nez Perce tribe conducts redd counts in Big and Bear Valley creeks as part of “Lower Snake River Compensation Plan hatchery Evaluations”. The Shoshone-Bannock tribe conducts redd counts in Bear Valley Creek under BPA Project #199405000 “Salmon River Habitat Enhancement M&E”. Biologists from the Boise, Payette, and Salmon-Challis National Forests also participate in redd counts in selected areas. To capitalize upon this situation, our project will integrate with existing projects to the maximum extent possible. Redd count data are currently shared between IDFG, the Tribes, the National Forests, and RMRS as part of BPA project #199902000. We intend to expand the current sharing of information and build collaboration to meet the objectives of this new proposal. For example, it may be efficient and feasible to work directly with the agencies and tribes to expand existing ground-based surveys in certain index areas to assist in estimating true numbers of redds. As another example, the Nez Perce tribe is intensively monitoring chinook salmon adult escapements and redds in the Secesh River basin under BPA Project #9703000 “Monitoring of Listed Stock Chinook Salmon Escapement”. Although outside our study area, the intensive work under BPA Project #199703000 might be coordinated to expand tests of the mark-resight estimators. 

Scientists at the NMFS Northwest Fisheries Science Center have been charged with assisting development of consistent approaches for monitoring chinook salmon populations. This research would provide important baseline understanding of the bias associated with counting redds that is necessary for guiding development of efficient monitoring programs. After meeting with their scientists, we at RMRS are in the process of developing cooperative agreements (contact Chris Jordan 206/860-3423) for collaboration on existing and future projects related to that goal.

e. Project history (for ongoing projects) 

Although this proposed research is submitted as a new proposal, it is a direct expansion of two previous submissions to BPA. In 1999, two of the current authors submitted a proposal entitled “Evaluation of a Mark-Resight Survey for Estimating Numbers of Redds” with BPA Project #20055. The Independent Scientific Review Panel (ISRP) commented: “A strong proposal that provides a comparison between aerial and ground surveys of redds. This research is much needed and should result in improved technique.” (report for the Northwest Power Planning Council, Volume II, June 16, 1999, Document ISRP 99-2). Funding for the project was deferred, in part, because of the extremely low escapements in 1999 and 2000. In FY 2001, an anticipated increase in escapements of wild chinook salmon provided an opportunity to increase sample size and perform a rigorous mark-resight analysis. In 2001 we submitted a request for within year supplemental funds to BPA Project #199902000 (see Thurow and Thompson 2001-attachment). During discussions related to the supplemental request, additional topics related to redd validation were identified by Anadromous Fish Committee and CBFWA members that led to the current proposal.

Much of the research called for in this proposal is scheduled for completion in 2002, which is expected to coincide with an increased escapement to the MFSR. Other research components are scheduled for continuation in 2003 and 2004. These components may be postponed, however, if future escapements decrease sharply to levels observed in the mid-90’s, when less than 100 redds were constructed in the entire MFSR watershed. Such a small sample size would severely limit the rigor of the analysis we propose.

f. Proposal objectives, tasks and methods
Objective 1. Determine the true number of chinook salmon redds within study reaches.

Assumption underlying this objective include: 1) we will be able to determine the true number of redds in a series of study reaches via intensive and repetitive redd surveys and 2) we will be able to develop accurate redd maps. 

Task 1. Select study reaches.

We will select study reaches to encompass a range of morphological channel types (i.e. narrow and steep gradient reaches, broad and low gradient reaches, and intermediate reaches), canopy cover (i.e. open, dense, intermediate), and redd densities. To assist collaboration and increase efficiency, some study reaches will be selected to coincide with index reaches that are monitored annually by IDFG, the tribes, and the USFS.  

Task 2. Create reach maps.

Prior to the onset of chinook salmon redd construction in late July, we will use existing aerial photos in conjunction with site visits to develop physically detailed maps of each study reach.   

Task 3. Monitor and map newly constructed redds.

In each study reach, we will determine the true number of redds by intensively monitoring the construction of redds from the onset to completion of spawning. Beginning on about August 1 and extending to about September 15, trained observers will intensively and periodically (every 3-4 days) walk upstream on the stream banks adjacent to each study reach, search for newly constructed redds, and record their locations. Observers will take precautions to avoid disturbing spawning fish; redd locations will be recorded from the bank in the least obtrusive manner possible. Redds will be recorded via two methods: by marking them on the physically detailed reach maps (Objective 1-Task 2) and by recording their locations with a global positioning system (GPS). The two methods will be integrated to produce a complete map of all redds for each study reach. Once complete, these maps will serve as baselines for comparison with subsequent redd counts by independent observers (see Objectives 2,3). 

Objective 2. Evaluate the effectiveness of a mark-resight approach for measuring the bias and precision of chinook salmon redd counts.

Traditional redd surveys provide a raw count of redds, but no measure of sampling error. We propose to evaluate both a modified two-sample, Lincoln-Petersen mark-resight estimator and a Huggins mark-resight estimator for obtaining unbiased estimates of redd numbers that provide an estimate of precision. Our mark-resight approach is based on independent counting of redds during both aerial and ground surveys of the study reaches intensively monitored under Objective 1. The count that we believe will yield the most valid detections (most likely the ground count) will be treated as the initial sample or “mark”, the other count will be treated as a second sample; those redds counted during both samples will be “resights,” i.e., there will typically be both “marked” and “unmarked” redds in this second sample.  These three quantities (marks, unmarks, resights) will be incorporated into Chapman’s (1951) modification of the Lincoln-Petersen estimator and the Huggins (1989, 1991) estimator to generate a population estimate with a measure of precision. Although traditionally applied to mobile populations, these estimators are actually better suited to studies of immobile objects, like redds, because of the difficulties in meeting restrictive assumptions. To our knowledge this approach has never been applied to counting redds, but the Lincoln-Petersen estimator has been used to estimate numbers of nests for ospreys (Pandion haliaetus) (Henny et al. 1974, Henny and Anderson 1979) and crocodiles (Crocodylus acutus) (Magnusson et al. 1978). Completion of this objective will build on the results of a pilot study scheduled for the fall of 2001 (see Thurow and Thompson 2001-attachment).  

Assumptions underlying these mark-resight estimators include: 1) sightings are independent between sampling occasions; 2) each object has the same probability of being sighted within each sampling occasion; 3) objects are correctly identified; 4) sighted objects are accurately mapped; and 5) the population of objects remains the same across both sampling occasions and is contained within a well-defined area (Seber 1982, Pollock and Kendall 1987). Our a priori expectations are that redd population estimates will be unbiased (i.e., confidence intervals will encompass the actual number of redds within a reach) and precise (i.e., confidence interval width will be a small fraction of the population estimate) due to a large proportion of redds being sighted during mark and resight efforts. However, if the assumption of equal sightability of redds is violated, the Huggins’ estimator (with relevant covariates) may provide a more promising option.

Task 1. Mark redds.

An independent ground survey of chinook salmon redds will be completed in the study reaches previously selected and monitored under Objective 1. The ground count will be completed near the end of the spawning period in early September. Redds located during this single pass ground count will be treated as the initial sample or “mark” (White et al. 1982). 
Task 2. Resight redds.

An independent aerial survey of chinook salmon redds will be completed in the same study reaches and at approximately the same time as Task 2 above. The aerial counts will each be treated as a second sample; those redds counted during the ground survey and seen again during the aerial survey will be “resights,”. There will typically be both “marked” and “unmarked” redds in this second sample. The aerial survey will be conducted by one of the principal investigators as part of BPA project #199902000. The September ground survey will be conducted by two trained and highly experienced personnel. For both aerial and ground based surveys, the position of each detected redd will be mapped and its location recorded with GPS equipment. Global positioning system files will be corrected using base station information collected at the RMRS in Boise and redd locations will be plotted onto detailed reach maps.

Task 3. Apply the Lincoln-Petersen and Huggins mark-resight estimators.

The three quantities described above under Objective 2- Tasks 1 and 2 (marks, unmarks, and resights) will be incorporated into Chapman’s (1951) modification of the Lincoln-Peterson estimator and used to generate a population estimate with a measure of precision. 
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 is the number of redds sighted during both sampling occasions.  The same information will be incorporated into the Huggins estimator via Program MARK (White and Burnham 1999), plus information on variables that affect sightability of redds.  We will also estimate a cost function (Thompson et al. 1998) and assess logistical considerations while conducting counts.

Proper application of these mark-resight estimators requires a survey design that both minimizes potential violation of its underlying model assumptions (i.e., minimize bias) and maximizes the potential number of samples during each sample (i.e., maximizes precision). Therefore, below we describe these assumptions, discuss likely sources of their violation, and offer ideas on how we may avoid these violations. Then, we discuss how we will maximize our precision via our design.

Model Assumptions

Sightings are independent between sampling occasions. Independence of counts requires that a different survey method and observer are used for each sampling occasion. Employing the same method for both surveys creates a bias analogous to a “gear selectivity” problem in sampling fish, where a portion of the population will be essentially uncatchable due to various individual and habitat factors. For redd surveys, using ground counts exclusively will limit the number of recordable redds to those that can be sighted from the ground. However, there may be other redds that may only be sighted from the air; the likelihood of this will depend on the thoroughness of the ground counts. Primary reasons for missing redds from the air include poor lighting conditions and adjacent lateral cover. Further, redds constructed during a previous year may be mistaken for ones from the current year.

Different counts conducted by the same observer incurs bias due to the inherent dependency associated with using a single observer. This is true even if different survey methods are used. That is, results obtained during the first survey will influence, either consciously or subconsciously, those obtained during the second. Once an object has been located, there may be a tendency to record it during the second survey, even if the object is not visible from the new vantage point. Further, knowledge of its location may cause the observer to focus on locating it during the second survey, while paying less attention to locating other, previously undetected objects. In general, knowledge of the locations of objects prior to a survey violates the assumption that all objects have an equal probability of being seen (see below).

We will use a combination of aerial and ground surveys, with different observers participating in each, to ensure independence of counts. If the aerial survey fails to produce additional redds from those located during the ground count, we will use the ground count results to generate a bias correction for the aerial count (i.e., correct for redds missed or misclassified) in lieu of the Lincoln-Petersen estimator.

Each object has the same probability of being sighted within each sampling occasion. Considerable bias may occur if objects are not equally detectable (i.e., visible) within each survey (Seber 1982, Thompson et al. 1998). However, differences in visibility rates are allowable between surveys. For redd counts, variations in structure and complexity of surrounding habitats will cause some redds to be more visible than others. Characteristics of the redds themselves also may contribute to different sightability rates. A redd with a well-defined outline and form will likely be more visible than a less defined one. Also, timing of redd construction will affect their detectability, i.e., more recent redds are easier to detect than older ones. Other violations of constant detectability assumptions include using different observers during a single sampling occasion and having prior knowledge of the locations of the surveyed population.  

This assumption is impossible to meet due to the factors just mentioned. However, if detection rates are high (>0.5), then the effects of bias should be unimportant (Gilbert 1973). Based on previous redd surveys, we believe that detection rates will be higher (likely much higher) than the minimum of 50% suggested by Gilbert (1973). Thus, relative bias due to nonconstant detectability among redds could be minor.

Objects are correctly identified. Mistakenly recording an object that does not exist will result in biased estimates. For instance, bed scour or similar stream features may be misidentified as redds. Also, misclassifying a steelhead redd as a chinook salmon redd will lead to biased estimates. Proper training and experience of observers is required to limit these errors. In addition, redds from a previous year must either be absent or distinguishable from the current year’s redds or counts will be biased upward. 

We will only use trained personnel with extensive (>20 years) experience for counting chinook salmon redds in the mark-resight analysis, both from the air and the ground, in the study streams. Further, personnel conducting ground counts will assess whether a detected redd is from the present year or a previous year. This can be done via checking the substrate characteristics within the “tailspill” of each redd. Identifying and mapping previous year’s redds will enable us to assess, estimate, and adjust for the number of previous year’s redds included in the aerial count. 

Sighted objects are accurately mapped. Identification of the previously detected or “marked” redds within the second sample requires accurate location and mapping of redds within both samples. Inaccurate locations could be caused by errors in reading maps or aerial photographs. Also, if a GPS unit is used, one must account for errors associated with each reading. If this error is larger than the distance between adjacent objects, then there is potential for two objects sighted in separate surveys (i.e., one in each survey) to be recorded as a single object. This would generate an underestimate of population size.     

We will be using personnel trained in mapping and in the use of GPS units. Also, our GPS units allow for greater accuracy via differential correction and hence should minimize the possibility of adjacent redds being recorded as a single one.      

The population of objects remains the same across both sampling occasions and is contained within a well-defined area. This is the closed population assumption. For redd counts, surveys should be conducted as close together in time as possible to minimize the potential for new redds being constructed between sampling occasions. The area of interest must be well-delineated so that there is an identifiable and fixed population during some unit of time. Otherwise, it would be unclear to which population one was making inferences.

We will be overlapping our September ground and aerial counts in time as closely as possible and after all spawning has been completed. We also have well-defined study streams that have had both ground and aerial redd counts conducted on them previously. The Huggins’ (1989, 1991) estimator may help reduce bias from violation of the equal detectability assumption by incorporating variables affecting redd sightability.

Objective 3. Quantify sources of error in ground-based chinook salmon redd counts

The bias and precision of chinook salmon redd counts may be strongly influenced by observer experience. Observer variability could limit the utility of chinook salmon redd count surveys if differences among observers are large. To reduce observer variability, agencies and tribes typically select their most experienced personnel to conduct redd counts in the same areas annually. However, Bonneau and LaBar (1997) reported that interobserver variation in counting bull trout redds was high for all observers, regardless of experience. Agencies and tribes also provide standardized training in an attempt to reduce bias yet Bonneau and LaBar (1997) and Dunham et al. (2001) reported that the training they provided was insufficient to substantially reduce interobserver variability. We are aware of no similar data to assess interobserver variability in chinook salmon redd counts. Our assumption is that we will be able to train and test a series of observers with a range of redd counting experience. Our a priori predictions are that error rates will decrease as observer experience level increases and that error rates will be influenced by redd and habitat characteristics that decrease sightability.

Task 1. Select and train observers.

We will select observers with a range of redd counting experience: none, <5 years, 5-10 years, and >20 years. We will train all observers to recognize redds using an approach similar to that currently used by IDFG.  

Task 2. Quantify single pass redd count observer variability

We will quantify interobserver variability by comparing the number of redds counted during independent single pass ground-based redd surveys in the same reach. We will select some of the study reaches monitored under Objective 1 to cover a range of channel morphologies and redd densities. In late August or early September, each trained observer will walk upstream on the stream banks adjacent to each study reach, search for newly constructed redds, and record their locations. Observers will take precautions to avoid disturbing spawning fish; redd locations will be recorded from the bank in the least obtrusive manner possible. Redds will be recorded via two methods: by marking them on the physically detailed reach maps (Objective 1-Task 2) and by recording their locations with a global positioning system (GPS). The two methods will be integrated to produce a map of all redds observed during the single pass through each study reach. These maps will be used to compare single pass redd counts among independent observers and single pass counts with the true number of redds derived under Objective 1. 

Observer variability will be quantified by calculating the range and coefficient of variation for the number of redds counted within a reach. To better understand the factors that contribute to observer variability, we will model various combinations of factors thought to influence counts (including those measured under Objective 4). Model selection and inference will follow from Burnham and Anderson 1998). 

Task 3. Assess differences in accuracy between single-pass and multiple-pass redd counts.

Ground-based redd counts are typically derived using either single-pass (Hassemer 1993) or multiple-pass surveys (Chapman et al. 1986). Presumably, the multiple surveys provide more accurate results because redds are detected soon after construction. We will assess differences in accuracy among different sampling frequencies by comparing redd counts made using three levels of effort; biweekly redd counts (8-10 counts under Objective 1), weekly redd counts (4-5 counts), and single surveys (Objective 2-Task 2 and Objective 3- Task 1). As described above, the redd counts derived under Objective 1 will be used as baselines for comparison. Cost functions will be calculated (Thompson et al. 1998) and logistical matters considered in the assessment of each survey technique.

Objective 4. Evaluate the influence of environmental and habitat characteristics on sightability of chinook salmon redds.

Assumption underlying this objective include: 1) we will be able to measure environmental and habitat characteristics that potentially influence redd sightability and 2) we will be able to apply a model selection procedure to assess which variables have the most influence.   

Task 1. Measure variables with the potential to influence redd sightability.

Within year variation in redd sightablity may be influenced by environmental and habitat characteristics including: dimensions of the area surveyed, stream discharge, water clarity, surface turbulence, riparian canopy, shading, within channel cover, presence of periphyton or sediment on gravels, weather conditions, time since redd construction, redd density, and proximity of other redds. After the completion of redd surveys, we will measure reach- and redd-scale habitat characteristics with the potential to cause counting errors. Results of the mark-resight pilot study in 2001 will assist us in determining which variables to measure. Reach-scale variables may include wetted stream width, turbidity, gravel surface condition, time since last hydrologic event or some other index of the likelihood of sediment deposition over redds, and redd density. Redd-scale characteristics may include water depth adjacent to the redd pit, time since redd construction, presence/absence of shade, distance to overhead cover, distance to nearest redds. For most of these variables, detailed methodologies can be found in Platts et al. (1983) or Dunham et al. (2001). Gravel surface condition refers to the condition of gravel undisturbed by spawning fish. Redds constructed in gravels with plant material or a layer of sediment tend to be visible because of the contrast with the undisturbed gravel surface. The same may not be true for redds constructed in very clean gravels. The intent of the variable “time since hydrologic event” is to capture rainfall events that tend to deposit sediment over redds and either obscure or make them appear to be previous years redds.        

Task 2. Model the variables that most influence redd sightability.

We will measure those variables thought to most influence sightability of redds.  We then will include various combinations of these variables in a set of logistic regression models (where detection [yes/no] for a given redd will be the response variable) and use AIC-based model selection and inference (Burnham and Anderson 1998) to assess variables which are the most important.  

Task 3. Assess interyear effects.

We hypothesize that another source of redd count variation could stem from interannual changes in habitat resulting from differences in discharge, episodic rainfall events, or the alteration of physical habitats by floods. Interannual effects could also arise in response to changes in the number or distribution of redds within a reach. The importance of interyear effects will be determined by surveying redds within established study reaches during all years of this study. To control for extraneous factors that could confound the detection of interyear effects, the same observers will be used each year and survey dates will be standardized relative to the spawning period. Observer error rates (redds counted – actual redds) / actual redds) will be modeled as a function of variables that potentially cause interyear variations in sightability using an information-theoretic approach for model selection and inference (Burnham and Anderson 1998).  

g. Facilities and equipment
RMRS and the Arkansas Cooperative Fish and Wildlife Research Unit maintain permanent office space and associated administrative assistance and services (i.e., copying, mailing) in Boise, Idaho and Fayetteville, Arkansas, respectively. RMRS and the Arkansas Coop. also provide all necessary computer hardware (pc, laser printer, modem) and software for word processing, database management, internet access, electronic mail, data analysis, file management, GPS file correction, and GIS plotting. Leased vehicles will be used for transportation and access during ground-based surveys. Major new equipment purchases will include camping equipment and GPS units for field crews.
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Section 10 of 10. Key personnel

Key personnel on this project include Russ Thurow—Fisheries Research Scientist at the Rocky Mountain Research Station in Boise, Idaho; Bill Thompson—Assistant Unit Leader of the Cooperative Fish and Wildlife Research Unit at the University of Arkansas, and Dan Isaak—Postdoctoral Fellow with a joint appointment at RMRS and the University of Idaho. In addition, RMRS scientists Bruce E. Rieman and Jason B. Dunham will collaborate with the primary investigators. Rieman and Dunham have extensive experience in the biology, population dynamics, and conservation of fishes in the Intermountain Region and have recently evaluated the bias and precision in bull trout redd counts. Project duties will be partitioned among the principal investigators as follows: Russ Thurow will serve as the primary contact and administrator for the project, will be fully involved with data collection and analysis, and will share in the dissemination of information stemming from this research. Bill Thompson will provide expertise related to selection and completion of the most rigorous and appropriate data analysis techniques and will share dissemination of results. Dan Isaak will assist with all aspects of data collection, analysis, and will share dissemination of results. Brief resumes for the principal investigators are attached.

Russ Thurow

Russell F. Thurow is a Fisheries Research Scientist with the U.S. Forest Service, Rocky Mountain Research Station in Boise, Idaho. He serves as a member of a team of scientists investigating fish population dynamics, habitat relationships, and factors influencing persistence. The mission of the team is to provide new information and techniques for understanding, conserving, and restoring fish populations and critical habitats in the Intermountain West. He has extensive experience with anadromous salmonids and is the principle investigator for BPA Project #199902000 “Analyze the Persistence and Spatial Dynamics of Snake River Chinook Salmon”. He has more than 25 years of experience counting salmonid redds and is intimately familiar with the study area and spawning ecology of its chinook salmon.
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Bill Thompson

William L. Thompson is Assistant Unit Leader of the Cooperative Fish and Wildlife Research Unit at the University of Arkansas, Fayetteville. His expertise is in designing survey methods for sampling biological populations, developing and evaluating methods for monitoring population trends, and modeling biological data. He is senior author of a book that outlines and describes how to design and conduct monitoring programs for detecting important trends in fish and wildlife populations over space and time. In his previous position, Dr. Thompson applied state-of-the-art model selection techniques to investigate relationships between landscape habitat variables and production and parr densities of chinook salmon and steelhead trout in the Columbia River Basin as part of the PATH process. He also is co-writing a software manual for the program BayVAM (written be D. C. Lee), which is used to assess the viability of resident salmonid populations in the Intermountain West.

Education:
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Dan Isaak

Daniel J. Isaak is a postdoctoral fellow with a joint appointment at the University of Idaho and the RMRS. In his current position Dr. Isaak provides assistance with projects designed to better understand the dynamics of chinook salmon populations in the MFSR. The first project involves an evaluation of the effects that the spatial structure of spawning habitats has on occurrence, persistence, extinction, and colonization of chinook salmon populations. The second project is exploring relationships between the location and size of spawning patches and broadscale geomorphic and landscape attributes of watersheds. Previously, Dr. Isaak worked for the Wyoming Cooperative Fish & Wildlife Research Unit on a conservation assessment for three species of native fish found on the Black Hills National Forest. Qualifications for the proposed research include a strong statistical background, previously publishing a manuscript that addressed issues of accuracy and precision for stream habitat measurements, and involvement with other research in the MFSR that provides a familiarity with the study area and redd count surveys.
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