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a. Abstract 
We propose to identify the hydrological effects of impoundments on fish and amphibian habitat and habitat use through comparison of impounded and non-impounded systems.  Although dam and impoundment effects are well studied, most studies have addressed fish in mainstem and larger-order systems.  In contrast, little effort has been devoted to off-channel habitats, which are increasingly recognized as important refuges or nurseries for selected life stages of fishes and amphibians.  As the maintenance and connectedness of off-channel habitats is directly influenced by stream hydrology, impoundments that alter hydrology also influence the quality and quantity of off-channel habitats that fishes and amphibians need.  We will examine whether quality and quantity or off-channel habitat changes as a function of impoundment-related hydrological alteration for medium-sized streams.  Our design includes spatial (above impoundment in same system) and temporal (unimpounded system of similar scale) controls to help identify potential effects.  If the impoundment-altered hydrology results in reductions in habitat quality and quantity, alternatives for remediation can be identified.  These alternatives will be useful to water managers seeking to maintain off-channel habitat quality and quantity.

b. Technical and/or scientific background
Dams and their impoundments produce dramatic, diverse changes in rivers (Petts 1984).  These changes range from 1st-order effects like those arising directly from the dam as a barrier (e.g., interception of sediment; Grimshaw and Lewin 1980) to 2nd-order effects like those that influence the morphology or environment of the downstream channel through flow regime alterations (e.g., armoring from changes in flow competence: Livesey 1963; lower seasonal variability: Trefethen 1972; temperature changes: Jaske and Goebel 1967) to 3rd-order changes that derive from these lower-order effects (e.g., shifts in abundance and diversity of stream biotas: Beiningen and Ebel 1970; Robinson 1978; Borisenko and Hayes 1999; Hauer and Stanford 1982; Kupferberg 1996).  In the Pacific Northwest (PNW), dam and impoundment-related changes in fish biotas associated with main-channels habitats are well-studied (Beiningen and Ebel 1970; Bonneville Power Administration et al. 1999; Collins 1976; Gresswell et al. 1997; Mullan et al. 1992; Nemeth and Kiefer 1999; Park 1990; Raymond 1968, 1969, 1979; Rhodes 1994; Trefethen 1972; Waknitz et al. 1995; Williams and Bjornn 1997; Stelle 2000; Williams et al. 2001).  In contrast, little effort has addressed flow regulation effects on the aquatic and terrestrial vertebrate biota of off-channel riparian habitats (OCHs) in the Pacific Northwest.  Studies of the shoreline and OCH biota (frequently fish), some of it dam and impoundment-effect related, have focused almost exclusively on lower gradient or larger-order streams of eastern North American and Europe, where such habitats were extensive and diverse historically, and whose biota differs significantly from that in the Pacific Northwest (Beecher et al. 1977; Copp 1991; Ellis et al. 1979; Hess and Winger 1976; Holland 1986; Holland and Huston 1984; Joly and Morand 1994; Kwak 1988; Odom 1987; Scott 1988; Scott and Nielsen 1989; Shaeffer and Nickum1986; Sylvester and Broughton 1983; Welker 1965).  Where OCH work has been conducted in the Pacific Northwest, emphasis has also been on larger-order systems (Beecher and Fernau 1983), and impoundment issues were not a study focus.  Except for few studies of the stream-dwelling foothill yellow-legged frog (Rana boylii) in northern California (Kupferberg 1996; Lind et al. 1996) and western Oregon (Borisenko and Hayes 1999), similar work on amphibians in the Pacific Northwest is lacking.

Little effort has been made to link changes in OCH changes to river regulation impacts.  Nonetheless, OCHs are increasingly recognized as important habitat for some life stages of fishes (Baker et al. 1991; Ford et al. 1995; Keefe 1994; Lorenz 1994; Mitsch and Gosselink 1993; Ring and Watson 1999; Schlosser 1991; Scott 1988; Scott and Nielsen 1989; Shaeffer and Nickum 1986) and amphibians (Borisenko and Hayes 1999; Clark 1979; Kupferberg 1996, 1997).  For example, at least partial seasonal isolation of OCHs is regarded as essential to survival of the early life stages of some amphibians (Kupferberg 1996, 1997).  Thus, knowledge of how impounded systems alter OCHs is essential to manage flows so the dynamics of the unimpounded condition is approached, especially where dam removal is not an option (Ligon et al. 1995).  In the impoundment-rich Pacific Northwest, where isolated and cumulative impoundment effects on the fish biota are broadly recognized (Collins 1976; Trefethen 1972; Bonneville Power Administration et al. 1999), such knowledge is basic to the effective management of fishes and amphibians. 

A large part of the diversity and unpredictability in the hydrology of impounded systems pertains to relationships among reservoir and system size (drainage basin), precipitation amount and distribution, topographic diversity and geology (Lowe-McConnell 1976; Petts 1984).  The few data available on fish and amphibian use of OCHs in the PNW are too sparse for development of generalized models that might help manage impounded systems.  More system-specific data are needed before useful model development can proceed, and studies must pay particular attention to scale.

c. Rationale and significance to Regional Programs
The project addresses 6 objectives and 14 strategies in the Entiat subbasin summary (http://www.cbfwf.org/files/province/cascade/subsum/Entiat/011005Entiat.pdf) and supports the goals, mandates, and plans of at least 12 stakeholder agencies and entities with jurisdictions in the Cle Elum, Entiat, and Tieton systems.

Notably, in addressing the OCH-stream flows relationship this project will contribute to three objectives under the shared stakeholder goal to protect or enhance structural attributes, ecological function, and resiliency of habitats needed to support healthy fish and wildlife populations (Berg and Matthews 2001: Goal 1: p. 50; subsequent citations with objectives or strategies provide pagination, all from Berg and Matthews 2001).  Specifically, this project will contribute directly or indirectly to strategies of four objectives:

1) identification and elimination of barriers to spawning and rearing habitat; (Objective 1: p. 51)

2) restoration of connectivity, diversity, and function to stream channels and the floodplain; (Objective 2: p. 51)

3) protection and restoration of riparian habitat diversity and function; and (Objectives 3: p. 51)

4) enhancement of the quality and quantity water (Objective 4: p. 52).

The proposed project will directly or indirectly address 10 strategies linked to these objectives.  The most direct address of any strategy will be in our examination of how stream flows influence OCHs.  This represents a key factor thought to contribute to the loss of floodplain function (Coccoli 1996; Ring and Watson 1999), and our approach represents a method of evaluating floodplain impairment that addresses a mechanism (hydrograph alteration) thought to be an important cause of change in watershed processes (Dodge 1989; Miller 1995; Hardy 2000).  This is a direct address of Strategy 2 in Objective 2 (p. 51).

The project will address the other nine strategies indirectly as follows:

1) Through identification of how stream flows may influence OCHs, insights will be gained on how to reconnect side channels or create new rearing habitat (Objective 1: Strategy 1: p. 51).  In particular, it can help identify the times of year when those connections to OCHs or lack of them are most crucial to fish and amphibians.

2) Our address of OCH will assist in defining and mapping the extent of habitat that is flood prone so if past loss of floodplain capacity has occurred, actions can be taken to protect or restore these areas (Objective 2: Strategy 1: p. 51).

3) Better understanding of OCH-flow relationship may also assist in recommending hydrogeomorphic-based alternatives to establish reconnections to the floodplain or reducing bedload input for those stream sections that have been dredged (Objective 2: Strategy 7: p. 51).

4) Since our habitat evaluation will address the entire riparian band, we expect our analysis will help evaluate impacts to shade, streambank stability, and large woody debris recruitment (Objective 3: Strategy 6: p. 52).

5) Our evaluation of riparian habitat will assist in evaluating the influence of grazing.  Recent data show that grazing may (Vadas and Newman 1997; Vadas 1998) or may not necessarily result in negative effects on the Columbia spotted frog (Rana luteiventris; Bull and Hayes 2000), a species we may encounter in project streams.  In particular, where the exotic reed canarygrass (Phalaris arundinacea) dominates riparian margins, livestock removal may actually reduce available habitat by allowing canarygrass domination over native vegetation (M. Hayes, unpubl. data).  Regardless of outcome, we expect that our evaluation of riparian habitat will help determine whether livestock should be excluded from riparian areas or managed in a special use fashion on such areas (part of Strategy 7 in Objective 3: p. 52).

6) Our evaluation the flow-linked requirements of habitat will contribute to identifying where inadequate existing instream-flow criteria should be replaced with more appropriate IFIM-based flows (part of Strategy 1 in Objective 4: p. 52; a nearly identical strategy is repeated in Strategy 20 in Objective 4: p. 54).  Formal flow criteria do not yet exist in the Entiat (Caldwell and Beecher 1995) or Yakima River drainages (B. Renfrow [WDFW], and D. Bambrick [NMFS], pers. comm., 2001). Assemblage-based data such as we propose to collect are especially useful for formulating flow criteria to protect stream ecosystems (Vadas and Weigmann 1993; Caldwell and Beecher 1995; Vadas 2000).
7) Our evaluation of OCHs can assist landowners by demonstrating how they could voluntarily maintain or enhance wetland function (Objective 4: Strategy 10: p. 53).

8) Our evaluation of OCH-flow relationships can contribute to the conduct of regional water planning to improve water management (Objective 4: Strategy 18: p. 54).

Our address of OCH-flow relationships will assist the US Forest Service goal to fully restore or establish an improving trend at degraded locations, based on desired ecological conditions identified in the USFS Watershed Assessment for the Entiat Analysis Area (Berg and Matthews 2001: p. 55).  Our study will address part of both objectives linked to this goal, which are:

1) Restoration of sustainable forest conditions in balance with disturbance regimes (Objective 1: p. 55).

2) Maintain and restore wildlife habitat (Objective 2: p. 55).

Such riparian restoration should contribute to enhancement of pool and off-channel habitats in mid-Columbia River tributaries to benefit fish (Smith 1993; McIntosh et al. 1994; Rhodes 1994; Wissmar et al. 1994) and amphibian habitat. 

Our work will touch on at least part of four strategies listed for these objectives:

1) Our study may provide opportunities to suggest how to improve the sustainability of vegetative components (Strategy 1: Objective 1: p. 55).  In this case, our work would potentially show how different flows could favor or disfavor selected riparian species (Vadas and Weigmann 1993; Vadas and Sanger 1997).

2) Our systematically collected fish and amphibian data may also contribute to province-level wildlife analyses and habitat surveys, but more importantly, our habitat use data and the links we identify to flows and other habitat conditions can help develop better species management plans for fish and amphibian species (Strategy 1: Objective 2: p. 55).  Data we collect in the Cle Elum system will contribute to the I-90 Species Distribution Study, which addresses a ca. 10-mi swath around I-90 (P. Garvey-Darda [USFS], pers. comm., 2001).  This study was implemented in part to address connectivity issues associated with the proposed widening of this corridor (USFS-USFWS 1997).

3) Our habitat data, especially that which can identify vulnerable habitats as a result of alterations in system dynamics, can contribute significantly to the development of a comprehensive recreation use strategy plan (Strategy 3: Objective 2: p. 55), especially for the vegetation management, site rehabilitation and maintenance, and accessibility portions of such a plan.

4) The understanding of system dynamics we obtain, especially with regard to flows, can help better identify how we might provide sustainable habitat for native species (Strategy 5: Objective 2: p. 55).

Our work will contribute to several research, monitoring, and evaluation activities.  In particular, it can contribute to three fisheries-related tasks proposed by the Yakama Nation (Berg and Matthews 2001: p. 57):

1) Our study can help restore habitat and riparian areas important for fish production through identification of flow or other habitat conditions that may be contributing to degradation.

2) Our work can help identify what adequate flows should be in the Cle Elum, Entiat, and Tieton systems, especially summer flows on the lower and middle portions of these systems.

3) Our study can provide guidance for habitat and riparian restoration, and improvement to land management activities, especially where these activities impinge on system dynamics affected by flow.

This project will also support portions of six inventory and monitoring tasks that the USFS recommended as fisheries-linked priorities (Berg and Matthews 2001: p. 58):

1) Our OCH habitat and riparian work will contribute to monitoring and analyzing the availability of cover;

2) Our riparian work can contribute to tracking and evaluating vegetation recovery in riparian areas;

3) Our habitat-linked vegetation work can contribute to the inventory and monitoring of species of concern (e.g., noxious weeds and sensitive plants);

4) Our OCH is likely to contribute significantly to the inventory of unique, critical, and key wildlife habitats, and assess the effects of management (e.g., regulated versus unregulated flows) on these habitats and on species use.

5) Our habitat analyses can contribute significantly to the survey and appraisal of aquatic habitat conditions, including fine-sediment deposition, water temperature, and dissolved oxygen.  The fish and amphibian data can also contribute to some degree to survey information and the status of fish and amphibian resources.

6) The patterns that emerge from our OCH-flow analyses can contribute to more effective monitoring and evaluation of watershed restoration projects.

Our work will also contribute to several non-fisheries natural resource related research, monitoring, and evaluation activities (Berg and Matthews 2001: p. 58-59):

1) Our vegetation habitat work may contribute to the 5-year cycle of monitoring of noxious weeds areas by Chelan County.

2) Our flow-associated habitat data can contribute to the interpretation of hydrologic monitoring being conducted by the US Geological Survey, US Bureau of Reclamation, and other participating agencies, including fisheries instream-flow assessments in the Entiat (e.g., Caldwell and Beecher 1995) and Yakima River drainages (Stempel 1990).
3) Hence, our flow-associated habitat data can contribute to collection and documentation of information needed to establish base flow through the Planning Unit under ESHB.  Our work can also contribute to re-evaluation of base-flow needs following implementation of restoration work and water conservation measures.

4) Some of our habitat data can contribute to the 3-year cycle water quality sampling and undefined frequency of temperature sampling by the Department of Ecology and other management agencies, including the US Forest Service’s thermal monitoring in the Entiat River (WNF 1996).

5) Some of our habitat data can contribute to the US Forest Service’s sediment sampling to determine if fine sediments exceed established parameters, notably 20% fines (< 1.0 mm in diameter) for bull trout in the Entiat River (WNF 1996).

6) Some of our macrohabitat evaluation can contribute to the monitoring of the Natural Resource Conservation Service (NRCS) and other management agencies of geomorphology, riparian vegetation, and streambank erosion for departures from natural conditions.

7) Our OCH data can augment the periodic wetland inventories conducted by the Department of Ecology and WDFW.

8) Our macrohabitat evaluation can contribute to the NRCS, WDFW, and USFS monitoring of instream conditions. 

This study also addresses several statements of fish and wildlife needs in the Entiat subbasin summary (Berg and Matthews 2001: p. 60-62):

1) Restore access to fish spawning or rearing habitat by reconnecting the river to blocked side channels and/or creating new side channels to improve rearing habitat conditions.  Our OCH-flow analyses will contribute insights into the dynamics of how to achieve such reconnections or create such habitat.

2) Protect and restore the connectivity, diversity, and function of stream channels and floodplain in part by identifying and mapping dredged areas in the Entiat River and recommending alternatives for re-establishing connections and reducing bedload input in the drainage.  Our OCH-flow analyses will contribute insights for reconnection alternatives.

3) Protect and restore connectivity, diversity, and function of riparian habitat through:

a) protecting remaining riparian habitat and restoring lost habitat through:

i) educating farmers, ranchers and the general public on riparian area protection.  Our habitat data can help educate farmers, ranchers and the general public by identifying habitat conditions and flow dynamics that create high quality habitat.

ii) securing riparian habitats through conservation agreements, easements, or direct purchases.  Our habitat data can contribute to helping securing riparian habitat by identifying habitats that are desirable to secure based on their quality that the flow dynamics affecting that quality.

b) restore water quality and quantity through:

i) maintaining water quality standards.  Our flow-habitat data can help identify how to maintain water quality standards as a function of habitat quality and the flow dynamics to maintain that level of quality.

ii) garnering the support of landowners in maintaining wetland function.  Our habitat data can help gain such support by educating them on system aspects that maintain high quality habitat.

iii) implementing IFIM-based flows.  Our habitat-flow data can contribute to identifying appropriate IFIM-based flows.

4) Provision of sustainable habitat components for all native species.  Our habitat-flow dynamics data will help identify whether or not habitats are sustainable, based on their flow requirements.  These data will also permit identification of instream-flow needs sufficient for maintaining adequate habitat for selected fishes and amphibians.

5) Review and confirmation of fine-sediment ratings used for the Entiat EDT (Mobrand Biometrics 2001).  Our habitat data could contribute to confirmation of fine-sediment ratings for the reaches in which data are collected.  Indeed, based on empirical data for warmwater fish/tadpole assemblages, Vadas and Orth (2000) identified five useful criterion for percent fines (< 2 mm in diameter): < 1% (‘low’), 1-4% (‘moderately low’), 5-9% (‘moderate’), 10-24% (‘moderately high’), and > 25% (‘high’).  Riffle-oriented fishes with similar habitat preferences to salmonid spawners and rearing trout (Oncorhynchus spp.) used low to moderately low fines levels, whereas pool-oriented fishes with similar habitat preferences to rearing salmon used more variable amounts of fines (op. cit.; cf. Vadas 2000).
Our knowledge of amphibians in the Cle Elum, Entiat, and Tieton systems is limited.  Except for the state gap analysis project (Dvornich et al. 1997), the only scientific data on amphibians in and near these systems consists of old (Metter 1960; Slater 1955, 1964; Slevin 1928; Young 1976) and new anecdotal or unpublished survey records (WNF 1996; J.L. Cummins [WDFW], P. Garvey-Darda [USFS], pers. comm., 2001).  This is reflected in the fact that each subbasin summary that includes these systems emphasizes the need to maintain, protect, enhance, restore, or manage wildlife species, but provides little or no discussion specific to amphibians.  Where specific amphibians are discussed, non-specific data reflects a general lack of information (Berg 2001: Columbia spotted frog: p. 200).  Of all vertebrate groups, amphibians and reptiles historically have been the most ignored.  Widespread documentation of amphibian losses on a global scale has emphasized a pressing need to redress this lack of attention (Blaustein and Wake 1990, Lips 1998), especially to establish at least some baseline data regarding the dynamics of these species in local ecosystems.  Our study is distinctive in its attempt to address habitat degradation as a function of altered flows for amphibians in the Cle Elum, Entiat, and Tieton systems.  Instream flows have typically been used to address fish habitat needs, so this study would represent a unique way of evaluating the OCH function for another taxonomic group of conservation concern.  New knowledge about amphibian habitat that emerges from this study may be reflected in new WDFW Priority Habitats and Species (PHS) program management recommendations, which are used to develop critical area ordinances for the Growth Management Act (WDFW 1997).  Additionally, PHS amphibian-specific habitat data will help the WDFW, The Nature Conservancy, and other nonprofit groups identify lands of high conservation value that are suitable for protection (Berg 2001: Goal 1: Objective 7: p. 290).

d. Relationships to other projects 
This study will help identify how OCH functions as fish and amphibian habitat under hydrological regimes representing impounded and free-flowing systems. Habitat forming processes related to hydrology are only sometimes recognized during instream-flow negotiations (Hill et al. 1991; Coccoli 1996; Hardy 2000). However, lack of information on the role that hydrology (frequency, magnitude, and timing of inundation) plays in creating and maintaining OCH habitat for aquatic biota often render these negotiations esoteric and limited in value.  As formal flow criteria do not yet exist in the Entiat (Caldwell and Beecher 1995) or Yakima River drainages (B. Renfrow [WDFW], and D. Bambrick [NMFS], pers. comm., 2001), this study will be basic to any project that addresses the relationship of OCHs to hydrology of the Cle Elum, Entiat, and Tieton Rivers, and will have significant implications for other systems.  Until we can quantify how impoundments change the function of OCH in the Pacific Northwest and thus habitat quantity and quality for fish and other biota, we cannot effectively argue for managing flows that maintain those habitats.

Refined information on the role that hydrology plays in creating and maintaining OCHs can better inform a suite of currently BPA-funded restoration projects that have this objective as part of their restoration venue.  Several of these projects are listed in Section 3. 

Data from this study will contribute to the I-90 Corridor Species Distribution Study (P. Garvey-Darda [USFS], pers. comm., 2001), especially regarding connectivity issues in aquatic habitat for amphibians and fishes.    

This study will compliment preliminary surveys of east Cascades amphibian species and their habitats currently being implemented by the USGS Amphibian Research and Monitoring Initiative (ARMI) in its ability to determine favorable amphibian habitat in an impoundment context.  In addition, this proposed study will contribute substantially to a long-term amphibian inventory project (Hallock 2000) culminating in the creation of a comprehensive Washington Herpetological Atlas (L. Hallock [WDNR], pers. comm., 2000).

This information will help support the Washington Department of Fish and Wildlife’s (WDFW) ecoregional planning process under the Conservation and Reinvestment Act (CARA).  In 2000, The Washington Department of Fish and Wildlife received about $500,000 to develop a statewide strategy and a pilot ecoregion plan to conserve fish and wildlife, promote science education, and develop recreational opportunities.  The CARA grant does not support field study, rather the compilation of existing data. The study described here would provide new information that could be integrated into the planning process.   

This project is unique because it has the opportunity to document the instream-flow needs of amphibians, an approach that has typically been restricted to fish assessment (Vadas and Weigmann 1993; Vadas 2000).
e. Project history (for ongoing projects) 

This is a new project.

f. Proposal objectives, tasks and methods
The primary objective of this proposal is to quantify differences in fish and habitat and habitat utilization patterns between impounded and unimpounded systems.  We will focus our study on OCHs because of their presumed importance to fish and amphibians, and because the relationship between impoundments and OCH in the Pacific Northwest has received little study to date.  We will clarify how differences in hydrology translate into differences in the type and amount of off-channel habitat, and as a consequence, change in the fish and amphibian biota that use those habitats.  We expect that if such differences exist, this study will result in preliminary recommendations to assist in the management of fishes and amphibians in systems with altered hydrologies, and guide further research in this area.

We will examine a combination of experimental units selected from among the Cle Elum, Entiat, and Tieton Rivers.  We chose this combination of units because they satisfied two key requirements for the study: The important issue of comparing systems with a similar scale, and for dammed systems, enough habitat above the impoundment similar enough that below the impoundment to enable a comparison within systems as well as between systems.

Tributaries of the Columbia and Yakima, respectively, the Entiat and Tieton Rivers have similar basin areas; occur over a similar elevation range; have a basin area-specific, non-impoundment hydrograph of similar magnitude and response
; and have a similar faunal composition for fishes (Blomstrom and Detrick 1980; Lee et al. 1980; McIntosh et al. 1994; Oliver 1992; Bosch 2001; M. Hallock, B. Renfrow, E. Anderson, and J.L. Cummins [WDFW], pers. comm., 2001) and amphibians
 (Dvornich et al. 1997; Metter 1960; Young 1976; WNF 1996; J.L. Cummins, P. Garvey-Darda [USFS], pers. comm., 2001).  The Tieton differs from the Entiat in being largely confined (bedrock-controlled) for most of its lower length (i.e., below Rimrock Reservoir; H. Beecher and B. Renfrow [WDFW], pers. comm., 2001).  The Cle Elum, also a Yakima tributary, has a non-impoundment hydrograph with a similar response, but has a slightly greater flow magnitude than the others
.  Further, the Cle Elum has a topography closer to that of the Entiat than the Tieton. 

Objective 1: Address planning and logistic issues with sampling

Task a: Assess extent of alluvial versus confined reaches in Tieton system.

The Entiat will serve as the unimpounded control; and the Cle Elum and Tieton may represent impounded treatments.  As our design will stratify alluvial versus confined reaches (Smith 1993; McIntosh et al. 1994; Ring and Watson 1999; Smith et al. 2000), aerial photographs and onsite survey data will be needed to assess whether enough alluvial (unconfined) reach distance exists in the lower Tieton to allow a robust comparison of both reach strata with the Entiat.  If too little alluvial-reach distance exists in the Tieton, we will partition the comparison for reach strata between treatment streams.  That is, the Tieton would likely be compared to the Entiat for confined reaches, whereas the Cle Elum would likely be compared to the Entiat for alluvial reaches.

A Wildlife Biologist I with the assistance of a Scientific Technician I will require 0.5 months to complete this task under the supervision of a Research Scientist.

Task b: Map distribution alluvial versus confined reaches in study streams.

As alluvial versus confined reaches will be used as strata upon which to base our sampling (Objective 3, Task a), we will use a combination of aerial photographs and onsite surveys to map the distribution of each stratum.  

A Wildlife Biologist I with the assistance of a Scientific Technician I will require 1.5 months to complete this task under the supervision of a Research Scientist.

Task c: Identify sampling limitations associated with flows at different seasonal intervals.

Our sampling will occur at at least two different seasonally intervals representative of different flow conditions (Objective 3, Task a), so an understanding of limitations on sampling at different seasonal intervals will be needed.  Two limitations on sampling need address: (1) flow conditions that constrain the sampling methods; and (2) sample size variation within sampling units.

Because turbidity conditions may vary over the flow range we intend to sample (Burton 1988; Hynes 1970; Morisawa 1985), exploratory sampling at different seasonal intervals will be needed to determine which sampling methods to apply.  If turbidity interferes with visibility at higher flows, a turbidity-insensitive sampling method such as seining or electrofishing above a block net (Vadas and Orth 1993; Vadas 1998; Thevenet and Statzner 1999) may be needed.  Whether we can seine or use a less costly method when turbidity declines during lower flows depends partly on numbers of fishes or amphibians found in sampling units (see next paragraph).  For safety reasons, high flow conditions may prevent effective sampling in all targeted habitats; this outcome may require sampling a subset of available habitats at high flow or only sampling habitat and addressing animal sampling at lower flows.  If different flow conditions require using different sampling methods, we may have to implement a cross-comparison of sampling methods on an appropriate subsample to permit comparison across time intervals.

Some information on fish densities provides a notion of how to dimension sampling units, but such data is unavailable for amphibians and even limited additional data on fish densities would ensure a robust fish sampling design.  Preliminary assessment of snorkel surveys (for fishes and amphibians in aquatic habitats; cf. Beecher et al. 1993, Thurow 1994), seining (for fish and amphibians in aquatic habitats; cf. Beecher and Fernau 1983; Vadas 1992, 1998; Vadas and Orth 1993, 2000), and visual encounter surveys (for amphibians in terrestrial and OCHs; cf. Bury and Corn 1991; Olson et al. 1997) will be required to determine sample size-based structure of our sampling units (see Objective 3, Task a).  Notably, these data are absolutely needed to understand the most appropriate stream-axis dimension of the grid used to sample amphibians (see Objective 3, Task a), the numbers of which are known to be highly variable (Bury and Corn 1991).  These data will also be essential to determine whether OCHs can be sampled using the same methods as mainstem habitats. Sampling in units will be designed to minimize zeros in the animal data.

A Wildlife Biologist I with the assistance of a Scientific Technician I will require 2.5 months to complete this task under the supervision of a Research Scientist.

Objective 2: Identify relationships between differences in historic versus current hydrology and macro-scale habitat patterns in control versus treatment streams.
Task a: Identify differences in historic versus current hydrology.

We will identify differences in historic versus current hydrology through examination of pre- and post-dam annual hydrographs in treatment streams (Cle Elum, Tieton) for comparison with temporally equivalent hydrographs in the control stream (Entiat).  This comparison is necessary to identify impoundment-related changes in hydrology. 

We will select a set of years that corresponds to pre- and post-dam intervals at treatment sites for which to analyze hydrographs in both control and treatment streams.  If both Cle Elum and Tieton streams are used as treatments, pre- and post-dam intervals corresponding to the particular treatment stream would be selected, and the set of years used for comparison in the control (Entiat) would depend on which treatment stream was addressed.  We intend to make these comparisons in two ways: (1) with all years for which a complete hydrograph is available (i.e., daily data for the entire year); and (2) with all years for which a complete hydrograph exists for both control and treatment streams.  The first comparison will be made to try to capture as much analyzable data as possible.  However, inter-year variability may be significant.  If it is, we will depend on the second comparison for a robust analysis.

Non-impoundment hydrographs across all systems (control and treatments) will be used to define at least two seasonal groupings (freshet and low-flow) with which to analyze the years selected.  Based on independent data for regulated streams, we will address the a priori prediction that regulated hydrographs will display a significantly higher inter-annual variance, a significantly lower seasonal variance, and a greater number of directional changes (positive or negative) at a daily level of resolution than unregulated hydrographs.  These ideas will be tested for the aforementioned seasonal groupings with F tests at three levels of temporal resolution: weekly, semi-weekly, and monthly.  We also intend to compare variances in the regulated and unregulated hydrographs at monthly and annual scales independent of seasonal flow groupings.  We will also compare seasonal flow groupings between control and treatments for the directional patterns of change using Runs tests.  Non-impoundment hydrographs for which we are unable to identify strong confounding influences (i.e., significant water withdrawals for irrigation) will be used collectively to define reference conditions.

A Wildlife Biologist I will require 1.5 months to complete this task under supervision of the Research Scientists coordinating this project.

Task b: Identify potential differences in macro-scale habitat patterns.

We will evaluate macro-scale habitat patterns using current and historic aerial photographs.  We will examine two segments in each system.  In treatment streams (Cle Elum, Tieton), one segment will be downstream of the impoundment; the other will be upstream.  Segments in the control (Entiat) will be positioned so that the drainage area is of similar size to their analogs in treatment streams.  The South Fork of the Tieton will be used for the segment upstream of the impoundment, given that the North Fork lacks sufficient habitat for the proposed alluvial and confined strata (E. Anderson and B. Renfrow [WDFW], pers. comm., 2001).  Preliminary survey and examination of current aerial photographs will be needed to identify precisely where to position study segments.

The earliest historical aerial photographs available will be obtained for comparison
 to a current series.  We will examine aerial photographs in the historical and current series to determine the area and width of OCHs and main channels, and the extent of each riparian vegetation (Smith 1993; Vadas 1997, 1998) and aquatic habitat category (Eiler et al. 1988; Vadas 1992, 1997; Vadas and Orth 1998) for 10 units 0.5 km in length in each segment.  Unit width will be sufficient to capture the riparian band on either side of the study stream.  We will ground truth aquatic and riparian vegetation and habitat categories and other features observed on current aerial photographs to enable their identification on historical aerial photographs (cf. Bortleson et al. 1980).

We will determine whether changes in channel width or structure; riparian vegetation width, area, or structure; and OCH area or structure can be identified between current and historic aerial photographs (cf. Lind et al. 1996) between control and treatment sites.  Potential differences will be identified using two-factor (segments and time) ANOVAs for each of alluvial and confined strata.  We will address the maximum number of a priori comparisons allowed given that we may have no more than four segments for comparison (minimum design with only the Entiat and Tieton): (1) segments of similar scale in regulated and unregulated streams (downstream segments in the Cle Elum and/or Tieton versus the Entiat); (2) unregulated segments in treatment and control systems (upstream segments in the Cle Elum and/or the Tieton and Entiat); and (3) upstream and downstream segments in the unregulated (Entiat) system.  Such a design should allow identification of potential regulation effects, potential between-system differences, and potential within-system differences, respectively.  The two latter comparisons will be essential to identifying potential confounds resulting from either differences between or within systems.  We will use historic data available from other sources to corroborate or refute details of macro-scale reconstruction (cf. Bortleson et al. 1980) that may be linked to river-regulation impacts.  We will pay special attention to data on changes that might confound impoundment-related changes (e.g., water withdrawals due to agriculture).

A Wildlife Biologist I with the assistance of a Scientific Technician I will require 2 months to complete this task under supervision of a Research Scientist.

Task c: Determine whether impounded related differences in current hydrology are linked to macro-scale habitat changes.

We will determine whether impounded-related differences in current hydrology are linked to macro-scale habitat changes through congruence of changes between control and treatment streams, and control and treatment segments in the impounded streams.  Incongruent patterns in any of these comparisons will be basis for questioning (i.e., rejecting) the interpretation that changes are impoundment-related.  Incongruence analysis will require application of Bayesian conditional probabilities (Leonard 2000, Sebastiani and Ramoni 1997).  One possible alternative is that impounded changes in hydrology are clearly identified, but no significant macro-scale habitat changes are observed.  Under such a scenario, we would examine the alternatives (using current data; see Objective 3, Tasks a and b) that habitat changes may be occurring at meso- or micro-scales.

A Wildlife Biologist I will require 1 month to complete this task under supervision of a Research Scientist.

Objective 3: Identify differences in habitat and habitat use for fishes and amphibians in impounded versus free-flowing streams.
Task a: Identify differences in meso-habitat conditions between impounded and free-flowing streams.

We will evaluate meso-habitat conditions that currently exist in treatment versus control streams.  As reaches in each segment will be partitioned into alluvial versus confined strata (see Objective 1, Task b), we will randomly select a starting point from the collective segments allocated in each stratum.  We will then sample 10 units selected from the midpoint of each habitat category within that stratum that begins with the category in which the starting point falls and work upstream.  If the distance of alluvial reaches in the Tieton proves sufficient (see Objective 1, Task a), our design would have 20 units (10 for each stratum) in each of the segments in the control (Entiat) and treatment (Tieton) streams.  If the distance of alluvial reaches in the Tieton is not sufficient, each of two treatment streams (Cle Elum and Tieton) would have 10 units in each segment (only one stratum represented), but the control stream (Entiat) would still have 20 units per segment (both strata represented).

Each sampling unit will consist of a transect and grid positioned perpendicular to the stream axis that extends to the upland limit of riparian habitat on stream margins.  We will evaluate habitat at at least two seasonally representative flows based on non-impoundment hydrographs in each system (see Objective 2, Task a).  The grid will be arrayed in 25-m2 units and have a stream-axis length determined from pilot-year surveys for amphibians.

To evaluate habitat, we will address flow, hydraulics (depth/velocity), bottom topography (substratum/cover) (Beecher et al. 1993; Vadas and Orth 1998, 2000, 2001), water temperature, and dissolved oxygen (Bartholow 1999; Bilby 1984; Hostetler 1991) for the aquatic habitat present; substrate moisture, shading, and temperature for the terrestrial habitat present (Hayes et al. 2001); and vegetation complexity and structure for both aquatic and terrestrial habitats (Hayes et al. 2001; Smith 1993; Vadas 1997, 1998; Vadas and Sanger 1997; Vadas and Orth 1998).  We will also evaluation the presence, categories, and connectedness of OCHs (cf. Vadas and Orth 1998) that fall within sampling units.  For habitat available to fishes, data will be recorded for all subunit (microhabitat) cells on each transect (Beecher et al. 1993; Vadas 1994) for which aquatic habitat exists.  For habitat available to amphibians, data will be scored for each 25-m2 unit on the grid.

We will determine whether differences exist between control and treatment segments for the aquatic and terrestrial habitat variables also using ANOVAs and the a priori comparisons outlined for the macro-scale comparison (see Objective 2, Task b).  We will also compare the abundance, categories, and connectedness of OCHs between equivalent control and treatment segments.

A Wildlife Biologist I will require 6 months (3 months in each of two years) with a crew of 5 Scientific Technicians I to complete this task under supervision of a Research Scientist.  A Wildlife Biologist I and one Scientific Technicians I will require 6 months (3 months in each of two years) to complete the data entry and analyses portion of this task.

Task b: Identify potential differences in microhabitat use patterns for fishes and amphibians between impounded and free-flowing streams.

We will evaluate microhabitat use pattern for fishes and amphibians that currently exist in treatment versus control streams.  We will sample fish and amphibians over three flow conditions that range from sub-maximal (May) to low (August-September) if sampling is feasible over this range (see Objective 1, Task c).  If sample under sub-maximal conditions proves unfeasible, we expect to sample once in during low flow conditions (August-September), and at least once during a somewhat higher flow interval.  Within each season, we consider it critical to sample study units that are within each segment simultaneously (on the same date), because they belong to the same control-treatment pair. 

Microhabitat data will be recorded at the point at which each fish or amphibian are found.  We expect to record microhabitat data for same suite of variables in the meso-habitat analysis save those addressing connectedness (see Objective 3, Task a).  We will sample fishes on subunit (microhabitat) cells on the transect, whereas we will sample amphibians on subunits (25-m2 units) of the grid.

We will compare species-specific fish and amphibian habitat-use data for those species with enough data between impounded and free-flowing systems.  Because of our focus on OCHs, we intend to especially target those species with life stages most likely to use OCHs.  Based on available data for fishes, this includes Coho salmon (Oncorhynchus kisutch), brook trout (Salvelinus fontinalis), bull trout (Salvelinus confluentus), Chinook salmon (Oncorhynchus tshawytscha), cutthroat trout (Oncorhynchus clarki), and selected daces (Rhinichthys spp.), and sculpins (Cottus spp.)(Wydoski and Whitney 1979; H. Beecher, P. Mongillo [WDFW], pers. comm. 2001).  For amphibians, this includes western toad (Bufo boreas), Cascades frog (Rana cascade), and Columbia spotted frog (Rana luteiventris)(Nussbaum et al. 1983; K. McAllister [WDFW], P. Peterson [Simpson Timber Co.], pers. comm., 2001) .  We will search for asymmetries in the overall, species-specific, and for some species, life stage-specific use data that suggest an impoundment effect.  We will interpret the use data in the context of our estimates of available habitat (based on meso-scale measurements; Objective 3, Task a) to ensure that use differences potentially attributable to impoundment are not a consequence of constraints on habitat available.  As brook trout is a dominant exotic in these systems, we will examine the hypothesis that impoundment hydrology favors exotic establishment and use of OCHs important to native species (Kupferberg 1996).  After we correct for evident constraints via use of preference ratios (Beecher et al. 1993) and fish density (Vadas and Orth 2001), we will build preliminary instream-habitat models, focusing on flow requirements to protect fish and amphibian habitat (Vadas and Weigmann 1993; Caldwell and Beecher 1995; Vadas 2000).

A Wildlife Biologist I will require 6 months (3 months in each of two years) with a crew of 5 Scientific Technicians I to complete this task under supervision of a Research Scientist.  A Wildlife Biologist I and one Scientific Technicians I will require 6 months (3 months in each of two years) to complete the data entry and analyses portion of this task.

Objective 4: Describe details of habitat differences and habitat use patterns among fishes and amphibians for impounded versus free-flowing streams.

Task c: Develop a report on habitat differences and habitat use patterns among fishes and amphibians for impounded versus free-flowing streams.

We will develop a report on the habitat difference and habitat use patterns among fishes and amphibians for impounded versus free-flowing streams.  We will identify what aspects of the hydrograph of impounded systems appear to be linked to habitat changes, and provide preliminary recommendations as to how flow regimes might be altered in impounded systems to enhance habitat (especially OCH conditions) and potentially disfavor exotics.  We expect this report to be a peer-reviewed product that will be published in a recognized outlet with a sufficient broad audience.  

Research Scientists coordinating this project will require 1 months to complete this task with the assistance of a Wildlife Biologist I and a Scientific Technicians I.

Permits and NEPA issues

Incidental take on listed fishes and ESUs as the results of our sampling will require a Section 10 permit from USFWS.  No listed amphibians exist for Washington State at a federal level, and all four investigators on this projected are permitted for incidental take of state-listed species.  We expect to voucher a few samples of species sampled for reference in recognized repositories.

This study falls under a NEPA categorical exclusion for research, however, a biological assessment for this categorization will be required.
g. Facilities and equipment
Several WDFW field facilities would be available for logistic support and/or housing. The Habitat Program of WDFW has selected sampling and field equipment (e.g., a GPS unit [Trimble Pathfinder Pro XRS GPS] with sub-meter accuracy, laser hypsometers, and nets) that is available for this project. 
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Section 10 of 10. Key personnel

Marc P. Hayes, PhD, Research Scientist with the Science Team of the Habitat Program of the Washington Department of Fish and Wildlife (WDFW), will co-supervise the proposed project and assist in all writing (of progress and final reports, and peer-reviewed products that result from the final reports), and contribute 0.1 FTE annually to this project.  Dr. Hayes is a research herpetologist with over 25 years of field and project supervision experience.

Robert L. Vadas, Jr., PhD, Research Scientist with the Science Team of the Habitat Program of the WDFW, will co-supervise the proposed project with Dr. Hayes, and also assist in all writing, and contribute 0.05 FTE annually to this project.  Dr. Vadas is a research aquatic ecologist who brings extensive and pertinent fish-habitat evaluation experience and writing skills to the proposed project.

Timothy Quinn, PhD, Chief Research Scientist with the Science Team of the Habitat Program of the WDFW, will co-supervise the proposed project with Drs. Hayes and Vadas, will also assist in all writing, and contribute 0.05 FTE annually to this project.  Dr. Quinn is a experienced project manager who brings superlative advisory, integrative, and writing skills to the proposed project.

Hal A. Beecher, PhD, Research Scientist with the Science Team of the Habitat Program of the WDFW, will play a key advisory role in the proposed project, and will not have a measurable FTE contribution to this project.  Dr. Beecher is the most experienced Washington investigator concerning instream-flow needs of freshwater fishes.

Resumes for the project follow.

Marc Philip Hayes
Washington Department of Fish and Wildlife · Habitat and Lands Services Program · ScienceTeam

600 Capitol Way · Olympia, WA · 98501-1091 · USA

Phone: (360) 902-2567 · Fax: (360) 902‑2946 · E-mail: hayesmph@dfw.wa.gov
Dr. Hayes is a research herpetologist currently employed as a Research Scientist with the Science Team of the Washington Department of Fish and Wildlife Habitat Program.  He has over 25 years of field experience with amphibians and reptiles, the last 12 years in the Pacific Northwest.  Dr. Hayes has supervised over 30 projects addressing the ecology and habitat needs of amphibians and reptiles, and is well suited to lead the amphibian portion of this project, and to co-supervise it with Dr. Vadas.  

EDUCATION
1991
PhD  Herpetological Ecology, University of Miami, Miami, Florida.


Dissertation:  Attendance in the tropical, leaf-breeding frog (Centrolenella fleischmanni): A study in parental care.


Major advisor: Jay M. Savage
1975
MA Biological Sciences (Herpetology emphasis), California State University, Chico, California


Thesis:  Systematics of the California mountain kingsnake (Lampropeltis zonata)


Major advisor: Frank S. Cliff

1972 BA Biology (Marine Sciences major, Entomology minor), University of California, Santa Barbara

1970
AA Biological Sciences, Yuba College, Marysville, California

PROFESSIONAL EMPLOYMENT

2000-
Research Scientist, Habitat Program
Washington Department of Fish and Wildlife, Olympia

1992-
Adjunct Professor
Portland State University, Portland, Oregon

1992-98
Instructor, Biological Sciences
Portland Community College, Portland, Oregon

1991-99
Contract Environmental Consultant
Self-employed, Beaverton and Hillsboro, Oregon

1991
Postdoctoral Research Associate
Oregon State University, Corvallis, Oregon

1985-91
Contract Environmental Consultant
Gaby and Gaby, Inc., Miami, Florida

1982-84
Maytag Fellow
University of Miami, Florida

1978-81
Teaching Assistant
University of Southern California, Los Angeles


1975-78
Instructor, Biological Sciences
Butte Community College, Oroville, California

1973-75
Teaching Assistant
California State University, Chico  

RECENT PUBLICATIONS

Pearl, C.A; and M.P. Hayes.  2002.  Predation by Oregon spotted frogs (Rana pretiosa) on western toads (Bufo boreas) in Oregon.  American Midland Naturalist (in press).

Bull, Evelyn; and M.P. Hayes.  2002.  Overwintering of Columbia spotted frogs (Rana luteiventris) in northeastern Oregon.  Northwest Science (in press).

Hayes, M.P., C.A. Pearl, and C.J. Rombough.  2001.  Rana aurora aurora: Movement.  Herpetological Review 32(1):35-36.

Bull, Evelyn; and M.P. Hayes.  2001.   Post-breeding movements of Columbia spotted frogs (Rana luteiventris) in northeastern Oregon.  Western North American Naturalist 61(1):119-123.

Altman, R.; M.P. Hayes, R.D. Forbes, and S.D. Janes.  2001.  Chapter 10: Wildlife communities of westside grassland and chaparral.  In: D.H. Johnson and T. O’Neill (editors), Habitat-Species Relationships of Oregon and Washington, Oregon State University Press.  [Book chapter]

Bull, Evelyn; and M.P. Hayes.  2000.  An evaluation of livestock grazing on the Columbia spotted frog.  Journal of Range Management 37:1138-1145.

Hayes, M.P.; M.R. Jennings; and J.D. Mellen.  2000.  Beyond mammals: Environmental enrichment for amphibians and reptiles.  Pp. 205-235.  In: Hutchinson, M.; J. Mellen; and D. Shepherdson (editors), Second Nature: Environmental enrichment for captive animals, Smithsonian Institution Press, Washington, D.C.  [Book chapter]

Robert Louis Vadas, Jr.

Washington Department of Fish and Wildlife · Habitat and Lands Services Program · ScienceTeam

600 Capitol Way · Olympia, WA · 98501-1091·  USA

Phone: (360) 902-2594 · Fax: (360) 902‑2946 · E-mail: vadasrlv@dfw.wa.gov
Dr. Vadas is a Research Scientist with the Science Team in the Habitat Program for the Washington Department of Fish and Wildlife, addressing instream flow requirements and research.  He has over 12 years of field experience on the habitat and instream-flow needs of freshwater fishes, over a third of it in the Pacific Northwest.  Much of Dr. Vadas’ research has involved sampling and modeling the habitat requirements of fishes at various spatial scales.  Dr. Vadas has a superlative publication record, excellent writing skills, and is an invaluable asset to fish- and habitat-evaluation segments of the project.  

EDUCATION

1994
PhD Fisheries and Wildlife Sciences, Virginia Polytechnic Institute and State University, Blacksburg, Virginia. Dissertation:  Habitat tools for assessing instream-flow needs for fishes in the upper Roanoke River, Virginia
1988
MS Zoology (Ecology option), University of Maryland, College Park, Maryland


Thesis:  The ecology of temperate warmwater fishes  

1985
BS Zoology and Botany (majors), Chemistry (minor), Ohio Wesleyan University, Delaware, Ohio

PROFESSIONAL EMPLOYMENT
2001-
Research Scientist, Habitat Program
Washington Department of Fish and Wildlife, Olympia

1999-2001
Staff Research Biologist
Florida Marine Research Institute, St. Petersburg, Florida

1997-1999
Postdoctoral Research Associate
National Marine Fisheries Service, Tiburon, California

1997-1998
Contract Ecological Consultant
Self-employed, Tiburon, California and Calgary, Alberta, Canada


1996-1997
Aquatic Ecology Consultant
Golder Associates, Ltd., Calgary, Alberta, Canada

1994-1997
Postdoctoral Research Associate
Pacific Wildlife Research Centre, Delta, British Columbia, Canada

1987-1994
Contract Ecological Consultant
Self-employed, Blackburg, Virginia and College Park, Maryland

SELECTED PUBLICATIONS

Vadas, R.L. Jr., and D.J. Orth.  2001.  Formulation of habitat-suitability models for stream-fish guilds: do the standard methods work?  Transactions of the American Fisheries Society 130:217-235

Vadas, R.L. Jr.  2000.  Instream-flow needs for anadromous salmonids and lamprey on the Pacific coast, with special reference to the Pacific Southwest.  Environmental Monitoring and Assessment 64:331-358.

Vadas, R.L. Jr., and D.J. Orth.  2000.  Habitat use of fish communities in a Virginia stream system.  EnvironmentalBiology of Fishes 59:253-269.

Vadas, R.L. Jr.  1998.  Human impact on aquatic and riparian ecosystems in two streams of the Thompson River drainage, British Columbia.  Pp. 13-30.  In: Brewin, M.K. and D.M.A. Monita (editors), Forest-fish conference: Land management practices affecting aquatic ecosystems, Natural Resources Canada, Forest Service, Northern Forestry Center Information, Edmonton, Alberta, Report NOR-X-356.

Vadas, R.L. Jr., and D.J. Orth.  1998.  Use of physical variables to discriminate visually determined mesohabitat types in North American streams.  Rivers 6:143-159.

Vadas, R.L. Jr.  1997a.  Integrity of riparian and aquatic habitat in two agriculturally impacted stream valleys of southern British Columbia. DOE FRAP (Canada Department of the Environment, Fraser River Action Plan) 1998-27: 34 pp.

Vadas, R.L. Jr. 1997b. Assemblage structure of riparian and drifting invertebrates along environmental gradients in two streams of southern British Columbia. DOE FRAP (Canada Department of the Environment, Fraser River Action Plan) 1998-28: 62 pp.

Vadas, R.L. Jr., and J.B. Newman.  1997.  Assemblage structure of riparian birds and frogs along environmental gradients in two valleys of southern British Columbia. DOE FRAP (Canada Department of the Environment, Fraser River Action Plan) 1998-29: 40 pp.

Vadas, R.L. Jr., and D.J. Orth.  1997.  Species associations and habitat use of stream fishes: The effects of unaggregated-data analysis.  Journal of Freshwater Ecology  12:27-37.

Timothy Quinn
Washington Department of Fish and Wildlife · Habitat and Lands Services Program · ScienceTeam

600 Capitol Way · Olympia, WA · 98501-1091·  USA

Phone: (360) 902-2414 · Fax: (360) 902‑2946 · E-mail: quinntq@dfw.wa.gov
Dr. Quinn is one of three Chief Scientists of the Washington Department of Fish and Wildlife and oversees all research in the Habitat Program.  He has over 20 years of field experience with research in the Pacific Northwest.  Much of Dr. Quinn’s work involves measuring the effects of human-land use activities on vertebrate species and their habitat.  Dr. Quinn has an excellent record of assembling integrative studies and brings superb writing and supervisorial skills to the proposed project.  

EDUCATION

1999
PhD  Wildlife Ecology, University of Washington, Seattle.


Dissertation Title:  The distribution, movements, and diets of coyotes in urban areas of western Washington
1987
MS Physiological Ecology of Marine Fish, Western Washington University, Bellingham

Thesis Title:  Physiological ecology of Ammodytes hexapterus in relation to its burrowing behavior

1979
BS Biology, Chemistry Minor, Western Washington University, Bellingham

PROFESSIONAL EMPLOYMENT

1999-
Chief Scientist, Habitat Program
Washington Department of Fish and Wildlife, Olympia

1999
Visiting Faculty
The Evergreen State College, Olympia

1998
Visiting Professor
University of Washington, Seattle

1996-9
Wildlife Ecologist/HCP Coordinator
Washington Department of Fish and Wildlife, Olympia

1993-6
Research Wildlife Ecologist
Boise Cascade Corporation, Yakima

1988-92
Research Assistant
College of Forest Resources, University of Washington, Seattle  

1991
Lecturer
Western Washington University, Bellingham

1991
Research Biologist
King County, Seattle  

RECENT GRANTS AND CONTRACTS

2000-1
$110,000
Timber/Fish/Wildlife
Sampling methods for stream dwelling amphibians

2000-1
$148,000
Timber/Fish/Wildlife
Amphibian use of seeps in western Washington

1997-9
$160,000
Timber/Fish/Wildlife
Songbird ecology in western Washington forests 

1997
$25,000
Timber/Fish/Wildlife
Landscape Management Practitioners Workshop 

1996
$32,000
Boise Cascade Corp.
Habitat associations and bird productivity in mixed coniferous forests

RECENT PUBLICATIONS

Kennedy, P.G. and T. Quinn.  2001.  Understory Plant Establishment on Old-Growth Stumps and the Forest Floor in Western Washington.  Forest Ecology and Management 154:193-200. 

Quinn, T., J. Gallie, and D.P. Volsen.  2001.  Amphibian occurrence in artificial and natural wetlands of the Teanaway and lower Swauk River drainages of Kittitas County, Washington.  Northwest Science 75:84-89.

Sallabanks, R. and T. Quinn. 2001. Can we infer habitat quality for the results of wildlife surveys? Final Report to the Washington State Department of Natural Resources, Olympia, Washington.

Sallabanks, R., and T. Quinn.  2001. Productivity of song birds in mixed coniferous forests of the inland Northwest. Timber/Fish/Wildlife. Washington Department of Natural Resources, Olympia, Washington 

Quinn, T. and D. H. Johnson (editors).  2001.  Chapter 22. Five cases studies of wildlife modeling applications.  Pp. 537-566.  In: Johnson, D. H., and T. O’Neill (editors), Wildlife-habitat relationships in Oregon and Washington, Oregon State University Press, Corvallis, Oregon. 

Roloff, G.J., G.F. Wilhere, T. Quinn, and S Kohlmann.  2001.  Chapter 21. An overview of models and their role in wildlife management.  Pp. 512-536.  In: Johnson, D. H., and T. O’Neill (editors), Wildlife-habitat relationships in Oregon and Washington, Oregon State University Press, Corvallis, Oregon. 

Lehmkuhl, J. F., B. G. Marcot, and T. Quinn.  2001.  Chapter 19. Characterizing species at risk.  Pp. 474-500.  In: Johnson, D. H., and T. O’Neill (Editors), Wildlife-habitat relationships in Oregon and Washington, Oregon State University Press, Corvallis, Oregon.

Hal Arthur Beecher
Washington Department of Fish and Wildlife · Habitat and Lands Services Program · ScienceTeam

600 Capitol Way · Olympia, WA · 98501-1091·  USA

Phone: (360) 902‑2421 · Fax: (360) 902‑2946 · E‑mail: beechhab@dfw.wa.gov     

Dr. Beecher is the lead Research Scientist addressing instream flow research for the Science Team in the Habitat and Land Services Program at the Washington Department of Fish and Wildlife Habitat.  He has over 20 years of field experience with instream flow and related fish-habitat research in the Pacific Northwest, and is the premier investigator in this field in this region.  Thus, Dr. Beecher brings invaluable advisory skills to the proposed project.  

EDUCATION
1979
PhD, Biological Science (ichthyology) ‑ Florida State University, Tallahassee, Florida

Dissertation: Comparative functional morphology and ecological isolating mechanisms in sympatric fishes of the genus Carpiodes in northwestern Florida.

1973
MS, Biology and Marine Science ‑ University of West Florida, Pensacola, Florida

Thesis: Studies on the color phases of the cocoa damselfish, Pomacentrus variabilis  (Pisces: Pomacentridae).

1970
AB, Biology ‑ Middlebury College, Middlebury, Vermont

PROFESSIONAL EMPLOYMENT (since 1978)
1999‑
Instream Flow Research Scientist
Washington Department of Fish and Wildlife, Olympia.

1995-1999 Instream Flow Biologist
Washington Department of Fish and Wildlife, Olympia

1991‑1995
Hydropower Project Coordinator
Washington Department of Fish and Wildlife, Olympia.

1986‑1991
Technical Services Manager
Washington Department of Wildlife, Olympia.

1983‑1986
Instream Flow Biologist
Washington Department of Wildlife, Olympia
1982‑1983
Mitigation Biologist
Washington Department of Wildlife, Olympia
1981‑1982
Stream Fish Ecologist
BioSystems Analysis, Inc., Seattle.

1981
Wildlife Biologist
Washington Department of Game, Olympia.

1981
Research Analyst/Environmentalist
Washington Department of Game, Olympia.

1978-79
Wildife Biologist/Aquatic Ecologist
The Nature Conservancy, Olympia and Portland.

SELECTED PRESENTATIONS AND PUBLICATIONS 

Solonsky, A., P. Hilgert, H.A. Beecher, and R..G. Engman.  2000.  Effects of managed instream flow on rainbow trout in a hydroelectric project bypass.  May 22, Instream Flow Council, Higgins Lake, Michigan.

Beecher, H.A.  1999.  Lower Skagit River: Instream Flow for a Washington Estuary.  May 8, Western Region, Instream Flow Council, Boise, Idaho.

Beecher, H.A., B.A. Caldwell, S.B. DeMond, and D. Seiler.  1998.  Habitat use and coho salmon production in Bingham Creek, Washington: What does WUA measure?  March 19, Instream Flow Council, Denver, Colorado.

Beecher, H.A., J.P. Carleton, and T.H. Johnson.  1997.  Testing the independence of microhabitat preferences and flow: Response to Comments.  Transactions of the American Fisheries Society 126:541‑542.

Beecher, H.A., J.P. Carleton, and T.H. Johnson.  1995.  Utility of depth and velocity preferences for predicting steelhead parr distribution at different flows.  Transactions of the American Fisheries Society 124(6):935‑938.

Beecher, H.A.  1995.  Elkhorn ruling boosts state authority to set instream flows on federal projects.  Fisheries 20(3):18‑19.

Beecher, H.A., T.H. Johnson, and J.P. Carleton.  1993.  Steelhead parr and depth‑velocity distribution: test of an assumption of the Instream Flow Incremental Methodology.  Canadian Journal of Fisheries and Aquatic Sciences 50(11):2380‑2387.

Beecher, H.A.  1990.  Standards for instream flows.  Rivers 1 (2):97-109.

Beecher, H.A., and R.F. Fernau.  1983.  Fishes of oxbow lakes of Washington.  Northwest Science 57(2):125-131.
� Eleven published pre-dam years are available for non-impoundment hydrograph for the Tieton River (� HYPERLINK "http://water.usgs.gov/nwis/discharge/?site_no=12491500" �http://water.usgs.gov/nwis/discharge/?site_no=12491500�), and more unpublished pre-dam years may be available.  Tieton Dam creating Rimrock Reservoir was built in 1925 (Oliver 1992).


� This refers to the pre-impoundment condition in the Tieton.


� Compare the Cle Elum hydrograph (� HYPERLINK "http://water.usgs.gov/wa/nwis/discharge/?site_no=12479000" �http://water.usgs.gov/wa/nwis/discharge/?site_no=12479000�) with that for the Entiat (� HYPERLINK "http://water.usgs.gov/nwis/discharge/?site_no=12452800,%2012452990" �http://water.usgs.gov/nwis/discharge/?site_no=12452800, 12452990�, � HYPERLINK "http://water.usgs.gov/nwis/discharge/?site_no=12453000" �12453000�) and the Tieton (see footnote 1) for the same years.  


� A pre-World War II series is available for the entire area of the proposed study sites.  Pre-dam aerial photographs are not anticipated to be available for treatment streams, but will be preferential used, if available.
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