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a. Abstract 
Shrubsteppe is a priority habitat within the state of Washington.  Although the decline in quantity and quality of shrubsteppe is a key issue throughout eastern Washington, the declines in the Crab Creek Subbasin of the Columbia Plateau Province have been particularly dramatic.  Shrubsteppe declined from 97.7% of the area historically to 30.2% of the area currently; representing a 69% decline.  The declines in habitat have resulted in corresponding declines in populations of numerous species, many of which are dependent on shrubsteppe habitat.  Many of the species of shrubsteppe obligates in Washington are listed by the state of Washington or the United States federal government as ‘endangered’, ‘threatened’, or ‘species of concern’; additional species are candidates for potential listing.  Conservation concerns for the shrubsteppe ecosystem and its associated fauna and flora have resulted in a variety of restoration activities including ‘set-aside’ cropland associated with the Conservation Reserve Program and state- and federally-funded restoration activities on state-owned wildlife areas.  The area currently being restored with the various programs totals more than 1,900 km2 in the Crab Creek Subbasin.  We are proposing a cooperative, four-year research investigation involving the Washington Department of Fish and Wildlife and the University of Washington to evaluate the effectiveness of the various restoration strategies.   Field studies will evaluate the responsiveness of shrubsteppe-associated wildlife in relation to characteristics of the habitat being restored.  The characteristics will include management and restoration history, configuration with alternate habitats, and specific characteristics of the shrubs, grasses, and forbs.  The results will be used by wildlife managers to increase the effectiveness of ongoing restoration activites.  The results will also provide a foundation for the periodic sampling necessary to monitor restoration activities in the future. 

b. Technical and/or scientific background
The historic habitat within the Crab Creek Subbasin of the Columbia Plateau Province consisted primarily of shrubsteppe habitat (Table 1, Johnson and O’Neil 2001, Quinn 2001).  Daubenmire (1970) described shrubsteppe as vegetative communities consisting of one or more layers of perennial grass with a conspicuous but discontinuous overstory layer of shrubs.  Shrubsteppe is considered a ‘priority habitat’ within the state of Washington (WDFW 2001a) and the Northwest Power Planning Council’s mitigation program.  In the Crab Creek Subbasin, shrubsteppe also includes ‘meadow-steppe’ and ‘steppe’ habitats which may have a relatively low frequency of shrubs.  Although the dominant shrubs are usually sagebrush (Artemisia spp.), other shrubs may also be common including rabbitbrush (Chrysothamnus spp.), bitterbrush (Purshia tridentate), grease wood (Sarcobatus spp.), and spiny hopsage (Grayia spinosa).  Other historic habitats within the Crab Creek Subbasin included open water, riparian, wetlands, and forest/shrub (Table 1).

Table 1.  Historic and current land cover in Crab Creek Subbasin of Columbia Plateau Province (Quinn 2001).

Habitat type
Historic
Current


Area (km2)
Proportion (%)
Area (km2)
Proportion (%)

Shrubsteppea
13,093
97.7
4,043
30.2

Forest/shrub
275
2.0
11
0.1

Wetlands/riparian
23
0.2
159
1.2

Open water
13
0.1
192
1.4

Cropland
0
0.0
7,527
56.1

Conservation Reserve Program
0
0.0
1,389
10.4

Urban
0
0.0
83
0.6

aShrubsteppe includes shrubsteppe, meadow-steppe, steppe, grassland, and salt scrub habitat types.

The current habitat within the Crab Creek Subbasin illustrates dramatic changes, particularly with shrubsteppe habitat (Table 1, Fig. 1, Jacobson and Snyder 2000, Quinn 2001).  Shrubsteppe currently comprises 30.2% of the area in the subbasin, a 69% decline from historic levels.  Most of the native shrubsteppe habitat was converted to cropland, or subsequently from cropland to CRP (Conservation Reserve Program).  Additional sources of loss include impoundments behind dams (Howerton 1986) and urbanization (Jacobson and Snyder 2000).  In addition to the direct loss of shrubsteppe habitat due to conversion, the remaining shrubsteppe habitat is affected by fragmentation (Fig. 1) and declines in quality (Daubenmire 1970, Dobler et al. 1996).  The current habitat in the subbasin is dominated by private ownership (86.7%) with most of the remaining land controlled by the Washington Department of Natural Resources (4.3%), Bureau of Reclamation (3.2%), Bureau of Land Management (2.8%), Washington Department of Fish and Wildlife (1.7%), and U.S. Fish and Wildlife Service (0.9%) (Quinn 2001).

Declines in quality, quantity, and continuity of shrubsteppe have resulted in dramatic declines in the populations of wildlife species that are ‘obligated’ to use shrubsteppe habitat (Smith et al. 1997; Vander Haegen et al. 2000, 2001; Quinn 2001).  These shrubsteppe obligates include numerous state and federally listed species including sage grouse (Centrocercus urophasianus; Swenson et al. 1987, WDFW 1995a, Hays et al. 1998a, Schroeder et al. 2000b), sharp-tailed grouse (Tympanuchus phasianellus; Buss and Dziedzic 1955, WDFW 1995b, Hays et al. 1998b, McDonald and Reese 1998, Schroeder et al. 2000a), ferruginous hawk (Buteo regalis; Leary 1996, WDFW 1996, Richardson et al. 2000, Watson and Pierce 2000), prairie falcon (Falco mexicanus, Hays and Dobler 2000), golden eagle (Aquila chrysaetos), burrowing owl (Athene cunicularia), sage thrasher (Oreoscoptes montanus, Vander Haegen 2000), loggerhead shrike (Lanius ludovicianus, Dobler et al. 1996), sage sparrow (Amphispiza belli, Vander Haegen 2000), Washington ground squirrel (Spermophilus washingtoni; Betts 1990, 1999), pygmy rabbit (Sylvilagus idahoensis; WDFW 1995c, Musser and McCall 2000), Merriam’s shrew (Sorex trowbridgii), white-tailed jackrabbit (Lepus townsendii), and black-tailed jackrabbit (L. Californicus).  The Brewer’s sparrow (Spizella breweri), grasshopper sparrow (Ammodramus savannarum), lark sparrow (Chondestes grammacus), savannah sparrow (Passerculus sandwichensis), northern grasshopper mouse (Onychomys leucogaster), and sagebrush vole (Lagurus curtatus) are also associated with shrubsteppe habitat, but are not currently listed (Vander Haegen 2000, Quinn 2001).
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Fig. 1.  Current distribution of habitat in Crab Creek Subbasin of the Columbia Plateau Province (Quinn 2001).

Restoration of functional shrubsteppe habitat that supports viable populations of shrubsteppe obligates is a primary goal for wildlife in the Crab Creek Subbasin (Quinn 2001).  This goal, and related goals, is being addressed throughout the subbasin using 3 general types programs.  First, the Bonneville Power Administration (BPA) funds 5 wildlife areas in the subbasin in which shrubsteppe is a major component.  These include the Swanson Lakes Wildlife Area (69.1 km2 of shrubsteppe), the Sagebrush Flats Wildlife Area (14.2 km2 of shrubsteppe), the Dormaier Wildlife Area (1.3 km2 of shrubsteppe), the Chester Butte Wildlife Area (8.7 km2 of shrubsteppe), and the Desert Wildlife Area (4.0 km2 of shrubsteppe).  Second, the National Resource and Conservation Service (NRCS) administers the Conservation Reserve Program (CRP) which has resulted in the set-aside of 1,389 km2 of cropland into vegetation which resembles shrubsteppe.  Third, the Washington Department of Wildlife (primarily through Habitat Restoration Program) administers scattered units within the Columbia Basin Wildlife Area.  This area includes approximately 426.8 km2 of shrubsteppe (not counting the BPA-funded Desert Wildlife Area portion).

A total of about 1,913 km2 of shrubsteppe are current being ‘restored’ in the Crab Creek Subbasin.  Although some of this area represents native shrubsteppe in relatively good condition (primarily on wildlife areas), the vast majority of the area is being restored from its previous condition as cropland.  The three basic approaches to habitat restoration of shrubsteppe habitat have differences in their overall goals.  The primary goals for shrubsteppe habitat restoration on the BPA funded areas is population viability for sharp-tailed grouse (Swanson Lakes Wildlife Area, Anderson and Ashley 1993), sage grouse (Chester Butte Wildlife Area, WDFW 2001b), pygmy rabbit (Dormaier and Sagebrush Flats Wildlife Areas; WDNR 1997; WDFW 1998, 2001b), and waterfowl (Desert Wildlife Area; Giudice et al. 2000, Quinn 2001).  The primary goal for CRP is to protect erodable lands while providing the maximum benefit to soil, water, and wildlife resources.  The primary goal for the scattered tracts within the Columbia Basin Wildlife area is to benefit species of upland game, primarily the ring-necked pheasant (Phasianus colchicus, Ware and Tirhi 2000).

Despite the vast quantity of area under active restoration within the Crab Creek Subbasin, there currently is little effort to evaluate effectiveness of the restoration (see Schroeder 2000 for pilot study).  Likewise, although there has been substantial effort to evaluate species of shrubsteppe obligates on native shrubsteppe habitat, there has been little effort to evaluate these species on ‘restored’ habitat (Vander Haegen et al. 2000, Schroeder 2000).  Consequently, the primary purpose of this research is to evaluate the effectiveness of general shrubsteppe restoration activities in providing the necessary habitat to support viable populations of associated wildlife.  The secondary purpose is to evaluate the specific characteristics of shrubsteppe so that future restoration efforts can be improved.

c. Rationale and significance to Regional Programs
This proposed research would contribute to the wildlife goals, objectives, strategies, and tasks identified in the subbasin summary for the Crab Creek Subbasin (Quinn 2001) (as well as other subbasin summaries).  The overall goal stated for the Crab Creek Subbasin is “protect, enhance, and restore native habitats, particularly shrubsteppe, to provide the quality and continuity necessary to support viable populations of wildlife” (Quinn 2001).  The proposed research is also consistent with the specific goals for shrubsteppe restoration (Quinn 2001) and population management and recovery of sage grouse (WDFW 1995a, Hays et al. 1998a), sharp-tailed grouse (WDFW 1995b, Hays et al. 1998b), pygmy rabbit (WDFW 1995c), burrowing owl (Quinn 2001), ferruginous hawk (WDFW 1996), and Washington ground squirrel (Quinn 2001).  In addition, the research would be consistent with management goals for the Swanson Lakes, Sagebrush Flats, Dormaier, Chester Butte, and Desert Wildlife Areas (Anderson and Ashley 1993, WDNR 1997, WDFW 1998, Quinn 2001, WDFW 2001b).  For example, one of the goals for the Swanson Lakes Wildlife Area is to “protect, enhance, and maintain 20,000 acres of shrubsteppe habitat for sharp-tailed grouse and other shrubsteppe obligates” (Quinn 2001).  The goals are comparable for the other wildlife areas except that pygmy rabbits or sage grouse can be substituted for sharp-tailed grouse.

This research would be consistent with the Partners in Flight (Pashley et al. 2000) recommendations for priority habitats and species in the Columbia Plateau physiographic area.  They list shrubsteppe as a priority habitat and prairie falcon, sage grouse, sage thrasher, Brewer’s sparrow, and sage sparrow as priority species.

This proposed research will be consistent with the Northwest Power Planning Council’s 2000 Program (www.nwcouncil.org/library/2000/2000-19/index.htm) including “wherever feasible, this program will be accomplished by protecting and restoring the natural ecological functions, habitats, and biological diversity of the Columbia River ecosystem” (Overall Vision, Section III, A-1).  It will also be consistent with “This is a habitat based program, rebuilding healthy, natural producing fish and wildlife populations by protecting, mitigating, and restoring habitats and the biological systems within them” (Planning Assumptions, Section III, A-2).  The Biological Objectives (Section III, C) are also consistent with this project: “recovery of fish and wildlife”, “develop and implement habitat acquisition and enhancement projects”, “maintain existing and created habitat values”, and “monitor and evaluate habitat and species responses to mitigation actions”.

d. Relationships to other projects 
 This project will be integrated with ongoing research to evaluate the population dynamics of various species of shrubsteppe obligates including sage grouse (Schroeder et al. 2000b), sharp-tailed grouse (Schroeder et al. 2000a), Washington ground squirrel (Betts 1999), pygmy rabbit (Musser and McCall 2000), ferruginous hawk (Watson and Pierce 2000), and numerous species of neotropical migrants (Schroeder 2000, Vander Haegen et al. 2000).  This research will also be compatible with ongoing efforts by the Foster Creek Conservation District to develop a Habitat Conservation Plan on private lands in Douglas County.  The cooperators in these efforts include numerous private landowners and groups including the Washington Department of Fish and Wildlife, Washington Department of Natural Resources, Colville Confederated Tribes, Audubon Society, The Nature Conservancy, National Resource Conservation Service, Yakama Indian Nation, Bureau of Reclamation, Bureau of Land Management, Department of Defense, and U.S. Fish and Wildlife Service.  In addition, this project will support proposed research on the distribution and abundance of wildlife in relation to remnant shrubsteppe in the Crab Creek Subbasin (Vander Haegen, Effects of agricultural conversion and associated habitat fragmentation on shrubsteppe-associated wildlife and the condition of extant shrubsteppe in the CRP) project proposal for Northwest Power Planning Council). 

e. Project history (for ongoing projects) 

This is a new project.

f. Proposal objectives, tasks and methods
Objective 1: Determine the relationship between diversity and density of wildlife in relation to general types of habitat restoration efforts in Crab Creek Subbasin by May 2005.

Task 1: Select experimental restoration plots that represent a cross-section of habitats and administrations.

Methods: Two general shrubsteppe restoration habitats with a history of crop production will be selected in April-May 2002: 1) habitats with > 50% coverage of grasses and forbs and < 3% coverage of shrubs and 2) habitats with > 50% coverage of grasses and forbs and 10-25% coverage of big sagebrush.  These two habitat types will be selected systematically within BPA-funded wildlife areas (Swanson Lakes, Sagebrush Flats, and Desert Wildlife Areas), CRP (throughout subbasin), and WDFW restoration program areas (Columbia Basin Wildlife Area); producing six habitat/administration categories.  Eight replicates will be selected for each of the resulting 6 habitat/administration types producing a total of 48 habitat plots.  Each habitat plot will be at least 100 ha in size and selected to provide a relatively consistent representation of habitat throughout the plot.

Task 2: Breeding bird surveys will be conducted twice on each of 48 different areas identified in task 1.

Methods: Breeding birds surveys will be conducted during 2002, 2003, and 2004.  Each area will be surveyed annually during May and then again during June.  Each survey will consist of 10 point counts spaced at 300 m intervals along a transect through the area (Hutto et al. 1986; Ralph et al. 1993, 1995; Buckland et al. 1996).  The points will be permanently marked so that they can be used on repeated occasions for breeding bird surveys, small mammal surveys, and habitat assessments.  The transect will be configured to provide nearly complete coverage of the 100 ha area.  Each survey will be conducted between 0.5 hr before to 2 hr after sunrise.  All birds observed or heard during a 5-minute period, and their distance from the center point, will be recorded.  Results for breeding bird surveys will be analyzed with the aid of detectability functions (Burnham et al. 1980, Wolf et al. 1995, Buckland et al. 1996).  Collection of the data in this fashion will make the data directly comparable with other research ongoing in the region that uses fixed-radius points.  In addition, because the data will be collected with a consistent sampling method at each site, the data also will be useable as an index to abundance.

Task 3: Small mammal surveys will be conducted on each of 48 different areas.

Methods: Small mammals surveys will be conducted for a period of 4 consecutive days and nights at each area during the May-June period.  Fifty Museum Special snap traps will be placed on each area; 5 traps associated with each of the permanently marked points used for breeding bird surveys (see task 2).  The traps will be configured at 20 m intervals along transects oriented in random directions from the center point (at distances of 10, 30, 50, 70, and 90 m).  Each trap will be placed at the ‘best’ trapping situation available within 2 m of each designated location on the transect.  Animals captured will be provisionally identified to species and frozen for subsequent examination and preservation.  Results will be summarized as catch per unit effort (number caught per 100 trap nights)(Gitzen et al. 2001).  Scientific collection permits will be obtained from the Washington Department of Fish and Wildlife prior to trapping and collected mammals will be provided to the Burke Museum for further analysis. 

Task 4: Results for breeding bird and small mammal surveys in relation to habitat type and administration will be analyzed in a general linear model in autumn-winter 2004-2005.

Methods: Results for breeding bird and small mammal surveys will be analyzed in a general linear model (GLIM; Aitkin et al. 1990, Crawley 1993).  The GLIM will incorporate year, habitat type, and administration as independent variables and indices of bird and mammal abundance (for each species) and bird and mammal diversity as dependent variables.  Results will be considered significant at ( = 0.05.  Preliminary examinations of statistical power (Dawson 1981, Nur et al. 1999) indicate that there will be an 80% probability of detecting a 36% difference in abundance for species observed an average of 5 times on each study area (0.5 observations per point).  The detectable difference will be 21% if the number of observations averages 20 (2 observations per point).

Objective 2: The relationship between specific habitat parameters and the presence of wildlife species will be evaluated for habitat restoration plots in the Crab Creek Subbasin by May 2005.

Task 1: Specific characteristics of habitat will be evaluated for each habitat restoration plot.

Methods: Specific characteristics of habitat will be evaluated for each of the 10 permanently marked points on each habitat restoration plot during July-August 2002, 2003, and 2004.  Each point will be sampled with one 100 m transect extended in a random direction from the point (the same transect used for mammal trapping); the 10 transects for each study area will be used to estimate shrub coverage and height using line-intercept methods (Canfield 1941).  Ten 0.1 m2 Daubenmire plots will be placed at 10 m distances on each transect outward from the point (at distances of 5, 15, 25, 35, 45, 55, 65, 75, 85, and 95 m).  The habitat characteristics that will be recorded in each Daubenmire plot will include cover of grasses, forbs, microbiotic crust, rock, bare ground and species diversity.  Distance to the nearest area of native (unconverted) shrubsteppe will also be estimated for each point.

Task 2: The presence or absence of bird and mammal species at each point will be analyzed in relation to characteristics of habitat in autumn-winter 2004-2005.

Methods: The presence or absence of bird and mammal species (as determined with previously-described breeding bird and mammal surveys) will be analyzed in relation to characteristics of habitat in autumn 2004.  The analysis will be conducted with a principal component or correspondence analysis (Skalski et al., in prep.).  Results will be considered significant at ( = 0.05.

Objective 3: Habitat characteristics and the associated wildlife will be examined in relation to the underlying management protocol by May 2005.

Task 1: Specific protocol for past management of shrubsteppe restoration areas will be determined by winter 2003.

Methods: The specific protocol for past management of shrubsteppe restoration areas will be determined and will include characteristics such as: 1) year when planted; 2) composition of seeding mixture; 3) supplemental plantings and/or interseedings; and 4) configuration with alternate habitats such as native (unconverted) shrubsteppe.

Task 2: Specific characteristics of habitat will be examined in a general linear model in autumn-winter 2004-2005.

Methods: Evaluation of protocols for management of shrubsteppe restoration areas will be examined in a general linear model (GLIM; Aitkin et al. 1990, Crawley 1993).  The GLIM will incorporate management history (year when planted, composition and timing of seedings, configuration with alternate habitats) as independent variables and specific characteristics of habitat (cover, height, and diversity of shrubs, grasses, and forbs) as dependent variables.  Results will be considered significant at ( = 0.05.

Objective 4: Compile information into a form in which it can be used for future management and research purposes by May 2005.

Task 1: Prepare publications for peer-reviewed scientific journals.

Task 2: Prepare and disseminate reports to all people and agencies with an interest in shrubsteppe restoration in the region.

g. Facilities and equipment
University facilities

The educational, office, and computer resources will be provided by the University of Washington through Dr. John R. Skalski.

Field equipment

The field equipment including housing, transportation, and trapping equipment will be provided by the Washington Department of Fish and Wildlife through Dr. Michael A. Schroeder.
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Dr. Michael A. Schroeder, Wildlife Research Scientist, Washington Department of Fish and Wildlife, 0.17 FTE

Duties:  Co-principle investigator; coordinate project; direct field studies; analyze data, report, and publish results.

Education:  Ph.D. in Wildlife Biology from Colorado State University in 1990; M.S. in Zoology from University of Alberta in 1985; B.S. in Wildlife Ecology from Texas A&M University in 1980.

Current Employer:  Washington Department of Fish and Wildlife.

Current Responsibilities:  Design of projects, collection of data, presentation of results, and publication of research related to conservation and management of birds.  In addition, participation in coordinated efforts to develop conservation, management, and recovery plans, development and maintenance of project budgets, and hiring and supervising of employees.

Recent Employment:  1992-present, Wildlife Research Scientist, Washington Department of Fish and Wildlife; 1990-1991, Post-doctoral student, Colorado State University; 1986-1990, Ph.D. student, Colorado State University.

Expertise:  Population dynamics and behavioral ecology of grouse, quantitative population ecology, shrubsteppe ecology and management.

Relevant Publications

Schroeder, M. A., and R. K. Baydack.  2001.  Predation and the management of prairie grouse.  Wildlife Society Bulletin.  Accepted for publication in volume 29.

Schroeder, M. A., D. W. Hays, M. Murphy, and D. J. Pierce.  2000.  Changes in the distribution and abundance of Columbian sharp-tailed grouse in Washington.  Northwestern Naturalist 81:95-103.

Schroeder, M. A., D. W. Hays, M. Murphy, and D. J. Pierce.  2000.  Changes in the distribution and abundance of sage grouse in Washington.  Northwestern Naturalist 81:104-112.

Connelly, J. W., M. A. Schroeder, A. R. Sands, and C. E. Braun.  2000.  Guidelines to manage sage grouse populations and their habitats.  Wildlife Society Bulletin 28:1-19.

Schroeder, M. A., J. R. Young, and C. E. Braun.  1999.  Sage grouse (Centrocercus urophasianus).  In The birds of North America.  No. 425 (A. Poole and F. Gill, eds.).  The Birds of North America, Inc., Philadelphia, PA.

Schroeder, M. A.  1999.  Breeding bird diversity and density in relation to restoration efforts for sharp-tailed grouse on wildlife areas in north-central Washington.  Progress Report.  Washington Department of Fish and Wildlife.  13p.

Schroeder, M. A., and C. E. Braun.  1993.  Movement and philopatry of band-tailed pigeons captured in Colorado.  J. Wildl. Manage. 57:103-112.

Schroeder, M. A., and C. E. Braun.  1993.  Partial migration in a population of greater prairie-chickens in northeastern Colorado.  Auk 110:21-28.

Dr. John R. Skalski, Professor, School of Fisheries, University of Washington, 0.08 FTE

Duties:  Co-principle investigator; supervise graduate student; coordinate project; analyze data, report, and publish results.

Education:  Ph.D. in Biometry from Cornell University in 1985; M.S. in Biometry from Cornell University in 1978; M.S. in Wildlife Science from Oregon State University in 1976; B.S. in Wildlife Management/Biology from University of Wisconsin, Stevens Point in 1974.

Current Employer:  University of Washington.

Current Responsibilities:  Design, analysis, and publication of research, supervision of graduate research projects, and teaching of graduate and undergraduate courses.

Recent Employment:  1995-present, Professor, University of Washington; 1994-1995, Chair, Interdisciplinary Graduate Program in Quantitative Ecology and Resource Management, University of Washington; 1992-1995, Interim Director, Center for Quantitative Science in Forestry, Fisheries, and Wildlife, University of Washington; 1987-1995, Associate Professor, Center for Quantitative Science, University of Washington; 1985-1987, Senior Research Scientist, Battelle Marine Research Laboratory; 1978-1985, Research Scientist, Battelle Pacific Northwest Laboratory.
Expertise:  Population estimation, environmental sampling, quantitative population ecology, statistical methods of parameter estimation, impact assessment, and mark-recapture theory.
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Skalski, J. R., S. G. Smith, R. N. Iwamoto, J. G. Williams, and A. Hoffmann. 1998. Use of PIT‑tags to estimate survival of migrating juvenile salmonids in the Snake and Columbia Rivers. Can. J. Fish. Aquat. Sci. 55:1484‑1493.

Skalski, J. R. 1996. Regression of abundance estimates from mark‑recapture surveys against environmental covariates. Can. J. Fish. Aquat. Sci. 53:196‑204.

Skalski, J. R., G. E. Johnson, C. M. Sullivan, E. Kudera, and M. W. Erho. 1996.  Statistical evaluation of turbine bypass efficiency at Wells Dam on the Columbia River, Washington. Can. J. Fish. Aquat. Sci. 53:2188‑2198.

Skalski, J. R. 1995. Statistical considerations in the design and  analysis of environmental damage assessment studies. J. Envir. Manage. 43:67‑85.

Skalski, J. R.  1994. Estimating wildlife resources based on incomplete area surveys. Wildl. Soc. Bul. 22:192‑203.

Skalski, J. R., A. Hoffmann, B. H. Ransom, and T. W. Steig. 1993.  Fixed‑location hydroacoustic monitoring designs for estimating fish passage using stratified random and systematic sampling. Can. J. Fish. Aquat. Sci. 50:1208‑1221.

Skalski, J. R., and J. A. Perez‑Comas. 1993. Nonparametric maximum likelihood estimation of mesh size selectivity. Fish. Res. 18:321‑334.

Skalski, J. R., and D. S. Robson. 1992. Techniques for wildlife investigations: Design and analysis of capture data. Academic Press. 237pp.
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