


Columbia River Basin Native Resident Fish: Methodology to Assess Habitat and Fish Losses Resulting from Hydroelectric Development and Operations   

Background

The Columbia River flows for 1,900 km and drains 670,000 km2 in 7 states and Canada. Within this watershed are 29 federal hydroelectric dams. Development and construction of these facilities eliminated or isolated habitats that were available to migratory resident salmonids and other resident fish. Zubik and Fraley (1987) reported that Hungry Horse Reservoir inundated about 57 km of the South Fork of the Flathead River and about 69 km of 37 tributary streams with potential for use by native resident salmonids. Idaho Department of Fish and Game (2007) found that construction of Anderson Dam Ranch and Reservoir, Black Canyon Dam and Reservoir, Deadwood dam and Reservoir, Boise River Diversion Dam and Reservoir, Minidoka Dam and Lake Walcott, and Palisades Dam and Reservoir resulted in the loss of 198 km of riverine habitat.
Habitat fragmentation can jeopardize resident fish populations by reducing habitat area, complexity, and connectivity (Dunham 1996; Dunham et al. 1997). Zubik and Fraley (1987) found that Hungry Horse Dam blocked access to 38% of the drainage area available to spawning salmonids migrating upstream from Flathead Lake. Hungry Horse Dam prevented fish from migrating to Flathead Lake (Zubik and Fraley 1986). In addition, recruitment from the South Fork Flathead River to the Flathead Lake-River system was lost. 

The effects of hydroelectric construction on some resident fish species have been deleterious, resulting in the losses of numbers and diversity of native resident fish (Ward and Ward 2004). Thurow et al. (1997) evaluated the population status of native resident salmonids and chars in the interior Columbia River Basin and found that all species exhibited declines in abundance and distribution and an increase in population fragmentation. The magnitude of these declines has resulted in a number of resident fish species receiving consideration for protection via state or federal regulations (Ward and Ward 2004). In the Upper Snake River Basin, all native salmonids, except mountain whitefish, are or have been petitioned for federal listing (IDFG 2007). For all listing petitions, reservoir construction/operation has been identified as a threat to species persistence (IDFG 2007). Idaho Department of Fish and Game (2007) estimated that 58.7 million native resident fish have been lost due to inundation in the upper Snake River Basin. In Montana, Zubik and Fraley (1986) estimated that approximately 247,000 juvenile westslope cutthroat trout and 2,100 adult bull trout are lost annually due to inundation by Hungry Horse Dam.     
Recognizing that the development and operation of hydroelectric facilities, throughout the Columbia River Basin, has resulted in losses of native resident fish and resident fish diversity species, the Northwest Power and Conservation Council (NPCC) (2009) included the following objective in their Columbia River Basin Fish and Wildlife Program 2009 Amendments (Program): complete the assessments of resident fish losses resulting from the development and operation of the hydrosystem, when and where there is agreement on the appropriate methodology and prioritization of an assessment (as these are available, the NPCC will consider adopting the loss assessments in the Program).
Since the NPCC will consider adopting resident fish loss assessments into the Program, habitat and fish losses should be quantified consistently throughout the Columbia River Basin. To ensure consistency, the habitat and fish losses should be assessed using similar methods, regardless of the location in the Basin. Resident fish managers, representing 16 state, federal, and tribal fish and wildlife organizations, recommend using the following methods to quantify habitat and resident fish losses resulting from the development of the Federal Columbia River Power System (FCRPS). The actions described in this document are a compilation of methods previously used by Montana Fish, Wildlife, and Parks and Idaho Department of Fish and Game to assess habitat and resident fish losses.      
Estimating Habitat Losses
River Kilometers Inundated 

Resident fish habitat losses, in terms of stream kilometers inundated or blocked by construction of the FCRPS, have been quantified in select locations in Montana and Idaho. Zubik and Fraley (1987) developed a method to quantify stream kilometers lost while accommodating pre-inundation unknowns. The river kilometers that Zubik and Fraley (1987) quantified as inundated in Montana are now being mitigated, through the Council’s Program, by acquiring interests in real property for the primary purpose of preserving, enhancing, and restoring fish habitat equal to the quantity and quality of habitat lost.  
The proposed methodology for quantifying river kilometers inundated represents a compilation of Zubik and Fraley (1987) and IDFG (2007). To assess length of mainstem river and tributary inundated, waterway length should be measured to full-pool elevation using a geographic information system (e.g., ArcGIS) at a scale of 1:12,000 and summed by stream order (Strahler 1964). Because pre-inundation sinuosity and channel trajectory are often unknown, the number of kilometers of inundated stream should be calculated by tracing the stream length for non-inundated streams adjacent to the reservoirs, and divided by the straight distance measurements for those streams (Idaho 2007). Following Zubik and Fraley (1987), if a road system was built, in association with the construction of the reservoir, a survey of culverts and bridges should be performed to ensure they provide for adequate passage. If the culverts or bridges function as barriers to passage and there is no natural barrier between the full pool elevation and the culvert/bridge, then that length of stream above the culvert and below any natural barrier should be included in the survey.
Riparian Area Inundated 
Construction of the FCRPS inundated waterways throughout the Columbia River Basin. Besides inundating several thousand kilometers of tributaries and mainstem river, construction of the FCRPS also resulted in the inundation of riparian habitat. Although Zubik and Fraley (1987) and IDFG (2007) did not estimate the hectares of riparian habitat inundated by the FCRPS, the Council’s Program provides mitigation opportunities for hectares of key resident fish habitat inundated or blocked.
Similar to stream length inundated, riparian area lost should be quantified to full-pool elevation and summed by stream order. The habitat to be considered in these calculations is that land between the margin of the river channel, for the mainstem and tributaries, and full-pool elevation. Using a geographic information system (e.g., ArcGIS), the area of these polygons should be converted to hectares.     
Estimating Resident Fish Losses
As has been noted by Zubik and Fraley (1987) and IDFG (2007), estimating native fish losses can be difficult, especially when pre-impoundment data are nonexistent or limited. Because pre-impoundment data were limited, Zubik and Fraley (1987) and IDFG (2007) estimated fish losses by averaging population abundance data from tributary and mainstem river reaches in the same geographical area, and applying those values to the amount of inundated habitat. 
If pre-impoundment resident fish data are limited or do not exist, efforts to estimate abundance will be required to quantify losses due to the development of the FCRPS. No single study design can accommodate the various sampling challenges that exist throughout the Columbia River Basin. Combining the methods employed by Zubik and Fraley (1987) and Meyer et al. (2006), the later which was adopted by IDFG (2007) to quantify resident fish losses in the upper Snake River Basin, provides a template for site selection, sampling, and estimation of abundance that is broad enough to accommodate the needs of many fish managers in the Columbia River Basin. For those managers that find the methodology does not accommodate the species and life histories that they are quantifying, appropriate modifications are expected.  

Study Site Selection 
Study sites should be selected separately for each reservoir and its associated tributaries at a 1:12,000-scale hydrography layer, if possible, throughout the study. Study streams should be randomly selected with study sites being randomly distributed throughout the selected study stream. Tributary streams should be divided into reaches based on stream order and gradient (Zubik and Fraley 1987). Following Meyer et al. (2006), the number of sites within a study stream and within a reservoir watershed should be based on: 1) time constraints, 2) recent existing data, and 3) known limited distribution of fish.

In many areas of the Columbia River Basin, first-order streams comprise a large portion of the stream network. Often, these headwater streams are either intermittent or so small that they do not support salmonid populations (Platts, 1979; Kruse et al. 1997; Dunham and Rieman 1999; Harig and Fausch 2002; Meyer et al. 2006). Because of this limitation, Zubik and Fraley (1987) and IDFG (2007) did not include first-order streams in their loss assessments. To minimize confidence bounds around populations, Meyer et al. (2007) reduced their sampling proportionally in first-order streams and increased the effort in second-order and higher streams. Meyer et al. (2006) assumed the streams eliminated from the survey contributed little to the overall abundance of trout in the upper Snake River Basin. To validate this assumption, Meyer et al. (2006) surveyed 40 locations in these first-order streams. For resident fish loss assessment surveys, if fish managers elect to eliminate first-order streams, the decision should be based on validating assumptions that focal species do not exist in the first-order streams.  
Assessing Native Resident Fish Losses in Tributaries Due to Inundation 
Sampling should occur during low-to moderate-flow conditions. At each study site, fish should be collected using electrofishing gear. Fish should be identified, enumerated, measured, and weighed. Hatchery fish, if recognizable, should not be included in the survey.

When sampling small streams (<8 m wide (Meyer et al. 2006) or less than 20cfs (Zubik and Fraley 1987)), depletion electrofishing should be conducted. Block nets should be set at the upper and lower range of the sampling site, to meet the population estimate modeling assumption that the fish populations are closed. Maximum likelihood abundance and variance estimates should be calculated. If all the fish are collected on the first pass, abundance should be considered as the total catch. 
Because time and funds will likely be limited for performing such work, increasing the number of sites that can be sampled in a fixed period of time will be essential. To accommodate these limitations, it is recommended that surveyors follow Meyer et al. (2006) and not perform multi-pass depletions at all backpack electrofishing sites. Meyer et al. (2006) using data from multi-pass depletion sites, developed a linear relationship between the numbers of fish captured in first passes and maximum likelihood estimates. From this relationship Meyer et al. (2006) were able to predict abundance at sites where only a single removal pass was made. Meyer et al (2006) built separate regression models for fish >100 mm TL and fish <100 mm TL and investigated standardized residuals to remove outliers from regressions models, as advised by Montgomery (1991), prior to computing population estimates. The assumption that electrofishing removals accurately estimate abundance should be viewed cautiously because true fish abundance can be underestimated at depletion electrofishing sites by overestimating capture efficiency, especially for trout smaller than 100 mm TL (Junge and Libosvarsky 1965; Riley and Fausch 1992; Peterson et al. 2004).   

For sites that are too large to sample using backpack electrofishing, mark-recapture electrofishing should be conducted using a canoe- or boat-mounted unit. Recapture-runs should be made 2-7 d after marking fish with an assumption of no emigration of marked fish or immigration of unmarked fish. To reduce the likelihood of error associated with fish movement, Meyer et al. (2006) increased the length of the sampling site. Log-likelihood estimates of abundance should be preformed for each focal species. Estimates should be preformed for each 100-mm size-class and summed to produce an estimate of total number of fish present.

Where electrofishing is not possible, snorkeling should be conducted following the protocol of Thurow (1994). Following IDFG (2007), focal species should be counted and grouped, based on predetermined size ranges, with total counts used as minimal abundance estimates with no correction for any sightability bias. Although, snorkeling can be a satisfactory replacement for electrofishing, it does not provide a true representative sample of trout populations in streams (Mullner et al. 1998).  

For all study sites, surveyors should estimate the overall abundance of focal species, then partition the abundance for each species by multiplying abundance by the proportion of the catch that each species comprised. Because electrofishing is size selective (Reynolds 1996), fish should be separated into specific length categories and abundance estimates should be preformed separately for these size-groups.
Following IDFG (2007) total fish losses due to inundation should be estimated using the stratified random sampling formulas from Scheaffer et al. (1996). For each location, total length of stream inundated should be summed for each stream order, or stratum, and then divided by the typical length of most study sites on which abundance was based to calculate the number of sampling units in each stratum. Abundance estimates should be standardized to density per 100 linear meters of stream and a mean abundance within each stream order and an associated variance should be calculated (Meyer et al. 2006).

Assessing Native Resident Fish Losses in Mainstem Areas Due to Inundation 

Idaho Department of Fish and Game (2007) assumed that no focal species of natural-origin occupied the inundated mainstem reaches of river for each study location. The few salmonids collected in upper Snake River Basin reservoirs were mostly hatchery-origin (IDFG 2007). This assumption is not valid, however, throughout the rest of the Columbia River Basin. Numerous resident fish species, represented by various life history stages (e.g., resident, fluvial, adfluvial), exist in the mainstem rivers (e.g., Columbia, Snake, Flathead rivers). The presence of these fish requires an assessment of the number of fish lost in these mainstem rivers due to inundation. Following Zubik and Fraley (1987) surveyors should identify sections of the mainstem, to sample, that are similar to the reaches inundated. These sections should be sampled using a method, described above for tributaries, that is most suitable for the focal species of interest. Following Zubik and Fraley (1987), the reaches sampled should be considered at carrying capacity and the estimate from the reach sampled should be applied to the total length of river inundated.       
For white sturgeon, mainstem river populations should be assessed using standard methods including baited setlines, rod and reel, and gillnets (e.g., Paragamian et al. 1996 and Mallette 2009). Abundance estimates should be based on multiple mark-recapture efforts. Overall white sturgeon population abundance should be estimated following Mallette (2009). White sturgeon abundance should be calculated using a Schnabel population estimator (Schnabel 1938), adjusted by Chapman (1952, 1954) and based on the number of fish marked and recaptured    
Assessing Losses Associated with Road Culverts
Road culverts that are possible fish migration barriers to reservoir tributaries should be considered potential sources of spawning adult losses. Culverts should be monitored to determine whether they are passable, partial-barriers, or full-barriers for focal species. During this same time period, stream habitat surveys should be conducted on these tributaries. If trapping or redd count data is available, adult spawner estimates should be calculated. Following Following Zubik and Fraley (1987), these data should be divided into the potential spawning habitat above the trap or within the area surveyed for redds to estimate the area of spawning gravel per adult.         
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