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1.0
Introduction

Southern California Edison (SCE) operates the Kern River No. 3 (KR3) Hydroelectric Project (FERC 2290-006) on the North Fork Kern River near Kernville, California (Figure 1).  The most recent Federal Energy Regulatory Commission (FERC) license was issued for the KR3 Project on December 24, 1996.  Under that license, Article 411 required that 1) a fish monitoring plan be prepared in consultation with the California Department of Fish and Game (CDFG), the U.S. Forest Service (USFS), U.S. Fish and Wildlife Service (USFWS), and the U.S. National Parks Service (NPS), for approval by the FERC, and 2) fish population monitoring be conducted in the North Fork Kern River (NFKR) at five locations every five years for the term of the license, beginning in 1997.  The Fish Monitoring Plan (Entrix 1997) was filed with the FERC on June 23, 1997.  The FERC Order Approving and Modifying Fish Monitoring Plan was issued October 7, 1997 (Appendix A).  Fish monitoring was subsequently conducted in October 1998 (Entrix 1999), pursuant to Article 411 of the project license.  Due to the adverse affects of the 2002 McNally Fire (discussed below) to the aquatic habitat of the NFKR, scheduled sampling was postponed in 2003 (the first five year period after licensing), and rescheduled to occur in 2006.  

The FERC Order stipulates that fish population monitoring be conducted at five previously-identified locations in a manner comparable to previously collected data, with the purpose of examining trends in fish abundance, community structure, population age-structure, growth, and other fish community characteristics.  Two sampling methods are described for each of the five locations, including:

· electrofishing of shallow water habitats, using the mark-recapture method; and 

· snorkel surveys (i.e., direct observation) of deep water habitats where electrofishing would not be efficient or practical.  

This sampling regime is to be conducted once every five years for the term of the license. It also states that each 5-year report provide any recommendations to enhance or protect the fish resources of the North Fork Kern River, in consultation with the resource agencies. In addition, the order requires that the licensee collect data on water temperature, dissolved oxygen, conductivity, water transparency, and habitat characteristics, including substrate, depth, riparian vegetation, and the presence of woody debris or other cover types. 

ECORP Consulting, Inc, (ECORP) was contracted by SCE to perform the NFKR fish population monitoring project in 2006.  The primary goals of this project are to conduct a fish population monitoring survey, and compare the results of the current survey with those of previously conducted surveys.  

1.1
Background

Fish population sampling was originally scheduled to occur in 2003, five years after the 1998 fish population surveys (per Article 411), but was suspended until 2006 due to the devastating effects of the McNally Fire.  The 150,700-acre McNally Fire, which burned for six weeks after originating near the Roads End Resort on Sunday, July 21, 2002, was the largest wildfire in the
Figure 1.

history of the Sequoia National Forest.  According to the McNally Fire Burned Area Emergency Rehabilitation (BAER) Plan, about 21 percent of the burned area burned at moderate severity and another 10 percent burned with high severity. Large portions of watersheds were adversely affected, especially the Rattlesnake Creek and Upper Brush Creek drainages, which suffered 42 percent and 59 percent total high and moderate severity burn, respectively. Alder Creek sustained 84 percent high and moderate severity burn.  The primary short-term effects of the McNally Fire to soils, aquatic habitat, and stream channels are the loss of tree canopy and ground cover

Prior to the McNally Fire, Kern Canyon had been experiencing dry conditions.  However, significant rainfall was recorded in Tulare and Kern counties in November following the fire. The Johnsondale Weather Station recorded 16.4 inches of rain falling within a 3-day period in November 2002 (Myers and Greiss 2002).  Even during a normal year without fire, heavy runoff from such an extreme storm event would result in increased input of sediment and debris into the Kern River.  However, due to unstable soil conditions resulting from the McNally Fire, there were widespread debris flows entering the Kern River from several OVR sites, hiking trails, and burned slopes, all of which contributed to large sediment deposits (a portion of which are still present) throughout the Project Area.  The agencies agreed that the likelihood of adverse impacts to fish resources from heavy sediment deposition would confound results of the monitoring program, which was intended to document fish population response to KR3 project operations. Therefore, the five-year fish population monitoring component of Article 411 was postponed until 2006, with the hope that sediments would have been flushed from the system by then, and that fish populations would have returned to otherwise normal levels.  Data presented herein reflect the findings of the fish population surveys conducted in October and November 2006 and are compared with previous findings.
1.2
Previous Studies

Previous fish population surveys have been conducted in the NFKR, including those conducted for:
· Application for New License for the KR3 Project (Edison 1991) 

· Article 411 Fish Population Monitoring, 1998 (Entrix 1999)
The physical habitat and biological monitoring methods conducted during the course of the current study are consistent with those used during previous surveys.  However, the Fish Monitoring Plan (Entrix 1997) recommended that fish sampling be conducted in early October, as soon as the minimum flow releases are dropped to 80 cfs, because fish sampling can be affected by water temperature.  The current surveys could not be initiated until October 25, due to a project outage that resulted in high streamflows (up to 280 cfs) in the diverted reach.    
2.0 Methods

2.1
Site Selection

Sampling sites were located for three distinct study elements: barge electrofishing, direct observation, and comparison of electrofishing with direct observation.  Sampling sites for each of the study elements were selected based upon the location of the previous study site locations, tempered by current habitat conditions present within each reach.  An attempt was made to locate the original sites occupied during the 1998 surveys (Entrix 1999), however no identifying site markers were present.  Consistent with previous surveys, sampling sites were located within five sampling reaches.  Three reaches are present downstream of Fairview Dam (also known as the diverted reach) of the NFKR: Roads End, Goldledge, and Hospital Flat.  The remaining two reaches are present upstream of Fairview Dam: Above Fairview Dam and Above Johnsondale Bridge.  
Both barge electrofishing and snorkeling sites were selected for each reach (Figure 2).  Latitude and longitude of each site (as measured at the upper end of each site) was determined using a Trimble GeoXT hand held, submeter accuracy GPS unit (Table 1).

Table 1.  Kern River fish population survey site locations, October 2006.
	Site Name (sample type)
	Latitude (N)
	Longitude (W)

	Hospital Flat (electrofishing)
	35.82792
	118.46133

	Hospital Flat (snorkel)
	35.83381
	118.45381

	Goldledge (electrofishing)
	35.87763
	118.45715

	Goldledge (snorkel)
	35.87905
	118.45648

	Roads End upper comparison (snorkel-electrofishing)
	35.93502
	118.48557

	Roads End (electrofishing) 
	35.93095
	118.48895

	Roads End lower comparison (snorkel-electrofishing)
	35.91908
	118.49266

	Roads End middle comparison (snorkel-electrofishing)
	35.93052
	118.49033

	Above Fairview Dam (snorkel)
	35.95471
	118.48270

	Above Johnsondale Bridge (snorkel)
	35.97553
	118.48718


Streamflows above Fairview Dam at the time of the surveys exceeded 280 cfs, creating hazardous conditions for block net installation and electrofishing.  Therefore, the two electrofishing sites located above Fairview Dam were not sampled.  However, snorkeling was conducted at the two sites located above Fairview Dam: Above Fairview Dam and Above Johnsondale Bridge.  In addition, three distinct snorkeling subsites were selected within the Roads End reach to facilitate comparison of results between direct observation (snorkel) and electrofishing methodology.  These snorkel/electrofishing comparison subsites, taken together also functioned as the snorkel site for the Roads End reach.  Detailed site characteristics and locations are presented in Section 3.1.1 (electrofishing sites), 3.1.2 (direct observation sites), and 3.1.3 (direct observation vs. electrofishing comparison sites).
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2.2
Physical Habitat Characterization

Data were collected at each site over a suite of physical habitat parameters, including depth, substrate composition, and cover type (i.e., boulder/woody debris, undercut banks, turbulence, and overhanging vegetation).  Macro-habitat type composition was also determined for each site (i.e., percentage of riffle, run, and pool).  Macro-habitat type descriptions are:

· Riffle – moderate to steep gradient habitat unit of shallow depth, irregular water surface elevation, and high velocities,
· Run –low to moderate gradient habitat unit of relatively uniform depth, moderate velocity, and relatively uniform surface elevation.

· Pool – low gradient habitat unit with slow velocities and depths greater than 2.5 feet.

Substrate composition was characterized for each sampling by visually estimating the percentages of substrate type surface area for the following size categories:

· Fines (< 4  mm)

· Sand (4 mm – 8 mm)

· Gravel  (8 mm – 75 mm)

· Rubble  (75 mm – 600 mm)

· Boulder (> 600 mm)

· Bedrock

The reach length at each electrofishing site was measured as the average length between the two block nets located at the upstream and downstream boundaries of each monitoring site.  Reach widths were measured at five transects within each site: just above the bottom net; at distances of 25 percent, 50 percent, 75 percent of site length; and just below the top net.  Water depths along each transect were recorded at 25 percent, 50 percent and 75 percent of stream width.  Prior to installation of the block nets, water quality parameters were measured using a Eureka Amphibian water quality meter, equipped with a Eureka Manta multi-parameter probe.  Data were simultaneously collected using a YSI Model 556 multi-probe water quality meter for quality control.  The time of day was noted for all measurements.
Direct observation site lengths were measured with a tape measure; however, average width and depth parameters were estimated by the snorkelers.  Underwater visibility estimates were determined as the distance a snorkeler could clearly view an adjacent snorkeler.  Each snorkeler gave an independent distance estimate of the water visibility at each site.  Water visibility was used to establish snorkeling lane widths at each site.

Photographs were taken of each sample site to document current site characteristics and block net locations (Appendix B).
2.3
Sampling Methods

Standard sampling methods were used to monitor fish populations during the current study, and were similar to those described for previous monitoring surveys (Entrix 1999) to enable comparisons between studies.  

The Fish Monitoring Plan recommended that fish sampling be conducted in early October to avoid cold water conditions and the possibility of fall storm events that could interrupt the sampling program.  However, a scheduled two-week powerhouse outage necessary for powerhouse maintenance and repairs occurred in October.  Prior to October 25, 2006, the full NFKR streamflow (over 280 cfs) had been flowing through the diverted reach.  On October 25, streamflows were again diverted at Fairview Dam, reducing the streamflows through the diverted reach to 80 cfs.  Barge electrofishing, direct observation, and electrofishing/direct observation comparison sampling were conducted from October 25 through November 2, 2006.  An additional field effort was conducted on November 15, 2006 to substantiate physical habitat and substrate conditions throughout the study reach, and to better understand the effects of the McNally fire on the aquatic habitat of the NFKR. 

2.3.1
Barge Electrofishing

Survey sites were selected in habitats that could be adequately sampled using electrofishing equipment.  Site depths typically averaged less than 1.0 m; however, deeper pools were sampled in the lower Roads End comparison site and in the Hospital Flat site.  The fish population surveys were conducted using a Smith-Root Type VI-A barge electrofisher system, powered by a Honda EM 5000SX portable generator.  The barge electrofishing unit consisted of three anode wand-switch leads and a single cathode plate located on the bottom of the barge.  Prior to sampling, 1/4 inch stretch mesh block nets were set at the top and bottom of each electrofishing site to prevent fish migration in or out of the site during the survey.  A crew of eleven biologists conducted the electrofishing sampling efforts in the following manner: one biologist operated the barge and was responsible for crew safety, three biologists operated the anode wands, six biologists were dip-netters, and one biologist was responsible for servicing the recovery buckets and live-wells.

As performed in the previous surveys, a mark-recapture technique was used to estimate population abundances.  Beginning at the downstream blocking net and working systematically upstream, biologists covered the site in its entirety.  As fish were stunned, they were immediately collected (using the dip nets) and placed into collection buckets.  They were then transferred into holding pens and live-wells until the completion of the first pass.  All fish were then identified to species, physical measurements collected [fork length (mm) and weight (g)], and the right pelvic fin ray was clipped.  Fish ≤ 40 mm in length were not clipped, due to the impracticality of clipping such small fins.  After all fish were processed, they were randomly re-distributed throughout the sampling site and allowed to rest for a period of two hours prior to conducting the second pass.  The second pass was completed in the same manner as performed during the first pass, using equal sampling effort.  All captured fish were placed into holding pens until the second pass was complete.  All fish were processed as before, except that pelvic fins were examined for clips.
Rainbow trout were identified as to ‘wild’ or ‘hatchery’ designation, as hatchery-origin rainbow trout are regularly released into the North Fork Kern River below Fairview Dam.  Determination of wild or hatchery type was based upon the visual examination of the caudal, pectoral, pelvic, and anal fins for signs of erosion or regeneration, typically seen in hatchery reared fish.  Several months prior to our sampling effort, CDFG released approximately 2,000 brood stock rainbow trout from the Kern River Fish Hatchery in Kernville, California.  Hatchery origin rainbow trout were not included in the rainbow trout population estimates or age structure analysis.
2.3.2
Direct Observation

Direct observation (snorkel) surveys were conducted to determine fish population abundances in deeper water habitats (pools and runs) that were unpractical for electrofishing.  Direct observation was the only method used to evaluate fish populations upstream of Fairview Dam due to the high flows.
Prior to conducting snorkel surveys, all snorkelers met to discuss protocols (discussed below) in an effort to standardize all observational techniques.  All snorkelers had prior diving experience, which was especially important in the higher velocity streamflows present above Fairview Dam.  For good results, snorkelers must have a high comfort level in their aquatic surroundings, and the ability to observe both physical and biological parameters without distraction.  Prior to conducting the initial snorkel survey, all divers practiced their observation techniques, which included observing wooden ‘fish’ of different size classes to calibrate their underwater visual acuity.
Each direct observation sample site was divided into swimming lanes, using lane markers set parallel to stream flow.  Underwater clarity determined lane widths and was measured prior to installing lane markers.  One rope was placed across the top of each reach, perpendicular to the channel, in order to install the lanemarkers and pull ropes.  The lanes and ropes were set two hours prior to the snorkel surveys to allow fish to resume normal stream behavior.  The pull ropes extended through the length of the site, allowing snorkelers to move upstream against the current while conducting visual counts.  Surveys were generally conducted between 1000 and 1600 hours when sunlight illuminated the water column within the site.

Snorkelers entered the river below the downstream end of the sample site and moved laterally into their designated lanes.  When in position, snorkelers moved systematically upstream, pausing regularly to look for fish within their viewing area.  From a fixed position, snorkelers could see fish otherwise not observed during upstream movement, since fish coloration allowed them to blend in with the substrate.  Fish were counted as they passed below each snorkeler within their lane.  Each fish was identified as to species and size class.  Areas of fish cover, i.e. large spaces between substrates, woody debris, bubble screens along stream margins, and cracks in bedrock were examined for hiding fish.  A shore-based observer/data recorder monitored and maintained snorkeler placement and sampling rates.  The snorkelers and the observer attempted to maintain an even-line sweep of the entire sample reach, reducing the probability of fish not being detected.

Snorkelers counted and called out fish species, numbers, and size classes to the shore-based observer/data recorder from fixed positions along their lanes.  Fish counts were separated into species and size classes based on lengths (<75 mm, 76.0 to 175 mm, 176 to 305.0 mm, 306 to 460 mm, and greater than 461 mm).
2.3.3
Comparison of Direct Observation and Electrofishing Results

Three subsites were selected to compare the results of direct observation survey, with those of electrofishing survey.  Block nets were set up at all three comparison sites prior to conducting the snorkel surveys.  A two hour time window was then observed between net installation and the snorkel surveys.

Three subsites were located within the Roads End reach and were designated as the upper, middle, and lower comparison sites.  While the barge electrofisher was used for sampling the middle subsite, backpack electrofishing units were also used at two subsites to compare direct observation results with electrofishing results.  The backpack electrofishing units used were Smith-Root models LR-24 and 12B.  The same physical effort and electrical output was used with the backpack shockers as was used with the barge electrofisher.  Block nets and lane markers were installed two hours prior to snorkeling.  Snorkelers completed the direct observation surveys as previously described.  Two hours following the snorkel survey, the sites were then electrofished.  Electrofishing was conducted using a single pass, beginning at the bottom of the reach and working upstream to the upper block net.  All fish were identified to species, measured and weighed as described above.  Data were recorded on standardized data sheets.  Habitat characterization and depth measurements were recorded following all fish sampling efforts.
The three snorkel/electrofishing comparison sites in the Roads End reach were combined as a single site for the purpose of obtaining a direct observation estimate.    

2.3.4
Data Analysis

2.3.4.1
Barge Electrofishing

Population abundance estimates from electrofishing sampling were calculated using a mark-recapture sampling design identical to that used for the previous studies (SCE 1991; Entrix, 1998).  An adjusted Petersen estimate as described by Ricker (1975) was used to calculate fish population estimates.  Chapman’s correction factor of ‘-1’ was used to correct for an estimate of 1 when no fish are captured using the unmodified Ricker equation.  The formula used was:

N = ((M+1)*(C+1))/(R+1) – 1

Where N = population estimate, M = number of marked fish, C = total number of fish caught on second pass and R = number of marked fish recaptured.

The 95 percent confidence limits for the population estimates were calculated from Ricker (Appendix II, 1975).  No confidence intervals are provided for population estimates based upon zero recaptures.  Population estimates for young-of-the-year (YOY) of all species were calculated using the total species population estimate minus the base population estimate (age class 1+ and older) for that species.  Since fish populations were generally small, the total population estimate was calculated for each species and a base population estimate was calculated for both Sacramento pikeminnow and Sacramento sucker.  Estimates were calculated for total population, age class 1+ and age class 2+ for all trout.  A variation was used to determine the wild rainbow trout population estimates at the Goldledge electrofishing site.  As previously stated, the total population estimate and base population estimate were calculated using the Petersen formula for rainbow trout.  However, the population estimates for age class 0+ and age class 1+ were calculated proportionally from the difference of the total and base population estimates, since only one age class 1+ and no age class 0+ fish that had been fin clipped during the fist pass were recaptured.  A proportional multiplier was determined based upon catch to estimate the population estimate for age 0+ and 1+ rainbow trout at the Goldledge electrofishing site.  

In summary, because of inherent difficulties in quantifiably capturing small fish, and because fish less than 40 mm in length were not marked (again, due to small size), population estimates were calculated using only those age classes 1+ and older (i.e., base population).  

Biomass estimates were calculated based upon the average individual weight within a given age class for trout (or size class for other species) multiplied by the population estimate for that species and age/size class.  As with the population estimate, biomass estimates for YOY age class of each species were calculated based upon total population biomass estimates minus the base population biomass estimate.

2.3.4.2
Direct Observation

Fish species abundance at each direct observation site must be considered as a minimum estimate, since those fish observed are included in the estimate (i.e., the number of fish observed for each species at a site was the population estimate for that site).  The population estimates were extrapolated per kilometer by multiplying the ratio of 1000 m / site length (m).

2.3.4.3
Electrofishing/Direct Observation Comparison

Population indices were developed from both the snorkeling and electrofishing data as the species count (direct observation) and species catch (electrofishing).  The estimate is extrapolated over a distance of a kilometer to obtain a fish/km population estimate.  The electrofishing catch data were divided into the same size categories used in the direct observation surveys for direct comparison of the data sets.

2.3.4.4
Age Determination for Rainbow Trout

Scale samples were collected from all rainbow trout captured during the barge electrofishing surveys.  Scales were removed from trout in the area below the dorsal fin and immediately above the lateral line.  These scales were placed on wax paper and enclosed in coin envelopes with site name, date, species, length, weight, and pass number recorded on the outside of the envelope.  Upon returning to the ECORP laboratory, scales were removed from the envelopes and wax paper, dry mounted on glass microscope slides, and an identifying number assigned to each slide which corresponded to the data record.  Two biologists independently reviewed each slide to determine age.  These data were compared and discrepancies were re-examined by both biologists to establish a final age determination.  The resulting ages were recorded into the fish database and extrapolated over all site data.
3.0
Results

3.1
Physical Habitat

Physical habitat and water quality parameters were measured at all of the sampling sites (Table 2).  Water temperatures ranged from 7.4ºC to 8.3ºC at the barge electrofishing sites, and from 5.8º to 11.3º at the direct observation sites.  Dissolved oxygen exceeded 10 mg/L at all locations.  Specific conductivity at all sites ranged from 66 to 93 μS/cm.
3.1.1
Barge Electrofishing Sites

The three electrofishing sites located downstream of Fairview Dam ranged in length from 60 meters (Goldledge) to 100 meters (Roads End).  Station widths ranged from 17.6 m (Roads End) to 29.1 m (Hospital Flat).  Representative site photos are provided in Appendix B.
The Roads End electrofishing site was located just upstream of Fairview campground.  This site was 100 m in length, and was comprised of 65 percent run and 35 percent riffle habitats (see Table 2; Figure 3).  The average depth was approximately 0.5 m, with maximum depth of 0.9m.  Surface turbulence and substrate provided the majority of instream cover.  Boulder (60%) was the dominant substrate, followed by sand (20%), rubble (15%) and gravel (5%).

The Goldledge site was located just upstream of the Goldledge campground.  This site consisted of 40 percent riffle, 35 percent run, and 25 percent pool (pocket water included).  Average stream width was 27.8 m with an average depth of 0.4 m and maximum depth of 1.0 m.  Surface turbulence and substrate provided most of the channel cover for fish, with some overhanging vegetation along the banks and small bank undercuts.  The dominant substrate was boulder (35%), followed by rubble (30%), sand (17%), gravel (15%) and fines (3%).

The Hospital Flat site was located downstream of the Hospital Flat campground.  This site was predominantly run (75%) with some pool (25%) habitat.  The left bank was relatively shallow with deeper run/pool habitat along the right side of the channel looking upstream.  Riparian vegetation was quite dense along the right bank.  The stream width was the greatest among all
Table 2.

Figure 3.

sites (29.1 m) with an average depth of 0.5 m and maximum in pool areas of 1.7 m.  Boulder and rubble substrate and undercut banks were the predominant cover types.  The dominant substrate was sand (48%), followed by rubble (35%), boulder (10%), gravel (5%) and silt (2%).
3.1.2
Direct Observation Sites

The Above Johnsondale Bridge direct observation site was 30 m long with an average width of 25 m.  This site was composed predominantly of run habitat (65%), with 25 percent pool, and 15 percent riffle habitats.  Average depth was 1.5 m with a maximum depth of 2.5 m.  Substrate provided object cover for fish (20%), with surface turbulence (20%), and a small amount of canopy cover and undercut banks (2 and 1%, respectively).  Substrate was comprised of rubble (35%), boulder (30%), sand (18%), gravel (10%), bedrock (5%), and silt (2%).  The average underwater visibility was 4 m at this site.

The Above Fairview Dam direct observation site was 50 m long with an average width of 30 m.  Average depth was 1 m, with a maximum depth of 2 m. This site consisted entirely of run habitat.   Substrate provided object cover for fish (<10%) with a small percentage of canopy cover (5%), and a large proportion of surface turbulence (35%).  Substrate was dominated by boulders (60%), followed by gravel (12%), bedrock (10%), rubble (8%), sand (8%), and silt (2%).  Average underwater visibility was 3 m.

The Goldledge snorkel site was 50 m long with an average width of 30 m.  This snorkel site was composed mostly of run (90%) with 5 percent each of riffle and pool habitats.  Average depth was 0.4 m, with a maximum depth of 1.2 m.  Boulder and rubble substrate provided object cover for fish (10%), while surface turbulence (2%) and undercut banks (2%) provided additional cover.  Substrate was dominated by rubble (50%), followed by boulder (25%), sand (20%), silt (3%) and gravel (2%).  Average underwater visibility at this site was 3 m.
The Hospital Flat snorkel site was 30 m long with an average width of 25 m.  This snorkel site was composed mostly of run (70%) with the remaining habitat consisting of riffle (30%).  Average depth was 1m, with a maximum depth of 2 m.  Boulder and rubble provided object cover for fish (15%), while surface turbulence (5%) and overhanging vegetation (5%) provided additional cover.  Substrate was dominated by boulder (65%), followed by rubble (25%), gravel (8%), sand (1%), and silt (1%).  Average underwater visibility at the site was 2 m.
3.1.3
Electrofishing/Direct Observation Comparison Sites

The upper Roads End snorkel site was 61 meters in length by 10.5m in width.  This site consisted entirely of run habitat, with channel cover provided by substrate (5%) and surface turbulence (5%).  Dominant substrate was rubble (60%), followed by boulder (20%), sand (15%), gravel (4%) and silt (1%).  Average underwater visibility was 2 m.

The middle Roads End comparison site was located immediately downstream of the Roads End electrofishing site and was 40 m in length.  The location of the upper net for this comparison site was the same as the bottom net for the Roads End electrofishing site.  This site was predominantly run habitat (70%), with some riffle (25%), and a side-channel pool (5%).  Surface turbulence and substrates provided the best cover for fish (20% and 15%, respectively).  The dominant substrate was rubble (40%), boulder (30%), sand (20%), gravel (8%), and silt (2%).  Average underwater visibility was 3m.

The lower Roads End snorkel site was approximately 33m in length with an average width of 17m.  This site was predominantly run habitat with a little short riffle at the upper part of the site and a deep side pool near the bottom.  A sand bar was located on the right bank looking upstream, with the left bank consisting of steep edges with bunch grasses.  Substrate, depth and some surface turbulence provided fish cover.  Substrates consisted of sand (35%), and rubble (30%), with some boulder (15%), bedrock (10%), gravel (5%), and silt (5%).  Average underwater visibility was 2m.

3.2
Fish Abundance and Species Composition

Four species of fish were collected during the 2006 surveys, although hatchery-origin rainbow trout were treated as a separate ‘species’ apart from the wild rainbow trout (Table 3).  No hardhead minnow were observed at any site during this survey.
Table 3.
Fish species in the vicinity of the Kern River No. 3 Hydroelectric Project, 2006 surveys.

Taxon




Common Name



Status

Salmonidae



Salmon and trout

Oncorhynchus mykiss


rainbow trout




N, R

Salmo trutta



brown trout




I, R

Cyprinidae



Minnows

Ptychocheilus grandis


Sacramento pikeminnow


N

Catostomidae



Suckers


Catostomus occidentalis

Sacramento sucker



N  

I = introduced, N = native, R = recreationally important
3.2.1
Species Composition and Abundance at Electrofishing Sites

Sacramento sucker accounted for 89.5 percent of total estimated fish abundance over all sites, followed by rainbow trout (5.4 percent) and Sacramento pikeminnow (4.5 percent).  Brown trout and hatchery rainbow trout made up the remaining 0.6 percent of the total fish estimate.
Total estimated fish abundance was greatest at Hospital Flat (5,822 fish/km), followed by Goldledge (3,877 fish/km), and Roads End (1,049 fish/km) (Table 4).  However, total estimated fish biomass was greatest at Goldledge (671 kg/km), followed by Roads End (337 kg/km), and Hospital Flat (59.9 kg/km).  The Roads End site exhibited greatest diversity of all sites (five fish
Table 4.

species, including hatchery rainbow trout), while only three fish species were collected from Goldledge and Hospital Flat. 

Sacramento sucker was the dominant species both in estimated abundance and in estimated biomass at all three electrofishing sites.  Wild rainbow trout was the second most abundant species at both Roads End and Goldledge sites, but was not collected at Hospital Flat.  Rainbow trout biomass ranked third in biomass at Roads End, second at Goldledge, and was not collected at Hospital Flat.  Hatchery rainbow trout were ranked third in abundance at Roads End, but were not collected at Goldledge or Hospital Flat.  Hatchery rainbow trout were second in estimated biomass at Roads End.  Sacramento pikeminnow were the second most abundant fish species at Hospital Flat, third most abundant at Goldledge, and were not collected at Roads End.  Sacramento pikeminnow biomass was ranked second at Hospital Flat, but was barely detectable at Goldledge, and not present at Roads End.  Sacramento pikeminnow and sucker were the only two species collected at the Hospital Flat site.
Sacramento Sucker

Sacramento sucker was the dominant species at all three survey sites, both in terms of abundance and biomass (Figures 4 and 5).  Sacramento sucker was least abundant at the Roads End site with an estimated population of 774 fish/km.  However, suckers represented 73.7 percent of total abundance and 68 percent of total biomass at Roads End.  Sacramento sucker estimate of 3,464 fish/km at Goldledge accounted for over 89.3 percent of total fish abundance and 96.4 percent of total biomass.  The greatest estimated Sacramento sucker population was observed at the Hospital Flat site (5,822 fish/km), accounting for 92.2 percent of total abundance and 73.2 percent total biomass.  

Sacramento sucker length-frequency distributions are graphically summarized, both by site (Appendix Figures C-1 to C-3) and all sites combined (Figure 6).  The length-frequency graphs include a modal peak below 55 mm (age class 0+), a second peak between 56 and 105 mm (age class 1+), and a third relatively strong peak between 106 and 175 mm (age class 2+).  Few suckers were collected between 176 and 275 mm, indicating very poor recruitment to the existing population from 3 to 5 years in the past.  Larger individuals (over 276 mm) become relatively abundant, indicating more favorable recruitment parameters over 5 years ago.  
Sacramento Pikeminnow

Sacramento pikeminnow were not observed at the Roads End electrofishing site, but were collected at the Goldledge (17 fish/km; accounting for less than one percent of the total fish estimate and 3.4 percent of the biomass) and Hospital Flat (489 fish/km; accounting for less than one percent of the total fish estimate and ) sites.  Young-of-the-year Sacramento pikeminnow (not included in the population estimate) were relatively abundant both at Goldledge and Hospital Flat, and were all less 55 mm in length. 

Sacramento pikeminnow length-frequency distribution for all electrofishing sites combined is presented in Figure 7, and for individual sites in Appendix C, Figures C-5 and C-6.  The length-
Figures 4 and 5.
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frequency graphs show that nearly all pikeminnow collected in 2006 were less than 55 mm in length, none were collected between 80 and 135 mm in length, very few individuals between 136 and 200 mm, and none over 200 mm.  This indicates that pikeminnow recruitment has been very low for the past several years. 
Rainbow Trout

Wild rainbow trout were the second most abundant species at both Roads End and Goldledge sites, but were absent from the Hospital Flat site.  Estimated rainbow trout abundance was 215 fish/km at Roads End, accounting for 20.5 percent of the total population estimate and 14 percent of the total biomass.  Estimated rainbow trout population was greatest at Goldledge (396 fish/km), accounting for 11.4 percent of the total fish population, but only 3.6 percent of total biomass.  
Hatchery rainbow trout were only collected from Roads End, accounting for only 3.8 percent of the total population.  However, hatchery rainbow trout accounted for 27.5 percent of total biomass at that site, due to the presence of 3 large brood-stock individuals recently planted by the CDFG Kern River hatchery.  
Brown Trout

Brown trout abundance was estimated to be 20 fish/km at Roads End (accounting for 1.9 percent of total fish abundance and 2 percent of total biomass.  Brown trout were not collected from Goldledge or Hospital Flat. 

3.2.2 Direct Observation

Snorkel surveys (i.e., direct observation) were conducted to supplement electrofishing data in habitats too deep to effectively sample with electrofishing gear.    Snorkel sampling was the only method of surveying fish populations upstream of Fairview Dam in 2006 due to high streamflows (over 280 cfs).  Rainbow trout, Sacramento sucker, and Sacramento pikeminnow were the only species of fish observed during direct observation surveys in 2006.
Sacramento sucker was the dominant species observed at all snorkel sites below Fairview 
Dam, and was co-dominant with rainbow trout at all sites above Fairview Dam (Figure 8).  Abundance indices (over all size classes) for Sacramento sucker at sites below Fairview Dam ranged from 172 fish/km (Roads End) to 1,260 fish/km at Goldledge, and from 60 fish/km (Above Fairview Dam) to 233 fish/km (Above Johnsondale Bridge) above Fairview Dam (Table 5). Young Sacramento sucker (less than 75 mm) were most abundant downstream of Fairview Dam, especially at Goldledge (1000 fish/km).  Only larger individuals (306 to 460 mm, and greater than 461 mm) were observed above Fairview Dam, and they tended to be more abundant than large individuals observed below Fairview Dam.  

Rainbow trout abundance indices (over all size classes) at sites below Fairview Dam ranged from 33 fish/km (Hospital Flat) to 220 fish/km (Goldledge), and from 140 fish/km (Above Fairview
Figure 8.
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Dam) to 233 fish/km (Above Johnsondale Bridge) above Fairview Dam (see Table 5).  Young rainbow trout (less than 75 mm) were only observed in relative abundance at Goldledge (202 fish/km), accounting for the higher overall abundance of rainbow trout at Goldledge.  In general, rainbow trout abundance was relatively low, especially younger size classes.  Larger individuals were observed in relatively similar abundance at the two sites above Fairview Dam, and at the most upstream site in the diverted reach, Roads End (see Figure 8).
Only young Sacramento pikeminnow (less than 75 mm size class) were observed at any of the direct observation sites, and no pikeminnow were observed above Fairview Dam. Abundance indices for Sacramento pikeminnow ranged from 8 fish/km (Roads End) to 780 fish/km at Goldledge (see Table 5).  

3.2.3 Comparison of Direct Observation and Electrofishing Results

Three sites were selected within the Roads End reach to compare results of direct observation surveys with electrofishing surveys.  Visibility for the snorkel survey conducted at the middle site was 3m.  The average visibility during the snorkel surveys at the upper and lower Roads End sites was 2m.  
Generally, smaller fishes are less likely to be observed by snorkel survey in larger river systems, especially during very low water temperatures, when both young and old fish (especially rainbow trout) seek cover in and under rubble and boulder substrate.  The snorkelers reported that nearly all fish, and rainbow trout in particular, were observed to be closely associated with bottom substrates.  Few fish were observed to be present in the upper water column.

The majority of fish electrofished at each site were less than 175 mm, which tended to bias the results, since younger fish are more difficult to observe in high velocity conditions.  However in contrast, seven large rainbow trout greater than 306 mm were observed during snorkel survey at the lower site, which were not collected during the electrofishing event.  The lower site was the largest pool sampled during both snorkeling and electrofishing, and it contained substantial undercut banks which may account for the ability of the larger rainbow trout to avoid capture by electrofishing.  

In general, direct observation methodology resulted in lower abundances for smaller size classes of fish, ranging from 27.0 percent (upper site) to 52.1 percent (middle site) of site-specific electrofishing indices (Table 6).  Species specific results were variable, but in particular, snorkel surveys consistently underestimated the young size classes of Sacramento sucker and rainbow trout.  Over all species, direct observation methodology for fish ‘less than 75 mm’ in length resulted in lower abundances of 24.1 percent compared to electrofishing methodology; 14.3 percent for fish ‘76 mm to 175 mm’ in length; and 50 percent for fish ‘176 mm to 305 mm’ in length. 

Conversely, for larger fish (i.e., size classes ‘306 mm to 460 mm’ in length, and ‘greater than 461 mm’) direct observation methodology resulted in higher abundances than electrofishing methodology.  For size class ‘306 mm to 460 mm’, direct observation resulted in 300 percent 
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greater abundance than electrofishing; and for size class ‘greater than 461 mm’, direct observation resulted in 200 percent greater abundance.
This apparent size class sampling bias between sampling techniques was an unexpected result, and suggests that not any one method is adequate for accurately characterizing the fisheries over the various habitats in the NFKR.
3.3
Rainbow Trout

3.3.1
Age Structure

Length-frequency data and scale analysis indicate that three age classes of rainbow trout were collected in 2006: age class 0+ (YOY), age class 1+, and age class 2+ (Figure 9).  Age class 0+ trout were the least abundant age class collected at both the Roads End (5 fish/km) and Goldledge sites (29 fish/km), accounting for 2 percent and 7 percent of the trout population at these sites, respectively (Table 7).  Biomass estimates were 0.1 kg/km (Roads End) and 1.3 kg/km (Goldledge).  No rainbow trout were captured at Hospital Flat.  These results indicate exceptionally low recruitment of rainbow trout to the fishery (defined as the base population) in 2006.  However, average condition factor was relatively high, indicative of good health conditions.  Lengths of age class 0+ rainbow trout ranged from 89 to 102 mm at both sites.
Age class 1+ rainbow trout was the most abundant age class collected from both sites, with population estimates of 170 fish/km at Roads End and 317 fish/km at Goldledge.  These age-specific population estimates accounted for 79 percent of the total trout population at Roads End, and 80 percent of the population at Goldledge.  Age class 1+ fish comprised 61.0 percent of the biomass at Roads End, and 58.2 percent at Goldledge.  Greater abundance of age class 1+ fish over age class 0+ fish is indicative of either less suitable conditions for spawning or rearing in 2006, or some other factor, perhaps higher streamflows, may have caused movement of rearing age class 0+ trout out of the area into downstream habitats.   Relatively high average condition factors for age 1+ trout (1.17 to 1.18) indicate suitable health conditions.  Lengths of age class 1+ rainbow ranged from 92 to 215 mm, a somewhat large range relative to standard length ranges of age class 1+ trout.  The 215 mm fish was most certainly an outlier, as the next largest trout was 178 mm in length. 
Age class 2+ rainbow trout was the second most abundant age class, with estimates of 40 fish/km (Roads End) and 50 fish/km (Goldledge), accounting for 19 and 13 percent of the trout population at the respective sites.  Age class 2+ fish comprised 38.1 percent of the biomass at Roads End, and 36.7 percent at Goldledge.  Average condition factors of 1.24 and 1.23 indicate good health conditions for this age class.  Lengths ranged from 186 mm to 252 mm.  
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4.0
Discussion

4.1
Comparison of 2006 Results with Previous Studies

4.1.1
Physical Habitat Conditions

It appears that fine sediments (in particular, sands) were more prevalent throughout the entire study in 2006 than were apparent in past surveys.  Indications are that the apparent increased sediment load in the NFKR (resulting directly from the McNally Fire in 2002) has had a direct impact on the aquatic habitats types found within each reach.  For example in 1998, substrates at the Roads End electrofishing site consisted of 60 percent boulder and 25 percent rubble (Table 8; Table 9).  In 2006, Roads End substrates were again dominated by 60 percent boulder, but were  secondarily dominated by 20 percent sand.  Substrate conditions at the Goldledge electrofishing site in 1998 were similar to those in 2006, with only slight increases in silt and sand.  However, Hospital Flat silt and sand deposits were dramatically increased in 2006 over 1998 conditions; silt increased from zero to 2 percent coverage, and sand increased from 15 percent to 48 percent coverage.

4.1.1.1
Affects of High Sediment Load on Fish Resources

Net increases in fine sediments within a system have been shown to reduce the amount of physical habitat for bottom-dwelling invertebrates and fish, by filling in the interstitial spaces (i.e., increased embeddedness) and voids between the larger substrate particles, thus creating a smoother bed (Diplas & Parker 1992).  Increases in fine sediments have also been shown to lower benthic primary production which can reduce invertebrate densities by up to 90 percent (Quinn et al. 1992).  This reduction of primary production not only affects the primary consumers, but also indirectly impacts the secondary consumers.  Increases to sediment loads have also been shown to cause increased invertebrate drift, which can create localized reductions in BMI densities and biomass (Newcomb & MacDonald 1991; Birtwell 1999; Hynes 1970).  With decreased levels of primary production and available habitat, less food is readily available for fish.  Increased fine sediments can also reduce the water clarity (especially during actual sediment input events), which may also interfere with fish feeding success (Benfield & Minello 1996).  
Changes in the sediment load have also been directly linked to the survivorship of salmonids.  Although some fines are required for the successful rearing of eggs and larvae, high sediment levels can smother eggs and larvae, directly impacting recruitment and even natural migrations.  Immediate effects of increased sediment loading include the filling of riffle habitat (i.e., increased embeddedness), which is essential habitat for both spawning and rearing of young fry.  Increased fines also tend to fill in deep pool habitat, which is also essential rearing habitat for young and older fish.  Increased fine sediments can also impact fish populations by reducing growth rates, and their resistance to disease.
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The NFKR experienced an extremely high sediment load resulting from the McNally Fire, in which sediments were deposited throughout the Project Area, and large sediment deposits are still present.
4.1.1.2
Affects of Cold Water Temperatures upon Sampling Efficiency

The electrofishing stations exhibited decreased average water temperatures between the 1998 and 2006 studies.  Temperature is an important environmental factor because it can affect many aspects of fish behavior and physiology.  Lower water temperatures tend to make fish more sluggish, which can decrease fish floatation and response to an electric field, potentially lowering fish capture rates (USFWS Principles and Techniques of Electrofishing 2000).  Different temperature tolerances exist between species, and often within various fish life stages (Moyle, P.B., and J.J. Cech. 1996).  Cold water temperatures in 2006 could account at least partially for decreased capture rates during electrofishing surveys.  Also, fish tend to become closely associated with bottom substrates as temperatures decrease, an observation noted by snorkelers during the current direct observation study element.  
4.1.2 Species Composition and Abundance
4.1.2.1
Barge Electrofishing

Roads End

In 2006, Sacramento sucker population dominated the catch with an estimate of 774 fish/km, followed by rainbow trout at 215 fish/km.  Previous Sacramento sucker populations have ranged from 2691 fish/km in 1990 to 5,732 fish/km in 1989, with a running average of 3,943 fish/km (Table 10, Figure 10).  The 2006 sucker estimate is less than 20 percent of the running average (from 1989, 1990, 1991, and 1998 study results).  The running average for biomass is about 594 kg/km.  The 2006 biomass value is about 39 percent of the running average (see Table 10, Figure 11).  The current sucker population appears to be experiencing a decline in abundance.
Previous rainbow trout populations have ranged from 113 fish/km in 1991, to 405 fish/km in 1998, with a running average of 256 fish/km.  The 2006 estimate is about 84 percent of the running average.  However, the running average for biomass is about 13 kg/km, which is the same as the 2006 biomass value.  This suggests that current rainbow trout populations are within the range of natural fluctuations.
During 1989 and 1990, hardhead minnow were collected at this site, albeit in low abundance. However, no hardhead minnow have been observed since the 1991 survey at this site.  Conversely, brown trout population estimate in 2006 is slightly larger than ever observed for the years of record. 
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Goldledge

In 2006, Sacramento sucker population dominated the catch with an estimate of 3,464 fish/km, followed by rainbow trout at 396 fish/km, and Sacramento pikeminnow at 17 fish/km.  Previous Sacramento sucker populations have ranged from 3,710 fish/km in 1999 to 5,159 fish/km in 1998, with a running average of 4,177 fish/km (see Table 10).  The 2006 sucker estimate is approximately 83 percent of the running average. However, the current biomass estimate of 671 kg/km is about 9 percent greater than the running average of about 617 kg/km (see Figure 11).  This suggests that sucker populations are fluctuating within recently recorded levels.
Previous rainbow trout populations have ranged from 86 fish/km in 1990, to 1,496 fish/km in 1998, with a running average of 527 fish/km.  The 2006 estimate is about 66 percent of the running average.  However, current estimated trout biomass (25.1 kg/km) is about 30 percent greater than the running biomass average (19.3 kg.km) suggesting that trout populations are fluctuating within recently recorded levels.  Moreover, the 2006 value is within the observed range of rainbow trout population estimates for the years of record.  
Previous Sacramento pikeminnow populations have ranged from 339 fish/km in 1998 to 3,935 fish/km in 1990, with a running average of 2,187 fish/km.  The 2006 estimate is less than one percent of the running average, indicating a major decline in the pikeminnow population.  A declining trend has been observed since the highest population estimate for the years of record in 1990, however, the 2006 value is far below the expected value.  The current biomass estimate, when compared against the years of record, reflects the same declining trend as is evident for the population values.
During 1989, 1990, and 1991, hardhead minnow were collected in moderate, but declining abundance.  No hardhead minnow have been observed since the 1991 survey at this site.
Hospital Flat

In 2006, Sacramento sucker population dominated the catch with an estimate of 5,822 fish/km, followed by Sacramento pikeminnow at 489 fish/km.  Previous Sacramento sucker populations have ranged from 1,476 fish/km in 1990 to 4,700 fish/km in 1998, with a running average of 2,687 fish/km (see Table 10).  The 2006 sucker estimate is greater than the running average by a factor of 2, indicating a substantially increasing sucker population at this location.  However, the current biomass estimate of 43.9 kg/km is far below the running average of 419 kg/km, indicating that the large 2006 sucker population consists primarily of very young sucker age classes.  This also suggests a recent loss of older sucker age classes.
Previous Sacramento pikeminnow populations have ranged from 170 fish/km in 1998 to 6,117 fish/km in 1990, with a running average of 3,120 fish/km.  The 2006 estimate is 16 percent of the running average, suggesting a major decline in the pikeminnow population.  Comparison of the current pikeminnow estimated biomass value (15.9 kg/km) with the running average of 106 kg/km is also indicative of a population in decline.  A declining trend has been observed since the highest population estimate for the years of record in 1990, however, both the abundance and biomass 2006 values are within the overall range of values, and are greater than observed in 1998.
Rainbow trout populations have varied substantially at this site, ranging from zero for two previous years of record, to 1,028 fish/km in 1998.  Rainbow trout were not observed in 2006, which when considering the record is likely indicative of natural fluctuations in trout populations at this site.  
Hardhead minnow were once abundant (2,194 fish/km in 1989) at this location, but the population has experienced a steady decline since the first sampling event in 1989.  This is the first year that no hardhead minnow were collected, however estimated abundances of 73 fish/km and 12 fish/km in 1991 and 1998, respectively, confirm that hardhead minnow populations have been at precipitous levels for some time.  The fact that no hardhead minnow were observed at any monitoring site in 2006 is suggestive of recent adverse events that have likely exacerbated already low abundances.
4.1.2.2
Direct Observation

A comparison of the results of direct observation surveys in 1998 and 2006 is presented in Table 11.  The direct observation results generally reflect the trends noted for the electrofishing surveys.  Direct observation rainbow trout indices ranged from 33 fish/km (Roads End) to 566 fish/km (Hospital Flat) in 1998, as compared with 33 fish/km (Hospital Flat) to 233 fish/km (Above Johnsondale Bridge) in 2006.  Greater numbers of size class 76-175 mm, and 176-305 mm rainbow trout were observed in 1998 (Figure 12).  Further, fish from those size classes were observed throughout the study area.  In 2006, those size classes were present in lowered abundance, and not in the lower river monitoring sites. 
Sacramento sucker indices ranged from 67 fish/km (Roads End) to 1900 fish/km (Hospital Flat) in 1998, as compared to a range of 60 fish/km (Above Fairview Dam) to 1,260 fish/km (Goldledge) in 2006.   A general decline in larger age class suckers is evident in 2006 as compared with the 1998 results (see Figure 12).  A loss of older age class suckers is consistent with a loss of suitable, clean riffle and run habitat with abundant periphyton, which likely occurred during the massive input of sediments during the McNally Fire.

The two years of direct observation data strongly indicate the absence of Sacramento pikeminnow above the Fairview Dam, indicating either the unsuitability of pikeminnow habitat or the inability of pikeminnow to pass upstream of Fairview Dam.  A review of the electrofishing data record from below Fairfield Dam shows a historical trend of decreasing pikeminnow abundance with distance upstream, suggesting pikeminnow prefer the lower gradient habitats that occur in the vicinity of and downstream from Goldledge.  
4.2.3 Rainbow Trout Age Structure
A comparison of rainbow trout population age structures from the electrofishing monitoring sites is presented in Table 12.  Since no rainbow trout were collected at Hospital Flat in 2006, this
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analysis is based on the results from the Roads End and Goldledge monitoring sites.  The primary difference between 1998 and 2006 results is the relative absence of recruiting age class 0+ trout in 2006.  The percentage of age class 0+ trout to the total trout population at Roads End and Goldledge in 2006 was 2 percent and 7 percent, respectively.  This compares to age class 0+ percentages of 23 and 28 percent at Roads End and Goldledge in 1998.  In terms of absolute abundance, estimated abundances at the two sites were 93 fish/km (Roads End) and 419 fish/km (Goldledge) in 1998, compared with 5 fish/km (Roads End) and 29 fish/km (Goldledge) in 2006.  The 2006 values are only 5 percent and 7 percent of the 1998 values.  These low values(in 2006) of age class 0+ rainbow trout indicate poor recruitment within the past year, likely a result of the continuing presence of sediment deposits in the NFKR that have compromised both spawning and rearing habitat. 
Age class 1+ rainbow trout accounted for 35 and 44 percent of the trout population at Roads End and Goldledge in 1998, as compared with 79 and 80 percent in 2006.  In general, such high percentages for a single age class can have precipitous results, especially if instream habitat conditions are not suitable for spawning or rearing during the coming year.  Estimated abundance of age class 1+ fish at Roads End was 142 fish/km in 1998 and 170 fish/km in 2006, a 20 percent increase.  However, estimated abundance of age class 1+ fish at Goldledge was 658 fish/km in 1998 and 317 fish/km in 2006, a nearly 50 percent decline.  In addition, estimated abundance of age class 2+ and 3+ combined in 1998 was 170 fish/km at Roads End, and 419 fish/km at Goldledge.  This is compared to an estimated abundance of age class 2+ of 40 fish/km and 50 fish/km in 2006.   There was a general absence of any age class 3+ rainbow trout in 2006, likely a result of loss of suitable habitat for older age class fish resulting from filling of important refuge pool habitat with sediments.
5.0
recommendations

The reduction in abundance of age class 0+ rainbow trout in 2006 has been documented in this report, which concludes that continuing presence of sediment deposits is the most likely responsible agent.  However, the timing of the KR3 outage in October 2006, immediately prior to the fish population surveys, was unfortunate, and may have been at least partially responsible for the observed decline in trout (and other species) abundance and recruitment.  We therefore recommend that future outages be timed to occur after fish population surveys are scheduled to occur.  Further, we note that outages that occur in fall may affect the YOY rainbow trout (and other species) rearing capability in the diverted reach, because the young fish may be more vulnerable to altered (i.e., increased) flows in fall.  Therefore, we recommend that streamflows in the diverted reach should be properly ramped at the beginning and ending of outages for protection of young life stages of rainbow trout and native minnows.

We have documented the increased sediment deposition in 2006 over past surveys, and have concluded that hillslope erosion resulting from the McNally Fire is the responsible agent.  We also note the difficulty in interpreting the results of the 2006 fish population monitoring surveys to ascertain potential project-related affects, in light of the confounding affects of the present distribution of sediment deposits.  We recommend a more stringent (i.e., quantitative) substrate characterization be performed during future monitoring surveys so that affects of sediment deposition amongst the sampling sites can be statistically evaluated.

We have noted in this report the attempt to reoccupy historical sampling sites for statistical consistency and continuity among survey events.  In 2006, GPS locations of all sample sites were recorded, and photo documentation was conducted to provide accurate location information for future surveys.  We believe that these measures should be adequate for re-occupation of the 2006 sampling sites in future survey efforts.  However, it may be beneficial to permanently mark the upstream and downstream ends of all sampling locations, for precise block net installation during future surveys.

Finally, we recommend that future fish population surveys include both electrofishing and direct observation methodologies for adequate characterization of the fisheries of the NFKR over various habitats.  We strongly suggest that additional electrofishing and direct observation comparisons be conducted to build an adequate database for statistically determining relationships between the two methods.
6.0
Conclusion
The preceding analysis comparing the results of the current 2006 monitoring survey against the results from the previous years of record indicate that many site-specific fish populations appear to be fluctuating within normal limits (as defined by the 1989 through 1998 record).  However, there is strong evidence that fish populations at certain locations have dramatically declined, or have dramatically changed in population structure, either in response to a set of adverse conditions
 (e.g., altered habitat conditions or unsuitable flows for critical life stages), or in response to a devastating event (e.g., McNally Fire).       

· The Roads End and Hospital Flat Sacramento sucker populations are currently being strongly affected by the continuing presence of sediments in the NFKR.  Older sucker age classes are nearly absent, however good localized recruitment is apparent at some locations.  
· The Sacramento Pikeminnow population is currently being strongly affected by continuing presence of sediments throughout the NFKR.  Older pikeminnow age classes are absent, however good localized recruitment is apparent in downstream sampling sites.  

· Rainbow trout populations are also being strongly affected by the continuing presence of sediments.  Recruitment of YOY trout to the fishery occurred at very low levels in 2006.

· Hardhead minnow populations were not observed during the 2006 surveys, indicating that they are either absent or in extreme low abundance.  Their previously low abundance has likely been further exacerbated by the extreme input of sediments into their critical habitats.

Given the recent occurrence of the McNally Fire, which likely resulted in short term lethal effects to the fish populations resulting from physical effects of increased suspended sediments, and the long term sublethal effects to the fish populations resulting from habitat degradation, it is reasonable to assume that the observed declines in fish populations in 2006 are due both directly and indirectly to the fire.  However, it is difficult to tease out sources of variation in population abundances, especially when populations are currently being strongly influenced by physical factors.  Indeed, the historical record indicates that some fish populations had been exhibiting declining trends in abundance, in which case the effects of the McNally Fire had likely exacerbated already low population abundance.  Therefore, this report concludes that results of the current study should be viewed as transitory.  In order to monitor potential project-related effects to the NFKR fisheries, these results must be compared with future monitoring results, with the past data record as a backdrop, with the likely assumption that habitat conditions will continue to improve as the sediments continue to be flushed from the North Fork Kern River.   
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