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ABSTRACT 

The availability of physical habitat for anadromous salmonids in relation to flow was determined 

from a combination of hydraulic and habitat modeling in the Trinity River between Lewiston 

Dam and the confluence of the Klarnath River, California. The study was part of the Trinity 

River Flow Evaluation conducted by the U.S. Fish and Wildlife Service between 1984 and 1996. 

A total of 127 stream cross-sections was placed in fourteen study sites within four defined 

segments of the river. Numerous measurements of water depth, velocity, substrate, and cover 

were obtained over twelve years at a wide range of river discharges. These data were entered 

into hydraulic simulation computer models and linked to habitat use criteria for chinook and 

coho salmon spawning, fry, and juveniles, and steelhead spawning, fry, juveniles, overwintering 

juveniles, and holding adults, to create flow indices of physical habitat availability (weighted 

usable area). These indices should be suitable as a partial basis for making instream flow 

recommendations and evaluating potential management alternatives, provided they are interpreted 

according to established methods. 
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INTRODUCTION 

Between 1984 and 1996, the U.S. Fish and Wildlife Service (FWS) conducted the Trinity 

River Flow Evaluation, a study designed to monitor fishery habitat in the Trinity River, 

California. Results of the study were to be used as a technical basis for reporting to the 

Secretary of the Interior on the effectiveness of the Secretary's 1981 decision to increase flow 

releases fiom Trinity and Lewiston dams. In addition, the FWS was to describe any other 

habitat rehabilitation measures that would restore fish populations and aquatic habitat in the 

Trinity River below Lewiston Dam. The first objective of Task 3 identified during initial 

study design was to determine: a) the amount of salmon and steelhead habitat available in the 

Trinity River downstream of Lewiston Dam under various flow conditions, and b) the various 

levels of habitat rehabilitation that may be achieved either through the Trinity River Basin 

Fish and Wildlife Management Program or through other resource management actions 

(Appendix A). 

The majority of the study design, field data, and preliminary analyses conducted for the 

habitat availability task has been previously reported in Annual Reports (FWS 1985-91) and 

in two reports prepared by the FWS (Gard, 1996; Gard, 1997), partial copies of which are 

appended (Appendices B-K). This report represents a summary and compilation of the data 

and analyses conducted to quantify the amount of physical habitat available for anadromous 

salmonids in the Trinity River downstream of Lewiston Dam under various flow conditions, 

part (a) of the first objective of Task 3.  

STUDY SITES 

Fourteen study sites for physical habitat availability analyses were selected within three major 

river segments between Lewiston Dam and the confluence of the Trinity and Klamath Rivers 

at Weitchpec, a distance of approximately 110 river miles (Table I ,  Figure 1). The segments 

separate the Trinity River by significant changes in hydrology and overall character from 

Lewiston Dam to the North Fork Trinity River (40 miles), the North Fork to the South Fork 



(40 miles), and the South Fork to the Klarnath River confluence (30 miles). The sites were 

chosen by professional judgment as representative of each segment. Nine study sites were 

placed in the upper segment (Segment IA & IB) where the majority of spawning activity for 

all three species occurs and, consequently, is also a critical reach for rearing fry; two were in 

the middle segment (Segment TI); and three sites were placed in the lower segment (Segment 

111). Subsequently, two of these sites were eliminated: the Indian Creek site in Segment IA 

had unstable channel conditions due to copious gravel input from Indian Creek (the Steel 

Bridge site was used to represent the majority of habitat in this area), and the Camp Kimtu 

site was believed to be adequately represented by the Tish-Tang site within the upper portion 

of Segment 111. A total of 127 transects was placed in the remaining twelve sites. Detailed 

study site maps are presented in the 1987 Annual Report (Appendix D). 

Table 1. Representative Study Reaches, Trinity River Flow Evaluation Study, 1985. 

River Study Reach Description 
Segment 

Upper Lewiston Dam 

Cemetery 

Bucktail 

Poker Bar 

Steel Bridge 

Indian Creek 

Steiner Flat 

Upper Oregon Gulch 

Junction City 

Middle Del Loma 

Hawkins Bar 

Lower Camp Kirntu 

Tish-Tang 

Hoopa Valley 

Lewiston Dam to Old Fish Weir 

Old Fish Weir to Rush Creek 

Rush Creek to Grass Valley Creek 

Grass Valley Creek to Limekiln Gulch 

Limekiln Gulch to Indian Creek 

Indian Creek to Douglas City 

Douglas City to Dutch Creek 

Dutch Creek to Canyon Creek 

Canyon Creek to North Fork Trinity 

North Fork Trinity to Cedar Flat 

Cedar Flat to South Fork Trinity 

South Fork Trinity to Horse Linto Creek 

Horse Linto Creek to Hoopa Valley 

Hoopa Valley to Weitchpec 

No. 
Transects 



METHODS 

Basic theoretical concepts for the assessment followed those developed for the Physical 

Habitat Simulation (PHABSIM) component of the Instream Flow Incremental Methodology 

(Bovee, 1982). PHABSIM is based on a linkage between hydraulic and habitat data obtained 

from stations (cells) measured along representative stream cross-sections (transects), and 

habitat suitability criteria (HSC) for hydraulic (depth and velocity) and habitat (substrate and 

cover) variables. Numerous computer models have been developed as part of PHABSIM, 

which is described in Milhous et al. (1984). Hydraulic simulations to predict unmeasured 

flow conditions from measured calibration flow data are optionally part of PHABSIM, as is 

empirical analysis which computes habitat availability only for the measured flows. Both 

hydraulic simulation and direct computational analysis were used in this assessment depending 

on data availability and inherent limitations of the hydraulic models. A customized computer 

model was written to calculate habitat availability for all direct computation analyses 

(Hamilton, 1987). Output of either analysis is in the form of a physical habitat availability 

index called weighted usable area (WUA). WUA at a given streamflow represents the sum of 

the areas of all transect cells, each of which has been weighted by the product of the 

suitability values for the habitat variables considered (e.g., depth, velocity, substrate). 

- 

The "representative reach" approach, the most common approach for conducting riverine 

habitat analyses using PHABSIM in the early 1980's, was initially chosen as the method by 

which physical habitat availability would be quantified on the Trinity River. Using this 

approach, study sites are considered to be representative of larger sections (reaches) of the 

river and transects placed in those sites represent the variable physical conditions within the 

site and thus, the reach. The habitat/streamflow functions (WUA) derived at each 

representative study site are considered valid for the entire reach. After extensive scoping and 

on-the-river reconnaissance of the Trinity River, study reaches were identified, study sites 

were selected, and transects were placed in these sites. 



In the mid-1980's an alternative method for representing instream habitat known as habitat 

mapping (Morhardt et al., 1983) was developed. Using this method, the major habitat types 

(e.g., riffle, run, deep pool) within a study reach are identified and the linear distance 

represented by each is determined. Transects are placed in each of these habitat types 

(replicates are highly desirable) so as to fully represent the range of physical conditions 

present. Separate WUA functions are derived for each identified habitat type and a total 

WUA function is calculated for the reach when the representative distances are considered. A 

comparison was run using both the representative reach and the habitat mapping approach on 

the approximate 26-mile reach fiom Lewiston Dam to Dutch Creek. The results of this 

comparison showed little difference between the two methods in calculating total WUA (p. 

F-7, Appendix F). The results using habitat mapping were used for this segment of the upper 

reach (hereafter referred to as Segment IA) and representative reach results were retained for 

the remainder of the river. 

Field data collection methods generally followed those proscribed in Trihey and Wegner 

(1981) and are described in detail in the 1986 Annual Report (p. C-2, Appendix C). The first 

year of the study (1985) targeted flows of 300, 450, and 600 cfs to be released fiom Lewiston 

Dam for evaluation. Measurements were made at 300 and 450 cfs to obtain hydraulic (depth 

and velocity) data at all transects and study sites. However, because of dry-year conditions 

(defined by water supply criteria), water was unavailable for the 600 cfs release. A wetter 

year followed and measurements were taken at 800 cfs in 1986. 

During the 1986 field season it was obvious that some significant morphological changes had 

occurred within the river channel at sites below Segment IA from Oregon Gulch to Weitchpec 

(Appendix D). These changes were the result of some major flood events in February and 

March of that year. The most significant changes occurred downstream of Canyon Creek, the 

North Fork, and the South Fork Trinity Rivers. It was apparent that streamflows below the 

North Fork were influenced to such an extent by unregulated tributary accretion that 

management objectives dependent on controlled releases from the TRD would be difficult to 

achieve. Therefore. after 1987, data collection was focused on the upper river (Segment IA) 



between Lewiston Dam and Dutch Creek. Additional data collected in the lower river 

segments, however, were enough to complete hydraulic and habitat modeling in these reaches. 

Several successive dry years occurred after 1986 and releases from Lewiston Dam did not 

vary significantly from those at which data had already been gathered. Not until 1989 was a 

discharge released (2000 cfs) at which data could be collected to expand the capability to 

estimate habitat availability at higher flows. Very low flows were measured in 1990, a 

critically dry year, at the five sites in Segment IA when 150 cfs was released from the dam. 

High flow releases for concurrent, related Trinity River studies of sediment transport and 

geomorphological processes enabled additional data collection in the later years of the Flow 

Evaluation. Partial data sets were obtained on most transects in Segment IA at flows of 1500 

and 3000 cfs in 1993, and 4500 and 6000 cfs in 1995. 

Site-specific habitat suitability criteria (curves) for physical variables such as depth and 

velocity for the fish species and life stages of concern were developed from direct observation 

of habitat use in the Trinity River (Hampton, 1988; Hampton, 1997). Development of criteria 

curves was not finalized until 1991, when early attempts at creating "preference" criteria were 

abandoned in favor of "utilization" criteria. Any reported results of physical habitat 

availability indices (WUA) in the annual reports or elsewhere prior to 1991 should be 

considered superceded by the results presented here. 

Data was compiled and data decks were constructed as the study progressed. Hydraulic 

modeling was done for each study site in every segment, utilizing, at one time or another, all 

of the models available within PHABSIM (Gard, 1996; Gard, 1997). The cited reports 

provide complete hydraulic calibration details. The HABTAE modeling program was used to 

calculate WUA. In Segment IA, WUA was also calculated using hydraulic data obtained by 

direct measurements as input into a computer program developed by Flow Evaluation 

biologists (Hamilton, 1987). For both methods, the suitabilities for the velocity, depth, and 

substrate variables were combined using standard multiplicative defaults and cell offset 

averaging. 



RESULTS 

The following is a summary of the sequence of data collection and analyses conducted during 

the course of the Flow Evaluation study for habitat availability: 

1985 - Fourteen study sites established (later reduced to 12), containing 127 transects. Data 

collected at all transects for flows of 450 and 350 cfs. No analysis. (Appendix B) 

1986 - Data collected at all transects for flow of 800 cfs, with additional water surface 

elevation data for flows of 300 and 600 cfs. Winter flood flows cause channel changes. 

Preliminary analysis using hydraulic simulation, conducted separately for lower flow and 

higher flow data. (Appendix C) 

1987 - Preliminary habitat availability analysis continued. Eliminated use of substrate and 

cover attributes for fry and juvenile life stages. Eliminated Lewiston Dam study site due to 

modification by bulldozer. One transect at Tish-Tang site dropped. Evaluated morphological 

changes in river channel. Prepared detailed study site maps. (Appendix D) 

1988 - Preliminary habitat availability analysis continued using hydraulic simulation. 

Simulated water surface elevations for a flow of 3500 cfs to test for the creation of stranding 

pools beyond streambank berms. (Appendix E) 

1989 - Data collected on study sites between Cemetery and Steiner Flat for a flow of 2000 

cfs. Habitat mapping conducted between Lewiston Dam and Dutch Creek. Preliminary 

habitat availability analysis continued using empirical method instead of hydraulic simulation 

and habitat mapping instead of representative reaches. (Appendix F) 

1990 - Data collected at five sites (Cemetery, Bucktail, Poker Bar, Steel Bridge, and Steiner 

Flat) for a flow of 150 cfs. Preliminary habitat availability analysis continued using empirical 

method. (Appendix G) 



1991 - Feasibility of data collection for a flow of 3000 cfs was evaluated. Criteria curves for 

most fish species and life stages finalized. (Appendix H) 

1992 - Data collected on transect margins at four transects of the Junction City site for a flow 

of 3000 cfs. Detailed habitat maps prepared showing locations and representation of habitat 

by each study site transect for Lewiston Dam to Dutch Creek. (Appendix I) 

1993 - Data collected at five sites (Cemetery, Bucktail, Poker Bar, Steel Bridge, and Steiner 

Flat) for a flow of 3000 cfs and at two sites (Poker Bar and Steel Bridge) for a flow of 450 

cfs. 

1994 - Data collected at five sites (Cemetery, Bucktail, Poker Bar, Steel Bridge, and Steiner 

Flat) for a flow of 1500 cfs. 

1995 - Partial data collected at selected transects at four sites (Cemetery, Bucktail, Poker Bar, 

and Steel Bridge) for a flow of 6000 cfs, at selected transects at five sites (Cemetery, 

Bucktail, Poker Bar, Steel Bridge, and Steiner Flat) for a flow of 4500 cfs, and at selected 

transects at the same five sites for various flows between 300 and 500 cfs. 

1996 - Physical habitat availability analysis completed for five sites (Cemetery, Bucktail, 

Poker Bar, Steel Bridge, and Steiner Flat) using hydraulic simulation (Appendix J). 

1997 - Physical habitat availability analysis completed for six sites (Oregon Gulch, Junction 

City, Hawkins Bar, Tish-Tang, Del Loma, and Hoopa Valley) using hydraulic simulation 

(Appendix K). 

A summary of all data by study site and transect is presented in Appendix L. 



Physical Habitat Availability 

Physical habitat availability as a function of flow was calculated for chinook and coho 

salmon, and steelhead spawning, fry, and juveniles. In addition, WUA was computed for 

overwintering juvenile steelhead and holding adults. Depth and velocity HSC were used in 

computing WUA for steelhead adult holding and for the fry and juvenile life stages, except 

for overwintering steelhead juveniles. Substrate criteria were included for them, as well as for 

spawning for all three species. WUA for Segment IA (Lewiston Dam to Dutch Creek) was 

derived empirically using directly measured data. All WUA results for the segments 

downstream of Segment IA were derived using output fiom hydraulic simulation models. 

Lewiston Dam to Dutch Creek (Segment L4) 

Total WUA for spawning salmon and steelhead varied with discharge and species (Figure 2A, 

Table 2). Spawning habitat for chinook salmon was maximized at flows between 150 and 

350 cfs and decreased as streamflow increased. Spawning habitat for coho and steelhead were 

both available in amounts greatly lower than for chinook. Both WUA functions decreased 

steadily fiom 150 cfs as flows increased. Adult steelhead holding WUA increased rapidly 

between 150 and 450 cfs and moderately up to 800 cfs. 

The WUA functions for salmon and steelhead fry were very similar to each other over the 

entire flow range (Figure 2B, Table 2). Chinook and steelhead physical habitat was available 

in nearly equal amounts, which were also consistently greater than that for coho. Fry habitat 

for all species decreased sharply between 150 and 800 cfs, remained relatively stable to 1500 

cfs, and sharply increased as higher flows inundated the heavily vegetated, low velocity 

habitat on the other side of the stream bank berms. 

The habitat-flow relationships for juvenile salmon were similar to those for fry, and to each 

other, over the entire range of flows (Figure 2C, Table 2). WUA peaked at 150 cfs. 

decreased up to a flow of 1500 cfs, then increased steadily up to 3000 cfs. Unlike salmon 



fry, juvenile WUA was greater at flow levels below about 500 cfs than at flows between 2000 

and 3000 cfs. Juvenile steelhead WUA peaked at 450 cfs, decreased to 1500 cfs, and was 

stable from 1500 to 3000 cfs. Overwintering juvenile steelhead habitat values were greatest 

at the lowest flows measured (150 cfs). 

A subset of ten transects was measured at a flow of 4500 cfs, allowing computation of WUA 

for salmonid fry and juveniles up to that flow. These transects, selected on the basis of 

accessibility, safety, and geographic distribution, represented 24 percent of the total habitat in 

the segment. Computed WUA was combined with that derived for the same ten transects at 

lower flows (Figure 3, Table 3). Results show increases in WUA between 3000 ad 4500 cfs 

for fry and juveniles of all three species. 

Dutch Creek to North Fork Trinity River (Segment IB) 

The spawning WUA functions were more complex than those observed in Segment IA (Figure 

4A, Table 4). Chinook and coho have very similar habitat-flow relationships, with the 

greatest habitat values at 150 cfs and a secondary peak at around 1200 cfs. WUA declines 

after this peak but stabilizes between 1700 and 2500 cfs before gradually declining again. 

Steelhead spawning habitat is available in much lower quantities in this segment, displaying a 

sinusoidal function which gradually peaks and declines a number of times over the range of 

flows evaluated. Steelhead adult holding WUA increases sharply to 450 cfs then drops 

sharply as flows increase. 

It is obvious from the WUA curves for fry (Figure 4B, Table 4) that the stream bank berms 

characteristic of Segment IA are no longer a factor in Segment IB. Habitat values for all 

three species are greatest at 150 cfs and decline thereafter. Coho fry have the least amount of 

habitat and steelhead fry the most. The juvenile WUA curves also do not display the 

bimodality of the functions in the upper segment (Figure 4C, Table 4). Chinook and coho 

habitat peaks at 150 cfs and declines, but the decline is very slight over a wide range of flows 

(700 to 3000 cfs). Steelhead juvenile WUA increases to 450 cfs then steadily declines, while 



I overwintering juvenile habitat is very stable over the entire range of simulated flows, peaking 

I 
at 750 cfs. Overall, Segment IB provides a higher physical habitat index quantity of steelhead 

rearing habitat than for chinook and coho. 

North Fork Trinity River to South Fork Trinity River (Segment II) 

The spawning functions were bimodal for all three species in Segment I1 (Figure 5A, Table 

5). While the chinook and coho spawning functions were also bimodal in Segment IB, the 

second peak of the function for both species, and for steelhead, in Segment I1 occurred at 

much higher flows (2500 cfs). The adult steelhead holding function is also very different 

fiom those in the previous segments. Holding habitat is very limited at 150 cfs, increasing 

sharply to maximum levels at about 700 cfs which are maintained over a wide range of flows 

up to about 1700 cfs before declining again. 

Fry WUA was highest at 150 cfs for all three species (Figure 5B, Table 5). The amount of 

habitat decreased steadily before stabilizing at about 1000 cfs (chinook and coho) or 1500 cfs 

(steelhead); WUA gradually increased as flows increased up to 3000 cfs. Juvenile habitat for 

chinook and coho salmon was highest at lower flows and decreased steadily (Figure 5C, Table 

5). WUA for steelhead juveniles peaked at about 600 cfs. The amount of overwintering 

steelhead habitat was greatest at 150 cfs and showed about a 50 percent reduction at 600 cfs. 

This habitat amount was basically maintained at higher flows. Overall, the segment favors 

chinook salmon rearing over coho and steelhead. 

South Fork Trinity River to Weitchpec (Segment IIQ 

Spawning habitat availability in Segment I11 for chinook and coho was greatest at low flows, 

while spawning WUA for steelhead was bimodal, increasing from 150 to 500 cfs and 

decreasing to 1200 cfs before increasing gradually again with flow (Figure 6A, Table 6). 

Adult steelhead holding WUA was lowest at 150 cfs, climbed sharply to a peak at about 600 

cfs and slowly decreased therafter to 3,000 cfs. 



The amount of habitat for chinook and coho fry was essentially stable, particularly that for 

coho (Figure 6B, Table 6). The steelhead fry WUA function had numerous peaks and 

valleys; flows between 2000 and 2500 cfs provided the greatest WUA. For all juveniles, 

WUA curves were almost identical in shape to those in Segment IB (Figure 6C, Table 6). 

Chinook and coho WUA was greatest at 150 cfs, decreased to about 1000 cfs, and remained 

stable thereafter. The juvenile steelhead WUA function peaks at 350 cfs then declines. 

Overwintering juvenile steelhead habitat characteristics were identical to those in Segment 11. 

CONCLUSIONS 

Results of physical habitat availability modeling on the Trinity River should be suitable as a 

partial basis for making instream flow recommendations and evaluating potential management 

alternatives. As with any use of PHABSIM habitat modeling, the weighted usable area 

indices need to be interpreted in the context of fish life history patterns and habitat needs, 

stream flow patterns (both existing and historic), water quality variables (such as water 

temperature), and changing channel morphology, according to the procedures of the Instream 

Flow Incremental Methodology. 
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Figure 1. Map of study segments and reaches in the Trinity River basin. 
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relationships between graph points. 
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Figure 4. Physical habitat availability for adult (A), fry (B), and juvenile (C) salmon and steelhead in Segment 19. 
Estimates were derived through model simulation. 
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Figure 5. Physical habitat availability for adult (A), fry (B), and juvenile (C) salmon and steelhead in Segment [I. 
Estimates were derived through model simulation. 
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Figure 6. Physical habitat availability for adult (A), fry (B), and juvenile (C) salmon and steelhead in Segment 111. 
Estimates were derived through model simulation. 








































































































































































































































































































































































































































































































































