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ABSTRACT 

Habitat suitability criteria were developed from direct observations of several life stages of 

anadromous salmonids in the Trinity River above the North Fork Trinity River, California. 

Observations made between 1985 and 1992 resulted in a total sample size of 1,721 and the 

creation of depth, velocity, substrate, and cover criteria for chinook salmon, coho salmon, and 

steelhead fry, juvenile, and spawning life stages, steelhead adult holding, and steelhead 

juvenile overwintering. The method for final curve creation was compilation of utilization 

observations, unadjusted for availability and modified in places by professionaI judgment. 

Initial attempts to generate habitat preference criteria by the application of the use-to- 

availability forage ratio concept were abandoned following the creation of unrealistic results 

and lack of agreement between predictions of suitable habitat and actual juvenile chinook 

locations. The final curves should be suitable for the evaluation of physical habitat 

availability in relation to discharge in the existing Trinity River channel below Lewiston Dam. 
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INTRODUCTION I 
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 are 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 from 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. One task identified during initial study design was the 

creation of microhabitat suitability criteria that would define the use of physical habitat 

variables (such as velocity, depth, and substrate or cover) by various fish species and life 

stages. These criteria can be combined with computer models of hydraulic data from river 

cross sections (PHABSIM) to compute an index of the capability of various flows to provide 

suitable physical habitat for fish. The original Plan of Study for the flow evaluation 

(Appendix A) states that the objective of the task is to "develop habitat preference criteria 

quantifying depths, velocities, substrates, and cover requirements for chinook and coho salmon 

and steelhead trout spawning, incubation, rearing, holding, and migration." 

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

suitability criteria task has been previously reported in Annual Reports (FWS 1985-89, 91) 

and Hampton (1 988), pertinent portions of which are appended (Appendices B-H). Additional 

unreported data collected during the later years of the flow evaluation and analyses that have 

affected initial results are included here. The purpose of this report is to document the 

complete chronology of data collection and analysis efforts, including intermediate steps 

which were attempted during the course of the study. Microhabitat suitability criteria 

contained in this report should be considered the final result of the task. incorporating both 

information acquired during the research and the effects of ongoing evolution in the art of 

criteria curve development. 



STUDY SITES 

Fourteen study sites for fish observations and habitat use data collection were selected within 

three major river segments between Lewiston Dam and the Klamath River confluence at 

Weitchpec, a distance of approximately 110 miles (Figure 1). The river segments separate the 

Trinity River hydrologically and by overall character from Lewiston Dam to the North Fork 

Trinity River, the North Fork to the South Fork Trinity River, and the South Fork to the 

Klarnath River (p. B-1, Appendix B). The study sites were chosen by professional judgment 

as representative of each segment. Nine sites were located in the segment directly below the . 

dam, two were in the middle segment, and three sites were located in the lower segment. 

These sites corresponded to locations where transects were placed to collect habitat 

availability data, although the observation sites generally encompassed longer lengths of the 

river. 

Additional uork on the habitat requirements of overwintering steelhead juveniles was 

performed at five different study sites selected because they contained microhabitat conditions 

available during the winter season (p. E-2, Appendix E). Two of these study sites were 

located in side-channels and three were in the main river channel. 

METHODS 

Habitat use data were collected for all life stages of chinook salmon, coho salmon, and 

steelhead as fish were encountered within the study sites. Sampling methods included both 

direct and indirect observational techniques. Direct observations were made underwater by 

skindivers and above water from the river banks or a raft. During extended periods of poor 

water clarity, indirect observations were made using a backpack electrofisher or a bag seine. 

Observations were made when Lewiston Dam releases were between 300 and 450 cfs, a 

moderate level of flow where diverse depth and velocity habitat conditions were present in the 

river. 



When a fish or group of fish was located, fourteen parameters were measured (or described) 

and recorded (p. C-3, Appendix C and p. H-5, Appendix H). These included species, size 

(fork length), water depth (total), water velocity (mean water column), substrate (dominant 

particle size, subdominant particle size, and percent embedded), and cover type (dominant, 

subdominant, and quality). Rearing salmonids less than 50 mm (fork length) were considered 

fry, those larger than 50 rnm were considered juveniles, and fish with a fork length greater 

than 200 mm were considered adults. Schools of fish were treated as single observations at 

the focal point of the school. 

Observations on habitat availability were made in order to generate habitat preference criteria 

(curves), as was specified in the original Plan of Study (Appendix A). Preference criteria are 

derived from the ratio of habitat use data over habitat availability data (by physical variable). 

Availability data were collected initially by taking a minimum of 150 random microhabitat 

measurements at each study site for each discharge sampled. Sampling locations were 

determined from previously prepared tables of paired random values of a length-width grid of 

the sites. Data were collected for essentially the same parameters 'as for habitat use. This 

process was extremely time consuming, leading to an alternative which allowed field efforts 

to be allocated more toward collection of habitat use data. Using this alternative, physical 

habitat availability data were obtained from hydraulic simulation models which were run on 

transects located within the fish observation study sites. The method is described in detail in 

the 1986 Annual Report @. C-9, Appendix C) and includes a comparison of the two 

approaches showing the similarity in estimates of habitat availability. Results of the 

comparison are also reported in Aceituno and Hampton (1 987) and Hampton (1988). The 

latter report is included here as Appendix H. 

Initial data frequencies (bar histograms) of habitat use by each species and life stage were 

constructed following the guidelines presented by Bovee and Cochnauer (1977). Frequency 

intervals for depth and velocity were calculated ming the Sturges Rule. as cited by Cheslak 

and Garcia (1987). Resulting frequency bar histograms were subjected to two series of three 

point running mean filters and normalized to a maximum value of one. For cover, a simple 



frequency bar histogram was constructed using only the dominant cover type. Two frequency 

bar histograms were constructed for substrate, one a paired histogram of dominant and 

subdominant codes and another a simple bar of percent embedded in fines. These were also 

normalized to a maximum value of one, with each remaining interval given a value 

proportional to its relative occurrence. 

RESULTS 

The first two years of data collection in all three segments produced 2,418 fish observations and 

associated microhabitat measurements for four salmonid species in four life stages (p. C-7, 

Appendix C). This number was later pared to 1,809 observations for t h e  salmonid species in 

three life stages (p. H-13, Appendix H) by the removal of data for brown trout and holding adult 

fish. Subsequently, the 1988 data set was M e r  restricted to: 1) observations made above the 

North Fork Trinity River (where habitat availability data for preference criteria could be generated 

from hydraulic simulation modeling), and 2) data collected by direct observation only. Data 

collected in later years for steelhead fry, overwintering steelhead juveniles, and holding adult 

steelhead were added, resulting in a final total of 1,721 observations used to develop habitat 

suitability criteria (Table 1). 

Chinook salmon fry were most often found along the edge of the stream where very slow water 

velocities (Figure 2.1) and abundant cover items were present. Woody debris. undercut banks, 

and cobble substrates provided chinook fry with velocity shelters and escape cover from Surface- 

feeding predators. As chinook salmon grew larger they became less dependent on edge habitats 

and began to use areas with higher water velocities in deeper water (Figure 2.2). Object cover 

still played a key role in providing velocity shelters in deep run and riffle habitats. In deep pool 

habitats, schools of juvenile chinook salmon positioned themselves in relationship to eddies and 

shear velocity zones where food items could be easily taken in the drift. In pool habitats the 

majority of juvenile salmon would feed near the water surface and would flee to deep water when 

hghtened from above. At night. chinook salmon fry and juveniles congregated in slow velocity 

habitats close to the river bed or cover. 



Table 1.  Summary of total fish observations collected 1985-1992 in the Trinity River, CA, above the North Fork and 

used for criteria curve development. 

Species Life Stage Number of Observations 

Chinook Salmon F9' 

Juvenile 

Spawning 

Coho Salmon 

Steelhead 

Fry 

Juvenile 

Spawning 

FV 80 

Juvenile 185 

Adult Holding 44 

Spawning 88 

Over-wintering Juvenile 97 

Total 1,721 

For redd construction, spawning chinook salmon used gravels and cobbles two-to-six inches in 

diameter that were less than 40% embedded in fines. The majority of red& were located in water 

fiom 0.5 to 2.5 feet deep (Figure 2.3). The range of water velocities measured at established 

redds was relatively broad, but the majority had mean column velocities between 0.75 and 2.5 

feet per second (fps). Areas close to the river banks were favored for redd excavation by 

spawning chinook over open areas in midstream. 

Coho salmon fry (Figure 2.4) selected similar microhabitats as chinook salmon fry and the two 

species were often found together. Aggressive behavior between the species was rarely observed. 

As coho salmon became larger they did not shift their habitat selection to areas of faster velocity 



as did chinook salmon. Juvenile coho were usually found, in low velocity conditions such as were 

present in backwaters, side-channels, and along stream edges adjacent to slow runs and pools 

(Figure 2.5). These rnicrohabitats generally contained abundant cover in the form of woody 

debris, aquatic vegetation, and overhanging vegetation. Substrates were composed of fine sand, 

silt, organic debris, or larger particles that were highly embedded in fines. Because of differences 

in habitat selection, spatial segregation between juvenile coho and chinook salmon was common. 

Nearly all coho salmon spawning activity takes place within the first three miles below Lewiston 

Dam where many artificially constructed spawning riffles are located. Spawning coho used one- 

to-three inch gravels and cobbles that were less than 20% embedded in fines. Coho salmon 

spawned in areas that were both slightly shallower and slower moving than those used by 

chinook. Most coho redds were constructed in depths ranging fiom 0.5 to 2.0 feet, with water 

velocities between 0.6 and 2.0 fps (Figure 2.6). 

Steelhead fry preferred edge habitats adjacent to riffles and swifter runs where they selected focal 

points close to the substrate or cover items providing velocity shelters. Unlike the fiy of chinook 

or coho salmon, steelhead were often observed in the turbulent conditions found in shallow riffles. 

Overall, the depths utilized by steelhead f?y were shallower than those used by salmon fiy and the 

water velocities were significantly higher (Figure 2.7). Steelhead f?y were rarely observed in 

monotypic habitats such as long, slow runs or pools. 

Juvenile steelhead preferred run, riffle, and riffle-pool transition habitats that provided diverse 

velocity conditions. They showed a distinct preference for higher water velocities than 

juvenile salmon (Figure 2.8). Juvenile steelhead were efficient in their use of velocity 

shelters. In riffles and across the tail end of run habitats, object cover (e.g., boulders, large 

cobbles) was used to establish feeding stations which were actively defended. When found in 

riffle-pool transition habitats, juvenile steelhead were usually positioned below the ledge 

located at the upper boundary of the pool. Here the fish were sheltered from the swifter 

surface current which conveyed invertebrate drift from the riffle upstream. Microhabitats 

selected by steelhead juveniles in the winter season had slower water velocities than those 



used in other seasons (Figure 2.1 1) and they were characterized by clean cobble substrates. 

Overwintering fish were almost always located underneath cobbles or boulders. 

Habitat suitability criteria were developed for both spawning and holding adult steelhead. 

Spawning steelhead preferred gravel from one-to-three inches in diameter that was less than 

20% embedded in fines. The range of depths at which redds were constructed was relatively 

narrow and generally shallower than for the salmon species (Figure 2.9). Preferred velocities 

were much the same as for coho salmon. It is apparent from,the depth and velocity 

distributions displayed for the 44 holding steelhead adults observed (Figure 2.10) that this life 

stage is very flexible in its microhabitat requirements. Adult steelhead were found holding in 

water from 1.5 to 10 feet deep with water velocities ranging from 0.3 to 3.5 fps. 

CRITERIA DEVELOPMENT 

The development of the habitat suitability curves went through several iterations during the 

course of the twelve-year Flow Evaluation. The original plan to derive preference curves by 

the ratio of use-to-availability ultimately failed. Problems, mostly related to small sample 

sizes at the tails of the distributions, resulted in preference curves for some species and life 

stages that were unduly influenced by the habitat selection of only a few individuals within 

the sampled population. While some of these curves were similar to those derived from the 

utilization data alone, many showed highly unusual suitability values that seriously 

contradicted the majority of the use observations (Appendix H). 

The velocity preference curves for spawning (all three species) were particularly unusual 

(Figure 20 of Appendix H). An attempt was made to correct this problem (Figure 210f 

Appendix H). Nonparametric tolerance limits were used to obtain a more normal shaped 

curve. Two other problematic preference curves were the depth functions for juvenile 

chinook salmon (Figure 6 of Appendix H) and steelhead (Figure 16 of Appendix H). These 

criteria indicate that juvenile chinook salmon and steelhead did not exhibit a strong preference 

for a particular depth range. Both depth preference curves were therefore modified to retain 



the highest suitability value of 1.0 for depths greater than 1.4 feet for juvenile chinook and 

greater than 2.3 feet for juvenile steelhead (Figure 22 of Appendix H). 

The need for these modifications led to concern over the use of forage ratios to derive 

preference criteria. This was reflective of the debate on this issue which was occurring at the 

time within the instream flow modeling community (Morhardt and Hanson, 1988). A 

validation study was undertaken to determine if a relationship existed between juvenile 

chinook salmon use (i.e. density) of discrete river areas (cells) and cell suitability as defined 

by the preference criteria. The methods employed and the results of this study are reported in 

the 1989 annual report (Appendix F). Findings indicated that there was poor correlation 

between juvenile salmon density and habitat suitability, suggesting that the preference criteria 

developed for juvenile chinook would need further refinement in order to better reflect habitat 

suitability (p. F-12, Appendix F). 

Ultimately, these concerns led to a decision to revert to utilization criteria alone for future use 

in physical habitat analyses and to abandon direct adjustment for availability for any of the 

variables. By 1988, when curves were developed for overwintering juvenile salmonids, only 

utilization data were used and the concept of using forage ratios was implicitly abandoned (p. 

E-5, Appendix E). This decision is consistent with that reached by Bovee (1995), who 

recommended, based on results of curve transferability testing, that preference criteria 

developed using a forage ratio no longer be used in PHABSIM applications. A second 

validation study, undertaken in 1991 and using the habitat use curves to determine cell 

suitability, found a positive correlation between juvenile chinook density and habitat 

suitability (Appendix G). Some effects of the bias of habitat availability on the utilization 

data probably remain in the final use criteria curves due to the original study design, but 

retention of the use data in its unadjusted form (with some exceptions) is believed to be better 

than accepting the unsatisfactory results of the ratio method. The final criteria curves should 

be suitable for the evaluation of physical habitat availability in relation to discharge in the 

Trinity River below Lewiston Dam. 



Utilization data alone, with the exceptions noted below, were used to develop the final habitat 

suitability criteria for evaluation of anadromous salmonid physical habitat availability in the 

Trinity River. Final depth and velocity criteria curves for all species and life stages having 

both minimally acceptable sample sizes (approximately 50) and well-distributed data (i.e. not 

excessively scattered or uneven) are presented together in Figures 3.1 through 3.3. Coordinate 

points for these curves are presented in Tables 2.1 through 2.1 1. Substrate and cover criteria 

remained unchanged since 1988 and are presented in Hampton (1988)(Appendix H). 

The exceptions to stand-alone utilization as final criteria were for depth for juvenile chinook 

and coho salmon, overwintering juvenile steelhead, and holding adult steelhead. For these 

curves, depth was retained at a 1.0 suitability at all depths greater than that providing the 

initial 1.0 value, so that deep water pool habitats would not be eliminated as potential habitat 

areas. In contrast, the depth suitability for rearing juvenile steelhead was not altered because 

of the observed heavy reliance by this speciedlife stage on shallow riffle and riffle-pool 

transition areas. 
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Figure 1. Map of study segments and reaches in the Trinity River basin. 
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Figure 2.1 Chinook salmon fry observations and final water depth and velocity habitat 
suitability criteria, Trinity River, CA. 
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Figure 2.2 Chinook salmon juvenile observations and final water depth and velocity 
habitat suitability criteria, Trinity River, CA. 
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Figure 2.3 Chinook salmon spawning observations and final water depth and velocity 
habitat suitability criteria, Trinity River, CA. 
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Figure 2.4 Coho salmon fry observations and final water depth and velocity habitat 
suitability criteria, Trinity River, CA. 
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Figure 2.5 - Coho salmon juvenile observations and final water depth and velocity habitat 
suitability criteria, Trinity River, CA. 
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Figure 2.6 Coho salmon spawning observations and final water depth and velocity 
habitat suitability criteria, Trinity River, CA. 
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Figure 2.8 Steelhead juvenile observations and final water depth and velocity habitat 
suitability criteria, Trinity River, CA. 
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Figure 2.9 Steelhead spawning observations and final water depth and velocity 
habitat suitability criteria, Trinity River, CA. 
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Figure 2.1 1 Steelhead juvenile overwintering observations and final water depth 
and velocity habitat suitability criteria, Trinity River, CA. 
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Figure 3.1 Depth (A) and velocity (B) habitat suitability criteria for chinook, coho, and 
steelhead fry habitat suitability criteria, Trinity River, CAI where (n) equals the number of 
observations. 
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Figure 3.2 Depth (A) and velocity (B) habitat suitability criteria for chinook, coho, and 
steelhead juvenile habitat suitability criteria, Trinity River, CA, where (n) equals the 1 
nurr~ber of observations. 
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Figure 3.3 Depth (A) and velocity (B) habitat suitability criteria for chinook, coho, and 
steelhead spawning habitat suitability criteria, Trinity River, CA, where (n) equals the 
number of observations. 
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Table 2.2. Chinook Salmon Juvenile Velocity (ft/sec) and Depth 
(ft) Trinity River Utilization Criteria 

VELOCITY 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.20 
3.30 

100.00 

S.I. 
0.38 
0.72 
0.95 
1-00 
0.95 
0.85 
0.77 
0.70 
0.64 
0.59 
0.53 
0.47 
0.40 
0.33 
0.26 
0.21 
0.17 
0.14 
0.11 
0.07 
0.07 
0.07 
0.07 
0.07 
0.06 
0.05 
0.04 
0.03 
0.03 
0.03 
0.01 
0.00 
0.00 

DEPTH 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 

100.00 

S.I. 
0.00 
0.07 
0.15 
0.22 
0.30 
0.38 
0.46 
0.54 
0.62 
0.70 
0.79 
0.87 
0.94 
0.98 
1.00 
1.00 



Table 2.3. Chinook Salmon Spawning Velocity (ft/sec) and Depth 
(ft) Trinity River Utilization Criteria 

VELOCITY S.I. 
0.00 0.00 
0.10 0.03 
0.30 0.11 
0.50 0.23 
0.70 0.39 
0.90 0.59 
1.10 0.83 
1.20 0.94 
1.30 1-00 
1.40 1.00 
1.50 0.96 
1-80 0.78 
2.20 0.50 
2.30 0.44 
2.60 0.30 
2.90 0.20 
3.10 0.16 
3.90 0.04 
4.00 0.04 
4.10 0.03 
4.20 0.02 
4.40 0.01 
5.60 0.00 

100.00 0.00 

DEPTH 
0.00 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.10 
1.20 
1.30 
1.40 
1.50 
2.30 
2.70 
2.80 
2.90 
3.10 
3.20 
3.30 
3.50 
3.60 
3.90 
4.10 
4.60 

100.00 

S.I. 
0.00 
0.24 
0.37 
0.51 
0.64 
0.75 
0.83 
0.94 
0.98 
1.00 
0.98 
0.94 
0.50 
0.24 
0.19 
0.16 
0.12 
0.11 
0.09 
0.07 
0.05 
0.02 
0.01 
0.00 
0.00 



Table 2.4. Coho Salmon Fry Velocity (ft/sec) and Depth (ft) 
Trinity River Utilization Criteria 

VELOCITY 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 

100.00 

S.I. 
1.00 
0.73 
0.48 
0.28 
0.17 
0.11 
0.08 
0.06 
0.04 
0.03 
0.02 
0.01 
0.01 
0.00 
0.00 

DEPTH S.I. 
0.00 0.00 
0.10 0.01 
0.20 0.06 
0.30 0.15 
0.40 0.26 
0.50 0.39 
0.60 0.53 
0.70 0.66 
0.80 0.79 
0.90 0.91 
1-00 0.97 
1.10 1.00 
1.20 0.98 
1.30 0.93 
1-40 0.86 
1.50 0.78 
1.60 0.68 
1-70 0.57 
1-80 0.48 
1-90 0.41 
2.00 0.36 
2.10 0.31 
2.20 0.26 
2.30 0.22 
2.40 0.19 
3.70 0.11 
3.80 0.11 
3.90 0.09 
4.00 0.07 
4.10 0.05 
4.20 0.04 
4.30 0.02 
4.50 0.00 

100.00 0.00 





Table 2.6. Coho Salmon Spawning Velocity (ft/sec) and Depth (ft) 
Trinity River Utilization Criteria 

VELOCITY S.I. 
0.00 0.00 
0.10 0.00 
0.20 0.21 
0.30 0.37 
0.40 0.52 
0.50 0.66 
0.60 0.79 
0.70 0.90 
0.80 0.98 
0.90 1.00 
1-00 0.99 
1.10 0.95 
1.20 0.92 
1.30 0.88 
1.50 0.77 
1.70 0.65 
2.30 0.21 
2.40 0.17 
2.60 0.11 
2.70 0.07 
3.00 0.06 
3.40 0.05 
3.60 0.04 
3.80 0.03 
4.30 0.03 
4.40 0.02 
4.60 0.01 
4.80 0.00 

100.00 0.00 

DEPTH 
0.00 
0.20 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.30 
1.80 
1.90 
2.00 
2.10 
2.20 
2.80 
2.90 
3.00 
3.20 
3.30 
3.80 
4.00 

100.00 



Table 2.7. Steelhead Fry Velocity (ft/sec) and Depth (ft) 
Trinity River Utilization Criteria 

VELOCITY 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.60 
2.70 

100.00 

S.I. 
0.78 
0.79 
0.85 
0.94 
1.00 
0.91 
0.78 
0.54 
0.40 
0.25 
0.23 
0.21 
0.19 
0.11 
0.11 
0.11 
0.11 
0.10 
0.10 
0.10 
0.10 
0.03 
0.00 
0.00 

DEPTH S.I. 
0.00 0.00 
0.10 0.11 
0.20 0.20 
0.30 0.22 
0.40 0.46 
0.50 0.76 
0.60 0.91 
0.70 1-00 
0.80 0.92 
0.90 0.86 
1.00 0.74 
1.10 0.65 
1.20 0.56 
1.30 0.47 
1-40 0.40 
1.50 0.27 
1.60 0.24 
1.70 0.21 
1.80 0.18 
1.90 0.15 
2.00 0.12 
2.10 0.08 
2.20 0.05 
2.30 0.04 
3.00 0.00 

100.00 0.00 



Table 2.8. Steelhead Juvenile Velocity (ft/sec) and Depth (ft) 
Trinity River Utilization Criteria 

VELOCITY S . I . 
0.00 0.17 
0.10 0.43 
0.20 0.66 
0.30 0.82 
0.40 0.91 
0.50 0.93 
0.70 0.93 
0.80 0.94 
0.90 0.95 
1.00 0.97 
1-30 1.00 
1.40 1.00 
1.50 0.97 
1.60 0.91 
1-80 0.73 
1.90 0.66 
2.00 0.62 
2.30 0.56 
2.40 0.51 
2.60 0.38. 
2.70 0.33 
2.80 0.31 
3.00 0.31 
3.20 0.26 
3.40 0.16 
3.60 0.09 
3.70 0.07 
3.90 0.04 
4.30 0.00 

100.00 0.00 

DEPTH 
0.00 
0.30 
0.40 
0.60 
0.80 
1.00 
1.10 
1.30 
1.40 
2.00 
2.20 
2.30 
2.40 
2.60 
2.70 
2.90 
3.40 
3.90 
4.00 
4.20 
4.50 
4.80 
4.90 
5.40 
6.10 
6.20 
6.40 
7.00 
7.10 
7.20 
7.30 
7.40 
9.10 
9.20 

100.00 

S.I. 
0.00 
0.00 
0.02 
0.08 
0.16 
0.26 
0.32 
0.46 
0.52 
0.90 
0.99 
1-00 
0.99 
0.97 
0.95 
0.86 
0.54 
0.33 
0.30 
0.28 
0.28 
0.25 
0.23 
0.16 
0.08 
0.06 
0.05 
0.04 
0.03 
0.02 
0.02 
0.01 
0.01 
0.00 
0.00 



Table 2.9. Steelhead Spawning Velocity (ft/sec) and Depth (ft) 
Trinity River Utilization Criteria 

VELOCITY 
0.00 
0.30 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
2.00 
2.10 
2.20 
2.30 
2 -40 
2.50 
2.60 
2.70 
2.80 
2.90 
3.00 
3.10 
3 -20 
3.70 
3.90 
4.10 
4.40 

100.00 

S.I. 
0.00 
0.15 
0.39 
0.55 
0.72 
0.85 
0.94 
0.99 
1.00 
0.65 
0.59 
0.48 
0.37 
0.29 
0.25 
0.23 
0.23 
0.22 
0.20 
0.17 
0.13 
0.12 
0.11 
0.07 
0.03 
0.00 
0.00 
- 

DEPTH 
0.00 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2.30 
2.40 
2.90 
3.00 
3.10 
3.20 
3.30 

100.00 

S.I. 
0.00 
0.07 
0.11 
0.19 
0.31 
0.47 
0.64 
0.82 
0.96 
1.00 
0.90 
0.72 
0.54 
0.40 
0.31 
0.25 
0.21 
0.18 
0.16 
0.12 
0.08 
0.05 
0.03 
0.03 
0.02 
0.01 
0.01 
0.00 
0.00 



Table 2.10. Steelhead Adult Holding Velocity (ft/sec) and Depth 
(ft) Trinity River Utilization Criteria 

VELOCITY 
0.00 
0.60 
1.00 
1.50 
1.60 
2.00 
2.50 
3.00 
3.10 
3.20 
3.30 
3.50 
3.60 
3.70 
3.80 
3.90 
4.00 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 

100.00 

S.I. 
0.00 
0.36 
0.66 
0.76 
0.81 
1.00 
0.66 
0.40 
0.34 
0.23 
0.22 
0.10 
0.10 
0.09 
0.09 
0.08 
0.08 
0.05 
0.03 
0.02 
0.02 
0.01 
0.01 
0.00 
0.00 

DEPTH 
0.00 
0.50 
0.60 
0.70 
0.90 
1.00 
1.10 
1.20 
1.40 
1.50 
1.70 
1.80 
2.00 
3.50 

100.00 

S.I. 
0.00 
0.00 
0.06 
0.11 
0.23 
0.28 
0.34 
0.39 
0.51 
0.56 
0.68 
0.73 
0.85 
1.00 
1.00 



Table 2.11. Steelhead Juvenile Overwintering Velocity (ft/sec) and 
Depth (ft) Trinity River Utilization Criteria 

VELOCITY S.I. DEPTH S.I. 
0.00 0.60 0.00 0.00 
0.30 1.00 0.40 1.00 
0.80 0.86 100.00 1.00 
1.30 0.42 
1.80 0.13 
2.50 0.04 
3.80 0.04 
4.00 0.03 
4.70 0.03 
5.30 0.00 

100.00 0.00 
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Study Goal: The goal of t h i s  s t u d y  i s  t o  monitor the r e h a b i l i t a t i o n  of 
fishery hab i t a t  i n  the  T r i n i t y  River  below Lewiston Dam i n  northwestern 
ca l i fo=n ia .  The information from t h i s  s t u d y  together  w i t h  harvest  and 
e s c a m n t  information from o t h e r  ongoing s t u d i e s  w i l l  be used t o  advise  
the Secretary whether the  Department i s  opera t ing  the  Tr in i ty  River 
Divis ion consis tent  v i a  its a u t h o r i z i n g  provis ions  f o r  the  p ro tec t ion  
and propagation of f i s h e r y  resources .  T h i s  s tudy v i l l  meet the  i n t e n t  of 
the S e c r e t a r i a l  decis ion of January 1 9 8 1  p e r t a i n i n g  t o  increased flow 
r e l e a s e s  f o r  anadromous f i s h e r y  p r o t e c t i o n  i n  t h e  Tr in i ty  River down- 
stream of Lewiston Dam - a major f e a t u r e  of t h e  Tr in i ty  River Division, 
Cen t ra l  Valley Projec t ,  opera ted  by the U.S. Bureau of Reclamation. 

Background and Overviev: The T r i n i t y  R i v e r  is a major t r i b u t a r y  of t h e  
Klamath River i n  northwestern C a l i f o r n i a .  The na tu ra l  resources of t h e  
T r i n i t y  River Basin s u s t a i n  many i m p o r t a n t  resource-based s o c i a l  and eco- 
nomic i n t e r e s t s .  B i s t o r i c a l l y ,  the T r i n i t y  has  been recognized a s  a 
major producer of chinook and coho salmon and steelhead t r o u t .  Indian,  
s p o r t  and commercial salmon f i s h e r i e s  have operated on these  runs. 
Mineral,  timber and water r e s o u r c e s  have a l s o  been developed i n  t h e  
T r i n i t y  Basin. These developments t o g e t h e r  wi th  f i s h e r i e s  ha rves t s  a r e  
bel ieved t o  have caused major d e c l i n e s  i n  fa l l - run  chinook and s t e e l h e a d  
t r o u t  populations over t h e  p a s t  two decades, . Spec i f i c  user  groups depen- ' 

d e n t  on t b e  f i s h e r i e s  s tocks  as w e l l  as the genera l  northern c o a s t a l  eco- 
nomics have su f fe red  a s  a r e s u l t  of the f i s h e r i e s  declines.  

These l o s s e s  are of high concern t o  this Department f o r  two reasons: 
F i r s t ,  t h e  Department has Ind ian  T r u s t  r e s p o n s i b i l i t i e s  which extend t o  
p ro tec t ion  of Indian f i s h e r i e s  r i g h t s  a n d  resources ;  and, second, t h e  a c t  
au thor iz ing  t h e  c o n s t - ~ c t i o n  of the T r i n i t y  River 3 iv is ion of t h e  Cen t ra l  
Valley Projec t  d i r e c t s  the S e c r e t a r y  t o  preserrre and propagate anadromous 
f i s h  i n  t h e  basin. 

The T r i n i t y  River Division which is t h e  on ly  major water development 
p r o j e c t  i n  tbe  T r i n i t y  a v e r  Bas in  serves t o  expoArt water from t h e  
T r i n i t y  River t o  t h e  Centra l  V a l l e y  of C a l i f o r n i a .  Since its opera t ion 
began i n  1963, the projecc has  a n n u a l l y  expor ted  about 75-90 percent  of 
t h e  runoff a t  Lewiston Dam. The remainder  of f l o v  has been re leased 
downstream eit!!er f o r  f i s h e r i e s  p u r p o s e s  (abou t  1 0  percent  annually 
1963-73 and somewhat h igher  i n  more r e c e n t  y e a r s )  o r  a s  water su rp lus  t o  
t h e  p r o j e c t ' s  ismediate needs, 

Coincident with const ruct ion and o p e r a t i o n  of t h e  Tr in i ty  River Divis ion,  
logging accelera ted  within t h e  T r i n i t y  Basin. Higher watershed e ros ion  
r a t e s  and lowered streamflows downstream of Lewiston Dam r e s u l t e d  i n  
ex tens ive  sedimentation of f i s h  habitat ,  Maintenance of minimum stream- 
f l o v  r e l e a s e s  and cons t ruc t ion  and o p e r a t i o n  of a f i s h  hatchery were no t  
s u f f i c i e n t  t o  sus ta in  f i s h e r i e s  p o p u l a t i o n s .  Declines i n  some s tocks  
have exceeded 90 percent  of former l e v e l s .  

I n  December of 1980, t h e  Pish  and W i l d l i f e  Service  and t h e  Bureau of 
Reclamation reached an agreement t o  i n c r e a s e  re leases  t o  t h e  T r i n i t y  



River below tevis ton Dam t o  a i d  i n  t h e  r e h a b i l i t a t i o n  of t h e  h p o r t a n t  
and rapidly  dwindling anadzornous f i s h e r y  resources .  The agreement was 
approved by tha former Secre tary  Andrus i n  January 1981 and has h e n  
supported by Secretary Watt. 

I n  add i t ion  t o  increasing flow releases f o r  f i s h e r y  purposes, the  agree- 
ment a l s o  provides f o r  a s p e c i a l  s t u d y  o v e r  a 12-year period during which 
improved re leases  would be mainta ined,  The Fish  and Wildlife Service is 
t o  conduct the  study in c o n s u l t a t i o n  w i t h  t h e  Bureau of Reclamation and 
t h e  Ca l i fo rn ia  Department of P i sh  and Game, A t  t he  end of the  12-year 
pe r iod ,  a repor t  w i l l  be made t o  t h e  S e c r e t a r y  describing t h e  e f fec t ive -  
ness  of t h e  improved flows and any o t h e r  h a b i t a t  r e h a b i l i t a t i o n  measures 
(such a s  those contained i n  t h e  proposed T r i n i t y  River Basin Pish and 
W i l d l i f e  Management Program) i n  r e s t o r i n g  f i s h e r y  populations and h a b i t a t  
below Lewiston Dam, 

The fishe,-y flow agreement and s t u d y  are necessary  because the 
congressional  author iza t ion f o r  c o n s t r u c t i o n  and operation of the  
T r i n i t y  River Division provides f o r  the p r e s e m a t i o n  and propagation of 
t h e  T = i n i t y l s  indigenous f i s h e r y  r e s o u r c e s  by the Secretary and, a s  
previously  indicated ,  these  r e s o u r c e s  are dec l in ing .  

A number of f ac to r s ,  i n  combination, i n c l u d i n g  overhamest  , zce thought 
t o  be responsible f o r  f i s h e r y  d e c l i n e s ,  b u t  n o t  a l l  are wi th in  t h e  juris- 
d i c t i o n  of IAe Secretary of t h e  I n t e r i o r  t o  correct. Habitat  losses  due 
t o  l o w  r iverf lows and sediment accumula t ion  i n  the  =in stem T r i a i t y  
River can be res tored i n  p a r t  by i n c r e a s i n g  f lows,  tzapping sediments, 
and mechanically r e h a b i l i t a t i n g  spawning and rea r ing  areas,  and by 
reducing erosion through improved w a t e r s h e d  management i n  t s i b u t ~ y  
streams. The Departanent of the I n t e r i o r  is focusing e f f o r t  on t!!ese 
t a s k s ,  

The Secre tary  has taken t h e  f i r s t  s t e p  towards  r e h a b i l i t a t i o n  of f i s h  
~ u n s  by -roving f i shery  f l w  releases ( a t  the e q e c s e  of ot!!er p r o j e c t  
water  uses) .  A sediment c o n t r o l  p r o j e c t  (Buckhorn %n. Dam-Grass Valley 
Creek Sediment Control P r o j e c t )  h a s  been aut !or ized by Congress and 
I n t e r i o r  w i l l  l i k e l y  begin work on t h e  p r o j e c t  during F i sca l  Year 1984. 
The T r i n i t y  River Basin P i sh  and W i l d l i f e  Task Force--a 13-member group of 
Government s p e c i a l i s t s  advisory  t o  the Bureau of Reclamation-has devel- 
oped a comprehensive plan f o r  the r e h a b i l i t a t i o n  and management of f i s h  
and w i l d l i f e  resources throughout t h e  T r i n i t y  Basin. With t h e  coopera- 
t i v e  assistance of the  Bureau of Reclamat ion and Bureau of Indian 
Af fa i r s ,  F ish  and Wildl i fe  S e r v i c e  is p r e p a r i n g  an fnvironmental Inpact 
Statement on the  Task Porce management program. Legis la t ion  t o  au thor ize  
and fund the  program has been i n t r o d u c e d  i n  Congress. 

The e f f o r t s  described above w i l l  l a r g e l y  r e h a b i l i t a t e  salmon and 
s t ee lhead  h a b i t a t  i n  the  T r i n i t y  R i v e r  system. Restoration of the  f i s h  



populations themselves, however, w i l l  a l s o  be dependent on e f fec t ive  har- 
v e s t  managant .  This year (1983) t h e  P a c i f i c  Fisheries Management 
Council has adopted a 20-year p lan  t o  r e b u i l d  salmon runs i n  the  
Klamath-Trinity Basin through c o n t r o l l e d  ocean harvests. Adherence t o  
t h a t  plan or  even tougher s tandards ,  a s  w e l l  a s  the  e f f ec t i ve  management 
of Indian and spor t  f i s h e r i e s ,  is v i t a l  t o  the successful replenishment 
of the anadromous runs. 

Although t!!e 12-year study plan p re sen t ed  he re  addresses hab i t a t  restora- 
t i on ,  it is clear  tha t  cons idera t ion  w i l l  have t o  be given t o  the  r o l e  of 
harvest  management i n  allowing run g o a l s  t o  be mt. It is ant ic ipated 
t h a t  relevant data and eva lua t ions  from o t h e r  monitoring e f f o r t s  
(harvests  and escapements) w i l l  be  considered and included i n  developing 
r epo r t s  and recommendations t o  the Sec re t a ry  during t h i s  study. 

Study Description: The study w i l l  span 12 years  and cons i s t  of 6 major 
t a sks  : 

1. Study plan review and mod i f i ca t i on  
2. Habitat preference criteria development 
3 Habitat a v a i l a b i l i t y  and need 
4. Fish population c h a r a c t e r i s t i c s  and l i f e  h i s to ry  re la t ionsh ips  
5. Study coordination 
6. Reports 

The study v i l l  require a maximum of 8.8 full-time-equivalent posi t ions  
depending on vork i n  progress and v i l l  require annual funding ranging 
from $116,431 t o  $359,273. The s tudy  w i l l  focus on the  main stem T r i n i t y  
River from Levsiton Dam t o  its confluence with  the Klamath River a t  
Weitchpec. Each study t a sk  is desc r ibed  i n  t he  following section.  
Ef for t s  and funding es t imates  f o r  each t a s k  are presented. Effor t  i s  
shown i n  biologis t  days and t o t a l  s t a f f  days (A biologist-day includes 
biotechnicians).  It is ass- tha t  the Fish  and Wildlife Service w i l l  

!$.& t h e  lead agency. There is o p p o r t d t y  fo r  (and i n t e r e s t  in1 p a r t i c i -  '3- '- ,,..pation by the California Departrwnt of F i sh  and Came and Water Resources 
E&hd Hoop. Valley Business. Council. The i r  cooperation w i l l  be so l i c i t ed .  

Interagency par t ic ipat ion may alter e f f o r t  and funding requirements 
somewhat. 

A nratrix table  shwing t a s k  schedules  and l e v e l s  of e f f o r t  throughout 
the study period is appended. It is  intended that t h i s  study: 1 1  B e  
conducted by u t i l i z i n g  cu r r en t  s c i e n t i f i c  methodologies; 2) be f l e x i b l e  
t o  meet changing f ishery resource cond i t i ons ;  3 )  be closely  coordinated 
v i t h  other s tudies  and resource management agencies; and 4 )  be reported 
on, by performing timely da t a  ana lyse s ,  a t  regular  i n t e r v a l s  and a t  t h e  
conclusion of the study. 



Consequenccii of Not Performing Study: Without t h i s  study t h e  Department 
of the I n t e r i o r  v i l l  be unable t o  ehow hov it is  meeting i ts c o h t m e n t s  
and requirements t o  maintain and propogate  f i s h e r y  resources i n  t h e  
T r i n i t y  River Basin. The Department w i l l  continue t o  be challenged by 
Indian and o the r  f i s h e r y  resource management and i n t e r e s t  groups and t h e  
T r i n i t y  River Division w i l l  c o n t i n u e  t o  be viewed by these elements a s  a 
classic example of t h e  i n c o m p a t i b i l i t y  of water resource development with 
f i s h e r y  maintenance and of the f a i l u r e  of the Federal  Government t o  be 
responsive t o  a r e a  of o r i g i n  concerns.  

TASK 1. Annual Study Plan Review and Modificat ion 

Object ivet  The ob jec t ive  of TASK 1 i s  t o  a s s u r e  t h a t  t h e  study plan 
r e f l e c t s  c u r r e n t  f i n d i n g s  and data needs, 

Need: A s  the study p r o g r e s s e s  c e r t a i n  s tudy eleutents may requ i re  
an approach modified from that o r i g i n a l l y  envisioned. 
Changes w i l l  be nmde based on experience gained fzom 
previous e f f o r t s ,  

Methods: Each study year  the p r o j e c t  l e a d e r  w i l l  review the study 
. e f f o r t s  and f i n d i n g s  w i t h  t h e  p r i n c i p a l  resource management 

agencies i n  t h e  T r i n i t y  R i v e r  Basin, inc luding the T r i n i t y  
River Basin Fish  and Wildlife Task Force. Based on these  
meetings a f i n a l  s t u d y  p l a n  f o r  t!!e following year v i l l  be 
prepared. 

S f f  a r t :  Work required  t o  complete TASK 1 i s  es t imated t o  be: 

Studv Y e a r ( s 1  B i o l o g i s t  Days To ta l  S ta f f  Cays 

1-11 55 (5 /y r )  110 (10/yrl 
12 0 0 

Tota l  55 days  110 days 

Punding: Funding required  t o  complete  TASK 1 is  estimated t o  be: 

Studv Y e a r ( 8 )  

12 
Tota l  



TASK 2. Habitat Preference C r i t e r i a  Development - 
Objective8 The objective of Task 2 i s  t o  develop habi ta t  preference 

c r i t e r i a  quantifying depths ,  ve loc i t i e s ,  substrates,  and 
cover requirements f o r  chinook and coho salmon and steelhead 
t rou t  spawning, incubat ion,  rearing, holding, and migration. 
Other factors  such a s  water  qua l i t y  and temperature w i l l  
a l so  be considered under TASK 3. 

Need: Improved preference c r i t e r i a  a r e  needed t o  use with stream- 
flow hydraulic data t o  determine t h e  amount of habitat 
presently ex i s t ing  f o r  salmon and steelhead, t o  determine 
the amount required and types  required t o  achieve ta rge t  
leve ls  of na tura l  f i s h  production, and t o  monitor increases 
i n  habi ta t .gained from flow management and mechanical 
habi ta t  r e h a b i l i t a t i o n  work. 

Methods: Field data w i l l  be c o l l e c t e d  using a var ie ty  of techniques. 
-hasis w i l l  be on v i s u a l  observations through diving and 
snorkeling where poss ib le .  Other techniques may include 
electrof ishing,  s e in ing ,  redd sampling, and other measures 
a s  necesskry. Where s u f f i c i e n t  data are available,  a 
b ivar ia te  ana lys i s  w i l l  be performed using procedures out- 
l ined i n  1nstraa.m Plow ~ n f o k a t i o n  Paper NO. 12 (Bovee, 
EWS/OBS 32/26, 1982) t o  develop habi ta t  preference c r i t e r i a  
f o r  the following spec ie s  and l i f e  stages: 

Species Race - Life  Staae 

Chinook salmon Spring nm Adult holding 
Spawning 
Incubation 
ilearing ( fry)  
Juvenile migration 

Chinook salmon F a l l  run Adult holding 
Spawning 
incubation 
Rearing ( fry)  
Juvenile migration 

. Coho salmon F a l l  run Adult holding 
Spawning 
Rearing ( fry)  
Rearing (yearling 
Juvenile migration 



Steelhead t rou t  Summer run Adult holding - ( p o s s i b l e )  Spawning 
Rearing ( f r y )  . 
Rearing (yearling) 
Juvenile migration 

Steelhead t r o u t  Winter run Adult holding 
Spawning 
Incubation 
Rearing (fry) 
Rearing (yearling) 
Juvenile migration 

Effo*: Ef for t  needed to complete TASK 2 is estimated t o  be: 

Studv Pearfs)  B i o l w i s t  Days Total Staff Davs 

- - 

12 0 0 
Total  6 11 1,222 

Rtnding : PunOing required t o  complete TASK 2 i s  estimated t o  be: 

Study Year(s) Amount 

12 
Total 

TASK 3. Determination of Habitat  A v a i l a b i l i t y  and Needs. 

Objectiverx There are two objec t ives  f o r  TASK 3. The f i r s t  is  to  deter- 
mine t h e  arrrount of salmon and steelhead hab i t a t  available 
ia the Trin i ty  River dwnstream of Leviston Dam under 

-var ious  f lov  condi t ions and t h e  various l eve l s  of habitat  
r ehab i l i t a t ion  that may be achieved e i t h e r  through the 
Tr in i ty  River Basin Fish and Wildl i fe  Management Program 
o r  through other  resource management actions. h e  second 
objective i s  t o  determine t h e  amount of hab i t a t  required f o r  



each freshwater l i f e  s t a g e  of salmon and steelhead t o  eus- 
b i n  those por t ions  of t h e  f i s h  populations i n  the Tr in i ty  
Basin t h a t  were h i s t o r i c a l l y  dependent on the  Trini ty  River 
downstream of Lewiston Dam. 

Need r The information from t h i s  TASK is needed t o  evaluate t h e  
effect iveness  of r i ve r f l ows  and other  measures i n  providing 
adequate amounts and d i s t r i b u t i o n  of f i s h  habi ta t .  

Methods: The Incremental Ins t ream Flow Methodology developed by the  
Pish and Wildl i fe  Serv ice  w i l l  be u t i l i z e d  a s  the primary 
evaluation tool .  The methodology and its uses a r e  described 
i n  Instream Plow Information Paper No. 12 (Bovee, FWS/OBS 
82/26, 19821 and o t h e r  p u b l i c a t i o n s b y  the  S e r ~ i c e ' s  
Instream P l w  and A q u a t i c  Systems Group. The methodology 
uses hydraulic and b i o l o g i c a l  data t o  simulate hab i ta t  
condit ions over a range of po t en t i a l  flows. Water tempera- 
tures and other  water q u a l i t y  da ta  w i l l  be col lected and . . 
incorporated i n t o  t h e  h a b i t a t  evaluations. 

F ie ld  data  w i l l  be collected 3 t o  4 times over the  12-year 
study period from r e p r e s e n t a t i v e  study reaches laenseen 
Lewiston and Weitchpec. This  w i l l  allow a Z~nning  t a l l y  of 
hab i t a t  condit ions and make it possible t o  account f o r  
hab i t a t  changes due t o  f lows and watershed res tora t ion ,  a s  
opposed t o  any ins t ream h a b i t a t  r ehab i l i t a t i on  by mechanical 
means. 

Calculations of a v a i l a b l e  ' h a b i t a t  w i l l  be based on hab i t a t  
preference c r i t e r i a  developed under TASK 2. D e t e - m a t i o n  
of hab i ta t  r d s  w i l l  a l s o  consider population use data t o  
be developea under TASK 4. Minor f i e l d  and laboratory 
research i nves t i ga t i ons  may be required t o  test the  v a l i d i t y  
of assumptions on egg and f r y  survival  under v=ious sedi- 
ment conditions. It is an t i c ipa t ed  t h a t  t h i s  and other 
specia l ized work may be undertaken through cooperative 
arrangements wi th  r e sea rch  i n s t i t u t i o n s .  



The major eubtasks of TASX 3 are :  - 
1. Selec t ion ,  e s t ab l i shmen t  and maintenance (minor 

brush c l e a r i n g ,  surveying,  etc. of measurement 
s t a t i ons .  

2. Hydraulic d a t a  c o l l e c t i o n  over a range of flows a t  
each s ta t ion- - repea ted  2-3 times a f t e r  i n i t i a l  
per iod depending on streamflaws and channel 
condi t ions  ( r e h a b i l i t a t i o n  work). 

3. Data a n a l y s i s  and h a b i t a t  project ions  assuming 
var ious  channel  and f l w  condit ions,  and tempera- 
ture and o t h e r  water q u a l i t y  conditions. 

The f i e l d  schedule and e f f o r t  f o r  each subtask is de ta i l ed  
i n  t h e  appended t a b l e ,  

E f f o r t  : Work required t o  complete TASX 3 is estimated t o  be: 

Study Yearts) B i o l w i s t  Days Total  S ta f f  Days 

- 

12 0 0 
Tota l  3,034 $6,068 

Funding : Punding required to  complete TASK 3 is  est imated t o  be: 

Studv Year(s)   mount 

12 
Tota l  

TASX 4, Datemination of F i sh  Popula t ion  Cha rac t e r i s t i c s  and Life 
History Relat ionships.  

Objective: The ob jec t ive  of TASX 4 i s  t o  determine the  r e l a t i v e  l e v e l s  
of successful  u se  by f i s h  popula t ions  of ava i l ab le  hab i ta t  
i n  t he  T r in i t y  River downstream of Leviston Dam. 



Need i Although some information i s  avai lable  on spawning escape- 
mcnts and spawning redd numbers i n  cer ta in  areas,  very 
l i t t l e  i a  known about t h e  t o t a l  d i s t r ibu t ion  of f i sh  between 
Lewiston and Weitchpec o r  t h e i r  spawning succesa and the 
subsequent surrrival and growth of juveniles. This type of 
information i s  needed t o  determine which habi ta t  factors  
may be l imit ing t h e  r e s t o r a t i o n  of f i s h  populations. 

Methods : Selected study reaches w i l l  be surveyed periodically t o  
develop indices of h a b i t a t  use ,  f i s h  dis t r ibut ion,  and the  
survival  and growth of juveni les .  Survey f i e l d  methods w i l l  
include snorkeling, s e i n i n g ,  electroshocking, emergent f r y  
trapping, and o the r  techniques  found suitable.  Survey 
methods v i l l  be r e f i n e d  and standardized based on 
experimentation dur ing  the f i r s t  year. 

Benthic aquatic organisms v i l l  a l s o  be monitored t o  deter- 
mine the  overa l l  h e a l t h  and productive capabi l i t i es  of t h e  
Tr in i ty  i n  the  e s t a b l i s h e d  f i e l d  study reaches. Food h a b i t s  
of juvenile salmonids w i l l  be evrmined t o  determine u t i l i z a -  
t i o n  of avai lable  food supply.  Methods f o r  t h i s  study 
element v i l l  be p a t t e r n e d  a f t e r  those developed by 
researchers w i t h  t h e  U. S, Fores t  Service and Brigham Young 
University (B io t i c  Condi t ion Index: Integrated Bioloqical, 
Physical and Chemical Stream Parameters for  Manaaement. 
Robert N. Winget and Fred A. Mangum. October 1979. 
Intermountain- ~ e g i o n ,  F o r e s t  service ,  U. S . Dept , of 
Agriculture and o t h e r s ,  

Eff o*: The effo= required t o  complete TASK 4 is estimated t o  be: 

Study Yearts1 B i o l o g i s t  Days Total Staff  Days 

LL U U 

Total 6,061 12,122 



Funding* Rlnding required t o  comple te  TASK 4 i s  estimated t o  be: - 
Study Yearts1 Amount 

12 0 
Total $1,682,230 

TASK 5. Study Coordination 

Objective: The objec t ive  of TASK 5 i s  t o  develop and maintain cwrdfna- 
t i o n  with o t h e r  s t u d y  and  r e s o u r c e  management agencies i n  
the Tr in i ty  River B a s i n  t o  maximize e f f e c t i v e  use of ava i l -  
able inf o m a t i o n  (and t o  a v o i d  duplf  ca t ion  of work). 

N e e d :  Presently,  t h e  C a l i f o r n i a  Department of Fish and Game, 
Bureau of Indian  A f f a i r s ,  F o r e s t  S e n i c e ,  Bureau of Land 
Management, Hwpa V a l l e y  B u s i n e s s  Council (F i she r i e s  
Departzent and t h e  F i s h  a n d  W i l d l i f e  S e m i c e  have 
f i s h e r i e s  s t u d i e s  and management programs undezzy. 
Additional s tudy e f f o r t s  w i l l  occur  under t h i s  program and 
t h e  comprehensive f i s h  and w i l d l t f e  manaoement p=ogram pro- 
posed by t h e  T r i n i t y  R i v e r  Basfn Fish and Wildl i fe  Task 
Force, It is e s s e n t i a l  t h a t  s t u d i e s  be coordinated t o  
prevent unintended i n t e r f e r e n c e  and t o  make use of s tudy 
r e s u l t s  i n  p lanning f u t u r e  work and making management 
decisions. 

M e t h o d s :  Coordination w i l l  be m a i n t a i n e d  through both formal and 
in foma1  con tac t s ,  Other s t u d y  leaders and l o c a l  f i s h e r y  
resource managers w i l l  b e  c o n t a c t e d  on a: l e a s t  a bimonthly 
bas is ,  Formal c o o r d i n a t i o n  meetings w i i l  be scheduled t w i c e  
yearly. Qua&erly work p r o g r e s s  r e p o r t s  (prepared under 
TASK 6 )  and prelimina,=y fisheries repo:=s w i l l  be p:ovided 
t o  i n t e r e s t e d  a g e n c i e s ,  



Ef f o t t r  The e f f o r t  r equ i red  t o  complete TASK 5 i s  estimated t o  be: 
- 

Study Year(s1 B i o l o g i s t  Days Total Staff  Days 

Total 230 460 

Funding : Funding required t o  complete  TASK 5 i s  estimated t o  be: 

Study Year ( s 1 Amount 

LL 

Total  

TASX 6. Reports (Progress, F ind ings  and Recommendations) 

Objective: The ob jec t ives  of TASK 6 are: 1) To repor t  on the a n a l y s i s  
of information developed from f i e l d  inves t iga t ions  
(TASK 2, 3, and 4 )  and on r e l e v a n t  information from o the r  
s t ud i e s  which have a b e a r i n g  on the l eve l s  of f i shery  
resource r e h a b i l i t a t i o n  achieved i n  t h e  T r i n i t y  River 
between Lewiston and Weitchpec; and 2 )  t o  develop recommen- 
dat ions  +A t h e  S e c r e t a r y  and t o  ot!!er resource management 
agencies concerning f u t u r e  management options and needs. 

Need: Fishery r e h a b i l i t a t i o n  e f f o r t s  achieved through improved 
flow re leases  from Lewiston Dam and from mechanical aqua t i c  
h a b i t a t  and watershed r e h a b i l i t a t i o n  should be monitored and 
c r i t i c a l l y  analyzed. 

Methods : Three types of r e p o r t s  w i l l  be prepared under TASK 6. The 
f i r s t  type w i l l  be q u a r t e r l y  progress and planning r epo r t s  

- d e t a i l i n g  study ac t iv i t ies  and accomplishments during t h e  
p a s t  quarter and d e s c r i b i n g  an t i c i pa t ed  a c t i v i t i e s  during 
t h e  current  quaxter . .  These  w i l l  general ly  be prepared and 
d i s t r i bu t ed  wi th in  2 weeks of  t h e  c lose  of each quar ter .  

. The second type w i l l  be p re l iminary  f indings  repor t s  
containing f i e l d  data and  ana ly se s  f o r  major port ions of 
one o r  more study e lements .  A s  an example, this type of 
repor t  vould be produced fo l lowing  completion of t he  h a b i t a t  
preference c r i t e r i a  s t u d y  element (TASK 2 )  and a t  the  end 



of each of t he  3 t o  4 pe r iods  of hydraulic streamflov da ta  
collection and computer a n a l y s i s  (TASK 3).  The prelfminary 
findings r epo r t s  mhould be completed a f t e r  data analysis and 
during the year  fol lowing completion of f i e l d  work. The 
f i n a l  type of r e p o r t  w i l l  be the concluding report t o  the 
Secretary. 

The concluding r e p o r t  w i l l  sunmarire the  findings of each 
of the study elements (from var ious preliminary findings 
repor t s ) ,  evaluate  t h e  r e s u l t s  of improved flows and other  
rehabi l i t a t ion  measures i n  an overa l l  manner, and convey 
to the Secretary the Se rv i ce ' s  recommendations with respect  
to fu ture  management op t ions  and needs f o r  the  Trini ty  
River damstream of k w i s t o n  Dam. 

Effort:  Effort  aeeded t o  cCmplete TASK 6 is estimated t o  be: 

Study Year(s) B i o l o g i s t  Days. Total Staff Days 

12 3 40 680 
Total 620 1,240 

Funding : Funding required t o  complete TASX 6 i s  estimated t o  be: 

Study Year(s1 Amount 

12 
To- 
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APPENDIX B 

ANNUAL REPORT 

TRINITY RIVER FLOW EVALUATION STUDY 

1985 

U.S. F i s h  and W i l d l i f e  Serv ice  
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DESCRIPTION OF STUDY REACHES 

I n  order t o  complete study tasks i n  an organized manner, the mainstem of 

the  T r i n i t y  River between Lewiston Dam and Wei tchpec (approximately 110 

r i v e r  mi'les) was p a r t i t i o n e d  i n t o  th ree  general segments: upper, middle, . 

and lower. Each of these broad segments has d i s t i n c t i v e  features and i s  

used t o  d i f f e r e n t  degrees b y  salmon and s t e e l  head. The th ree  segments are: 

I )  Lewiston Dam t o  North Fork T r i n i t y  River ;  11) Nor th  Fork T r i n i t y  River 

t o  South Fork T rq ln i  ty  River; and I11 ) South Fork T r i n i t y  River t o  the 

confluence w i t h  the Kl amath River  (Wei tchpec) . 

The upper segment (Lewiston Dam t o  N .F. T r i n i t y )  i s  probably the  most 

impor tant  t o  salmonid production. The m a j o r i t y  o f  t h e  substrate w i t h i n  

t h i s  segment i s  composed o f  sand, grave l  , and cobbles w i t h  1 ess bedrock 

than fu r the r  downstream. Contr 01 1 ed r i v e r  f 1 ows and encroachment o f  

r i p a r i a n  vegeta t ion  are  character i s t i c  o f  t h i s  segment. The r i v e r  i t s e l  f 

has l a r g e l y  become c o n s t r i c t e d  i n t o  l o n g  un i fo rm runs w i t h  s w i f t  f lows. 

The character o f  the  r i v e r  w i t h i n  t h e  m idd le  segment (North Fork t o  South 

Fork)  i s  q u i t e  varied. A1 though the o v e r a l l  g r a d i e n t  i s  moderate w i t h i n  

t h i s  segment i t  includes the p r e c i p i t o u s  gorge between China S l ide  and Gray 

F a l l s ,  t he  most rugged sect ion  o f  t h e  T r i n i t y  R ive r .  Here, the r i v e r  i s  

c o n t r o l l e d  p r i m a r i l y  b y  a bedrock channel and i s  charac ter ized by long, 

moder ate1 y deep pool s, numerous sandy beaches, and steep wooded h i  11 sides. 

The r i v e r  c o r r i d o r  i s  re1 a t i  vel y undeveloped except f o r  a few scat tered 

residences and small comnunities. 



The lower segment extends 30.8 miles f rom the Sou th  Fork  t o  the confluence 

w i t h  the Klamath River ( a t  Weitchpec). Generally the river gradient i s  low 

as the r i ver passes northward through a v-shaped vall ey, into the settled 

area around Willow Creek, through a short gorge above Tish-Tang, the Hoopa 

Valley and f inal ly  a narrow gorge before entering the Klamath River. I n  

the valley reaches the river meanders across 1 arge gravel and cobble bars 

which are mostly clear of vegetation. The river flow has been greatly 

increased due to inflow from the S o u t h  Fo rk ,  broadening and flattening the 

channel somewhat with numerous gravel deposits and few rapids. 

W i t h i n  .these three generalized river segments, 14 representative study 

reaches were selected: nine i n  the upper river segment; two i n  the middle I 
segment; and three in one lower segment (Table 1 and Figure 3) .  C 



I Tab le  1. Representat ive Study Reaches, T r i n i t y  River  Flow Evaluat ion 
Study, 1985. (See a l s o  F i g u r e  3 for  l o c a t i o n s ) .  

I River S t u  dy NO. IFIM 
Segment Reach D e s c r i p t i o n  Transects 

1 I. Upper 1. Lewiston Dam Lewis ton  Dam t o  19 
O l d  F i s h  Weir 

2. Cemetery O l d  F i s h  Weir t o  13 
mouth o f  Rush Creek 

3. Buck ta i l  Mouth o f  Rush Creek 11 
t o  mouth o f  Grass 
V a l l e y  Creek 

4. Poker Bar Mouth of  Grass V a l l e y  10 
Creek t o  L i m e k i l n  
Gulch 

5. Steel  Br idge L i m e k i l n  Gulch t o  the  12 
mouth o f  I n d i a n  Creek 

6. I nd ian  Creek Mouth o f  I n d i a n  Creek t o  0 
Dougl as City 

7. Ste iner  F l a t  Doug1 as Ci ty  t o  
Dutch  Creek 

8. Oregon Gulch Dutch Creek t o  
Canyon Creek 

9 . ~ u n c t i o n C i t y  CanyonCreek t o  9 
N o r t h  Fork  T r i n i t y  

11. M idd le  10 .De lLoma N o r t h  Fork  T r i n i t y  t o  11 
Cedar F l a t  

11. Hawkins Bar Cedar F l a t  t o  8 
South Fo rk  T r i n i t y  

8 
111. Lower 12. Camp Kimtu South Fork  T r i n i t y  t o  0 

t h e  mouth o f  Horse 
L i n t o  Creek 

13. T i sh  Tang Mouth of Horse L i n t o  t o  9 
Hoopa V a l l e y  

14.  Hoopa Val 1 ey Hoopa Val 1 ey 6 





HABITAT PREFERENCE CRITERIA DEVELOPMENT 

(TASK 2 )  - 

c o l l e c t i o n  o f  h a b i t a t  preference data  began i n  January 1985. A t o t a l  of 

1470 observat ions have been made' u s i n g  snorke l  techniques. An add i t iona l  4 

observat ions were made w i t h  a se ine on t h e  lower two study s i t e s  (13 & 14)  

when ze ro  v i s i  b i  1 i t y  prevented e f f e c t i v e  snorke l  methods from being used. 

O f  t h e  1470 t o t a l  observations, 647 were composed o f  random h a b i t a t  

observat ions.  A sumnary o f  t he  number o f  observat ions  taken t o  date by  

s tudy  reach f o r  each species and l i f e  s tage i s  presented i n  Table 2. 

Tab le  2. Number of m ic rohab i ta t  obse rva t ions  b y  study reach, T r i n i t y  R iver  
Flow Eva1 ua t ion  Study. 

F i s h  Observat ions 

Avai 1 abl  e 
Chinook Coho S t e e l  head Rainbow Brown Hab i ta t  

Study Reach Salmon Salmon T r o u t  T r o u t  Trout  Observations 

Lewis ton Dam 
Cemetery 
Buck ta i  1 
Poker Bar 
S tee1 br  i dge 
I n d i a n  Creek 
S t e i  ner F l a t  
Oregon Gulch 
J u n c t i o n  City 
Del Loma 
Hawkins Bar 
Camp Kimtu 
T i s h  Tang 
Hoopa Val l e y  ...................................................................... 
TOTALS 383 140 8 7 158 100 1170 



A frequency d i s t r i b u t i o n  o f  s i t e s  sampled i n d i c a t e s  a  skewed d i s t r i b u t i o n ,  

w i t h  t h e  upper  r i v e r  s i t e s  being sampled more than t h e  lower r i v e r  s i tes .  

T h i s  i s  because o f  two factors:  1 ) r i v e r  v i s i b i l  i ty decreases downstream, 

and 2 )  the  p r o x i m i t y  o f  the o f f i c e .  More e f f o r t  w i l l  be d i r e c t e d  t o  

increased sampling of lower r i v e r  s i t e s  d u r i n g  1986. 

~t t h i s  p o i n t  i n  t ime there has been no e f f o r t  made t o  analyse the f i e l d  

data. A p r e l i m i n a r y  r e p o r t  o f  f i n d i n g s  w i l l  be prepared i n  1986. 
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HABITAT PREFERENCE CRITERIA DEVELOPMENT (TASK 2) 

The objective of task 2 is to develop habitat preference criteria 
quantifying depths, velocities. substrates, and cover requirements 
for each lifestage and species of anadromous salmonids in the 
Trinity River. The resulting habitat preference curves will be used 
in conjunction with hydraulic streamflow data to determine the amount 
of habitat available for salmon and trout at various streanflows as well 
as determine the amount of habitat required to reach target levels of 
natural fish production. Data collection is planned over a 3-year 
period. which began in January of 1985. Following is a preliminary 
report of findings after almost two years of data collection ending on 
October 31, 1986. 

Preliminary Habitat Utilization Curve Development 

Methods 

Habitat use data is being collected for all lifestages of chinook and 
coho salmon, steelhead/rainbow trout, and brown trout. Data 
collection has been accomplished through both direct and indirect 
sampling methods. Direct observations are made either by mask and 
snorkel, from the bank, or from a raft during float trips. When poor 
water clarity prevents effective use of direct observation 
methods, indirect sampling with either a backpack electrofisher or seine 
is used. 

Sampling is conducted within fourteen study sites located on the 
Trinity River between Lewiston Dam and Weitchpec (Figure 2). 

Direct observations with a mask and snorkel requires two persons. 
one as the snorkel observer and one support person to record data. 
operate the flow meter, and control the raft. Sampling is conducted in 
a downstream direction at each study site. Sampling in an upstream 
direction proved to be impossible due to the size of the river 
and high water velocities. The observer works i n a  zig-zag pattern 
across the river channel from bank to bank. At each bank sampling in an 
upstream direction for short distances is done when water 
velocities permit. This sampling technique allows for nearly complete 
coverage of the study site. When fish are spotted the observer 
determines the species, lifestage, behavior, and focal point. The 
support person is then signaled to approach and the observation is 
comp'leted. When fish are spotted in the thalweg, where water is to 
deep or swift to stand, the observer floats motionless past the 
fish until out of sight. The observer then carefully approaches the 
fish from the rear or side. Once the observer has determined that the 
fish is not startled by his presence the observation is made. 
30 observations are conducted on fish believed to be. startled Or 
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Figure 2. Map of the Trinity River Flow Evaluation Study Area 



disturbed by the observer. When schools of juvenile salmon are encount- 
ered, the number of fish in the school is counted or estimated and 
the observation is made at the focal point of the school. When one 
school of fish is found to occupy more than one microhabitat, addition- 
al observations are made in order to accurately represent . those 
microhabitats used. Habitat use measurements of spawning salmon and 
steelhead trout are taken 0.5 feet upstream of the redd, along the 
centerline, in an attempt to simulate prespawning hydraulic and 
substrate conditions. Fish nose velocities are taken at 0.4 feet from 
the bottom for all spawning observations. 

For indirect observations both a backpack electrofisher and bag seine 
are used. Selected areas within each study site are sampled in an 
upstream direction with the electrofisher. When fish are sampled 
the species and lifestage are noted and a marker is placed designat- 
ing the capture location. Once sampling is completed we go back 
to the first marker placed and systematically work upstream 
recording each observation. The area sampled is then measured and 
habitat availability measurements are taken at 0.25, 0.50, and 0.75 of 
the length and at 0.25, 0.50, and 0.75 in width, at each of the length 
intervals for a total of nine observations. 

Seining is done in a downstream direction over monotypic habitat I 
types. such as gravel bars or backwaters. All fish captured are 
recorded for species, length, and lifestage. The area of the seine 
haul is then measured and representative habitat measurements are 
made using the same method for obtaining the habitat availability 
measurements described above. 

Data Requirements 

Fourteen habitat parameters are recorded for each observation taken when 
using direct observation field techniques. The species and lifestage are 
determined. Fish less than 50 mm in forklength are considered fry. 
Fish greater than or equal to 50 mm and less than or equal to 200 mm are 
considered juveniles, and fish greater than 200 mm were considered 
adults. An estimate of forklength is obtained with the help of an 
underwater slate which has a centimeter scale marked on it. When more 
than one fish is utilizing the microhabitat focal point, as is often the 
case with schools of juvenile chinook salmon, the total number of fish is 
counted or estimated. The behavior of the fish being observed is 
categorized as either holding, roving, feeding or spawning. The total 
depth and depth of fish are both measured as the distance up off of the 
bottom in feet. The depth of fish is measured as the distance from the 
bottom to the focal point of an individual fish or school of fish. Two 
water velocities are taken at each observatiqn, a mean column water 
velocity and a fish nose water velocity. Mean column water velocity is 
measured at 0.6 depth from the water surface for water less than 2.5 
feet deep; and the average of the velocities measured at 0.2 depth and 
0.8 depth from the surface for water greater than or equal to 2.5 feet 
deep. Water velocities are measured with either a Marsh McBirney model 
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201 flow meter or a Price "AA" current meter. 

A three-digit code is used to describe the cover types and quality of 
the cover being used by the observed fish (Table 1). The first digit 
in code describes the dominate cover type present while the second digit 
describes the subdominant cover type, if present. The third code value, 
which follows a decimal, describes the quality of the cover types 
present as either poor, moderate, good, or excellent. 

Table 1. Cover code descriptions used to develop habitat utilization 
criteria for the Trinity River Flow Evaluation. Trinity Co., 
California, 1986. 

Code Cover Type Description .................................................................... 
0 No cover 

1 Cobble 

2 Boulders 

gravel less than 2 inches or 
any larger material which is 
embedded to the extent that 
no cover is available. 

75 - 300am and larger, clear 
of fines. 

300mm and larger, clear of 
fines. 

3 Small woody debris brush and limbs less than 9 
inches in diameter. 

4 Large woody debris logs and rootwads greater 
than 9 inches in diameter. 

5 Undercut bank undercut at least 0.5 feet. 

6 Overhanging vegetation within 1.3 feet of the 
water surface 

7 Aquatic vegetation 

--------------------------.-------------------------------------------- 

recorded as DS.Q where D = Dominant cover tyi~e 
S ; Subdominant cover type 
Q - Qua1 i ty of cover 

The substrate compos i t i or:s : (.!I iire utilized or found present under 
observed fish are described w i t h  use of the Brusven sustrate index (Bovee 
1982). The Brusven index :, , - rposed  of a 3 digit descriptor of dominant 
substrate, subdominant S I I : ~ . ; :  : : T  1. . ind percent embedded in fines (DS.%E) . 
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We expanded the Brusven index to include bedrock as one of the possible 
substrate types present (Table 2). 

Table 2. Expanded Brusven substrate index used for habitat utili- 
zation criteria development, Trinity River Flow Evaluation, 
Trinity Co.. California, 1986. 

.................................................................... 
Code Substrate type Size Range (mm) .................................................................... 

Fines 

Small Gravel 

2 Medium Gravel 25 - 5Omm 

3 Large Gravel 50 - 75mm 

4 Small Cobble 75 -150mm 

5 Yedium Cobble 150 -225mm 

Large Cobble 

7 Small Boulder 300 -600mm 

8 Large Boulder > 600mm 

9 Bedrock 

------------------------------------------------------------------- 
(DS.%) Dominant Subdominant. % Embedded 

The stream characteristic present at each observation is categorized into 
nine different habitat types (Table 3). 



Table 3. Stream character descriptions in use for habitat utilization 
criteria development on the Trinity River. Trinity Co., 
California, 1986. 

..................................................................... 
Code Stream Character ..................................................................... 

Pool 

2 Run 

Riffle 

4 Side Channel 

Off Channel ponding (Beaver Ponds) 

6 Backwater 

Waters Edge 

8 Pocket 

9 Bar 

..................................................................... 

Surface turbulance is noted as either present or absent for each 
observation taken. An estimate of percent canopy is made for each 
observation taken by visually estimating the percentage of the sky which 
is blocked by the riparian canopy. 

Additional data which is recorded for each sampling day includes an 
estimate of water visibility in feet, stream discharge, study site, water 
temperature, weather conditions, observers present, and the data and time 
of sampling. 



Data Summary 

Habitat use data are being summarized by depth, velocity, substrate, and 
cover. All habitat use curves have been developed from data collected by 
direct observation. primarily with a mask and snorkel. Habitat use curves 
are developed from the frequency of the number of observations at each 
parameter per species lifestage. The habitat use curves for depth 
and velocity are hand drawn by fitting a smooth curve through a normal- 
ized frequency distribution for each species and lifestage. Normalized 
bar histograms are used to show habitat use for substrate and cover. All 
of the substrate curves are drawn from the dominant substrate value 
observed at this time. When the study is complete. cover and substrate 
curves will be constructed in their entirety. 

Preliminary Results 

After two years of data collection 18.555 fish have been seen in 2,418 
observations (Table 4). 

Table 4. Summary of habitat criteria data collected by direct 
observation in the Trinity River from January 1985 to June of 
1986, Trinity Co.. CA. 

......................................................................... 
SPECIES LIFESTAGE NUMBER OF OBSERVATIONS NUMBER OF FISH ......................................................................... 

Chinook Fry 594 
Juvenile 356 
Adult 12 
Spawning 278 

Coho Fry 
Juvenile 
Adult 
Spawning 

Steelhead Fry 33 
Juvenile 4 20 
Adult 117 
Spawning 2 0 

Brown Fry 
Juven i 1 e 
Adult 
Spawning 

TOTALS 2.418 18,355 

------------------------------------------------------------------------- 
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Preliminary habitat use curves or histograms for all lifestages of 
chinook and coho salmon are illustrated in Figures 3 - 8. Curves for 
all lifestages, except spawning, of steelhead/rainbow trout and brown 
trout are illustrated in Figures 9 - 14. Use frequency histograms for 
cover and substrate are based only on the dominant category observed. 

Discussion 

After a second year of data collection the quality of nearly every 
species habitat use curve has improved. It appears that more 
observations are needed for spawning chinook salmon to improve the 
quality of the velocity use curves. However, the depth use curves 
are in very good condition. The habitat use curves for all lifestages 
of coho salmon should be excellent after the final year of data 
collection is complete. At the present time their quality may be 
considered good. Development of adult holding curves for both chinook 
and coho salmon has been of low priority until this year. There 
should be no problem in obtaining enough observations to complete holding 
curves for adult salmon by next year. The only problem encountered 
with obtaining observations on adult holding salmon thus far has been 
getting accurate depths and velocities, because of the deep water they 
seem to prefer. 

To date, only 33 observations have been made on fry steelhead 
trout by mask and snorkel , while $20 observations have been made on 
juvenile steelhead trout. It is apparent that locating fry steelhead 
trout by direct observation is difficult. Steelhead trout fry may be 
using habitat areas of very shallow water, where snorkel and mask 
observations are difficult or they may blend into the substrate so 
well that they are easily overlooked by the observer. There is also 
the possibility that tributary streams, where the majority of steelhead 
trout spawning occurs, are used by fry steelhead trout until they have 
grown to juvenile size before entering the Trinity River. 

The limited number of observations made on adult steelhead trout 
during 1986 are most likely due to high flows during February, along 
with zero visibility for over two months last winter. Greater effort will 
be placed on getting adult steelhead trout observations this coming 
year. If good weather conditions and clear water exists long enough 
we feel that enough data points can be collected to yield good habitat 
use curves by the end of the study. 

More observations are needed for all lifestages of brown trout in 
order to have enough data points for construction of quality habitat 
use curves. There were very few brown trout fry observed this year 
compared to last year. The flood flows during February may have 
washed many fry downstream, distributing them throughout the system. 
Last year large numbers of fry brown trout were only observed in the 
upper river. 



Validatien ef Randem Habitat Assessments 

Available habitat is estimated by taking a minimum ef 15@ randem 
microhabitat measurements at each study site fer each discharge sampled. 
The sampling lecatiens are determined with previeusly prepared tables ef 
palred random values. The first value in the pair represented the 
distance downstream te the next sampling lecation, while the secend 
value represented the percent distance acress the river channel 
yielding the exact lecatien where the sample is made. Data 
collected during available habitat sampling is essentially the same 
as the data collected during fish observation sampling. 

Collection of random habitat availability data proved to be a slow and 
laborious process. We found that at least one full day of sampling is 
required to successfully obtain 150 observations. As an alternative 
method to obtaining habitat availability data, habitat information was 
taken from the IFIM IFG-4 Hydraulic simulation model output to estimate 
habitat availability at each study site. The method that is used to 
select vertical habitat measurements from the IFG-4 model is as follows: 

1. The total length of the study site and the distances between each 
transect is determined. 

2. The length of habitat which each transect represented upstream 
and downstream is determined by multiplying the distance to the 
upstream transect by the weighting factor upstream and by 
multiplying the distance to the downstream transect by the 
weighting factor downstream given by the model. The resulting 
distance up and down are then added together to obtain the total 
distance of habitat which is representative of the transect. 

3. The amount of habitat which each transect represents within the 
total study site is determined by dividing the transect length by 
the total study si-te length. 

4. The value determined in the previous step is than multiplied by the 
number of verticals within the wetted area located along the 
transect and an additional multiplier to determine the number of 
verticals to be selected from that transect for the habitat avail- 
ability assessment. The additional multiplier can be any number 
selected to yeild a total sample size at the desired level (in this 
case between 100 and 150). 

5. The actual verticals (cells) be be used from each transect are than 
randomly selected. The method described above is illustrated in 
Table 5. 

All of the verticals selected from each transect in this process are then 
pooled together to produce an available habitat'curves for the study 
site. 
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Table 5. Method of selecting random available habitat measurements 

from an IFG-4 model output to obtain an estimate of habitat avail- 
ability, Trinity River Flow Evaluation. Trinity Co., CA 

LEWISTON DAM SITE 
Simulated Plow = 300cfs Study Site Length = 2762 ft 
====~=~~aa~~~~==~r=a=========a==aa=a==================================== 

Xsec Wt. Factor Cell Distance Total No. No. Verts. 
No. Up Dn Up Dn Total 2762' Verts. X5 selected 

a ~ a I a a P a = a a a I I = f = = P 5 a a = = a a a 3 a a a a ~ i ~ = a ~ a a a ~ = ~ = a a I a I a a I = = a I a = = = = = = = = = 5 = = a =  

19 0.5 0.0 108.5 0.0 108.5 .0393 32 6.29 
........................................................................... 

Total number of verticals selected = 137 



Data Analysis 

Habitat availability curves have been constructed for total depth and 
mean column water velocity at each study site from data obtained by both 
random sampling and selection of verticals from the IFG-4 model output. 
The curves have been fit from frequency distributions of depth and velo- 
city. Two running averages are then made on the frequency distributions 
to reduce deviations between adjacent intervals that are apparent on some 
curves. The resulting averaged distributions are normalized to a value of 
one. 

Results 

After two years of data collection 1.319 random habitat availability 
measurements have been taken. 

Estimates of habitat availability have been calculated for the upper 
six study sites, from Lewiston Dam downstream to Steiner Plat. At 
each of the sites available habitat curves have been constructed for 
total depth and mean column water velocity from both the random 
sampling method and the selection of verticals fron the IPG-4 model. 
The curves are drawn together on the same graphs for easy cornparisions 
(Figures 15 - 20). 
Discussion 

When comparing the two habitat availability estimates. one generated by 
random sampling and one generated from selection of verticals off of the 
IFG-4 model, the available habitat curves for velocity are similiar for 
each study site except for the Lewiston Dam and Bucktail sites. 

At the Lewiston Dam site there is an inverse relationship displayed for 
velocities between 0.8 ft/sec and 2.2 ft/sec. The velocity curves 
generated from the model show an available habitat value of 0.9 at a 
velocity of 1.0 ft/sec and a value of 0.3 habitat available at 1.8 
ft/sec. while the random sampling shows a lower value 0.3 at 1.0 ft/sec 
and a greater value 0.8 for 1.8 ft/sec. A possible explanation for the 
models deviation from the random lies in the weighting factor values 
which are assigned each transect within the IFG-4 methodology. The 
lowest possible weighting factor that can be assigned a transect is 0.1. 
When assigning a weighting factor to a riffle transect, for example, a 
factor of 0.1 may be overestimating the habitat represented by the 
riffle. In these cases a weight factor below 0.1 would be more 
representative. Should this be the case, too many random verticals 
would be selected from these riffle transects, thus creating more 
available habitat at velocities associated with riffles. approximately 
1.0 ft/sec. In turn. this overestimation of velocities associated with 
riffles would cause an underestimation of higher velocities (2.0 ft/sec) 
found in the more abundant shallow runs. which are present at the dam 
site. 
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Figure 15. Available Habitat for the Lewiston Dam study site. Trinity 
River Flow Evaluation Study. 1986. 
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Figure 16. Available Habitat for the Cemetery study site. Trinity River 
Flow Evaluation Study. 1986. 
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Figure 17. Available Habitat for the Bucktail study site, Trinity River 
Flow Evaluation Study. 1986. 
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Figure 18. Available Habitat for the Poker Bar study site, Trinity River 
Flow Evaluation Study. 1986. 
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Figure 19. Available Habitat for the Steelbridge study site. Trinity 
River Flow Evaluation Study. 1986. 
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Figure 20. Available Habitat for the Steiner Flat study site. Trinity 
River Flow Evaluation Study. 1986. 



C-18 
The two velocity curves for available habitat at the Bucktail site 
differ between 1.0 ft/sec and 3.0 ft/sec. In this velocity range the 
model shows a greater value of available habitat than was observed. 
In this case three IPIM transects were located in a pool below a chute 
in the middle of the study site. While random sampling at the Buck- 
tail site, this section of habitat was not sampled because of the 
inability of the snorkeler or the raft and equipment to get observations 
because of deep and relatively fast water velocity. The IPIM model is 
able to sample these areas because of proper equipment (boat, sounding 
gear, and cable). This may be an explanation of why the model gener- 
ated available habitat is greater than the random generated available 
habitat at these velocities. The model generated available habitat for 
velocity is therefore probably a better estimate for the Bucktail 
site. 

The habitat availability curves for depth generated from the two 
sampling methods display similiar habitat available estimate values 
at all but two sites. The available habitat curves for depth at the 
Cemetery site differ greatly. This may be explained by the fact that the 
area sampled by the random observation method is greater in length than 
the river length within the upper and lower transects of the IPIM 
study site. What is difficult to expain, however, is why the 
velocity curves for the Cemetery site so closely resemble one another. 

The model generated available habitat curve for depth at Poker Bar shows 
a much greater amount of habitat at depths between 4.0 and 4.6 feet. 
Random habitat sampling was not conducted on the right channel of a long 
island located in the center of the study site, because preference data 
collection has not been collected in this area. However, the model did 
simulate this channel. If not for this discrepancy, the two available 
habitat curves from each method would probably be very similiar. 

It appears that the major difference between available habitat curves 
generated from the two sampling methods are mainly caused by the inabil- 
ity of a snorkeler and raft to sample both deep water or swift water 
effectively, whereas, the Instream Flow Methodology with better equipment 
and greater manpower can effectively sample such habitat types. Another : 

problem evident here is that the preference study site boundaries were 
defined before the selection of IFIM transects, therefore the preference 
study sites are sometimes larger than the area defined by the 
upper and lower boundaries of the IFIM transects. Elimination of this 
study site boundary discrepancy in future studies will certainly 
justify the use of habitat availability curves generated by the 
IFIM model for preference curve development. The only problem 
found with using habitat availability curves generated from the IFIM 
model may be the overestimation of some habitat types because of 
inaccurate weighting factors. This problem may be resolved by inserting 
more transition type transects into the study site. 
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of available habitat estimates obtained from IFG-4 program 
output were found to yield similar results (Aceituno and 
Hampton, in press: U.S. Fish & Wildlife Service, 1986). Use 
of habitat availability estimates generated from IFG-4 
program output allowed greater effort to be focused on 
habitat use data collection in the last year of data 
collection. Effort also shifted to the upper Trinity River, 
above the North Fork Trinity River confluence, because 
accurate discharge estimates were not obtained during lower 
river sampling in the previous year. Without these discharge 
estimates modeling of lower river habitat availability was 
impossible. Fortunately this did not affect any significant 
sampling effort for 1985 since lower river habitats were 
rarely sampled beceuse of unfavorable conditions such as high 
water and low water visibility. 

Chinook salmon fry were found in marginal habitat types where, 
slow water velocities and abundant cover items were present. 
Woody debris, undercut banks, and cobble substrates provided 
fry salmon with velocity shelters and escape cover from 
surface-feeding predators. As cninook salmon grew larger 
they became less dependent on marginal habitats and began to 
use areas with higher water velocities in deeper water. 
Object cover still played a key role in providing velocity 
shelters in deep run and riffle habitats. In deep pool 
habitats, schools of juvenile chinook salmon positioned 
themselves in relationship to ever changing eddies and shear 
velocity zones where food items could be easily taken in the' 
drift. In pool habitats the majority of juvenile salmon 
would feed near the water surface and would flee to deep 
water when frightened from above. At night time fry and 
juvenile chinook salmon congregated into slow velocity 
habitats in close proximity to the river substrates or cover 
i tems . 
Spawning chinook salmon preferred depths ranging from 1.1 to 
1.2 feet with mean column velocities from 1.3 to 2.0 feet per 
second. Because the majority of spawning was done at depths 
near 1.0 feet, category 11 criteria describing nose 
velocities and mean column velocities selected by spawning 
chinook salmon were similar. Preferred spawning substrates 
ranged from 2 to 6 i n c h d i a m e t e r g r a v e l a n d c o b b l e t h a t w e r e  
less than 40% embedded in fines. The majority of redds were 
iocated in close proximity to the river banks where either 
overhanging vegetation, emergent aquatic vegetation, or woody 
debris was located. Cover did not seem to be nearly as 
important as water velocity in determining redd site 
suitability by chinook salmon. Adult salmon did appear to 'be 
frightened more easily when located in open areas versus 
areas located bin shade or near large cover items. 

Fry coho salmon selected similar microhabitats as fry chinook 
salmon, and the two species were often found together in the 
same schools. Aggressive behavior between the species was 
rarely observed. As coho salmon became larger they did not 



shift their habitat selection to areas of faster velocity as 
did chinook salmon. Juvenile coho salmon sought out slow 
water habitats present in backwaters, side channels, and 
marginal habitats adjacent to long slow runs and pools. 
These microhabitats nearly always contained abundant cover 
in the form woody debris, aquatic vegetation, and 
overhanging vegetation. Substrates present in these 
habitats was composed of fine sand, silt, organic debris, or 
iarger particles that were highly embedded in fines. 
Habitat selection differences provided for species 
segregation between juvenile coho and chinook salmon. 

Spawning coho salnon preferred depths from 0.9 to 1.2 feet 
with mean column veiocities ranging from 0.8 to 1.2 feet per 
second. For redd construction coho salmon selected smaller 
substrates than chinook salmon. Coho salmon spawned in 
substrates composed of gravels ranging in diameter from 1 to . 
3 inches that were embedded less than 20% in fines. On the 
Trinity River nearly all of the coho salmon spawning is done 
in the upper river within 3 miles of Lewiston Dam. This 
reach contains a large number artificially constructed 
spawning riffles and may not be very representative of 
natural habitat conditions that exist in the majority of the 
Trinity River. This is particularly true of the substrate 
conditions present in the upper river where large amounts of 
decomposed granitic sand are absent. 

Development of category 111 criteria describing habitat 
preference for fry steelhead trout could not be developed 
because of an insufficient number of use observations taken 
during the study period. This was the resuit of low adult 
escapement levels during 1985 and 1986. The total number of 
adult steelhead taken at Trinity Hatchery in 1985 and 1986 
was 142 and 461 respectively. From the use observations that 
were made, fry steelhead appeared to prefer marginal habitats 
adjacent to riffles, and runs. Fry steelhead selected focal 
points in close proximity with the substrate or near cover 
items which provided a velocity shelter. Unlike fry chinook 
or coho salmon, fry steelhead were often found in turbulent 
water present in shallow riffles. Their association with 
velocity shelters on or near the stream bottoms allowed them 
to use these more turbulent microhabitats. Fry steelhead 
were rarely observed in monotypic habitats present in long 
slow runs or pools. 

Juvenile steelhead trout preferred run, riffle. and 
riffle-pool transition habitats that provided a high 
degree of velocity diversity. Preferred depths ranged 
from 2.0 to 3.5 feet with mean column velocities from 
1.1 to 1.4 feet per second. Juvenile steelhead 
actively defended feeding stations in riffles and 
across the tail end of run habitats. Object cover, 
boulders. large cobbles or woody debris. played an 
important role by providing velocity shelters where 
juvenile steelhead could establish feeding stations 



with little effort. When found in riffle-pool 
transition habitats groups of juvenile steelhead were 
often seen feeding in the same locations without 
displaying any aggressive behavior among themselves. 
In these ricrohabitats steelhead were usually 
positioned underneath areas of high surface water 
velocity along the ledge located at the upper boundary 
of the pool. In these locations juvenile steelhead 
could maintain focal points in near zero velocity water 
and still take advantage of drift organisms provided by 
the riffle upstream. Cover objects were seldom 
present in these riffle-pool transition habitats, 
however, surface turbulence did provide concealment 
from surf ace predators. 

Shear velocity zones, areas of rapid velocity change, proved 
to be an important hydraulic characteristic present .in 
the microhabitats selected by juvenile steelhead trout. 
Shear velocity zones provide juvenile steelhead with 
opportunistic feeding stations, where focal points can be 
established in slow water velocity and still be in close 
proximity to high water velocity areas where food, 
available in the form of drift, is more easily accessible 
and more abundant. Net energy gain in these 
microhabitats is probably optimized because less energy 
is expended to maintain focal points and distances 
traveled to capture prey items are reduced. This 
behavior characteristic caused problems when developing 
preference criteria that accurately describe preferred 
water velocities for juvenile steelhead. During field 
data collectlon. if water velocities are recorded at the 
focal point, the resulting criteria does not consider 
water velocities across the shear velocity zone, yet it 
is this hydraulic characteristic which the target species 
is most likely selecting for. The development of 
conditional criteria that consider both focal point 
velocity and water velocities in adjacent cells may 
alleviate these problems. 

Collection of habitat use data for adult steelhead trout was - . . 
hindered by poor sampling conditions and low escapement 
numbers to the upper Trinity River. Adult steelhead trout 
spawn from December through April when winter storms commonly ' 

cause increased turbidity and flows which prevent effective 
use sampling. Returns of adult steelhead to Trinity Hatchery 
from 1985 to 1987 were 142, 461, and 3,780 respectively. The 
presenceof a fairlygoodrunin1987, combinedwithgood 
sampling conditions, gave the opportunity to obtain an ' 
adequate number of spawning observations to develop category 
111 criteria. .Steelhead trout preferred depths of 1.1 feet 
with mean column velocities from 1.1 to 2.1 feet per second. 
Preferred substrates were composed of gravels from 1 to 3 
inches in diameter that less than 20% .embedded in fines. 

The concept that category I11 criteria, by eliminating 



habitat bias, may be transferred to other streams or rlvers 
is questionable. Development of category I11 criteria is 
dependent on the available habitat present within the area of 
study. Therefore, if a habitat type is not present within the 
study area the influence of that habitat type on the target 
species habitat selection will not be represented in the 
resulting category I11 criteria. .Based on this fact. it is 
important that other researchers validate that the available 
habitat in the system where the category I11 criteria are 
being considered for use is similar to the available habitat 
present in the system where the category I11 criteria were 
developed. Only after the available habitats of the two 
systems have been found to be slimilar should category I11 
criteria be transferred. 
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3. WINTER HABITAT USE 

I n t r o d u c t i o n  

S tee l  head t r o u t  (Salmo g a i  r d n e r i  ) and coho salmon 
(Oncorhvnchus k isu tch)  j uven i  1  es r e a r  i n  f reshwater f o r  one 
o r  more years before m i g r a t i n g  t o  t h e  ocean. During the 
s p r i n g  and summer growing seasons T r i n i t y  R ive r  steelhead 
t r o u t  j u v e n i l e s  occupy run,  r i f f l e ,  and r i f f l e - p o o l  
t r a n s i t i o n  type hab i ta ts ,  whi l e  coho salmon juveni  les are 
t y p i c a l l y  found along stream marg ins ,  i n  side-channeis, o r  
backwater pools ,  where slow wa te r  and abundant cover are 
p resen t  (U.S. Fish & W i l d l i f e  Se rv i ce ,  1987). During the 
f a 1  1  and w in te r  months, when water  temperatures besin t o  drop 
below 48 - 50 degrees Fahrenhe i t ,  j u v e n i l e  salmon and t r o u t  
i n  t h e  T r i n i t y  River s h i f t  t h e i r  h a b i t a t  se l ec t i on  t o  
she1 t e r e d  areas contai n i  ng abundant cover .  Seasonal changes 
i n  h a b i t a t  se lec t ion  by j u v e n i l e  sa lmonids i s  we l l  documented 
i n  t h e  1  i t e r a t u r e  (Bjornn, 1971 ; Bus ta rd  and Narver, l975a, b; 
Cunjak and Power, 1986; Everes t  and Chapman, 1972; Hartman, 
1965; H e i f e t z  e t  a1 . , 1986 ; Peterson,  .1982a, b; Swzies e f  a1 . , 
1986; Tschapl i nsk i  and Hartman, 1983) .  I n  Idaho streams 
B jo rnn  (1971 ) found t h a t  fa1 1  seasonal movements of nonsmolt 
t r o u t  and salmon co r re la ted  b e s t  w i t h  t h e  amount of cover 
p rov ided  by la rge rubble s u b s t r a t e .  I n  On ta r io ,  Canzca, 
Cunjak and Power (1986) found t h a t  d u r i n g  t he  w in ter  ccth 
brook and brown t r o u t  e x h i b i t e d  a  s t r o n g  preference for  
p o s i t i o n s  beneath cover i n  s low water .  Swales e t  21. (1985) 
found s i d e  channels and o f f  channel ponds t o  be the preferred 
ove rw in te r i ng  hab i ta ts  o f  j u v e n i  l e  coho salmon, whi le 
s tee lhead t r o u t  juven i les  took  s h e l t e r '  i n  rock crevices o r  
beneath 1  arge substrate ma te r i  a1 . Bus ta rd  and Narver ( 1975a) 
found t h a t  pools iorrned by up tu rned  t r e e  r o o t s  and lccs were 
impor tan t  w in te r ing  areas f o r  coho salmon and age 1 -  
s tee lhead t r o u t ,  while r ubb le  was t h e  p r i n c i p a l  scurce of 
cover f o r  age 0 steelhead t r o u t .  H e i f e t z  e t  a l .  (1986) a l so  
found t h a t  most winter ing coho salmon, do1 1 y varden t r ou t ,  
and s t e e l  head t r o u t  cccupied deep p o o l s  w i t h  cover (i .e., 
upturned t r e e  roots,  accumulat ions o f  l ogs ,  and cobble 
s u b s t r a t e ) .  Immigration of j u v e n i  l e  salmon and t r c u t  from 
main stream hab i ta ts  i n t o  s i d e  channel s ,  sloughs,. c f f  channel 
ponds, and t r i b u t a r y  streams i n  search o f  s u i t a b l e  winter 
h a b i t a t  has been shown t o  occur  by Tschap l insk i  anc Hartman 
(1983)  and Peterson (1982b). 

The goal o f  t h i s  study was t o  o b t a i n  a  b e t t e r  understanding 
of t h e  h a b i t a t  recui rements o f  o v e r w i n t e r i n g  juven: l a  
salmonids i n  the T r i n i t y  R i v e r .  T h i s  i n fo rmat ion  i s  
impor tant  t o  the  tsnt inued e f f o r t s  o f  t h e  Flow Eva'uation and 
t o  t h e  T r i n i t y  Rfver Management Program and t h e i r  $031 t o  
r e s t o r e  t he  anacrsmcus f i s h e r y  o f  t h e  T r i n i t y  River t2 
h i s t o r i c a l  l e ve l s .  



Study Area 

F i v e  s tudy s i t e s  were se l ec ted ,  each o f  which contain 
d i f f e r e n t  microhahitats'  t h a t  would be ava i  l a b l e  t o  j uven i l e  
salmonids dur ing the w in te r  season. Two s i t e s  are located i n  
s i  de_channel s,  whi l e  the  remai n i  ng t h r e e  s i t e s  arc contained 
w i t h i n  t h e  main r i v e r  channel.  

The Moose Lodge side-channel i s  loc 'a ted  behind the Moose 
Lodge i n  Lewiston along t h e  no r t hwes t  bank o f  the r i v e r .  The 
channel i s  approximately 1200 f e e t  l o n g  and may be broken 
down i n t o  an upper and lower  s e c t i o n ,  w i t h  each representing 
a  d i f f e r e n t  hab i t a t  type. 

The upper sec t ion  i s  approx imate ly  400 f e e t  i n  length and i s  
composed o f  two chznnels w i t h  t h e  m a j o r i t y  o f  the f low 
passing through the r i g h t  channel  l o o k i n g  downstream. This  
channel may be described as a  l ong ,  s low run. Water 
v e l o c i t i e s  are  slow, l ess  t h a n  1.0 c u b i c  f e e t  per second, and 
t o t a l  depths throughout t h e  m a j o r i t y  o f  t h e  channel r a re l y  
exceed 2.0 f e e t .  The s u b s t r a t e  i s  composed o f  cobbles h i g h l y  
embedded i n  c lay  and s i l t .  There a r e  a  few pockets o f  c lean 
g rave l  and cobble ava i l ab l e  b u t  t h e y  a r e  1 im i ted  i n  volume. 
The r i p a r i a n  community c o n s i s t s  o f  grasses, w i  1 lows, and 
a l de r s .  I n s t r e m  cover i s  1  i m i  t e d  t o  occasional  cown logs, 
cobble pockets,  emergent and submergent aquat ic  plants,  and . 

overhanging v e ~ e t a t i o n .  

The lower channel i s  approx imate ly  700 , f e e t  i n  lenqth w i t h  a  
d ischarge o f  1 7  cubic f e e t  p e r  second when the  r i v e r  
d ischarge equals 300 c f s .  A s m a l l  poo l  i s  present a t  the 
beg inn ing  o f  t h i s  sect ion where t h e  two channels from the 
upper s e c t i o n  merge. The remainder  o f  t h e  channel i s  
composed o f  thrae r u n - r i f f  1 e  sequences, w i t h  the lower r i f f l e  
j o i n i n g  t h e  main r i ve r .  T h i s  e n t i r e  s e c t i o n  ccntains cobble 
and 1  arge grave; substrates.  Severa l  boulders are also 
p resen t  throughcut t h i s  reach which p rov i de  some instream 
cover .  Cover i s  also p rov ided  by l a r g e  mats of submergent 
aqua t i c  vegetat ion which a r e  s c a t t e r e d  a16ng the channel. 
R i  pa r i on  vegetazion i s  abundant a long  t h e  l e f t  Sank, however, 
a long t h e  r i g h t  bank the r i p a r i a n  i s  genera l l y  o f fset  from 
t h e  edge and i s  l im i t ed  i n  developernent t o  small wi l lows, 
w i t h  t h e  except icn o f  two l a r g e  a l d e r s .  

The second side-shannel s e l e c t e d  i s  l o ca ted  a t  r i v e r  m i le  9 6 ,  
and i s  r e f e r r e d  t o  as I n d i a n  Creek side-channel i n  t h i s .  
r e p o r t .  The channel i s  l o c a t e d  a l ong  t h e  l e f c  banK OF the  
T r i n i t y  R i ve r  and ? s  approx imate ly  900 f e e t  long. Discharge 
th rough t h e  chaznel was l e s s  than  8 c u b i c  f e e t  per second 
du r i ng  t he  stucy ~ e r i o d .  The upper 200  f e e t  o f  t5e channel 
i s composed o f  cne small poo l  a t  t h e  i n l e t  t o  the channel 
f o l  lowed by a  skcr t  sec t ion  o f  sha l  low r i f f l e s  anc runs. A 
smal l  area o f  braiced channel i s  a l s o  present  i n  t n i s  
sec t i on .  The sczstrate he re  i s  composed o f  small  ravel and 
sand, however, sane cobbles a r e  p resen t  i n the uccer pool . 



Below t h i s  upper area, t h e  channe l  forms a slow deep run  o r  
p o o l .  The subs t ra te  changes t o  sand and then s i l t  proceeding 
downstream. The depths range f r o m  about 1.0 t o  4.0 f e e t .  
The channel begins t o  b r a i d  c o n s i d e r a b l y  i n  the  lower reaches 
as pool h a b i t a t  t u r n s  t o  r i f f l e .  The subs t ra te  i n  the  lower  
reaches o f  t h e  channel i s  s i m i  1  i a r  t o  t h a t  already descr ibed 
f o r  t he  upper segment, b e i n g  composed o f  small  gravel and 
sand. Both banks o f  t h e  channel  c o n t a i n  mature r i p a r i a n  
communities. This  r i c h  r i p a r i a n  community provides l a r g e  
volumes o f  woody debr i s  t o  t h e  channe l ,  which i s  the dominant 
ins t ream cover type avai  1  a b l e .  O t h e r  sources of cover a r e  
p rov ided by emergent and submergent aqua t i c  p lan ts ,  c u t  
banks, and overhanging v e g e t a t i o n .  

The t h r e e  main r i v e r  s tudy  s i t e s  were loca ted  i n  a run and 
r i f f l e  sequence above sawmi 11 p o o l  near  t h e  Cemetery i n  
Lewiston and i n  a backwater l o c a t e d  a t  t he  upstream end of 
Poker Bar. The run and r i f f l e  h a b i t a t s  both conta in  
subs t ra tes  l a r g e l y  composed o f  cobb les  ranging from 3 t o  12 
inches t h a t  a re  l ess  than 20 % embedded i n  f ines .  Bedrock 
outcroppings are  located a t  v a r i o u s  l o c a t i o n s  i n  both 
h a b i t a t s  as we1 1. Boulders p r o v i d e  some instream cover 
across t h e  e n t i r e  w id th  o f  t h e  r i f f l e  w h i l e  overhanging 
vege ta t i on  and instream o r g a n i c  d e b r i s  prov ide some cover 
a long t h e  stream edges. Cover i tems a re  n o t  as avai l a b l e  
w i t h i n  t h e  run  h a b i t a t ,  b u t  some o r g a n i c  deb r i s  i s  present  
a long t h e  l e f t  bank. Water v e l o c i t i e s  i n  t h e  run mostly 
range between 0.5 t o  2 .0  f e e t / s e c o n d ,  whi l e  depths are 
g e n e r a l l y  l e s s  than 3.0 f e e t .  Water v e l o c i t i e s  i n  the  r i f f l e  
a r e  s l i g h t l y  higher and dep ths  s h a l l o w e r .  The v e l o c i t y  
d i v e r s i t y  i n  the  r i f f l e  i s  c o n s i d e r a b l y  h igher  than the  
v e l o c i t i e s  present i n  t h e  run ,  a s  would be expected. 

The backwater a t  Poker Bar i s  l o c a t e d  on t h e  r i g h t  bank a t  
t h e  upstream 1 i m i t  o f  s u b d i v i s i o n  development. The backwater 
i s  a  shal low s lack  water a r e a  approx imate ly  150 feet  long by 
5 0  f e e t  wide. The s u b s t r a t e  may be descr ibed as heavi l y  
s i l t e d  cobble. Cover i s  p r o v i d e d  by a few small w i l lows bo th  
inst ream and along t h e  bank. There a r e  a l s o  some la rge  areas 
of aqua t i c  moss which p r o v i d e  some cover .  Water depths a r e  
l e s s  than 1.0 f e e t  over t h e  m a j o r i t y  o f  t h e  area and water 
v e l o c i t i e s  a re  zero o r  ve ry  s low .  

Methods 

F i s h  popu la t ion  est imates were conducted by mu1 ti p le  pass 
d e p l e t i o n  us ing  a backpack e l  e c t r o f  i s h e r .  I n  s ide  channel 
and backwater h z b i t a t  t y p e s  t h e  upper and lower boundries of 
each s i t e  were blocked w i t h  3/16 i n c h  mesh seines t o  p revent  
f i s h  movement i n t o  o r  o u t  o f  t h e  a r e a  w h i l e  sampl ina. I n  t h e  
Moose Lodge s ide  channel t h r e e  s i t e s  each 50 f e e t  i n  l e n g t h  
were se lec ted .  One s i t e  was l o c a t e d  i n  t h e  upper r i g h t  
channel ,  w h i l e  the o ther  two s i t e s  were loca ted  i n  the lower  
channel. The Ind ian  Creek s i d e  channel was d iv ided i n t o  n i n e  



E - 4  one hundred f o o t  sec t ions .  Two o f  t h e  n i n e  sect ions were 
s e l e c t e d  by judgement, one t o  r e p r e s e n t  the  slow run pool 
h a b i t a t  and one t o  rep resen t  t h e  r i f f l e  h a b i t a t .  The Poker 
Bar backwater was s imply  s p l i t  i n  h a l f  p r o v i d i n g  two 7 5  f o o t  
s e c t i o n s ,  one o f  which was s e l e c t e d  by c o i n  toss .  

I n  t h e  main r i v e r  r i f f l e  and r u n  h a b i t a t  types,  d i sc re te  
areas were blocked o f f  by a n c h o r i n g  n e t s  and bag seines w i t h  
a combination o f  ropes, r e b a r  and fence posts .  The upstream 
ent rance t o  the area was n o t  sea led .  It was assumed t h a t  
f i s h  movement was minimal because o f  t h e  c o l d  water and 
t h e r e f o r e  movement ou t  o f  o r  i n t o  t h e  sample s i t e  would n o t  
occur .  D i  r e c t  observat ions conducted by us have v e r i f i e d  t h e  
absence o f  any f i s h  up i n  t h e  wa te r  column dur ing  t h i s  t ime 
of year.  The area was t h e n  e l e c t r o f  ished,  s t a r t i n g  a t  the  
open upstream end, p roceed ing  downstream toward the  bag i n  
t h e  seine. Four s i t e s  were randomly se lec ted  w i t h i n  the  
r i f f l e  and three s i t e s  w i t h i n  t h e  run .  

F i s h  dep le t i on  data was ana lyzed  w i t h  t h e  use o f  a  maximum 
wei ghted 1 i ke l  i hood ( M W L )  m i  c rocomputer  program w r i  t r e n  by 
Conner ( 1987). References used i n  t h e  w r i t i n g  of t h i s  
program, as- c i t e d  by Conner ( 1987 )-, i n c l u d e  Car le  ana Strub 
(1978) and Zippin (1958).  

H a b i t a t  use data were c o l l e c t e d  a t  a l l  study s i t e s  wi'ih t h e  
use o f  a  backpack e l e c t r o s h o c k e r .  A t  each s i t e  f i s h  were 
shocked i n  an upstream d i  r e c t i o n ,  one person operarea the 
e lec t roshocker  whi le a  second person n e t t e d  stunnea f i sh .  A 
numbered f l o a t  w i th  a w e i g h t  a t t a c h e d  was used t o  marK 
cap tu re  1 ocations. When e x a c t  f o c a l  p o i n t  l oca t i ons  of 
sampled f i s h  cou ldn ' t  be de termined no da ta  was co l l ec ted  f o r  
t h a t  observat ion.  Once a l l  o f  t h e  f l o a t s  were deployed we 
d iscont inued e lec t roshock i  ng  and went back t o  c o l  l e c t  
m i c r o h a b i t a t  in format ion f o r  each f l o a t  marking a cacture 
l o c a t i o n .  

The da ta  c o l  lected i n c l u d e d  t o t a l  depth  ( f e e t ) ,  mean column 
v e l o c i t y  ( feet /second) , s u b s t r a t e ,  and cover. Substrates 
were descr ibed as f i n e s  ( <  4mm), g r a v e l  ( 4  - 75mm), cobble 
(75 - 300mm), boulder (300mm + ) ,  o r  bedrock. Substrate 
v a l  ues were recoraed as domi n a n t  , subdomi nant  , and percent 
embedded i n  f ines .  The dominant s u b s t r a t e  was defined as t h e  
1 a r g e s t  abundant p a r t i c a l  s i  ze p r e s e n t .  The cover types 
recorded inc lude cobble, b o u l d e r ,  brush,  logs,  undercut bank, 
overhanging vegetat ion,  and a q u a t i c  vege ta t i on .  

H a b i t a t  u t i l i z a t i o n  c r i t e r i a  were developed througn tns  use 
o f  frequency analys is  as d e s c r i  bed by Bovee ( 1986 1 ,  Bovee and 
Cochnauer (1977!, and Slauson ( 1  988) .  To ta l  deptn anc mean 
column v e l o c i t y  frequency i n t e r v a l s  were determinea 3y 
Sturges Rule (Cheslak and G a r c i a ,  1988) .  

I n  o rder  t o  incrsase bo th  t h e  sample s i z e  and va l  i d ~ t y  of t h e  
h a b i t a t  use c r i z t r i a  developed, m i  c rohab i  t a t  data c o :  i s c t e d  



during the winters of 1985 and 1986 for habitat preference 
criteria development (Hampton, 1988) were included here. 
This data was collected using the same methods within the 
Instream Flow Incremental Methodology study areas in the 
upper Trinity River. 

Resul ts 

Fish population and microhabitat use data were collected from 
December 15 through February 1 1 .  Water temperatures ranged 
from 42 to 48 degrees Fahrenheit during the sampling period. 

Steelhead Trout. Steelhead trout juveniles captured in the 
Moose Lodge side-channel ranged in fork length from 54 to . 
193mm with an average of 93.8 mm. The highest densities of 
juveni le steel head were found in the lower section of the 
Moose Lodge side-channel (1.21 fish per square meter), 
followed by Cemetery riffle and run habitats which had 
densities of 0.32 and 0.22 fish per square meter respectively 
(Figure 1 ) .  Steelhead trout densities were highest in tnose 
mi crohabi tats which contai ned cobble and boulder substrates. 
Indian Creek side-channel , which contains primarily silt 
substrates and large amounts of woody debris, only yielded 
0.07 fish per square meter. In the upper Moose Lodge side- 
channel, where the substrates are primarily composed of 
cobbles embedded in clay, on1 y 0.05 fish per square meter 
were found. No juvenile steel head were found in the 
backwater habitat of Poker Bar, which contained large 
quantities of sand and highly silted cobble substrates. 

Habitat use criteria (category 11) for overwintering juveni le 
steel head are presented in Figure 2. Microhabi tats selected 
by wintering steelhead juveniles contained slow water 
velocities with clean cobble substrates. Focal points where 
nearly a1 ways located underneath cobbles or boulders. 

Brown Trout. Brown trout juveniles captured in the Moose 
Lodge side-channel ranged in fork length from 63 to 205 mm 
with an average fork length of 89.5 mm. Habitat densities of F 

juvenile brown trout ranged from 0.10 fish per square meter - 
in the lower Moose Lodge side-channel to 0.01 fish per square 
meter in the backwater at Poker Bar (Figure 3). Densities of 
juveni le brown trout were consistently lower than densities 
of juvenile steelhead at a1 1 sites except Poker Bar, where no 
steelhead were sampled, and at upper Moose Lodge side- 
channel, where the densities where equal . 
Juvenile brown trout, much like juvenile steelhead, were 
found holding in intersticial areas between cobbles or under 
boulders (Figure 4). Mean column velocities selected by 
wintering juvenile brown trout were slightly slower than the 
velocities selected by juvenile steelhead with a velocity of 
0.3 ft/sec being most utilized. 
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STUDY S I T E  

Figure i .  Densities o f  juvenile steelhead trout collected in five study sites 
located in the upper Trinity River, California 1988. 
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Figure 3. Densities o f  juvenile brown trout collected in six study sites 
located in the upper Trinity River, California 1988. 





E-10 Coho Salmon. Coho salmon j u v e n i  l e s  captured  i n  the Moose 
Lodge side-channel ranged i n  f o r k  l e n g t h  f rom 6 5  t o  100 mm, 
w i t h  an average o f  85 mm. Juven i  l e  coho salmon were only  
captured  i n  th ree  study s i t e s ,  lower  Moose Lodge s ~ d e -  
channel ,  I n d i a n  Creek side-channel  and a t  Poker Bar backwater 
( F i g u r e  5 ) .  The h ighes t  d e n s i t i e s  o f  j u v e n i l e  coho salmon 
were observed i n  the  lower s e c t i o n  o f  t h e  Moose Loage side- 
channel .  Although the h i g h e s t  d e n s i t i e s  f o r  a1 1 species were 
found i n  t h i s  sect ion,  t h e  m i c r o h a b i t a t s  se lec ted  by coho 
salmon were q u i t e  d i f f e r e n t  f r o m  those s e l e c t e d  by j u v e n i l e  
s tee lhead and brown t r o u t .  

Coho salmon juven i l es  tended t o  s e l e c t  areas i n  s t i l l  water 
w i t h  aqua t i c  vegetat ion o r  woody d e b r i s  as t h e  main a v e r  
t y p e  (F igu re  6 ) .  Juveni l e  coho were r a r e 1  y observed hold ing 
underneath cobbles as was common behav io r  f o r  juveni  l e  
s tee lhead and brown t r o u t .  I n  t h e  backwater a t  Poker Bar a1 1 
of t h e  coho salmon captured  were h o l d i n g  underneath one 
w i  1 low. Th is  aggregat ive b e h a v i o r  was a l s o  observed whi l e  
sampl i ng mats o f  aquat ic  v e g e t a t i o n  1 oca ted  i n  t h e  Moose 
Lodge side-channel . Use o f  l a r g e  woody d e b r i s  by juveni' le 
coho salmon would have p r o b a b l y  been g r e a t e r  had t n i s  cype of 
cover  been ava i l ab le  i n  g r e a t e r  q u a n t i t i e s  w i t h i n  the study 
s i t e s  o r  T r i n i t y  River  i n  g e n e r a l .  

Chinook Salmon. The l a r g e  r u n  o f  a d u l t  chinook salmon t h z t  
en te red  t h e  T r i n i t y  R ive r  d u r i n g  t h e  s p r i n g  and f a l l  of 1997 
produced m i l  1 ions or' f r y  a1 1 a l o n g  t h e  T r i n i t y  R iver  cur ing  
t h e  s p r i n g  of 1988. Al though most 07 these  youns emigrated 
from t h e  system by e a r l y  summer, some d i d  remain i n  cne 
T r i n i t y  R ive r  over the  summer. Most o f  these l a t e  rez r ing  
chinook probably migrated downstream i n  t h e  fa1  1 a f t e r  lower 
r i v e r  temperatures dropped. D u r i n g  o u r  w i n t e r  sampl lng we 
captured  a t o t a l  or' 52  j u v e n  i 1 e c h i  nook salmon, some of which 
may have been o f  hacchery o r i g i n .  I n  t h e  Moose Locse side- 
channel j u v e n i l e  chinook salmon ranged i n  f o r k  lenc th  from 65 
t o  99 mrn, w i t h  zn average o f  7 8  mm. 

H a b i t a t  u t i  1 i z a t i o n  c r i t e r i a  were n o t  developed f a r  
o v e r w i n t e r i n g  j u v e n i l e  ch inook  salmon f o r  two reasons: 1 )  n o t  
enough microhabi t a t  o b s e r v a t i o n s  were c o l  l e c t e d  t o  accurately 
c o n s t r u c t  use c r i t e r i a ,  and 2 )  o v e r w i n t e r i n g  behavior by 
j u v e n i l e  chinook salmon i s  r a r e ,  and i n  t h i s  case there was 
no c e r t a i n t y  as t o  the o r i g i n  ( w i l d  o r  ha tche ry )  of the 
j u v e n i l e  chinook salmon cap tu red .  



MOOSE LODGE SIDE-CtIANNEI. INDIAN CAEEK POKER BAR CEMETERY CEMETERY 
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F igure  5 .  D e n s i t i e s  o f  juven i le  coho salmon c o l l e c t e d  i n  three study s i t e s  
loca ted  i n  the upper T r i n i t y  R i v e r ,  C a l i f o r n i a  1988. 





E-13 
D I S C U S S I O N  

The Moose Lodge side-channel,  w i t h  cobble substrates and slow 
water v e l o c i t i e s  overwin tered n e a r l y  f o u r  t imes more j u v e n i l e  
steelhead per h a b i t a t  a rea  t h a n  any o f  the  other  hab i t a t s  
sampled. The h a b i t a t  use c r i t e r i a  developed f o r  juveni  l e  
steelhead t r o u t  a l so  show a s t r o n g  preference f o r  cobbles and 
slow water v e l o c i t i e s  as i m p o r t a n t  va r iab les  i n  t h e i r  
s e l e c t i o n  o f  w in ter  h a b i t a t .  

Our f i nd ings ,  t h a t  s tee lhead f r y  and juven i l es  u t i l i z e  cobble 
substrates ex tens ive ly  as r e f u g e  w h i l e  overwinter ing,  agree 
w i t h  those o f  Bjornn ( 197 1 ) , Bustard  and Narver ( 1975a1, 
Hartman (1965), and Swales e t  a1 . (1985). The i n t e r s t i c i a 1  
spaces underneath and between cobbles prov ide young steelhead 
w i t h  refuge po in ts  i n  which t o  h o l d  when environmental 
cond i t i ons  are severe. Mason (1976) s t a t es  t h a t  dur ing  
per iods  o f  low temperature, s a l  monids have 1 ower metabol ism, 
reduced food requirements, and l e s s  swimming a b i l i t y ;  thus, 
t h e i r  su r v i va l  depends more on  areas o f  she l t e r  and res t ,  
than on food. By h i d i n g  i n  cobb le  subs t ra tes  j u v e n i l e  
steelhead may avoid p r e d a t i o n  f rom sur face feeding B i rds  and 
mammals a t  a  t ime when t h e r e  swimming a b i l i t y  i s  reduced 
because o f  lower metabol i c r a t e s .  

Coho salmon juveni  l e s  were .on1 y captured i n  the  s i  de-channel 
and backwater hab i t a t s .  A l though  more coho were captured i n  
t h e  Moose Lodge side-channel t h a n  i n  e i t h e r  o f  t he  o ther  two 
s i t e s  where coho where found, we t h i n k  the  reason f o r  t h i s  
was more o f  a  f u n c t i o n  o f  coho salmon spawning d i s t r i b u t i o n  
r a t h e r  than h a b i t a t  s e l e c t i o n  on t h e  p a r t  o f  t he  juven i l es .  
Since more coho salmon spawned i n  t h e  upper r i v e r ,  near o r  
w i t h i n  the  Moose Lodge s ide-channel ,  more j uven i l es  were 
present  there  than i n  t h e  lower  r i v e r  s i t e s  near Poker Bar 
and Ind ian  Creek, where few a d u l t  coho salmon spawn. Th is  i s  
i n  p a r t  borne ou t  by t h e  f a c t  t h a t  even though cobbles a re  
t h e  dominant cover t ype  ava i  l a b l e  i n  the  Moose Lodge s ~ d e -  
channel, j u ven i l e  coho p r e f e r r e d  t o  s h e l t e r  i n s i d e  clumps of 
aquat ic  vegetat ion o r  i n  woody deb r i s .  Coho salmon j u v e n i l e s  
were r a r e l y  p u l l e d  f rom cobb le  subs t ra tes  wh i le  
electroshocking. Th is  d i f f e r e n c e  i n  cover type se l ec t i on  
between j uven i l e  coho salmon and steelhead t r o u t  was a l so  
observed by Hartman (1965) and Bustard and Narver (1975a). 
They s t a t e  t h a t  s tee lhead f r y  and coho f r y  seek out  d i f f e r e n t  
cover types i n  the  w in te r ,  w i t h  coho associated w i t n  logs ,  
r oo t s ,  and bank cover areas and steelhead associated w i t h  
rubb le  areas. 

The h a b i t a t  use c r i t e r i a  d e s c r i b i n g  t o t a l  depths used by a1 1 
species may no t  be e n t i r e l y  app rop r i a t e .  Since the  
mic rohab i ta t  data c o l l e c t i o n  was conducted w i t h  the  use of a  
backpack electroshocker,  t h e  r e s u l t i n g  depth c r i t e r i a  may be 
a b e t t e r  desc r ip t i on  o f  wading depth than ac tua l  f i s h  
preferences f o r  those depths as d i s c r i b e d  by the  use 
c r i t e r i a .  This was an i n h e r e n t  problem w i t h  the  sampling 



procedure t h a t  could n o t  be avoided.  

H i s t o r i c a l  1 y ,  the T r i n i t y  R i v e r  exper ienced many per iods of 
h i g h  f lows o r  f reshets ,  wh ich  a r e  s t i l l  common i n  the 
t r i b u t a r y  streams. High f l o w s  may s t i  11 occasional  1y occur 
i n  t h e  main stem T r i n i t y  R i v e r  below Lewiston and T r i n i t y  
Dams, as was evident d u r i n g  t h e  February f l o o d  of 1986. 
These h igh  f l o o d  f lows undoubted1 y  cause morta l  i t i e s  t o  
ove rw in te r ing  salmonids t h r o u g h  d isp lacement  downstream o r  by 
c rush ing  them under moving bedload. I n  t h e  sp r ing  o f  1986, 
immediatl  y  a f t e r  the f l o o d  i n February,  we no t i ced  several 
j u v e n i l e  steelhezd i n  t h e  l ower  T r i n i t y  R ive r  t h a t  had been 
i n j u r e d ,  probably from b e i n g  caught  between moving cobbles 
and sand dur ing  the h i g h  wa te r .  'Therefore, i t seems ev ident  
t h a t  cobbles alone do n o t  p r o v i d e  s u f f i c i e n t  w in te r i ng  
h a b i t a t  f o r  j u v e n i l e  s tee lhead.  

W in te r ing  h a b i t a t  must a l s o  p r o v i d e  areas t h a t  are she l te red  
from h igh  v e l o c i t i e s  t h a t  may cause s c o u r i n g  of bedload 
m a t e r i a l .  side-channels, backwaters,  and deep pools may a1 1  
p rov ide  v e l o c i t y  she1 t e r s  r e q u i  r e d  by ove rw in te r ing  
steelhead. Pools, however, a r e  p robab ly  n o t  optimum 
ove rw in te r ing  hab i ta t s  i n  t h e  T r i n i t y  R i v e r  because of t he  
l a r g e  amounts o f  sand t h a t  a r e  depos i ted  w i t h i n  them as f l ows  
drop. D e p o s i t i o n o f  new sand w i t h i n  these pools could t r a p  
t h e  young steelhead h i d i n g  under e x i s t i n g  cobbles snould they 
f a i  1  t o  move. Natural p o o l s  a r e  a l s o  formed and reformed by 
scour  dur ing pezk f lows wh ich  would d e f  i n i t e l  y  have adverse 
e f f e c t s  on juveni  i e  s tee lhead  h o l d i n g  w i t h i n  them. side- 
channels a re  less a f f e c t e d  by h i g h  f l o w s ,  s ince  they are 
general  l y  located across t h e  i n s i d e  bends o f  t he  r i v e r  where 
v e l o c i t i e s  a r s  reduced d u r i n g  h i g h  f 1  ows. side-channels a re  
a1 so bordered by heal t h y  r i  p a r i  an systems which reduce 
v e l o c i t i e s  when f lood f l o w s  do occur .  

The q u a n t i t y  and ~ u a i i t y  of  s u i t a b l e  w i n t e r  h a b i t a t  w i t h i n  
t h e T r i n i t y  River i s e x t r e m e l y  low. Thesame h a b i t a t  
problems t h a t  have reduced salmon and t r o u t  spawning and 
summer rea r ing  hab i ta t  i n  t h e  r i v e r  have a l s o  near1 y 
e l  i m i  nated c r u c i a l  o v e r w i n t e r i n g  h a b i t a t  f o r  juveni  l e  
s tee lhead and brown t r o u t  and coho salmon. Excessive 
sedimentat ion o f  subs t ra tes  by g r a n i t i c  sand has e l  iminated 
t h e  i n t e r s t i c i a l  areas r e q u i r e d  by young t r o u t  seeking refuge 
from h igh  f low -and p r e d a t i o n  d u r i n g  t h e  w i n t e r  months. 
Channel izat ion o f  the mainstem T r i n i t y  R ive r  above the North 
Fork T r i n i t y  Rivsr  has reduced s u r f a c e  area and increased 
v e l o c i t i e s  due t o  the changed morphology o f  t he  channel. 
C u r r e n t l y ,  when high f l o w s  do occur  a  g r e a t e r  percentage of 
t h e  water i s  forced t o  remain w i t h i n  t h e  channel ra ther  than 
spread out  across bars o r  t h rough  secondary channels as would 
have happened h i s t o r i c a l l y .  T h i s  phenomenon has probably 
reduced the amount o f  s low v e l  o c i  t y  h a b i t a t s  t h a t  ex is ted 
before constuct isn o f  t h e  T r i n i t y  R i v e r  D i v i s i o n .  

I t  i s  important t h a t  f u t u r e  r e s t o r a t i o n  e f f o r t s  w i t h i n  the  



T r i n i t y  River consider t h e  va lue  of overwin'teri ng hab i t a t  
when considering p ro jec t s  d i  r e c t e d  toward increasing 
production o f  juveni le s t e e l  head t r o u t  and coho salmon. 
Without such cons iderat i  on, increases i n  product ion i n  other 
areas o f  hab i ta t  work, such as improving spawning hab i ta t ,  
could a l l  be f o r  naught should t h e  l i m i t i n g  f a c t o r  on smolt 
production t u r n  out  t o  be w i n t e r  h a b i t a t  su rv iva l  (Ha71 and 
Baker, 1982) .  

Addit ional information, which i s  important the e f f e c t i v e  
management and hab i t a t  r e s t o r a t i o n  f o r  these species, is  t he  
knowledge o f  su rv iva l  r a t e s  f o r  each year c lass over t he  
win ter  season. This type o f  in fo rmat ion  may v e r i f y  t he  
importance o f  winter  h a b i t a t  as a  fac tor  con t r i bu t i ng  toward 
over a l l  steelhead t r o u t  and coho salmon smolt production. 
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HABITAT REQUIREMENTS FOR JUVENILE CHINOOK 

INTRODUCTION 

The Trinity River Flow Evaluation is composed of six major study 
tasks. Task 3 of the study is composed of two objectives: 1) To 
determine the amount of salmon and steelhead habitat available in 
the Trinity River under various flow conditions and the various 
levels of habitat rehabilitation that may be achieved either 
through the Trinity River Basin Fish & Wildlife Management 
Program or through other resource actions, 2) To determine the 
amount of habitat required for each salmon and steelhead life- 
stage to sustain those portions of fish populations in the 
Trinity Basin that were historically dependent on the Trinity 
River downstream of Lewiston Dam. 

Currently, in order to determine fish population levels that the 
Trinity River is capable of supporting, weighted usable area 
estimates are multiplied by fish densities for a certain species 
and lifestage that have been described under Task 4 (studies of 
fish populations and life history characteristics). The implied 
assumptions are that observed fish densities correspond to or are 
obtained under conditions of maximum carrying capacity, and that 
multiplication of these fish densities by weighted usable area 
result in a direct relationship between actual fish abundance and 
weighted usable area estimates. 

The goal of this study is to validate habitat use of transect 
cells as predicted by IFIM weighted usable area estimates, and to 
determine if a relationship between observed fish densities and 
cell joint preference factors exists. Should a direct relation- 
ship between fish density and predicted suitability from joint 
preference factors be found, an estimate of the total standing 
crop can be determined by multiplying total WUA by the maximum 
estimated fish density (95% CI) observed for cells with an 
equivalent suitability of 1.0. 

Juvenile chinook salmon were selected as our evaluation species 
for two reasons: 1) we felt they would be the most likely species 
to meet the assumption of carrying capacity since 47,169 natural 
spawning chinook salmon were estimated in the ~rinity River above 
Willow Creek in 1988 (CDF&G, 1988) providing for a large recruit- 
ment of naturally produced fry in 1989, and 2) chinook salmon 
juveniles have the shortest freshwater lifestage, therefore 
biological impacts which may influence the population may be less 
severe than those which may be expected to effect other species 
which rear for one or more years. Thus, physical habitat para- 
meters may reasonably be assumed to be the primary factor affect- 
ing carrying capacity for this lifestage. 



STUDY ' S I T E  

We originally planned to sample five study sites between Lewiston 
and the confluence of the North Fork Trinity River, however, 
-heavy rain and snow storms during March 1989 delayed our sampling 
until April. High river flows and turbid water conditions 
prevented us from sampling study sites located downstream of 
Lewiston. Therefore, effort was concentrated in the Cemetery 
study site located three river miles below Lewiston Dam. A 
description of the Cemetery study site may be found in our 1986 
annual report (USFWS, 1986). 

Thirteen IFIM transects have been monitored within the Cemetery - 
study site since 1986. Of these, five transects were selected 
for this evaluation on the basis of habitat type. Transect 1 
represents habitat typical of upper river runs. The majority of 
depths across the transect range between 2 and 3.5 feet and mean 
column velocities were less than 3 cubic feet per second. The 
substrates across transect 1 range from small boulders to gravel 
from right to left. Transect 2 is located across a riffle with 
cobble substrates. The total depths are less than 2.5 feet with 
mean column velocities ranging up to 4.5 feet per second. 
Transect 3 contains two chutes with backwaters located along the 
river edges. Mean column water velocities exceed 5 cubic feet 
per second in the left chute. The right and left edges of this 
transect contain cobbles and small boulders. Bedrock is located 
underneath both chutes and sand is the primary substrate present 
in the quiet water area between the two chutes. Transect 7 is 
located across the bottom of a riffle at the upstream end of 
Sawmill Pool. A backwater and sandy ledge is present along the 
right bank. Across the thalweg substrates are composed of large 
cobbles embedded in approximately 10 to 30 percent sand. Transect 
9 is located across the lower half of Sawmill Pool. The total 
depth is slightly over 6 feet and mean column velocities were 
less than 2 feet per second. The right bank is formed by 
bedrock ledges which change to cobbles across the thalweg. A 
gravel bar forms the left bank of the transect. 

METHODS 

IFIM field data was collected following those procedures recom- 
mended by the U.S. Fish & Wildlife Service's, National Ecology 
Research Center's, Aquatic Systems Branch (Bovee and Milhous, 
1978; Trihey and Wegner, 1981). Water depths were measured with 
a top setting wading rod and mean column velocities were measured 
with a Price AA current meter. Water surface elevations were 
measured with a spirit level and fiberglass level rod from 
established benchmarks with an assumed elevation of 100.00. 
Distances and vertical locations were measured with a surveyor's 
rope which was zeroed on iron head pins.. Hydraulic field data 
was collected on April 7, at a river discharge 300 cubic feet per 
second. 



The r e s u l t i n g  f i e l d  da ta  was c o n s t r u c t e d  i n t o  IFG-4 input decks 
and run  through t h e  U S F W S t s  microcomputer IFG-4 and HABTAT pro- 
grams. The h a b i t a t  preference  cr i ter ia  u t i l i z e d  i n  t h e  HABTAT 
program w e r e  developed us ing  d i r e c t  observa t ion  techniques on t h e  
T r i n i t y  River  by Hampton (1988).  Simulated mean column vel -  
o c i t i e s  and water depths f o r  each  t r a n s e c t  w e r e  obtained by 
examination of t h e  c a l i b r a t i o n  d e t a i l s  provided by t h e  IFG-4 
program output  with I O C  op t ion  2 set on. Indiv idual  t r a n s e c t  
cel l  s u i t a b i l i t y  es t imates  w e r e  ob ta ined  from t h e  HABTAT program 
wi th  I O C  opt ion  1 3  turned on. The r e s u l t i n g  information was then  
combined and analyzed on micro-computer spreadsheet  software f o r  
easy  comparison. 

I n  o r d e r  t o  a s s i s t  f i e l d  d a t a  c o l l e c t i o n  of f i s h  use,  painted 
cobbles  w e r e  placed across  each t r a n s e c t  dur ing  IFIM f i e l d  d a t a  
c o l l e c t i o n  t o  denote IFIM cel l  boundaries .  I n  order  t o  s impl i fy  
a c c u r a t e  i d e n t i f i c a t i o n  of cells by snorke l  d ive r s ,  v e r t i c a l  
d i s t a n c e s  ( f t )  w e r e  wr i t t en  on each cobble  wi th  an i n d e l i b l e  
marker. 

F i s h  u t i l i z a t i o n  across  each t r a n s e c t  w a s  determined by snorkel  
d i v e r s  a s  fol lows.  A t  t h e  beginning of each sample day ropes 
w e r e  s t r u n g  t i g h t  across  each t r a n s e c t  wi th  t h e  a i d  of ascen- 
d e r s ,  c a r a b i n e r s ,  and pul leys .  A f t e r  a l lowing t h e  ropes t o  rest 
f o r  a t  l e a s t  an hour, one d i v e r  would c a u t i o u s l y  approach t h e  
rope from downstream and a t t a c h  an  a d d i t i o n a l  pul ley  and t a g  
l i n e .  The d i v e r  would then use  t h e  p u l l e y  and t a g  l i n e  t o  slowly 
f e r r y  a c r o s s  t h e  t r a n s e c t ,  whi le  mainta in ing  a d is tance  of 
approximately 6 f e e t  downstream from t h e  t r a n s e c t .  The d i v e r s  
c o n t r o l l e d  movement across  each t r a n s e c t  by slowly angling h i s  
body i n  e i t h e r  d i rec t ion .  The s n o r k e l  d i v e r  would then count t h e  
number of  juven i l e  chinook salmon l o c a t e d  wi th in  each cel l  a s  
denoted by t h e  white cobble markers. F i s h  numbers were recorded 
on underwater s l a t e s .  Observat ions w e r e  g e n e r a l l y  made between 
1:00 and 4:00 pm. On Apri l  1 2  w e  conducted one set  of observa- 
t i o n s  between 9:30 and 1 1 : O O  a m .  

F i s h  d e n s i t i e s  were c a l c u l a t e d  f o r  each cell  by dividing t h e  
average number of f i s h  observed by t h e  cel l  a r e a  sampled. The 
cell  a r e a  was determined by m u l t i p l y i n g  t h e  cel l  width by t h e  
obse rva t iona l  c e l l  length ( 6  f t ) .  The observed f i s h  d e n s i t i e s  
w e r e  t h e n  pa i red  with t h e i r  corresponding j o i n t  preference 
f a c t o r s  and s o r t e d  i n  ascending o rde r .  J o i n t  preference f a c t o r s  
w e r e  t h e n  organized i n t o  0.05 i n t e r v a l s  and t h e i r  corresponding 
f i s h  d e n s i t i e s  were averaged w i t h i n  t h e s e  i n t e r v a l  widths. 
A l i n e a r  r eg ress ion  was then  c a l c u l a t e d  between c e l l  j o i n t  
p re fe rence  f a c t o r s  and average observed j u v e n i l e  chinook salmon 
d e n s i t i e s .  Stat-Pak s t a t i s t i c a l  sof tware  was used t o  obtain t h e  
r e s u l t s  of t h e  regress ion  equat ion  and 95% confidence i n t e r v a l s  
about  t h e  regress ion  l i n e .  



RESULTS 

A t o t a l  of t h i r t e e n  f i s h  sample o b s e r v a t i o n s  were completed 
between A p r i l  6 and Apr i l  19 ,  1989. R ive r  f lows throughout t h e  
sampling e f f o r t  w e r e  maintained a t  300 cub ic  f e e t  p e r  second. 
F i g u r e s  1 through 5  p resen t  s t u d y  t r a n s e c t  p r o f i l e s  , a s  p r e d i c t -  
e d  by t h e  IFG-4 program, p r e d i c t e d  cel l  j o i n t  p reference  f a c t o r s  
from t h e  HABTAT program o u t p u t ,  and t h e  average j u v e n i l e  chinook 
salmon d e n s i t i e s  t h a t  were observed  f o r  each cell .  

A r e g r e s s i o n  a n a l y s i s  of a v e r a g e  j u v e n i l e  chinook salmon d e n s i t y  
on cell  j o i n t  preference f a c t o r s  is presen ted  i n  F igure  6. The 
r e s u l t i n g  r eg res s ion  equat ion  is a s  fol lows:  

where, X = Predicted c e l l  j o i n t  preference factor 
Y = Estimated juvenile chinook salmon density ( f ish/f t2)  
rG 0 .6637  

Based on t h e s e  r e s u l t s ,  optimum h a b i t a t ,  t h a t  is h a b i t a t  cel ls  
w i t h  a  j o i n t  preference f a c t o r  of 1 .0 ,  should c o n t a i n  0.48 
j u v e n i l e  chinook salmon p e r  s q u a r e  f e e t .  H a b i t a t  cells wi th  a  
j o i n t  p re fe rence  f a c t o r  of 0.0 shou ld  c o n t a i n  0.05 juven i l e  
chinook salmon pe r  square  f e e t .  

DISCUSSION 

The development of a  r e l a t i o n s h i p  between h a b i t a t  q u a l i t y  a s  
p r e d i c t e d  by IFIM and j u v e n i l e  chinook salmon d e n s i t i e s  b r i n g s  u s  
one s t e p  f u r t h e r  i n  our  q u e s t  t o  develop h a b i t a t  r a t i o s  t h a t  may 
be  used  t o  accura t e ly  i d e n t i f y  f a c t o r s  l i m i t i n g  chinook salmon 
p roduc t ion  wi th in  t h e  T r i n i t y  River .  Although t h e s e  r e s u l t s  
i n c r e a s e  ou r  confidence i n  t h e  Ins t r eam Flow Incremental  Methodo- 
logy  a s  being t h e  b e s t  approach t o  u s e  i n  ou r  s i t u a t i o n  t h e r e  a r e  
some a s p e c t s  of our f ind ings  t h a t  r e q u i r e  a d d i t i o n a l  d i scuss ion .  

During o u r  f i e l d  observa t ions  on j u v e n i l e  chinook salmon w e  no ted  
f o u r  parameters  t h a t  inc lude  b o t h  b e h a v i o r a l  and phys ica l  a s p e c t s  
t h a t  a f f e c t e d  our f i n a l  r e s u l t s .  

The HABTAT program pred ic t ed  j o i n t  p r e f e r e n c e  f a c t o r s  ranging 
from 0.45 t o  0.76 f o r  t h e  h a b i t a t  cel ls  l o c a t e d  between v e r t i c a l s  
93 and 116.5 on t r a n s e c t  2 ( F i g u r e  2 ) .  However, j uven i l e  chinook 
salmon w e r e  r a r e l y  observed i n  t h e s e  h a b i t a t  cells. While 
conduct ing  our  observa t ions  of t h i s  a r e a  w e  c o n s i s t e n t l y  observed 
j u v e n i l e  s t ee lhead  t r o u t ,  which l e a d s  u s  t o  p o s t u l a t e  t h a t  t h e  
p r e d a t o r y  behavior of t h e  s t e e l h e a d  w i t h i n  t h e s e  h a b i t a t  cel ls  
probably  d e t e r r e d  juven i l e  chinook salmon from e n t e r i n g  t h i s  
a r e a .  Th i s  was t h e  only i n s t a n c e  w i t h i n  ou r  sample sites t h a t  
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i n t e r s p e c i e s  behavior seemed t o  a f f e c t  h a b i t a t  use by juveni le  
chinook salmon. 

During t h e  h a b i t a t  preference  s tudy  w e  found t h a t  juvenile '  
chinook salmon s e l e c t e d  d i f f e r e n t  mic rohab i t a t s  a t  d i f f e r e n t  
hours  o r  t h e  day. A t  n igh t  j u v e n i l e  chinook salmon tended t o  
congregate  i n  slow o r  sti l l  water  a r e a s  i n  c l o s e  proximity t o  
s u b s t r a t e s  o r  cover i tems a d j a c e n t  t o  t h e  r i v e r  edges (Hampton, 
1988) .  During day l igh t  hours j u v e n i l e  chinook salmon moved o u t  
i n t o  f a s t e r  water  a r e a s  away from t h e  bank. This  behavior t r a i t  
was a l s o  observed during t h i s  s tudy  on A p r i l  1 2  when w e  sampled 
each t r a n s e c t  four  t i m e s ,  t w i c e  i n  t h e  morning s t a r t i n g  a t  9:30 
am and t w i c e  i n  t h e  af ternoon s t a r t i n g  a t  1:30 pm. During t h e  
a f t e rnoon  observat ions  w e  no t i ced  t h a t  j u v e n i l e  chinook salmon 
had d i s t r i b u t e d  i n t o  h a b i t a t  cells t h a t  w e r e  vacant  during t h e  
morning observat ions.  It appears  t h a t  changes i n  h a b i t a t  
s e l e c t i o n  from pre fe r red  evening m i c r o h a b i t a t s  t o  prefer red  
a f t e rnoon  microhabi ta ts  occur g r a d u a l l y  throughout t h e  dayl ight  
hours.  Therefore,  s a t u r a t i o n  of a l l  a v a i l a b l e  microhabi tats  
probably i s n ' t  complete u n t i l  l a t e  a f te rnoon.  This  behavioral  
t r a i t  should be considered i n  f u t u r e  h a b i t a t  preference  c r i t e r i a  
work i f  t h e  f u l l  range of u t i l i z e d  r e a r i n g  h a b i t a t  is t o  be 
e f f e c t i v e l y  measured. 

The h i g h e s t  d e n s i t i e s  of j u v e n i l e  chinook salmon t h a t  were 
observed dur ing  our  study occurred i n  cells  t h a t  contained l e s s  
t h a n  optimum h a b i t a t  a s  p red ic ted  by HABTAT program output j o i n t  
p re fe rence  f a c t o r s ,  y e t  were a d j a c e n t  t o  s h e a r  v e l o c i t y  zones. 
For example, t h e  h a b i t a t  c e l l  l o c a t e d  a t  126 f e e t  on t r a n s e c t  7  
(F igure  4 )  received a  j o i n t  p re fe rence  f a c t o r  of 0.648, y e t  t h e  
observed d e n s i t y  of juveni le  chinook salmon us ing  t h i s  c e l l  was 
0.826 and was t h e  h ighes t  d e n s i t y  c a l c u l a t e d  f o r  a l l  h a b i t a t  
cells.  The mean column v e l o c i t y  modeled f o r  t h e  v e r t i c a l  a t  1 2 4  
f e e t  was 1.72 feet/second and t h e  mean column v e l o c i t y  modeled 
f o r  t h e  v e r t i c a l  loca ted  a t  128 f e e t  equa l l ed  0.66 feet/second. 
Therefore ,  t h e  predic ted  mean column v e l o c i t y  f o r  t h e  h a b i t a t  
cel l  i t s e l f  equaled 1 . 1 9  fee t / second when i n  a c t u a l i t y  t h e  
m a j o r i t y  of cel l  contains  water  v e l o c i t i e s  less than  1 . 0  
feet /second.  Slower water v e l o c i t i e s  would of r e s u l t e d  i n  a  
h i g h e r  j o i n t  preference f a c t o r  f o r  t h e  h a b i t a t  c e l l  thus  y i e l d i n g  
a  b e t t e r  f i s h  d e n s i t y / j o i n t  p re fe rence  f a c t o r  r e l a t i o n s h i p .  The 
s h e a r  zone p resen t  a t  v e r t i c a l  1 2 4  provided a  good feeding l ane  
f o r  j u v e n i l e  chinook salmon l o c a t e d  i n  t h e  h a b i t a t  c e l l .  This  
problem could have been c o r r e c t e d  by e s t a b l i s h i n g  smaller  h a b i t a t  
cells  dur ing  IFIM data  c o l l e c t i o n .  

Another v e l o c i t y  shear  zone sampled wi th  s i m i l a r  c h a r a c t e r i s t i c s  
is l o c a t e d  between h a b i t a t  c e l l s  a t  76 and 80 f e e t .  I n  t h e  
h a b i t a t  c e l l  loca ted  a t  76 f e e t  w e  observed 0.47 juveni le  chinook 
salmon p e r  square  f e e t .  The HABTAT program pred ic ted  a  j o i n t  
p re fe rence  f a c t o r  of 0.195 f o r  t h e  same h a b i t a t  c e l l .  The water  
v e l o c i t y  p red ic t ions  made by t h e  IFG-4 program f o r  t h e  v e r t i c a l s  
l o c a t e d  a t  74, 78, and 82 f e e t  were 0.13, 0.79, and 2 . 3 8  
fee t / second respec t ive ly .  The v e l o c i t y  s h e a r  zone is located i n  



t h e  h a b i t a t  c e l l  a t  80 f e e t  a d j a c e n t  t o  t h e  h a b i t a t  c e l l  l oca ted  
a t  76 f e e t  where high juveni le  chinook salmon d e n s i t i e s  were 
found . 
These f i n d i n g s  suggest t h a t  t h e  c u r r e n t  h a b i t a t  preference 
c r i t e r i a  developed f o r  juven i l e  chinook salmon may need f u r t h e r  
re f inement  i n  order  t o  b e t t e r  reflect c u r r e n t  h a b i t a t  use. 
Chinook salmon escapement t o  t h e  T r i n i t y  River  i n  1 9 8 4  and 1985 
equaled 5,654 and 9,217 a d u l t s  above Willow Creek. The major i ty  
of h a b i t a t  preference  da ta  f o r  j u v e n i l e  chinook salmon was 
c o l l e c t e d  i n  1985 and 1986, which would have been f r y  produced by 
t h e  1984 and 1985 spawners. I n  1986, 1987 and 1988 chinook 
salmon spawing escapements have equaled  92,548, 71,920 and 44,616 
a d u l t s  r e s p e c t i v e l y .  Since completion of  t h e  h a b i t a t  preference 
s t u d y  f r y  and juveni le  chinook salmon d e n s i t i e s  have been much 
h i g h e r  and t h e  ex ten t  of h a b i t a t s  used by young chinook salmon 
h a s  probably increased h a b i t a t s  n e a r  s a t u r a t i o n .  It seems 
apparen t  t h a t  during our h a b i t a t  p r e f e r e n c e  d a t a  co l l ec t ion  
p e r i o d  t h e  h a b i t a t  was underseeded, r e s u l t i n g  i n  c r i t e r i a  t h a t  
may n o t  inc lude  a l l  microhabi ta ts  used by juven i l e  chinook 
salmon. Th i s  sp r ing  w e  in tend t o  d i r e c t  more e f f o r t  t o  
i n c r e a s i n g  our  h a b i t a t  use d a t a  base  as w e l l  as obta in  a d d i t i o n a l  
informat ion  regarding f i s h  d e n s i t i e s  i n  r e l a t i o n  t o  WUA. 

The same v e l o c i t y  shear zones t h a t  produce optimum rear ing  
h a b i t a t  f o r  juveni le  chinook salmon may i n  some cases  i s o l a t e  
midstream h a b i t a t  from juven i l e  chinook salmon. For example, on 
t r a n s e c t  3 t h e  HABTAT program p r e d i c t e d  t h a t  t h r e e  h a b i t a t  c e l l s  
wi th  j o i n t  preference  f a c t o r s  of 0.533, 0.622, and 0.533 w e r e  
l o c a t e d  a t  39.75, 43.25, and 46.75 f e e t  r e spec t ive ly .  However, 
t h e  observed d e n s i t i e s  of j u v e n i l e  chinook salmon within t h e s e  
t h r e e  h a b i t a t  c e l l s  w e r e  0 . 1 2 4 ,  0.058, and 0.062 f i s h  per  square  
feet. Based on t h e  regress ion  equa t ion  presented here  w e  would 
expec t  t o  f i n d  juveni le  chinook salmon d e n s i t i e s  f o r  these  t h r e e  
h a b i t a t  cells t o  equal 0.27, 0.31, and 0.27 f i s h  per  square feet. 
The presence  of high ve loc i ty  zones on both s i d e s  of these  
h a b i t a t  c e l l s  r e s t r i c t e d  movement of  j u v e n i l e  chinook salmon from 
e i t h e r  bank, t h u s  preventing t h e s e  h a b i t a t  cells from reaching 
t h e i r  f u l l  p o t e n t i a l .  Future h a b i t a t  r e s t o r a t i o n  p r o j e c t s  t h a t  
s e e k  t o  i n c r e a s e  juveni le  chinook salmon h a b i t a t  i n  s w i f t  water 
a r e a s  should keep these  c o n s i d e r a t i o n s  i n  mind. 
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G- 1 
COMPARISON OF WUA AND DENSITIES OF JUVENILE CHINOOK SALMON 

INTRODUCTION 

The Trinity River Flow Evaluation uses the Instream Flow Incremental Methodology (IFIM) 
to evaluate the effects of flow and habitat restoration activities on anadromous salmonid habitat. 
The IFIM can be thought of as a collection of computer models and analytical procedures 
designed to predict changes in fish habitat due to increments of flow change (Bovee 1982). As 
part of the IFIM, the Physical Habitat Simulation system (PHABSIM) links macrohabitat 
measurements, or predictions, in terms of channel structure and discharge, with a species 
rnicrohabitat suitability, described in terms of depth, velocity, and a channel index such as cover 
or substrate, to estimate the total habitat or weighted usable area (WUA) available for a species 
life stage. A basic assumption of the IFIM is that by optimizing the quantity and quality of 
available rnicrohabitat (WLJA), a beneficial response in fishery populations will result. 

In a survey concerning instream flow issues, one of the most commonly reported needs for 
instream flow research included testing of the relationship between flow, habitat, and fish 
production (Reiser et al. 1989). Intuitively, it seems logical that those microhabitats where a 
species Lifestage is most fiquently obsemed, those most suitable, would also support the 
greatest densities of that species lifestage. However, verification of the relationship between 
W A  and fish standing crop has proven to be a difficult task (Scott and Shirvell 1987; Conder 
and Annear 1987; Orth and Maughan 1982; Wolff et al. 1990). Factors that may complicate 
the verification of the relationship between W A  and fish biomass include interspecies 
competition, predation, food availability, harvest, and short duration habitat limiting events such 
as flood flows or stream dewatering (Orth. 1987). 

In California, there has been considerable effort on the part of various investigators to develop 
salmonid population models (Hagar et al. 1988, EA Engineering, Science, and Technology, 
Incorporated 199 1, and Cheslak and Jacobson 1990). In 1990, the National EaIogy Research 
Center initiated efforts to develop a population model that will link existing habitat and stream 
temperature models to predict production of chinook salmon presmolts from the upper Trinity 
River. The development of a population response model on the Trinity Rive: will improve our 
ability to conduct limiting factor analysis, evaluate habitat restoration pro!cts. and generate 
more effective flow recommendations to optimize fishery populations. 

Calibration and verification of any IFIM based population model for anadromous salmonids 
will require that the relationship between W A  and standing crop be described for each 
freshwater Lifestage. For the last three years the Trinity River Flow Evaluation has been 
attempting to describe habitat-fish density relationships for early life stages of anadromous 
salmonids. In our side channel evaluations we described relationships linbg mesohabitat 
quality with f ry and juvenile chinook salmon standing crop (USFWS 1990). In 1989 we 
concentrated our efforts on trying to describe the relationship between the predicted composite 
suitability index for individual habitat cells and use of habitat cells by juvenile chinook salmon 
(USFWS 1989). When the National Ecology Research Center selected the Trinity River as one 
of two sites to develop an mM based population model, we concentrated our efforts in the 
spring of 1991 on further dzscnbing the relationship between habitat availabihry and habitat use 
of juvenile chinook salmon. 

METHODS 

Fifteen transects were sampisd within four study sites along the upper Trinity Xi!.sr at Cemetery 
(RAM 109). Bucktail (RhI 1 C 3 .  Poker Bar (RM 102) and Steel Bridge (RICI 9. Field data was 



collected following the procedures recommended by the U.S. Fish & Wildlife Service (Bovee 
and Milhous, 1978). Distance to vertical sampling locations were measured with a tape from 
established iron head pins. Total depths were measured with a top setting wading rod and mean 
column velocities were measured with a Price AA current meter. 

Computation of Weighted Usable Area 

Because of stable flow conditions, hydraulic models were not used to simulate depth and 
velocity values across each transect. To calculate WUA, we multiplied actual field data by 
habitat use criteria. This was done using procedures similar to the PHABSTM system. The 
total depth and mean column velocity for each habitat cell was calculated by averaging the 
measured depth and mean column velocity of adjacent verticals. The composite suitability 
index for each cell was then calculated by multiplying the habitat cell depth and mean column 
velocity by habitat use criteria. The habitat utilization criteria used to calculate the composite 
suitability index were developed by Hampton (1988) using direct observation on .the Trinity 
River (Figure 1). Only depth and mean column velocity criteria were used in the calculation 
of the composite suitability index. No channel index values (substrate or cover) were used. 
Cell Weighted Usable Areas were then determined by multiplying the Composite Suitability 
Index by the cell area. The total WUA for each mesohabitat equaled the sum of the cell W A S  
across the transect. 

So that we could visually inspect the entire microhabitat cell during underwater observations, 
all cells were limited to 6 feet in length. Cells ranged in area between 12 and 42 square feet. 
The corners of each habitat cell were marked with numbered white cobbles so that they could 
be easily located and idenriiied by underwater observers. 

Direct Observation Techniques 
. .- 

Across each transect, juvenile chinook salmon use was determined by snorkel divers. Each 
day, prior to sampling, ropes were strung across each transect approximately three to four feet 
above the water surface. After allowing the ropes to rest undisturbed for a minimum of 30 
minutes, one diver would cautiously approach the line from downstream and m c h  a pulley and 
hand line. The diver would then use the hand line to suspend downstream from ihe transect 
to observe fish within habitat cells (Figure 2). The divers controlled movemenc across the 
transect by slowly angling their bodies against the current. The number of juvenile chinook 
salmon in each cell was then counted and recorded on an underwater slate. h c n  transect 
within the study site was sampled once by each diver each sampling day. In 1991 dl sampling 
was conducted after 12:00 noon to coincide with peak activity levels of juvenile chinook salmon 
and insure full use of all available microhabitats (USFWS 1989). 

Observations of fish use were made between 6 April and 19 April of 1989 and between 1 May 
and 23 May of 199 1. In 1989, we sampled five transects at the Cemetery study site on eleven 
occasions for a total of 55 transect counts. In 1991, we sampled four transects ac Cemetery 
study site, four transects ac BucLzaii study site, three transects at Poker Bar study site, and four 
transects at Steel Bridge study site. With the exception of the Cemetery study site. a l l  transects 
were sampled on four occasions for a total of 54 transect counts. 



Figure 1. Habitat use criteria for juvenile chinook salmon in the Trinity River. 





Microhabitat Data AnaJysis 

Observed densities of juvenile chinook salmon were paired with their respective microhabitat 
cell. All habitat cells were then sorted based on the amount of weighted usable area calculated 
for each cell. Sturges' Rule (Sturges 1926) was then used to determine the optimum interval 
size to place calculated cell weighted useable areas. Mean densities of juvenile chinook salmon 
and 95% confidence intervals were determined for each interval. To determine if cell WUA 
had an influence on fish densiry, a regression analysis was conducted between mean fish density 
and cell weighted usable area. 

In order to compare our finding in 1991 with data collected in 1989, the 1989 data were 
analyzed using the methods described here. Data collection procedures were the same in both 
years. 

RESULTS 

Diver Precision . . 

Juvenile chinook salmon proved to be an ideal candidate for this type of validation study 
because they were relatively abundant and were rarely frightened or disturbed by snorkel 
divers. When fish were disturbed, we found that in most cases, if the diver remained 
motionless, juvenile chinook redistributed themselves across habitat cells and resumed normal 
feeding behavior within one or two minutes. 

A comparison of diver transst counts for. 1989 and 199 1 are presented in Figure 3. Figure 
3 includes a line of equality identlfymg the value where both Diver A and Diver B counts are 
equal We found si@cant correlation between divers in both 1989 (r=0.94) and 1991 
(r=0:95). Snorkel counts could not be calibrated with other sample methods, such as seining 
or electro-fishing, because the river is too large to sample effectively with these methods. 
Differences in counts between divers are probably real, since fish were free to move in and out 
of habitat cells as they chose. 

Microhab itat Use 

Figure 4 shows the relationship between WUA in habitat cells and the avenge density of 
juvenile chinook salmon observed per habitat cell in 1989 and 1991. Linear re3=sion analysis 
of habitat cell WUA versus mean fish density for 1989 (R2=0.89) and 199 1 (R-=0.72) describe 
a relationship between microhabitat quality, as described by depth and velocity use criteria, and 
numbers of juvenile chinook salmon. Based on these relationships, approximately 0.103 and 
0.019 juvenile chinook salmon per square foot of WUA were present in 1989 and 1991, 
respectively. The density of juvenile chinook salmon per square foot of WUX in 1991 was 82 
percent less than in 1989. In high quality microhabitat cells, those cells where WUA and 
surface area were nearly equal. the density of juvenile chinook salmon in 1989 was 0.501 fish 
per square foot of WUA. and in 1991 it was 0.215 fish per square foot of LWX. a decrease 
of 57 percent. 

Three transects at the Cemetery study site, a run (C I), riffle (C2), and pool (C9), were sampled 
in both 1989 and 1991. h comparison between mesohabitat transects sampled in the Cemetery 
study site in 1989 and 1991 found that the average number of juvenile chinook salmon was 53 
percent less in 1991 than in 1939 (Figure 5). In both years the run mesohabint (Cl) supported 
the greatest number of tish per square foot of WUA. Approximately 0.96 fish per square foot 
of WU.4 in 1989 and 0.51 tish per square foot of WUA in 1991. 
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figure 3. Comparison between snorkel diver mesohabitat transect counts of juvenile chinook 
salmon in the Trinity River during 1989 and 1991. 
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Figure 4. Mean density of juvenile chinook salmon versus weighted usable area in 
microhabitat cells in the upper Trinity River in 1989 and 199 1 .  



Figure 5. Average number of juvenile chinook salmon observed across three 
mesohabitat transects in the Cemetery study site in 1989 and 1991. 

Figure 6. Avenge nurccr  of juvenile chinook salmon counted across live mesohabitat 
transects in the mumi::; afternoon of April 12, 1989. 



The California Department of Fish and Game (Zuspan, pers. comm.) estimates that 83,945 
spring and fall run chinook salmon spawned naturally in the Trinity River above Willow Creek 
in 1988, while only 10,562 are estimated to have spawned in the same area in 1990. The 
reduced number of spawners in 1990 resulted in fewer juvenile chinook salmon in 1991 versus 
1989. 

Daily Habitat Shifts 

On 12 April 1989, we conducted transect counts in the morning starting at 9:30 AM and then 
repeated transect counts starting at 1:30 PM. Our results showed a shift in the distribution and 
density of juvenile chinook salmon between the two sampling efforts in run, backwater, and 
pool mesohabitats (Figure 6). In the afternoon juvenile chinook salmon distribution and 
densities had increased toward thalweg areas of faster and deeper water (Figure 7). It appears 
that daily habitat shifts occur gradually throughout the daylight hours and complete habitat 
saturation probably does not happen until late in the afternoon. Future studies to develop 
habitat suitability criteria for rearing salmon should direct effort toward afternoon hours to 
collect data under full habitat saturation conditions. 

Mesohabitat Use 

A summary of fish use, WUA, and numbers of fish per square foot of WUA for each transect 
sampled in 1991 is presented in Figure 8. The greatest numbers of juvenile chinook salmon 
were found in Cemetery 1 (115 fish), Bucktail 2 (66 fish), Poker Bar 3 (40.75 fkin), and Steel 
Bridge 5 (33.25 fish), run mesohabitat types. The lowest number of juvenile chinook salmon 
observed was 1.5 fish in the run mesohabitat at Poker Bar 1. The remaining transects 
contained an average of fewer than 27 fish each. We found that the number fish per square 
foot of WUA across the various transects averaged 0.225 (k0.087 95% Confidence Intervals) 
and ranged from 0.015 to 0.562 fish per square foot of WUA. Since W A  is based on 
microhabitat suitability, in theory, the number of fish per unit of WUA shouid be equd for all 
mesohabitat types. The results presented here indicate that there may be variation in the 
number of fish per WUA for different microhabitat cells and mesohabitat types. 

Close examination of the distribution of microhabitats within each mesohabitat transect may 
provide a better understanding of the relationships between microhabitat, mesonaoitat, and fish 
use. This may help explain the variation in fish numbers per WUA observcd in this study. 
Figures 9 through 12 show a graphic representation of total depths, water velociries, W A ,  and 
fish numbers across each transect sampled in 1991. All figures are drawn to scale. Total 
depths are presented in feet and mean column water velocity in feet per second. Weighted 
usable area is shown as the total square feet of WUA per cell and fish numbers are presented 
as the average number of juvenile chinook salmon observed per cell. 

Cemetery Study Site 

In the Cemetery study site four transects were selected in three mesohabitat ~ p s ,  one in a 
run, two in rifflelpocket-waters, and one in a pool. Transect profiles, WUX. and number of 
fish observed for the Cemete? study site are shown in Figure 9. Transect CI is located across 
a run mesohabitat. Water velocity and depth gradually increase toward the thdweg where the 
total depth peaks at 3.3 feet with a mean column velocity of 2.4 feet per second. Boulders and 
a small log provide cover along the left bank. A small log and some sparse aquatic vegetation 
provide minimal cover along the right bank. Cobble substrate embedded benvsen 20 and 90 
percent in sand are present ac:oss most of the transect. Fish numbers correspnded well with 
measured WUA across the m s w t  with one exception. The cell containine the gratest amount 
of WUA was located dong me right side of the transect; the number ofhsh observed in that 
habitat cell was lower than in ~djacent habitat cells locaced in slightly faster u ~ s r  toward the 
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Figure 7. Comparison of juvenile chinook salmon densities (fish1fee-f) along three 
mesohabitat transects in the Cemetery study site in morning and afternoon of  April 12, 1989. 
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Figure 8. Mean numb?: of juvenile chinook salmon, weighted usabie sea, and average  
n u m b e r  o f  juvenile chincwk salmon p e r  weighted  usable  area for  eacn rnitso'nabitat transect 
sampled  in the Trinity River in 199 1. 
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Figure 9. Transect profiles for the Cemetery study site showing total depths, mean column 
water velocities, water surfice elevations, WUA, and the average number of juvenile chinook 
salmon observed in 199 1 .  



thalweg. The habitat cells where the greatest number of fish were observed contained cobble 
substrate 80 percent embedded in sand. The closest cover was over 13 feet away along the 
right edge. Schools of juvenile chinook salmon were distributed throughout the water column 
in the cells along each bank. As water velocities increased with increased distance from the 
banks, juvenile chinook salmon moved closer to the river bottom, using cobble substrate as 
velocity shelters. When mean column water velocities began to exceed 1.0 feet per second, the 
numbers of juvenile chinook salmon that were able to use those habitat cells dropped 
dramatically as the bottom velocities became too swift. Large juvenile chinook salmon &I00 
mm) were able to use those habitat cells where mean column velocities exceeded 1.0 feet per 
second. 

Both transects C2 and C5 are located across riffle-pocket water mesohabitat types. Mean 
column water velocities range between 0.0 and 4.0 feet per second. However, instantaneous 
water velocities undoubtedly exceed 5.0 feet per second in many habitat cells. Across transect 
C2 only four habitat cells contained more than 10 square feet of WUA. Juvenile chinook 
salmon were never observed in one of these cells located along the right side of the transect. 
The habitat cells located on each side of this cell contained water velocities in excess of 2.0 feet 
per second. These high water velocities created a barrier that prevented movement of juvenile 
chinook salmon from slow edge water habitats into this suitable habitat cell. In diverse habitats, 
high water velocities or shear velocity zones may have a negative effect on WUA-Ssh density 
relationships by isolating suitable habitat areas. 

Transect C9 is located across the lower end of a bedrock-formed pool. Mean column water 
velocities ranged from 0.0 to 1.5 feet per second and total depth peaked at 5.9 feet. The left 
edge of the transect is formed by bedrock outcroppings. Cobble and gravel substrate, embedded 
between 40 and 90 percent in sand, are present throughout the thalweg and right side of the 
transect. Across the entire transect, juvenile chinook salmon were closely associated with the 
river bottom. Numbers of juvenile salmon and W A  show a good relationship along the right 
side of the transect. Fish numbers decreased when mean column water velocities began to 
exceed 1.0 feet per m n d ,  similar to our finding across transect C1. In 1991, no fish were 
ever observed in the cells that contain suitable microhabitat along the left bank. However, in 
1989 when population levels were much higher, we did observe regular use of these habitat 
cells. Upstream from these cells the thalweg deflects off of a bedrock outcropping forming an 
eddy upstream. The current de!lects away from the left bank downstream dong the right side 
of these habitat cells. The physical characteristics upstream and adjacent to the area may 
prevent many juvenile chinook salmon from coming in contact with these suitable habitat cells. 
In 1989, when large numbers of juvenile chinook were present in the river, the probability of 
juvenile chinook salmon seeding these isolated microhabitats was undoubtedly greater, thus 
accounting for their prestnce in 1989. Large numbers of juvenile chinook salmon are 
commonly observed using the eddy upstream on the other side of the high velocity zone that 
deflects off of the bedrock Sank. 

Bucktail Study Site 

At Bucktail, four transects were sampled, two in a run, one in a pool, and one in a spawning 
riffle (Figure 10). Transscc B2 represents a run mesohabitat. Maximum m a  column water 
velocities were 2.5 feet pzr second and the maximum depth measured was 3.9 feet. Small 
woody debris provided an exceilent source of cover along both river banks. Some cover is also 
provided by small boulders md cobbles embedded less than 40 percent in sand. Fish numbers 
corresponded well with m m u r e d  WUA across this transect. As was true for the Cemetery 
study site, the largest number of juvenile chinook salmon observed across the amsect were not 
directly associated with cover. All fish observed along the left half of the msecc were close 
to the river bottom using small velocity shelters located between cobble substnte. Larger 
juveniles were able to use nsrohabitats near the thalweg where m a  column water velocities 
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Figure 10. Transect profiles for the Bucktail study site showing total depths. mean column 
water velocities, water surface elevations, WUA, and the average number of juvenile chinook 
salmon observed in 199 1. 



approached 2.5 feet per second. These larger juveniles held in the velocity shelters behind 
large cobbles. Along the right edge of the transect juvenile chinook salmon distributed 
throughout the water column adjacent to and in submerged woody cover. The mean column 
water velocity in these habitat cells was less than 0.4 feet per second. 

Transect B3 is located 205 feet downstream from transect B2 in the same run mesohabitat and 
has similar microhabitat conditions. Transect B3 does not contain woody cover along either 
edge and water velocities across the transect are slightly slower and the overall average depth 
greater. Mean column water velocities across the thalweg ranged from 1.6 to 2.0 feet per 
second. Submerged aquatic vegetation provides some cover along the right bank. Although 
fish were present in those cells that contain suitable microhabitat, the number of fish observed 
per cell was far less than the number of fish found using transect B2. One possible explanation 
for the differences in fish use between these two similar transects might lie in their relative 
location to other mesohabitat types. Transect B2 is closer to a riffle upstream; whereas transect 
B3 is located closer to a long, deep, slow pool downstream. Hatchery steelhead were also 
observed across transect B3 on more occasions than across transect B2. This may have had 
some impact on juvenile chinook salmon use of the microhabitat along trans- B3. 

Transect B7 is located in a slow pool just downstream from very turbulent water. The left 
bank is formed by a cobble-pvel bar that experienced severe agradtng in 1986. The bar 
slopes downward to a total depth of 7.8 feet. Large bedrock ledges and boulders make up the 
right bank. This transect supported an average of only 7.25 juvenile chinook salmon, the 
second lowest number of fish per mesohabitat observed. Although only 7 fish used the transect, 
they were all large juveniles, exceeding 100 mm in length. Two habitat cells located along the 
right edge of the transect contained approximately 33 square feet of WUA, yet juvenile chinook 
salmon were never observed in those cells.- Mean column water velocities across 22 feet along 
the right side of the transect never exceeded 0.2 feet per second. Mean column water velocities 
exceeding 0.5 feet per second were more than 2 0  feet away from the two habitat cells that 
contained most of the WUA on the transect. 

The fact that these two habitat cells were located in a large area of slow water resulted in a 
negative effect on overall habicit quality, even though WUA was high. Wihout the benefit 
of higher water velocities nearBy to deliver food, the actual quality of slow water microhab- 
itats for juvenile chinook saimon was greatly reduced. This transect provides an excellent 
example of the influence that adjacent physical conditions can have on the use of otherwise 
suitable microhabitat cells by juvenile chinook salmon. It also provides an example of the 
possible errors that can occur within PHABSIM by over-estimating W A  for a species 
lifestage. This is possible because although juvenile chinook salmon prefer slow water within 
a certain range of depths, they were not found in all microhabitat areas of the river where those 
water velocities and depths were present. 

Transect B11 is located across a salmon and steelhead spawning riffle. P r h g  from left 
to right across the transect, water velocities and depths increased to over 4.0 feet per second 
and 2.3 feet deep within the b t  12 feet. From this point in the thalweg, water velocities and 
depths gradually decrease along a gravel bar forming the right bank. In total numbers of fish 
observed this transect supported an average of 21 juvenile chinook salmon. This transect 
exhibited the best relationship between W A  and observed fish use. Slow water microhabitat 
located along the right edg: o i  the transect, near increasing water velocities. created ideal 
microhabitat for r a n g  juvenile chinook salmon. 



Poker Bar Study Site 

Poker Bar is located downstream from the confluence of Grass Valley Creek. As a result, the 
substrate throughout the Poker Bar site contain excessive amounts of decomposed granitic sand. 
The increased sediment load has degraded the quality of food-producing areas, over-wintering 
habitat, and spawning habitat. Our sampling at the Poker Bar study site included one broad 
riffle, and two run habitat types (Figure 11). 

Transect P1 is located across a wide shallow riffle. Chinook salmon spawn along the right 
edge. Substrate across the transect are composed of cobble and gravel highly embedded in 
sand. Small quantities of woody cover were present along the left water's edge. An average 
of only 1.5 juvenile chinook salmon was observed across this transat, the lowest number of 
fish observed for any transect. With the exception of the edges, mean column velocities across 
the transect exceeded 1.5 feet per second. Fast water combined with highly embedded substrate 
resulted in poor habitat. Highly embedded substrate reduced bed roughness and reduced the 
number of velocity shelters that could otherwise be used by feeding juvenile chinook salmon. 

Transect P3 is located across a deep run mesohabitat with cobble substrate, the majority of 
which are embedded in more than 80 percent sand. Depths ranged from 3.0 to 4.8 feet. 
Along the left side of the bansect, mean column water velocities ranged from 1.2 to 2.2 feet 
per second. Mean column velocities along the right side of the transect were much slower, 
ranging from 0.0 to 0.5 feet per second. The greatest amount of WUA (> 10 f r )  was located 
in four habitat cells with slow to zero water velocities along the right side of the transect. The 
greatest numbers of juvenile chinook salmon were located along both edges of the river, and 
in two habitat cells located near the thalweg, where water velocities start to increase. Along 
the left edge, chinook salmon juveniles were also associated near a shear velocity zone. Along 
the right water's edge, we observed some juvenile chinook salmon using woody debris cover 
in still water. The habitat ells containing the greatest amount of WUA contained only a few 
chinook salmon. The lack of higher velocity areas near these habitat cells reduced their value 
to juvenile chinook salmon. 

Transect P6 is located across a monotypic run mesohabitat. Depths ranged between 1.6 and 
2.6 feet and mean column velocities ,mdually increased from 0.0 feet per second along each 
edge to 1.4 feet per second in the thalweg. The substrate were composed of sand or gravel 
completely embedded in sand. Small woody debris and aquatic vegetation provide some 
excellent cover for juvenile chinook salmon along the left edge of the transect. Compared to 
the other transects sampled, this txansect contained the greatest amount of WUA, yet ranked 
twelfth out of fifteen transecs for the number of fish supported, with an a v e q e  of 9.5 juvenile 
chinook salmon. Environmental factors that contribute to the lack of fish use across this 
transect that were not included in the calculation of WUA include lack of velocity diversity, 
lack of any bed roughness eIements to create velocity shelters, and excessive sedimentation. 

Steel Bridge Study Site 

At S tee1 Bridge study site we sampled four transects (Figure 12). Two transects, S2 and S3, 
are located across run mesohsbitats. With the exception of a few bedrock outcropping along 
the left side of transect S 2 .  large cobbles, embedded beween 30 and 60 percent in sand, 
dominate the thalweg profiles of both transects. Both transects also share similar depth profiles, 
but mean column velocities across transect S3 were approximately 0.5 feet per second slower 
than transect S2. Slower water velocities across transect S3 resulted in slightly hisher W A  
estimates across the thalweg :ban for transect S2. However, the total amount of WUA provided 
by each transect was nearlv equal. Transect S2 contains 93.9 square feet of h;Uh and transect 
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figure 12. Transect profiles for the Steel Bridge study site showing total depths, mean 
column water velocities, water surface elevations, W A ,  and the average number of juvenile 
chinook salmon observed in 1991. I 



S3 contains 92.9 square feet of W A .  An average of 16.75 juvenile chinook salmon were 
supported by each trans&, ranking them tenth in numbers of fish. The proportionate 
distribution of fish numbers across these two transects did not resemble the distribution of WUA 
across the transects. In general, however, more juvenile chinook were found in habitat ceUs 
that contained the greatest amount of WUA. Larger juveniles (> 100 mm) were distributed 
in cells containing higher water velocities across the thalweg between large cobble substrate. 

Transect S5 is located just downstream of a mid-channel island. A major spawning riffle is 
located just upstream of the transect in the river channel to the right of the island. A small 
backwater is located along the left edge below a small bedrock outcropping just upstream. 
Depths across the thalweg range between 1.5 and 2.9 feet, and mean column water velocities 
peak at 2.6 feet per second. The right side of the transect is less than 1.0 feet deep with 
velocities under 0.5 feet per second. Substrate across most of the channel are composed of 
cobbles and gravel embedded approximately 20 to 40 percent in sand. Cobble substrate across 
the right side of the transect are embedded up to 90 percent in sand. 

Transect S5 ranked third in WUA with 164 ft2 and ranked fourth in numbers of fish with an 
average of 33.25 chinook salmon. Observed fish numbers conesponded well with 'WUA across 
the transect. Along the left edge of the transect, juvenile chinook salmon were distributed - - 

throughout the water column feeding on drift organisms that passed through the shear velocity 
zone. Small juvenile chinook salmon were distributed across the right side of the transect in 
shallow water. The larger juveniles (> 100 mm) were distributed across the bottom between 
large cobbles in h t e r  and deeper water. 

Transect S7 is located across a pool. Depths reach up to 7.4 feet and mean column water 
velocities peak at 2.8 feet per second. A large backwater is present along the left half of the 
transect. Sand is present along the left side of the transect, cobbles are distxibuted across the 
middle the transect, and b J e  boulders are located along the right side. The patest number 
of juvenile chinook salmon observed on this transect were dispersed throughout the water 
column in association with the edge of the shear velocity zone that forms the boundary between 
the thalweg and eddy. These fish moved in conjunction with the surging lateral movement of 
the velocity shear zone, feeding on drift organisms throughout the water column. 

No juvenile chinook salmon were observed using the cell along the left edge that contained 
the greatest amount of WUX. This habitat cell provides another example of a situation where 
the absence of higher velocity microhabitats nearby had a negative impact on the habitat 
suitability, even though the degths and velocities present within the habitat cell predicted high 
quality microhabitat. 

DISCUSSION 

In this investigation we have attempted to describe and validate the relationship between WUA 
and standing crop of juvenile chinook salmon in the upper Trinity River. In doing so, we have 
discovered several variables that influence and complicate efforts to quantify this relationship. 
These factors include microhabitat isolation, effects of velocity shear zones on microhabitat 
quality, and a lack of habiut diversity. It may be possible to increase the accuncy of habitat 
predictions for juvenile chinook with the PHABSIM system by using the nose velocity option 
in conjunction with the HABTXV program. Use of adjacent velocity criteria should improve 
exaggerated habitat predictrons in large areas of slow water and increase habitat quality 
predictions in areas near sS,m velocity zones. 

Currently, the mode1 seems to underestimate the value of mid-channel areas with cobble 
substrate where water veIcxities are greater than 1.0 feet per second. Thee midchannel 



microhabitats have been shown to support large numbers of juvenile chinook salmon. In these 
habitats larger juveniles disperse along the bottom using small velocity shelters among the 
cobbles. The use of HABTAV should improve habitat predictions in these areas. An 
alternative solution might include the development of conditional criteria that incorporates 
substrate roughness elements or embeddedness values when mean column velocities begin to 
exceed 1.0 feet per second. We could have used a substrate channel index in the calculation 
of WUA, but this would not have increased the accuracy of the WUA estimates in this study, 
since our substrate criteria for juvenile chinook salmon show a high suitability for sand and 
highly embedded substrate. There is little doubt that these substrate suitability values are more 
the result of a combination of poor habitat conditions in the Trinity River and the hydraulic 
characteristics present in microhabitats selected by juvenile chinook salmon, than they are a 
factor of preference by juvenile chinook salmon for sandy substrate. Therefore, if conditional 
substrate criteria are to be used in the future they will have to be derived fiom professional 
judgement and applied only in s p d c  mesohabitat types. 

The fact that fish densities in high quality habitat cells differed between sampling years indicates 
that preferred microhabitats do not fijl to capacity before lesser quality microhabit. are used. 
In both 1989 and 199 1 juvenile chinook salmon distributed themselves throughout the full range 
of suitable microhabitats in similar proportions even though population levels were much lower 
in 1991. When high quality microhabitat areas are limited, many fish may not be able to locate 
those ateas. Under these conditions seeding of optimum microhabitats may be a function of 
random search, time, and population levels. 

On the Trinity River each mM transect represents a specific mesohabitat type. The river was 
habitat-mapped based on the physical characteristics of each mesohabitat tmsea.. The WUA 
predictions for each mesohabitat transect were then extrapolated based on this habitat map to 
get a total estimate of available habitat for the river. Habitat in the upper river is currently 
described by fifty five mesonabitat types or transects. In this investigation we have described 
fish per WUA relationships for fifteen of these transects. In 1991 the number of fish per square 
foot of WUA per mesohabitat transect ranged from 0.015 to 0.562 with an average of 0.225 
fish per square foot of WUA. The variation in numbers of fish per square foot of WUA 
between transects was high ~ l t h  95 percent confidence intervals of 0.138 and 0.3 11. Based on 
the large variation that was observed in numbers of fish per WUA between mesohabitats it 
appears that each mesohabitat type within the population model will need an independent fish 
per WUA value. This greatly increases the amount of field work that will be required since 
each mesohabitat will need to sampled each year to obtain model input data. This may not be 
necessary if habitat predictions can be improved through the use of XABTAV or some 
conditional substrate criteria that results in a substantial reduction in the variation of fish per 
WUA values between mesohabitat types. 

Between Lewiston and Douglas City there are approximately 3,250,000 sqm feet of WUA 
for juvenile chinook salmon at a river flow of 300 cfs. In this study we found an average of 
0.225 fish per square foot of WUA among the mesohabitats that were sampled. Using these 
numbers, in 1991 approximately 731,250 (5 282,858) juvenile chinook salmon r d  in the 
upper Trinity River. If we assume a one percent survival to escapement, a toul of 7,313 
naturally produced adults ~ i i l  return to the Trinity River from the 1991 wnort. This is far 
short of the Trinity River Restoration Programs escapement goal of 68,000 returning natural 
adult chinook salmon. Unless tlows are dramatically increased to mimic historic patterns it 
seems doubtful that natunl bppulations of chinook salmon will ever recover to their historical 
levels. 
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ABSTRACT 

Direct observation techniques using a mask and snorkel were 
used to collect microhabitat suitability criteria describing 
depth, velocity, cover, and substrate used by anadromous 
salmonids of the Trinity River in Northern California. 
Category I 1  criteria (utilization) are presented for fry, 
juvenile, and spawning lifestages of chinook and coho salmon 
and steelhead trout. Available habltat for the upper Trinity 
River was obtained through the use of the IFG-4 program of 
the Instream Flow Incremental Methodology (IFIM). Category 
I11 criteria (preference) are developed for fry, juvenile, 
and spawning lifestages of chinook and coho salmon and for 
juvenile and spawning lifestages of steelhead trout in the 
upper Trinity River. Preference criteria could not be 
developed for fry steelhead trout because of a limited sample 
size. 

Utilization and preference criteria descibing water velocity 
suitabilities for juvenile steelhead trout may not accurately 
describe microhabitat requirements when focal point 
velocities, either taken as mean column velocities or as nose 
velocities, are measured during use data collection. Focal 
point water velocities fail to measure the presence of shear 
water velocity zones that are located adjacented to either 
side of the focal point. It is the presence of these shear 
zones that provide the target species with optimum feeding 
stations. 
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INTRODUCTION 

The Trinity River Basin drains approximately 2,965 square 
miles of Trinity and Humboldt counties in Northwestern 
California. As the largest tributary to the Klaaath River, 
the Trinity has historically been recognized as a major 
producer of chinook salmon (Oncorhynchus tschawytscha), coho 
salmon (0, kisutch) and steelhead trout (Salmo gairdneri). 
Chinook and coho salmon produced within the Trinity River 
contribute substantially to the offshore commercial troll 
industry and to both the offshore and inriver sport fishery. 
The Hoopa Valley Indian Reservation borders the lower twelve 
miles of the Trinity River, where the Hupa Indians maintain a 
net fishery to fulfill their subsistence and ceremonial 
needs. The Trinity Basin also supports other important 
resource based industries, of which timber. mineral, and 
water resources hold vast economic importance to the region. 

The Trinity River Division of California's Central Valley 
Project, operated by the U.S. Bureau of Reclamation, is the 
only major water development project in the Trinity Basin. 
The project's primary purpose is to divert water from the 
Trinity Basin to California's Central Valley. As a secondary 
benefit, hydroelectric power plants produce electricity at 
various locations throughout the water diversion system. Of 
the natural spawning area available to chinook salmon in the 
Trinity River above the North Fork Trinity River confluence 
approximately 50% was found above the sites of Trinity and 
Lewiston Dams (Hoffet and Smith 1950). The California 
Department of Fish and Game estimated that 64% of the total 
habitat once available to steelhead trout had also been lost 
in the Trinity River as a result of dam construction in 1957 
(Hubbel 1973). As partial mitigation for these upstream 
losses the Trinity River Fish Hatchery was constructed at the 
base of Lewiston Dam. In addition to hatchery operations, 
minimum downstream flow releases were provided to maintain 
f i shery resources. 

Coincident with the construction and operation of the Trinity 
River Division, logging accelerated within the Trinity Basin. 
High watershed erosion rates combined with reduced river 
flows below Lewiston Dam resulted in extensive sedimentation 
of fish habitat in the Trinity River below Lewiston. Reduced 
river flow also allowed riparian vegetation to encroach along 
the river banks forming a confined U shaped channel 
eliminating wide gravel bars, resulting in a loss of both 
valuable spawning and juvenile rearing habitat. Haintenance 
of minimum river flows and the operation of Trinity Fish 
Hatchery were not sufficient mitigation to sustain fishery 
populations. In some stocks, notably steelhead, escapement 
declines have exceeded 90% in some years. 

In response to fishery declines and to aid in the 
rehabilitation of the anadromousfishery the U.S. Fish & 



Lewiston Lake 

1. Lerviston Dam 
2.  Cemetery 
3. Buck ta i l  
4. Poker Bar 
5. Steel Bridge 
6. Ind ian Creek 
7. Steiner F l a t  
8. Oregon Gulch r 

9. J u n c t i o n c i t y  I ! 
10. Del Loma 
11. Hawkins Bar f ,  
12. Camp Kimtu 

Figure 1 .  Trinity River Basin with habitat preference study site 
locations depicted. 



Wildlife Service and the U.S. Bureau of Reclamation reached 
an agreement in December of 1980 to increase flow releases to 
the Trinity River below Lewiston Dam. The agreement was 
approved by the Secretary of the Interior in January of 1981. 
In addition to increasing flow releases for fishery purposes, 
the agreement provided for a 12-year study to monitor the 
fishery response to these increased flows. The resulting 
Trinity River Plow Evaluation was developed and a field 
office was established in Lewiston. 

The study uses the Instream Plow Incremental Methodology 
(IFIM) created by the Instream Flow and Aquatic Systems Group 
of the U.S. Fish & Wildlife Service (Bovee 1982) to monitor 
habitat changes. A key element to the IFIM is the 
development of habitat suitability criteria describing either 
habitat use or preference for the target species of concern. 
Habitat suitability criteria may be separated into three 
categories dependent on the origin from which the criteria is 
developed. Category I criteria are based on professional 
judgnent or on information gathered from extensive literature 
review. Category I1 criteria (utilization) are developed 
from observations on the target species taken in the field. 
These criteria may not represent actual microhabitat 
preference since they are dependant on the environmental 
conditions that were available to the target species at the 
time in which the observations were made. Category I 1 1  
criteria (preference) attempt to eliminate the habitat bias 
present in use criteria by adjusting them for available 
habitat. The resulting preference criteria tend to be much 
less site specific and theoretically may be transferred to 
other habitats outside the original area of study. 

This report deals specifically with the development of use 
and preference criteria for fry, juvenile, and spawning 
lifestages of chinook and coho salmon and steelhead trout of 
the mainstem Trinity River. 

STUDY SITE 

Fourteen study sites were selected within three major study 
reaches between Lewiston Dam and Weitchpec (Figure 1). The 
upper reach, from Lewiston Dam downstream to the North Pork 
Trinity River confluence, is the most important reach for 
salmon and trout production. This section has been affected 
most by reduced river flows below Lewiston Dam. Riparian 
vegetation has encroached along both river banks throughout 
this reach steepening banks and reducing habitat area for 
salmonids. The substrate is composed of granitic sand, 
gravel, and cobble, with small areas of bedrock. Many 
tributary streams join the river in this reach, some of which 
provide important habitat for spawning and rearing steelhead 
trout. Nine study sites have been selected to represent this 



section. 

The middle reach of the river flows from the North Pork 
Trinity River confluence downstream to the South Fork Trinity, 
River confluence at Salyer. Two study sites, one at Del Loma 
and one at Hawkins Bar, were selected to represent this 
reach. The riparian vegetation common in the upper reach 
disappears almost immediately below the North Pork Trinity 
River confluence. Seasonal variations in stream flow from 
the North Fork Trinity River influence the mainstem to a 
large enough degree to keep the riparian vegetation in check. 
This section generally follows a bedrock formed channel and 
contains several deep pools interspersed by long runs and 
short riffles or chutea. A steep white-water gorge is 
located between Cedar Flat and Gray Palls. The New River, a 
fairly large uncontrolled tributary, joins the Trinity in 
this section. The gorge area was not sampled during the 
study because of logistics and safety considerations. 

The lower river reach extends from the South Pork Trinity 
River confluence downstream to the Klamath River at Weitchpec 
and is represented by three additional study sites. This 
lower reach is characterized by two major habitat types, 
valleys and canyons. At Willow Creek and Hoopa the river 
meanders through two valleys where large gravel and cobble 
bars are present. The remainder of the lower reach typically 
flows through steep sided canyons and is characterized by 
deep bedrock pools and glides alternating with short white- 
water riffles and chutea. 

METHODS 

Habitat use data was collected for all lifestages of chinook 
and coho salmon, and steelhead trout. Sampling methods 
included direct observation with mask and snorkel, from the 
bank, or from a raft during float trips. 

Habitat Utilization 

Direct observation made with a mask and snorkel required two 
persons, one person as the snorkel observer watching fish and 
one support person to record data, operate the flow meter, 
and control the raft. Sampling was conducted in a downstream 
direction at each study site. Sampling in an upstream 
direction proved to be impossible because of the size of the 
river and the presence of high water velocities. The 
observer would work in a zig-zag pattern across the river 
channel from bank to bank. At each bank eampling in an 
upstream direction for short distances was done where water 
velocities permitted. This sampling technique allowed nearly 
complete coverage of each study site. When fish were 



spotted, the observer determined the species, lifestage, 
behavior, and focal point. The support person was then 
signaled to approach and the observation was completed. When 
fish were spotted where water was either to deep or swift to 
stand, the observer would float motionless past the target 
fish until downstream and out of sight. The observer would 
then carefully approach the fish from the rear or side and 
determine whether the fish had been startled. If the 
observer believed that the fish was not startled, an 
observation was then made with the assistance of the raft or 
rope. 

When schools of juvenile salmon were encountered, the number 
of fish in the school was determined and the observation was 
made at the focal point of the school. When one school of 
fish was found to occupy more than one microhabitat, 
additional observations were made in order to accurately 
represent those microhabitats used. 

Habitat measurements for spawning salmon and trout were taken 
0.5 feet upstream of the redd in an attempt to simulate 
prespawning hydraulic and substrate conditions. Fish nose 
velocities were taken at 0.4 feet from the bottom for all 
spawning observations (Smith 1973). It was not considered a 
prerequisite that data only be taken on active redd sites. 
Data were taken on newly completed redds. unless there was 
doubt as to which species had constructed the redd in 
question, in that case, data were not collected. When more 
than one species was known to be spawning at the same time, 
data collection was limited to those active redd locations 
where positive species identification was possible. 

Direct observation from a raft proved to be an effective 
method for data collection of spawning salmonids. The 
majority of redds were visible from above the water surface 
since most of the spawning was done in water less than three 
feet deep. Snorkel observations were still conducted on a 
periodic basis to verify spawning use in areas that were not 
easily seen from the raft, such as in deep or turbulent 
water. 

Fourteen parameters were recorded for each microhabitat use 
observation. The species and lifestage were determined. 
Fish less than or equal to 50 am in forklength were 
considered fry. Fish greater than 50 am and less than or 
equal to 200 am were considered juveniles, and fish greater 
than 200 mm were considered adults. An estimate of 
forklength was obtained with the aid of an underwater slate 
which had a centimeter scale marked on it. Fish behavior was 
categorized as either holding, roving, feeding or spawning. 
The total depth and depth of fish were both measured as the 
distance above the bottom in feet. The depth of fish was 
measured as the distance from the bottom to the focal point 
of an individual fish or school of fish. Two water 
velocities were taken at each observation. a mean column 



water velocity and a fish nose water velocity. Mean column 
water velocity was measured at 0 . 6  tenths from the water 
surface for water less than 2.5  feet deep; and the average of 
the velocities measured at 0 . 2  and 0 . 8  tenths from the 
surface for water greater than or equal to 2 .5  feet deep. 
Water velocities were measured with either a Marsh-McBirney 
model 201 flow meter or a Price "AA" current meter. Depths 
were measured with a top setting wading rod. 

Seven separate cover types were selected to describe cover 
use (Table 1 ) .  A three digit code descriptor was used to 
describe the cover types present as well as provide a cover 
quality estimate. The first digit in the code describes the 
dominant cover type present while the second digit describes 
the subdominant type, if present. The third code value, 
which follows a decimal, describes the quality of the cover 
types present as either poor, moderate, good, or excellent. 

Table 1: Cover code descriptions used to develop habitat 
suitability criteria for the Trinity River Flow 
Evaluation, Trinity Co., California, 1985-1987. 

............................................................. 
Code Cover Type Description 
............................................................. 
0 No cover gravel less than 75mm or any 

larger material which is 
embedded to the extent that 
no cover is available. 

1 Cobble 

2 Boulders 

75 - 300mm in size and clear 
of fines. 

300mm and larger. 

3 Small woody debris brush and limbs less than 9 
inches in diameter. 

4 Large woody debris logs and rootwads greater 
than 9 inches in diameter. 

5 Undercut bank undercut at least 0 .5  feet. 

6 Overhanging vegetation within 1.5 feet of the water 
surf ace 

7 Aquatic vegetation 

recorded as DS.Q where D = Dominant cover type 
S = Subdominant cover type 
Q = Quality of cover 



The substrate compositions present beneath observed fish were 
described using the Brusven index (Brusven 1977). The 
Brusven index is composed of a three digit descriptor of 
dominant substrate, subdominant substrate and percent 
embedded in fines (DS.%E). The substrate size categories 
selected for this study are listed in Table 2. 

Table 2. Substrate claaaifications used for habitat 
utilization criteria development, Trinity River Plow 
Evaluation, Trinity Co., California, 1985-1987. 

Code Substrate type Size Range (m) 
------------------------------------------------------------ 

0 Fines < 4mm 

1 Small Gravel 4 - 25- 

2 Medium Gravel 25 - 50mm 

Large Gravel 

4 Small Cobble 75 -150mm 

5 Medium Cobble 150 -225mm 

6 Large Cobble 225 -3OOmm 

7 Small Boulder 300 -600mm 

8 - Large Boulder > 600mm 

9 Bedrock 

Recorded as DS.E, Where D = Dominant particle size 
S = Subdominant particle size 
E = Percent embedded in fines 

Stream characteristics present at each observation were 
categorized into nine habitat types: pool, run, riffle, side 
channel, beaver pond, backwater, waters edge, pocket, and 
bar. Surface turbulence was noted as either present or 
absent for each observation. The percentage of sky blocked 
by riparian canopy was estimated for each observation. 
Additional data recorded for each sampling day included water 
visibility (estimated in feet). stream discharge, study site, 
water temperature, weather conditions, observers present, and 
the date and time of sampling. 



Habitat Availability 

Available habitat information was obtained through the IFG-4 
program component of the IFIM (Milhous et al. 1984). For 
each discharge and study site sampled the IFG-4 program of 
the IFIM was run. The results of each run were then used to 
estimate habitat availability for total water depth, mean 
water column velocity, cover. and substrate. The total area 
represented by each transect within the study site was 
calculated by multiplying the transect weighting factors, 
both upstream and downstream. by the distance between 
transects to obtain a total length. The length was then 
multiplied by the transect width to obtain the area 
represented by each transect. This transect area was then 
divided by the total study site area, yielding the proportion 
of habitat represented by each transect within the study 
site. Since the transect cells which make up each transect 
are not always of equal surface area, habitat availability 
data could not be obtained directly from each cell without 
some bias. Rather than calculating another proportional 
value for each cell within the transect, as was done for each 
transect within the study site, random samples were taken. 
For each discharge sampled, the wetted width of each transect 
was normalized to values between 0 and 100. A random number 
generator was then used to pick points along the wetted width 
of each transect. The transect cell located at each randomly 
selected point was then used to obtain the necessary habitat 
information. The number of random distances to select for 
each transect was determined by bultiplying the proportional 
area represented by that transect by 250. This procedure 
provided 250 habitat availability measurements per study site 
at each discharge sampled (Table 3). 

Use of habitat availability estimates generated from IFG-4 
program output allowed greater effort to be focused on 
habitat use data collection in the last year of the study. 
Effort also shifted to the upper Trinity River, above the 
North Fork Trinity River confluence, because accurate 
discharge estimates were not obtained during lower river 
sampling in the previous year. Without these discharge 
estimates modeling of lower river habitat availability was 
impossible. Fortunately this did not affect any significant 
sampling effort for 1985 since lower river habitats were 
rarely sampled because of unfavorable conditions such as high 
water and low water visibility. Use observations that were 
collected in the lower Trinity River were not included in 
preference criteria development. 

Aceituno and Hampton (1987) compared habitat availability 
generated from standard random sampling metllods with habitat 
availability generated from the IFG-4 program. They found 
that for most study sites the two differing methodologies 
provided similar estimates of habitat availability. 



TABLE 3. Method of selecting available habitat measurements 
from an IPG-4 model output to obtain an estimate of 
habitat availability on the Trinity River, CA. 1987 

= ~ I P P P S ~ E P E P ~ ~ P P = E D P O E ~ ~ P P ~ = P Q ~ ~ ~ ~ P ~ L P ~ . ~ E = E ~ P ~ ~ ~ = P E P = ~ = ~ ~ ~ ~ ~ = = ~ = = ~ ~ ~  

XSEC WEIGHT PAC. CELL WEIGHTED LENGTH XSEC XSEC % 
UP DOWN LEN. UP DOWN TOTAL WIDTH AREA AREA * 250 

P I P P ~ ~ P P ~ ~ P P P P P P I P P ~ ~ ~ ~ ~ P O P ~ = = = I P = L ~ = = = P ~ P = = ~ E = = ~ ~ = = = P = = U = ~ = Q = = = ¶ ~ = ~  

1 0.0 0.6 440 0 220 220 91 20020 0.0850 21 

Data Analysis - 
Initial data frequencies of habitat use by each species and 
lifestage were constructed following the guidelines presented 
by Bovee and Cochnauer (1977). Frequency distributions 
derived from continuous data seldom result in smooth curves 
(Figure 2). One method of alleviating inconsistencies is to 
increase the interval width. To what extent the intervals 
should be increased, however, is often unclear. Larger 
intervals result in smoother histograms, but as a result some 
accuracy may be lost from the original distribution (Bovee 
1986). For construction of depth and velocity utilization 
curves the interval size used for each frequency distribution 
was calculated using Sturges Rule as cited by Cheslak and 
Garcia (1987). Sturges Rule provides an estimate of optimum 
interval size based on data provided as follows: 



where : I =  Optimum interval size 

R =  Range of observed values 

N =  Number of observations taken 

For example, if data for total depth were collected at an 
accuracy level of tenths of feet and 100 fish were observed 
using depths ranging from 0.5 to 2.5 feet, then R would equal 
2.0 feet and N would equal 100. The equation would then 
yield 0.2 feet as the optimum interval or bin width. 

Cheslak (pers. comm.) has since informed me that the minor 
modifications that were presented in a symposium by him to 
the Sturges formula may violate the theoritical assumptions 
of the equation. Therefore, future use of the Sturges 
equation to determine interval sizes should utilize 3.322 in 
the denominator rather than 3.908 as ia presented here. Time 
constraints did not allow me to verify whether this change 
would have appreciable effects on the results that are 
presented here. However, I do not feel that any noticeable 
changes in the use of the actual Sturges equation would be 
evident in the final preference criteria because of the 
application of the running mean curve smoothing techniques 
explained as follows. 
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Figure 2. Observed frequency distribution of mean column 
velocities selected by spawning chinook salmon in 
the Trinity River, California, 1985-1987. 

Once the interval widths were determined, a frequency bar 
histogram was constructed. The midpolnte of eaoh interval 
were then connected by a straight line. The resulting curve 
was then subjected to two series of three point running mean 
filters in order to reduce any noise in the form of large 



deviations between adjacent intervals if necessary. The 
interval containing the largest number of observations was 
assigned a value of one and each of the remaining intervals 
were given a value proportional to its relative occurrence. 

For cover, a simple frequency bar histogram was constructed. 
The variate with the greatest number of observations was 
assigned a value of one and each remaining variate was 
assigned a value proportional to its relative occurrence. 

Habitat use criteria for substrate were developed using two 
different techniques. Dominant substrate, subdominant 
substrate, and percent embedded in fines were analyzed 
separately for each species and lifestage. Frequency 
histograms were constructed for each component of substrate, 
with the greatest number of observations in an interval 
receiving a value of one with each remaining interval 
assigned a value proportional to its relative occurrence. 
All three of the resulting curves, dominant substrate. 
subdominant substrate, and percent embedded in fines, were 
plotted for each species and lifestage for easy comparison. 
For spawning lifestages of each species substrate was also 
analyzed using the Brusven index in its entirety. Again, the 
substrate category or interval with the greatest number of 
observations were assigned a value of one, and the remaining 
intervals were assigned a value proportional to their 
relative occurrence. Because the Brusven index is composed 
of three digit descripter there were a large number of 
different substrate compositions possible. As a result, since 
the distribution is discrete, there were a large number of 
intervals to work with when the frequency distribution was 
tabulated. With such a large number of possible combinations 
there were many incomplete sections in the resulting 
distribution. unless the data base was very large or the 
target species used a narrow or well defined range of 
substrate types. In this study only those substrates used 
by spawning salmon and trout were defined well enough to 
develop criteria with the Brusven index. A much larger data 
base would be necessary before the Brusven index could 
effectively be used to describe substrate utilization by fry 
and juvenile lifestages. 

Analysis of available habitat data was conducted using the 
same methods described for analyzing habitat use data. 

Preference criteria were computed with the following 
function: 

where: Pi = an unnormalized index of preference at xi 



Ui = the relative frequency of fish observations at xi 

Ai = the relative frequency of available habitat at xi 

Xi  = the interval of the variable (x) 

Curve smoothing techniques were applied to those criteria 
which still exhibited large deviations between adjacent 
intervals that were thought not to represent actual behavior 
preferences. Resulting preference criteria were then 
normalized to values between 0.0 and 1.0. 



RESULTS 

A summary of data collection achieved by direct observation 
in the Trinity River is presented in Table 4. Use criteria 
for fry, juvenile, and spawning lifestages of chinook and 
coho salmon and steelhead trout are illustrated in Appendix 
A. A comparison between spawning use curves for mean water 
column velocity and fish nose velocity for chinook and coho 
salmon and steelhead trout is presented in Appendix B. Use 
of the Brusven index to describe substrate utilization for 
spawning salmon and steelhead trout produced criteria with 
some discrepancies. In an effort to reduce these 
inconsistencies I used a combination of professional judgment 
and running averages for each distribution. Appendix C 
contains both the untouched and adjusted substrate 
utilization criteria for spawning chinook and coho salmon and 
steelhead trout as described with the Brusven index. 

Results of available habitat estimates for total depth, mean 
water column velocity, cover, and substrate for all study 
sites and sampled discharges is presented in Appendix D. 

Table 4. Summary of habitat suitability data collected 
through direct observation in the Trinity River, 
California, 1985-1987. 

.............................................................. 
Species Life Stage Number of Focal Point Number of Fish 

Observations Observed 
.............................................................. 

Chinook Fry 
Juvenile 
Spawning 

Coho Fry 
Juvenile 
Spawning 

Steelhead Pry 
Juvenile 
Spawning 

Figure 3 displays the percentage of observations which were 
made in surface turbulent water for fry and juvenile 
lifestages of chinook and coho salmon and steelhead trout. 
Juvenile chinook salmon exhibited an increased use of 
turbulent water as they grew. Coho salmon juveniles showed 
no significant shift in turbulent water use. This tended to 
reinforce the finding of coho salmon juveniles to use slow 
water habitats where no surface turbulence is found, such as 
backwaters and slow edge habitat types. The strongest shift 



in use of turbulent water was displayed by steelhead trout. 
Almost 16 % of the observations conducted on steelhead trout 
fry were found in turbulent water habitats, while 37.2 % of 
the observations on steelhead juveniles were conducted in 
turbulent water. 

CHINOOK COHO 

Figure 3. Percent of observations conducted on fry and 
juvenile chinook and coho salmon and steelhead 
trout that that were found in surface turbulence, 
Trinity River, California, 1985-1987. 

During the fall months, when water temperatures fell below 48 
- 50 degrees Fahrenheit, we found juvenile salmon and trout 
began to seek shelter by either burrowing under cobble 
substrates or concealing themselves in areas of thick cover, 
such as aquatic vegetation or woody debris. Direct 
observation of.juvenile salaonids during these periods was 
largely unsuccessful. We soon discovered that the juvenile 
fish we were trying to observe could aove through the 
interstitial substrate cavities at a much faster rate than we 
could dig through the substrate with our hands. 
Determination of focal point locations and species 
identification thus became virtually impossible to obtain 
under these conditions. As an alternate sampling method, a 
back pack electrofisher was used and worked well for locating 
juvenile salmonids in these over-wintering microhabitats. 
Use of an electrofisher as a microhabitat sampling tool does 
have some disadvantages. With a back pack electrofisher 
saapling is liaited to habitats that are waiat deep or less. 
There is also the possibility of herding fish away from their 
prefered holding locations thus biaaing any results, however, 
when sampling during the winter months unwanted fish movement 



is limited because their focal points are located beneath 
cobble substrates were lateral movement is difficult. 
Substrates composed of cobbles and thick woody debris 
appeared to be one of the most important habitat variables 
present in our winter sampling of juvenile salmonids. 

Preference criteria for fry. juvenile, and spawning chinook 
salmon is presented in Figures 4 through 9. Preference 
criteria for fry, juvenile, and spawning coho salmon is 
presented in Figures 10 through 15. Preference criteria were 
not developed for fry steelhead trout because the limited 
number of observations obtained were not felt adequate to 
describe the preference function with confidence. Preference 
criteria for juvenile and spawning steelhead trout is 
presented in Figures 16 through 19. An attempt was made to 
develop habitat preference criteria using the Brusven Index 
to describe preferred spawning substrates for chinook and 
coho salmon and steelhead trout, however, the resulting 
preference functions were incomplete, and did not present 
adequate results. 
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Figure 4. Habitat preference criteria for total depths and 
mean column velocities selected by chlnook salmon 
fry In the upper Trinity River, CA., 1986-1987. 
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Figure 5. Habitat preference criteria for cover and 
substrates selected by chinook salmon fry in the 
upper Trinity River, CA., 1985-1987. 



1 .O 2.0 3.0 

M M  COLUMN VELOCITY (FT/SEC) 

Figure 6. Habitat preference criteria for total depths and 
mean column velocites selected by chinook salmon 
juveniles in the upper Trinity River. CA.. 1985- 
1987. 
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Figure 7. Habitat preference criteria for cover and. 
substrates selected by chinook salmon juveniles in 
the upper Trinity River, CA., 1986-1987. 
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Figure 8. Habitat preference criteria for total depths and 
mean column velocities selected by spawning chinook 

+ salmon in the upper Trinity River, CA., 1985-1987. 
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Figure 9. Habitat preference criteria for cover and 
substrates selected by spawning chinook salmon in 
the upper Trinity River, CA., 1985-1987. 
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Figure 10. Habitat preference criteria for total depth and 
mean column velocities selected by coho salmon fry 
in the upper Trinity River, CA., 1985-1987. 
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Figure 11. Habtat preference criteria for cover and 
substrates selected by coho salmon fry in the 
upper Trinity River. CA.. 1985-1987. 
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Figure 14. Habitat preference criteria for total depths and 
mean column velocities selected by spawning coho 
salmon in the upper Trinity River, CA., 1986-1987. 
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Figure 15. Habitat preference criteria for cover and 
substrates selected by spawning coho aalnon in the 
upper Trinity River. CA.. 1985-1987. 
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Figure 16. Habitat preference criteria for total depths and 
mean column velocities selected by steelhead trout 
juveniles in the upper Trinity River, CA., 1985- 
1987. 



Figure 17. Habitat preference criteria for cover and 
substrates selected by ateelhead trout juveniles 
in the upper Trinity River, CA.. 1985-1987. 



0.0 1 .O 2.0 3.0 4.0 5.0 6.0 

YEN4 COLUMN MLOCrrY (FT/SEC) 

Figure 18. Habitat preference criteria for total depths and 
mean column velocites selected by spawning 
steelhead trout in the upper Trinity River. CA.. 
1985-1987. 
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Figure 19. Habitat preference criteria for cover and 
substrates selected by spawning steelhead trout in 
the upper Trinity River, CA., 1985-1987. 
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DISCUSSION 

A comparison between use criteria and preference criteria 
describing depths and mean column velocities selected by 
spawning chinook and coho salmon and steelhead trout is 
presented in Figure 20. Preference criteria describing mean 
column velocities preferred by chinook salmon and steelhead 
trout deviate significantly from the representative 
utilization criteria. The preference and utilization 
criteria developed on velocities chosen by coho salmon 
exhibit similar suitabilities until velocities begin to 
exceed 2.8 feet per second. at which point preference values 
start to increase rapidly and utilization values decrease 
into the tail end of the distribution. For all three 
species, high preference values correspond with low 
utilization values located in the upper limits of each 
utilization distribution where high water velocities are 
present. A closer examination of the spawning velocity use 
data revealed the source of these high preference values. 
When mean column water velocities begin to exceed about 3.0 
feet per second, both the utilization and availability 
distributions begin to approach zero. This resulted in small 
probability ratios for both utilization and preference as can 
be expected. however, the ratio between use and availability 
(Pi= Ui/Ai) remained fairly large. Therefore, a large 
preference value resulted. In this situation it appears that 
the behavioral selection of one individual within the 
population yielded a misrepresentation of the actual 
preference for the majority of the population. When both the 
use and availability distributions simultaneously enter the 
limits of their distributions there is a danger of 
misrepresenting actual preference simply because of small 
probability ratios involved. In these instances it is 
important that the investigator has a good understanding for 
the species under study so that any extraneous preference 
values can be recognized and corrected. In order to 
eliminate the influence of these outliers within the spawning 
velocity distributions for each species, I applied 
nonparametric tolerance limits to each frequency distribution 
which would include 90% of the use observations at a 90% 
confidence level. Tolerance limits were obtained from a 
table developed by Somerville as presented by Bovee (1986). 
Utilization and preference criteria were then recalculated 
using those frequency values that fell within the 90% 
tolerance levels established. A comparison of adjusted 
preference criteria for spawning velocities with the original 
preference criteria developed is presented in Flgure 21. The 
adjusted preference criteria for spawning velocities selected 
by salmonids in the Trinity River compare favorably with 
utilization criteria developed for spawning velocities 
actually used and probably represent a more accurate 
description of true preference. 

Habitat preference criteria describing depth selection for 
juvenile chinook salmon and steelhead trout fluctuate 
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Figure 20. Habitat use and preference criteria for total 
depth and mean column velocity for spawning 
chinook and coho salmon and steelhead trout in the 
upper Trinity River, CA., 1985-1987. 
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greatly. It appears that juvenile chinook salmon and 
steelhead trout do not exhibit a strong preference for a 
particular depth range. Observations in the field have led 
me to believe that water velocity is the critical hydraulic 
parameter that determines final microhabitat selection for 
these two species and lifestages during the spring, summer, 
and early fall months. This would explain the wide range of 
depths that are described by the final preference criteria. 
Figure 22 presents modifications to depth preference criteria 
for juvenile chinook salmon and steelhead trout that were 
made by professional judgment. 

Trinity River chinook salmon are composed of two major 
stocks, the spring and fall runs. The spring run chinook 
ascend the river on their spawning migration from April 
through October, with the majority of fish reaching the upper 
river by the end of July. The fall run chinook migration 
begins in September and continues into November. Moffett and 
Smith (1950) described three distinct seasonal migrations of 
chinook salmon past Lewiston before the Trinity River 
Division of the Central Valley Project was built. A spring 
run past Lewiston in June and July, A suuer run in August 
and September, and the fall run from October to November. 
The spring and summer fish spawned between Grass Valley Creek 
and Stuarts Pork in early October and by mid-October spawning 
spread from the North Fork Trinity River upstream to The East 
Pork Trinity River. The fall run fish spawned later usually 
after the early fall freshets had increased river flow 
opening up new spawning areas further upstream where spring 
and summer run adults were unable to reach. Under historic 
uncontrolled flow conditions these differences in the time of 
spawning provided spatial segregation through increased 
habitat gains further upstream as a result of higher flows. 
Under the current controlled flow management scheme the only 
mechanism for maintaining the genetic integrity between the 
two runs is time of spawning, in which some overlap does 
occur. With the presence of Lewiston Dam and controlled 
flow, the habitat areas available to each run are equal. As 
a result, the available spawning areas below Lewiston Dam 
experience heavy use by both runs of chinook salmon and by 
coho salmon and steelhead trout. This constant pressure on 
the available habitat leads to a large percentage of 
superimposition of redds throughout the spawning season. I 
chose not to develop separate habitat suitability criteria 
for the spring and fall runs of chinook salmon, since the 
habitat available to each run is equal. 

Spawning chinook salmon in the Trinity River preferred mean 
column velocities from 1.2 to 2.0 feet per second, in water 
1.4 feet deep. Category I criteria developed by Bovee (1978) 
for spawning chinook salmon suggested a range of optimum mean 
column velocities from 1.0 to 1.7 feet per second in depths 
from 0.8 to 1.0 feet for spring run chinook and mean column 
velocities from 1.5 to 1.7 feet per second and depths from 
0.7 to 1.0 feet for fall run chinook. Raleigh et al. (1986) 



Figure 22. Original (-) and modified (--a+-) preference 
criteria for total depths selected by chinook 
salmon and steelhead trout juveniles in the upper 
Trinity River, CA., 1985-1987. 



developed category I criteria presenting optimum mean column 
velocities from 1.5 to 2.4 feet per second and optimum depths 
as 1.0 feet or greater (Figure 23). A comparison of 
preference criteria developed in this study with published 
use criteria describing mean column velocities selected by 

t spawning chinook salmon is present in Figure 24. Trinity 
River chinook salmon preferred comparable mean column 
velocities with use criteria reported by other researchers 
with the exception of use criteria reported by Stempel 
(1984). On the Yakima River, Stempel found that mean water 
column velocities from 1.9 to 2.8 feet per second provided 
the greatest suitability for spawning spring chinook salmon 
averaging from 85 -100 cm in length. This compares with mean 
column velocities from 1.2 to 2.0 feet per second that were 
preferred by spawning chinook salmon in the Trinity River. A 
comparison of use criteria developed for nose velocities 
selected by spawning chinook salmon in the Trinity River with 
use criteria developed by Vogel (1982) and Kurko (1977) is 
presented in Figure 25. Vogel and Kurko measured nose 
velocities at 0.5 feet. Spawning chinook salmon in the 
Trinity River selected the slowest nose velocities. These 
differences in selection may be a factor of sampling methods, 
equipment used, fish size or behavior differences that exist. 

Trinity River chinook salmon have historically been 
recognized as physically smaller in size. Average fork 
lengths of returning adult chinook salmon to Trinity River 
Hatchery are presented in Figure 26. Physically smaller 
adults may account for selection of slower water velocities 
for redd construction by Trinity River chinook salmon. Mills 
(pers. comm.) measured nose velocities at 0.4 feet and found 
that spawning fall chinook salmon in the South Fork Trinity 
River most often selected nose velocities of 2.1 feet per 
second. The reasons for the discrepancies between nose 
velocities selected by South Fork Trinity River and mainstem 
Trinity River chinook salmon may be an artifact of habitat 
availability differences between the two rivers. The South 
Fork Trinity River still exhibits a natural flow regime and 
has many wide point bars. The mainstem Trinity River has 
experienced several years of reduced controlled flow which 
allowed riparion vegetation to encroach along the banks 
eliminating these habitat types. 
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Figure 23. A comparison of preference criteria developed in 
the upper Trinity River with Category I criteria 
developed by Bovee (1978) and Raleigh et al. 
(1986) for spawning chinook salmon. 
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Figure 24. A comparison between preference criteria developed 
in the upper Trinity River with use criteria 
developed by other researchers for mean column 
velocities selected by spawning chinook salmon. 
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Figure 25. A comparison between use criteria of fish nose 
velocities selected by spawning chinook salmon in 
the upper Trinity River with spawning chinook 
salmon observed by other researchers. 



Figure 26. Mean fork lengths of tagged adult chinook salmon 
that returned to Trinity River Hatchery in 1985, 
California Department of Fish and Game, Trinity 
Co., California. 

Adult coho salmon begin their migration up the Trinity River 
in October and spawning activity occurs from November through 
January. The majority of coho salmon that spawn in the 
mainstem do so in the upper reaches directly below Lewiston 
Dam. Spawning coho salmon preferred microhabitats containing 
mean column water velocities from 0.9 to 1.1 feet per second 
in water depths of 1.0 to 1.1 feet. Bovee (1978) presents 
category I criteria for spawning coho salmon as optimum for 
mean column velocities from 1.2 to 1.4 feet per second and 
depths from 0.6 to 0.8 feet (Figure 27). Trinity River coho 
salmon preferred slower velocities and slightly deeper water 
for spawning than the category I criteria provided by Bovee 
(1978). 

Collection of habitat use data for adult steelhead trout was 
complicated by poor sampling conditions and low escapement 
levels. Adult steelhead migration occurs from November 
through April when winter storms commonly cause high river 
flows and turbidity levels which prevent effective sampling 
by direct observation. Returns of adult eteelhead to Trinity 
Hatchery during the sampling period from 1985 through 1987 
were 142, 461. and 3,780 respectively. The presence of a 
fairly good run in 1987, combined with good sampling 
conditions gave us the opportunity to obtain enough spawning 
data to develop utilization and preference criteria. 
Steelhead trout preferred mean column velocities from 1.1 to 
2.1 feet per second in depths from 1.0 to 1.1 feet for 
spawning. 



Figure 27. A comparison of preference criteria developed in 
the upper Trinity River with category I criteria 
developed by Bovee (197E) for spawning coho 
salmon. 
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Emergence of fry chinook salmon begins in December and 
continues into Mid-April (Leidy and Leidy, 1 9 8 4 ) .  This 
lengthy timing in emergence accounted for large differences 
in size within chinook salmon observed during the Spring 
months. After emergence, fry chinook salmon occupied stream 
margins where slow velocities and abundant cover types were 
present. Woody debris, cobble substrates clear of fine 
sediments, and undercut banks provided critical escape cover 
from surface feeding predators, such as herons and 
mergansers. Preference criteria developed for fry chinook 
salmon showed optimum suitability for water 1 . 0  feet deep in 
mean column velocities of 0 . 0  feet per second. Utilization 
criteria developed for fry chinook salmon showed heaviest use 
of water depths from 1 . 2  to 1 . 3  feet also in zero velocity 
water. Category I criteria developed by Raleigh et al. 
( 1 9 8 6 )  show optimum habitat for fry chinook salmon as depths 
from 0 . 9  to 2 . 0  feet with mean colunn water velocities 0 . 2  to 
0 . 3  feet per second (Figure 2 8 ) .  Burger et al. ( 1 9 8 2 )  
developed use criteria describing mean colunn velocities used 
by fry chinook salmon in Alaska and found that the greatest 
use occurred in 0 . 1  feet per second. Category I criteria 
developed by USFWS ( 1 9 8 5 )  present depths from 0 . 7  to 1 . 0  feet 
as most suitable for fry chinook salmon. Trinity River fry 
chinook salnon preferred slower velocities and similiar 
depths as chinook salmon fry reported by other researchers. 

As chinook salmon grew larger they.became less dependent on 
stream margins and began to use areas with faster velocities 
in deeper water. Object cover in the form of fallen alders 
or willows were heavily utilized, both as protection from 
predators and as velocity shelters. A comparison of use 
criteria developed for juvenile chinook salmon on the Trinity 
River with category I criteria developed by Bovee ( 1 9 7 8 )  and 
Raleigh et al. (1986 i  is presented in Figure 29 .  Juvenile 
chinook salmon in the Trinity River utilized similar depths 
and slower velocities as those presented by both Bovee ( 1 9 7 8 )  
and Raleigh et al. ( 1 9 8 6 ) .  Stempel ( 1 9 8 4 )  found that 
juvenile chinook salmon in the Yakima river basin selected 
depths from 2 . 3  to 2 . 7  feet with mean column velocities 
ranging from 0 . 4  to 0 . 5  feet per second. Chinook salmon 
juveniles on the Trinity River preferred slow water habitat 
in depths greater than 1 . 0  feet. Field observations confirm 
the importance of velocity as the determining factor in 
habitat selection over total depth by juvenile chinook 
salmon. Juvenile chinook salmon were observed in a wide 
range of depths as long as slow water velocities were 
available. Substrate only appeared to be an important factor 
for habitat selection when large cobbles or boulders could be 
used as velocity shelters in riffles and runs. In deep pool 
habitats, schools of juvenile chinook salmon positioned 
themselves in relationship to ever changing eddies and shear 
velocity zones where food items could be easily taken in the 
drift. In pools, the majority of juvenile salmon would feed 
near the water surface and uould flee to deep water when 
frightened from above. At aight fry and juvenile chinook 
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Figure 28. A comparison of preference criteria developed in 
the upper Trinity River with suitability criteria 
developed by other researchers for chinook salmon 
fry. 
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Figure 29. A comparison of preference criteria developed in 
the upper Trinity River with category I criteria 
developed by Bovee (1978) and Raleigh et al. 
(1986) for chinook salmon juveniles. 



salmon congregated into slow velocity habitats in close 
proximity to river substrates or cover items. 

Coho salmon fry emerged from February to May and were found 
to use the same habitats as fry chinook salmon along the 
stream margins. Juvenile coho salmon did not shift their 
habitat selection to areas of faster water as did juvenile 
chinook salmon, rather they tended to seek out slow water 
habitats that were present in backwaters. sidechannels and 
stream margins adjacent to large slow runs or pools. Fry and 
juvenile coho salmon showed a strong preference for slow 
water velocities. Fry coho salmon preferred depths from 0.9 
to 1.2 feet, while juvenile coho salmon preferred depths from 
2.3 to 2.5 feet. Category I criteria developed for fry coho 
salmon by Bovee (1978) present mean column velocities of 0.5 
feet per second in water from 1.7 to 2.0 feet deep as optimum 
(Figure 30). Cover seemed to play a more important role in 
habitat selection for both fry and juvenile coho salmon. The 
habitats that were selected usually contained areas of 
quality cover types, such as brush or logs, over hanging 
vegetation or thick clusters of aquatic vegetation. 

Lister and Genoe (1970) noted that both chinook and coho 
salmon juveniles on the Big Qualicua River occupied habitat 
of progressively higher velocities as they grew and spatial 
segregation apparently resulted from size differences caused 
by differences in emergence timing, size of emergent fry, and 
growth rate. In the Sixes River, Stein et al. (1972) found 
that chinook and coho salmon emerged at similar times, : 
utilized similar habitats and interacted. Microhabitat 
segregation based on size difference did not occur. They 
also found that the distributions of the two species changed 
as temperatures in the main river increased, and speculated, 
that as temperatures increased, coho salmon left the main 
river in search of cooler water in the tributaries or died. 
On the Trinity River, fry and juvenile chinook salmon greatly 
outnumbered fry and juvenile coho salmon during the study 
period. As fry, both species were found to interact often 
and were couonly found together in one school. Antagonistic 
behavior between the two species was rarely observed, and it 
appeared that as each species grew their differences in 
habitat selection provided for spatial segregation between 
the two species. It is also possible that coho salmon are 
less tolerant of crowded conditions caused by high densities 
of chinook salmon, and therefore, sought out habitat types 
that were less utilized by juvenile chinook salmon. 

The low numbers of adult steelhead trout that entered the 
Trinity River on their spawning migration in 1985 and 1986 
greatly hindered our ability to gather fry steelhead use data 
in the subsequent years. There was never any problem in 
obtaining use data on juvenile steelhead during the study 
period, probably because many of these larger juveniles 
reared in tributary streams as fry. Steelhead trout fry were 
usually found along stream margins adjacent to runs and 
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Figure 30. A comparison of preference criteria developed in 
the upper Trinity River for coho salmon fry and 
juveniles with category I criteria developed by 
Bovee (1978) for coho salmon fry. 



riffles or along the edges of transition habitats between 
riffles and pools. Fry assumed focal points on or very near 
the stream bottom between cobbles or within woody debris. 
Juvenile salmon were frequently observed in the water column 
above fry steelhead trout in the same microhabitats. Unlike 
fry chinook or coho salmon, fry steelhead were often found in 
turbulent water present in shallow riffles. Their 
association with velocity shelters on or near the stream 
bottom allowed them to use these more turbulent 
microhabitats. Fry steelhead were rarely observed in 
monotypic habitats present in long slow runs or pools. 

Juvenile steelhead trout preferred run, riffle, and riffle- 
pool transition habitats that provided a high degree of 
velocity diversity. Preferred depths from 2.0 feet and 
greater with mean column velocities from 1.0 to 1.3 feet per 
second. Juvenile steelhead actively defended feeding 
stations in riffles and across the tail end of run habitats. 
Object cover, boulders, large cobbles or woody debris, played 
an important role by providing velocity shelters where 
juvenile steelhead could establish feeding stations with 
little effort. When found in riffle-pool transition habitats 
groups of juvenile steelhead were often seen feeding in the 
same locations without displaying any aggressive behavior 
among themselves. In these microhabitats steelhead were 
usually positioned underneath areas of high surface water , 
velocity along the ledge located at the upper boundary of the 
pool. In these locations juvenile steelhead could maintain 
focal points in near zero velocity water and still take 
advantage of drift organisms originating in the riffle 
upstream. Cover objects were seldom present in these 
riffle-pool transition habitats, however, surface turbulence ' 
did provide concealment from surface predators. 

Shear velocity zones. areas of rapid velocity change, proved 
to be a critical hydraulic characteristic present in the 
nicrohabitats selected by juvenile chinook salmon and 
steelhead trout. These shear zones provided opportunistic 
feeding stations for juvenile salmon and trout where focal 
points could be established in slow velocity areas and yet 
still be in close proximity to higher velocity areas where 
food, available in the form of drift, is more easily 
accessible and more abundant. Net energy gain in these 
microhabitats is probably optimized because less energy is 
used to maintain focal points and distances traveled to 
capture prey items are reduced. Lisle (1981) describes the 
importance of large roughness elements (boulders and woody 
debris) as a key resource to fish habitat by providing a 
diversity of channel form and substrate conditions. These 
same roughness elements also provide important rearing 
habitat for anadromous salmonids by increasing velocity 
diversity through the formation of shear velocity zones. 
Habitat suitability criteria based on focal point velocities, 
either taken as mean column water velocities or as fish nose 
velocities, fail to measure the presence of these shear 



velocity zones that are located adjacent to focal points and. 
therefore, may misrepresent actual fish habitat preferences 
for rearing salmonids. A form of preference criteria that 
considers both focal point velocities and adjacent cell 
velocities would be a better measure of fish preference in 
these instances. 

Future habitat suitability studies can alleviate this problem 
by developing criteria that not only describe focal point 
velocities, but also quantify the distances traveled by the 
target species to capture prey items as well describing the 
velocities that are present at the location where prey items 
are captured. Quantification of these two additional 
parameters may then be input into the HABTAV program of the 
IPIM to predict a more accurate weighted useable area versus 
discharge relationship for those species and lifestages that 
utilize shear velocity zones. 

The concept that preference criteria, by eliminating habitat 
bias, may be transferred to other streams or rivers is ' 

questionable. Development of preference criteria is 
dependent on the available habitat present within the area of 
study. Therefore, if a habitat type is not present within - 
the study area the influence of that habitat type on the 
target species habitat selection will not be represented in 
the resulting preference criteria. Based on this fact, it is 
important that other researchers validate that the available 
habitat in the system where the preference criteria are being 
considered for use is similar to the available habitat 
present in the system where the preference criteria were 
developed. Only after the available habitats of the two 
systems have been found to be similar should preference 
criteria be transferred. 

Appendix E presents habitat preference criteria judged at 
this tine to be best suited for habitat studies in the 
Trinity River. The limitaions of these criteria should be 
clearly understood before they are utilized in other streams 
or rivers for similiar type studies. 
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APPENDIX A 

HABITAT UTILIZATION CRITERIA FOR FRY, JUVENILE. AND SPAWNING 
LIFESTAGES OF THE ANADROMOUS SALMONIDS OF THE UPPER TRINITY 
RIVER, CALIFORNIA, 1985-1987. 



APPENDIX A 

Habitat utilization criteria describing total depths and mean 
column velocites selcted by chinook salmon fry in the upper 
Trinity River, CA., 1985-1987. 



APPENDIX A 

Habitat utilization criteria describing cover and substrates 
selected by chinook salmon fry in the upper Trinity River, 
C A . .  1985-1987. 



APPENDIX A 

Habitat utilization criteria describing total depths and mean 
column velocites aelcted by chinook salmon juveniles in the 
upper Trinity River, CA., 1985-1987. 



APPENDIX A 

Habitat utilization criteria describing cover and substrates 
selected by chinook salmon juveniles in the upper Trinity 
River. CA.. 1985-1987. 



APPENDIX A 

Habitat utilization criteria describi.ng total depths and mean 
column velocites selcted by spawning chinook salmon in the 
upper Trinity River. CA.. 1985-1987. 



Habitat utilization criteria describing cover and substrates 
selected by spawning chinook salmon in the upper Trinity 
River. CA., 1985-1987. 



APPENDIX A 

Habitat utilization criteria describing total depths and mean 
column velocites selcted by coho salmon fry in the upper 
Trinity River, CA., 1985-1987. 
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Habitat utilization criteria describing cover and substrates 
selected by coho salmon fry in the upper Trinity River, CA., 
1985-1987. 
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Habitat utilization criteria describing total depths and mean 
column velocites selcted by coho salmon juveniles in the 
upper Trinity River. CA.. 1985-1987. 
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Habitat utilization criteria describing cover and substrates 
selected by coho salmon juveniles in the upper Trinity River, 
CA., 1985-1987. 
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Habitat utilization criteria describing total depths and mean 
column velocites selcted by spawning coho salmon in the upper 
Trinity River, CA., 1986-1987. 
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Habitat utilization criteria describing cover and substrates 
selected by spawning coho salmon in the upper Trinity River, 
CA. .  1985-1987. 
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Habitat utilization criteria describing total depths and mean 
column velocites selcted by steelhead trout fry in the upper 
Trinity River, CA.. 1986-1987. 



APPENDIX A 

Habitat utilization criteria describing cover and substrates 
selected by steelhead trout fry in the upper Trinity River, 
C A . ,  1985-1987. 



APPENDIX 4 

Habitat utilization criteria describing total depths and mean 
column velocites selcted by steelhead trout juveniles in the 
upper Trinity River, CA., 1985-1987. 



APPENDIX A 

Habitat utilization criteria describing cover and substrates 
selected by steelhead trout juveniles in the upper Trinity 
River. CA.. 1985-1987. 



APPENDIX A 

Habitat utilization criteria describing total depths and mean 
column velocites aelcted by spawning steelhead trout in the 
upper Trinity River. CA.. 1985-1987. 
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Habitat utilization criteria describing cover and substrates 
selected by spawning steelhead trout in the upper Trinity 
River, CA., 1985-1987. 
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A comparison of habitat utilization criteria developed for 
fish nose velocities, taken at 0.4 feet, and mean column 
velocities selected by anadronous salnonida in the upper 
Trinity River, California, 1985-1987. 



1 Habitat use c r i t e r i a  f o r  subs tra te s  s e l e c t e d  by spawning 
chinook salmon i n  the  upper Tr in i ty  River a s  described with 
the Brusven Index. Use c r i t e r i a  a s  ca l cu la t ed  is shown i n  
the  upper h a l f  o f  the  Figure and adjusted use c r i t e r i a  is 
shown In the  lower h a l f  o f  the  Figure.  
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Habitat use criteria for substrates selected by spawning 
coho salmon in the upper Trinity River as described with the 
Brusven Index. Use criteria as calculated is shown in the 
upper half of the Figure and adjusted use criteria is shown 
in the lower half of the Pigure. 
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STEELHEAD TROUT 

ADJUSTED 

Habitat use criteria for substrates selected by spawning 
steelhead trout in the upper Trinity River as described with 
the Brusven Index. Use criteria as calculated is shown in 
the upper half of the Figure and adjusted use criteria is 
shown in the lower half of the Figure. 
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Estimates of habitat availability for total depth and mean 
column velocity taken from the IFG-4 program of the Instream 
Flow Incremental Methodology, Trinity River. CA. 
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Estiaates of habitat availability for cover and substrate 
taken from the IFG-4 program of the Instream Plow Incremental 
Methodology, Trinity River, CA. 
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Final habitat preference criteria describing total depths and 
mean column velocities selected by chinook salmon fry in the 
upper Trinity River. CA., 1985-1987 
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Final habitat  preference c r i t e r i a  describing cover and 
substrates  s e l ec ted  by chinook salmon f r y  i n  the upper 
Trini ty  River. C A . .  1985-1987. 
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Final habitat preference criteria describing total depths and 
mean column velocities eelected by chinook salmon juveniles 
in the upper Trinity River, CA., 1985-1987. 
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Final habitat preference criteria describing cover and 
substrates selected by chinook salmon juveniles in the upper 
Trinity River, CA., 1985-1987. 
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Final habitat preference criteria describing total depths and 
mean column velocities selected by spawning chinook salmon in 
the upper Trinity River, CA.. 1985-1987. 
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Final habitat preference criteria describing cover and 
substrates selected by spawning chinook salmon in the upper 
Trinity River. CA.. 1985-1987. 
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Final  h a b i t a t  preference criteria d e s c r i b i n g  total depths and 
mean column v e l o c l t l e s  s e l e c t e d  by coho salmon f r y  i n  t h e  
upper T r i n i t y  River .  C A . .  1985-1987. 



APPENDIX E 

0 10 10 30 40  50 60 70 80 90 

PERCENT D I B r n E D  m nu- 

Final habitat preference criteria describing cover and 
substrates selected by coho salmon fry in the upper Trinity 
River, CA., 1985-1987. 
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Final habitat preference criteria describing total depths and 
mean column velocities selected by coho salmon juveniles in 
the upper Trinity River, CA., 1985-1987. 
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Final habitat preference criteria describing cover and 
substrates selected by coho salmon juveniles in the upper 
Trinity River, CA., 1985-1987. 
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Final habitat preference criteria describing total depths and 
mean column velocities selected by spawning coho salmon in 
the upper Trinity River. CA.. 1985-1987. 
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Final habitat preference criteria describing cover and 
substrates selected by spawning coho salmon in the upper 
Trinity River. CA.. 1985-1987. 
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Final habitat preference criteria describing total depths and 
mean column velocities selected by steelhead trout juveniles 
in the upper Trinity River, CA., 1985-1987. 
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Final habitat preference criteria describing cover and 
substrates selected by steelhead trout juveniles in the upper 
Trfnfty Rfver. CA.. 1985-1987. 
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Final habitat preference criteria describing total depths and 
mean column velocities selected by spawning steelhead trout 
in the upper Trinity River. CA.. 1985-1987. 
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Final habitat preference criteria describing cover and 
substrates selected by spawning steelhead trout in the upper 
Trinity River, CA., 1985-1987. 








