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PREFACE

The following report is the third in a series of annual
reports prepared as part of the Trinity River Flow Evaluation
Study, a 12-Year study. The U.S. Fish and Wildlife Service
is directed to conduct the study as part of a decision by the
Secretary of the Interior in January 1981 to increase re-
leases from Lewiston Dam. It is hoped that through this
undertaking, we will gain a better understanding of the
dynamic forces which influence and control the destiny of the
Trinity River salmon and steelhead. The culmination of this
effort is to provide a report to the Secretary. The report
is to use the knowledge which we gain through this study and
recommend an appropriate course of action for future manage-
ment of Trinity River flows. Through this effort the Secre-
tary can than fulfill his responsibilities for the preserva-
tion and propagation of the Trinity Rivers indigenous fish-
ery resources,

To those who are interested, comments and information regard-
ing this study and the habitat resources of the Trinity are
welcome. Written comments or information can be submitted
to:

Michael E., Aceituno, Project Leader
Trinity River Flow Evaluation Study

7.8, Fish and Wildlife Service
Division of Ecological Services
2800 Cottage Way, Room E-1803
Sacramento, California 95825




SUMMARY

We are in the 3nd year of a 12-year evaiuation study to
monitor the rehabilitation of fishery habitat in the Trinity
River resulting from increased releases below Lewiston Dam.
These releases and the 12-year evaluation study were part of
an agreement between the Service and the Bureau of Reclama-~
tion which was reached in December 1980 and approved by the
Seretary of the Interior on January 14, 1981. This agreement
is primarily aimed at the rehabilitation of the anadromous
fishery resources of the Trinity River,

Accomplishments during ;987 include:

1. The development of Category II (utilization) and Category
III {preference) habitat suitability criteria for fry, Jjuve-

nile, and spawning lifestages of chinook and coho salmon and
steelhead trout:

2. The description of baseline microhabitat area available
for spawning and rearing salmon and steelhead within the
mainstem Trinity River from Lewiston Dam to Hoopa Valley:

3. An analysis and description of changes which occurred in
mainstem Trinity channel morphology after a major hydrologic
event during the winter of 1986: .

4. An initial evaluation aimed at determining the importance
of Trinity River discharge on the general quantity and
quality of mainstem side-channel salmonid rearing habitat;

5. The initiation of a mainstem Trinity River water tempera-
ture monitoring program aimed at providing validation data
for future development of a stream temperature model for the
Trinity: ‘

6. The continuation of efforts to identify and quantify
population chaaracteristics and life history relationships

for salmonids occupying the various reaches of the Trinity
River:

7. The completion of an evaluation of spawning riffles
restored in 1986 to determine the effectiveness of the
effort and to monitor the subsequent use of these habitats
by salmon for spawning.

A significant spinoff from the study to date has been our
ability to use interim and preliminary study reports to
develop initial information useful to the Trinity River Basin
Fish and Wildlife Management Program Field Office.

ii
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Section I .

INTRODUCTION

The Trinity River drains approximately 2,965 sg. miles in
Trinity and Humboldt Counties of northwestern California
({Figure 1}.

The Trinity River Division of the Central Valley Project,
operated by the U.S. Bureau of Reclamation, is the only major
water development project in the basin and serves to export
water from the Trinity River toc the Central Valley of Cai-
ifornia. The keystones to this project are Lewiston Dam, at
river mile 112, and Trinity Dam five miles upstream. Lewis-
ton Dam is the upstream limit of anadromous salmonid migra-
tion in the bhasin. As mitigation for upstream losses, the
Trinity River hatchery was constructed at the base of Lewis-
ton Dam. In addition, minimum downstream flows were to be
provided to maintain fish resources. These efforts, however,
were not sufficient to sustain fish populations. Both sal-
mon and steelhead trout populations continued to decline, in
some stocks as much as 90 percent of former levels.

In December of 1980 the Fish and Wildlife Service and the
Bureau of Reclamation reached an agreement to increase re-
leases to the Trinity River below Lewiston Dam to aid in the
rehabilitation of the anadromous fishery resources. The
agreement was approved by the Secretary of Interier in
January 1981, The basic points of the agreemement are: 1)
the Bureau of Reclamation will maintain releases at Lewiston
Dam at 340,000 acre-feet annually in normal years; 2} the
Fish and Wildlife Service will conduct a 12-year study to
evaluate the effectiveness of the increased flows; 3) the
Bureau of Reclamation will maintain an interim release of
287,000 acre-feet annually in normal years until such time as
the Service prepares a detailed plan of study: 4) releases
will be incrementally increased to 340,000 acre-feet as habi-
tat and watershed restoration measures are implememted: 5) in
dry years, releases will be 220,000 acre-feet and in criti-
cally dry years 140,000 acre-feet: 6) dry and critically dry
vears will be based on forecasted Shasta Reservoir inflow:;
and, 7) at the end of the 12-year study the Service is to
report to the Secretary, describing the effectiveness of the
improved flows and any other habitat rehabilitation measures
(e.g. ., those contained in the Trinity River Basin Fish and
Wildlife Management Program) in restoring fish populations
and habitat below Lewisten Dam.

As directed by the Secretary, the Fish and Wildlife Service

completed a Plan of Study for the Trinity River Flow Evalua-
tion in December 1983. Subsequently, Department of Interior
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Section I

funding was provided through the Bureau of Reclamation and
field work initiating the 12-year evaluation program began in
January 1985.

The study focuses on the mainstem Trinity River from Lewiston
Dam to its confluence with the Klamath River at Weitchpec.
Its goal is to monitor the rehabilitation of fishery habitat
in the Trinity River below Lewiston Dam. The intent of the
study is that: 1) it be conducted by utilizing current
scientific methodologies: 2) it be flexible to meet changing
fishery resource conditions; 3) it be closely coordinated
with other studies and resource management agencies: and 4)
it be reported on, by providing timely data analysis at
regular intervals and at the conclusion of the study. Under
the current schedule, field studies will be completed in

1995, with a final report to the Secretary by September 30,
1996.

The general study plan consists of six ma jor tasks. These
tasiks and their objectives are:

TASK 1. Annual Study Plan Review and Modification.

Objective: To assure that the study plan reflects current
findings and data.

TASK 2. Habitat Preference Criteria Developmemt,

Objective: 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. Other factors, such as

water quality and temperature will be considered
under TASK 3,

TASK 3. Determination of Habitat Availibility and Needs.

Objective: a) To determine the amount of salmon and steelhead
trout habitat available in the Trinity River
downstream of Lewiston Dam under various flow
conditions and levels of habitat rehabilitation or
through other resource management actions {=.q.
the Trinity River Basin Fish and Wildlife
Management Program): and

b) To determine the amount of habitat reguired for
each freshwater lifestage of salmon and steelhead
trout, to sustain those portions of the fish
populations in the Trinity Basin that were
historically dependent on the Trinity River
downstream of Lewiston Dam.

Page 2
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Section I

TASK 4. Determination of Fish Population Characteristics and
Life History Relationships.

Objective: a) To determine the relative levels of successful
use by fish populations of available habitat in
the Trinity River downstream of Lewiston Dam,
including spawning success and the subseguent
survival and growth of juveniles: and

b) To determine which habitat factors may be
limiting the restoration of fish populations.

TASK 5., Study Coordination.

Objective: To develop and maintain coordination with other
study and resource management agencies in the
Trinity River Basin to maximize effective use of
available information and to avoid duplication of

effort.
TASK 6. Reports (Progress, Findings, and Recommendations)

On‘ective: a) To report on the analysis of information
developed from field investigations (TASKS 2, 3,
and 4) and on relevant information from other
studies which have a bearing on the levels of
fishery resource rehabilitation achieved in the
Trinity River between Lewiston and Weitchpec:
and

b) To develop recommendations to the Secretary
and to other resource management agencies
concerning future management options and needs.

The following report summarizes project activities, primarily
on TASKS 2, 3, and 4, during 1987. The final section on
program planning, direction, and coordination describes the
focus of study efforts planned for 1988.

Page 3



Section II

HYDROLOGY

The Trinity River at Lewiston drains 719 square miles of
mountainous terrain, comprised of the southeastern Trinity
Alps watershed, the east slope of the Salmon Mountains, the

south slope of the Scott Mountains, and the west slope of the
Trinity Divide.

Because of its high elevation, this watershed produces much
of its runoff as spring snowmelt, and peak natural flow
generally occurs in May, after a fall and winter increase
corresponding to rainfall intensity. Figure 1 shows the
monthly averages of high, median, and low flows recorded at
the USGS gauge in Lewiston from 1911 to 1953, prior to the
closing of Trinity Dam. Historically, this pattern persisted
downstream to the North Fork, where accretion from major
lower-elevation tributaries began to shift the peak of the
hydrograph to the left (Fredericksen-Kamine, 1980, Appendix
B, Figure 8). Instantaneous Peak flows, which help define
the shape of a river through massive scour, sediment trans-
port, and deposition, occurred at any time during the winter:
the peak recorded flow at Lewiston, 71,600 cfs, was on Decem-
ber 22, 1955, and the flood of 1964, which filled the new
Trinity Dam, happened just before Christmas,

STUDY FLOWS

When the dam was closed, flows over a few hundred cubic feet
per second were cut off, except for occasional emergency
releases following severe winter storms, Figures 2 through 4
show, for example, the Lewiston mean monthly flows over the
three years that we have been monitoring the river: Figure 5
shows all three study flows compared on a logarithmic scale
to the historical flow pattern.

1985 (Pigure 2) was a dry year in areas of the Central Valley
Project tributary to the Sacramento River, and water
available for the Trinity was distributed uniformly except
for a brief peak in February intended to attract steelhead
adults to the upper river, and a peak of 450 cfs released in
July for our flow study. 1In 1986 (Figure 3) there was a
major storm in mid-winter, and up to 6,500 cfs were released
from Lewiston Dam during late February and March. A second
Peak occurred during our flow study in July and early August,
when we measured a Lewiston discharge of 800 c¢fs, In 1987
(Figure 4) there were no floods, and high flows were released
in the spring to mimie natural flows as much as the available
water allowed. Relatively high flowse continued through the

Page 4



10000
9000 — MAX MM
8000 -
[m] -
2 7000
]
[
iy 6000 —
1 4
Wt
o 5000 -
E' .
s
4000 —
o
m
]
Q 3000 -
2000 -
1000
MINIMUM
0 T T T

Section IT

summar to accommodate concerns about summer holding habitat
and downriver convevence of hatchery fish.

IMPORTANCE OF FLOW

If peak catastrophic flows helped shape the pre-dam river,
making it a series of wide gravel bars where the underilvying
geology permitted, and giving it deep holes where there were
outcrops of resistant bedrock, the more persistent pattern of
low summer to fall flows and high spring runoff did as much
to define its biota. Before the dam was built, the natural
flow regime made the Trinity River a chinoock salmon and
steelhead stream. The salmon spawned in fall low water,
reared in high winter flows, and went downstream with the
peak spring runoff. Steelhead trout, which spawned predom-
inantly in tributaries and in the main-stem above Lewiston,
could rear in low-flow summer riffles where temperatures were
favorabile.

These figures show how much water was in the upper river
during the events and studies described in this report. They
also show the general conditions that the native fish and
invertebrates of the Trinity River evolved to live in.

; 7 T T i
O¢t MNov Dec Jan Feb Mar Apr  May Jun  Jul  Aug  Sep

MONTH

Figure 1. Monthly mean high, median, and low flows at
Lewiston, 1911-1953,
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Figure 3. Monthly mean flow at Lewiston, 1986.

750

700

350

600

30

500

450

CUBIC FEET PER SECOND

400

350

oo

%0 T T T T T T T T T T
Oct how Dac Jon Fett. Mar Apr May  Jun Jul Aug Sep

Figure 4. Monthly mean flow at Lewiston, 1987,

page 6




Section II

Jeg
J16z

2512

1995
1585
1259
1000
794
631
501

LOG DISCHARGE (CFS)

g8

316

251
200
158

PRE—DAM MEAN

126 T T T T T T T T T
Qct Nov Dec Jan Feb  Mor  Apr May Jun Jul

MONTH

Figure 5. Monthly mean flow at Lewiston, 1985, 1986,
1987 with average 1911-1953 monthly mean flow.

Aug Sep
and
page 7




Section III

HABITAT PREFERENCE CRITERIA
DEVELOPMENT

The Trinity River Flow Evaluation Study uses the Physical
Habitat Simulation Program (PHABSIM) of the Instream Flow
Incremental Methodology (IFIM) to monitor salmonid habitat
changes within the Trinity River. A key component of the
IFIM is the development of habitat suitability criteria for
each lifestage and species of concern. Habitat suitability
criteria are simply a means of describing those microhabitat
parameters {(depth, velocity, cover, and substrate) that are
most utilized or preferred by the target species,
Suitability criteria may be placed into three categories
dependent on the methodology used in their development
(Bovee 1986). Category I criteria are based upon
professional judgment or information gathered through
literature review. Category II criteria are developed from
observations taken on the target species in the field.
These criteria may not represent actual microhabitat
preference since not all habitat types may be available to
the target species during the period of data collection.
Therefore, category II criteria only describe those
habitats selected by the target species under the
environmental conditions which exist at the time of
sampling, Category III criteria are developed from both
observations of microhabitat use and avaiiable habitat,.
Theoretically, by considering the microhabitats used with
those available, through the use of a mathematical
equation, a development of actual microhabitat preference
should result. Category III criteria would therefore be
independent of the habitat available during the sample
period allowing these criteria to be used when
environmental conditions change.

Category II and III criteria were developed for fry,
juvenile, and spawning lifestages of chinook and coho salmon
and for juvenile and spawning lifestages of steeihead trout
in the upper Trinity River (Hampton 1987). Observations of
microhabitat use began in January of 1985 and ended in March
of 1987. Observations were made within IFIM study sites
iocated between Lewiston Dam and the Hoopa Valley.
Observations of habitat use were made by a snorkel diver,
from the bank, or from a raft. Observations from a raft were
effective for observing microhabitats that were selected by
spawning anadromous salmonids. Habitat availability
measurements were taken in 1985 by selecting 150 random
locations within each study site for each discharge sampled
during habitat use data collection. Collection of random
habitat measurements was stopped in 1986 after a comparison
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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 because of unfavorable conditieons such as high
water and low water wvisibility.

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 chinook 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
habltats, 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. 1In 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 siow velocity
habitats in close proximity to the river substrates or cover
items,.

Spawning chinook saimon 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 II criteria describhing nose
velocities and mean column velocities selected by spawning
chinook salmon were similar, Preferred spawning substrates
ranged from 2 to 6 inch diameter gravel and cobble that were
less than 40% embedded in fines. The majority of redds were
located in close proximity to the river banks where either
overhanging vegetation, emergent agquatic 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 in 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
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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, aguatic vegetation, and
overhanging vegetation, Substrates present in these
habitats was composed of fine sand, silt, organic debris., or
larger particles that were highly embedded in fines.

Habitat selection differences provided for species
segregation between juvenile coho and chinook salmon.

Spawning coho salmon preferred depths from 0.9 to 1.2 feet
with mean column velocities ranging from 0.8 to 1.2 Ffeet per
second. For redd construction coho salmon selected smaller
substrates than chincok 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 riffies 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 III 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 result 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 46] 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 salimon, 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 depthe 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 sheiters where
juvenile steelhead could establish feeding stations
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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
pesitioned 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 surface 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 velcocity 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 collection, if water velocities are reccocrded at the

focal point, the resulting criteria does not consider
water velocities across the shear velocity zone, vet 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.

Cellection 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
presence of a fairly good run in 1987, combined with good
sampling conditions, gave the opportunity to obtain an
adequate number of spawning observations to develop category
III 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 III criteria, by eliminating
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habitat bias, may be transferred to other streams or rivers
is questionable. Development of category III 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 III criteria., Based on this fact, it is
important that other researchers validate that the available
habitat in the system where the category 1II criteria are
being considered for use is similar to the available habitat
present in the system where the category III criteria were
developed. Only after the avallable habitats of the two
systems have been found to be similar should category III
criteria be transferred. :
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Section 1V

HABITAT AVAILABILITY AND NEEDS

The purpose of Task 3 is to determine the amount of
anadromous salmonid habitat available in the Trinity River
downstream from Lewiston Dam under various flow regimes, and
to determine the relative habitat requirements of wvarious in-
river life-stages of salmon and steelhead.

This year's Task 3 studies included a re-evaluation of
habitat data to determine baseline conditions at the
beginning of our 12-year effort, an initial evaluation of
morphological changes in the river during the first two years
of our study, an evaluation of the river flow needed to
maintain flow in several major side-channels, and monitoring
of summer water temperatures between Lewiston Dam and the
Noerth Fork.
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BASELINE HABITAT

METHODS AND ASSUMPTIONS

A major emphasis of our Trinity River flow evaluation is a
periodic modeling of available salmon and trout habitat with
the USFWS Instream Flow Incremental Methodology. Instream
Flow method computer programs allow the development of a
picture of the amounts of usable area available for spawning
and rearing at various river flows. Methods are described in
our 1986 annual report, and in Bovee (1978). The system
uses field measurements of water velocity, depth, and other
physical conditions to predict conditions over a range of
flows, and these are compared to the known habjitat
requirements of species of interest to calculate the
avajlable usable area per 1000 feet of river. The
methodology provides an excellent way to keep track of micro-
habitat measurements running into the thousands for each
study site, and i1t allows an estimation of optimum flows for
fish production.

In our 1986 report, we presented estimations of weighted
usable micro-habitat area for spawning and rearing chinook
salmon, coho salmon, and steelhead trout throughout the
river, based on preliminary habitat utilization curves. On
the assumption that river morphology did not change
substantially in the upper river down to Steiner Flat over .
the high-water winter of 1986, we used habitat estimates for
our upper sites based on field data collected at low Lewiston
releases during the summer of 1985 and high releases in the
summer of 1986. We have since found that major changes
occurred in the bottom profiles and substrate composition
over the winter of 1986 in all our sites, and that combining
habitat estimates from both systems is therefore probably not
valid. Nor can we confidently determine how the changes in
river morphology affected habitat, since the 1985 and 1986
simulations were based on measurement of widely differing
flows. Therefore, we have chosen to use the 1986 simulation
to describe baseline micro-habitat for comparison with future
conditions.

The curves we have used to describe the habitat suitable for
each species are Category II utilization curves developed
from data we have collected since 1984 in the Trinlty River,
and described fully elsewhere (Hampton, 1987), The major
difference in these curves from those we have used previously
is that the amount of substrate suitable for spawning has
been greatliy restricted by a factor for the degree to which
gravel is embedded in sand. Previous curves were base on
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dominant gravel size only, where the new curves recognize the
effect of sand in the gravel mixture as a 1imit on spawning
use, '

We have ceased to use subtrate utilization curves for fry and
juvenile life-stages of all three evaluation species, because
our observations show that bottom materials make little
difference in habitat choice by rearing salmonids, except
where large cobbles and boulders provide refuges for juvenile
trout. We have not substituted cover curves, although this
is frequently done in habitat modeling, because we have seen
no clear preferences for cover. We have recorded numerous
instances of all species using areas with no apparent cover,
and the highest mainstream population densities we have
observed are of fry and juvenile chinook holding and feeding
over a gravel bar with no nearby cover {see page ©65).

In addition to these changes, we have eliminated study of our
site adjacent to the Trinity River Fish Hatchery. - This
reach, just below Lewiston Dam. is unlike any other part of
the river, and is the site of extensive habitat manipulation,
and indeed underwent modification by bulldozer while we were
measuring it in 1986. Because of this continual change, the
site is not suitable for our methods.

FINDINGS

Figures 1 through 18 show the relationship between 1986

available micro-habitat and river flow at eleven Instream
Flow Incremental Methodology study sites from Lewiston to

Hoopa Valley. The species and life-stages were chosen
according to our knowliedge of macro-habitat and current
species distributions in the river, with all species and
life-stages modeled from Lewiston to Dutch Canyon, all life
stages of chinook as well as juvenile coho and steelhead
shown from Dutch Canyon to Willow Creek, and juvenile life-
stages shown for our sites below Willow Creek. As noted
above, these are habitat simulations based on velocity and
depth measurements taken at a release from Lewiston Dam of
800 cfs, and water surface elevations taken at releases of
300 and 600 cfs. They all show available micro-habitat
measured in the field at the higher flows, and estimations of
available micro-habitat toward the lower end.

In the upper river, salmonid habitat tends to decrease with
increasing flow except at the Cemetery and Bucktail sites,
where increased flow opens up new habitat areas in side-
channels. Available area for chinook salmon spawning peaks
between about 450 and 600 cfs at all sites except Steiner
Flat, where it is greatest at low flows. Coho spawning area
follows the same pattern, except that at Bucktail there is a
decrease in available usable area with higher flows., Usable
area for steelhead spawning peaks around 700 to 800 cfs at
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Cemetery and Steelbridge, and drops from peaks at low
discharge in the other three sites,

In the upper river, Steiner Fiat and Bucktail have the
greatest amount of spawning habitat, and Steiner Fiat
provides the least rearing habitat, except for steelhead
juveniles. This may be because both sites have a high
proportion of fast water, although Bucktail has a side
channel that provides good rearing habitat, and because they
are least affected by sand deposition from the watershed,
Bucktail is above Grass Valley Creek, and far enough below
Hoadley Gulch to be less affected by its sediments than is
the Cemetery Reach. Steiner Flat, the lowest of our upper
river sites, is protected from upstream sediment exports by
slow glides and pools above Douglas City, and is subject to

more intense flushing flows from Weaver Creek and Reading
o Creek.

Throughout the river, there is substantially less habitat .
available for rearing fry than there is for Juveniles, which
we define as fish over 50 mm in fork length. Although we do
not yet know what the habitat area requirements are for each
life-stage, it appears from the differences in grose avail-
able area that fry habitat may limit fish populations in
years when there is good spawning recruitment,
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MORPHOLOGICAL CHANGES, 1985-1986

The Trinity River underwent a substantial change in morpho-
logical detail between the summers of 1985 and 1986. The
major hydrologic event in the intervening winter was high
water during late February and early March, 1986, which
grossly altered the river channel between Steiner Flat and
the Klamath River, and which caused visually minimal but
measurable physical changes from Steiner Flat upstream to
Lewiston. .

In late February of 1986, our Instream Fiow Incremental
Methodology study site at Del Loma, 20 miles below the North
Fork was a bankful, raging brown torrent, with islands, side
channels, and an entire quarter mile of cobble bar inundated
by flood water. Upstream, at Junction City, Oregon Guich,
and Steiner Flat the visual effect, though somewhat dimin-
ished, was great. At Steiner Flat we electrofished over
rocks that the summer before had gerved as diving platforms,
and even in our uppermost site, adjacent to the Trinity River
Fish Hatchery below Lewiston Dam, standing waves replaced
riffles.

When the water subsided, it was clear that major changes in
channel morphology and substrate composition had occurred
between Oregon Gulch and Hoopa Valley, which were below
uncontrolled major tributary inflows to the river. At Oregon
Gulch the river was narrower, deeper, and faster than it had
been the year before. At Junction City Campground a major
riffle system and cobble bar had been entirely reshaped. At
Del Loma an iron pin we had set on a sand-bar was an
estimated ten feet under a new accumulation of sediment, and
transects that we had waded the year before were accessible
only by raft.

Changes at Steiner Flat and above, where the river was more
subject to control at Lewiston and Trinity Dams, never ex-
ceeding 6500 cubic feet per second, and where the river edges
have been steepened and defined by vears of constant fliow,
were less noticeable. The only gross physical changes were
just below the o0ld bridge in Lewiston, where a hole dug in
the river in the fall of 1985 by the California Department of
Water Resources had been half-filled by sand from Hoadley
Gulich, and in the run just below Grass Valley Creek, which
was covered by decomposed granite sands. Our study sites
looked in the summer of 1986 about the same as they had
looked in 1985; vyet when we looked at measurements of eleva-
tion and substrate taken over the two years we found substan-
tial changes,
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There seems to have been a major shifting of bed material.
Fines, which we measure as particles less thana tenth of an
inch in size, have been redistributed over the underlying
substrate of gravel or cobble, changing the shape of most of
the §5 transects we have established between Lewiston and
Stejner Flat., It appears that the high flows also tended to
clear fines from riffles, although a new influx of fines from
tributaries continued to move in an almost dune-like pattern
down through our study sites under the influence of the
normal flows which followed the high water.

Table 1 shows the changes in transect profile elevation
between the summer of 1985 and the summer of 1986 at our five
uppermost study sites. In the interest of data manageability.
these changes are shown as the average of absolute elevation
differences over the width of each transect. In reality, the
differences in elevation over riffles, caused by a shifting
of cobbles and gravel, was generally slight, a matter of a
few tenths of a foot, while the difference over pool sub-
strates would reflect the shifting of tons of sand, with
down-cutting on one side and deposition on the other.

Figures 1-3 show differences in substrate embeddedness on
three transects at our Bucktail site between 1985 and 1986,
Embeddedness, shown on the Y-axis, is a measure of the extent
to which dominant substrate materials are embedded in fines,
expressed as a percentage, Figure 1 shows the embeddedness
at a run, Figure 2 at a pool transect, and figure 3 at a
riffle.

The run and riffle transects follow what seems to be the
general pattern at all our sites, a decrease in embeddedness
under runs and riffles following the high water of 1986.
Figure 2 shows an increase in embeddedness in pool habitat,
which is probably the result of deposition of transported
fines following high flows.

Sediments are entrained at very high water velocities,
continue to be trangported at somewhat lesser velocities, and
are deposited at yet lower flows, resulting in uncontrolled
rivers in the gradual downstream of sand as bed-load through
a relatively stable configuration of riffles and pools
(Morisawa, 1968; Leopold et al, 1964). In the controlled
upper Trinity, this process seems to have resulted between
1985 and 1986 in a cleaning of sand from many riffles, where
velocities were high, and deposition in pools as flooding
subsided.

Poker Bar Spawning Substrate Changes

In the late winter of 1986, shortly after the subsidence of
tributary flooding and the end of a two-week-long emergency
release of 6000 cfs from Lewiston Dam, an observer high on
Brown's Mountain Road opposite the mouth of Grass Valley
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Creek could see the creek bed and the river below it as a
meandering strip of white sand washed down from the disturbed
and highly erosive Grass Valley Creek watershed. The Trinity
River above the creek mouth was dark green, where below it
was covered with white decomposed granite sand. A Year and a
half later, the same observer could see the lower reaches of
the creek still covered with sand, but the Trinity River

below the creek was again green, the sand washed down some-
where around the bend.

During the same period, the appearance of our Poker Bar study
site, two miles below Grass Valley Creek, changed percept-
ibly. Passing through it on raft trips to monitor spawning
salmon or collect habitat preference data, we noticed a
greater expanse of pure sand than we remembered: vyet results
of our 1986 flow-related habitat evaluation indicated that

salmon spawning conditions may have improved in the reach
between the two years.

To examine this further, we made an additional survey of
substrate types at each transect during the summer of 1987,
and compared the substrate suitability for chinook saimon
spawning in 1985, 1986, and 1987. The suitability criteria
we used were Category II substrate values as presented by
Hampton (1987). Figures 4 through 7 show results at two
upper transects, 1 and 2, and two lower transects, 8 and 9.
The X-axes represent distance across the transects, and the

Y~axes shows the suitability for spawning of each substrate
mixture on the transects.

The figures show that the value of substrate for spawning
increased greatly over the years at transects 1 and 2, and
at transects 8 and 9 generally increased in 1986 and then
decreased in 1987. At the same time, in intervening
transects not depicted, the substrate vaiue was Zcw in all
three years or showed patternless changes. Generally the

: :2 pure sand substrates increased, reflecting an
encroaching underwater sand-bar or dune that moved down the

right side of the channel below transect 2 all the way to the
bottom of the study site.

Riffle areas on all transects were improved by the high water
of February, 1986. This improvement continued at the upper
transects with normal release flows in late 1986 and in 1987.
However, the sand washed out of the upper areas seems to have
moved downstream into the lower riffle areas. So the dynamic
process of riffle silting and flushing causes continual
changes in habitat value as pulses of sand move downstream.

o e
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Table 1. 1985-1986 elevation change on 55 transects on the
upper Trinity River. Changes are the average of the absolute
values of elevation change up or down at profiling stations
across each transect, measured in feet.

—————— — A — i e S T i b D A S T T o " A ) ui S e

Cemetery Site Bucktail Site Poker Bar Site

Transect Change Transect Change Transect Change
1U 0.2 1 0.2 1 0.1
2U 0.4 2 0.2 2 0.3
au Q.9 3 0.3 3 0.4
4U 0.9 4 0.3 4 0.5
1L 0.3 6 0.6 5 1.3
2L 0.5 7 0.9 6 0.2
3L 0.3 8 0.5 7 0.2
4L 0.3 9 0.1 8 0.2
5L 0.2 10 Q.2 9 0.1
6L 0.3 11 0.2 10 D.3
7L 0.4 i2 0.4

| 8L 0.4

9L 1.1

Steelbridge Site Steiner Flat Site

Transect Change Transect Change
1 0.8 1 0.4
2 0.4 2 0.2
3 0.5 3 a.2
4 0.3 4 1.4
5 0.2 5 0.5
6 0.4 6 0.3
7 0.6 7 0.7
8 0.4 8 0.3
S 0.2 9 0.3
10 0.4 10 0.8
11 0.6
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Figure 1. Change in substrate embeddedness, 1985-86, at a
Bucktalil riffle transect.
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Figure 2. Change in substrate embeddedness, 1985-86, at a
Bucktail run transect.
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FLOW REQUIREMENTS FOR SIDE-CHANNEL MAINTENANCE

INTRODUCTION

The selective use of mainstem side-channels and backwaters by
Juvenile salmonids for rearing and as refuge areas is well
documented in the literature (see for example, Bustard and
Narver 1975;: Hamilton and Buell 1976;: Sedell et.al. 1982:
Hartman and Brown 1987). During spring electrofishing sur-
veys, when fry and juvenile salmonid populations are at their
greatest, we have taken up to ten times more fish in side-
channels than in the mainstem Trinity River,

In conjunction with our studies, biologists from Humboldt
State University have been studying the importance of three
-upper-river side-channels to juvenile salmonid rearing habi-
tat on the Trinity River. To supplement their data, and to
increase our understanding of side-channels along the river

we conducted a study of the major side~channels between
Lewiston and Steiner Flat. Our objective was to determine
the effect of river discharge on the general gquantity and
quality of side-channel rearing habitat.

METHODS
Data Collection

We surveved the river by raft from Lewiston to a point 20
miles downstream near Steiner Flat, and chose six side-
channels for their apparent value as rearing habitat (Table
1). These six side-channels represent most of the side-
channel habitat within the survevyed reach.

We collected data from May through August of 1987. Data
collection was planned to take advantage of scheduled flow
rejeases from Lewiston Dam (Table 2) to observe changes in
side-channel inflow that we expected to occur during each of
these river flow regimes,

Data were collected so that a stage-discharge equation for
the river at each side-channel could be developed, either
through use of a computer simulation model or with a log-log
stage-discharge regression. By measuring the water surface
elevation of the river, we could estimate the Lewiston
release required for inflow to the side-channel.

To measure river stage, transects were established across the
Trinity River at each of the side-channe)] sites, with the
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Table 1. HName and location of Trinity River side-channels

A — T s s o T ——————— T T T T ) A S S W . A S . G S S S S T U o Sl ey e e e . T ———

Side-channel Name Locationl
salt Plat Bridge #1 RM 107
Salt Flai: Bridge #2 RM 106.8
Bucktail RM 105.1
Poker Bar RM 102.5
Limekiln Gulch RM 100.7
Indian Creek | ‘ RM 96

. ————————————— ] A A . . ——————————— — ————————— — . s g

1/ RM = River miles upstream from mouth of Trinity River

Table 2. Flow releases at Lewiston Dam from May 1 through
September 1, 1987

s ke e e — —— - . S e S M A T T T ——————————— T — ——— — — W —— —— {—— T "

Date Lewiston Release
May 1 - 16 800 cfs
May 17 - 21 500 cfs
May 22 - May 31 700 cfs
June 1 - June 30 700 cfs
July 1 - 31 _ 600 cfs
August 1 ~ 27 400 cfs
August 28 - September 1 500 cfs

exception of the Poker Bar side-channel. The number of _
transects at each site varied from one to three, depending on
the number necessary to determine the stage-discharge rela-
tionship of the river. One transect was aiways placed near
the inlet of the side-channel. The complexity of the river
at the Poker Bar location would have made transect location
and modeling very difficult, so side-channel inflow versus |
river stage was described based on visual observations. ‘

We measured water surface elevations at both ends of each
transect for each of three target dam releases during the
study period (700, 600, and 400 cfs). The mean water surface
elevation at a transect was used as the stage value for a
givern discharge. All elevations were measured following
standard surveying technigques (Trihey and Wegner 1981)., We
determined the bottom profiles for each transect by measuring
the depth across a transect with a wading rod and then con-
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verting the depths to elevations by subtracting the depth
from the mean water surface elevation.

Thalweg profile and water surface elevations were measured on
each side-channel from the inlet to the outlet. Thalweg
profiles were measured at the inlet, outlet, and the point
controlling river flow into the side~channel. Additional
measurements were taken at ¢onvenient locations or where
there were obvious breaks in the profile. At each elevation
point measured down the thalweg profile of a side—channel

the wetted width was measured.

Discharge into each side-channel was measured during each of
the three target flow periods, following the mid-section
method described by Buchanon and Somers (1969),

Data Analysis

River discharge data were obtained from the U.S. Geological
Survey (USGS) (see Table 3) which maintains stage recording
gages at sites at river mile 110.9 near Lewiston and at river
mile 98.5 near Limekiln Gulich. Discharge data from the
Lewiston gage were used for the Salt Flat Bridge and Bucktail
sites, and Limekiln Gulch gage data were used for all other
sites. USGS gage data available at the time of this report
were preliminary values, but were not expected to change
appreciably when published {( W. Pete Shelton, Personal Com-
munication).

The stage-discharge equation for each transect at the inlet
to a side-channel was determined by either a water surface

profile computer simulation or an empiricai stage-discharge
regression. The Service's WSP hydraulic simulation program
(Milhous et al., 1984) was used to model transects at the
Salt Flat Bridge, Limekiln Gulch, and Indian Creek sites.
For the Bucktail site, we used the Service's WSEI4S computer

Table 3. Trinity River discharge at study site when side-
channel inflow was measured, based upon USGS gage data.

e v —————— it vk o T ——— T —— T T ————— . ——— T —————— ————— — — -

Side-channel FLOW 1 FLOW 2 FLOW 3
salt Flat Bridge #1 720 cfs 660 cfs 325 cfs
i Salt Flat Bridge #2 720 cfs 660 cfs 325 cfs
‘ Bucktail 720 cfs 664 cfs 325 cfs
Poker Bar 711 cfs 652 cfs 321 cfs
Limekiln Guich 690 cfs 637 cfs 321 cfs
Indian Creek | 714 cfs . 637 cfs .321‘cfs
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program {(Milhous et al, 1984) which determines a logarithmic

‘regression equation for a set of water surface elevations and

discharges, and solves the equation for the stage correspond-
ing to a given unknown discharge.

The wetted surface area between each side-channel thalweg
measurement point was calculated as the average of the widths
at each point multiplied by the distance between points. The
areas between measurement points were summed to determine the
total wetted width of each side-channel,

RESULTS AND DISCUSSION

Side-channel Descriptions

Brief descriptions of the character of each side-channel
follow:

Salt Flat Bridge #1 - Habitat grades from pocl and run
in the upper 100 feet to a backwater pool. A well
developed riparian canopy completely shades the upper
end of the side-channel and opens up as the channel
widens. A beaver dam approxXimately 100 feet downstream
from the side-channel mouth controls the water surface
elevation of the side-channel up to the inlet. The
thalweg gradient is so low in this side-channel that it
almost functions entirely as a backwater. See Figure 1.

Salt Flat Bridge #2 - The first 120 feet of the side
channel is a riffle with some pocket water. The
remainder of the side-channel is pool and run habitat.
Ripvarian canopy completely encloses the side-channel
which prevents it from receiving any direct sunlight
during the summer. By the end of this study a beaver
dam had been constructed at the downstream and of the
side channel and the entire lower reach had become a
standing peol, See Figure 2.

Bucktail - Habitat consists of a sequence of several
riffles and broad, shallow pools throughout its length.
It has no riparian vegetation and only minor growth of
aguatic macrophytes when inundated. See Figure 3.

Poker Bar - This is the longest side-channel in the
study. The upper 200 feet of the side-channel is a
riffle and run section. The remainder consists of pool
and run habitat. There is extensive riparian growth
along both banks but the side-channel is still open to
the sun. The pool and run section also has an extensive
growth of cattails along the margins. A beaver dam 1100
feet down the side-channel controls water surface
elevations for a distance of nearly 600 feet up the
side-channel. See Figure 4.
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Figure 1, Salt Flat Bridge #1 side-channel thalweg profile
and water surface elevations at Lewiston Dam release of 700
cfs (For actual Trinity River discharge at site see Table
3.}, ‘
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Figure 2. Salt Flat Bridge #2 side-channel thalweg profile
and water surface elevations at Lewiston Dam releagse of 700
cfs (For actual Trinity River discharge at site see Table
3),
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Figure 3. Bucktall side-channel thalweg profile and water
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Limekiln Gulch - A riffle and run section extends from
the inlet to approximately 200 feet downstream. The
remainder ie a backwater pool. There is extensive
riparian growth that completely shades the side-channel
in the riffle and run sectlon., but the canopy opens up
as the side-channel widens downstream. See Figure 5,

Indian Creek - Pool, riffle, and run habitats alternate
throughout ite length., A well sstablished riparian

canopy completely shadee the side-channel with the
exception of a few small open areas. See Figure &,

Effects of Changing River Discharge

Based on the stage-discharge relationships we determined for
each site, side-channels begin receiving inflow over a range
of river discharge varying from 35 to 550 cfe (see Table 4).
The stage-discharge equations for the river at esach side-
channel site, except Foker Bar, were as follows:

Salt Flat Bridge #1 - Q = 45.1383(STAGE-97.00}2.23901 (1)
Salt Flat Bridge #2 - Q = 97.36855(STAGE-96.60)2-42218 (32
Bucktail - Q = 8.39725(STAGE-90.80)3.T6493 (3
Limekiln Gulch - Q = 18.456T9(STAGE-96.40)2-47157 (4,
Indian Creek - Q = 58.09892(STAGE-97.60)3.0565 (5)

where Q = discharge, and
ETAGE = mean water surface elevation at discharge.

Table 4. Thalweg gradient and Trinity River discharge
inisémting infiow at side-channels

Side-channel  Thalweg Oradients  p oo
Salt Flat Bridge #1 e eocts
Salt Plat Bridge #2 Td 78 cfs
Bucktail 217 850 cfse
Poker Bar 21 321-500 ctfas
Limekiln Gulch 21 240 cfs
Indian Creek 14 as cts

T T T R T O e R T T e e S i i i s e s s s o -

1/ feet/mile
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Figure 5, Limekiln Gulch side-channel thalweg profile and
water surface elevations at Lewiston Dam release of 700 cfs
(For actual Trinity River discharge at site see Table 3).
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Figure 6. Indian Creek side-channel thalweg profile and water
surface elevations at Lewiston Dam release of 700 cfs (For
actual Trinity River discharge at site see Table 3).
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Inflow decreased with decreasing river discharge at all side-
channels, with the exception of Poker Bar (Figure 7). Be-
tween the June and July site visits a beaver dam blocked flow
within a small channel of the river near the entrance of the
Pcker Bar side-channel causing the elevation of the small
channel to increase. Thereby discharge to the side-channel
increased even though river discharge had decreased. Indian
Creek had the greatest inflow of all side-channels throughout
the range of dam releases observed. At the lowest dam re-
lease of 400 cfs, Bucktail and Poker Bar had no inflow. OQur
observations at Bucktail agreed with the point of no inflow
we predicted using a stage-discharge regression (Table 4.).
Although inflow at Poker Bar had stopped at a dam release of
400 cfs, we observed that at a dam release of 500 cfs, such a
small amount of water was entering the side-channel that no
water was running from the outlet. Salt Flat Bridge #1 had
no measurable inflow at a dam release of 400 cfs, but stand-
ing water remained throughout the side-channel.

Volume of side-channel inflow is influenced by three factors:
1} the elevation controlling inflow, as reflected by the
river discharge at which inflow begins (Table 4), 2) the
gradient of the side-channel (Table 4), and 3) the cross-
section of the side-channel at the point controlling inflow.
Side-channel cross-sections were not measured but the effect
of inflow elevation and gradient are illustrated by side-
channels at Salt Flat Bridge and Indian Creek. The Salt Flat
Bridge #1 side-channel has little inflow, even though it
starts to receive water at a low river discharge, Because of
a low thalweg gradient, very little water is moving through
the side-channel. 1In contrast, the Indian Creek side-channel
receives inflow at a low river discharge and has a moderate
thalweg gradient, and consequently has the greatest inflow of
all the side-channels.

Effect of Side-channel Inflow on Habitat Quantity

Wetted surface area and depth provide a relative measure of
the amount of habitat that may be available for rearing
salmonids in the side-channels (See Figures 1-6 and 8).
Magnitude of side-channel inflow did not necessarily reflect
the wetted surface area or depth of a side-channel. Our
measurement of wetted surface area within the side-channels
at a Dam release of 700 cfs (Figure 7.) found that side-
channels with relatively low inflow, e.g., Poker Bar and Salt
Flat Bridge #1., can have a substantial wetted surface area.
. Side-channels with extensive pool area are able to maintain
more habitat at lower inflow than those with greater riffle
area. We did not measure wetted surface area or depth for
dam releases other than 700 cfs. Generally., wetted surface
area and depth decreased in all the side-channels as inflow
decreased, albeit at very different rates. Indian Creek and
Salt Flat Bridge #1 lost littie in the way of surface area
and depth as inflow decreased. Salt Flat Bridge #2 and
Limekiln Gulch lost extensive amounts of habitat in the
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Figure 7. Inflow to Trinity River side-channels measured at
Lewiston Dam releases of 700, 600, and 400 cfs (June, July
and August, 1987} (For actual Trinity River discharge at each
site see Table 3).

45

35

30 —

25

20

10 —

W77, 077 7

SALT FLAT §1  SALT FLAT g2 BUCKTAIL POKER BAR UMEKILN GULCH INDWAN CREEK

WETTED SURFACE AREA ({SQUARE FEET)
(fhousands)

LMMIMIY
N\

N
A

AN\

AR

Figure 8. Wetted surface area of Trinity River side-channels
at a Lewiston Dam release of 700 cfs (June 1987)(For actual
Trinity River discharge at each site see Table 3).

.Page 43




Section IV.3

riffle areas as flows decreased with moderate to minimal
losses in pool or backwater areas. At a dam release of 400
cfs, Bucktail was completely dry and Poker Bar, although it
contained standing water, had no connections with the main
river and was uninhabitable by salmonids.

Although a gquantitative measure of salmonid rearing habitat
in each side-channel was not undertaken for this study, data
collected during the 1966 Trinity River Flow Evaluation pro-
vides an example of the benefits that side-channels can
provide in the system. That evaluation used the Fish and
Wildlife Service's IFG~4/PHABSIM computer simulation programs
(pages 14-25) to model salmonid rearing habitat. Two of the
flow evaluation study sites have transects that cross gide-
channels. Those sites include the Bucktail side-channel]
investigated in this study and the Cemetery side-channel
identified previously. The flow evaluation found that side-
channels greatly contributed to the amount of fry chinook
salmon habitat, as represented by weighted usable area (See
Figures 9 and 10). Note that infiow at the Cemetery side-
channel begins at a relatively low river discharge while
inflow at Bucktail does not beginuntil a discharge of 550
cfs. ‘

Effect of Beaver on Side-channel Habitat

Many of the side-channels along the Trinity River provide
ideal habitat for beaver (Maser et al., 1981). Beaver ponds
have been identified as productive salmonia rearing areas

(Everest and Sedell 1984) and important refuges during the
winter (Bustard and Narver 1975). On the other hand,  beaver

dams can also block migration of juvenile salmonids (Everest
and Sedell 1984). Beaver could be making a contribution to
fish habitat in Salt Flat Bridge #1 and #2, and the Poker Bar
side-channels by maintaining higher water surface elevations
at lower discharges. However, they have been known teo de-
water large portions of the Cemetery side-channel by dam
construction and in the event of flow reductions, beaver
dams, especially at Salt Flat Bridge #2 and Pcker Bar, may
increase the chance of fish being trapped.

Effect of Fiow Change on Fish Stranding in Side-channels

During May the release at Lewiston Dam was reduced for a 5-
day period, from 800 to 500 c¢fs, to facilitate installation
of the Department of Fish and Game's Junction City weir.
During that time all side-channels with the excepticn of
Limekiln Gulch were monitored to determine if fry and juve-
nile salmonids had become stranded, or trapped and subjected
to increased mortality. The dam release was reduced at a
rate of 100 cfs per hour.

One day after flow was reduced, trapped chinook salmon fry
were found in the Bucktail side~channel. Chinook fry and
unidentified salmonid juvenilies were also found trapped in
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Figure 9. Fry chinook salmon habitat at Cemetery flow study
site, Trinity River. Quantitative comparison of transects
with and without side-channel habitat. Habitat modeled using
IFG-4/PHABSIM computer programs. Habitat represented by
weighted usable area (WUA): in square feet per 1000 lineal
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Figure 10. Fry chinook salmon habitat at Bucktail flow study
site, Trinity River. Quantitative comparison of transects
with and without side-channel habitat. Habitat modeled using
IFG-4/PHABSIM computer programs. Habitat represented by
weighted usable area (WUA): in square feet per 1000 lineal
feet of stream.
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the Poker Bar side-channel. o n*-2r zide-channels produced
conditions at this flow regime that would trap fish. Inflow
to the Bucktail side-channel ceased during the flow reduction
and isolated pools in the side-channel quickly became inhosp-
itable to salmonids as the water evaporated and temperatures
increased due to warm sunny weather., The lack of riparian
cover at Bucktall contributed to these conditions. After two
days all fry trapped in isolated pools had died. Although
the actual cause of death was unknown, we suspect that a
combination of high water temperatures, measured during mid-~

afternoon at 86o F.(stem thermometer), and reduced dissolved
oXvygen were to blame, The number of dead fish was estimated
at between 50 and 100.

Salmonids at the Poker Bar side-channel survived through the
flow reduction period presumably because a small inflow was
still entering the side-channel: only the side-channel out-
fall was dry. Water temperatures measured at Poker Bar

peaked at 760 p, A longer period of reduced flow may have
also killed fish at Poker Bar either through prolonged
stressful conditions or increased predation.

Few fish appear to have been killed by the flow reduction.
However, future flow reductions during the spring, when fry
and juvenile salmonids are occupying side-channels and river
margins in high numbers, should be given full consideration
before they are initiated, Potential for stranding and mor-
tality could be affected by many factors including tributary
inflow downstream of the dam, the difference between flows

during the reduction, the time geriod of the reductioen,
weather conditions, the magnitude of the initial flow regime,

and time of year. Development of a ramping rate that con-
siders the morphometry of the river may be desirable, al-
though Hamilton and Buell (1976) found that fry chinook and
yearling coho salmon were reluctant to abandon their posi-
tions during a stranding test, despite falling water levels.
The best approach would appear to be to avoid rapid fiow
reductions and to monitor areas that could strand fish during
a reduction in flow. Avoidance of large flow reductions
during the spring should also be considered.

Digcharge for Maintenance of Side-channe]l Habitat

Our observations of the side-channels at a dam release of 400
cfs found that rearing habitat for juvenile salmonids was
non-existent at Bucktail and Poker Bar, marginal at Salt Flat
Bridge #2, and fair at Salt Flat Bridge #1, Limekiln Gulch,
and Indian Creek. The side-channels at Bucktail and Poker
Bar., based on the current stage-discharge relationship will
require a minimum 600 cfs release at the dam to provide
marginal rearing habitat, and releases higher than that will
apparently continue to improve rearing habitat conditions
(see Figures 9 and 10). Conditions in the other side-chan-
nels, although fair at a 400 cfs release, were much improved
at a release of 600 cfs based upon a subjective evaluation
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considering changes in velocity and depth and how they in-
fluence space, cover, and food availability in the side-
channels (See Reiser and Bjornn 1979),

Potential for Improvement of Side-channel Rearing Areas

In addition to the identification of side-channels as impor-
tant rearing areas, biologists have also recognized the
opportunities for modifying existing side-channels or con-
structing artificial side-channels in order to improve and
increase the rearing areas for anadromous salmonids (See for
example; Mundie and Mounce 1978, Parfitt and Buer 1981,
Mundie and Traber 1983, Doyle 1984 and Everest et al., 1985)
The Trinity appears to have potential for application of both
of these technigues., For example, modification of the inlet
and outlet at Poker Bar could extend the range of river flows
over which the side-channel] is accessible and usable. Con-
struction of artificial side-channelis, if feasible, should
mimi¢c the features of natural side-channels which make them
most productive and attractive for rearing salmonids. The
information presented in this study should assist in the
identification of appropriate sites (e.g., optimum length and
gradient) and design of artificial side-chann